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Seismic Monitoring Advisory Committee Meeting
Presentation Agenda

Seismic Monitoring Networks
o LBNL / Geysers Power Company Seismic Monitoring Network
o LBNL / Geysers Power Company Strong Motion Network
o USGS / Northern California Seismic Network
o Upgrades to Radio Telemetry Systems
- Fieldwide Induced Seismicity Analysis
o Water Injection and Induced Seismicity Animation
- 3D Structural Model
Strong Motion Data Analysis
o Peak Ground Acceleration vs. Hypocentral Distance
Community Hotline
o Seismic Events of Concern
o 28 June 2022 Magnitude 4.19 Seismic Event Series
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Geysers Geothermal Field, Nearby Communities and Seismic Monitoring Networks

34 stations
Magnitude 0.8 Threshold *

Lawrence Berkeley National Laboratory
2003 installation; continuing upgrades

Primary Contacts: Dr. Seiji Nakagawa
Dr. Ernie Majer

Strong Motion Accelerometers
® 2017/18 Nanometrics installation (2)
® 2020 Q1 Nanometrics installation (2)
0.1% of Gravitational Acceleration Threshold
Primary Contacts: Ramsey Haught
Jarpe Data Solutions

® US Geological Survey Regional Network
1970’s installation; several upgrades
7 contributing stations

Magnitude 1.5 Threshold *
Primary Contacts: Dr. Lind Gee / Lynn Dietz
Dr. David Oppenheimer
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Northwest Geysers
Radio Repeater Relocation/Upgrade
Q4 2021 to Q4 2022

In Progress (60% Complete)
New Weatherproof 8’x10” Container
Ethernet Communication Lines
Intuicom Broadband Radio Pairs
Antenna Mounts, Masts and Antennas
High Quality Geary-Pacific HVAC Unit
Back-Up Power Systems
480V Transfer Switch
~ $22000 equipment and labor
Goals:

Improved Seismic Data
Quality And Reliability

Central Geysers
Equipment Storage
Q1 2022 to Q3 2022

COMPLETED:
Purchase And Installation Of 8’x20’
Storage Container At DX-24 Well Pad.

Goals:
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COMPLETED:

Back-Up Power Systems
480V Transfer Switch
~ $15000 equipment and labor
Goals:
Improved Seismic Data
Quality And Reliability
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Monitoring Network.

* The closely-spaced LBNL seismic monitoring stations allow accurate energy and

hypocenter determination of Geysers’ seismic events to approximately magnitude 0.8
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Lawrence Berkeley Seismic Monitoring Network Station

Radio Antennae
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Field-wide Seismicity Analysis From 01 April 2022 to 30 September 2022 Magnitude  Number Of Events
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Field-wide Seismicity Animation At Two Week Interval - Color Scaled By Magnitude
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Seismic Events Colored and Sized By Magnitude
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Field-wide Seismicity Animation At Two Week Interval - Color Scaled By Magnitude

Lech Lomond

E
s
Gloverda Oft
R
30 April 2022
Magnitude 3.32 28 June 2022

Magnitude 4.19

17 July 2022
Magnitude 3.26

01 May 2022
Magnitude 3.34

23 September 2022
Magnitude 3.05

-],
4

2022-09-30
e e | e’ | vew | aee
Horizontal Length (ft)
| Seismic Events Colored By Depth and Sized By Magnitude |

T T T T T - 1 r 1

0i:10.7932/NCEDC."

THE GEYSERS

GEYSERS POWER COMPANY, LLC
WWWLEYSETS.C0M

2000 4000 6000 8000 10000 12000 ' :
Waveform data, metadata, or data products for this study were accessed through the Northern California Ea thgyake Data Cent

Seismic Monitoring Advisory Committee Meeting

-
h @
(-'. CALPINE 01 April 2022 to 30 September 2022 Reporting Period  Craig Hartline  Senior Geophysicist
6




Monthly Water Injection And Induced Seismicity Animation From 01 April 2022 Through 30 September 2022

View From Southwest Date
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Yearly Field-wide Steam Production, Water Injection and Seismicity

The Geysers Fieldwide Water Injection, Steam Production And Induced Seismicity

January 1960 Through December 2022 - Projected *
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Yearly Field-wide Water Injection and Seismicity Magnitude >1.5 and <2.0

1050

The Geysers Fieldwide Water Injection And Induced Seismicity Magnitude =1.5 and <2.0

January 1960 Through December 2022 - Projected*
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Yearly Field-wide Water Injection and Seismicity Magnitude >2.0 and <2.5

The Geysers Fieldwide Water Injection And Induced Seismicity Magnitude =2.0.and <2.5
January 1960 Through December 2022 - Projected*
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Yearly Field-wide Water Injection and Seismicity Magnitude >2.5 and <3.0

The Geysers Fieldwide Water Injection And Induced Seismicity Magnitude 22.5 and <3.0
January 1960 Through December 2022 - Projected*®
110 5 - 120
105 I Magnitude > 2.5; <3.0

100 | —Water Injection
95 |
90
85 |
80
75
70 |
65
60 |

8

_SRGRP Start_
Steam Production and Water Injection (billions of pounds)

SEGEP Start

Number of Seismic Events

é‘ C . Seismic Monitoring Advisory Committee Meeting m
ALPINE 01 April 2022 to 30 September 2022 Reporting Period Craig Hartline  Senior Geophysicist

- . 11 GEYSERS POWER COMPANY, LLC

WWWLOEYSETS.C0M



Yearly Field-wide Water Injection and Seismicity Magnitude >3.0 and <3.5
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Yearly Field-wide Water Injection and All Seismicity Magnitude 23.0

Number of Seismic Events
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The Geysers Fieldwide Water Injection And Induced Seismicity Magnitude >3.0
January 1960 Through December 2022 - Projected™®
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Monthly Field-wide Water Injection By Water Source And Magnitude 2 4.0 Seismicity
The Average Number of Magnitude > 4.0 Events Since January 2007 is 1.08 Per Year

Water Supply for Six Month Reporting Period
Time Period Magnitude 2 4.0 Seismic Events Water Injection By Source (Gallons)
January 2003 through December 2006 2.50 per year Month | SEGEP |  SRGRP Condensate | Fresh Water
January 2007 through September 2022 1.08 per year April 0 287,860,000 328,854,298 0
May 37,062,000 362,520,000 71,527,513 0
The G June 50,282,000 164,410,000 197,813,024 0
- 'heheysers July 50,635,000 207,770,000 185,240,944 0
Calpine F|eld\:wde Water In!ectllctn Sources August 53,502,000 258,510,000 165,822,579 0
Magnitude 2 4.0 Seismicity September 8,443,000 384,940,000 193,314,516 0
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The Geysers Feldwide 3D Structural Model

A refined understanding of The Geysers’ fluid flow paths, fluid boundaries, reservoir heterogeneity and reservoir
compartmentalization assists with well planning / targeting, real-time drilling analysis, reservoir management and provides the
potential for improved seismicity mitigation at The Geysers. .
Topographic Surface

With Geologic Mapping
=5y Y

=+ w —— E
=

Structural model constraints include lithology logs for over 940 well segments, steam
entries, temperature logs, pressure logs, tracer patterns, heat flow patterns, non-
condensible gas patterns, surface geologic maps and induced seismicity hypocenters.
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Community Hotline Discussion
22 Calls to the Community Hotline For Reporting Period

o Anderson Springs: 21 Calls Blue Bar Portions : W uses ©oogle Earth
o Cobb: 1 Call Red Bar Portion — e
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Cobb Area: Strong Motion Determinations At Alder Creek Strong Motion Station

Cobb Strong Motion Data
Alder Creek ACR  Northeast Geysers
Left Graph Axis - Peak Ground Acceleration - HNE East-West; HNN North-South; HNZ Vertical
Right Graph Axis - Percent of Gravitational Acceleration - Geometric Mean (HNE x HNN)Y2
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Anderson Springs Area: Strong Motion Determinations At Engels Strong Motion Station

Anderson Springs Strong Motion Data
Engels Strong Motion ESM  Southeast Geysers
Left Graph Axis - Peak Ground Acceleration - HNE East-West; HNN North-South; HNZ Vertical
150 Right Graph Axis - Percent of Gravitational Acceleration - Geometric Mean (HNE x HNN) /2
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28 June 2022 Magnitude 4.19 Seismic Event Analysis

Negu-13 Water Injection Limited To 325 Gallons Per Minute To Assists With Calpine Seismicity Mitigation Efforts (Left Axis)
Negu-13 Reduced To 0 Gallons Per Minute During SRGRP Outage, Introducing Some Variability To Steam Reservoir.
Lakeview Unit 17 Power Plant was taken offline for a PG&E line outage on 27 June 2022 (Megawatts and Turbine Pressure To Zero)
This Increased Negu 1 8 10 17 Wellhead Pressures, Introducing Additional Variability To Steam Reservoir.

28 June 2022 Seismic Event In Northeast Geysers And Lakeview Unit 17 Shut-In
Negu-13 Water Injection Rate, U17 Net ISO MW, U17 Turbine Pressure, Negu Steam Production Wellhead Pressures
200 350
Magnitude 4.19 Seismic Event; 28 June 2022
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28 June 2022 Magnitude 4.19 Seismic Event Analysis
VIDEO: Weekly Water Injection and Induced Seismicity Animation From 01 January 2022 Through 24 September 2002
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28 June 2022 Magnitude 4.19 Seismic Event Analysis
IMAGE: Weekly Water Injection and Induced Seismicity Animation From 01 January 2022 Through 24 September 2002
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28 June 2022 Magnitude 4.19 Seismic Event Analysis

IMAGE: Weekly Water Injection and Induced Seismicity Animation From 01 January 2022 Through 24 September 2002
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IMAGE: Water Injection and Induced Seismicity From 01 January 2022 Through 24 September 2002
Vicinity of 28 June 2022 Magnitude 4.19 Seismic Event
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