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Summary: 
The SCEC borehole program continues to be a collaborative effort between SCEC 

and other agencies to maintain the existing network of borehole stations in California 
and to facilitate the integration of this data into CISN and the Southern California 
Earthquake Data Center. The borehole program is highly leveraged, taking advantage 
of the resources of other programs and agencies that are active in monitoring southern 
California earthquake activity. 

The philosophy behind this seismic monitoring infrastructure program is that all 
data should be integrated with the existing regional network infrastructure for real-time 
transmission, processing, and archival. This provides all researchers with immediate 
access to the data through multiple interfaces, such as the SCEDC or IRIS DMC. The 
networks benefit from the use of the borehole data, as the borehole waveforms tend to 
have lower noise giving rise to cleaner arrivals, making them well suited for determining 
earthquake locations.  

 
Figure 1. Map of the Borehole Instrumentation (open circles) in Southern California 

including SCEC/CISN sites (yellow), CGS Geotechnical Array sites (green), NEES sites 
(red), SCEC/PBO sites (cyan) shown. Also shown on this map are the two SCEC PBIC 

stations (open triangles). 
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As has been the case for many years, joint monitoring efforts continue between 
SCEC and the US Geological Survey and Caltech through ANSS, NSMP, and CISN, 
and with the California Geological Survey, to maintain the existing network of borehole 
stations (Figure 1). Other collaborators include the EarthScope PBO program at 
UNAVCO, the NSF funded NEES and HPWREN programs, as well as an NSF funded 
research project to image the San Jacinto Fault zone, which has been leveraged along 
with USGS funding to include the installation of additional borehole sensors along the 
San Jacinto (yellow open circles with brown letters in Figure 1). 

The operations and maintenance of all the borehole stations requires an active role 
in assisting with the maintenance of network and data center operations. The 
continuous real-time data exchange between Caltech and UCSB allows for quality 
control of the data. Collaboration with the NSF NEES program and the cyber 
infrastructure that has been put in place at UCSB through this program facilitates this 
data exchange.  

2013 SCEC Borehole Program Activities: 

Maintenance and Augmentation of the Southern California Borehole Infrastructure 

January - April 2013: BVDA Sensor Repair and Re-install (USGS/NSMP Collaboration). 
In April 2011 we installed two new borehole accelerometers provided by the USGS 
NSMP program at the Borrego Valley downhole array, at 238 and 139 meters 
depth (BVDA Figure 2). These sensors had replaced 20-year-old sensors whose 
cables had failed shorting out power to the sensors. Unfortunately, one of these 
sensors was discovered to have noise problems that surfaced months after 
deployment. In January 2013, the 139-meter sensor was removed and sent back 
to Kinemetrics. The Episensor modules were replaced free of charge and we re-
installed the sensor in April 2013. 

 
Figure 2. Panoramic view of the Borrego Valley Downhole Array during re-installation of 

the 139-meter borehole sensor in 2013. 
 
February – September 2013: Additions to the Data Dissemination Portal. 

In 2013, an undergraduate student and prior SCEC-Intern, Matthew Cook, 
continued to work on adding historical data from the SCEC borehole stations to the 
dissemination portal for significant events, pulling the data from the SCEDC 
archive. Mathew presented a poster on this effort at the 2013 SCEC annual 
meeting. 
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January – December 2013: Sensor Testing in Lab at UCSB 
Throughout the year, sensors continue to be tested in the lab at UCSB before 
deployment. Given the additional effort to install and orient the borehole sensors, 
an extended “burn-in” period where the sensors are powered and recorded 
continuously in the lab helps to discover any potential sensor component problems 
before downhole installation. We are also providing this testing and noise analysis 
for sensors that the USGS NSMP program is planning to install.  

February - March 2013: Broadband Posthole installations at PBO borehole sites. 

The Sky Oaks, Pinon Flat, Santa Rosa, Tripp Flats, and Pathfinder PBO borehole 
sites all have shallow 8” PVC posthole casing (20’ depth) purchased by the SCEC 
borehole program and installed by the PBO program for the potential deployment 
of a shallow posthole sensor. Additional funding for sensors was obtained at 
UNAVCO and three of the posthole casings were instrumented by UCSD with 
broadband Trillium T1290PH sensors, to augment the weak- and strong-motion 
SCEC/PBO borehole sensors at Sky Oaks, Santa Rosa, and Pathfinder. 

April 2013: Site Maintenance at Jensen Filtration Plant. 

Assisted the USGS NSMP field technicians on routing maintenance at the Jensen 
Site. This included trouble shooting of the network communications at the site, and 
the data from the borehole sensors. It looks like the borehole sensors at this site 
are having similar issues to the previous two sensors that have failed at the site, 
and may need to be removed again. These are under ~90 meters of water, and in 
the previous two iterations, these sensors have failed due to leakage into the cable 
termination board at the top of the sensor. 

September 2013: Power system replacement at Superstition Mountain. 

Charge-controller failure, resulting in battery failure at Superstition Mountain 
required a change in the backup power system at the site. In addition, a 
component polarity reversal problem was fixed during this site visit. 

October 2013: Central Fire Station (CFS) San Bernardino Re-installed. 

After over one year of sensor testing in the lab at UCSB, and three trips back to the 
manufacturer, the sensor for the CFS site in downtown San Bernardino was finally 
re-installed (Figure 3 below). This sensor replaced a failed cable from an FBA-23 
sensor initially deployed by the USGS over 20-years ago. The data from this 
sensor is transmitted to Caltech/USGS in real-time, being used for earthquake 
locations for M1+ events, and is being archived with the SCEDC and IRIS. 

October 2013: Sage Brush Flats (San Jacinto SBEPI) Re-installed. 
The Sage Brush site, located in the San Jacinto Fault zone near Anza, has had it’s 
SBEPI instrument replaced three times now. The SCEC borehole program 
collaborates with UC San Diego staff in sensor orientation when installing. 
Hopefully this will be the last time this sensor needs to be re-installed due to noisy 
sensor component modules. 
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Figure 3. Photos of the SBEPI sensor installation at the Central Fire Station (CFS) in Downtown 

San Bernardino. 
 
 

Continued collaboration with the earthquake engineering community: 
The NEES program also provides the resources for development of data 

dissemination software to provide researchers interested specifically in borehole data 
access to a web-based search and discovery tool for access to this data. The data 
portal provides a waveform explorer that allows users the ability to zoom in and out on 
the event time histories via a web-browser in order to help in the selection of data for 
downloading. Users can select stations using a Google-map interface and view events 
and waveforms before deciding to download data in a variety of binary and text-based 
data formats. A new CSV format and matlab script was implemented in the data portal 
in 2013. These data dissemination efforts are to facilitate access for earthquake 
engineers interested in using the borehole data, and are a part of the SCEC/NEES 
collaboration. Two new UCSB undergraduate geophysics students, Nate Vassar and 
Alex Semplinski, will continue to work on integrating data from the SCEC borehole 
stations into the data portal as part of the 2014 activities. 

Given the amount of time, effort, and expense to plan, install, and maintain the 
borehole accelerometer installations, the preservation of the data being collected is 
critically important. During the course of the year, the cyberinfrastructure provided 
through the NEES program ensures that the earthquake activity is closely monitored at 
UCSB. As events occur in close proximity to borehole stations, the continuous real-time 
data that is being transmitted to UCSB and written to a local database is being checked 
for quality, and also to ensure that the stations data are being captured by the network 
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infrastructure and the data is making it into the regional networks wavepools and 
SCEDC archive. 

The CISN Display software is used to monitor recent seismicity. The software runs 
continuously at UCSB and alarms are set for M3.5 or larger earthquakes. Given the 
high fidelity of the SCEC borehole stations, we often can use as small as M1+ 
earthquakes to check the data, if the events are close enough. The waveform products 
page for each event typically shows the waveforms from the closest stations to the 
earthquake. This enables us to determine if the borehole stations recorded the event, 
and if it was used in the location or shake map (if the event was large enough). If the 
waveform products page does not have the borehole station, then we can check the 
local database at UCSB and verify that the station is indeed making it to Caltech, is 
operational, and is providing quality data. 

 
Figure 4. Waveforms display page linked from the CISN Display software showing two 

borehole stations, RSB (UC Riverside) and CFS (Central Fire Station – San Bernardino, 
see Figure 3), being used to locate the M1.98 event. 


