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Geysers Geothermal Field, Nearby Communities and Seismic Monitoring Networks

Productive Steam 
Reservoir Outline

“Major” Roads

Lawrence Berkeley National Laboratory 
2003 installation; continuing upgrades
34 stations  
Magnitude 0.8 Threshold *
Primary Contacts: Dr. Seiji Nakagawa 

Dr. Ernie Majer 

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                                 

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

* The closely-spaced LBNL seismic monitoring stations allow accurate energy and hypocenter determination of Geysers’ seismic events to approximately magnitude 0.8 

Southeast Geysers 
Radio Repeater Relocation/Upgrade

COMPLETED
Weatherproof 9’x10’ Container
Ethernet Communication Lines

Intuicom EB-X Broadband Radio Pairs
Antenna Mounts, Masts and Antennas
High Quality Geary-Pacific HVAC Unit

Back-Up Power Systems
480V Transfer Switch

~ $15000 equipment and labor
Goals

Improved Seismic Data 
Quality And Reliability 

Northwest Geysers 
Radio Repeater Relocation/Upgrade

In Progress (80% 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 
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Central Geysers 
Equipment Storage

COMPLETED
Purchase And Installation Of 8’x20’ 

Storage Container At DX-24 Well Pad.
~ $11,500 equipment and labor

Goals
Centralized and Better Organized 

Spare Equipment Storage For Seismic 
Monitoring Network.

Seismic Monitoring Advisory Committee Meeting    
01 October 2022 to 31 March 2023 Reporting Period     Craig Hartline     Senior Geophysicist

2023 Seismic Network 
Cybersecurity Upgrades

New VLAN 45 Geysers  
Fieldwide Updates

Firewall 
Switch Ports
IP Addresses

Including
38 Seismic Stations

5 Radio Repeater Locations
Geysers Administration Center 



Yearly Field-wide Steam Production, Water Injection and Seismicity
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Fieldwide Mass Balance
Water Mass In / Steam Mass Out
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Yearly Field-wide Water Injection and All Seismicity Magnitude ≥3.0
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Dashed Trend Line 
1987 to Present

- 0.52 events per year*
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* Linear Regression Line Equation Is  Y = - 0.5189x + 28.322



Yearly Field-wide Water Injection and All Seismicity Magnitude ≥3.5
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Field-wide Seismicity Analysis From 01 October 2022 to 31 March 2023 

04 November 2022
Magnitude 3.19

15 October 2022
Magnitude 3.14

21 January 2023
Magnitude 3.06

6

01 March 2023
Magnitude 3.30

16 February 2023
Magnitude 3.34
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19 October 2022
Magnitude 3.27

19 October 2022
Magnitude 3.33

20 October 2022
Magnitude 3.22

01 March 2023
Magnitude 3.59

02 March 2023
Magnitude 3.35



Field-wide Seismicity Animation At Two Week Interval – Color Scaled By Magnitude
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Waveform data, metadata, or data products for this study were accessed through the Northern California Earthquake Data Center (NCEDC), doi:10.7932/NCEDC."

Seismic Monitoring Advisory Committee Meeting    
01 October 2022 to 31 March 2023 Reporting Period     Craig Hartline     Senior Geophysicist

Seismic Events Colored and Sized By Magnitude

Date

Terminal Reservoir

High Tank

15 October2022
Magnitude 3.14

19 October 2022
Magnitude 3.33

19 October 2022
Magnitude 3.27

20 October 2022
Magnitude 3.22

21 January 2023
Magnitude 3.06

04 November 2022
Magnitude 3.19

16 February 2023
Magnitude 3.34

01 March 2023
Magnitude 3.30

02 March 2023
Magnitude 3.35

02 March 2023
Magnitude 3.59



Field-wide Seismicity Animation At Two Week Interval – Color Scaled By Magnitude
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Waveform data, metadata, or data products for this study were accessed through the Northern California Earthquake Data Center (NCEDC), doi:10.7932/NCEDC."
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Seismic Events Colored and Sized By Magnitude

Date

Terminal Reservoir

High Tank

15 October2022
Magnitude 3.14

19 October 2022
Magnitude 3.33

19 October 2022
Magnitude 3.27

20 October 2022
Magnitude 3.22

21 January 2023
Magnitude 3.06

04 November 2022
Magnitude 3.19

16 February 2023
Magnitude 3.34

01 March 2023
Magnitude 3.30

02 March 2023
Magnitude 3.35

02 March 2023
Magnitude 3.59
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IMAGE: Field-wide Water Injection and Induced Seismicity – Color Scaled By Magnitude
Blue Discs Proportional To Daily Injected Water Volume

Date



VIDEO: Water Injection And Induced Seismicity Daily Animation From 01 October 2022 Through 31 March 2023

1
0

Date

View From Southwest 
Vertical Exaggeration = 1.6

Sea Level

5000’ Subsea

10000’ Subsea

15000’ Subsea

Northwest Southeast

15 October2022
Magnitude 3.14

19 October 2022
Magnitude 3.33

19 October 2022
Magnitude 3.27

20 October 2022
Magnitude 3.22

21 January 2023
Magnitude 3.06

04 November 2022
Magnitude 3.19

16 February 2023
Magnitude 3.34

01 March 2023
Magnitude 3.30

02 March 2023
Magnitude 3.35

02 March 2023
Magnitude 3.59
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Monthly Field-wide Water Injection By Water Source And Magnitude ≥ 4.0 Seismicity
The Average Number of Magnitude ≥ 4.0 Events Since January 2007 is 1.11 Per Year   
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Cobb Area: Strong Motion Determinations At Alder Creek Strong Motion Station
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V

IV

VI

II-III
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Anderson Springs Area: Strong Motion Determinations At Engels Strong Motion Station

V

IV

VI

II-III

15 October 2022
19.6% of g  

Magnitude 3.14
Subsea Depth 8061’
3D Distance 10540’  
Map Distance 4470’

08 February 2023
4.78% of g  

Magnitude 2.37
Subsea Depth 6295’
3D Distance 13710’  
Map Distance 8870’

DATA GAP
Subsurface Wiring Damaged During Residential 

Landscaping Project. Repairs Completed After Receiving 
Site Access Permission.

VII
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28 February 2023
6.07% of g  

Magnitude 2.92
Subsea Depth 14124’
3D Distance 35710’  

Map Distance 31880’

02 March 2023
8.47% of g  

Magnitude 3.59
Subsea Depth 11391’
3D Distance 26570’  

Map Distance 23460’



Southeast Geysers 15 October 2022 Magnitude 3.14 Seismic Event 

1
4
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15 October2022
Magnitude 3.14



Earthquake Focal Mechanisms
SKUA GOCAD Macro Development
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Waveform data, metadata, or data products for this study were accessed through the Northern California Earthquake Data Center (NCEDC), doi:10.7932/NCEDC."
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Macro Originally Created By Andreas Plesch; Harvard University 

15 October2022
Magnitude 3.14



Southeast Geysers 15 October 2022 Magnitude 3.14 Seismic Event 
Focal Mechanisms And Energy Transfer

1
6
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15 October2022
Magnitude 3.14



25 Calls

Anderson Springs  25 Calls
Cobb                     0 Calls
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Community Hotline

Time Distribution
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Seismicity Mitigation
Individual Well Criteria For Minimization Of Water Well Volume/Rate Variability

Calpine IC&E Technicians have been testing the automation of injection well rate determinations with the following goals:
(1) accomplish effective level control with small flow modifications to multiple injection wells instead of large flow modifications to few wells
(2) allow temporary water surpluses and deficits fieldwide to be balanced without the need to make large modifications to injection well flows

This water well management goal is perfectly aligned with Calpine seismicity mitigation efforts.

Currently developing seismic mitigation criteria to assist with minimization of individual water well volume/rate variability.

Average Water Injection Rate  
Measured Values

Variability Of Water Injection Rate
Median Absolute Deviation
Average Distance Of Data Values From Median

Distance From Other Water Injection Wells
Measured Centers Of Injection Separation 

Distance From Communities
Anderson Springs and Cobb Most Sensitive Communities
Scalar Applied To Anderson Springs Due To Known Site Amplification Issues

Distance From Known Faults Of Significant Area
Based On Interpretation Of Seismicity Patterns / Alignments

Largest Seismic Event(s) Within Well Ellipse
Number of Events ≥ 2.65

Energy Release Within Well Ellipse
Log10 (energy) = 11.8 + 1.5(magnitude)

B-Values (Magnitude vs. Frequency) Within Ellipse
B-Values Based On Gutenberg–Richter Relationship
Spatial and Temporal Changes In B-Values 
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Analysis Of Individual Wells: Water Injection and Induced Seismicity Relationships
Primary Area Of Influence for Individual Water Injection Wells Determined

Prati-9 Ellipse
Map View

Prati-9 Ellipse
View From 

South
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Prati-9 RD In Northwest Geysers

Prati-9 Ellipse
Map View
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Prati-9 RD In Northwest Geysers

Includes 
Mw 3.85

Includes 
Mw 3.63
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Prati-9 RD
B-Values For Interval January 1984 To March 2023

Prati-9 Ellipse
Map View

The Gutenberg–Richter b-value acts as a proxy for the 
stress state and quantifies the ratio of large-to-small 
earthquakes (used seen globally, regionally, and locally) .

Gutenberg–Richter Relationship
The frequency of earthquake 

magnitudes follows an 
exponential distribution (above 

completeness magnitude).

Exponent B (slope) of the 
distribution varies significantly in 
space and time  and is an important 
tool for seismic hazard assessment
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Prati-9 RD
B-Values For Interval January 2007 To December 2016

Prati-9 Ellipse
Map View
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Prati-9 RD
B-Values For Interval January 2017 To March 2023

Prati-9 Ellipse
Map View
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North Geysers Induced Seismicity Animation
VIDEO: 01 January 2008 To 01 January 2017

Oblique 
View 
From 

Southeast

5000’

10000’

Sea Level

Steam Entries On Well Trajectories 
Pressure Increase Proportional To Sphere Size

Separation Distances Visualized By Sphere Color

Topographic Surface 
With       Geology

Prati-33

Prati-33
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North Geysers Induced Seismicity
IMAGE: 01 January 2008 To 01 January 2017

Oblique 
View 
From 

Southeast

5000’

10000’

Sea Level

Base 
Steam 
Reservoir

Top High 
Temp 
Reservoir

Top 
Steam 
Reservoir

Prati-33

Steam Entries On Well Trajectories 
Pressure Increase Proportional To Sphere Size

Separation Distances Visualized By Sphere Color

Topographic Surface 
With       Geology

Prati-33
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North Geysers Induced Seismicity Animation
VIDEO: 01 January 2019 To 01 March 2023

Oblique 
View 
From 

Southeast

5000’

10000’

Sea Level

Base 
Steam 
Reservoir

Top High 
Temp 
Reservoir

Top 
Steam 
Reservoir

Prati-33

Steam Entries On Well Trajectories 
Pressure Increase Proportional To Sphere Size

Separation Distances Visualized By Sphere Color

Topographic Surface 
With       Geology
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North Geysers Induced Seismicity
IMAGE: 01 January 2019 To 01 March 2023

Oblique 
View 
From 

Southeast

5000’

10000’

Sea Level

Base 
Steam 
Reservoir

Top High 
Temp 
Reservoir

Top 
Steam 
Reservoir

Prati-33

Steam Entries On Well Trajectories 
Pressure Increase Proportional To Sphere Size

Separation Distances Visualized By Sphere Color

Topographic Surface 
With       Geology

Prati-15 seismicity 
illumination is also 

indicating a similarly 
aligned northeast-
bounding hydraulic 

discontinuity
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Prati-9 RD induced 
seismicity is indicative 
of water flow and has 

migrated to a 
distinctly different 

reservoir volume with 
time. This can be also 
seen with statistical 
analyses such as the 

B-values.
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Analysis Of Individual Wells: Water Injection and Induced Seismicity Relationships
Primary Area Of Influence for Individual Water Injection Wells Determined

Thorne-5 Ellipse
Map View
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Thorne-5 RS2 Well In Southeast Geysers
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Thorne-5 RD2 In Southeast Geysers

Includes 
Mw 3.78

Includes 
Mw 3.54
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Thorne-5 RD2
B-Values For Interval January 1984 To March 2023
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Thorne-5 RD2
B-Values For Interval May 2008 To December2017
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Analysis Of Individual Wells:Water Injection and Induced Seismicity Relationships
Primary Influence By Well Thorne-5 RD2
B-Values For Interval January 2018To March2023

Higher B-values indicate a higher proportion 
of smaller earthquakes to larger earthquakes.
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The Geysers Fieldwide 3D Structural Model

Selected Fracture 
Surfaces

Lithologic 
Surfaces 

Offset
By Faults

Prati 32 EGS 
Microseismic

Stimulated
Reservoir
Analysis
Volume

Top Felsite

Polygon 
Long Axis SW01 
Well Trajectories

Polygon 
Long Axis SW01 

Seismicity Hypocenters 

Oblique View 
From South 

Utilizing AspenTech / Paradigm Geophysical SKUA GOCAD* Software
* Subsurface Knowledge Unified Approach             Geologic Object Computer Assisted Design

Topographic Surface 
With Geologic Mapping

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.

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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