M . A GENERATIONY) AHEAD,
(3 CALPINE [0? 2y

Seismic Monitoring
Advisory Committee Review

18 November 2013
Geothermal Visitors Center
Middletown, California

Reporting Period:
01 April 2013 to 30 September 2013

Craig Hartline
Senior Geophysicist
Calpine Corporation

CEEANTSSMOIDIERNSEFFICIENT FLEXIBLE POWER GENERATION



Seismic Monitoring Advisory Committee Meeting

Calpine Presentation Agenda _(:E: CALPINE®
e

Reporting Period 01 April 2013 to 30 September 2013
Seismicity Hotline
Seismic Monitoring Networks
Field -Wide Water Injection and Seismicity
Water Injection Modifications
Southeast Geysers Water Injection and Seismicity
Strong Motion Sensor Stations and Data Analysis
Strong Motion Triggers By Modified Mercalli Intensity and Year
Historical Seismic Energy Release Analysis
Yearly, Monthly, 24 Equivalent Areas

SRGRP #20 Report Summary
Reporting Period 01 March 2013 to 31 August 2013

3D Visualization and Geological Model Building
Ongoing Seismicity Research Collaborations
GEISERConsortium (GFZ Potsdam)

Lawrence Berkeley National Laboratory

Calpine Community Outreach



Seismic Monitoring Advisory Committee Meeting
Seismicity Hotline (1 -877-4GEYSER Toll Free)
Calls Transcribed Daily

(‘ CALPINE®

[nvsEER

A 81 seismicity voicemails transcribed and reviewed from 01 April 2013 to 30 September 2013

Anderson Springs:
Cobb:

Seismicity Hotline callers received a busy signal

o To T Do

40 calls 3 call-back requests
41 calls 5 call -back requests

Calpine set up and distributed an alternate call-in number
Bruce Carlsen, Director Environmental Services personally telephoned (8) Seismicity Hotline

Calpine Geysers voicemail system failure occurred prior to 27 August 2013 M3.76 event

callers of record with event information concerning the M 3.76 seismic event
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Seismic Monitoring Advisory Committee Meeting
01 April 2013 to 30 September 2013
Seismic Monitoring Networks

Permanent Monitoring / Real -Time Processing
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CALPINE®

¥ Lawrence Berkeley National Laboratory
Installed in 2003; continued upgrades
31 stations; M 1.0 threshold
Primary Contact: Dr. Ernie Major (LBNL)

Prati 32
&M US Geological Survey v
I nstalled in 197008s;
5 stations; M 1.5 threshold
Primary Contact: Dr. David Oppenheimer (USGS)

3 Strong motion instruments: 3
Installed in 2003; perceived shaking
3 stations; ~0.1% g threshold
Primary Contact: Jim Cullen (USGS contracted)

Project Dedicated Temporary Monitoring

© Lawrence Berkeley National Laboratory
Installed in 2010, ~ M1.0 threshold
5 stations; 4 -6 months storage
Primary Contact: Dr. Ernie Major (LBNL) 0

1.0
!

© Lawrence Berkeley National Laboratory
Installed in 2011, ~ M1.0 threshold
9 stations; 3 -4 weeks storage
Stations Removed; Data Analysis
Primary Contact: Dr. Lawrence Hutchings (LBNL)
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Outline of The Calpine Geysers field with seismic stations, injection wells and injection lines.
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Seismic Monitoring Advisory Committee Meeting

Field -wide Seismicity Analysis

C CALPINE

01 April 2013 to 30 September 2013 s
The Geysers Fieldwide Seismicity
01 April 2013 to 30 September 2013
Magnitude 1.0 and Greater + Seismic Event Magnitude
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+ 3.70 14 July 2013 + 3.70 28 August 2013

* 3.47 16 April 2012
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Seismic Monitoring Advisory Committee Meeting e
Field -wide Seismicity Analysis (= CALPINE®
™ =

01 April

2010 to 30 September 2013 (vscIE

SeismicEvent Count
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Field-wide Seismicity Analysis
Events Greater Than Magnitude (x)
Semi-Annual Periods Since 01 April 2010

154 average

186
164
- 146
39 average
10 average 2.7 average 0.57 average
1
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Seismic Magnitude
@1 Apr 2010 to 30 Sep 2010 @1 Oct 2010 to 31 Mar 2011 01 Apr 2011 to 30 Sep 2011 O1 Oct 2011 to 31 Mar 2012

01 Apr 2012 to 30 5ep 2012 01 Oct 2012 to 31 Mar 2013 01 Apr 2013 to 30 5ep 3013
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Field -wide Seismicity Analysis € CALPINE
01 April 2013 to 30 September 2013 - = i
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Field -W|-de Se|sm|C|_ty Analysis = CALPINE
Comparison: Period #1 01 October 2011 to 31 March 2012 - i
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Field -W|_de Selsmlc.lty Analysis | = CALPINE
Comparison: Period #2 01 April 2012 to 30 September 2012 - . T
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Field -wide Seismicity Analysis fs CALPINE®
Comparison: Period #3 01 October 2012 to 31 March 2013 - . (SEEE
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