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Seismic Monitoring Advisory Committee Meeting
Presentation Agenda

Seismic Monitoring Networks
o USGS / Northern California Seismic Network
o LBNL / Geysers Power Company Seismic Monitoring Network
o LBNL / Geysers Power Company Strong Motion Network
o Upgrades to Radio Telemetry Systems
Fieldwide Water Injection
Fieldwide Induced Seismicity Analysis
Water Injection and Induced Seismicity Animation Analysis
Community Hotline
o Seismic Events of Concern
Strong Motion Data Analysis
o Peak Ground Acceleration vs. Hypocentral Distance
o Anderson Springs Site Amplification
Water Injection Goals
o 3D Pre-Drilling Project Analyses
o Injection Well Planning
Applied Seismology InSite Geo Software
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Geysers Geothermal Field, Nearby Communities and Seismic Monitoring Networks

Lawrence Berkeley National Laboratory
2003 installation; continuing upgrades
34 stations

Magnitude 0.8 Threshold *
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

Productive Steam
Reservoir Outline
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® 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

s _)'\ N -
[ R I. \\\\ ~ e
Bottle RockRoad 515 “ p
Cold Wa te__g:féreek Road 0 \._\ N W E,I'/
— = "\_I N Loch Lomond /
\L . N\ " i ) /‘ S I\__\
s o \_\_\\1*-. al \i) Adhms
N oy, enbrook ) Southeast Geysers §
by o \-.Q’R_\ s ¢ Radio Repeater Relocation/Upgrade
T L - Migh vatley Rodd Hotergs Q3 2021 to Q2 2022 :
b\ AT \_ N
: S ;.__S.S;\“}m" ErtRoaq Gabb Upgrades COMPLETED:
T . ) £ bl V; Weatherproof 9’x1_0’ C_Zonta_iner
. I E_thernet Communication Lines
N T o ' \ Intuicom EB-X Broadband Radio Pairs
gLZf/_,i'VK - N\ Antenna Mounts, Masts and Antennas

Radio Repeater Relocation/Upgrade
Q4 2021 to Q4 2022

Upgrades In Progress:

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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Cobb Mountain

* The closely-spaced LBNL seismic mon
hypocenter determination of Geysers’ sei
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High Quality Geary-Pacific HVAC Unit
Back-Up Power Systems
480V Transfer Switch
~ $15000 equipment and labor

P

Goals:
Improved Seismic Data
Quality And Reliability

C
itoring stations allow accurate energy and
smic events to approximately magnitude 0.8
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Seismic Monitoring Advisory Committee Meeting Magnitude  Number Of Events
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Seismic Monitoring Advisory Committee Meeting
Field-wide Seismicity Animation At Two Week Interval - Color Scaled By Magnitude
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Seismic Monitoring Advisory Committee Meeting
Field-wide Seismicity Animation At Two Week Interval - Color Scaled By Subsea Depth
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Seismic Monitoring Advisory Committee Meeting
Cumulative Water Injection And Seismicity Animation; Half-Year Interval From January 1980 through April 2022
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Seismic Monitoring Advisory Committee Meeting
Field-wide Seismicity Analysis
Comyparison of Twenty-Two Semi-Annual Reporting Periods Since 01 April 2010
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Seismic Monitoring Advisory Committee Meeting

Monthly Field-wide Water Injection By Water Source And Magnitude 2 4.0 Seismicity
Average Number of Magnitude > 4.0 Events Since January 2007 is 1.11 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 2021 1.11 per year October 58,564,000 352,410,000 285,967,428 0
November 14,394,000 426,020,000 281,473,874 0
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Seismic Monitoring Advisory Committee Meeting
Santa Rosa Geysers Recharge Project Water Volume 01 October 2021 Through 31 March 2022

Santa Rosa Geysers Recharge Project

Daily Average Water Volume For 01 October 2021 Through 31 March 2022 ,".':
Seismic Events Greater Than Magnitude 2.5 A
20 3.36 &—378 4.0 %
173 559 33,4 3.13 559 259 250 3.4 327 2.61 - 35 2
18 - 1/ 2'5%! M\SE) @13 z.g)g (0] 2.53 261 2.67 . 2.69 Z'E 2.68 z'g L 30 &
g .77 o ® & g
e T ) 0] ol ull||le _2_5§
. 16 5
>
a &
5 14 - E
= X7]
n T
5 12 - 3
m
L]
% 10
15
5
= 8
=
G
a
01 April 2021 Through 30 September 2021
7 SRGRP Cumulative Injection | Average Daily Injection
Gallons Gallons
I 2,622,539,683 14,409,559
ﬂ |
T T S S R S Sy G S T e S o SR T % 9 TIPS PR PRy %
O U U LU g R R g U L U U U U R R R g i S e i
v D L LY L1 S A Sy T M D A Tomt Myt A T Py Qv Tun Pt ,&" ,\:;‘ (-3 Pyt G L1
9 A D A S G UL L VAT A QT G A
F P S S S S SNt S L L S B S P Ao B S S S S o
@0596&0#@@@“&&@@@@5&‘&&&“@? {Oﬂa&m&ﬂaébé‘*é,}@
00060&06‘_@44@4@4&0&. & & & e,'\(\\'b\a;‘?\-b&@ﬁe?@oﬁ@“ga & T P
R RS & & & & Date

-
(} CALPINEB 01 October 2021 to 31 March 2021 Reporting Period  Craig Hartline  Senior Geophysicist
- .
9

| THE GEYSERS

GEYSERS POWER COMPANY, LLC
WWWLEYSETS.00M




Seismic Monitoring Advisory Committee Meeting
Yearly Field-wide Steam Production, Water Injection and Seismicity

The Geysers Fieldwide Water Injection, Steam Production And Induced Seismicity

January 1960 Through December 2021
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Seismic Monitoring Advisory Committee Meeting
Yearly Field-wide Water Injection and Seismicity Magnitude >1.5 and <2.0

The Geysers Fieldwide Water Injection And Induced Seismicity Magnitude =1.5 and <2.0
January 1960 Through December 2021
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Seismic Monitoring Advisory Committee Meeting
Yearly Field-wide Water Injection and Seismicity Magnitude >2.0.and <2.5

Number of Seismic Events
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Seismic Monitoring Advisory Committee Meeting
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 2021
110 - 120
105 I Magnitude > 2.5; <3.0

100 —Water Injection
95
90
85 |
80
75

8

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

SEGEP Start

79

65
&0

55 |

50 g

40

35

35 33

30 |

25

20

15 | -

10 '

5 r

- ~ M~ 20

2 ]
-l - e

L 20

Number of Seismic Events
= & P
1973 W
1974 I
197
d
1990 e
50 I | 4
1993 I >
199¢ I _'
1997 I |
1oy = )
1990 I g
2000 I
2001
2002 I '
2000 I
2005 I ~
zo0s I
2007 |
P
2000 I
2010 I
1 e e =
2012
PR
201 I
2015 I
201 e e e )
2017 I
201z I &
2019 I 2 _
2020 I
2021 I = | )
e =] ) g

1976
1977
1978
1979
1980
1981

-
(} CALPINE“ 01 October 2021 to 31 March 2021 Reporting Period  Craig Hartline  Senior Geophysicist m
- .

13 GEYSERS POWER COMPANY, LLC
WWWLEYSETS.00M




Seismic Monitoring Advisory Committee Meeting
Yearly Field-wide Water Injection and Seismicity Magnitude >3.0 and <3.5

The Geysers Fieldwide Water Injection And Induced Seismicity Magnitude 23.0 and <3.5
January 1960 Through December 2021
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Seismic Monitoring Advisory Committee Meeting
Yearly Field-wide Water Injection and Seismicity Magnitude >3.0
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January 1960 Through December 2021

120

m Magnitude = 3.0; <3.5

Magnitude = 3.5; <4.0
N Magnitude > 4.0; <4.5
H Magnitude > 4.5

Water Injection

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

Dashed Trend Line
1987 to Present
-0.57 events per year

|
1977
197z
1970 N
1930 NN
1981 N

1971
1972 B

1973
1974
1975
1976

32

£
@ |
i)
Nl
ol
L |
O
iy
n
1
I
I
31
- 30
1
\ 1
1
’um .{
[
20
[ |
me
|
I
1
1
1
1
1
1
1
|
I
I
|
m o o D~
3!33535233
= e v e e

SRGRP Start_|

25

N I
‘-ﬁ.\ 1

U'!

. 'bi\

ﬂ

wy

~ N = =~
8888888
NN NN ~

24

2010

100

80
60
18
[ |
- | 10
14 14
| ]
. I
\x‘l 10
6 7 :\Jrzo
I [ ]
II i .IO
L T T N Vo T - - - - T = T
S Sssss5s853s3s 88
NN NN N N NN N NN

Steam Production and Water Injection (billions of pounds)

C CALPINE'

01 October 2021 to 31 March 2021 Reporting Period Craig Hartline Senior Geophysicist

15

| THE GEYSERS

GEYSERS POWER COMPANY, LLC
WWWLEYSETS.00M




Seismic Monitoring Advisory Committee Meeting
VIDEO: Cumulative Water Injection And Seismicity Animation; Half-Year Interval From January 1980 through April 2022

Purple Disc Radii Scaled To Cumulative Water Injection Volume

View From Southwest
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Seismic Monitoring Advisory Committee Meeting
IMAGE: Cumulative Water Injection And Seismicity Animation; Half-Year Interval From January 1980 through April 2022

Purple Disc Radii Scaled To Cumulative Water Injection Volume
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Seismic Monitoring Advisory Committee Meeting
IMAGE: Cumulative Water Injection And Seismicity Animation; Half-Year Interval From January 1980 through April 2022

Purple Disc Radii Scaled To Cumulative Water Injection Volume

View From Southwest ’ 00 10800 15000
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Seismic Monitoring Advisory Committee Meeting
VIDEO: Seismicity Animation; Half-Year Interval From October 2021 through April 2022
Volume Slicer Analysis Animation Example

Oblique View From SSW and Above Horizon
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Seismic Monitoring Advisory Committee Meeting
IMAGE: Seismicity Animation; Half-Year Interval From October 2021 through April 2022

Volume SllcerAnalyS|SAnimatlon Example Oblique View From SSW and Above Horizon
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Seismic Monitoring Advisory Committee Meeting

Community Hotline and Seismic Events of Concern
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The 01 October 2021 through 31 March 2022 water injection and induced seismicity analysis determinations were very encouraging.
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01 October 2021 to 31 March 2021 Reporting Period Craig Hartline

Senior Geophysicist

There were a total of nine calls from only two Anderson Springs residences to the Community Hotline.
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