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1. Project Objectives and Approach

This project provides field observations necessary to enhance understanding of fault processes
associated with earthquakes aong the San Andreas and Sierra Madre faults.  Continuous
high precision and high resolution borehole tensor strain data provide an essential complement
to long basdine interferometry studies, GPS studies, and seismic characterisation of faults.

The project continues a program of maintenance and analysis of deep borehole tensor strain
instrumentation initiated a Pinon Flat in late 1983, and a further deployment in the San Gabriel
mountains region (Coldbrook) in 1996. These instruments consist of a three component plane
strain module operating at strain sensitivity of 10™° and support data logging systems. They
provide data sampling at 30 minute intervals for transmission via satellite to permanent archive.
The instruments provided by this project have been unique in the program in that they provide
continuous tensor drain data of quality and sendtivity not achievable by any other
instrumentation. These data allow near rea time assessment of strain rates and consequent
earthquake risk, and measure fault processes associated with earthquake preparation and
postseismic relaxation. Archived long term basdline data are openly available from
http: //mwww.cat.csiro.au/denmy/msg/straincal/straincal .html.  Data are aso provided in near
red time in the USGS Menlo Park computer system (thecove:/home/mick/QUI CKCHECK).
These data high resolution rea time monitoring of short term strain phenomena.

The immediate objectives of the project are

Maintenance of uphole system integrity at 2 Southern Cdifornian sites, with repair or
production of replacement uphole electronics as necessary.

Manual preparation of raw instrument data for permanent archive.

Analysis of continuous unique low frequency shear strain data (30 minute samples) and
modelling studies based on the constraints of these data

Near real time aert response to the earthquake studies community when necessary.
Archive of processed data for access by the earthquake studies community, and provision
of near-rea time automaticaly processed data for incluson in publicly accessible web
pages linked to the USGS web datasets.

The project is carried out in parallel with maintenance of five further sites (San Juan Bautista,
along the Hayward fault and near Parkfield) in Northern California



1 Investigations & Results
1.1 Pinon Flat Observatory -PFT

This is the oldest dte measuring tensor grain in Cdifornia, having been ingdled in 1983.
As noted in previous reports, performance has been degrading since a series of lightning
grikes on the dte infrastructure.  Channd 2 showed began to show degraded signd
amplitude snce early 1999. The internd gain compensation system ran out of dynamic
range in mid-2000. In December 2000, an additional gain compensating circuit was
ingaled on this channd. Norma operations were resumed, adlowing the 19 year dataset
basdine to be continued. However, since the dectrical storm of September 2001 which
disabled dl PFO instruments, ongoing problems have been experienced at PFT.

Repairs were carried out in December 2001, May 2002, and December 2002. In October
2003, it was noted that gauge #1 auto-compensation system was activated indicating that
the down hole preamplifier was beginning to fail. During the December, 2003 vist, extensive
testing reveded that, contrary to expectations, borehole cable measurements indicated no
additiona eectrica leskage. (The cable has reached its 20 year design lifetime/expected
sarvice life limit, so progressive deterioration was expected). The progressve gain
degradation must then be the result of incipient falure of the FET preamplifiers. At this
time, it is believed that sensors #1 and #2 are irrecoverable.

The performance of sensor #3 has been reviewed to determine its vdidity as a sngle
component system.
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Figure1: Tidal spectrafor non
overlapping 20 day periods of raw data for the lifetime of channel 3 of PFT strain
meter. There has been no change of amplitude or phase on this channel during or
after the failure of channel 1 and channel 2.

The dataindicate that there has been no obvious effect of the failures of Channd 1 and 2 on
the performance of channd 3. At next vist, additiond attempts to recover the failed
channels will tested, and if not effective, these channels will be permanently disabled to
ensure optimal operation of channel 3 into the future. This gauge is gpproximately pardle to
the NW/SE laser component.



The performance of channd three has recently begun to show degradation. The first
symptoms of this are in the measured gains of the channd (routingly taken every three
hours). Data for the last severd years are shown in figure 2 (bedlow) where the gain is
compared with the observed uphole temperature.  The black curve indicates the gain
deviation from the expected vaue of approximatey 1050. The gain has decreased
gpproximately 4% over the past three years — this has no direct effect on the measurements
until the gain compensation mechanism reaches its limits which will occur & goproximatdy —
950 on the scae shown. The change is abnormd.
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Figure 2. Gain change for channel 3 at PFT referenced to the normal value of 1050.
the red plot is the three hourly temperature at the site.

A summary of long term performance for this Steis shown in figure 3. The upper part of
the figure shows the cdculated drains (ared, gammal and gamma2) up to the time of the
falure of channd 2. (From thistime, it is not possible to provide a proper estimate of the
three strains — current modd instruments provide a redundant channd so that falure of
particular components do not compromise performance) The blue plot is a caculated
gran for the north-west, south-east direction to alow direct comparison of borehole
estimates and the only good (optically anchored) component of the laser strain meter (shown
in green). This comparison indicates that, except for the steps associated with the Landers
event in 1992 (where the static offset for the laser is not available), and a water loading
event in 1993, the borehole measurement is of comparable stability long term to the laser
strain meter. Note that the smplified response observed for one direction (here NW/SE) on
ather system does not imply that there are no deformations overdl — the three strain



components show long term structures as large as 1.5 microstrain over the period 1988 to
1992, yet the composite NW component shows nothing larger than 0.4 microgtrain.

The lower part of the figure shows the individua gauges from 1986 to the present. This can
be used to infer grain profiles snce the falure of channd 2.
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Figure 3 Pinon Flat strainmeter data. Lower panel shows each raw component
since installation in 1986 to October 2003. Gauge #2 downhole failurein 1998, and
successful uphole e ectronics compensation to recover this component in late 2000
are shown. Upper panel shows the computed strain components to point of gauge
#2 failure in 1998. Step in 1992 is Landers offset, and in 1993 is due to water well
loading(see Figure 4.) The Green trace is LASER strain NW/SE, and the Blue trace
IS GTS TENSOR strain estimate for the NW azimuth derived from the measured
areal strain, gammal and gamma2.

Figure 4 (beow) shows a comparison of ranfdl, aquifer level in water well CIC, and NW
LASER drain data The anomdy in drain in early 1998 is correated with an anomalous
change in aquifer level, and may be associated with increased precipitation in that year. The
enhanced response of the borehole system compared to the laser data to this water level

change has not been observed in the previous lifetime of the instrument. 1t is not unlikely that
the effects shown are associated with the early phase of the falure of channd 2, first
suspected in December, 1997.



RAW LINEARISED PINOMN FLAT TENSOR from 1995
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Figure 4 Residual raw data from gauges #1 (red), #2 (blue), and #3 (green ) are
shown with CIC well data (black), LSV NW (magenta) and rainfall. All instruments
are shown from 1995 onwards, and tensor channel data show exaggerated

correlation with rainfall and well data at this site.

1.2 San Gabried Mountains- Coldbrook CLT.

The Coldrook ste is Stuated in the San Gabrid mountains, and together with three USGS
operated borehole dilatometers puba (20km NW), cnts (15 km SW) and bdts (15 km SE)
forms a4 instrument array in the region between the Sierre Madre and San Andress faullts.

The Coldbrook instrument was ingtalled in late 1996, and borehole recovery processes

evident in the datain the form of exponentia signals have been removed.



COLDBROOK ALL STRAINS and TILTS to NOVEMBER Z003
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Figure4. Srainand tilt observations for the CLT site. Three of the four channels
are needed for strain determination.

The gte is showing very little change in gamma2 through the whole record, yet dgnificant
fluctuation in both ared grain and gammal. There is a change of dtrain rate approximately
sx months before the Hector Mine Earthquake which adso
shows in the tilt daa This is early in the Ste lifetime so
should be treasted with reserve,  Itisdear that dl fluctuations

2 1.5 on the strain components are accompanied by tilt fluctuations.
Av % The azimuthd orientation of the various ingrument

2 components is shown to the left. Channels 1 through 4 are
drain, and 5 and 6 are tilt. The mgor driver of the strain and

6 tilt variation a this Ste is on channd 2 and channd 6. The

CLT exponential grout curing and borehole strain recovery models
33-,'2"3‘2.:'\,\, removed from the data have now been reviewed and are now
1024 m Rilev in find form in dl archived data and may be obtained from

http://www.cat.csiro.au/denmymsg/straincal/oct2002models_str_tab.pdf



Small anomalous strain changes were observed on dl of the srainmetersin the SerraMadre
array dtesin late October 2001 (see Figure 5 below).
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Figure 5. Comparison of observed strain rates puba, clt and cnt since 1999.

Currently , it is podtulated that the Punchbowl dilatometer (puba) is at the end of its 25
year life and tha Big Dalton and Chantry have steps of unknown cause Roeloffs
Hodgkinson Strainmeter Report to PBO Standing Committee and Unavco, 2004 pre-
publication). It should be noted that Coldbrook is dted on an active landdip and
approximately 170 feet below afracture zone. The Chantry dilatometer is aso located in an
area of active surface dip, 0 coupling with rainfdl is inevitable a both these Stes. These
inddlations give some indght into issues which should be identified in the borehole siting
procedures where decisions have to be made before adequate data are available

2 Data Product Availability

Archived gtrain data from the Cdifornian stes are stored in both raw component form, and
as processed ared and shear drains. A regularly updated archive of data has been
maintained in the USGS Menlo Park computer system since 1988. This data is stored in
binary files with agppended header information (USGS “bottle” formet).

CSIRO home page for direct access to data from al borehole tensor strain instruments in
open format is http://www.cat.csiro.au/denvmsg/straincal/straincal.html  This page
includes facilities for download of raw or processed data from our primary archive.




Automaticaly  processed near-red time daa is dways avalable in
thecove:/home/mick/QUICKCHECK for users with access to USGS plotting software
“xgp”, and viathe USGS crusta deformation web pagesin graphica form.

Scientists requiring other access to the archived data should contact Dr. M.T. Gladwin
(+617 3327 4562, email mike.gladwin@csiro.au).
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This project provides field observations of horizontal strain changes over timescales from
minutes to years, which are critica to an understanding of fault processes associated with
earthquakes adong the San Andreas and San Gabrid / Serre Madre fault sysems. The
project continues a program of maintenance and anadysis of deep borehole tensor dtrain
insrumentation initiated a Pinon Hat in late 1983, and a further deployment in the San
Gabrid mountains region (Coldbrook) in 1996.

Continuous high precison and high resolution borehole tensor drain data provide a
complement to long basdine interferometry studies (limited to sampling intervals of weeks),
GPS dudies, and saismic characterisation of faults. After 20 years of operation, the
insrument & Pinon Hat has suffered irreversable damage to downhole components of
gauges 1 and 2 following lightning dtrikes a the Ste. The remaining gauge 3 is performing to
gpecification, though its gain has decreased during the past year. Internd compensation
systems will dlow this remaining gauge to be used as a single component system, which by
chance is near pardld to the NW/SE component of the laser strain meter.  The Coldbrook
ingrument is operating normaly.

This project runs in pardld with a maintenance project covering six further insruments in
Northern Cdifornia



