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Sensitivity Analyses for Optimum
OBS Station Locations

POINT BUCHON OBS PROJECT
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Notes:
- Synthetic events recorded at stations within
  20 km (top) and 55 km (bottom).
- Blue squares are OBS locations.
- Red and yellow circles indicate good and better
   location results, respectively, based on network
   criteria defined in Sensitivity Analysis (Appendix A).
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Sensitivity Analyses:
Location and Error Results Using

Synthetic Event Locations
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         HYPOINVERSE for synthetic events recorded at
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Source: State 3-mile limit and
Marine Protected Area data
downloaded from California
Department of Fish and Wildlife
website (www.dfg.ca.gov).

Surveyed Station Locations Boundaries
State 3-mile limit
Marine Protected Area

Temporary OBS locations
Long-term OBS locations

OBS cable route

Original Planned Station Locations

Ch5.GEO.DCPP.TR.14.04 R0



Pacific Gas and Electric Company Figure

OBS Instrumentation
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2-4

POINT BUCHON OBS PROJECT

(a) Cable containing optical fiber for two-way data
      transmission and power from shore to the units 

(d) Instruments protected by concrete caps (each
     measures 1 foot high and 6 feet across and 
     weighs 1 ton)

(c) Titanium box encloses the instruments;
      junction box (cylinder) connects cables to each OBS

(b) Instruments inside stainless steel box
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OBS Deployment
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3-1

POINT BUCHON OBS PROJECT

(a) OBS ready for deployment (b) OBS and cable deployed off the stern

(c) Schematic of cable in DCPP intake (yellow line)
     to onshore recording center (yellow circle)

(d) Surveyor (large boat) lays cable in intake. Tugboat
      stays between boat and intake structure on the
      right (not shown)
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(a) Instruments in pre-deployment configuration.
Instruments are covered with orange plastic protectors.

(c) One of the temporary OBS units shortly
before deployment. Chains were added

 to increase the stability of the unit. 

(d) Temporary Unit 2 on the seafloor shortly before
recovery, after 106 days on the ocean floor. Blue
hook in the foreground is attached to the ROV
manipulator and used to hook into the shackle
of the frame.

Noise Survey:
Temporary OBS Units

4-2

ai

(b) Cement ballasts with the sensor mounted
      in the center underneath the frames.

POINT BUCHON OBS PROJECT

Ch5.GEO.DCPP.TR.14.04 R0



Pacific Gas and Electric Company Figure

Fi
le

 p
at

h:
 S

:\1
00

5\
05

0\
Fi

gu
re

s\
M

ar
ci

a_
Fi

gs
\F

ig
ur

e_
4-

03
.a

i; 
D

at
e:

 0
5/

29
/2

01
4;

 U
se

r: 
A

le
x 

R
em

ar
, L

C
I; 

R
ev

.1

Noise Survey:
Short-Period Noise

Recorded on Temp-2

4-3
POINT BUCHON OBS PROJECT

(a)  Temp-2 time history series

(b)  Spectrogram of the noise recording showing amplitudes in the frequency band to 100 Hz

(c)  Spectrogram in the frequency band between 80.5 and 85 Hz

(d)  Spectrogram in the frequency band up to 33 Hz

Note: Recorded on 15 Oct 2013, 00:20 to 03:00 UTC.
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Noise Survey:
Long-Period Noise

Recorded on Temp-1 and Temp-2

4-4

POINT BUCHON OBS PROJECT

(a)  Temp-1 horizontal component; time series (top) spectrogram (bottom)

(b)  Temp-2 horizontal component; time series (top) spectrogram (bottom)

Note: Recorded on 8 Aug 2013, 15:00 to 18:00 UTC.
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Noise Survey:
DPG Recording and Spectrogram

4-5

POINT BUCHON OBS PROJECT

(a)  Time series (black lines) and spectrogram (colored band) from the DPG recording on 15 Aug 2013
        between 5:30 and 23:00 UTC

(b)  Energy density spectrum of the ocean waves as measured by the waverider buoy 076 on 15 Aug 2013
       at approximately 16:00 UTC
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Figure

Note: Recordings during a 70-minute time window on 23 Aug 2013 from 17:20 to approximately 18:30 UTC.
Top three traces are the three components of Temp-2, bottom three are of Temp-1.
 
 V = Vertical component
 H = Horizontal component

Noise Survey:
Example of Artificial Noise

from Temp-1 vs. Temp-2 Recordings

Pacific Gas and Electric Company
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Earthquake Location Analysis Results

Figure 4-7
POINT BUCHON OBS PROJECT

(Original) USGS catalog with OBS, USGS velocity model!

(Test 1)    USGS catalog with OBS, PG&E velocity model!

(Test 2)    USGS catalog, no OBS, PG&E velocity model!

(Test 3)    USGS catalog with added OBS S-wave picks
                 from PG&E, USGS velocity model

Long-term OBS locations")

Central Coast Seismic Network")

Temporary OBS locations
USGS stations#*

Note: Event numbers correspond to Table 4-1.

Fault, solid where well located, dashed where
approximately located, dotted where inferred,
queried where existence uncertain.
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Source: USGS velocity model for the California Central Coast region from Dr. David Oppenheimer (oppen@usgs.gov).
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Comparison of the USGS
and PG&E CCSN Velocity Models

Pacific Gas and Electric Company
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POINT BUCHON OBS PROJECT

Notes:
- Event 1—see Table 4-1.
- For each OBS package of three traces, the top trace is vertical and the bottom two are horizontal.
- The x-axis units are time (seconds).

4-9Figure

OBS Recordings for the
M 2.35 Earthquake on 28 Nov 2013

Pacific Gas and Electric Company
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- The y-axis units are volts.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 2.35 Earthquake
on 28 Nov 2013—Original NCSN Catalog

Data with OBS-4 Data (USGS Velocity Model)
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4-10

POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 1—see Table 4-1 (original location) and
  Figure 4-7 (green circle).
- OBS first motions used in focal mechanism are
  circled in blue.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 2.35 Earthquake
on 28 Nov 2013—Original NCSN Catalog

Data with OBS-4 Data (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

Notes:
- Event 1—see Table 4-1 (test 1) and Figure 4-7 (red circle).
- OBS �rst motions used in focal mechanism are circled in blue.

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data
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Pacific Gas and Electric Company Figure

Focal Mechanism for the M 2.35 Earthquake
on 28 Nov 2013—Original NCSN Catalog Data

with No OBS Data (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

Notes:
- Event 1—see Table 4-1 (test 2) and Figure 4-7 (yellow circle).
- Focal mechanism solution statistically �ts the input �rst motion data.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 2.35 Earthquake
on 28 Nov 2013—Original NCSN Catalog Data

with All OBS Data (USGS Velocity Model)
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POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 1—see Table 4-1 (test 3) and Figure 4-7 (purple circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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POINT BUCHON OBS PROJECT

Notes:
- Event 2—see Table 4-1.
- For each OBS package of three traces, the top trace is vertical and the bottom two are horizontal.
- The x-axis units are time (seconds).
- The y-axis units are volts.

4-14Figure

OBS Recordings for the
M 0.81 Earthquake on 08 Feb 2014

Pacific Gas and Electric Company
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 0.81 Earthquake
on 08 Feb 2014—Original NCSN Catalog Data

with OBS-1 and -4 Data (USGS Velocity Model)
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POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 2—see Table 4-1 (original location) and Figure 4-7 (green circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 0.81 Earthquake
on 08 Feb 2014—Original NCSN Catalog Data

with OBS-1 and -4 Data, (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 2—see Table 4-1 (test 1) and Figure 4-7 (red circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 0.81 Earthquake
on 08 Feb 2014—Original NCSN Catalog Data

with No OBS Data (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

Note: Event 2—see Table 4-1 (test 2) and Figure 4-7 (yellow circle).

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data
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Notes:
- Event 3—see Table 4-1.
- For each OBS package of three traces, the top trace is vertical and the bottom two are horizontal.
- The x-axis units are time (seconds).
- The y-axis units are volts.

4-18Figure

OBS Recordings for the
M 1.24 Earthquake on 11 Feb 2014

Pacific Gas and Electric Company

POINT BUCHON OBS PROJECT

Fi
le

 p
at

h:
S

:\1
00

5\
05

0\
Fi

gu
re

s\
M

ar
ci

a_
Fi

gs
\F

ig
ur

e_
4-

18
.a

i; 
D

at
e:

 0
5/

29
/2

01
4;

 U
se

r: 
A

le
x 

R
em

ar
, L

C
I; 

R
ev

.1

OBS 1

OBS 2

OBS 3

OBS 4

Ch5.GEO.DCPP.TR.14.04 R0



20140211 13:51 37.10 (MULTIPLE)
35 16.36 120 50.08
DEPTH =  7.34 KM
MAG = 1.24 D

RMS = 0.13 S
DMIN =   3 KM
AZM GAP =  55
# FM =  24

ERH =  0.3 KM
ERZ =  0.6 KM
MISFIT = 0.14 (+.05)
STDR = 0.54

STRIKE UNCERTAINTY =   8
DIP UNCERTAINTY = 10
RAKE UNCERTAINTY =  10
% MACHINE PICKS = 100

us
gs

.p
hs

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 F

ri
 M

ar
 1

4 
11

:2
2:

04
 2

01
4 

  
  

  
  

  
  

UP                                                                                                                           DWN                                                                                                                          
DILATATION
COMPRESSION

P

T

P

T

PPPPP
PPPP

PP
PPP
P
PPP
P
PPP

PPPPPP
PPP

P

TT TTTTTTTTTTTTT
TTTTTTTTT
TTTTTTTT

RAMR

PHLSMR

DISCREPANT OBSERVATIONS
STAT DIST AZM AIN PRMK
PCB    34 323  79 IPD1

PCB

PHC    54 327  78 EPU2

PHC

PKY    15  93 100 EPD2

PKY

PPB

PTA

BLBLD

CSD

DPD

EC

LMD

LSD

OBS1    9 268 118 IPD1

OBS1

OBS2

OBS3

OBS4

PSD

SH SHD    13 150 105 IPU1SHD

VPD

WRD

150,70,160

247,71,21

20140211 13:51 37.10           
35 16.36 120 50.08
DEPTH =  7.34 KM
MAG = 1.24 D

RMS = 0.13 S
DMIN =   3 KM
AZM GAP =  55
# FM =  24

ERH =  0.3 KM
ERZ =  0.6 KM
MISFIT = 0.11 (+.04)
STDR = 0.61

STRIKE UNCERTAINTY =  13
DIP UNCERTAINTY =  5
RAKE UNCERTAINTY =  10
% MACHINE PICKS = 100

us
gs

.p
hs

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 F

ri
 M

ar
 1

4 
11

:2
2:

04
 2

01
4 

  
  

  
  

  
  

UP                                                                                                                           DWN                                                                                                                          
DILATATION
COMPRESSION

P

T

P

T

P P
PPPPPPPPPPPPPPPPP

P

P

TT

T
TT

T
TTTTTTTT

TTT
T
T
TTTTTTTTTT

TTT

RAMR

PHLSMR

PCB

DISCREPANT OBSERVATIONS
STAT DIST AZM AIN PRMK
PHC    54 327  78 EPU2

PHC

PKY

PPB

PTA

BLBLD

CSD

DPD

EC

LMD

LSD

OBS1

OBS2   12 261 110 IPU1

OBS2

OBS3   11 240 112 EPU2

OBS3

OBS4

PSD

SH SHD    13 150 105 IPU1SHD

VPD

WRD

140,35,110

296,57,77

Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 1.24 Earthquake
on 11 Feb 2014—Original NCSN Catalog Data

with All OBS Data (USGS Velocity Model)
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4-19

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 3—see Table 4-1 (original location) and Figure 4-7 (green circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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Pacific Gas and Electric Company Figure

Focal Mechanism for the M 1.24 Earthquake
on 11 Feb 2014—Original NCSN Catalog Data

with All OBS Data (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

Notes:
- Event 3—see Table 4-1 (test 1) and Figure 4-7 (red circle).
- OBS �rst motions used in focal mechanism are circled in blue.
- Focal mechanism solution statistically �ts the input �rst motion data.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 1.24 Earthquake
on 11 Feb 2014—Original NCSN Catalog Data

with No OBS Data (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

Note: Event 3—see Table 4-1 (test 2) and Figure 4-7 (yellow circle).

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 1.24 Earthquake
on 11 Feb 2014—Original NCSN Catalog Data

with All OBS Data and added PG&E
S-Wave Picks, (USGS Velocity Model) 
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4-22

POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 3—see Table 4-1 (test 3) and Figure 4-7 (purple circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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POINT BUCHON OBS PROJECT

OBS 4

Notes:
- Event 4—see Table 4-1.
- For each OBS package of three traces, the top trace is vertical and the bottom two are horizontal.
- The x-axis units are time (seconds).
- The y-axis units are volts.

4-23Figure

OBS-4 Recording for the
M 0.88 Earthquake on 01 Apr 2014

Pacific Gas and Electric Company
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 0.88 Earthquake
on 01 Apr 2014—Original NCSN Catalog Data

with OBS-4 Data (USGS Velocity Model)
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POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 4—see Table 4-1 (original location) and Figure 4-7 (green circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 0.88 Earthquake
on 01 Apr 2014—Original NCSN Catalog Data

with OBS-4 Data, (PG&E Velocity Model)
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POINT BUCHON OBS PROJECT

(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

Notes:
- Event 4—see Table 4-1 (test 1) and Figure 4-7 (red circle).
- OBS �rst motions used in focal mechanism are circled in blue.
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Pacific Gas and Electric Company Figure

Focal Mechanisms for the M 0.88 Earthquake
on 01 Apr 2014—Original NCSN Catalog Data

with No OBS Data (PG&E Velocity Model)
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(a) Focal mechanism solution that statistically fits the input first motion data

(b) Multiple focal mechanism solution that also fits the input first motion data

POINT BUCHON OBS PROJECT

Note: Event 4—see Table 4-1 (test 2) and Figure 4-7 (yellow circle).
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