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1. INTRODUCTION:

High seismicity levels with accelerating uplift (under the resurgent dome) in Long Valley caldera in the
eastern Sierra Nevada from 1989 to 1997, triggered upgrades to dilational strainmeters and other
instrumentation installed in the early 1980’s following a series of magnitude 6 earthquakes. This included
two additional high-resolution borehole strainmeters and replacement of the failed strainmeter at Devil’s
Postpile. The purpose of the borehole-monitoring network is to monitor crustal deformation and other
geophysical parameters associated with volcanic intrusions and earthquakes in the Long Valley Caldera.
Additional instrumentation was added at these sites to improve the capability of providing continuous
monitoring of the magma source under the resurgent dome. Sites were selected in regions of hard
crystalline rock, where the expected signals from magmatic activity were calculated to be a maximum and
the probability of an earthquake of magnitude 4 or greater is large. For the most part, the dilatometers
were installed near existing arrays of surface tiltmeters, seismometers, level line, and GPS arrays. At each
site, attempts are made to separate tectonic and volcanic signals from known noise sources in each
instrument type.

Each of these sites was planned to be a multi-parameter monitoring site, which included measurements
of 3-component seismic velocity and acceleration, borehole strain, tilt, pore pressure and magnetic field.
Using seismicity, geophysical knowledge, geologic and topographic maps, and geologists
recommendations, lists of preliminary sites were chosen. Additional requirements were access, and
telemetry constraints. When the final site choice was made, a permit was obtained from the U. S. Forest
Service.

Following this selection process, two new borehole sites were installed on the north and south side of the
Long Valley Caldera in June of 1999. One site was located near Big Spring Campground to the east of
Crestview. The second site was located at the Motocross Track (near Old Mammoth) in the South Moat.
This report describes the methods used to install these strainmeters and various other types of borehole
instruments at these sites together with the site at Devil’s Postpile and telemeter the data obtained to the
USGS base in Menlo Park, CA.

General locations of the instrument sites are shown in Figure 1 with detailed locations in Figures 2, 3 and
4. Latitude and longitudes are seen in Tablel.
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TABLE 1, SITE LOCATIONS: Latitudes and longitudes
Site Abbreviation (**01-09 are Zeno, s1 —s9 are 9210) | Latitude | Longitude | Elevation
Motocross mx01 — 09, mxs1,3,5, 6,7,8,9 37.61687 | 118 .95267 | 7418’
Big Spring bg01 — 09, bgs1 ,3.5, 6,7,8,9, p 37.76115 | 118 94445 | 8049’
Devil's Postpile | popa,popb,popc,popt,pobp,pob2,popv,pops, 37 .63573 | 119.08303 | 7654°
pope, posl,2,5,6,7,8,9,p
Phillips Plvl-plv8,plsl,2,5,6,7,8,9 37.67216 | 118.97496 | 8522’

Site Notes: Motocross and Big Spring have two transducers installed, #1 is the sensing volume, #2 is the
reservoir recovery volume / thermistor down hole.
Devils Postpile is a single transducer instrument manufactured in 1991. The Phillips instrument has
a single transducer and was manufactured and installed in 1989.
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2. INSTALLATION
2.1 DRILLING:

The primary design involved drilling an 8-inch hole for 6 inch casing to a depth of at least 400 feet.
From the bottom of this hole, a 4-6 inch core hole is drilled to provide a series of choices for the final
instrument location. During drilling, the locations of major aquifers anywhere in the hole are identified. If
10 feet of competent unfractured rock is identified in the recovered core below 400 feet, that location is
recorded as a possible installation site. After an installation site is selected, the hole is cased, cemented to
the surface and cleaned out with fresh water. If the core hole is 4 inch, it is reamed to 6 inch and the hole
cleaned. For pore pressure monitoring, the casing is perforated to access the most active aquifer within
about 100 feet of the strainmeter installation site.

An alternative drilling technique involves drilling a hole from the surface to a target depth of
approximately 400 feet. At that depth, casing is set and cemented to the surface. A six inch rotary bit is
then used to drill with water to at least 500 feet. When the drilling rate slows enough to indicate a large
section of intact rock, this section is noted as a potential instrument site. Drilling is continued for 10 more
feet to allow for suspended cuttings to settle, and then stopped. The hole is then circulated with clear water
to remove cuttings and logged with a commercially available borehole inspection camera. This survey of
the open section of the borehole helps to select the best installation sites. This method is more economical
than coring although it affords only a method for identifying sites and not core for analysis.

To avoid hole contamination that might compromise the cementing of the instrument to the surrounding
rock, the drilling technique requires the use of drilling mud containing no polymers or other aberrant
compounds. After sites selection is complete, a 9 7/8” hammer bit is used to ream the hole to the target
depth for setting and cementing the casing. The casing is then perforated as discussed previously. After
the casing is perforated, set and cemented to the surface, a 6 hammer bit is run in the hole to clear the
cement to the bottom. The borehole is then 6” hammer drilled to the bottom. An inclinometer (measures
the angle of hole from vertical) and a cement dump, were then run in the hole to check for angle,
clearance, and depth. When these are determined and the drilling fluids are displaced with clear water to
the surface, the hole is ready for installation.

2.2 DILATOMETER INSTALLATION:

The Sacks-Evertsen dilational strainmeters used in this experiment (Sacks et al., 1971) are installed at
depths between 367° and 1192’ below the surface at borehole sites in Long Valley, as done elsewere in
California (see instrument schematic on P95). The sensors, installed as part of a cooperative program
between the U.S.G.S. and the Carnegie Institution of Washington, are cemented in a borehole with
expansive grout having density characteristics approximating those of the host material. The borehole is
then filled to the surface with cement to reduce long-term strains from hole relaxation effects and re-
equilibration of the aquifer system.

The sensor consists of a 10 ft long stainless steel oil filled reservoir that is filled with 100 cs silicon oil.
Small compressions on the side of this reservoir force oil into a small bellows. Displacement of the end of
the bellows is monitored by an LVDT (linear voltage displacement transducer) which produces an output
that is proportional to the imposed dilational strain. The two new strainmeters installed in Long Valley,
CA have two LVDT’s. The first measures the rock strain, and the second acts as reservoir volume

monitor/low gain transducer/thermistor. The mechanical gain at the first LVDT is about 200,000. The
9



frequency response is flat from about 20 Hz to less than 10" Hz. The 20 Hz high frequency cut-off results
from hydraulics filter effects as oil flows from the large reservoir into the bellows chamber through a
small orifice.

Installation is accomplished with the use of a truck mounted hydraulic winch and derrick. A 28 foot
(8.534 meters) long grout dump is lowered to the bottom of the hole. If this dummy instrument reaches the
bottom, it is clear that the hole will accept the instrument and installation proceeds. The instrument is
prepared for installation and tested for proper operation. It is checked for proper resistances between pin
outs, voltage is applied and readings of the signal out and transducer displacement after the valve is closed
and opened. The dilatometer is manufactured with additional weight in the center section to act as ballast
to help sink the instrument in the grout. The cable test, and recheck of the instrument are recorded with the
date and time.

Prior to installation, the hydraulic winch and derrick is setup, its wire cable reeled out, measured and
color coded every 50 feet for 1200 feet. The grout dump, which is transported in three sections, is
assembled. Its bottom opening trip mechanism is put together, greased, threaded to the bottom of the grout
dump, and checked for operation. (See USGS Open File 89-349 for details on Borehole Dilatometer
Installation Maintenance). The hydraulic derrick and winch are moved over the hole and the 27-foot grout
dump is lowered to the bottom. When this clears, the bottom trip opens, and the hole depth is checked that
it agrees with the depth determined by the drilling, final preparation can begin.

The instrument cable (mounted on a cable reel stand in the back of a pick-up) is unreeled, measured and
marked with colored tape every 50 feet. Twenty feet from the determined instrument depth a warning
mark is attached. At the bottom depth mark for the instrument a bright colored tape is attached over a 2
foot section of the cable with the beginning of the tape nearest the instrument. The cable is reeled back in
and positioned next to the hole. The instrument is removed from its crate, a wire rope is attached for
lifting, and the instrument is secured vertically next to the hydraulic derrick. It is tested again for proper
operation and this information is recorded.

The grout dump is raised over the hole with bottom trip attached, and run in the hole twice to recheck
the depth. If a site in the hole has been found above the bottom, the bottom is raised to reach the site. This
is done by mixing in a mortar mixer the right amount of grout to reach that depth and then lowering it to
the bottom of the hole in the grout dump. The grout has a slump of 12, or zero cone. Not watery but like a
thick malt Approximately 6 hours is allowed between each dump for proper hardening of the grout.

The grout dump is then run down the hole empty to check the bottom hardness and depth. The cement
dump has a capacity of 2.36 cu.ft., which fills approximately 12.02 linear feet of 6.0 hole with expansive
grout (See specifications for "SET-GROUT" used on Page 93 ). Each bag of expansive grout (Corps of
Engineer Spec. for non-shrink grout CRD-C 621), 50-1b.,is mixed with 9.8 Ib. water (1.225 gal.) to get
about .46 cu.ft. of grout. It takes 5.13 bags to fill the cement dump for one trip in the hole to cover the
instrument. Six bags of grout and 7.35 gallons of water are usually mixed in a mortar mixer for each
instrument emplacement. This leaves approximately 5.5 feet of grout above the instrument if the
instrument settles to the bottom.

A cup of water is poured in the grout dump (to act as a cushion when the grout is poured in), then the
grout is poured in using 5 gal. plastic pails and a funnel. Because the grout begins to harden in 1 hour,
time should be noted. Using the hydraulic derrick, the grout dump is lowered to 15 feet of the bottom, the
tension of the cable is checked, and the dump is allowed to free fall. This trips the bottom device, the
dump is slowly raised and the tension is checked for the weight of the grout. As the dump is raised the
strain on the hydraulic motor is noticed to help determine if the grout has been released. This slow raise
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allows time for the grout to flow out evenly with no turbulence potentially causing uneven mixing. When
the dump is about 30 feet (9.15 m.) off the bottom it is raised quickly to the surface.

The dump is set aside and the instrument is positioned over the hole using the derrick and winch. Its
cable is raised and guided and taped to the wire rope bearing the instrument weight to the bottom of the
hole. As the instrument is lowered, the depth marks are called off as they go in the hole. When the target
depth, as marked on the cable approaches the top of the casing, descent is slowed by the contact with the
grout. The instrument will begin to enter the grout and sink to within 1-2 feet of the bottom.

At this time instrument and cable resistances are read, and power is applied to read its strain response as
the cement sets. These values are recorded along with the date and time. If, before one hour has elapsed,
any resistances are bad or the instrument is working improperly, then it should be pulled out of the
grout slowly. (Please refer to Open File 89-349 Borehole Dilatometer Installation Maintenance, for
photos and additional details.)

Once the instrument is on the surface, the top of the cement becomes the hole bottom. If there is another
place above the original site then another attempt can be made to install, if not the hole is made available
for other instrumentation.

If the instrument passes its operational test, installation can proceed. The strainmeter should have
approx 5.0 ft of grout over the top of it. The instrument cable is tied off using 1/2 inch rope with 3 or 4
half hitches tied to the surface casing. One to two days are allowed before the tension is relieved and the
wire rope and cable are cable clamped to the casing.

The final hole plan that was achieved for the installation at the Postpile strainmeter site is shown on p96
(10.3 in Drawings, Schematic and Photo’s) with a photo of the site on p97. The hole plan for Motocross is
shown on p99 with photo’s of the site is shown on p100 (10.6 and 10.7 in Drawings, Schematic and
Photo’s) while the plan and photo for Big Spring is shown on p102 and p103 (10.8 and 10.9 in Drawings,
Schematic and Photo’s)

2.3 SEISMOMETER, PORE PRESSURE AND TILTMETER INSTALLATION:

In order to optimize the science from these boreholes, additional cement was run in to cover the
instrument so other instruments could be installed. At the Big Spring borehole seismometer/acceleration
packages, pore pressure transducers and tiltmeter instruments were installed. At the Motocross site,
seismic/acceleration, and tiltmeter sondes were installed. The seismometer/acceleration sonde consisted of
3-component HS1 velocity transducers manufactured by Oyo-Geospace (see specs and frequency response
on p104-106) and a 3-component 731-4A Wilcoxin accelerometer (see specs on p108). The tiltmeter was
a Pinnacle Model #5000 self-leveling tiltmeter. Pore pressure was measured with Paroscientific Model
8WDO020-I pressure transducer (see Pore Pressure Transducer and tiltmeter specifications on p110 and
P109, respectively, in Drawings, Schematics & Photos.).

2.3.1 Devils Postpile Pore pressure site:

In the summer of 1999, a 200 foot deep borehole was drilled though the pumice and basalt in order to
monitor the aquifer at Devil’s Postpile strain site. A 2-inch PVC pipe was lowered into the well and a
Paroscientific pressure transducer was installed inside. This instrument was installed and the hole sealed
(in the same manner as for the pore pressure transducer at Big Spring) in order to measure pore fluid
variation over time. (see Postpile Pore Pressure Transducer on p98 in Drawings, Schematics & Photos.)
Measurements from this transducer are recorded on the satellite data collection platform and telemetered
to the GOES satellite for relay to Menlo Park, CA.
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2.3.2 Seismic, and Tiltmeter Installation, Motocross site:

At this site, the hole bottom was brought up to a point 100’ above the top of the strainmeter by running
neat cement into the borehole. One-inch flush joint tremmie was lowered into the borehole in 20 sections
using the hydraulic derrick. Once this tremmie gently contacted the top of the strainmeter cement and the
depth and volume to a seismic package site determined, a new bottom depth was determined. The tremmie
was pulled back 20’ and a neat cement mix was prepared and delivered by gravity through the tremmie to
the new target depth. After the tremmie was pulled from the hole and washed, this mix was allowed to set
overnight. The seismic/acceleration package was placed in the hole the next day using the same tremmie
pipe. It was cemented in place, and the hole bottom was brought up again (using the same method of
volume calculation and tremmie and cement placement) to 180 feet from the surface.

The self-leveling tiltmeter (Pinnacle Model # 5000, see p109) was then installed. The tiltmeter was
attached to 1” flush joint PVC tremmie pipe by a PVC press fit joint with wire rope bearing the load. Once
it contacts the bottom it can be oriented using the PVC as the orientation tool. The tiltmeter was then
cemented in place and the hole bottom brought up again (using the same method of volume calculation
and tremmie and cement placement) to 50 feet from the surface.

2.3.3 Seismic, Pore pressure and Tiltmeter Installation, Big Spring site:

At this site, a 2-inch pvc pipe with the seismic package at the bottom (with perforation at 220 to 240
feet) was lowered to within 10 feet of the strainmeter. The hole bottom was brought up to 250 feet with
gravity fed neat cement. A 60 mesh sand pack was set over the 250 to 210 foot aquifer interval. Five
gallons of bentonite pellets were than dropped into the hole to act as a boundary between the sand and new
cement. To deliver the cement, a one-inch flush joint tremmie was lowered into the borehole in 20’
sections by using the hydraulic derrick. Once this tremmie gently contacts the top of the bentonite, the
tremmie was pulled back 20’ and a neat cement mix was prepared and delivered by concrete pumper
through the tremmie to a new target depth (181 feet). It is immediately pulled out bringing the hole bottom
up to 180 feet.

The self-leveling tiltmeter (Pinnacle Model # 5000) was then installed. It was attached to 1 flush joint
PVC tremmie pipe by a PVC press fit joint with wire rope bearing the load. Once it contacted the bottom,
it was oriented using the PVC to provide orientation information. The tiltmeter was then cemented in
place and the hole bottom brought up again (using the same method of volume calculation & tremmie and
cement placement) to 50 feet from the surface.

3. ELECTRONICS ENCLOSURES:

After the borehole was cemented to the surface and site was cleaned up, the electronic surface
enclosures were installed. These enclosures consist of a 5 ft. wide by 5 ft. long, by 8 2 Foot high, above
grade steel structures with a steel door, for the electronics, and the batteries (see photos of Big Spring and
Motocross sites on p103 and p100, respectively).

12



4. SURFACE ELECTRONICS AND OPERATION:

The electronics consists of signal amplifiers, a barometric pressure transducer (Setra model 270, see
specifications on p113), and two data collection systems housed in the electronics enclosure. These
electronics plus those for data collection and transmission are temperature tested in the lab and installed in
metal enclosures. The electronics are powered by solar charged batteries located in the metal building with
solar panels installed on the roof. The layout of this enclosure is shown on p113. All data from down hole
(strain, pore pressure, seismic, tilt, etc) and at the surface (pressure, temperature, state of health, etc) flow
through this electronics enclosure and all power is generated within the enclosure. Connectors and pin
assignments to this box are shown on p119. The detailed pinouts from the downhole strainmeter cable
connector to the electronics box and for a second connector on the strainmeter SOC box (Strainmeter
Operation & Control Box) are shown on p121. Analog and digital inputs to the Sutron 9210/SL2 satellite
data collection platform with their color codes are shown on p122.

At these sites the seismic portion of the signal generated by the dilatometer is also collected by a
Nanometrics High Resolution Digitizer and telemetered by spread spectrum radio relay, phone line, or
satellite radio relay to Menlo Park. Outputs to this telemetry system are shown on p124. These digitizers
are located in water-resistant below-grade temperature compensated enclosures. Power comes from solar
charged batteries at Motocross and a thermal electric generator at Big Spring.

A water resistant box houses the electronics for the strainmeter. High frequency data from the
dilatometer in the 0.005 Hz to 100 Hz can be recorded on 24 bit telemetry systems with a least count noise
of less than 10" Low frequency data, from 0 Hz to 0.002 Hz are transmitted via a 17-bit digital telemetry
system through the GOES satellite system (Sutron Model 9210 SL2, see description, specifications and
inputs on p114. Previously these data were collected on Zeno 3200 Dataloggers: see p85 & p116) and
transmited to Menlo Park, Cal. The least count noise on the high gain satellite telemetry system for the
dilatometer is about 2*10'". For the low gain channel the least count noise is about 1.2*10™®. These
instruments have recorded earth strain tides, strain transients related to volcanic deformation and
numerous strain seismograms from local and tele-seismic earthquakes with magnitudes between 1 and 9.
These strain seismograms are used to calculate the dynamic earthquake moments.

Static moments and total earthquake moments are determined from the co-seismic strains and total strain
changes observed with larger events. Should pre-seismic strains occur before an expected volcanic
eruption, they can be resolved at about the 10™'° to 107! level if they occur quickly, and about 10 to 10
level if they occur days to weeks before the event.

The strainmeter electronics contains a dc/dc converter powering 2 operational amplifiers for 2 different
DC (strain) signals, and a automatic valve opener driven by microprocessor control. The operation of the
strainmeter electronics is as follows. As the strainmeter in the borehole is squeezed from pressures exerted
on the surrounding rock, silicon oil in the instrument is forced through an orifice, displacing a bellows,
which moves the attached core of a transducer. The movement of this core is approximately .318V/.01in.
(.318V/.254mm), when powered by a 6.8V voltage regulator. The movement of this transducer is
measured as a voltage at the surface in the SOC Box. This voltage is monitored by a microprocessor to
control pressure relief of the transducer in the strainmeter. As discussed in the Dilatometer
Instrumentation section, the dilatometer strain output is derived from two LVDT’s, one measures volume
changes that can be related to strain in the rock while the second monitors total reservoir volume together
with instrument temperature. The operation of the SOC Box is designed so that if LVDT #1 exceeds a
predetermined threshold voltage of 0.4 volts, a valve will open/close and pressure will drop as fluid flows
to the resevoir monitored by LVDT #2. After 2 hours, a valve will open on this second resevoir and
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pressure will drop as fluid flows to a storage reservoir in the strainmeter. If, during the daily cycle of the
instrument operation, the battery powering the strainmeter should drop below 10 volts, the electronics will
automatically shut down. It will open both valves at this time preventing pressure from exceeding the
physical limits of the LVDT’s in the instrument.

This electronics package draws approximately 380 milliamps. The electronics is powered by a 12 volt
deep-cycle maintenance free gelled electrolyte trickle charged battery. This battery is kept charged by two
50 watt solar panels using a automatic sequencing charger. This charger stops charging at 14.3 volts +/-.2
volts and resumes at 13.2 +/- .3 volts. During the night a blocking diode acts to prevent discharge of the
battery through the panel.

14



5. DETAILED DESCRIPTION OF DILATOMETER ELECTRONICS OPERATION

Summary

The strainmeter control box contains electronics that control and monitor the strainmeter. These
electronics also filters the analog signals from the strainmeter and provide output to an external device.
The external device is usually an Analog-to-Digital converter that provides digital data to either a local
storage device or a telemetry system or both.

Detailed Description:

Supply power to the strainmeter control box is monitored internally by the electronics to determine if
sufficient voltage is present at the input to the strainmeter control box. If the voltage dips below the preset
trip voltage (should be about 10Vdc ), the controller will disconnect power until the voltage rises to an
acceptable level. There is some hysteresis designed into the power monitoring circuitry to avoid the
unwanted condition of power-off, power-on, power-off, etc. This on-off-on-off-on is something that could
be quite common with a solar-cell charged battery system if the hysteresis was not implemented. To avoid
any problems that could arise from sustained power cycling, hysteresis is used in the power monitoring
circuit. Additionally supply power is monitored by the microcontroller by way of analog input to the 16-
bit multiplexing A/D. If the voltage measured by the A/D drops to an unacceptable level the
microcontroller will immediately open the strainmeter valves in an effort to protect the strainmeter. If this
precaution is not taken when power is marginal, the strainmeter control box might shut down with valves
closed during a seismic event. This could easily rupture the bellows in the strainmeter, leaving it unusable.

The strainmeter control box supplies power to the Differential Transformers contained in the
strainmeter. The control box supplies a regulated 6.8VDC potential to the DT power input. The valves in
the strainmeters are designed and manufactured at the Carnegie Institution of Washington with an open or
close state that depends on the polarity of the potential voltage applied to the valves. Most of the older
borehole strainmeters switch with a valve operating potential of 24VDC. The newer strainmeters have
valves that operate at 48VDC’. The serial connection is optically isolated using the RS-232 standard. It
uses the following parameters.

BAUD: 9600, DATA BITS: 8 STOP BITS: 1, PARITY: None
As of the writing of this manual the Dept. of Terrestrial Magnetism has adopted a policy to use only
48VDC valves on all future water- and land-based strainmeters

5.1. VALVE OPENING ALGORITHM / SOC Box
June 7, 2000 (as described by Carnegie Institute of Washington / DTM)

Low Threshold Voltage:
0.4Volts

Low Threshold Period:
Valve 1 =900 seconds (15 minutes)
Valve 2 = 660 seconds (11 minutes)

High Threshold Voltage:
3.0Volts (60% of A/D’s maximum voltage level)

Valve behavior if DT1 voltage exceeds low threshold for 15 consecutive minutes:
Valve | opens.
Valve | closes 1 minute after opening
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Valve 2 is scheduled to open 11 minutes after Valve 1 closes.
Valve 2 remains open for 5 seconds.

If Valve | opens again in less than 11 minutes, Valve 2 opening is rescheduled for 11
minutes following next Valve 1 closing.

Valve2 behavior if DT2 voltage exceeds high threshold:
Valve 2 opens.
Valve 2 closes 5 SEC after opening.

Interlock:
If Valve I needs to open we check if Valve 2 is open. If Valve 2 is open, we close Valve 2 before
opening Valve 1.

If Valve 2 needs to open we check if Valve 1 is open. If Valvel is open, we close Valve | before
opening Valve2

New firmware algorithm. Note that the High Level 1 threshold does not change, it is static at
3.0VDC. The interlock disables the operation that opens valve 2, 2 hours after valve 1 has been
opened over the low threshold. This is intended to keep DT2 close to zero so that the spring
associated with DT2 does not deform such that its zero point would move slightly due to long term
extension. Again, this interlock disable is only to be used to troubleshoot very specific problems.
Most probably there won’t be any need of this feature. So, make sure to not select the interlock
disable feature.

The 12VDC power occasionally displaying 12VDC is most probably a Windows 'feature.’ Don't
worry about it too much this i1s Windows interrupting its own RS232 stream. However, the SOC
box is opening the valves as this 1VDC power display occurs, be concerned. If this is happening
let CIW/DTM know because that would be very serious.

Valve Close after
low threshold
opening

15 seconds since
valve closed?
Average next 128
samples. Represents
zero offset level.
Difference =

LVT -ABS(Average)
Difference

.LT.

10% of LVT?

LVT =

LVT + 0.1*LVT
ABS (Difference)
.GT.
(LVT+0.1*LVT) ?
LVT=LVT+LVTO
ABS (Zero offset)
.LT.
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LVT?

LVT!=LVTO0?

LVT=LVT-LVTO

LVT+LVTO

.LT.

HVT?

LVTO0=Default Low Voltage Threshold = 0.4V
LVT=Low Voltage Threshold

HVT=High Voltage Threshold=3V

Algorithm for Low Voltage Threshold Adjustment
Applies to DT1 and DT2

DT1 and DT2 can have different Low Voltage Thresholds
NO

NO

Return leaving LVT

unchanged

NO

Return

NO

LVT =LVTO0?

Return

NO

NO

* The SOC Box is used at the Big Spring and Motocross sites. A 1987 design strainmeter electronics box
is used at Devils Postpile and Philips strainmeter sites. These electronics are described in Open File 89-
349 Borehole Dilatometer Installation Maintenance.

5.2 CABLE AND CONNECTOR SUMMARY
(as described by Carnegie Institute of Washington / DTM)

Power
The five (5) pin power connector provides input power to the ”Strainmeter Control Box.” The
input power is a nominal +12Vdc (11-24Vdc allowable range).

Strainmeter

The eighteen (18) pin connector interfaces the control box to the strainmeter. This connector
provides power to the Differential Transformers, DT’s, and valves in the strainmeter. It also feeds
the DT outputs from the strainmeter into the control box.

Ground Post

This post is used to make a connection with the common ground. In an effort to reduce ground
loops, which can induce noise into the system, this is by design the sole connection to common
ground.

RS232
This connector provides serial communication to a PC for the purpose of monitoring the status of
the strainmeter and manual control of the valves.

Output A
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Output B

These two connectors are analog outputs from the strainmeter control box. These are the buffered
DT signals from the strainmeter. OUTPUT A and B have identical pin outs.

* Note:
There is a hole in one of the faceplates. This hole feeds to a water tight tube used to feed outside
air pressure to the pressure sensor inside the box.

** Note: Refer to connector pin-out map on p121 for a description of connector pin assignments
6. SURFACE PRESSURE TRANSDUCER & DATA COLLECTION INSTRUMENTS:

The barometric pressure is monitored with a pressure transducer manufactured by Setra Systems (Model
207). This on-site transducer aids in the reduction of the strain data as it is affected by barometric
pressure. (see specifications on the Setra barometric pressure transducer on p113 in Drawings, Schematics
& Photos.) The transducer has an operating range of 300 millibar and is powered by a 12 volt deep-cycle
maintenance-free gelled-electrolyte trickle-charged batteries. This is kept charged by a similar automatic
sequencing charger hooked to a 20-watt solar panel.

Coastal Environmental Systems ZENO Model 3200 was initially selected as the Data Collection

Platform. This system draws 84ma at 12 volts DC during collection and 3 amps during transmission of
data to the GOES satellite. Data is collected once every 10 minutes with 17 bit accuracy and transmitted at
10 minute intervals. See satellite data configurations in appendix p19.
(See specifications of the ZENO Satellite Data Collection Platform on p116 in Drawings, Schematics &
Photos). The ZENO 3200’s were replaced in 2008 by Sutron 9210/SL2’s to meet current NESDIS satellite
transmission requirements. These operate at 22-bit accuracy. The 9210SL2’s draw 75 ma at 12 V DC in
quiescence and 3 amps during transmission.

7. DILATOMETER MAINTENANCE:

In general the maintenance of a dilatometer installation is fairly straightforward. There may be the specific
instance when a visit may be made for unexpected problems, but for the most part it is a routine
procedure.

As a routine, the data from each instrument is looked at daily for correct operation. It is inspected for tidal
response (data quality), data dropouts (satellite problems, computer problems, missing transmissions),
time of transmission, transmission power levels, and battery voltages. Information obtained from this
helps with efficient field maintenance.
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8.0 APPENDIX:

8.1.1 SATELLITE DATA COLLECTION CONFIGURATION:

Motocross Strainmeter May 1999 to august 2007
Data Logger = Coastal Environmental Systems ZENO 3200 sn #?

Component description, sensor/digitizer gain, voltage range input to DCP

mx01 = transducer #I hi gain +/-.512 volt range 3.91x10°° mV/cnt
mx02 = " "lo " +/-5.12 volt range 3.91x10” mV/cnt
mx03= " #2lo " +/-5.12 volt range "

mx04 = input to A/D as a short to ground +/-5.12 " " "

mx05 = Setra #270 600-900 mbar at 0 - 5vdc +/-5.12 volt range 3.91x10” mV/cnt
mx06 = tiltmeter x axis same as mx06 " “ o "
mx07 = " y " same as mx07
mx08 = YSI4401 thermister C x .001 (i.e., 15666 x .001 = +15.666)
mx09 = no connection
mx10 = +/- 12 bit range = .007816291 volts/ct

007816291 by 1720 = 13.44 volts dc

Number of assigned DCP bits 01 - 08 are +/-17 bit; 09 is +/-12 bit,

n ” n n

Motocross Strainmeter August 2007 to present

Data Logger = Sutron 9210/SL2
Component description, sensor/digitizer gain, voltage range input to DCP

mxsl = transducer #1 hi gain +/-5.00 volt range 1.192x10°° mV/cnt
mxs3 = " #2lo " +/-5.00 volt range " "
mxs5 = Setra #270 600-900 mbar at 0 - 5vdc +5.00 " " "
mxs6 = tiltmeter x axis +/-5.00 volt range 1.192x10°°
at 17meter depth gain 3 in tiltmeter = 95.60mv/microradian
mxs7 = tiltmeter y axis +/-5.00 volt range 1.192x10°°

at 17meter depth gain 3 in tiltmeter = 98.10/microradian
mxs8 = YSI4406 thermister = -887 = -8.87 C
mxs9 = direct readout = 1288 =12.88 Vdc
Number of assigned DCP bits s1,s3,s5,56,s7 +/-22 bit,
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Big Spring Strainmeter May 1999 to august 2007
Data Logger = Coastal Environmental Systems ZENO 3200 sn #?

Component description, sensor/digitizer gain, voltage range input to DCP

bg01 = transducer #I hi gain +/-.512 volt range 3.91x10° mV/cnt
bg02 = " "lo " +/-5.12 volt range 3.91x10° mV/cnt
bg03= " #2lo " +/-5.12 volt range "

bg04 = input to A/D as a short to ground +/-5.12 " " "
bg05 = Setra #270 600-900 mbar at 0 - Svdc +/ 5 12 volt range 3.91x10° mV/ent
bg06 = tiltmeter x axis same as mx06 " " "
bg07 = " y " same as mx07 " o "
bg08 = YSI4401 thermister C x .001 (ie, 15666 x .001 = +15.666)
bg09 = Paroscientific Pressure Transducer 8WDO020S (SDI-12), value = 93233
= 932.33 millibars
bgl0 = +/- 12 bit range = .007816291 volts/ct
007816291 by 1720 = 13.44 volts dc
Number of assigned DCP bits 01 - 08 are +/-17 bit; 09 is +/-12 bit,

Big Spring Strainmeter August 2007 to present

Data Logger = Sutron 9210/SL2
Component description, sensor/digitizer gain, voltage range input to DCP

bgsl = transducer #I hi gain +/-5.00 volt range +/- 1.192x10°° mv/ct
bgs3 = " #21lo " +/-5.00 volt range "
bgs5 = Setra #270 600-900 mbar at 0 - 5vdc +5.00 " " "
bgs6 = tiltmeter x axis +/-5.00 volt range +/- 1.192x10°° mV/cnt
at 17meter depth gain 3 in tiltmeter = 95.60mv/microradian
bgs7 = tiltmeter y axis +/-5.00 volt range +/- 1.192x10°° mV/cnt

at 17meter depth gain 3 in tiltmeter = 98.10/microradian
bgs8 = YSI4406 thermister = -887 = -8.87 C
bgs9 = direct readout = 1288 =12.88 Vdc
bgsp= direct readout = 22561 is + 1000.00 millibars = 1225.61 millibars

Number of assigned DCP bits s1,s3,55,56,s7 +/-22 bit,
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Devils Postpile Strainmeter May 1999 to August 2007
Data Logger = Coastal Environmental Systems ZENO 3200 sn #?

Component description, sensor/digitizer gain, voltage range input to DCP

popa = transducer  x 10 gain +/-.512 volt range 3.91x10° mV/cnt
popb =" xI1 " +/-5.12 volt range 3.91x10” mV/cnt
popc =" x50 " +/-5.12 volt range "
popt = inputto A/D as a short to ground +/-.512 " " "
pobp = Setra #270 600-900 mbar at 0 - 5vdc +/-5.12 volt range 3.91x10° mV/cnt
pob2 = Setra #230 0-25 psi at 0 - 5vdc +/-5.12 volt range 3.91x10” mV/cnt
popp = Paroscientific Pressure Transducer SWD020S (SDI-12) value = 93233

= 932.33 millibars

pope = YSI4401 thermister Cx.001 (ie, 15666 x .001 = +15.666)
popv = +/- 12 bit range = .007816291 volts/ct (.007816291 by 1720 = 13.44 volts dc
Number of assigned DCP bits A,b,c,t,bo,b2,pp & pe are 17 bit A/D, pv is 12 bit A/D

Devils Postpile Strainmeter August 2007 to present
Data Logger = Sutron 9210/SL2

Component description, sensor/digitizer gain, voltage range input to DCP
posl = transducer  x 10 gain +/-5.00 volt range +/- 1.192x10°° mv/ct
pos2 =" xI1 " +/-5.00 volt range “
pos5 = Setra #270 600-900 mbar at 0 - 5vdc + 5.00 volt range
pos6 = strainmeter battery voltage divide by 3, i.e. = 42862 = 4.2862 x 3 = 12.8586 Vdc
pos7 = DCP battery direct readout = 1361 = 13.61 Vdc
pos8 = downhole thermistor +/- 5.00 volt range +/- 1.192x10-6mv/ct
posp = Paroscientific Pressure Transducer SWD020S (SDI-12) value = 20252
= 20252+ 1000 millibars = 1202.52 millibars
pos9 = YSI4406 thermister direct readout = -124 = -1.24 C
Number of assigned DCP bits s1,s2,s5,s8 are 22 bit A/D
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Phillips Strainmeter October 1989 to August 2007
Data Logger = Sutron 8004

Component description, sensor/digitizer gain, voltage range input to DCP

plvl = transducer  x 10 gain +/- 10 volt range 3.05 x 10-4 mv/ct
phv2= " x1 " “
plvi= " x50 " "

”

plv4d = downhole thermistor

plvs = Setra #270 600-900 mbar at 0 - 5vdc

plv6 = voltage divider strain battery

plv7 = voltage divider DCP battery

Number of assigned DCP bits +/- 15 bits over =/-10 volts DC

Phillips Strainmeter August 2007 to present
Data Logger = Sutron 9210/SL2

Component description, sensor/digitizer gain, voltage range input to DCP

plsl = transducer  x 10 gain +/-5.00 volt range +/- 1.192x10° mv/ct
pls2 =" xI " +/-5.00 volt range “

pls5 = Setra #270 600-900 mbar at 0 - Svdc + 5.00 volt range

pls6 = strainmeter battery voltage divide by 3, i.e. = 42862 = 4.2862 x 3 = 12.8586 Vdc
pls7 = DCP battery direct readout = 1361 = 13.61 Vdc

pls8 = downhole thermistor +/- 5.00 volt range +/- 1.192x10-6mv/ct

pls9 = YSI4406 thermister direct readout = -124 = -1.24 C

Number of assigned DCP bits s1,s2,55,56,s8 are 22 bit A/D
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8.1.2 SUTRON 9210 CONFIGURATION:

To check that programming is correct at an operating site, install sfformatter.bas and the particular
configuration file for the site (e.g. bigspring.ssf) and follow the steps below:

1. Plug in Com 1 RS232 cable to com1 location of 9210.
2. Plugin 12 Crs232 cable to I 2 C location (upper left) of 9210.

3. Plug in I 2 ¢ RS232 cable to 8080-0003, insure both ends of RS232 cable is tightened using
thumbscrews.

4. Plug in SMA GPS Time connector to Satlink 2. Ensure it's tightly seated.

5. Plug in RG 8 RF connector to Satlink 2.

6. Attach +12 GND (PWR IN) from 9210 to barrier strip with Satlink 2 power cable.
7. Ensure laptop is turned on and XTERM program is brought up to Laptop Display.
8. Plug in INLINE fuse.

9. After 30 seconds, the display should come on the 9210 XLITE. There should be Rx and Tx display on
the XTERM windows upper right corner.

10. The XTERM will ask if you want to go directly to SETUP or it will power up and turn on the program
on it's own. This will cause it to start collecting and transmitting at the correct times if it has been
programmed correctly.

11. The MAIN menu will tell you the STATION INFO, time of day, station name,; STATION STATUS
Recording, ON + TX, or not, Alarm and battery voltage.

12. If you go to the SETUP menu, and scroll to SATLINK. you can; Highlight SATLINK and EDIT. You
will be able to see the ID and initialization icons.

13. Highlight Self-Timed and Edit, You will be able to see the Channel, format, type, Transmit time,

14. If you go to SENSORS, you can see the current data measurement. You can also request a collection
of data for all inputs or specific inputs. These values are not he same as the values which will be
sent...

15. If you go to LOG, you can see the data that has been collected at the previous 10-minute window. In
order to view all the data value decimal digits, put your cursor on the right vertical line to the left
of the Q, and drag your cursor to the right. You will see the right digits displayed to their most
significant digit.

16. Highlight Self-Timed Test and Edit, You will be able to see the current message, which will be sent.
Highlight Status , You will be able to scroll down through some of the information in the Satlink.
Current time, when the unit was booted, time of next transmission, when the unit last sync to GPS
Time.

Click close, then close again will bring you back to the Main Menu.
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17. If you haven't already determined that the Station Status shows recording ON + TXT, click START.
By viewing the Satlink Status window, you know when the unit will transmit, so you should be
able to check the battery on transmission.

18. If you do not get confirmation that there was a transmission and the values you saw and recorded in
your notebook do not agree with what was received in Menlo Park, CA, you may need to reload
the program.

19. Go To SETUP, Hightlight + next to Setup File, highlight Open, The 9210 will ask you to STOP the
Recording, say YES. Highlight Xpertjack.ssf next to NAME. Say OK.You'll go back to SETUP
automatically. Go up to the top of the SETUP Menu. Highlight Basic, highlight EDIT, Ensure
STFORMATTER is there. (If it's not there, you need to go to File Transfer*) Say OK. This returns
you to SETUP, Highlight Basic again, hit Compile.

The XTERM will tell you that the program has been compiled.
In the MAIN menu, you will have to ensure the name of the station matches the program in the
SETUP FILE (These both should be xpertjack (i.e.))

If there are no programs in the 9210, you will need to load one.

20. * To LOAD the Program. Go to FILE TRANSFER. Hightlight it. A new window will appear on your
desktop. Find the Folder where you have saved your Sutron 9210-SL2 programs. Find the
program. Highlight it, in the lower section of the window, you'll see a right arrow, highlight it. The
file transfer program will ask if you want to transfer programs. If this is the one you want say YES.
Once you have the program you want, plus STFORMATTER. You can get out of File Transfer by
hitting the X in the upper right corner.

Now you will have to go back to the SETUP window and go to line 19,

Once you have the program installed, go back to MAIN menu and click START the recording and
TXT.
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Program files for each Long Valley site:

bigspring.ssf motocross.ssf  Phillips.ssf Postpile.ssf  stformatter.bas

These .ssf files for each site are used with the 9210 operating program on a PC and ascii versions of each
site file are included in order on pages 126, 134, 142, 148 and 156. The stformatter.bas is used at all of
these Long Valley sites.

Also required is the Xterm excutable program which can be obtained from the Sutron web site listed
below.

Xterm .exe

The Sutron Manual should also be loaded to your laptop from the http://www.sutron.com/ web site.
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8.1.3 EXAMPLE MENU FOR THE 9210/ SL2 PROGRAM

X XTerm COM1:1152