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Seismic Monitoring Advisory Committee Meeting

Calpine Presentation Agenda 

Reporting Period: 01 October 2018 to 31 March 2019 

• California ISO* and Renewable Energy

• Geysers Geothermal Field and Nearby Communities

• Status of Seismic Monitoring Networks

o LBNL Seismic Monitoring Network

o USGS / Northern California Seismic Network

o Strong Motion Network(s)

• Strong Motion Data Access and Analysis (Web-Based Interface)

• Yearly Field-wide Water Injection and Seismicity

• Fieldwide Seismicity Analysis 

• Water Injection and Induced Seismicity Animations

• Community Hotline

• 3D Structural Model Building 

o Fault/Fracture Analysis

o Compartmentalization

o Well Planning Examples

• Additional Seismic Monitoring and Research

* California Independent System Operators
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California ISO* Electrical Monthly Renewables Performance 

* California Independent System Operator

Geothermal = Reliable Baseload Renewable Energy

Calpine’s Geysers Geothermal Facility Generates Nearly Six Terawatt-Hours* Per Year Of Renewable Energy

* Nearly Six Trillion Watt Hours   
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California ISO Electrical Greenhouse Gas Emissions

Friday, April 19, 2019

Friday, April 19, 2019

Total Greenhouse Gas Emissions to Serve Demand

2014

2018
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Productive Steam Reservoir Outline “Major” Roads

Seismic Monitoring Advisory Committee Meeting

Geysers Geothermal Field and Nearby Communities
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Geysers Geothermal Field and Nearby Communities

Top Granitic Intrusion (Felsite)

surface color-scaled by depth

Top Steam Contours

color-scaled by depth

Productive Steam Reservoir Outline “Major” Roads
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LBNL Seismic Monitoring Network

Fully Functional

Three Developing Concerns and Solutions

1) Individual Sensor Components Sticking

Late 2018: Calpine Purchased 16 Three-Component Geospace 2 Hz Sensors 

May 2019:          6 Sensor Replacements Completed 

Summer 2019:  16 Sensor Replacements Planned 

July 2019: Calpine Purchasing 8 (24 Total) Three-Component Geospace 2 Hz Sensors 

End 2019: 24 Sensor Replacements Planned                                         

2) Department of Energy Funding Ends in 2019

Since 2015, Dr. Ernie Majer and Dr. Kurt Nihei have provided warning that this could occur.

2019 Calpine contribution of $75,000 for network maintenance. 

2020 Calpine contribution of $110,000 for yearly maintenance and upgrades.

3) LBNL Contractor Ramsey Haught Retirement

Ramsey Haught primarily responsible for network installation, maintenance and upgrades. 

Difficult to replace his very specialized skills and experience at The Geysers.

2019 Calpine contribution covers direct transitional period labor by Ramsey Haught. 

2020 Calpine contribution covers future Jarpe Data Solutions* maintenance and upgrades. 

* Jarpe Data Solutions has existing relationship with LBNL concerning seismic acquisition testing and seismic databases      

Seismic Monitoring Advisory Committee Meeting

Status of Seismic Monitoring Networks   
Horizontal (East-West)

Horizontal (North-South)

Vertical (Up-Down)
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Status of Seismic Monitoring Networks 

LBNL Seismic Monitoring Network
24 Geospace HS-1 3C arrays and cables purchased by mid 2019; all 24 installations planned by end 2019.

Calpine funded system upgrades totaling $69,600 by end 2019:

Equipment:   $2,400 per sensor station 

Installation:  $   500 per sensor station

Total:           $2,900 per sensor station 

Radio Antennae

Solar Panel

Two Batteries

GPS Unit (Timing)

Radio Transmitter

Digitizer

Three-Component

Seismic Sensor

(Below Surface)

Hummingbird West (HBW) 

LBNL Seismic Station

Northwest Geysers

“ideally suited for seismological, engineering, and scientific applications 

where passive, low noise, short period, tri-axial sensors are required”
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USGS*/ Northern California Seismic Network

The USGS and collaborating agencies provide services of significant value to The Geysers.

The USGS Regional Seismic Network is responsible for these fully functional items: 

Seismic Monitoring Advisory Committee Meeting

Status of Seismic Monitoring Networks   

* United States Geological Survey 
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USGS* Strong Motion Station ADS2 

United States Geological Survey budget restrictions and project reprioritization, including earthquake 

early warning system research, have limited the resources available for strong motion activities 

associated with The Geysers geothermal field. 

Recent United States Geological Survey retirements with no backfilling of positions has resulted in no 

assigned seismologists to support The Geysers strong motion monitoring program, including database 

maintenance and updates.

• Anderson Springs 

ADS2

Community Center Strong Motion 

2003 ETNA 3C Accelerometer        

Rural Power and Communication 

* Equipment and/or Database 

Currently Not Considered Reliable

Proposed Solution: 

Nanometrics Titan 3C Accelerometer 

Solar Power

Radio Telemetry 

(integrated into LBNL Seismic Network) 

Seismic Monitoring Advisory Committee Meeting

Status of Seismic Monitoring Networks

Strong Motion Data Access    

Very Limited Number of Event Triggers 

Very Limited Peak Ground Acceleration Range
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Relationships Between Anderson Springs Strong Motion Stations

For Reference 

Anderson Springs 

Engels Strong Motion ESM

• Sited on previous landslide deposits (Qls)

• Relatively thin soil overlying bedrock

• Lower shear-wave velocities

• This leads to site amplification at short-to-moderate periods (moderate to high frequencies) 

• ESM measurements very consistent with relatively high peak ground acceleration values at Fire Damaged ADSP station

• Consistently higher peak ground acceleration than Community Center ADS2 (can be around 1.8x)  

ADS2 4.3 of g % ESM 7.8% of g

Anderson Springs 

Community Center ADS2

• Sited on bedrock (fcv)

• Higher shear-wave velocities

• Consistently lower peak ground acceleration than:

o Current Engels Strong Motion ESM 

o Previous Fire-Damaged ADSP

Engels 

Strong Motion 

ESM

Community 

Center 

ADS2

Fire-

Damaged

ADSP
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LBNL / Calpine Strong Motion Data Network

Calpine Corporation has purchased four Nanometrics Titan 3C accelerometers and cables:

Equipment:   $4,800 per sensor station 

$4,060  Titan Accelerometer, Triaxial, +/-4g to +/-0.25g, DC-430Hz

$   740  10m Cable, Seismometer 14-Pin Straight to Nanometrics Digitizer

Installation:   $2,500 per sensor station

Total:   $7,300 per sensor station  

Now integrated with existing LBNL seismic 

monitoring network:

ESM Engels Strong Motion - Anderson Springs 

ACR Alder Creek – Cobb Area

Soon integrated with existing LBNL seismic 

monitoring network: 

LCK Licking Creek

MNS Moonscape

These stations provide the following 

significant upgrades for improved strong 

motion data accuracy and reliability:

Nanometrics Titan 3C Accelerometers

Solar Power

Radio Telemetry

Seismic Monitoring Advisory Committee Meeting

Status of Seismic Monitoring Networks 

Cobb

Pine Grove

Anderson 

Springs

Cobb 

Mountain

ACR Alder Creek

MNS Moonscape

ESM Engels 

ADS2

LCK Licking Creek

LBNL Seismic Monitoring Network   Station Radio Telemetry Paths Converge at Radio Repeaters

Power Plant or Other Major Structure
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Strong Motion Data Access (Web-Based Interface)

Calpine Corporation funded and provided technical oversight for the 2018-2019 development of a web 

based interface* allowing critical data from The Geysers Nanometrics Titan 3C accelerometers to be (1) 

extracted from wave files; (2) stored in a permanent database; and (3) recovered for analysis based on 

user-provided criteria (time range, peak ground acceleration threshold, station). 

This interface is now fully functional for "real-time" access to peak ground acceleration, peak ground 

velocity, and peak ground displacement values from LBNL network integrated strong motion stations: 

ESM Engels Strong Motion - Anderson Springs 

ACR Alder Creek – Cobb Area

DRH Hale Ranch - Midway between Aidlin power plant and Cloverdale 

Data from the following stations will also be accessible at the web-based interface once installed:

LCK Licking Creek

MNS Moonscape

Seismic Monitoring Advisory Committee Meeting

Status of Seismic Monitoring Networks 

* http://fracture.lbl.gov:8000/ Developed with Ramsey Haught (LBNL contractor) and Jarpe Data Solutions (subcontractor) 

Time
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Status of Seismic Monitoring Networks 

Strong Motion Data Visualization

PRISM (Processing and Review Interface for Strong-Motion data) software developed by the United 

States Geological Survey will be used for detailed strong motion data analysis.

The PRISM software package consists of two applications:

1) The PRISM record processing engine for automatically processing a large number of records and

2) A review tool that is an interactive graphical user interface (GUI) for visually inspecting, editing, 

and processing individual records.
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Santa Rosa Geysers Recharge Project 

Water Injection Volume and Fieldwide Seismicity

2.96 Billion Gallons Cumulative Water Volume For Reporting Period  14
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Field-wide Seismicity Analysis

01 October 2018 to 31 March 2019

10 October 2018
Magnitude 3.35

10 December 2018
Magnitude 3.09

21 December 2018
Magnitude 3.22
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Field-wide Seismicity Analysis

Comparison of Eighteen Semi-annual Reporting Periods  

Current Analysis Period

M ≥ 2.0                           M ≥ 2.5                         M ≥ 3.0                           M ≥ 3.5                           M ≥ 4.0      

Magnitude ≥ 2.0   Downward Trend
Significant Increase From Previous Period
Deviations From Downward Trend = Some Winter Periods

Magnitude ≥ 2.5   Downward Trend
Similar To Previous Period

Magnitude ≥ 3.0   Downward Trend
Significant Decrease From Previous Period 

Magnitude ≥ 3.5   Downward Trend
None This Reporting Period 

Magnitude ≥ 4.0  1.1 Events Per Year Average
None This Reporting Period 
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Anderson Springs Engels Strong Motion ESM

Individual Components Plotted With Polarity (+/-) Assignment; Geometric Mean As Positive Value
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7.54 % of g
01 December 2018 

M 2.83

4.80 % of g
04 November 2018 

M 2.43

4.65 % of g
09 December 2018 

M 2.71

4.34 % of g
11 February 2019 

M 2.67

6.96 % of g
21 March2019 

M 2.45
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Anderson Springs Engels Strong Motion ESM

Individual Components Plotted With Polarity (+/-) Assignment; Geometric Mean As Positive Value
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Yearly Field-wide Steam Production, Water Injection and Seismicity

Year
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Yearly Field-wide Water Injection and Seismicity ≥ Magnitude 1.5
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Yearly Field-wide Water Injection and Seismicity ≥ Magnitude 2.0
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Yearly Field-wide Water Injection and Seismicity ≥ Magnitude 2.5
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Yearly Field-wide Water Injection and Seismicity ≥ Magnitude 3.0

Dashed Trend Line 

1987 to Present

- 0.55 events per year
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Monthly Field-wide Water Injection By Source vs. Magnitude ≥ 4.0 Seismicity

Average Number of Magnitude ≥ 4.0 Events Per Year Significantly Less Than 2003-2006 Peak
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Field-wide Seismicity Animation

Seismic Events Color Scaled By Magnitude

10 October 2018
Magnitude 3.35

21 December 2018
Magnitude 3.22

10 December 2018
Magnitude 3.09

30 November 2018 
Magnitude 2.83

25



10 October 2018
Magnitude 3.35

21 December 2018
Magnitude 3.22

10 December 2018
Magnitude 3.09

30 November 2018 
Magnitude 2.83

Seismic Monitoring Advisory Committee Meeting

Field-wide Water Injection and Seismicity Animation
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10 October 2018
Magnitude 3.35

21 December 2018
Magnitude 3.22

10 December 2018
Magnitude 3.09

10 October 2018
Magnitude 3.35

21 December 2018
Magnitude 3.22

10 December 2018
Magnitude 3.09

30 November 2018 
Magnitude 2.83
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Field-wide Seismicity Animation

Seismic Events Color Scaled By Depth
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The communities continue to focus on efforts to recover from the Valley Fire, resulting in only two calls

to the Calpine Community Hotline during the current reporting period of 01 October 2018 to 31 March 

2019:

Magnitude 2.83 Seismic Event 

Date and Time: 30 November 2018 at 20:37:58 Pacific Time

01 December 2018 at 04:37:58 UTC

Latitude:          North   38.77183

Longitude:        West  122.73183

Depth:              6529 Feet (1.99 km) Below Sea Level

Magnitude 2.45 Seismic Event 

Date and Time:  21 March 2019 at 06:51:36 Pacific Time

21 March 2019 at 13:51:36 UTC

Latitude:            North   38.77733

Longitude:          West  -122.71967

Depth:                4888 Feet (1.49 km) Below Sea Level

Anderson Springs Calls

30 November 2018 at 11:18 am

Large short duration jolt that shook the house and 

caused me to me yell - quite strong.  

21 March 2019 at 10:12 am

Just a shake but a fairly strong shake. Guessing it 

was close but it didn’t last very long.
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Calpine Community Hotline

7.54 % of g
01 December 2018 

M 2.83

6.96 % of g
21 March2019 

M 2.45
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