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Oklahoma Earthquake Count Complete Catalog
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Oklahoma Earthquake Count M2.0+ Catalog

Events matching FracNotice completions records
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Oklahoma Earthquake Count M2.7+ Catalog

Se—— R Events matching FracNotice completions records
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Oklahoma Earthquake Count M3.0+ Catalog

Events matching FracNotice completions records
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OGS complete catalog to hydraulic fracture notices — temporal match

"w Method — changes due to new form creation — tighter resolution

 Map well trace, EQ Events (Oklahoma Geological Survey Catalog)
* Search EQ events: 5km from trace

* EQ event occurred:
e (on or after start date) & (on or before end date+ 7 days)

EQ *
Events * o * o @ @ » * o * o
5km Buffer

NO MATCH TEMPORAL MATCH NO MATCH

Start date End date End date + 7 days




*‘\ hj# OCC SeismiCitv Dept = Operations TOOlbOX (USGS/OGS Catalog & FracNotice)

| :
‘ version B 8/20/2018
Earthquake Data - Update to Layer File FracNotice - Active Well Reports
UsGs Requires ArcModel Run! Active = (Start Date >=Today-45 AND Flow date >=Today-10)
UPDATE OGS/USGS
Update Catalog for Arc / Legend: ogs_raw_5km Report OGS RAW Report
CATALOG FILES (2018)
M>1.99 |
- I - M > 2.49
Auto-Update Timer - 2hr. Start £, Update Timer >2.49 [ USGS2018 5km Report use{s;:faplom
R:\county cov\OGCD GIS\Earthquake Data', R:\county coviOGCD GIS\FracNotice\Updates
Layer File - R:\county_cov\OGCD_GIS\Earthquake_Data\OGS_EQ_Catalog Auto Generated (30 min.) R:\county_cov\OGCD_GIS\FracNotice\Reports
FracNotice Data - QC, Merge, & Archive Location Conversion - Deg/Min/Sec to Dec. Deg
QC FracNotice Files Files (Deg)  (Min)  (Sec)
Longitude: 97 23 30
Merge & Save (Deg) ~ (Min)  (Sec)
Publish FracNotice FracNotice Converted Location
Latitude: 36.313611
. . Clear and Archive Main
Archive FracNotice Folder ) longitude:  -97.391667
: : : Directory
Requires 2 or more notices to archive!!
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Toolbox Spatial Temporal Spreadsheet

A B c D E F H | J
FID [(Muttiple tems) [-¥]
[Data

origintime | ¥ |API OpName WellName v |County | v |status ~|[C C 1 Cell ¥ |C 1 Phone | v |Count of event_id Min of magnitude Max of magnitude
-12/5/2019 e ] - Blaine = Preliminary -] ] 1 2 2
e L} = Blaine = Preliminary -] e 2 2 2
e e =/Blaine = Preliminary ] L} 1 2 2
] e = Blaine = Preliminary -] e 1 2 2
] e = Blaine = Preliminary =] e 1 2 2
-] ] - Blaine = Preliminary -] e 1 2 2
] e = Grady = Preliminary -] e 1 1.9 19
L] ] = Grady = Preliminary i e 1 1.9 9
] e = Grady = Preliminary -] e 1 1.9 1.9
e ] = Grady = Preliminary -] e 1 1.9 1.9
e L} = Grady = Preliminary -] L} 1 19 1.9
e e = Grady = Preliminary ] L 1 1.9 1.8
=12/4/2019 ] e = Kingfisher | = Reviewed ] e 1 31 31
] e = Kingfisher | = Reviewed ] e 1 31 3.1
=12/2/2019 e - Grady = Reviewed [ ] 1 11 1.1
e e = Grady =IReviewed [ e 1 i 11
e e = Grady - Reviewed [ e 1 11 151
e e = Grady - Reviewed -] e 1 1.1 11
e e = Grady - Reviewed -] e 1 11 11
e (] = Grady - Reviewed [ ] 1 1.1 4ail
e L = Grady = Reviewed [ L 1 11 1
=12/1/2019 ] e = Blaine - Reviewed -] e 1 2.1 2.1
(] e =/Blaine = Reviewed [ e 1 21 21
e e =/ Blaine = Reviewed -] e 2 2.1 21
e ] = Blaine = Reviewed -] e 1 21 21
e ] =1Blaine - Reviewed -] e 1 2.1 2.1
e e = Blaine - Reviewed -] L] 1 2.1 2
] e =/Blaine - Reviewed [C] L} 1 2.1 21
e ] = Blaine = IReviewed -] e 1 21 21
e ] =Mcclain | @ Reviewed [C] ] 1 2.7 2.7
=11/29/2019 ] e = Grady - Reviewed -] e 1 2.3 23

e e = Grady - Reviewed J-] e 1
e ] = Grady -/ Reviewed -] ] 1 2.3 2.3

e (-] = Grady - Reviewed -] [} 1 23

e e = Grady = Reviewed [C L] 1

] e = Grady - Reviewed -] e 1

] e = Grady - Reviewed -] e 1

=11/26/2019 ] = Grady - Reviewed -] 3
] e = Grady = Reviewed -] e 3 22
e e = Grady - Reviewed -] e 3 2.2
-] -] = Grady -'Reviewed K] -] 3 22
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) W“ i SUMMARY OF REVISED WELL COMPLETION SEISMICITY PROTOCOL*

il
‘ * Terms: Qil and Gas Conservation Division (OGCD)
‘ Induced Seismicity Department (ISD)
Oklahoma Geological Survey (OGS)

Operators’ actions following seismic activity within 5 km (3.1 miles) of hydraulic fracturing
operations:

) If, during active operations, the operator detects a seismic event within the monitoring area at least
2.0 ML but less than 2.5 ML, the operator shall implement its seismicity response plan.

o If magnitude is at least 2.5 ML but less than 3.0 ML the operator will notify the ISD of the event.
o If operator has not initiated its seismicity response procedures prior to a 2.5 ML event, the
operator shall pause hydraulic fracture operations for 6 hrs and a technical conference call
will be held with ISD staff and operator regarding proposed seismicity response procedures.
o If operator has initiated its seismicity response procedures prior to a 2.5 ML event, a
technical conference call will be held with ISD staff and the operator regarding proposed
seismicity response procedures, if any, and steps ISD deems necessary.

o If magnitude is at least 3.0 ML but less than 3.5 ML:

o  Operator shall pause hydraulic fracture operations for 6 hours and a technical conference
call will be held with ISD staff and operator regarding proposed seismicity response
procedures.

o Upon agreement between operator and OGCD staff regarding mitigation practices and
reduced seismic activity, operator will be permitted to resume with a revised completion
procedure.

o If magnitude is 3.5 ML or greater:
o  Operator immediately suspends operations.
o In-person technical conference held with OGCD staff and operator to examine whether
operation can resume with changes.

Updated February 27t, 2018



Well Completion Protocol

Well Completion Protocol issued December 2016

Update to Protocol with current action levels issued February 2018
Requires active seismic monitoring within completion AOI
Seismic mitigation plans can be requested from operators at any time

Completion data requested after pauses or shutdowns enforced

Induced Seismicity Department

Oklahoma Corporation Commission
Oil & Gas Conservation Division

Action Level: M2.5-3.0...Plan Initiated or 6
Hour Pause
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ISD_EQ Monthly Update Induced Seismicity Department 2/20/2019
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ISD_EQ Monthly Update Induced Seismicity Department 2/20/2019

Earthquake Count M2.7+ OGS Catalog | Continuous (2015-2019)
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ISD_EQ Monthly Update Induced Seismicity Department 2/20/2019

Earthquake Count M3.0+ OGS Catalog | Continuous (2015-2019)
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ISD_EQ Monthly Update Induced Seismicity Department 2/20/2019

Earthquake Count M3.0+ OGS Catalog | Continuous (2015-2019)
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Preliminary template matching USGS, Golden, CO

Blue histogram #USGS Detections per 2 hours
Red histogram #0OGS events per 2 hours
Dots correlation coefficient template match
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Tulsa Stone Quarry

Oklahoma Geological Survey Earthquake Viewer

Attributes

GMT Time: Wed, 23 Jan 2019 21:02:26 GMT
Local Time: 1/23/2019, 3:02:26 PM
Magnitude: 2.4

Depth: 0 km

Latitude: 36.20716667

Longitude: -25.84133333

County: Tulsa

Status: Preliminary

Zoom to




* http://www.occeweb.com/News/2018/05-30-
18EARTHQUAKEACTIONSUMMARY.pdf
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