DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

BOREHOLE DILATOMETER INSTALLATION, OPERATION AND MAINTENANCE
AT SITES ALONG THE SAN ANDREAS FAULT, CALIFORNIA.

by

G. D. Myren and M. J. S. Johnston*

Open-File Report 89-349

This report is preliminary and has not been reviewed for conformity with U. S. Geological Survey
editorial standards. Any use of trade, product, or firm names is for descriptive purposes only and
does not imply endorsement by the U.S. Government.

* U. S. Geological Survey, Menlo Park, California



5‘

7.

10.

11.

12.

13.

14,

CONTENTS

INErodUCtION ot eerr e e e nt e e s e e aab s ese s s s s sesrnrssesenrnseanan
1.1. Dilatometer Instrumentation ............cocceccviiiiiieiniiiiemnriecrssiseneserseesssennes
Site SeleCtION  ...coiiiiiiiiiiiii ettt eeerrerere e s e e e reseae e s e sna s bbb st s e e aeeeansasassnsrasoons
Dilatometer INStallation  .........ovoeiiiiiiiiiircciceer v e e eeeeserse s sssseesessas
3.1. Introduction ........cccovmiiiiccrinenaanens
3.2. Step by Step Imnstallation Details .........cccnrmiirniiiieees
Hole Completion .........ccconeeenn. reresesreeettrrssanataeestesesaataatsaeeanane trersesretassssesesateteeaaaas
Electronics Enclosures ........cccovvvvvieciinicneennnne. teeeeeesseestnnnseeetesteterreteaetetneanaraaaseaaees
Dilatometer Electronics ........cccovvvrvveciiieenieinnnnen. rrreeeeereeeersrenananen
Dilatometer Maintenance Procedure ..............ccoeiiiiieiiniiiieeniieienneeenesnsseesennes
Cable TeSUS  ....cccevviniiiiiiiiieeiiricee e trrireeeteesses s eeseesorassnnsnsessssessseseetesnansansssasansteansannnns
Data Telemetry SyStem ......cccoccciiiiiiiiintiiiiiiieiretter e eeeee s s asasesesssreesna
9.1. Data Collection Platform (DCP) Programming ........cccccecvvviiininens
GEOS Digital Recorder .......ccooiiiiiiiiineeriiniioecitieeanessssinnieseesessssensocssssssssosassnsns
10.1. To Change The GEOS Tape .......cccccevimireiiiiiiiiiisnriiiciiinenuneeeenisennenns
Barometric Pressure Transducer.
Acknowledgments ...ttt sere s se st e sets s s s se s aneeaes
ReferenCeB  ..ccccevvviiiiiiiieiieieiiiciiereeeerineetreeeeesraeeeestrensensesssssseesesssenessanssnnsasases
Appendix .......ccnniiiviinnn. rerersereeetesaesrtteeeesessarasaaans reeeetesre sttt e s rnraes e s
14.1. Installation Field Notes .........corcriiiiiiiirtniirscernneceecenacrenes
14.2. Strain Field Notes ...t rreeeereeeseteicesee s e s eesennnansonnnes
14.3. Instrument Grouting .........cccccccviimirecniiiiirienieerirmrereseenseserecsesssesessssseanes
14.4. Dilatometer Electronics ...t eeassesssessesssssans

14.4.1. Electronics Box Telemetry Connector Wiring Code ........

10

11

11

12

12

15

17

22

22

23

24

24

26

27

29

29



14.5. Barometric Pressure Transducer

14.6. Additional Electronics

14.7. Hoist Operation
14.8. Map of Instrument Locations

14.9. Surface Enclosures

14.10.

14.11.

14.12,

14.18.

14.14.

14.15.

14.16.

14.4.2. GEOS Recorder and Power Connectors

14.4.3. Dilatometer Cable Connector ...............

14.4.4. Hardware, Dilatometer ..........................

14.5.1. Barometric Pressure Transducer Cables

14.5.2. Pressure Transducer Hardware ............

14.6.1. DCP/Voltage Monitor Expander Board

14.6.2. DCP/Voltage Monitor Parts List .........
14.6.8. GEOS Signal Buffer ..........cc.ccccvvnvnnnanne

14.6.4. GEOS Signal Buffer Parts List .............

14.6.5. Current Amplifier for Damaged Cables

14.6.6. Current Amplifier Parts List .................

..........................

............................................

......................................................

...............................

..................................................

............................

..............................

..............................

..............................

...........................

..............................

..............................

............................

.............................

............................

..............................

.............................

------------------------------

..............................

..............................

..............................

------------------------------

..............................

------------------------------

..............................

..............................

..............................

.............................

30

31

32

33

33

34

35

35

36

37

38

39

40

41

43

44

45

47

77

107

112

120

125



1. INTRODUCTION

A network of Sacks-Evertson dilational strainmeters has been established by the U. S.
Geological Survey in the state of California (Johnston et al., 1987). The network consists of
clusters of instruments in 1) the Palmdale area in southern California, 2) Mammoth Lakes, 3)
San Juan Bautista in central California, and 4) Parkfield, California. The general locations of
these instruments are shown in Figure 1. The latitudes and longitudes of each instrument are
listed in Table 1.

The purpose of this network is to monitor crustal deformation associated with earth-
quakes in California. This report describes:
the principles of operation of dilational strainmeters,
the methods used to locate instrument sites,
the procedures used in the installation of dilatometers,
the electronics used for signal amplification and telemetry,

the maintenance procedure for these instruments and the on-site recorders.
.1 DILATOMETER INSTRUMENTATION

The Sacks-Evertson dilational strainmeter used in this experiment (Sacks et al., 1971)
are installed at depths between 138 m and 335 m below the ground surface at the sites listed
in Table 1, and are shown in Figure 1. The sensors, installed as part of a cooperative pro-
gram between the U.S. Geological Survey and the Carnegie Institution of Washington, are
cemented in the borehole with expansive grout having density characteristics approximating
those of the host material (ideally granite). The borehole is then filled to the surface with
cement to avoid long-term strains from hole relaxation effects and re-equilibration of the

o o

aquifer system.

Table 1. Volumetric Strainmeter Locations in California

Site Instrument Lat. Lon. Depth(m) Install. Date Rock Type
AMSS Adobe 34.7240 -117.6760 174.4 11/5/1980 granite
BBSS Black Butte 34.5690 -117.7300 170.4 11/13/1980 granite
EVSS Echo Valley 36.8320 -121.6330 117.6 10/5/1981 granite
GH1S Gold Hill 1 35.8314 -120.3461 117.6 6/27/1983 granite
GH2S Gold Hill 2 358372 -120.3445 177.7 7/01/1983 granite
SRLS Searle 36.8650 -121.5770 137.7 7/10/1983 granite
PUBS Punchbowl 34.4340 -117.8740 176.2 11/8/1983 sandstone
POPS Postpile 37.6380 -119.0840 162.1 10/18/1983 granite
PCIA Pinon Flat 33.6092 -116.4553 151.0 09/16,/1983 granite
EADS Eades 35.8946  -120.4220 267.2 10/24/1984  sandstone
VCDS Vinyard Cyn. 359223 -120.5332  204.1 11/24/86 granite
FRDS Froelich 35.9108 -120.4858 323.36 12/6/86 rhyolite
DLDS Donna Lee 35.9401 -120.4234 176.48 11/19/86 sandstone
RHDS Red Hills 35.6244 -120.2550 229.16 1/19/87 sandstone
JCDS Jack Cyn. 35.7158  -120.2045 169.13 1/18/87 sandstone

The sensor consists of a 2 m long strainless steel oil reservoir filled with 100 cs silicon
oil. Small compressions on the side of this reservoir force oil into a small bellows.
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Displacement of the ends of the bellows is monitored by a LVDT displacement transducer
which produces an output that is proportional to the imposed dilational strain. The mechani-
cal gain of the system is about 200,000. The frequency response is flat from about 20 Hz to
less than 0.000000001 Hz. The 20 Hz high frequency cut-off is caused by the hydraulic filter
effect as the oil flows from the large reservoir into the bellows chamber through a small
orifice.

Data from the instrument are routinely recorded on-site with low-speed analog record-
ers (72 dB dynamic range from zero Hz to 10 mHz) and are transmitted with a satellite-based
16 bit digital telemetry system (96 dB dynamic range from zero Hz to 1 mHz) at 1 sample
every 10 minutes to Menlo Park, California (Silvermanet al,, 1989). The sensor and the
telemetry system are calibrated using ocean-load corrected earth tides. The calibration is
repeatable to within 5%.

To extend the bandwidth and resolution of recorded strain data, wide dynamic range
(16 bit; 96 dB), broad bandwidth (0 to 600 Hz), portable recorders (General Earthquake
Observational Systems: GEOS) were used to record simultaneous data from the strainmeters
and colocated seismometers (1 Hz; Mark Products, L-4). The GEOS recorders, described by
Borcherdt et al., (1985), permit parameters such as gain (0 - 60 dB in 6 dB steps), anti-
aliasing filters (7 pole Butterworth), sample rate (up to 1200 sps), and a variety of other
parameters, to be selected on site. In this application pre-set time, trigger and continuous
record modes have all been used to record the strain and simultaneous seismic signals in the
bandwidth 0.0067 to 10° seconds. Continuous recording mode with DC coupling and no
low-cut filters were used to obtain continuous records of Earth tidal strains with superim-
posed high frequency seismic strain variations associated with seismic events and nuclear
explosions over periods of 24 to 30 hours. The event triggering mode was used to record
simultaneous seismic and strain data during several thousand local and distant earthquakes.

These borehole strain sensors can detect strains at levels at least 20 dB below those
obtained on near-surface strainmeters (Johnston et al.,, 1982; Johnston and Borcherdt, 1984)
with a dynamic range exceeding 100 dB (Sacks et al., 1971; Sacks, 1979; Gladwin, 1984) over
a period band of 0.1 seconds to several months. The wide dynamic range and broad
bandwidth of the sensors, when utilized in conjunction with that of modern recording capa-
bilities, offers the possibility to detect strain signals from a wide range of sources up to fre-
quencies overlapping the pass-band of standard short period seismic networks. At this point,
only borehole strain instruments appear capable of recording static strain field changes reli-
ably under conditions of high acceleration.

2. SITE SELECTION AND PREPARATION

Instrument sites have been selected in regions where the probability of an earthquake of
magnitude 4 or greater is large. For the most part dilatometers have been installed near
existing arrays of surface tiltmeters, strainmeters, creepmeters and laser geodimeter arrays.
At these locations an attempt has been made to identify tectonic signals and the various
sources of crustal noise that are also recorded in the various data from each instrument type.

The basic selection criteria used to identify a good dilatometer site are: 1) competent
unfractured rock at a depth of 100 m to 300 m typically in granitic or similarly competent
sedimentary or metamorphic rock 2) absence of fracture zones through which water may be
flowing 3) low probability of nearby pumping which may disturb the local strain field 4) a
well drained surface site to avoid flooding 5) secure from possible vandalism.
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Following preliminary site selection based on geologic maps, topographic maps, and a
geologists recommendations, a permit is obtained from the landowner and a contract is
drawn up to begin exploratory drilling to verify the site geology and fracture state and to
obtain core from the exact location of the final installation . To achieve this, an uncased hole
is drilled to 400 ft (120 m). Where appropriate, a 4 inch (10.16cm) core is taken. Sections of
competent rock, where a strainmeter might be installed, are identified in the recovered core
from depths below about 400 ft. Based on the core and logs from the hole, a target installa-
tion site is identified and this exploratory hole is cased and cemented for use as a heat flow
hole or as a water well if no suitable site is identified. Assuming a potential site is identified,
a second hole (8 inch/20.32 cm) is then drilled nearby to 30 feet (9.14 m) above that target
depth. The final 30 to 40 feet is core drilled using drilling mud containing no polymers or
compounds which might compromise the cementing of the instrument to the surrounding
rock. In order to have the instrument in as close contact with the rock as possible, a 6 in
(15.24 cm) core bit is used. When the recovered core appears competent, with no major frac-
tures within a 20-30 foot section, the core drill is removed. The hole drilling fluids are then
displaced with clear water. The drilling table is then pulled back from the hole and electric
logs are taken. Televiewer (sonic pictures), self potential, natural gamma, resistivity, and
caliper logs are collected and used along with the core to select an instrument location. An
example of logs observed with these tools from a hole in competent rock is shown in Figure 4
in the Appendix.

3. DILATOMETER INSTALLATION
3.1 Introduction

Installation is generally accomplished with a truck mounted hydraulic derrick and
winch. A 30 foot (9.144 meter) long grout dump is lowered to the bottom of the hole. If this
is successfully completed, the instrument is prepared for installation and tested to ensure that
all functions and cable resistances are correct. Enough non-shrink expansive grout to com-
pletely cover the instrument when it is in the bottom of the hole is mixed and lowered with a
grout dump. The instrument is lowered and sinks through the grout until completely
covered. Before the grout sets, the instrument and cable are checked. If no problems are
apparent, the open hole above the instrument is then filled with cement to the surface.

In some cases 4 inch (10.16 cm) pve pipe is lowered into the hole next to the instrument
cable to allow additional instrumentation to be installed in the future. Electronics for signal
conditioning, amplification, data collection and transmission are temperature tested in the
lab and installed in closed bottom fiberglass enclosures at 5 feet (1.5 meters) depth. Nylon
bags filled with with styrofoam pellets cover the electronics to reduce temperature effects in
the field. The electronics are powered by solar charged batteries. They are located in a closed
bottom fiberglass enclosure within 15 feet (4.57 meters) of the electronics.

At most sites additional effort has been made to record the higher frequency signals
detected by the dilatometer. At these sites a digital tape recorder has been installed in a sur-
face fiberglass enclosure with solar charged batteries in a separate enclosure.

3.2 Step-by-Step Installation Details
3.2.1 Prior to installation, the instrument is checked electronically to determine 1)

whether the resistance between the various pins is correct, 2) whether the
differential transducer appears to operate correctly when powered, and 3) whether
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the valve closes and opens correctly. (see Installation Notes in Appendix)

3.2.2 The dilatometer is inverted with the valve open (see photo 1), and the open
center section is filled with the same grout that will be used to cement the instru-
ment in the hole. (This additional weight acts as a ballast to help sink the instru-
ment in the grout which mates it with the surrounding rock.) The grout has a
slump of 12, or zero cone, not watery but like a thick malt.(see photo 2). When
the center section is full of grout, a steel plug is attached to the bottom of the
instrument.

3.2.3 The instrument is laid horizontally and the instrument cable is attached.

3.2.4 The cable connection is pressure tested and the instrument is again checked for
proper operation. (see photos 3,4,5)

3.2.5 All details (i.e, the cement volumes, cable resistance values, and instrument out-
put values) are recorded with the date and time. (see Installation Field Notes,
attached in the Appendix, under Resistance Check).

3.2.6 An 8 inch instrument hole is drilled to about 20 feet (6.1 m) above the planned
installation depth with a rotary bit using a drilling mud that has no polymers or
chemical compounds which might react with the instrument grout.

3.2.7 The hole is cored to verify the location of competent rock and to ensure that no
aquifers or fractures are encountered. When a 20 foot (6.1 m) unfractured section
of hole is identified in the extracted core (see photo 6), the fluids in the hole are
displaced with clear water.

3.2.8 The hole is logged with standard logging techniques which include S.P., Natural
Gamma, Resistivity, Caliper, and Televiewer logs. Figure 5 shows an example of
typical output from these logging techniques. An instrument site is then selected
based on the electric logs and the cored section.

3.2.9 A truck-mounted hydraulic derrick and winch is set up (see photo 7), its wire
cable reeled out, measured and color coded every 50 feet (15m) for 1200 feet (365
m), (see HOIST operation).

3.2.10 The grout dump, which is transported in three sections, is assembled. Its bot-
tom opening trip mechanism is assembled, greased, threaded to the bottom of the
grout dump, and checked for operation (see photos 8-12).

3.2.11 The truck-mounted derrick and winch are moved over the hole and the 27 foot
(8.23 m) grout dump is lowered to the bottom to check the depth of the hole and
to ensure that the bottom trip opens correctly. If the hole depth agrees with that
determined by the drilling, the drill rig is allowed to leave the site (see photos
13-15).

3.2.12 A pulley assembly for guiding the instrument cable into the hole is clamped to
the casing,(see photo 16).

3.2.13 The instrument cable (mounted on a cable reel stand in the back of a pick-up,
see photo 17) is unreeled, measured and marked with colored tape every 50 feet
(15 m). A warning mark is attached twenty feet from the determined instrument
depth. For the bottom depth mark for the instrument, a bright colored tape is
attached over a 2 foot (0.6 m) section of the cable. The edge of the tape nearest
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the instrument marks the beginning of the two foot section. The cable is reeled
back in and positioned near the hole and pulley assembly.

3.2.14 A 4.5 in (11.43 cm) internal diameter clamp is bolted onto the top of the instru-
ment and the instrument is secured in a vertical position next to the hydraulic
derrick (see photo 16).

3.2.15 All functions of the instrument are again checked (see Installation Notes in
Appendix).

3.2.16 The grout dump is raised over the hole with bottom trip attached, and run in
the hole twice to recheck the depth. If the instrument site is found to be above
the hole bottom, the bottom is raised with grout mixed in a mortar mixer and
lowered to the bottom of the hole with the grout dump. Approximately 6 hours is
allowed between each dump for proper hardening of the grout.

3.2.17 When complete, the empty grout dump is run down the hole to check the grout
hardness and the depth, (see attached copy on "SET-GROUT" in Appendix).
The cement dump has a capacity of 2.36 cu ft (0.068 cu m), which fills approxi-
mately 12.02 linear feet (3.66 m) of 6 inch (15.24 cm) hole. Each bag of non-
shrink grout (Corps of Engineer Spec for non-shrink grout CRD-C 621, 50-1b
(22.68 kg)), is mixed with 9.8 Ib (4.45 kg) or 1.225 gal (5.4 1) of water to yield
approximately 0.46 cu ft (0.13 cu m). It takes 5.13 bags to fill the cement dump
for one trip in the hole to cover the instrument. Six bags are usually mixed in
the mortar mixer for each instrument emplacement. This leaves approximately 6
feet of grout above the instrument if the instrument settles to the bottom (see
table for instrument cover by grout in Appendix).

3.2.18 The expansive non-shrink grout is mixed (see photo 2). To ensure that the grout
does not stick and seal the trip mechanism, a cup of water is first poured into the
grout dump. The grout is poured into the dump using 5 gal plastic pails and a
funnel (see photo 18) Since the grout begins to harden in 1 hour, the mixing start
time is noted. The grout dump is then lowered to within 15 ft {5 m) of the bot-
tom, 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 again
checked to determine whether the grout has been successfully dumped. A slow
withdrawal allows time for the grout to flow out without turbulence and possible
uneven mixing. When the dump is about 30 ft (9 m) off the bottom it is raised
quickly to the surface and removed from the hole.

3.2.19 The instrument is positioned over the hole using the derrick and winch (see
photo 19). Its cable is laid over the pulley assembly and the instrument is lowered
using a brake that controls the speed of the reel carrying the cable. As the instru-
ment is lowered, the depth marks are called out. When the target depth as
marked on the cable approaches the pulley the instruments’ descent is slowed by
its contact with the grout. The instrument then sinks slowly though the grout
and stops within 1-2 feet of the bottom (see photos 20-24; see table for instru-
ment cover by grout in a 6 in (15.3 cm) hole, in appendix).

3.2.20 The instrument and cable resistances are again read and noted. Power is con-
nected to check the down-hole displacement transducers’ operation. These values
are recorded along with the date and time (see installation notes in appendix). If,
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.

before one hour has elapsed, any resistances are bad or the instrument appears
not to be working properly, it is slowly retrieved from the grout.

3.2.21 The instrument cable is secured to the pulley assembly using 1/2 inch rope with
3 or 4 half hitches. One to two days are allowed before the tension is relieved
from the cable (see photo 25).

4. HOLE COMPLETION

In order to prevent any aquifers from mixing, creating temperature instability
near the instrument, the hole is filled to the surface with cement approximately 2-3
days after instrument installation. The depth from the top of the instrument to the
surface is calculated and belled pve, schedule 40 3/4 in or 1 in (1.9 or 2.54 cm), pipe is
assembled on the surface. It is then lowered down the hole by hand to avoid damage to
the cable.

Using the hydraulic derrick, a short piece of 4" (10.2 cm) pvc is suspended 20 ft (6
m) in the air approximately 10 ft (3 m) from the hole. The smaller pvc is guided
through the larger pvc, and then both are raised to provide enough of an arc to prevent
the pvc from breaking as it is lowered into the hole. Three people, one at the hole to
provide guidance, and two to carry the pve to the hole, are needed to lower the pipe
within 10 ft (3 m) of the top of the instrument. The pipe is buoyant enough for two
people to hold while another bolts a riser clamp to it to prevent the pipe from falling
into the hole.

A steel pipe the same diameter as the pvc pipe (3/4 in or 1 in, 1.9 or 2.54 cm) is
threaded to the pve. A 2 in (5.1 cm) belled coupling to 2 in steel pipe is attached. This
allows mating to cement pump hoses (see photos 26-28). A clean up pit, 10 ft x10 ft x4
ft (3 m x 3 m x 1 m), is dug with a backhoe for cement disposal and site clean-up.

The volume of cement needed to fill the hole to the surface is calculated and
pumped into the hole. A pure cement mixture is used for pumping through a 3/4 in
(1.9cm) pipe and a cement and perlite mixture is used for pumping through a 1 in
(2.54cm) pipe. Adding perlite to the cement reduces the total amount of cement needed
and therefore reduces the cost of cementing the hole. If perlite is used for cementing
through pipes with diameters less than 1 in (2.54cm) it adheres to the walls, clogging
the pipe.

If the cementing of the hole is done commercially, the most practical and versatile
system available involves on-site mixing and pumping with accurate determination of
the volume of cement or mix that is pumped down the hole. Since such a system can be
stopped at any time, the problem of disposal of unused wet cement does not occur.
These systems are commonly available for oil field cementing operations.

5. ELECTRONICS ENCLOSURES

Following cementing and site clean-up, electronic subsurface and surface enclo-
sures are installed. These enclosures consist of a 3 ft,(0.92 m) diameter 5 ft,(1.53 m)
deep closed bottom fiberglass cylinder with a steel lid for the electronics, and a closed
bottom fiberglass box for batteries, (4 ft,(1.22 m) 1, by 2 ft, (0.61 m) w, by 2 ft,(0.61m)
d; see photo 30).
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The modules within the enclosures include strainmeter electronics, signal
amplifiers, signal buffers, an on-site 16-bit recorder (GEOS - Borcherdt et al., 1985) for
the dilatometer, a barometric pressure transducer, and a Data Collection Platform
housed in the cylindrical enclosure. The 16-bit digital data recorder is installed to
record the short period strain (long period seismic response) of the dilatometer. The
electronics modules are insulated from short-term thermal effects with
styrofoam filled nylon bags. A battery enclosure is installed a short distance from the
electronics pit to avoid corrosion of the electronics. The batteries are charged with solar
panels mounted on a supporting rack above the battery enclosure. All enclosures are
connected by pvc conduit for power and signal routing (see Figure 3 and photo 29).

6. DILATOMETER ELECTRONICS

The strainmeter electronics are installed in a water-resistant box placed in the
surface enclosure. They consist of a DC/DC converter, amplifiers with different DC
(strain) gains, a thermister amplifier circuit, an automatic valve opener, a "bias stepper”
for an on-site chart recorder, and a notch filter (to reduce microseisms). The strain sig-
nal, after filtering, is amplified and provides a long period seismic output from the
strainmeter. A fifth amplifier with a 400 sec time constant provides intermediate period
(0.03 sec to 200 sec) strain data to the GEOS data recorder (see electronics schematics).

As the strainmeter in the borehole is squeezed by the surrounding rock, silicon oil
in the instrument is forced through a small orifice and displaces the end of a small bel-
lows. The displacement is monitored by an LVDT transducer. The movement of the
core of the LVDT generates a voltage of approximately .318V for 0.0lin
(.318V/.254mm) of movement as powered by a 6.8V regulated battery source. At the
surface this signal is attenuated by 20 percent. This signal can be biased to cancel the
DC offset inherent in the transducer and then amplified by three parallel amplifiers.
The gains can be preset to either 1, 5, 10, 20, 50, 100, 200, or, 500.

The long period seismic signal from the dilatometer is obtained by capacitively
coupling the filtered strainmeter output to amplifiers that also have presetable gains of
1, 5, 10, 50, 100, 200, and 500. This signal is called SP (short period) strain output on
the face plate of the electronics box.

The electronics is powered by a 12-V, deep-cycle, maintenance-free, gelled electro-
lyte battery. This battery is kept trickled charged by a 35-42 watt solar panel using a
automatic sequencing charger. This charger keeps the panel charging the battery in the
range 13.2 to 14.3 +/-0.2 V. During the night a blocking diode acts to prevent
discharge of the battery through the panel. The electronics package draws approxi-
mately 200 milliamps.

A barometric pressure transducer with an 800-1100 millibar range operates at
each site. Its’ purpose is to allow corrections for variations in barometric pressure to be
applied to the strain data. These pressure generated strains are then removed from the
strain data. (see barometric pressure transducer in Section 11.)

The DCP is also powered by a 12 volt deep-cycle battery of the same type as
above. It also uses a auto sequencing charger and a 9 or 16 watt solar panel to keep the
battery charged. (see Section 9)
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7. DILATOMETER MAINTENANCE PROCEDURE

In general the maintenance of a dilatometer installation is fairly straightforward.
While unexpected problems may arise, most maintenance is routine.

As a routine procedure, the data from each strainmeter are monitored daily to
identify operational problems and tectonic strain changes. They are 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 inspection helps in planning field maintenance. Routine
maintenance involves a visit every two months to change the recording paper and to
set the time on the satellite DCP.

RUSTRAK PAPER CHANGE: Upon arrival note the date and time and the rea-
son for the visit. Carefully remove the insulation bag and then the amplifier box. Open
the box and read the power supply voltages, the telemetry voltages, and the DT signal
in/out voltages and record them. Unscrew the left face-plate and open the lid to reveal
the circuitry; shut off the valve opener circuit card; shut off and then unplug the Rus-
trak recorder. Note the date and time on the chart paper being removed and on the
paper being installed. Plug in the chart recorder

and turn on the automatic valve opener. Read the telemetry voltages again and record

them. Note how they compare to the values read on arrival. The chart paper or tide
tables will aid in determining which direction of the tidal cycle the dilatometer signal
will be moving. Watch the dt amp 3 for 2 to 5 minutes to see if it is changing with the
expected tidal movement. When this is done close the electronics package, lower the
box into the pit, replace the insulation bag, and close the lid {(see accompanying copy of
field note; for resetting GMT, see section 9, Data Telemetry System).

8. CABLE TESTS

There may be a time after the instrument has been operating for a number of
years when the down-hole instrumentation will begin to fail. This failure is thought to
be caused by water leakage into the cable head. There is a water-blocking medium in
the cable and the cable head, however it can fail. When this happens the down-hole
resistances are read and recorded and a new electronics package is assembled which
current amplifies the signal and telemeters that signal back to Menlo Park. The values
expected between the various wires are given in Table 2.
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Table 2. Cable Wiring.

Instrument and Cable Resistances*
Pin Color Code Resistance Identification
M to all conductors | infinity shield to all conductors
B-L. | Red-Black 450 Kohms | + to - power to transducer
E-F | Blue-Green 20 Kohms | + to - signal out of transducer
J-K | White-Grey 60 ohms Calibration
C-N | Orange-White 60 ohms Valve open
D-N | Yellow-White 60 ohms Valve close
R-A | White-Brown 27 Kohms | Thermister com to power
R-H | White-Purple 5 Kohms | Thermister signal
R-P | White-Grey 5 Kohms Thermister shunt

*Resistance values are approximate.

By checking the field notes from each visit and monitoring the information made avail-
able through the telemetry, it is possible to properly maintain the dilatometer installa-
tion.

9. DATA TELEMETRY SYSTEM

The satellite DCP requires attention at unspecified times. This unit is a 16-bit,
analog-to-digital, programmable data collection platform. It is setup to collect informa-
tion from three or four components of the dilatometer, down-hole temperature,
barometric pressure and the satellite and dilatometer battery voltages. It samples at 9
minutes past the ten minute mark, and transmits at an assigned time every ten
minutes. The sample and transmit times are controlled by an internal crystal clock.
The maintenance required for this unit is the resetting of the clock to Universal Time
at infrequent intervals that vary with the temperature environment and aging of the
crystal. Resetting involves opening the enclosure, carefully removing the insulation and
the grey steel box housing the DCP, and hooking up a hand-held terminal or TRS-80
Model 100 computer. Any ASCII terminal may act as a programmer of the DCP for
universal time, the transmit interval, time of transmission, and other programming
constants. The Model DCP currently being used is the Sutron Corporation Model 8004
(16 bit; see accompanying table for the assigned times of transmission, LD.
(identification number), parameter inputs, and
instrument name and code).

9.1 Data Collection Platform (DCP) Programming (16-bit Sutron 8004)

After attaching an RS-232 connector to the DCP at the location marked terminal,
and putting a jumper between tr and gnd (hand-held terminal), the DCP can be pro-
grammed. The TRS-80, Model 100 computer, can also be used by attaching a RS-232
connector to the terminal location. To communicate with the DCP, the Model 100
must be put in TELCOM mode using the arrow keys (STAT, 3711E,10 pps), then F4.
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The DCP’s first response will be "16 bit-V1.1" (with the hand-held terminal only), and
then "CMD:". For the TRS-80/100 to get responses from the DCP, the 80/100 must be
in caps-lock mode (lower left hand corner key). When carriage return/enter is pushed
the DCP will respond with the universal time. When S is pushed, the
setup/programming mode for the DCP is entered. The DCP will respond with "GMT:".
A correction of the time can be made by entering the hours, minutes, and seconds in
this format: 24:24:24, (24 hour) then carriage return [(CR)/enter| exactly at the mark
for the time (a WWYV time code signal, or watch set to WWYV). A response by the
operator of just (CR)/enter to each of the DCP commands will eventually loop out of
the program mode and back to "CMD:". Push "E", the DCP will respond with, "0,DIS-
ABLE 1,ENABLE", push "1", and the DCP is now enabled with the correct GMT.

In order to change any of the other constants the operator must follow Table 3.
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Table 3.
Access order for DCP programming commands.
16 Bit 8004 DCP Programming
prompt response meaning

GMT 00:00:00 universal time

TNC 00:00:00 | time of next collection

Ul 10 update interval

WT 5 warm-up time

NS 18 number of stored values

TNT 00:00:00 | time of next transmission

TI 10 transmit interval

D 12345678 | platform identification

CHAN 134 transmit channel(frequency)

FMT 0 format in engineering units

INC 17 increment 17 samples with each transmission

CAR 150 baud rate of data transmission

PAR 1 Y/N | parameter(data) input location #1, Y(es)

PT parameter type 2 = raw analog

co conversion option 0 = none

C1

C2

PAR 2 Y/N | The same as PAR 1, except this is location
#2. Each site may have a different number
of parameter{data) inputs, up to 8. Each
will have PT,CO,C1,C2 responded to in the
same fashion as PAR 1.

WND SPD | N

All responses to DCP prompts are followed by a Carriage Return/enter.

A response of "E" after one of the "PAR 1 Y/N" commands will loop you to "CAL N".
A CR/Enter will put you to "WND SPD N". A CR/Enter will loop you out of the pro-

gram.

At the end of this loop, push "E", and then Carriage Return.
The DCP will respond with: "0, DISABLE ; 1, ENABLE".

Pushing a "1" will enable the DCP to operate on the commands entered and it will

start to collect and transmit at the times just programmed.

To disconnect from the DCP, when using the hand-held terminal, simply unplug

the RS-232 connector and remove the jumper; when using the
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TRS-80/100, push F8, the TRS-80/100 will say; "Disconnect?”, you say "Y", and
ENTER key, then push F8, (the TRS-80/100 will go into Menu). Shut off power and
disconnect the RS-232 connector.

Following these commands and using Table 4 for instrument names, ID’s, transmit
times, etc., the DCP can be programmed.

Table 4. Dilatometer DCP Coding Table.

Satellite Telemetry Coding

Instrument ID Transmit Time* Sensor Parameters
Gold Hill 1 26300266 00:00:03 ghla,lb,1c,1t,1p,1v
Gold Hill 2 26314396 00:07:49 gh2a,2b,2¢,2t,2v
Black Butte 26301110 00:00:16 bbsa,sb,se,pp,st,bp,bv,dv
Adobe Mtn 263037FC 00:00:41 amsa,bp,bv
Punchbowl 2630521A 00:01:01 puba,bb,be,bt,bp,by
Postpile 263074F6 00:01:21 popa,pb,pc,pt,bp,b2,bv
Searle 1614E31E 00:05:14 srla,lp,lv
Eade 1614F068 00:05:25 eada,dp,dv
Froelich 16150216 00:05:36 fr01,- fr06
Donna Lee 263257EE 00:06:26 dlo1,- dloé
Vineyard 26326274 00:06:39 vc0l,- vc06
Echo Valley 26327102 00:06:52 evsa,sp,bp,bv
Jack Canyon | 26328186 00:07:05 jc01,- jc06
Red Hills 263292F0 00:07:18 rh01,- rh06

*The transmit time is set to be the time of reception in Menlo Park. Set Transmit
Time 3 seconds early for 16-bit DCP’s.

10. GEOS DIGITAL RECORDER

Because the dilatometer functions as a very good long period seismometer,
broad-band recording is possible.

At some of the dilatometer sites an on-site, 16 bit digital data tape (GEOS)
recorder is used (Borcherdt et al., 1985). The GEOS recorder is set up to record two
channels from the dilatometer, one (Channel 2) at 0 db gain (unity), and the second
(Channel 3)
at 36 db gain. Both are configured to have a 36 hz anti-aliasing filter.

A seismic velocity transducer is connected to Channel 1 and parameters are set so
that the GEOS recorder will be triggered from this channel when small earthquakes (
<1 to 2.5 M) occur. Force-balanced accelerometers are connected to Channels 4, 5, and
6 with sufficient gain that accelerations of 6x107% g are resolved. These gains are usu-
ally 36 db with a 50hz anti-aliasing filter. At two sites, the unfiltered output from the
strainmeter displacement transducer is recorded on Channel 1. At these sites, three



-16 -

seismic velocity transducers are recorded on Channels 4, 5, and 6. The GEOS is set to
trigger from the seismometer recorded on Channel 4.

The GEOS recorders are located at the following Dilatometer sites;
Devils Postpile

Vineyard Canyon

Donna Lee

Froelich

Gold Hill 1

Red Hills

Jack Canyon

Devils Punchbowl

® NS ;e W
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10.1 TO CHANGE THE GEOS TAPE
10.1.1 REWINDING THE TAPE

Open the GEOS box.
Remove the brown folder and record on the Master Sheet and the field sheet, the following.

Push "STATUS"; record time, 122:22:44:02

Push "STATUS"; record events, tape usage.

Push "STATUS"; record voltage.

Push "MENU"; GEOS says REWIND DATA TAPE?
you push "YES" and than push "ENTER"

**THE TAPE WILL REWIND**
GEOS goes to Change I.D. Parameters.
you push the "eject” button of the tape,
you remove the tape.
you fill out the tape label with:
julian time,
voltage,
tape #,
name,
channel inputs.

10.1.2 NEW TAPE

Before putting in a new tape, fill out a label, as you found on the
old tape when you ejected it.

Start time,
voltage,

tape #,

name,

location, project.

Put the new tape in, and after each of the GEOS queries answer them with

a "NO" and "ENTER".

When you get to TIME ( WWVB SYNC ) 000:00:00:00 push "ENTER"

Until you get to REVIEW PARAMETERS? NO?  You push "YES", and "ENTER".
Now you are starting at the beginning of the MENU.

GEOS will say REWIND DATA TAPE? NO? You push "YES", and "ENTER".
**THE TAPE WILL REWIND**

It is important that the tape rewind, to insure that the tape is at its
beginning and that the recording of information starts on track 1 and
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not on track 3. Rewinding the tape positions a recording pointer on the
correct track.

10.1.3 SETTING EXPERIMENT #
GEOS asks CHANGE 1.D. PARAMETERS? NO, push "YES" and "ENTER"

GEOS asks EXPERIMENT NO.: push "CLEAR", than a new tape number
(in sequence) with the previous.

GEOS asks LOCATION NO.: 0  (stays the same) push "ENTER"

GEOS asks EVENT NO.: 0 (will have changed to 0) push "ENTER"

GEOS will now come up with the following:

CHANGE SENSORS PARAMETERS? NO push "ENTER"*

CHANGE RECORDING MODE? NO push "ENTER"**
10.1.4 SETTING WWVB TIME AND YEAR

GEOS will now come up with the following:

TIME (WWVB SYNC) :  000:00:00:00

CHANGE CLOCK PARAMETERS? NO push "YES" and "ENTER"
CURRENT YEAR: 86 push "CLEAR" then the correct year and "ENTER"
NO SYNC-RESTART CLOCK? YES push "ENTER"
CLOCK START: WWVB-1;MST-2;MAN;-3: 1 push "ENTER"

it is set for wwvb.
*SET CLOCK SWITCH TO "WWVB"*
STARTING WWVB SYNC...
GEOS will now tell you to put switch in upper right corner to WWVB.
and it will then take about 5-10 minutes to sync to WWVB depending
on the radio signal quality.
When it syncs it will ask if time is satisfactory? push "YES & ENTER"
If it doesn’t sync within 10 minutes, push "ENTER". The machine will

say *WWVB SYNC-UP CANCELLED*, and then it will go back to
NO SYNC-RESTART CLOCK? YES, push "NO and ENTER"
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GEOS will now say:

AUTO-SYNC TO WWVB LATER? NO push "YES and ENTER"
AUTO-SYNC RETRY PERIOD: 3 HRS push "ENTER"
RECORD WWVB CORRECTIONS? NO push "YES and ENTER"
WWVB CORRECTION PERIOD: 12 HRS push "ENTER"

GEOS will say *SET CLOCK SWITCH TO "WWVB"*

If the GEOS doesn’t sync to WWYVB time in that first 10 minutes, it

is okay. As long as the GEOS has been on for an extended period of time
it’s existing CLOCK TIME is probably more accurate than what you could
do as a manual sync. The 3 hrs retry period will make up for any lack

of sync at the time of the paper change.

The only time to do a MANUAL SYNC. would be if the machine were shut
off, it had to be re-programmed, and it would not do a WWVB SYNC.

10.1.5 CALIBRATION AND SENSOR TEST
PERFORM AMP /SENSOR TEST? NO push "YES & ENTER"

GEOS says CONNECT SCOPE TO FRONT PANEL and jumps to

AMP TEST: HIT ANY KEY TO STOP push the "7" key
SENSOR TEST: HIT ANY KEY TO STOP push the "7" key

GEOS again says PERFORM AMP/SENSOR TEST? NO push "ENTER"
GEOS says RECORD CALIBRATION? NO push "YES & ENTER"

The GEOS will now count down from 108 sec. You should be perfectly
still until it finishes.

GEOS says REVIEW PARAMETERS? NO push "ENTER"

GEOS says ENTERING RECORD MODE....

10.1.6 SENSOR STOMP TEST

GO OUT NEAR THE SENSORS AND DO A GOOD STOMP.
Come back to the GEOS and the tape will be turning if you triggered
the GEOS

Push "STATUS" and you will see 3 EVENTS

One will be the amp calibration recording

One will be the sensor test recording
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- [

The last will be the stomp test. (you jumping up and down at the sensor)
You are now done changing the GEOS tape.
Write the Julian Day and time on the Master sheet in the brown folder
and you are done.
If there are any problems call Doug Myren, Joe Sena, Tom Noce,
At 1-800-223-8081. ext 4858,5603,5601 respectively.

LA 22222222 2222222 22222222 22222222222 2222222222 222222222222 2228223

*CHANGING SENSOR PARAMETERS

Push "YES" at CHANGE SENSOR PARAMETERS and GEOS comes back with:
ACTIVE CHANNELS : 1 THROUGH 6

you can enter the active channels by moving the cursor with the arrow

key and entering the correct channels and then "ENTER".

The GEOS then comes back with:

CH 1FBA 1,VEL 2:1; 0 DB; 50 HZ

You can enter the correct DB and HZ by moving the cursor with the arrow

keys and entering the values you want for that line and then "ENTER".

The GEOS will go through each CHANNEL you have ACTIVATED and allow you
to change the DB and HZ.

When you are done with this it will say:

REVIEW AMP SETTINGS? NO push "YES & ENTER"
Go back and double check that what you want has been entered.

You will again return to REVIEW AMP SETTINGS? NO push "ENTER"
GEOS says:

SAMPLE RATE: 1200 S/SEC push "ENTER"
**CHANGING RECORD MODE

GEOS says:

CHANGE RECORDING MODE? NO push "YES & ENTER"
SELECT RECORDING MODE......

MODE : TRIGGER-1; PRESET-2; BOTH-3; 1 push "ENTER"

TRIGGER PARAMETERS FOLLOW.....

TRIGGER CHANNEL : 4 push "ENTER"
unless you want some other trigger channel push "ENTER", otherwise push
"CLEAR", than the channel you want and "ENTER".
STA INTERVAL : 0.5 SEC
unless you want some other value push "ENTER", otherwise push "CLEAR", than
the number you want and "ENTER".
LTA INTERVAL : 10 SEC
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unless you want some other value push "ENTER", otherwise push "CLEAR", than
the number you want and "ENTER".

TRIGGER LEVEL RATIO: 2**2 push "ENTER"

unless you want some other value push "ENTER", otherwise push "CLEAR", than
the number you want and "ENTER".

POST-TRIGGER RECORD TIME: 10 SEC push "ENTER"
unless you want some other value "ENTER", otherwise push "CLEAR", than

the number you want and "ENTER".

At this time you will go back to TIME (NO SYNC) - 000:00:00:00

If you are going to set up a GEOS or you are changing parameters, you

will need a scope when you do the AMP/SENSOR TEST. This is necessary to
see that the 4,5,6 sensors are level and that the AMPLIFIERS in the GEOS
are operating properly.
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11. BAROMETRIC PRESSURE TRANSDUCER

A barometric pressure transducer (Setra Systems Model #270) with an 800-1100
millibar range housed in a water resistant container operates at each site. Its purpose is
to allow determination of the strain generated by the variations in barometric pressure.

The pressure transducer is powered by two 12 volt, deep-cycle, maintenance-free,
gelled electrolyte batteries connected in series to provide 24 volts. The transducer draws
35 milliamps. These batteries are trickle charged just as the batteries for the dilatome-
ter. The data are transmitted with the same satellite telemetry system as the strain
data (see specification sheet Barometric Pressure section 13.15).
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14. APPENDIX

14.1 INSTALLATION FIELD NOTES
Table 5

Instrument Resistance Checks Prior To, During, and After Installation

Instmt# Site Date Time
Resistance Read Between Pins
OHM Test Expected Value+ Pins* 1# | 2 3 4 5
shield to pins infinite M/shell-all
red-black 420K B(12)-L(2)
blue-green 20K F(5)-E(11)
grey-white 13ohm J(9)-K(3)
org/brn-org 18ohm N/K(10)-C(7)
org/brn-yel 18ohm N/K(10)-D(6)
wht-violet 3.75K R(3)-H(4)
wht-brown 4.26K R(3)-P(8)
wht-wht/brn 27.6K R(3)-A(1)
Cable length
at time of
resistance
measure-
ment.

+ Add .016 ohms per foot of cable to expected value.

* Pins: Letters refer to electronics box plug, numbers refer to
instrument head and instrument cable plug (LP-08
bulkhead connector and LP-08 cable plug; see 13.12 Dilatometer
Instrument Cable Connector).

# 1 Test cap prior to field assembly (male receptacle).
2 Cable attached first time (female cable plug or open wires).
3 Cable attached, cable head pressure tested.
4 Instrument at site, grout inside, prior to installation.
5 Instrument ready to go down.
6 Instrument in grout in borehole, final check, if bad remove.
7 Cable cut to length for electronic hook-up.




-95.

Table 6

Instrument Power-Up Voltages Prior To, During and After Installation

Instmt# Site Date Time
Voltages Read Between Pins
DT Pwr-Up: Pins Values 1 3 4 5 6
DT pwr-HI red/B/12 Apply 6.8V
DT pwr-LO blk/L/2
DT-HI out blu/F /5 Read in mV
DT-LO out grn/E/11
Valve Open/Close
Valve cmn org-brn/K/10
Valve open org/C/7 Apply 24V
Valve close ylw/D/6
DT Volts valve open | blu/F/5 & grn/E/11 | Read in mV
DT Volts valve closed !
DT Volts valve open "
It is important to | blu/F/5 & grn/E/11 | Read in mV

insure that the valve
is open at the end of
testing. Read between
these pins and record.

24hr Time and DATE

Apply 6.8 volts between DT pwr-HI and pwr-Lo, and read DT-HI and LO
out on BLU and GRN.

To open and close valve, apply 24-54 volts between ORG-BRN and ORG or
YLW respectively. Voltage applied depends on cable length.

Read and record these voltages in the appropriate columns.
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14.2 STRAIN FIELD NOTES
Strain Field Notes

Name
Station Name Station Code Date Day
Arrival Time: TLocal GMT
Departure Time:Local GMT

Strainmeter DC Voltages (read at Telemetry Test Points)

ID# Gain Arrival valve valve

open closed/depart
Common (white)
DT amp 1 (blue)
DT amp 2 (green)
DT amp 3 (brown)
SP amp (orange)
Temp (purple)
DAC 2 (yellow)

DT OUT-HI (blue,lower right)

Power Voltages
(read across red & black of Supply Test Points)

D.T.
BAT 12 volt battery
6.8V 6.8 volt regulated IN 6.8V
-15v 15v 15 volt unregulated (across High&Low)
-12v 12v 12 volt regulated (red & black)

ouT
(across High&Low)

(blue & green)

Pressure Transducer DC Voltages

Pore Baro
Battery
DC/DC + — + -
Signal out -
Signal to telem
ID
Telemetry
DC Voltages Battery Voltages: Telem.Unit
Antenna RF Output Level:Fwd Ref
DCP S/N (existing) (replacement)
Site ID# Time of Transmission
Parameters used Parameter Type

Reason for Visit

Remarks
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14.3 INSTRUMENT GROUTING

The depth to which an instrument can sink in grout can easily be determined
from knowledge of the volume of grout, the volume of the instrument, and the diame-
ter of the hole. The volume of the instrument can be determined from

Vi=Lnr?

where L is the length of the instrument and r is the radius of the instrument. Simi-
larly, the volume of hole to be filled eventually with instrument and grout is given by:

Vh =H1fR2

where H is the length of hole to be cemented, and R is the Radius of the hole. If the
section of hole chosen for the instrument installation site is about 20 ft (6.1 m) long
and the hole has a 6 in (15.2 cm) diameter, the volume required is 3.9269 cu ft (0.111
cu m). Since a dilatometer with a 12 ft (3.66 m) length and 4.5 in (11.4 cm) O.D. has
a volume of 1.325 cu ft (0.375 cu m), and since a 6 in (15.2 cm) O.D. hole with a 12

ft (3.66 m) length has a volume of 2.356 cu ft (0.067 cu m), the grout volume required
to fill the space between the dilatometer and the wall of the hole is 2.356 - 1.325 =
1.0306 cu ft (0.029 cu m). The 1.325 cu ft (0.375 cu m) of grout that the dilatometer
displaced can fill 6.74 linear feet (2.05 m) of 6 in (15.2 ¢cm) O.D. hole. Provided bottom
of the hole is hard, the dilatometer should sink into the grout a minimum of 6 ft (that
would than be a minimum of 6 ft above the target depth) (As long as the log and core
above and below the site are satisfactory this will be the minimum requirements for
instrument installation.)
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Table 7
Cement Cover
Above Instrument | Instrument Location | Below Instrument
6.74 ft on bottom 0ft
5.74 ft 1t off 1ft
474 1t 2 ft off 2 ft
3.74 ft 3ft off 3ft
2.74 ft 4 ft off 4 ft
1.74 ft 5ft off 5 ft
0.74 ft 6 ft off 6 ft

If the target depth for the bottom of the instrument is marked on the cable at
500 ft (152 m) (including the length of the instrument at end of the cable), there should
be another mark 12 ft (3.65 m) before that 500 ft (152 m) mark; then when the instru-
ment enters the grout it will began to slow at the 12-ft (3.65 m) mark and come to a
stop at the 500 ft (152 m). The above table shows how much grout will cover the
instrument. If the instrument settles more than 6 ft (1.83 m) short of the mark, the
instrument must be removed; it does not have enough grout covering it.

These values should be calculated for each installation and double checked to
ensure the instrument is being installed where you want it.



- 29 -

14.4 DILATOMETER ELECTRONICS

14.4.1 ELECTRONICS BOX TELEMETRY CONNECTOR WIRING CODE

Table 8
Telemetry Connector
D PIN | COLOR
DT amp 1 A blue
DT amp 2 B green
DT amp 3 C brown
SP amp D orange
Temp(therm) E purple
DAC 2 F yellow
Common H white
Stepped DT amp 1B J red*
-12 volts K black

*This pin is used as the 6.8V monitor at all sites except Searle Rd. , Black Butte, and
Eades.



-30-

14.4.2 GEOS RECORDER AND POWER CONNECTORS

Table 9
Recorder/GEOS Connector
ID PIN [ COLOR
Stepped DT amp 1 A blue
DT amp 2 B green#
DT amp 3 C brown
SP amp D orange*
Temperature E purple
DAC 2 F yellow
Common H white**
-12 volts J black
Recorder common K white

# DT X1 op/amp to GEOS Chan. 1. At Devils Postpile & Devils Punchbowl.

* Buffer op/amp AC signal to GEOS Chan. 2 & 3. At all sites except
Eades, Black Butte, Searle Rd, and Echo Valley.

** GEOS signal ground at all GEOS sites.
Table 10

Power Connector

ID PIN COLOR

Battery Power B&C red
Battery Common | D & E white
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14.4.3 DILATOMETER CABLE CONNECTOR

Table 11
Dilatometer Cable Connector
Color ID Pin
brown therm power A
red DT power +6.8V B
org/org Valve open C
ylw/ylw Valve close D
green DT signal com E
blue DT signal F
purple Thermister signal H
grey Calibrator J
white Calibrator K
black DT power common | L
shield cable shield M
white valve common N
grey Therm shunt P
white Therm common R
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Table 12

HARDWARE FOR DILATOMETER ELECTRONICS

QUAN PART DESCRIPTION PART#
1 Dilatometer Plug for jacketed cable Amphenol 165-29, 14 pin
1 Dilatometer Receptacle, Square Flange Amphenol 165-32, 14 socket
2 Rustrak Plug for jacketed cable Amphenol 165-13, 9 pin
2 Rustrak Receptacle, Square Flange Amphenol 165-16, 9 socket
1 Power Plug for jacketed cable Amphenol 165-34, 5 socket
1 Power Receptacle, Square Flange Amphenol 165-35, 5 pin
1 Telemetry Plug for jacketed cable Amphenol 165-9, 12 pin
1 Telemetry Receptacle, Square Flange Amphenol 165-12, 12 socket
1 Earth Ground Receptacle Burndy KAC14-4
7 Card Edge Connector (22 pin) Amphenol #143-022-01-110
1 Battery, 6 volt, 4.0 amp/hr, sealed rechargeable any manufacturer
1 Electronics Box Skydyne, code #74284, part #99390
1 Strip Chart Recorder Rustrak/Gulton, model #288/F137,

12VDC, 1RPM motor, 1/2" per
hour chart drive, chart style WA,
Galvanometer #A B 101 462 2 A.



-33-

14.5 BAROMETRIC PRESSURE TRANSDUCER

14.5.1 BAROMETRIC PRESSURE TRANSDUCER CABLES

Table 13
Barometric Pressure Power Connector
ID Pin Color
Gnd power A black
ne B nc
nc C ne
+24V power D red
ne E ne
Table 14

Pressure Transducer Cable to 2 PIN to DCP Cable

Cable Color 2 PIN DCP Color
Signal out + | yellow | red or wht | red or wht
Signal out - brown black black
+24V power white nc ne
Gnd power black nc nc
Calibration red ne ne

Shield to Gnd | shield ne ne
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14.4.2 PRESSURE TRANSDUCER HARDWARE -
Table 15

BAROMETRIC PRESSURE TRANSDUCER HARDWARE

QUANTITY PART DESCRIPTION PART #
1 Box Skydyne #74284
1 Transducer,Barometric (800-1100 mbar)  Setra #270
1 Socket Amphenol #3102A 14S-5S
1 Socket Amphenol #3102A 14S-9S
1 Plug Amphenol #3102A 14S-5P
1 Plug Amphenol #3102A 14S-9P
2 Strain Relief Amphenol #97-67-14-76
1 Airstone, Aquarium Kordon #62502
1 Pressure Fitting 1/8"-27 NPT to 1/4" O.D. Compression

1 Flexible Tubing, Plastic 1/4" O.D.
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14.6 ADDITIONAL ELECTRONICS

14.6.1 DCP VOLTAGE MONITOR EXPANDER BOARD

Attached to the DCP is an additional board to expand the data collection capa-
city of the DCP. This board is currently being used to monitor the DCP battery vol-
tage and the 6.8 v battery which runs the down-hole transducer of the strainmeter.

The expander was designed to accomodate eight additional analog inputs sharing
on DCP parameter input. It is powered by the protected 12 v of the DCP, and its’
sampling is controlled by the switched-12 v of the DCP. There are 4 CMOS chips and
1 analog switch that control this sampling. The DCP samples data and transmits
every 10 minutes. At these times the switched 12 v comes on to power or control other
equipment.

In this circuit the switched 12 v goes through a NAND Schmidtt Trigger and
then to a dual j-k flip-flop. Here the flip-flop inverts and lengthens the 5 s pulse every
10 m. Thus when the switched 12 comes on at the time the DCP transmits, the next
chip, an Up/Down Counter, won’t count this pulse, but will count only the pulse which
occurs at the time of sampling. The Up/Down Counter counts these pulses and resets
to seven when it reaches a pre-programmed number determined by the setting of the
analog switches. The Counter can be set to control sampling of from one to eight ana-
log inputs through an 8-channel, analog multiplexer.

The analog multiplexer will pass through to the one analog parameter location on
the DCP from 1 to 8 different analog values. These values are sampled and transmit-
ted in a cascade manner.
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14.6.2 DCP/VOLTAGE MONITOR PARTS LIST
Table 16

DCP/VOLTAGE MONITOR EXPANDER BOARD PARTS LIST

QUAN KEY PART DESCRIPTION _ SOURCE
1 vo1 MC14093B Motorola
1 vo2 CD4027BCN National
1 vo3 76STC04-SPDT DIP SWTCH Grayhill
1 Uo4 MC14051B Motorola
1 Uo5 4510PC Fairchild
1 Swo1 MTM-206N-RA DPDT SWTCH ALCO
1 R1,R01,R02 RES. 750K 5% Dale
1 CRO01-02 Diode, 1N4001 Any

1 CON 12 pin connector Any
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14.6.3 GEOS SIGNAL BUFFER

An operational amplifier circuit is used to impedance match the inputs of the
GEOS. This circuit (see Section 13.12 for schematic of SIGNAL BUFFER) acts as a
buffer with a filter constant of 400 s. The AC portion of the dilatometer signal is
derived from the 5 second notch filter card, after the 40 mf capacitor, and is buffered
by the op/amp before the signal is sent to the GEOS.



14.6.4 GEOS SIGNAL BUFFER PARTS LIST

QUAN

KEY

R1

R2

R3

R4

C1

Cc2

C3

P1

Uo1
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Table 17
GEOS SIGNAL BUFFER PARTS LIST
PART DESCRIPTION
RES.,51.1k 1/4w 1% 50ppm,RN55C
RES.,976 1/4w 1% 50ppm,RN55C
RES.,976 1/4w 1% 50ppm,RN55C
RES ,variable, 20k, NO43w203
CAP.,0.1ufd,100vdc, WMF'1S82
CAP.,0.47ufd,50vdc,
CAP.,0.47ufd,50vdc,
Card edge connector, 22pin,143-022-01-110

OP-07, operational amplifier

SOURCE
DALE
DALE
DALE
SPECTROL
CDE

ANY

ANY
Amphenol

PMI
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14.6.5 CURRENT AMPLIFIER FOR DAMAGED CABLES

At those sites where water has leaked into the cable or cable head at the instru-
ment, it is possible to recover a signal from the instrument with a different amplifier.

After measuring the down-hole cable resistances and determining that the instru-
ment signal output may be recoverable, a current amplifier can be installed in-place of
the conventional op-amp.

This circuit is seen in the accompanying schematic. Its operation is controlled by
the switched 12 v from the DCP. Power is turned on and off by this switch every 10 m
for 15 s and then sampled by the DCP.
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14.6.6 CURRENT AMPLIFIER PARTS LIST

QUAN

Table 18

CURRENT AMPLIFIER PARTS LIST

KEY PART DESCRIPTION

U1 IC ultra-low offset v op-amp LF355
U2 IC ultra-low offset v op-amp LF355
R1/R2 500 ohm 1% RN60D

R3 4K " " "

R4 5K " " "

R5 10K " " "

R6 30K " " "

R7 50K " " "

R8 100K " " "

R9 300K " " "

R10 10K " " "

R11 30K " " "

C1 .1uF, 100VDC, ceramic

C2 2.5uF " "

RY1 RELAY, WD57-172DIP-23

L1 INDUCTOR, ML-8, MINIDUCTOR, 10hy

SOURCE
National
National

DALE

MAGNECRAFT

TRW /UTC
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14.7 HOIST OPERATION

Before setting up make sure there are no overhead obstructions.

1.

2
3.
4

[l

10.

11.

12.

13.

Position the truck approximately 4-5 ft from the drill hole.
Set Parking Brake. Note engine hours.
Chock wheels, open all lock boxes.

Start truck: Put transmission in Park, push the accelerator to the floor and
release, then start the truck.

Put transfer case in neutral.

Move shift lever to "D". Keeping your foot on the brake, give the truck a little
gas to insure it will not move and that the transfer case is in neutral.

Put transmission in "N" (neutral).
Pull "PTO" out quickly. It will protest, but it will engage.
Put transmission back in "D" (drive).
Put on your hard hat and gloves.
Go to back of truck and lower "outriggers".
right lever = right side
left lever = left side.
To lower, push levers forward.

When you have insured that there are no overhead projections, the outriggers are
down, the wheels are chocked and you are wearing a hard

hat and gloves, raise the mast BY PULLING THE MAST LEVER TOWARDS
YOU WHILE PULLING THE SANDLINE FREE-FALL LEVER TOWARDS
YOU.

The mast should only be extended out from the back of the truck 4-6 feet. Going
back further could damage the hydraulic rams.

There are two winches: the main winch with approximately 200 ft of cable, and
the sandline winch with 1200 ft of cable. Both winches are capable of lifting 2000
lbs. single line.

The MAIN WINCH has a smoother operation than the sandline. A small move-
ment gets a small movement of the cable.

The SANDLINE WINCH was designed for high-speed operation, 400 ft/m,

as a consequence its operation is more abrupt. BE CAREFUL with this winch.
Test the sandline winch before full use to familiarize yourself with its operation.
With both winches the movement of the levers is the same;
Pull lever OUT to LET CABLE OUT.

Push lever IN to BRING CABLE IN.

To extend the mast: Let the cable on the SANDLINE WINCH out, let the cable
on the MAIN WINCH out and attach the yellow weight in the driver’s-side, rear
lockbox to the MAIN WINCH cable hook. Raise this weight to the top of the
mast. This weight acts to help lower the cable. The winch cable will raise the
mast, 6 ft than 10 ft, for a total height above the ground of 32 ft.



14.

15.

13.
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When it reaches these height increments, a dog will drop into a notch and lock
the mast in place. There is a cable with a handle above you for dog release.

Once the mast is raised and the dogs are set, lower the MAIN WINCH cable,
store the weight and secure the main winch line if it is not going to be used.

Now you are setup for operation,

For High Speed operation of cables, flip switch next to the dog release cable.
This kicks the engine speed to 1200 rpms.

To retract the mast: Raise the weight to the top until the dog can be released
easily by the cable handle above you. Pull that handle until the mast is fully
retracted; now lower the weight and store it.

To lower the mast: Secure the main winch in its original position.
Secure the sandline hook and pull the sandline
freefall towards you while pushing the mast lever away from you.
Once the mast is lowered, raise the out-riggers
SHUTTING DOWN
To disengage the PTO: Push the PTO knob in, Shut the engine off, put the

transmission in "P" (park), Put the transfer case in "H" (high).

NOTE THE ENGINE HOURS. Every 100 hours change the engine oil, oil filter
and air filter.

Ensure that the high speed switch is off, and the fuse (for the high speed switch)
at the battery, is removed. This ensures that if the switch is left on inadvertently,
the battery wont be discharged.

Now you can remove the chocks and drive off.

ALWAYS WATCH THE CABLE AND WINCH. ENSURE THAT ANYONE
NEAR THE RIG IS WEARING A HARDHAT.
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14.8 MAP OF INSTRUMENT LOCATIONS
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14.9 SURFACE ENCLOSURES
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14.12 DILATOMETER ELECTRONICS SCHEMATICS
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) CARD #1 SEISMIC AMPLIFIER
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CARD #2 IL/CA AMPLIFIERR
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CARD #3 INPUT PAD
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CARD #5 REGULATED POWER BOARD
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CARD #6 TEMPERATURE CHECK
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2 CARD 8: AUTO VALVE OPENER - ANALOG PART
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CARD 1: SEISMIC AMPLIFIER

QUAN | KEY | PART DESCRIPTION | MAT'L / SOURCE
1 U iC, JFET input op-amp OP1S PMI
1 u2 IC, ultro low offset voltage ADOPO7CN PMI
op-emp
C3 cop, AuF 100vdc  ceramic 25U RMC
Cc4 do do do

RS res, veriable, 10k No(960-20) 6149 VRN
R6 res 499 1/4w 18 SOppm fix film RN60OC Dale
R7 res, variable, 10k No. {960-20) 68149 VRN
RB res 49k 1/4w 18 SOppm fix film  RN60OC  Dale
RO res 499k 1/4w 18 SOppm fix film  RN60C  Dale
R10 do do

R11 res 499Q 1/4w 18 SOppmfixfilm  RN60OC  Dale
R12 res, veriable, 500.Q No.960-20 6149 VRN
R13 res 75k 1/4w 18 2ppm fixfilm Mar 40 T18
R14 res 499Q 1/4w 1% SOppm fix film RN6OC  Dale
RIS do do

R16 res 75k 1/10w 1% 2ppm fixfilm MAR 40 Ti18
R17 res 1k 1/4w 1% S0ppm fix film RN60C Dale
R1B res 499Q 1/4w 1% SOppm fix film - do

- les R19/26 res 4.02k 1/4w 1% SOppm fix film do

les R20/27 res 499 1/4w 1% SOppm fix film do

lea R21/28 res 10k 1/4w 1% SOppm fix film  do

lea  R22/29 res 30.1k 1/4w 18 SOppm fix film  do

lee  R23/30 res 499k 1/4w 1% SOppm fix film do

lea R24/31 res 100k 1/4w 1% SOppm fix film do

lea R25/32 res 301k 1/4w 1% SOppm fix film do

2 33 a/b socket, IC, DIP, 14 pin gold-pleted

with solder tabs. No. 814-AG10D Augat

e

1 34 cord, PC, 22conn, .15 spacing, single
side, 3.96w x 2.93h x .06t epoxy glass
2 S35 switch, DIP, 7 pos., 7000 series AMP Type
435802-60
2 36 a/b socket, DIP switch, 14 pin gold-
plated No. 814AG10D. Augot

(1)

MADE FROM BEST AVAILABLE COPY
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CARD 2; DT™ IL/CA AMPLIFIER

RS res 499. Q /4w 18 5S0ppm  RN6OC Dele
R10 res 499k /4w 1% S0ppm do

R11 do do
R13/21 res 4.02k 1/4w 18  SO0ppm do

les R14/22 res 499k /4w 1% SOppm do

lee R15/23 res 10k 1/4w 18 SOppm  do

es R16/24 res 30.1k 1/4w 1% 50ppm do

fes R17/25 res 49.9k /4w 1% S0ppm do

lea R18/26 res 100k /4w 1% SOppm  do

lea R19/27 res 301k /4w 18 50ppm do

les R20/30 res 499.Q /4w 1% SO0ppm do

2 S28a/b switch, DIP, 7pos, 7000 series AMP type

QUAN | KEY | PART DESCRIPTION IMATL / SOURCE
| U1 IC, uitra-low offset voltage op-emp ADOPO7CN PMI
| uz do do

1 R3 res, variable pot, 10k No.(960-20) 6149 VRN
1 R4 do do

1 CcS cap .1 uF 100wvdc WMF1P1 CDE
1 (o} do do

1 R?7 res 499k /4w 18 50ppm  RN60OC Dele

1 RS do do

1

1

1

-

4356802-60
2 298/b socket, IC, DIP, 14 pin gold-pleted
with solder tabs, No. 814-AG10D Augat
2 31a/b socket, DIP switch, 14 pin gold-
pleted, No. B14AG10D do
1 32 cerd, PC, 22 conn .15 spacing, single-
side, 3.56w x 2.93h x .06t epoxy glass
(1)

MADE FROM BEST AVAILABLE COPY
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PART DESCRIPTION

QUAN | KEY |

1 (0 cep
1 C2 do
1 R3 res
1 R4 do
1 RS res
1 R6 do
1 c7 cap
1 c8 do
1 - C9 do
1 C10 do
1 cu cap
1 Ci2 do
1 Ci3 do
1 Ci4 do
1 R1S res
1 R16 do
1 c17 cep
1 Cig do
1 R19  res
1 R20 res
1 R21 res
!

IMAT'L / SOURCE

2uF SOwvdc 10%

120M /4w 1% 50ppm

I5M t/4w 1% S0ppm

1 yF SOwvdc 108

10uF SOwvdc S® N0.74-106AS

10k 1/4w 1% 5S0ppm
1.0uF 100wvdc No. 225PV

402k 1/4w 1% SO0ppm
365k 1/4w 1% S0ppm
10M 1/4w 18 SOppm
*22  cerd, PC, 22conn, .15 speacing,
single side, 3.56w x 2.93h % .06t

® USGS card size: 4-in x 6-in x .06t

(1)

WMFOSW2 CDE
do

RN60C Dale
do

do

do
WMFOSW1 CDE
do

do

do

Texcap

do

do

do

RN60OC Dale
do

Sprague

do

RN60OC Dale
RN60OC Dele-
RN60C Dale

epoxy glass

MADE FROM BEST AVAILABLE COPY
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CARD 4: BIAS STEPPER

QUAN | KEY | PART DESCRIPTION |_MATL / SOURCE
1 i IC, dual op amp, LM356N Nationel
1 u2 do do
1 u3 do do
1 u4 do do
1 us IC, dual comparator, LM393N National
1 ué IC, D/A Converter, AD7530LN Netional
1 U7 IC, CMOS Quad Exclusive OR gete RCA
CD4030BE
1 ue IC, presettoble UP/DN BCD binery
counter No. CD4029BE RCA
1 uo IC, presettable UP/DN BCD binery
counter No. CD4029AF RCA
1 Uio IC, dual comperator pair, plus
inverter No. CD4007AE RCA
1 Utt IC, qued 2-input NAND gete,
' No. CD4011CN National
1 U112 Resistor Pack (510459) EFI 7948
1 R1 res 10k 1/4w 5% gen’l purpose
1 R2 do do
1 R3 do do
1 R4 res 22 Q 1/4w 5% do
1 RS res 30.1k 1/4w 5% do
1 R6 do do
1 R?7 res 10k 1/4w 5% do
1 RE res 9.1k 1/4w S% do
1 R9 res 4% 1/4w 5% do
1 R1I0 res 220 @ 1/4w 5% do
1 R11 res 10k 1/4w S% do
1 R12 res 5.1k 1/4w 5% do
1 R13 res 220k 1/4w 5% do
1 Ri4 res do do
1 R15 res 10k 1/4w 108 do
1 Ri16 res 100 @ 1/4w S% do
1 R17 res 4.7 Meg 1/4w 5% do
1 . R1B res 5.1k 1/4w 5% do
1 R19 res 5.1k 1/4w 5% do
1 R20 res 10k 1/4w 5% do

(13 MADE FROM BEST AVAILABLE COPY
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CARD 4: BIAS STEPPER (cont'd)

QUAN | KEY |

1

PART DESCRIPTION

R21
R22
R23
R24
R25
R26
c27
€28
c29
c30
031
D32
D33

D34
D35
R36
R37
£38
€39
C40
41

[MAT'L / SOURCE

res 4.7M 174w 108
res 100k 1/ 4w S%
res @o

res do '

res 220k 1/4w S%
res 100k 1/4w S%
cap 1SuF 20wvdc

do '

do

cap 470pF SOwvdc 108 ceramic

diode 100V 100uA IN914

do

diode, zener, low level sub-miniature

6.4V, INAS77

diode 100Y 100uA IN914

do

res, veriable pot, 500 Q, No. 43wW501

res, veriable pot, 10k  No. B9PR10K

cap 470pF 100wvdc 2% Mica

cap .1yF Cw20C

cop do

cerd, PC, 22 con, .15 spacing, double
sided, 3.56w x 2.93h x .06t

(2)

do
do
do
do
do
do

Motorole

Spectrol
Beckmen

epoxy glass

MADE FROM BEST AVAILABLE COPY
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CARD 5: DT REGULATED PDIVER BOARD

QUAN | KEY |

1

1
1
1

—

-ald

u—.—.-.—-.—.-..—.-‘—‘-—.—.——.-.-—-.—.-—-oc—

- N

Ut
U2
us3
U4

LS

F6

R?7

R6

RS

R10
cii
R12
R13
Ci4
R15
R16
c17
R16
R19
C20
D21
R22
T23
D24
€25
D26
R27

IMAT'L / SOURCE

PART DESCAIPTION
IC, vori output voltege reg, MC1723CG
do
do

IC, dc/dc inverter, DTD12-150-135
RFC choke, 15 uH, .17 ohm, 1000me

fuse 1A, 250V FB ,1/4 diex
1.25L (3AG), No 312001

res 665k 1/4w 1% 5S0ppm

res 442k /4w 1% SO0ppm

res 20k 1/4w 1% 50ppm

res 590 @ /4w 1% SOppm

cep 100pF 5% sil mice

res 47Q /4w S%

res 1k /4w 18 SO0ppm

cep 100pF 5% sil mice

res S100Q 1/4w S§

re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>