Physical Environment Monitor System
R. Weiss, July 21, 1994

Purpose of Document: Provide basis for assumptions and explanatory notes to accom-
pany WBS cost estimate. Parts could be incorporated in WBS dictionary if appropriate.

Name of subsystem: It has been suggested that the name of the subsystem be changed,
a list of alternatives:

Non-Gaussian Noise Detection and Diagnostic System (NGNDDS)

Disturbance Veto and Diagnostic System (DVDS)

Disturbance Sensing and Diagnostic System (DSDS)
Of the above, the first is most accurate but also a mouthful.
Scientific Rationale: The Physical Environment Monitor System is designed to carry
out several functions:

1. To monitor and record the time and amplitude of disturbances in the physical
environment of the interferometers that could produce spurious signals in the gravitational
- wave record. The primary use of the data is as a veto in the data analysis of the gravita-
* tional wave record from one site to reduce the number of candidate events in subsequent
coincidence analysis between records from interferometers at different sites.

2. To aid future interferometer subsystem development by determining sensitivities
to external disturbances.

3. To set limits on or measure the correlation of disturbances in the environment
at separated sites.

4. To be able to provide continuous environmental disturbance records for direct
correlation with the gravity wave record in specialized gravitational wave searches such as
those for periodic sources and stochastic backgrounds.

5. To provide diagnostic information on the performance of the interferometers
and the LIGO facilities.

Functional Requirements: The environmental parameters to be measured, the sensi-
tivity, dynamic range, bandwidth, digital data rate, location and number of instruments.

Seismic Noise:
Low Frequency 0.1 < f < 10 Hz

3 azis seismometer; sensitivity: z(f) < 1—07:;—3 m/v/Hz; dynamic range: 100db; bandwidth:
10 Hz; digital data rate: 60 16 bit words/sec. One per building,.

2 azis tilt meter; sensitivity: 6(f) < -2-’5}1-2-: radians/vHz; dynamic range: 100db;
bandwidth: 10 Hz; digital data rate: 40 16 bit words/sec. One per building.




- High Frequency 10 < f < 1000 Hz
3 azis PZT accelerometer; sensitivity: z(f) < -—rs m/vHz; dynamic range: 100db;

bandwidth: 1 kHz; digital data rate: 6000 16 bit words/sec 3 accelerometers/tank, 4

a,ccelerometersz2km beam tube module.

Acoustic noise:

Electret Microphone; sensitivity: P(f) < 1073 dynes/cm?/vHz; dynamic range: 60db;
bandwidth: 1 kHz; digital data rate: 2000 10 bit words/sec. 1 microphone/tank.

Magnetic fields:

§ azis fluz gate magnetometer; sensitivity: B(f) < 2 x 10~° gauss/v/Hz; dynamic range:
100db; bandwidth: 1 kHz; digital data rate: 6000 16 bit words/sec. 1 magnetometer/ tank,

Radio frequency interference:

Multichannel Receiver: sensitivity: E < 3u volt/cm; dynamic range: 120 db; overall
bandwidth: 1300 MHz; peak detection in 6 bands with millisec timing; digital data rate:
1000 10 bit words/sec on threshold crossing. 1 receiver/antenna system/building.

Cosmic ray muons:

Scintillation counter; sensitivity: F(> 100Mev) < 1072 muons/sec/ cm?; dynamic range:
60db; timing resolution: 1 millisec; digital data rate: 1000 10 bit words/sec on threshold
crossing. 1 detector system/building,.

Power line fluctuations;

Power line monitor;sensitivity: fractional fluctuations in voltage; long period < .02,
minutes; < .001, 1 sec to 1 millisec; harmonic content, < .05 for line harmonics to 2

- KHz; dynamic range: 60db, digital data rate: 1000 10 bit words/sec and increased rate on

threshold crossing, 1 detector system/building

Residual gas monitor:

Residual gas analyser; sensitivity: partial pressure < 107! torr 1 ~ 300 amu; dynamic
range: 10% timing resolution on a single mass number: < 10 millisec; digital data
rate: 100 16 bit words/sec under quiescent conditions, 1000 16 bit words/sec on threshold
crossing. 1 detector/building and 1 detector/km of beamtube. NOTE: The scientific
vacuum instrumentation was included in the 1989 WBS under 2532, 2533,
3532, 3533.

Vacuum contamination monitor:

Crystal deposition monitor and residual gas analyser; Capability to measure deposition of
hydrocarbons at the level of a monolayer/week or smaller. Analytic capability provided by:
1) evaporation of adsorbed layer vs temperature of crystal oscillator sample collector, 2)
assay of evaporated layer by residual gas analyser with 1 - 300 amu range. Costs presented
are an educated place holder, the contamination monitor system needs better definition.
Estimate assumes a sampling head/tank and an RGA head/tank . Costing assumes 1
crystal control and RGA control/ building. NOTE: The instrumentation to monitor
contamination was included in the 1989 WBS under 2532, 2533, 3532, 3533.
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Suggested additional monitors not included in cost estimate
- Optical beamtube residual gas monitor:

Molecular resonance absorption monitor; Provision should be made for the system by
including 4 inch vacuum ports for windows at both ends of each of the 4 km beamtubes
with an unobstructed path through the clear aperture (position in the aperture is not
critical). The concept of the scheme is similar to the UV absorption monitor discussed in
the 1989 LIGO proposal and is molecule specific. The new element is the use of pulsed
lasers and multiple reflection ringdown to enable gas absorption measurmentsof a < 1078
- cm™! even with noisy lasers. The technique was described at the NIST conference on water
in vacuum systems in June 1994 ( Romanini, D and Lehmann, K.K Journal of Chemical
Physics (1993), 99 p 6287).

Stray light monitor:

Photomultiplier monitors; Photomultipliers with interference filters to transmit the laser
wavelength are placed on 3 inch viewports to view the beamtube wall at 2km intervals along
the beamtube (3 sensors/leg). The sensors need only DC response and should not require
chopping other than the amplitude change that occurs on a laser dropout or cavity lock
loss. The monitor provides information on the mirror scattering and beam tube optical
properties,

Monitors assumed to be included in the cost of the facilities
Facility Housekeeping Data
Thermometers at the tanks; sensitivity: £1 C, sample/min

Thermometers on the beamtube at 250 meter interval; sensitivity: £1 C,

sample/min
Relative humidity in the buildings; sensitivity: + 10%, sample/hour
Outside wind speed at the buildings; sensitivity: & 1 mph, sample/min

Outside wind direction at the buildings; sensitivity: + 5 degrees, sample/min
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LIGO - DATA INPUT FORM i 2-Jul-94

WBSNO 1232
Auxi]lt%lﬂlysl- monitor, WA fabrication phase
ESTIMATOR: .
DESCRIP’!'!ON
BOE: (EE - En g/Bottom Up/Parametri
gineerin, U ic, VQ - Vendor Quotation, PO - Place Order, AC - Actual Costs)
NOTE: All Cost are in 1994 Dollars and are to be inputted in K$.

Unit of 1992 1993 1994 1995 1996 1997 1998
_ IN-HOUSELABOR  BOE Measure QTY QTY QTY QIY QTY QTY QTY
Engineer £ Menmonth )
2
Technician EE Manmonth 3
Grad Student Manmonth
Ui Slléd':g Manmonth
Management Manmonth
Admin_ Support Manmonth
Consultants - K$ Total Cost
Travel -K$ Total Cost
Unit of 1992 1993 1994 1995 1996 1997 1998
MATERIAL DESCRIPTIONBOE Unit Cost Measure QTY QTY QTY QTY QTY QTIY QTY
seismometer vQ 17.7 5
tiltmeter vQ 13.4 5
accel/rotation vQ 93 30
acoustic EE 03 14
magnetic vQ 32 14
RF vQ 342 5
‘x:nou zQ 9 5
ne/power Q 12.2 5
residual vQ 424 13
contamination controtler EE 51.8 5
coantamination head EE 16 14

Unit of 1992 1993 1994 1995 1996 1997 1998
CONTRACTS DESCRIPTIOBOE Unit Cost Measure ~ QTY QTY QTY QIY QTY QIY QTY
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LIGO- DATA INPUT FORM

mWBSNO 1233
: monmr, LAfalncl.tlon phase
ESTIMATOR: plly:us
DFS(RIP’HON. ]
COM)&'Z%‘IT .
BOE: Engincering/Bottom VQ - Vendor Quotation, PO - Place Order, AC - Actual Costs
NOE.ABCanl”4DoHammcunnme inK$ )
Unit of 1992 1993 1994 1995 1996 1997 1998
. IN-HOUSELABOR BOE Measure QTY QTY QTY QTY QTY QTY QTY
Engineer % ;
Manmonth 2
Technician EE Manmonth 3
gnd Student - Manmonth
ndergrad Student Manmonth
Management Staff
Admin. Support Manmonth
- Total Cost
Travel - K$ Total Cost
Unit of 1992 1993 1994 1995 1996 1997 1998
MATERIAL DESCRIPTIONBOE Unit Cost Measure = QTY QIY QIY QTY QIY QIY QTY
seismometer vQ 17.7 3
tiltmeter X vQ 134 3
accelirotation vQ 93 23
acoustic EE 03 7
magnetic vQ 32 7
RF1 vQ 342 3
line/power zQ 2,3 3 \
Q 1 3
residual gas vQ 424 11 4l
contamination controller  EE 518 3
contamination head EE 16 7
Unit of 1992 1993 1994 1995 1996 1997 1998
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LIGO - DATA INPUT FORM

WBS NO. 223

TITLE: Auxiliary physics monitor, Installation and shakedown
ESTIMATOR: Weiss

DESCRIPTION:

COMMENT:

NOTE: All Cost are in 1994 Dollars and are to be inputted in K$.

Unit of 1992

IN-HOUSELABOR  BOE Measure QTY
Scientist EE Manmonth
Engineer EE Manmonth
Technician EE Manmonth
Grad Student Manmonth
Undergrad Student Manmonth
Management Staff Manmonth
Admin. Support Manmonth
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Travel - K$ Total Cost
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rwweavogt081794.txt Wed Aug 17 23:49:44 1994 1
file:rwweavogt081794.txt

to: Bill Althouse and Robbie Vogt

from: R. Weiss August 17,1994

concerning: Revised files for environmental monitor

I have put a revised set of files concerning the environmental monitor
system on the LIGO Sun wieeem in +4ha A\r4c+ory

~weiss/ligocdst94a
The files are:
envl.tex Tex file containing functional requifements’of monitor
envirmoncosta.txt text file containing equipment, manpower, travel‘:
’ breakdowns used in the estimation for the three -

phases of the. project

rwphymon-design.wk3 Lotus file for théﬁdésign_

rwphymon-fab-wa .wk3 . Lotus file-for the fabrication for wa site

- Y 8 PR
rwphymon-£fab-la.wk3 Lotus file for thé: fabricatidén for la site
rwphymon-skdn.wk3 Lotus file for the installation and shakedown

both sites combined

rwphysmon-costrev.wk3 Lotus file designed by Shoemaker to glve overall
+ costs for subsystem

The Lotus files have been corrected for the error in the number of

PZT accelerometers. Travel has been included in the installation-

and shakedown phase. The description has been simplified to make .
a single PZT accelerometer the unit rather than the three ax1s system
as was done in the prior estimation.




Physical Environment Monitor System
R. Weiss, July 21, 1994, modified August 16, 1994

Purpose of Document: Provide basis for assumptions and explanatory notes to accom-
pany WBS cost estimate. Parts could be incorporated in WBS dictionary and Baseline 1
document as appropriate.

Name of subsystem: It has been suggested that the name of the subsystem be changed,
a list of alternatives:

Non-Gaussian Noise Detection and Diagnostic System (NGNDDS)

Disturbance Veto and Diagnostic System (DVDS)

Disturbance Sensing and Diagnostic System (DSDS)
Of the above, the first is most accurate but also a mouthful.
Scientific Rationale: The Physical Environment Monitor System is designed to carry
out several functions:

1. To monitor and record the time and amplitude of disturbances in the physical
environment of the interferometers that could produce spurious signals in the gravitational
wave record. The primary use of the data is as a veto in the data analysis of the gravita-
tional wave record from one site to reduce the number of candidate events in subsequent
coincidence analysis between records from interferometers at different sites.

2. To aid future interferometer subsystem development by determining sensitivities
to external disturbances.

3. To set limits on or measure the correlation of disturbances in the environment
at separated sites.

4. To be able to provide continuous environmental disturbance records for direct
correlation with the gravity wave record in specialized gravitational wave searches such as
those for periodic sources and stochastic backgrounds.

5. To provide diagnostic information on the performance of the interferometers
and the LIGO facilities.

Functional Requirements: The environmental parameters to be measured, the sensi-
tivity, dynamic range, bandwidth, digital data rate, location and number of instruments.

Seismic Noise:

Low Frequency 0.1 < f < 10 Hz

3 axis seismometer; sensitivity: 2(f) < —10—;1; m/v/Hz; dynamic range: 100db; bandwidth:
10 Hz; digital data rate: 60 16 bit words/sec. One per building.

2 axis tilt meter; sensitivity: 6(f) < —2—’%9—_—3 radians/v/Hz; dynamic range: 100db;
bandwidth: 10 Hz; digital data rate: 40 16 bit words/sec. One per building.



High Frequency 10 < f < 1000 Hz

1 azis PZT accelerometer; sensitivity: z(f) < 1‘};8 m/v/Hz; dynamic range: 100db;
bandwidth: 1 kHz; digital data rate: 2000 16 bit words/sec. 3 accelerometers mounted
on a single block to measure 3 degrees of translation, 3 x 3 accelerometers/tank to mea-
sure translation and rotation, 3 x 4 accelerometers/2km beam tube module to measure
translation.

Acoustic noise:

Electret Microphone; sensitivity: P(f) < 1072 dynes/cm?/v/Hz; dynamic range: 60dbs;
bandwidth: 1 kHz; digital data rate: 2000 10 bit words/sec. 1 microphone/tank.

Magnetic fields:

3 azis flux gate magnetometer; sensitivity: B(f) < 2 x 10~° gauss/v/Hz; dynamic range:
100db; bandwidth: 1 kHz; digital data rate: 6000 16 bit words/sec. 1 magnetometer/tank.

Radio frequency interference:

Multichannel Receiver: sensitivity: E < 3u volt/cm; dynamic range: 120 db; overall
bandwidth: 1300 MHz; peak detection in 6 bands with millisec timing; digital data rate:
1000 10 bit words/sec on threshold crossing. 1 receiver/antenna system/building.

Cosmic ray muons:

Scintillation counter; sensitivity: F(> 100Mev) < 1072 muons/sec/ cm?; dynamic range:
60db; timing resolution: 1 millisec; digital data rate: 1000 10 bit words/sec on threshold
crossing. 1 detector system/building.

Power line fluctuations;

Power line monitor;sensitivity: fractional fluctuations in voltage; long period < .02,
minutes; < .001, 1 sec to 1 millisec; harmonic content, < .05 for line harmonics to 2
KHz; dynamic range: 60db, digital data rate: 1000 10 bit words/sec and increased rate on
threshold crossing. 1 detector system/building

Residual gas monitor:

Residual gas analyser; sensitivity: partial pressure < 1074 torr 1 — 300 amu; dynamic
range: 10%; timing resolution on a single mass number: < 10 millisec; digital data
rate: 100 16 bit words/sec under quiescent conditions, 1000 16 bit words/sec on threshold
crossing. 1 detector/building and 1 detector/km of beamtube. NOTE: The scientific
vacuum instrumentation was included in the 1989 WBS under 2532, 2533,
3532, 3533.

Vacuum contamination monitor:

Crystal deposition monitor and residual gas analyser; Capability to measure deposition of
hydrocarbons at the level of a monolayer/week or smaller. Analytic capability provided by:
1) evaporation of adsorbed layer vs temperature of crystal oscillator sample collector, 2)
assay of evaporated layer by residual gas analyser with 1 - 300 amu range. Costs presented
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are an educated place holder, the contamination monitor system needs better definition.
Estimate assumes a sampling head/tank and an RGA head/tank . Costing assumes 1
crystal control and RGA control/ building. NOTE: The instrumentation to monitor
contamination was included in the 1989 WBS under 2532, 2533, 3532, 3533.




Suggested additional monitors not included in cost estimate
Optical beamtube residual gas monitor:

Molecular resonance absorption monitor; Provision should be made for the system by
including 4 inch vacuum ports for windows at both ends of each of the 4 km beamtubes
with an unobstructed path through the clear aperture (position in the aperture is not
critical). The concept of the scheme is similar to the UV absorption monitor discussed in
the 1989 LIGO proposal and is molecule specific. The new element is the use of pulsed
lasers and multiple reflection ringdown to enable gas absorption measurments of o < 108
cm~! even with noisy lasers. The technique was described at the NIST conference on water
in vacuum systems in June 1994 ( Romanini, D and Lehmann, K.K Journal of Chemical
Physics (1993), 99 p 6287).

Stray light monitor:

- Photomultiplier monitors; Photomultipliers with interference filters to transmit the laser
wavelength are placed on 3 inch viewports to view the beamtube wall at 2km intervals along
the beamtube (3 sensors/leg). The sensors need only DC response and should not require
chopping other than the amplitude change that occurs on a laser dropout or cavity lock
loss. The monitor provides information on the mirror scattering and beam tube optical
properties.

Monitors assumed to be included in the cost of the facilities
‘Facility Housekeeping Data
Thermometers at the tanks; sensitivity: +1 C, sample/min

Thermometers on the beamtube at 250 meter interval; sensitivity: +1 C,

sample/min
Relative humidity in the buildings; sensitivity: + 10%, sample/hour
Outside wind speed at the buildings; sensitivity: + 1 mph, sample/min

Outside wind direction at the buildings; sensitivity: &+ 5 degrees, sample/min



PHYSICS MONITORING SYSTEM

WBS 1.2.3
Cost:
cost % cont. cont. total
Design
$ 338K 5% $ 17K $§ 355K
Fab
WA §$1642K 5% $ 82K § 1724K
LA $1114K 5% $ 56K $ 1169K
TOTAL $ 3093K 5% $ 155K < $§ 3248K
Function:

Measure time and amplitude of disturbances in the physical
environment of the interferometers.

e Veto in burst detection to reduce non-Gaussian noise
e Correlation in periodic and stochastic source detection

e Determine sensitivity to environment for interferometer

development

e Provide diagnostic information on interferometer and

facility performance

e Measure or set limits on correlation of environmental

noise at separated sites




Instruments and requirements:

Seismic noise

3 axis seismometer

2 axis tiltmeter

1 axis accelerometer
1 axis accelerometer
A coustic noise
Electret microphone

- Magnetic fields

3 axis magnetometer
Radio Interference
Multichannel receiver
Cosmic ray muons
Scintillation detector
Power line fluct.
Line monitor
Residual gas
Residual gas analyser
Residual gas analyser
Contamination
Crystal monitor head
RGA head

Control

10719 m
10~ rad
1071 m
10711 m

1078 atm
10~* gauss
3uvolt/cm
10~2 p/sec cm?

1073

< 107 torr
< 107 torr

monolayer/week
< 10714 torr

Q 1Hz

Q 1Hz

@ 100Hz

@ 100Hz

@ 100Hz

@ 100Hz

6 chan

< 100 Mev
> 1073 sec
1 - 300 amu
1 - 300 amu

1 - 300 amu

1/bldg
1/bldg
9/tank
12/tube module
1/tank
1/tank
1/bldg
1/bldg
1/bldg

1/bldg
2/tube module

1/tank
1/tank
1/bldg




DESIGN (1997)
WBS: 1.2.3.1

Tasks:

e Final definition of system requirements

e Define system interface to CDS

o Define test program and software algorithm development

e System documentation

e Test of contamination monitor




FABRICATION (1998)
WBS: 1.2.3.2, 1.2.3.3

Tasks:

e Instrument procurement

e Fabricate specialized fixtures for facility installation
e Test some of the instruments (Q&A)

e Develop operating software and documentation

e Design facility installation schedule and test program



rwvolker072394.txt Sat Jul 23 19:06:03 1994 1

file:rwvolker072394.txt

to: Volker Schmidt

from: R. Weiss July 23,1994 ;

concerning: Estimated data rates from Environmental Monitoring System

Data rate estimates

bytes/sec
Measurement bytes/sec #/wa #/1a total wa total la
Seismic Noise: | R L
;—;;;s-—;;;;x;;_ 120 5 3 0.6K 0.3K
2 axis tilt 80 5 3 0.4 0.3K
3 axis accelerometers 12K 58 37 696K 444K
Acoustic Noise:
Electret microphones ix 14 7 56K 28K
Magnetic Fields:
3 axis magnetometer 12K 14 7 168K 84K
Radio Frequency Interfer.
Multichannel receiver 2K 5 3 10K 6K
Cosmic ray muons
./ Scintillation counter 2k s 3 10K 6K
Power line fluctuations
Power line memitor o= 5 3 10K 6K
Residual gas monitor
Residual gas analyser 2K 13 11 26K 22K
Contamination Monitor
xtal and rga 3K 5 3 15K ok
Facility Housekeeping
tank thermometers RGA  Fen A3soel CaS ¢ [ * / 1m
beamtube thermometers Wg ";
relative humidity '-"—g— ,3,
wind speed fica Foa coviam ey '/Guoc . : .
wind direction
s TOTAL (raw without thresholding) 992K 606K
PT  AccRiamomarans ‘;’:L lz;

3%3 29U fsayy

43 : B
Ixy xd = w/‘\'-vﬂ- ne. sPacno AT soo mt, % ¥
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file:envirmoncosta.txt

Crom. M e 706l 14  mpefd 8116/7¢

WBS No 1.2.3.1
Design Phase

Equipment Cost

Crystal monitor: (EE)

Crystal oscillator $559
Sensor head $1830
Shutter assembly $800
Feedthrough $605
Total crystal head assembly $3794
Computer interface $800
Control circuit $8443
Total electronics $9243
Total Crystal monitor $13037

RGA: (VQ)

Balzers

Control and rga head

BKM18111 QMG421-3 $35143

ion counter preamp CP400 $1709

ion counter board IC421 $3088

network server

BN882086-T $2573

Total rga system $42153

Vacuum system (EE)

Test chamber and stand $2000

100 1/s turbopump and cont. $2000

inline LN2 trap $600

Foreline purge system $300

Pirani gauge and control $400

Penning gauge and control $800

Flanges $400

4"gate valve $1100

Forepump $500

Bake heaters and control $300

Shop time 20hr@$40/hr $800

Total vacuum system $9200
Total contamination monitor for design phase $64390

Manpower Estimate and Functions

WBS No 1.2.3.1
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Design phase

Scientist:
Functions time man/months

reanalysis of project needs

conceptualization of how data is to be used
conceptualization of algorithms

definition of system requirements

definition and design of instrument test program
scientific documentation 6

contamination monitor design
contamination monitor research and testing 6

Engineer:

vendor interaction

costing

facility and CDS interface

configuration control documentation 6

contamination monitor design and fabrication 3
Technician:

assembly of contamination monitor
operation of contamination monitor 6

WBS No 1.2.3.2 and WBS No 1.2.3.3
Fabrication phase (assigned equally to the two sites

Equipment Costs

Total with a/d Total without a/d

3 axis seismometer:
Digital Technology Associates
Concord, CA

Seismometer GURALP CMG3T $13104
adapt for 12v operation $ 336
Digitizer DM16/3 $4256
$17696 $13440
2 axis tiltmeter
Applied Geomechanics
Santa Cruz, Ca
Tilt meter Model 520 $9176
Digitizer DM16/3 $4256 $13432 $9176
1l axis PZT accelerometer
Endevco
San Juan Capistrano, CA
Single acc 7754-1000 $845/channel

Signal conditioner 9 channels 2793 $121/channel
Machining costs/mounting block $33/ axis
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Analog/digital conversion $40/ axis
$1039 $999
Electret Microphone
Tandy Corp
Microphone $12
Preamplifier $100
Machining mount $30
Analog/Digital conversion $120
$262 $142
3 axis magnetometer
Bartington Mag 03MC $2250
Power supply $500
Machining mount - $30
Analog/digital conversion $360
$3140 $2780
Radio Freq interference
Hewlett Packard
Receiver HP 8902a $29450
Antenna HP 11966A $2535
Antenna HP 11966B $2535
. $34,220 $34,220
Muon detector
Rexon Components
Beachwood, Ohio
Scintillator and PM tube RP-110 $2213
EGG/Ortec
PM tube base and preamp EGG 276 $405
High Voltage supply EGG 5564 $1540
Nimbin EGG 4001A $1224
Constant Fraction Disc EGG 584 $1126
Pulse Amplifier EGG 575A $691
Ratemeter EGG 541 $671
Counter EGG 770 $1093
$8963 $8963
Line monitor
BMI
Foster City, CA
Powerscope 8800 $12230
$12230 $12230

Vacuum contamination
Leybolt (Estimated)

Crystal oscillator $559
Sensor head $1830
Shutter assembly $800

Feedthrough $605
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Crystal head $3794
Computer interface $800
Control 58443
$9243 $8443

Residual Gas Analyser
Balzers
RGA head QMA 430 $12153
RGA control BKM18111 $35143

QOMG421-3
ion counter preamp CP400 $1709

ioncounter board Ic421 $3088
network server BN882086-T $2573

SUUMARY
sensor head and rga head $15947 $15947
control electronics $51756 $48383

Residual gas analyser
Balzers

RGA BKM18111
OMG421-3 $35143
ion counter preamp CP400 $1709
ion counter board 1IC421 $3088
" network server BN882086-T $2573
$42153 $39580

- Scientist:

scientific qualification, calibration and testing
interact with CDS hardware/software development

design facility installation and shakedown test program
scientific documentation for facility 2

Engineer:

procurement

design in-house fabricated fixtures
track vendors

quality assurance

coordinate assembly

CDS interface

manage test program

establish facility installation schedule
interface documentation

Technician:
assemble instruments for test and calibration

run tests
prepare instruments for shipment to sites
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WBS No 2.2.3
Installation and shakedown

Manpower estimates and functions

Assume an all hands on deck situation with a 65% to 35% split between the
WA and LA site. Assume WA site is first. Assume a total manpower load of
12 months each for scientist, engineer and technician.

Range of tasks:

installation of the equipment

connection to the CDS system

self tests and in-situ recalibration of the individual instruments
compatibility/interaction tests with other equipment in the facility
live tests of instruments through CDS hardware and software

test of data archiving and retrieval

test of software--diagnostic and operations programs

determination of trends, dynamic range and signal statistics

2 trips of 2 month duration @ $7300/man trip 3. people $44K



O - DATA INPUT FORM 17-Aug-94

SNO.1.23.1
_E: Auxiliary physics monitor, design phase
IMATOR: Weiss

;CRIPTION:
MENT:
i: (EE - Engineering/Bottom Up/Parametric, VQ - Vendor Quotation, PO - Place Order, AC - Actual Costs)
[E: All Cost are in 1994 Dollars and are to be inputted in K$.
Unit of 1992 1993 1994 1995 1996 1997 1998 1999 2000
IN-HOUSELABOR  BOE Measure QTY QTY QTY QTY QTY QTY QTY QTY QTY  Total
ntist EE Manmonth 12 12
ineer EE Manmonth 9 9
ician Manmonth 6 6
1 Student Manmonth 0
ergrad Student Manmonth 0
agement Staff Manmonth 0
1in. Support Manmonth 0
sultants - K$ Total Cost 0
el - K$ Total Cost 0
Unit of 1992 1993 1994 1995 1996 1997 1998 1999 2000
TERIAL DESCRIPTIONBOE Unit Cost Measure QTY QTY QTY QTY QTY QTY QTY QTY QTY Total
0
cont. mon. EE 13.04 1 13.04
\ vQ 42.15 1 4215
aum sys. EE 9.2 1 9.2
0
0
0
g
Unit of 1992 1993 1994 1995 1996 1997 1998 1999 2000

VTRACTS DESCRIPTIOBOE Unit Cost Measure QTY QTY QTY QTY QTY QTY QTY QTY QTY  Total

COO0COOOOOO




O - DATA INPUT FORM

IN-HOUSE LABOR

:amination controller
ramination head

TERIAL DESCRIPTIONBOE  Unit Cost

134
9.2
1
0.2
28
342
9
12.2
39.6
48.4
16

NTRACTS DESCRIPTIOBOE Unit Cost

LE: Auxiliary physics monitor, WA fabrication phase
IMATOR: Weiss

3: (EE - Engineering/Bottom Up/Parametric, VQ - Vendor Quotation, PO - Place Order, AC - Actual Costs)
[E: All Cost are in 1994 Dollars and are to be inputted in K$.

Unit of
Measure
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Total Cost
Total Cost
Unit of
Measure

Unit of
Measure

QTY 1 QTY

QTY QIY

~.

1997
QTY

1997
QTY

1997

QTY

17-Aug-94

1998
QTY

1998
QTY

1998

QTY

1999 2000
QTY QTY
1999 2000
QTY QTY
1999 2000
QTY QY

COOOOOWN—

o

OO O0OOOOCO



;O - DATA INPUT FORM

'SNO.1.2.3.3

~dhs /dollpes /a5

‘LE: Auxiliary physics monitor, LA fabrication phase

FIMATOR: Weiss
SCRIPTION:
MMENT:

/

17-Aug-94

E: (EE - Engineering/Bottom Up/Parametric, VQ - Vendor Quotation, PO - Place Order, AC - Actual Costs)
TE: All Cost are in 1994 Dollars and are to be inputted in K$.

IN-HOUSELABOR  BOE
:ntist EE
rineer EE
hnician EE
d Student
lergrad Student
nagement Staff
nin. Support
1sultants - K$
vel -K$

Unit of
Measure
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Total Cost
Total Cost
Unit of

\TERIAL DESCRIPTIONBOE Unit Cost Measure

‘mometer vQ
neter vQ
el/rotation vQ
ustic EE
netic vQ
{ vQ
omn vQ
‘/power vQ
dual gas vQ
tamination controller EE
tamination head EE
NTRACTS DESCRIPTIOBOE

134

Unit Cost

Unit of
Measure

1992
QTY

1992
QTY

1992
QTY

1993
QTY

1993
QTY

1993
QTY

1994

1995

QTY . QTY

1994
QTY

—
—

MW WWWIN =W

1994
QTY

—

2
3

1995
QTY

1995
QTY

1996 1997 1998
QTY QTY QTY

1996 1997 1998
QTY QTY QTY

1996 1997 1998
QTY QTY QTY

1999
QTY

1999
QTY

1999
QTY

2000
QTY

2000
QTY

2000
QTY

Total

Total

COOOOOWN-=

40.2
276
111

19.6
102.6

Total

27

o

COO0OO0OOOoCoCC



s

;0 - DATA INPUT FORM

3ISNO. 223

"LE: Auxiliary physics monitor, Installation and shakedown

TIMATOR: Weiss
SCRIPTION:
MMENT:

E: (EE - Engineering/Bottom Up/Parametric, VQ - Vendor Quotation, PO - Place Order, AC - Actual Costs)

"TE: All Cost are in 1994 Dollars and are to be inputted in K$.

IN-HOUSELABOR  BOE
entist EE
rineer EE
‘hnician EE
ud Student

dergrad Student

nagement Staff

min. Support

1sultants - K$

vel -K$ EE

\TERIAL DESCRIPTIONBOE Unit Cost

Unit of
Measure
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Manmonth
Total Cost
Total Cost
Unit of
Measure

Unit of

'NTRACTS DESCRIPTIOBOE Unit Cost Measure

1992
QTY

1992
QTY

1992
QTY

1993
QTY

1993
QTY

1993
QTY

1994 1995
QTY QTY
12
12
12

0

44
1994 1995
QTY QTY

1994 1995
QTY QTY

1996
QTY

1996
QTY

1996
QTY

17-Aug-94

1997
QTY

1997
QTY

1997
QTY

1998
QTY

1998
QTY

1998
QTY

1999
QTY

1999
QTY

1999
QTY

2000
QTY

2000
QTY

2000
QTY

Total

Total

COO0QCOOOCOO

COOOCOCOOCO



S TOTAL basis

=32 DESIGN PHASE
Manpower
scientist 6 8.4 50.4 EE
engineer 6 12.1 72.6 EE
softeng 6 6.6 39.6 EE
scientist 6 8.4 504 EE
engineer 3 12.1 36.3 EE
Material
Vacuum Contamination monitor 67.7 vQ
FABRICATION PHASE
1.2.3.2: WA site 1.2.3.3: LA site
Fabrication manpower
scientist 2 8.4 16.8
engineer 4 12.1 484
technician 6 6.6 39.6
unit cost tanks buildings tubes tanks buildings tubes
Fabrication Material
3-axis seismometer 134 5 3 107.2 vQ
3-axis tiltmeter 9.2 5 3 73.6 vQ
1-axis PZT accel/rotation 1 126 48 63 48 285 vQ
acoustic noise sensor 02 14 7 42 EE
magnetic field sensor 2.8 14 7 58.8 vQ
RFI sensors 342 5 3 273.6 vQ
~on shower sensor 9 5 3 7 vQ
- monitor 12.2 5 3 97.6 vQ
.dual gas monitor 39.6 5 8 3 8 950.4 vQ
contamination controllers 484 5 3 387.2 EE
contamination heads 16 14 7 336 EE
INTEGRATION PHASE
2.2.3: Physics monitor Integration and Shakedown
Manpower
scientist 12 8.4 100.8
engineer 12 12.1 145.2
technician 12 6.6 79.2
travel man x 2mon 6 713 44

TOTAL 3436.6
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file: rwvolker090794.txt

to: Volker Schmidt

from: R. Weiss September 7, 1994

concerning: Counting of channels for environmental monitor system

Volker,
I get the same numbers I had before.

PZT accelerometers

NOTE: Bill asked me to change the format so that each axis is counted
as a PZIT accelerometer. What used to be a single three axis accelerometer
is now 3 single axis accelerometers mounted on a single block.

PZT accelerometers

The counting rules are

3 x 3 9 single axis accelerometers/tank

3 x4

12 single axis accelerometers per 2km section of beam tube
This means that there are accelerometer cube blocks
each containing 3 accelerometers spaced at 500 meter
intervals along the beam tube (every second pump port,
ie 250, 750, 1250, 1750, 2250, 2750, 3250, 3750 m)

There are then 48 single axis PZT accelerometers on the beam tube at WA
and 48 on the beam tube at LA

The number of tanks (HAM are taken as aggregate when distant from a main
chamber) 14 at WA and 7 at LA

So the total number of single axis accelerometers is

At WA

48 + 14 * 9 174

At LA
48 + 7 * 9 = 111

Residual gas analysers

Note that the residual gas analyser associated with measuring the wvacuum
may not be the same as that used in the contamination monitor.
So these are counted separately.

Counting rules for measuring the residual gas pressure

1 RGA per building
1 RGA/km of beam tube
Counting rules for the rga associated with the contamination monitor

1 RGA per building

Total RGA

At WA
along the beam tube 8
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- in the buildings for vacuum 5
TOTAL for vacuum 13

in the buildings for contamination 5

TOTAL for both cont and vac 18

At LA
along the beam tube 8
in the buildings for vacuum 3
TOTAL for wvacuum 11

in the buildings for contamination 3

TOTAL for both cont and vac 14
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file:rwwe. 72694.txt

to: Bill Althu. e

from: R. Weiss Ju'v 26, 1994

concerning: Uncertalinties and assumptions in cost estimate of
Environmental monitoring system

Technical Uncertainties

1) Major uncertainty is in the vacuum contamination monitor. The scheme has
been much discussed within in the project but never implemented. The concept
is to measure adsorbed contamination layers on quartz crystal oscillator
monitors by noting the change in frequency of the oscillator with the
additional mass collected on the surface. The analysis of the contaminant is
done by evaporation from the crystal surface as a function of temperture in
coordination with mass analysis by a residual gas analyser. To evaluate the
technique will require a correlation between the cavity ring down measurements,
now being used to test contamination on the optical surfaces, with the signals
developed by the proposed crystal oscillator/rga system. An assumption being
made is that cavity ringdown apparatus mounted in each chamber of the LIGO
would be too cumbersome and expensive so that we have to resort to more
conventional methods to measure the contamination. Part of the design costs

of the environmental monitor are assumed to go into an experimental evaluation
of the method.

2) All the other monitors are off the shelf state of the art and should be
straight forward to test and install.

Sequencing and interface issues

1) Instrumentation in the beamtube enclosure.

In prior thinking about the LIGO it has been assumed that there is little or
no need to operate instrumentation in the beamtube enclosure during the
initial phase of the project and in later phases then only when and if pumps
are installed at the 250 meter intervals.

I no longer believe this to be true. The need to qualify the leak rate of the
beamtubes after bake and the techniques being proposed to make the leak
assessment and initial localization by partial pressure measurments will
require residual gas analysers and liquid nitrogen traps at all ports of a 2km
beam tube module. The bake will require thermometry along the beam tube. There
will have to be some instrumentation and data logging capability right at the
start.

Once LIGO is in operation, the partial pressure in the beam tubes, both the
spatial and crude time dependence, will be needed for diagnostic purposes
as well as to establish limits on new leaks. Furthermore, questions
concerning the motion of the tubes, especially at unsupported baffles, will
inevitably have to be answered. It is also possible that the interferometer
will experience noise fluctuations with a daily period which may be related
to the temperature of the tube. I now believe that we cannot look at the
tubes as an unchanging black box and that some rudimentary information on
the conditions in the tubes will be needed. The initial instrumentation (rga
and accelerometers) have been included in the cost estimate of the
environmental monitor system. The impact on the CDS system has been
discussed with Volker and we both realize that it is a major new issue
which needs resolution at a project level.

Cost assumptions and uncertainties
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and auxiliary turbo pumps are assumed to be included in the vacuum equipment
and have not been included in the environmental monitoring system cost.

John Worden believes that his spares philosophy in the vacuum system costing
will cover these.

2) The temperature and wind sensors in the facility housekeeping part of the
monitoring system are assumed to be covered in other costing.

3) The use of the CDS in the low data rate housekeeping signals is not
clear. Volker discussed an auxiliary low bandwidth system as a possibility.
The cost of such a system is not included in the estimates.

4) The wiring of the CDS to the monitor system is not included. The assumption

is that CDS analog to digital conversion ports are available at the
monitors. The environmental monitoring system is configured to provide
low impedence +-5 volt signals to these ports.
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file: rwwea080394.txt

to: Bill Althouse

from: R. Weiss August 3, 1994

concerning: Information requested on environmetal monitor costs

Bill,
I am working at home and do not know how to access lotus 123 remotely, so
my response to you will necessarily be in text.

1) Reference for Vacuum contamination monitor numbers used in design phase
estimate.

Assumptions:

We have no experience with the contamination monitor proposed so that

an experimental test of the apparatus was envisioned during the design phase.
The equipment costs are for an rga, the crystal monitor system and a

test vacuum system.

Crystal monitor: (EE)

Crystal oscillator $559

Sensor head $1830

Shutter assembly $800

Feedthrough $605

Total crystal head assembly $3794

Computer interface $800

Control circuit $8443

Total electronics $9243

Total Crystal monitor $13037
RGA: (VQ)

Balzers

Control and rga head

BKM18111 OMG421-3 $35143

ion counter preamp CP400 $1709

ion counter board IC421 $3088

network server

BN882086-T $2573

Total rga system $42153
Vacuum system (EE)

Test chamber and stand $2000

100 1/s turbopump and cont. $2000

inline LN2 trap $600

Foreline purge system $300

Pirani gauge and control $400 .

Penning gauge and control $800

Flanges $400

4"gate valve $1100

Forepump $500

Bake heaters and control $300
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Shop time 20hr@$40/hr $800
Total vacuum system $9200
Total contamination monitor for design phase $64390

2) Clarification for the costs of the 3 axis accelerometer and rotation sensors.
This is easy to clarify since there is a counting mistake in the estimate!!

Assumptions:

Each "associated" chamber assembly is proposed to have 3 of these units to measure
both translation and rotation--six degrees of freedom. There are 14 "associated
chambers at the WA site and 7 at the LA site. Along the beam tubes, 4 units are
installed for each 2km beam tube module - 16 units at both the WA and LA site.

Mistake:

The mistake was made in the lotus 123 forms by lumping together the chamber and

beamtube accelerometers and assigning 3*$2998 = $9K as a unit cost. This is fine
for the chambers but wrong for the beamtube. Note that the mistake did not carry
over to the data rate inventory.

Corrected estimate:

WBS No 1.2.3.2

Material Description

BOE Unit cost oty Total
accel/rotation (chambers) vQ 9K 14 $126K
accel (beam tube) vQ 3K 16 $48K

//‘fzv(

WBS No 1.2.3.3
Material Description
accel/rotation (chambers) vQ 9K 7 $63K
accel (beam tube) vVQ 3K 16 $48K

Overestimate due to mistake $192K

3) Manpower estimates

WBS No 1.2.3.1
Design phase

Scientist:
Functions time man/months

reanalysis of project needs

conceptualization of how data is to be used
conceptualization of algorithms

definition of system requirements

definition and design of instrument test program
scientific documentation 6

contamination monitor design
contamination monitor research and testing 6
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Engineer:

vendor interaction

costing

facility and CDS interface

configuration control documentation 6

contamination monitor design and fabrication 3
Technician:

assembly of contamination monitor
operation of contamination monitor 6

WBS No 1.2.3.2 and WBS No 1.2.3.3

Fabrication phase (assigned equally to the two sites)

Scientist:

scientific qualification, calibration and testing
interact with CDS hardware/software development

design facility installation and shakedown test program
scientific documentation for facility 2

Engineer:

procurement

design in-house fabricated fixtures

track vendors

quality assurance

coordinate assembly

CDS interface

manage test program

establish facility installation schedule

interface documentation 4

Technician:

assemble instruments for test and calibration

run tests

prepare instruments for shipment to sites 6
WBS No 2.2.3
Installation and shakedown

-
'M

Assume an all hands on deck situation with a 65% to 35% split between the

WA and LA site. Assume WA site is first. Assume a total manpower load of 7;-1
12 months each for scientist, engineer and technician. Did not include

travel in the estimate, a serious omission. #,/a'/ o7
Range of tasks: '1‘:6 A 2 anlle /‘za
p 4 )
installation of the equipment 7300/’"»«{\-[‘

connection to the CDS system
self tests and in-situ recalibration of the individual instruments
compatibility/interaction tests with other equipment in the facility
live tests of instruments through CDS hardware and software
test of data archiving and retrieval

test of software--diagnostic and operations programs
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determination of trends, dynamic range and signal statistics
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file:rwvolker072394.txt

to: Volker Schmidt

from: R. Weiss July 23,1994

concerning: Estimated data rates from Environmental Monitoring System

Data rate estimates

bytes/sec

Measurement : bytes/sec #/wa #/1la total wa total la
Seiemic Noise: T
3 axis seismo 120 5 3 0.6k 0.3k
2 axis tilt 80 5 3 0.4 0.3K
3 axis accelerometers 12K 58 37 696K 444K
Acoustic Noise:
Electret microphones ix 14 7 56K 28K
Magnetic Fields:
3 axis magnetometer 12K 14 7 168K 84K
Radio Frequency Interfer.
Multichannel receiver 2K 5 3 10K 6K
‘Cosmic ray muons

 Scintillation counter 2K 5 3 10K 6K
Power line fluctuations
Power line monitor ox 5 3 10K 6K
Residual gas monitor
Residual gas amalyser 2K 13 11 26K 22K
Contamination Monitor
xtal and rga 3K 5 3 15K oK

Facility Housekeeping
tank thermometers
beamtube thermometers
relative humidity

wind speed

wind direction

TOTAL (raw without thresholding) 992K 606K



volker072594.txt Mon Jul 25 18:29:44 1994 1

From vosch@ligo.caltech.edu Mon Jul 25 18:02:51 1994

Received: from ligo.caltech.edu by tristan.mit.edu AA14785; Mon, 25 Jul 94 18:02:47 EL.

Received: from pard (pard.ligo.caltech.edu) by ligo.caltech.edu (4.1/SMI-4.1)
id AA03213; Mon, 25 Jul 94 15:02:21 PDT

Received: by pard (5.0/SMI-SVR4)
id AA17852; Mon, 25 Jul 1994 15:01:58 +0800

Date: Mon, 25 Jul 1994 15:01:58 +0800

From: vosch@ligo.caltech.edu (Volker Schmidt)

Message-Id: <9407252201.AA17852@pard>

To: gerry@pard.ligo.caltech.edu, vogt@pard.ligo.caltech.edu,
wea@pard.ligo.caltech.edu, weiss@pard.ligo.caltech.edu

Subject: physics monitoring

Cc: jake@pard.ligo.caltech.edu, jay@pard.ligo.caltech.edu,
rolf@pard.ligo.caltech.edu

X-Sun-Charset: US-ASCII

Content-Length: 920

Status: R

I have the following questions/remarks concerning Rai’s list of 21 July:

1) I assume that the cost of the preamplifiers to bring the signals to some reasonable lev
el (typically 5v or 10V) is included in the measurement equipment and that the signals are
all analogue (i.e. CDS provides the ADC)

2) What is "threshold crossing"?

3) The list shows some equipment (3 axis PZT accelerometer, RGA, thermometers) to be place
d along the beam tube outside the station building. Up to now we have not costed any netwo
rk connections to those locations. We need a decision on whether or not to cost the items
(both the equipment and CDS)

4) Facility housekeeping: Are the sensors costed in the buildings? Is CDS to provide indep
endent links to these data sources (independent of the building monitoring system) or can
we assume that the building monitoring system makes the data availabler in the central con
trol area.

Volker
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From worden@ligo.caltech.edu Tue Jul 19 19:37:51 1994

Received: from ligo:.caltech.edu by tristan.mit.edu AA00940; Tue, 19 Jul 94 19:37:49 EDT

Received: from feline.ligo.caltech.edu by ligo.caltech.edu (4.1/SMI-4.1)
id AA23806; Tue, 19 Jul 94 16:37:29 PDT

Received: by feline.ligo.caltech.edu (4.1/SMI-4.1)
id AA22298; Tue, 19 Jul 94 16:37:19 PDT

Date: Tue, 19 Jul 94 16:37:19 PDT

From: worden@ligo.caltech.edu (John Worden)

Message-Id: <9407192337.AA22298@feline.ligo.caltech.edu>

To: vosch@ligo.caltech.edu, vogt@ligo.caltech.edu, wea@ligo.caltech.edu,
gerry@ligo.caltech.edu, jay@ligo.caltech.edu, lisa@ligo.caltech.edu,
rolf@ligo.caltech.edu, jake@ligo.caltech.edu

Subject: Re: vacuum instrumentation

Cc: dhs@ligo.caltech.edu, weiss@ligo.caltech.edu

Status: R

In response to Volker’s questions: £L~U4CO~J124/

oty
1. I believe I am looking after most of the devices mentioned: a v‘i,
WBS 1.1.1.2.1.3.1 WA Instrumentation[(old WBS 2532,2533) | 22y

and WBS 1.1.1.2.2.3.1 LA Instrumentation} (old WBS 3532,3533)

The above items include the following(both sites):

Vacuum Diagnostic Instrumentation - Piranis, ion gauges, RGAs
and Vacuum Test Equipment - Conventional leak detectors, ultrasensitive
leak detectors, and gauge calibration stands.

2. I would agree that for Phase A that there need not be any "permanent”
RGA’s at the 250m ports. AC power is needed for pumps,gauges and RGAs

_/ which will be used only for the pumpdown,bakeout, and acceptance testing.
Data c¢an be recorded locally.
I would not have expected the CDS to be available at this early stage
anyway .

3. I was not planning on temperature sensors. Is someone else doing these,

perhaps?

John
v;A&OWﬂ %?ﬂ;ja 1.1 |
Iy T [.1-2
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From dhs Tue Jul 19 17:38:26 1994

Received: by taliesin.mit.edu AA01765; Tue, 19 Jul 94 17:38:25 EDT
From: David Shoemaker <dhs>

Subject: instrumentation along beam line

To: vosch@ligo.caltech.edu

Date: Tue, 19 Jul 94 17:38:24 EDT

Cc: weiss (Rainer Weiss)

X-Mailer: ELM [version 2.3 PL11]

Status: R

Volker, I just talked with Rai at some length about the physics
monitor and wanted to mention some things.

There is a category of sensing which is called Scientific Vacuum
Instrumentation, to be distinguished from more elementary things like
valve states and simple pressure measurements. The Scientific Vacuum
Instrumentation includes vacuum pressure fluctuations, beam tube
temperature measurements, contamination monitoring, and RGA heads.

We are sure that John Worden is taking care of the straghtforward
instrumentation, but we are not clear if the Scientific Vacuum
Instrumentation is in the physics monitor or not. Do you know? It must
not fall through the cracks.

Important for the CDS is that CBI is depending on having access in the
tube cover every 250 m; that they will need the power and data access
to put in RGA heads at each of the spare vacuum pump ports; and that
other instrumentation as needed. (With this the temperature monitors T
mentioned to you while at Caltech). In fact, CBI may take over the
contruction of the tube cover (from the A+E contract) to have the
control and access they need. But no matter what, there WILL be power
and data needs along the line at those 250 m intervals.

Please let me know if I can clarify any of the above. Most of the info
comes from Rai.

d.
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TABLE VII-2
l ENVIRONMENTAL PARAMETERS TO BE MONITORED
l PHENOMENON , MONITOR
Seismic-Noise Translation and rotation:
| f < 10 Hz; 1 seismometer/building
f > 10 Hz; 3 accelerometers/test mass tank
Acoustic Noise Microphones at test mass tanks and critical
l optical components
Magnetic Field Fluctuations Low frequency: 1 magnetometer/ building
High frequency: 3 coils/test mass tank
Radio Frequency Interference Multilevel receiver to record rms noise in selected
(RFI) channels, one per building
Cosmic Rays Shower detector, one per building
Electrical Power ‘Transient monitor, one per building
Fluctuations in Residual Gas UV absorption spectroscopy
Column Density in Beam Tubes!
Housekeeping Data From Temperatures, wind velocity, ion pump currents,
Facility Control etc.

1 Although not planned for installation at the outset, a monitor for gas may be required based on experiences
with the system. The standard vacuum measuring gauges are not sensitive enough to detect column density
changes that would be interpreted as gravitational wave signals. A system using UV absorption spectroscopy
on the gas column in the beam tubes has been devised which should have sufficient sensitivity to veto gas
bursts at the level required to match the sensitivities of the advanced detectors being planned for the LIGO.
The gas bursts, should they occur, will have a characteristic pulse signature that depends on the tube
diameter and the pumping speed. There is no information that such gas bursts occur, however, the LIGO
will be exploring a new measurement regime.

LIGO sites, and for the half-length interferometer operating with half the signal-
to-noise ratio of the full-lengths, the sensitivity to kHz-band signals is reduced by
at most 30%. This result applies to Gaussian noise, with the optimal setting for
trigger thresholds of 4.9 and 6.5 times the rms Gaussian noise level in the full- and
half-length interferometers, respectively.
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TABLE IV-F-1
REPRESENTATIVE LIST OF SIGNALS!

BAND- DATA
SIGNAL DESCRIPTION NUMBER WIDTH RATE
(kHz) (kbytes/s)
Interferometer Signals
Interferometer output Gravitational-wave signal 1 10 40
Symmetric port Intensity monitor 1 10 (40)
Main cavity lock : 2 10 (80)
Beam splitter lock 1 10 (40)
Recycling mirror lock 1 10 (40)
Main frequency lock 1 10 (40)
Trim frequency lock 1 10 (40)
Side arm lock 2 10 (80)
Alignment Signals
Main cavity angle 2 angles/mirror 8 1 (32)
Beam position 2 axes/mirror 8 1 (32)
Recycling mirror 2 angles, 2 positions 4 1 (16)
Mode cleaner 2 angles, 2 positions 4 1 (16)
Suspension Signals
Main cavity mirror 5 degrees of freedom 20 0.1 8)
Deflection mirror 5 degrees of freedom 10 0.1 4)
Beam splitter 5 degrees of freedom 5 0.1 (2)
Recycling mirror 5 degrees of freedom 5 0.1 (2)
Mode cleaner 5 degrees of freedom 10 0.1 (4)
Auxiliary Monitor Signals
Low freq. seismic 1/building 3 0.03 0.4
High freq. seismic 3/test-mass chamber 15 . 0.3 18
Acoustic pressure 1/test-mass chamber : 5 2 (40)
Line power 1/building 3 01 1.2
Low freq. mag. field 3 axis magnetometer/building 9 0.03 1.1
High freq. mag. field 3 loops/test-mass chamber 15 0.01 0.6
RF interference 1/building 3 0.1 1.2
Cosmic ray showers 1/building 3 0.01 0.12
Housekeeping Temperatures, voltages, states, etc. 100 0.001 0.4

! The table is included to illustrate the scale of the data flow. The signals with data rates in parentheses are not
continuously archived. The'data rates (kbytes/s) are based on a sampling rate of twice the bandwidth, and a sampling

resolution of two bytes.
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LIGO WBS 2500 -- SITE 1 SUPPORT EQUIPMENT -~ SUPPORTING DETAIL

Method Amount Subtotal BOE
(000) {000) .
2000 Site 1 Facllities ¢ Equipment
2500 Support Equipment $4,124.2
2510 Laser Equipment $414.2 see page C-48
2511 Lasers 4 @ $79.3K ea $317.2
2512 Laser Cooling Units 4 @ $7.5K ea $30.0
2513 Laser Table & Mounts 2 @ $33.5K ea $67.0
2520 Data Acquisition & Recording Equipment $479.4 see page C-49
2521 Software $15.0
2522 Hardware $444.,0
2523 Cabling & Installation $20.4
2530 Instrumentation $2,264.8
2531 Vacuum System Monitoring & Control $291.4 see page C-50
2532 Vacuum Dlagnostic Instrumentation $396.0 see page C-50
2533 Vacuum Test Equipment $449.0 see page C-50
in $6 se E) -
2540 Office & Shop Equipment $524.8
2541 Furnliture $67.4 D
2542 Shipping ¢ Recelving $38.4 D
2543 Shop Equipment $276.7 D
2544 Telephones & Intercom $100.0 [of
2545 Security Equipment $42.3 D
2550 Spares $441.0 D
(@) 2551 Mechanical Pump $16.0
| 2552 Blower $13.0
23 2553 Turbopump $39.0
2554 Ion Pump Power Supply $16.0
2555 Ion Gage Controller $13.0
2556 Mass Spectrometer ) $47.0
2557 Control Computer $40.0
2558 Data Acquisition System $30.0

2559 Valves & Other Parts $§227.0
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LIGO WBS 2534 -- SITE 1 SUPPORT EQUIPMENT, PHYSICAL ENVIRONMENT MONITORING INSTRUMENTATION -- UNIT COST DETAIL

2000
2500
2530
2534

Site 1 Facilitles & Equipment

Support

Equipment

Instrumentation
Physical Environment Monitoring

2534.01

2534.02
2534.03
2534.04
2534.05
2534.06

2534.07
2534.08

2534.09
2534.10

Seismic vibratlon

2534.01.01 Translational Monitor
2534.01.02 Rotatlonal Monitor
2534.01.03 Seismometer

Acoustic Vvibration Monitor
Radiofrequency Interference Monitor
Magnetic Pulse Interference Monitor
Cosmic Ray Veto Detector
Temperature & Humldity

2534,06.01 Temperature Monitor
2534.06.02 Humidity Monitor
2534.06.03 Calibration Set

Mains Power

Housekeeping

2534.08.01 HVAC Monitor

2534.08.02 Weather Station

Alrborne Particle Counter

Equipment Installation

el -] — —— a— [ |1 — m— WERR —
-

Qty

Unit Cost Extension Subtotal Subtotal BOE
{000) (000) (000) (000}
$622.6

$191.0
$7.9 $79.0 B,E
$7.9 $79.0 B,E
$6.6 $33.0 D
$5.7 $28.5 B
$9.5 $47.5 E
$8.2 $82.0 E
518.9 $94.5 B,E

$28.7
$0.4 $24.0 8,E
$0.9 $4.5 B,E
$0.2 $0.2 B,E
$10.0 D

$56.3
$50.0 $50.0 D
$6.3 6.3 B
$3.3 $26.4 B
$57.7 D
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LIGO WBS 3500 ~- SITE 2 SUPPORT EQUIPMENT ~-- SUPPORTING DETAIL

3000
3500

3510

3520

3530

3540

3550

Site 2 Facilities ¢ Equipment
Support Equipment

Laser Equipment
3511 Lasers

3512 Laser Cooling Units

3513 Laser Table & Mounts

Data Acquisition & Recording Equipment
3521 Software

3522 Hardware

3523 Cabling & Installation
Instrumentation
3531 Vacuum System Monitoring & Control
3532 vacuum Diagnostic Instrumentation
3533 Vacuum Test Equipment

534 p en onitoring Instrumentation

Office & Shop Equipment
3541 Furniture

3542 shipping & Receiving
3543 shop Equipment

3544 Telephones & Intercom
3545 Security Equipment
Spares

3551 Mechanical Pump

3552 Blower

3553 Turbopump

3554 Ion Pump Power Supply
3555 Ion Gage Controller
3556 Mass Spectrometer
3557 Control Computer

3558 Data Acquisition System
3559 Valves & Other Parts

Method

Amount
(000)

Subtotal BOE
(000)

Ref. WBS 2510
2 @ $79.3K ea
2 @ $7.5K ea

1 @ $33.5K ea
Ref., WBS 2520

Ref. WBS 2533

$158.6
$15.0
$33.5

$15.0
$444.0
$20.4

$268,2
$298.0
$449.0
$391.5

$63.9
$34.2
$276.7
$100.0
$35.5

$16.0
$13.0
$39.0
$16.0
$13.0
$47.0
$40.0
$30.0
$227.0

$3,373.2

$207.1 see page C-48

$479.4 See page C-49

$1,735.4
see page C-53
see page C-53
see page C-50
age C-

$510.3 D

$441.0 D
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LIGO WBS 3534 -- SITE 2 SUPPORT EQUIPMENT, PHYSICAL El

3000
3500
3530
3534

site 2 Facilities & Equipment

Support

Equipment

Instrumentatlion
Physical Environment Monitoring

3534.01

3534.02
3534.03
3534.04
3534.05
3534.06

Seismic Vibration

3534.01.01 Translatlonal Monitor
3534.01.02 Rotatlonal Monitor
3534.01.03 Seismometer
Acoustic.Vibration Monitor
Radiofrequency Interference Monltor
Magnetic Pulse Interference Monitor
Cosmic Ray Veto Detector
Temperature & Humldity

. 3534,.06.01 Temperature Monitor

3534.07
3534.08

3534.09
3534.10

3534,06.02 Humidity Monitor
3534.06.03 Calibration Set
Mains Power

Housekeeping

3534.08,01 HVAC Monitor
3534,08,02 Weather Station
Alrborne Particle Counter
Equipment Installation

NVIRONMENT MONITORING ~-- UNIT COST DETAIL

Qty Unit Cost Extension Subtotal Subtotal BOE
(000) {000} (000) (000)
$391.5

$98.8
5 $7.9 $39.5 B,E
5 $7.9 $39.5 B,E
3 $6.6 $19.8 D
3 $5.7 $17.1 B
3 $9.5 $28.5 E
] $8.2 $41.0 E
3 $18.9 $56.7 $56.7 B,E

$24.5
54 $0.4 $21.6 B,E
3 $0.9 $§2.7 B,E
1 $0.2 $0.2 B,E
$10.0 D

$56.3
1 $50.0 $50.0 D
1 $6.3 $6.3 B
6 $3.3 $19.8 B
$38.8 D
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LIGO WBS 3531, 3532 and 3533 -- SITE 2 SUPPORT EQUIPMENT, VACUUM INSTRUMENTATION ~- UNIT COST DETAIL

3000
3500
3530
3531

3532

3533

Description Qty Unit Cost Extension Subtotal
(000} (000) (000)
Site 2 Facilities & Equipment
Support Equipment
Instrumentation
Vacuum System Monitoring & Control $268.2"
3531.01 Computer w/ Color Monitor HP 98583G OPT 011, HP 370 2 $28.2 $56.4
3531.02 Disks, 323 MBYTE HP 7959S 2 $7.2 $14.4
3531.03 Tape Drive 1 $4.0 $4.0
3531.04 Laserjet Printer, 8PPM HP 334407 1 $2.7 $2.7
3531.05 Software $5.0
3531.06 HP-IB Extenders, Single Ended HP 37204A OPT 13 2 $1.5 $3.0
3531.07 HP-IB Extenders, Double Ended HP 37204A OPT 14 11 $1.9 $20.9
3531.08 Fiber Optic Cable, 2 km, incl. connectors 4 $2.1 $8.4
3531.09 Data Acquisition System HP 3852 + optlions 4 $11.6 $46.4
3531.10 Software for HP 3852 HP 44458A $2.0
3531.11 Short HP-IB Fiber Optic Cables $8.0
3531.12 Relay Racks 8 $1.5 $12.0
3531,13 Graphlc Display Panel 510.0
3531.14 Uninterruptible Power Supply $5.0
3531.15 Installation & Checkout 1,000 hrs @ $70/hr $70.0
Vacuum Diagnostic Instrumentation
3532.01 Ion & Pirani Gages $76.0
3532.01.01 Corner Station 16 $2.0 $32.0
3532.01.02 End Statlons 10 $2.0 $20.0
3532.01.03 Reserved $0.0
3532.01.04 Beam Tube 12 $2,0 $24.0
3532.02 Mass Spectrometer Unit $222.0
3532.02.01 Mass Spectrometer 6 $30.0 $180.0
3532.02.02 Valves, all metal 6 $6.0 $36.0
3532.02.03 Roughing Valve ¢ Tee 6 $1.0 $6.0
Vacuum Test Equipment
3533.01 Leak Detectors Ref, WBS 2533.01 $299.0
3533.02 Vacuum Gage Calibration Stand Ref, WBS 2533.02 $150.0

o
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LIGO wBes 2531, 2532 and 2533 -- SITE 1 SUPPORT EQUIPMENT, vAcuuM SYSTEM INSTRUMENTATION -- UNIT COST DETAIL

Description Qty Unit Cost Extension Subtotal BOE
(000) (000) (000)
2000 Site 1 Facilities ¢ Equipment
2500 Support Equipment R
2530 Instrumentation
2531 Vvacuum System Monitoring & Control $291.4
2531.01 Computer w/ Color Monitor HP 98583G OPT 011, Hp 370 2 $28.2 $56.4 B
2531.02 Disks, 323 MBYTE HP 79595 2 $7.2 $14.4 C
2531.03 Tape Drive 1 $4.0 $4.0 E
2531.04 Laserjet Printer, 8sppM HP 33440a 1 $2.7 $2.7 [+
2531.05 Software $5.0 E
2531,06 HP-IB Extenders, Single Ended HP 37204A OPT 13 2 $1.5 $3.0 B
2531.07 HP-IB Extenders, Double Ended HP 37204A oPT 14 .11 $1.9 520.9 B
2531.08 Fiber Optic Cable, 2 km, incl. connectors 4 $2.1 $8.4 [of
2531.09 Data Acquisition System HP 3852 + optlons 6 $11.6 $69.6 B, E
2531.10 Software for HP 3852 HP 44458A $2.0 B
2531.11 Short Hp-IB Fiber Optic Cables . $8.0 £
2531.12 Relay Racks 8 $1.5 $12.0 E
2531.13 Graphic Display Panel $10.0 E
2531.14 Uninterruptible Power Supply $5.0 E
2531.15 Installation ¢ Checkout 1,000 hrs @ $70/hr $70.0 E
2532 Vacuum Diagnostic Instrumentation
2532,01 1on ¢ Pirani Gages $100.0 B,E
2532,01.01 Corner Station 16 $2.0 $32.0
Q 2532.01.02 End Stations 10 $2.0  s20.0
| 2532.01.03 Mid Stations 12 $2.0 $24.0
g 2532.01.04 Beam Tube 12 $2.0 $24.0 »
2532.02 Mass Spectrometer Unit $296.0
2532,02.01 Mass Spectrometer 8 $30.0 $240.0 E
2532,02.02 Valves, all metal 8 $6.0 $48.0 B
2532.02.03 Roughing Valve ¢ Tee 8 s$l.0 $8.0 E
2533 Vacuum Test Equipment
2533,01 Leak Detectors $299.0
2533,01.01 Conventional, Turbopumped 3 $33.0 $99.0 E
2533.01.02 Ultrasensitive 2 $100.0 $200.0 E
2533.02 vacuum Gage Calibration Stand $150.0
2533.02.01 Spinning Rotor Gauge 3 $12.0 $36.0 £
2533,02.02 Turbopump 1 $15.0 $15.0 E
2533.02.03 Ion Pump 1 $15.0 $15.0 E
2533.02.04 Design, Bulld g Checkout $84.0 E
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LIGO WBS 3534 -- SITE 2 SUPPORT EQUIPMENT,

3000
3500
3530
3534

Site 2 Facflities ¢ Equipment
Support Equipment
Instrumentation
Physical Environment Monitoring
3534.01 Seismic Vibration
3534.01.01 Translational Moni
3534.01.02 Rotational Monitor
3534.01.03 Selsmometer
3534.02 Acoustlc.vibration Monitor

3534.03 Radlofrequency Interference Monitor
3534.04 Magnetic Pulse Interference Monitor

3534.05 cosmic Ray veto Detector
3534.06 Temperature g Humidity
3534.06.01 Temperature Monito
3534.06.02 Humidity Monitor
3534.06.03 Calibration set
3534.07 Mains Power
3534,08 Housekeeplng
3534.08.01 Hvac Monitor
3534,08,02 Weather Station
3534.09 Alrborne Particle Counter
3534.10 Equipment Installation

PHYSICAL ENVIRONMENT MONITORING -~ UNIT cosTt DETAIL

Oty

tor

r 54

-~ W

WU ww e

Unit cost

$7.9
$7.9
$6.6
$5.7
$9.5
$8.2
$18.9

$0.4
$0.9
$0.2

$50.0
$6.3
$3.3

Extenston

{000)

$39.5
$39.5
$19.8

$56.7

$21.6
$2.7
$0.2

$50.0
$6.3

Subtotal

$98.8

$17.1
$28.5
$41.0
$56.7
$24.5

$10.0
$56.3

$19.8
$38.8

Subtotal
(000)

$391.5
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yaronenvo70594.txt Tue Jul 5 20:36:36 1994 1

From yaron Tue Jul 5 13:01:33 1994

Received: by tycho AA05351; Tue, 5 Jul 94 13:01:32 EDT
From: Yaron Hefetz <yaron>

To: weiss

Subject: Re: Request from Barish

Cc: pf, dhs, yaron

Status: R

Rai,

With one seismometer / building, and eight buildings,
the price for seismic monitoring is: $60,000.00

Yaron.

————— Begin Included Message -----

>From lisa@ligo.caltech.edu Tue Jul 5 11:26:35 1994
To: yaron
Subject: Re: Request from Barish

The following is info on the seismometers we are buying for the seismic measurements. I
will give you the company and price that was quoted.
Digital Technology Ass.
1330-A Galaxy Way
‘ Concord Ca 94520
‘-~ tel: 510-682-2072

The sensor is a CMG40T Triaxial Broadband Seismometer with a signal range from .1 Hz to 10
0 Hz. It takes data in 3 axes.

The price with the cabeling and power supply is roughly $7500.

As far as the other things on your list, you might talk to Jake or Volker.

Good 1luck, Lisa
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Determine pitch, roll and level

he dual-axis Model 900 is
Tan inexpensive, gravity-

referenced clinometer
tiltmeter} with wide dynamic

range. Its small size and high
precision make it a versatile

b
4

-

choice for many measurement
and control applications.
Model 900 measures angular
position with respect to the
stablest of all external refer-
ences: the vertical gravity vector.
its advanced design assures high

| repeatability over a standard 40

degree measurement span (30
degree optional span). Model 900
also features a wide input vollage
range and signal conditioned analog

Motion control for factory automalion

outputs. Just install Model 900 and
connect it to your voltmeler or data
acquisition system. You are ready to
begin your measurements!

The sensing element within
Model 900 is a glass vial half-filled
with a conductive liquid. When the
sensor is level, fluid covers five
internal electrodes to equal depths.
When the sensor tilts, the depth of
fluid on each electrode changes,
altering the electrical resistance
between matched pairs of elec-
trodes. Madel 900's surface-mount
electronics measure these changes,
converting them to DC oulpuls
proportional to the tilt angle.

Key features include:

W Measures rotation in two
orthogonal vertical planes

W Detailed 21-point calibra-
tions supplied for cach axis

8 No mechanical moving parts
to break or wear out

® Optional temperature sensor.

Call or fax today for a quotation. For
greater precision, ask about our
700-Series tiltmelers.

Prewired connector
supplied with
each unit

Efficiently sized
for many uses

prom--

- J

Jill Joneo
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Model 900
Biaxial Clinometer

Use Model 900 for:

B Factory automation and
robotics

R Drilling and mining
machinery

8 Construction equ[gment

W Ships, buoys, ROVs, towfish

W Land vehicles

B Aircraft

# Antennae

B Any machine or structure




or— - Specifications
ol B i OUTPUT CHANNLLS Two orthagonal tilt angles,
; g et I e 4I - =2 VI per channed (single-ended); one
R : ; o temporature channel {optional), £).4 10 +1.0 VDT
os0y |
§ anl IR ANGULAR RANGE Standard: 20 degrees (40 degree span). Optional: £45 degrees (90
. Qe ; degree span)
; Rt B RESOLUTION 0.01 degree of arc
N : P REPEATABILITY < (.02 depree of arc at constant temperature
. 28 20 18 -1 & ] 19 W% 20 8
! input (degrees) HIYSTLRESIS < 0.02 degree of arc

LINEARITY +20 degree unit: 1% over half span; 2.5% over full span. Use of
factory-supplied polynomials can improve linearity by factor of 10

TEMPERATURE COLE. Span: -0.05% of reading per °C typical

g Typical calibration

= 14%
;, ! ,1 SCALE FACTORS Tilt: (+20 degree unit): 10 degreesivolt +20%.
g /‘\ / Temperature: 0.1°C/mV, £0.75°C accuracy
™™ /‘ / TIME CONSTANT, 7 . | 0.25 sccond; output is proportional to 1 — e#/T - 0.001e-/5000T
: o / where s time in seconds
D Do j NATURAL FREQUENCY | 10Hz
§ 2,,:' OUTPUT IMPEDANCE 270 ohms, shon cir it protected
fo8 ! POWER REQUIREMENTS | +8 10 +24 VDC @ 7 mA, 250 mV peak-to-peak ripple max., reverse
: T W e - nhp.m( )u 5 0 8 polarity protected
H ENVIRONMENTAL - <107 t0 +50°C operating and storage, 0-80% humidity
Typical nonlinearity SIZE & WEIGHT 2x 2 x0.64 inches (51 x 51 x 17 mm), 0.5 0z (15 grams); 18 inch
' ' (450 mm) cable with connedlor
i e MOUNTING Four 0.125 inch (3.2 mm) no. 4 mounting holes, one in each comer
. W%
: e MATERIALS Liquid-filled glass sensor, fiberglass PC board, unpotted assembly

Angle conversion chart

Scale tactor of primary axis

1 L““.\“,\ lll'gl’(‘(‘\ drt mmnutes JfC .\l'('()n(l.\ }lhldld’\ﬁ
radians 1 57.30 3438 206265 10
i - degrees 0.01745 1 60 1600 17453
¢ R e S T arc minutes 2909 x 104 001667 1 60 790.9
! Cross-axis angle {degrees) 1 are seconds ABABX 100 | 2778x 104 | 001667 1 4.848
Cross-axis effect on scale factor jradians 10 5.730x 105 | 3.438x 10 0.2063 1
iy~ | Ordering Information &
v Madel 900 +20) degree ranpe
1 Model 900-T Adds temperature sensor ’
178 (Un O E; e wn Maodel Y00-45 +45 degree range
A Model 900-45T | Adds temperature sensor | 5.70

R Position masts
‘. and booms

APPLIED NS\

o GEOMECHANICS

1336 Brommer Street
Santa Cruz, CA 95062 U.S.A.

Model 900 dimensions, inches (mm}
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Precision, Stability, Field-Proven
Performance

The Modd 510 Barehole

-~ Tiltmeter is « dual-axis analoy,

" output tiltmeter designed for tield
applications requiring the greatest
possible sensitivity, stability and
rugged reliability. Applications
inchude measurement of voluanic

and tectonic ground movements,
long-period seismometry, carth

tide studies, hydraulic fracture
medsurement, and precise monitoring
of foundations and structures. Madel
510 is the most sensilive electronic
titmeter known to be aailable
wunldwide.

EARTH TIDES MEASURED
NEAR CALIFORNIA COAST

6004

e

7., g gL
e Veino
S
'”cno

9,176
Model Wi senses angular

plancs using twao electrolytic il
ransducers. The transducers can be
descnbed as electronic spint levels.
They operate on the principle that a
bubble, suspended in a fiquid-filled
case, tends o remain stationary with
respect 1o the vertical gravity vector
As the instrument tlls, the case
moves around the bubble. Platinum
electrodes sense changes of
resistance as they are allemately
covered or uncovered by the
conductive hquid. Highly stable
dircuitry inside the tltmeter budy
converts these changes (o high-level
signals lincarly proportional to
angular rotation,

Model 510 has two components:
the tiltmeter and an external switch
bux. the tiltmeter bouses the
transducers, signal conditioning
clectronics and transducer leveling
mechanisin within a fully submersible
stainless steel body. The switch box
contains the tilimeter power switch,
gain and filter switches, and a low-
battery indicator light. Connections
to your external power supply and
recorder are made via a terminal strip
in the switch box.

Remote Control Leveling

A remutely controlled leveling

(Lt

TR TR S IO IR Y C2IT

odel 510
eodetic Borehole
iltmeter

ansducers to within 1 mictoradian of
Al Nulling the transducers keeps

the tltmeter output on scale ol very
high gains. The leveling mechanisim
is cuntrolled by the Model 541 Motor
Control Unit, which displays the X
and Y tilt outputs andd operates two
1)C motors inside the tiltmeter. Each
MOLOF a¢ tivates a worm gear and a
cam that independently adjust one
wansducer and then passively
maintain i in the desired pusition.
To adjust the transducers, you sunply
plug the Motor Conteal Unit into the
tiluneter switch bux. The Model 591
Maotor Control Unit is tonveniently
transpurtable from one tiltmeter
the next within an artay, so only one
unit will normally be required.




stable pensitioning of the tilt Mudde! 591 Mator Control Unit

Model 510 Geodetic Borehole Tiltmeter

[ RESOUITION

10 nanoradians or better.

SCALL FACTORS

Geale fac tors are selected with "CAIN” rotary switch in the switch hox. Single-ended scale factors
are 5, 50 and 500 mV/pradian 200, 20 and 2 pradian/voll) in gain settings "1" “2” and “y

respectively. Differential scale factors are 10, 100 and 1000 qiv/pradian 100, 10 and | wradian/volt.

QUIPLIT VOUAGE RANGT

Agpreoximately =7 VDC single-erdled {14 VIXC differentiall in gam setting “1; approsimately =8
VOC single-ended (2 16 VIX differcntial in gain settings “2” and “3" Both single-ended and
difterential analug outpuls proportional 10 Uit are provided.

TUT KANGE

Machanic ally adjustable through +3 degrecs. Operating tilt rangu is approximately =900 micro-

radians afier loveling at gain setting “1L.

OUTPUT HITIRS

Two Z-pole Butterwarth filters. SU% settling times are 14 second thiter "OFF prossition) awd 30
seconds (filter “ON” position). Filter is selected with toggle switch in switch box.

POWER REQUIREMENTS

[ SANDWIDTH 010 {12 in filter “OFF” position.
| ITMPERAT URT OUTPUI 10 MV tingle-ended only), =40% 10 +100°C, £0.75°C weeuracy.
SCALE IACTOR TEMPIRATURE COCTFICIENT +0.01% por “C typical.
OUTPUT IMPEDANCE 271 ohis, short circuit and surge protes ted.
11110 +15 VDC and - 11 to =15 VOC Go +20 mA { $15 mA typical) and =10 mA (-7 mAtypical);

250 oWV peak-to-peak tipple max. low battery indicator on swilch plate.

'CONNECTIONS

19-pin quarter-turn connectors on tiltmeter cable and switch bux. Standard cable lengih is 25 m
{25 1. Cable fengths to 1000 m or greater arc available. [xternal puwer and recorder connedlions
are made: via terminal strip inside switch box.

.

LEVITING independent leveling of X and Y transducers is performed using Madel 591 Mator Control Unit.
Transaucers ¢an be adjusted trough mechanival e of <+ 3°.

I NVIRONMINTAL 1 ltmeter and switch box: =25° 10 +70°C uperational, = 307 1o +100°C sturage. Wider ranges
available. Tiltmeter is sealed with O-tings and is submersible. Swilch box is pasketed and protected

_ from light rain and splashes.

Szr Tilimeter: 76 um 3 inches) diametes % 122 cm @8 inches).
Switch hox: 23 x 20 x Ham® x 8 x b inchues).

WEIGHT Tdtmeier: 18.7 ky (44 1y,
Switch box: 18 kg 4 1),

MAILRIALS Tiltmeter: Stainless steel wwbing and fasteners, anadized aluminum sensor assembilies (intermal),

stainfess steel gears, rubibier O nngs,
Cable. Pulyaethane jacket, water-Dlucked, one overall tuil shicld and one overall traded shield
Switch box: Gray fiberglass, abiber gasket, lockable steod hawgs.

Model 591 Motor Control Unit

J

CONTRIHS

Power on ofl, X=Y motor select, motur forward —reverse, motur pulse width, motor pulse rate,
pulse ac tivate

[ DISPLAY CHANNELS

X and Y tilt displayed on duat 3% digit LCD drsplays, 12.7 mm (0.5 inch) digit height. X and Y ieveting
range limits indicated by 1D llumination. :

DISPLAY ACCUKACY

0.2% of full seale (CO displays).

POWIR RICQUIREMENTS

112 volis for operating DC metors is supplied from ulimeter switch bux. One 9.voltbattery behind
ront panel operates displays. LD displays hava low-battery indie ators,

CONNECTIONS 14 pin connes o and jumper Lable to tillmeter switch box.

INVIRONMEN IAL 0° 10 1 50°Cuperational, 20° 1o +70°C siviage. 010 80% humidity.

SIZr 28 % 23 20 cm (11 x 9 x Binchey. )

WHIGHT 237 kg (5 1.

MAILRIALS Parnteed alumanum, N

4a-v0dnde. °

i protectve onp

o soneLe
' APPLIED SN\,

GEOMECHANICS

1336 Brommer Streetl
Santa Cruz, CA 95062 USA

310

Telephone: (408) 462-281
* FAX: (408) 402-4418




Specifications

RESOLUTION 10 nanoradians or better.

SCAIE FACTORS Scale factors are selected with “GAIN” rotary switch in the switch box. Single-ended
scale factors are 5, 50 & 500 mV/pradian (200, 20 & 2 wradian/voll) in gain settings “1” “2”
and “3" respectively. Differential scale factors are 10, 100 and 1000 mV/uradian (100, 10 &
1 pradian/volt).

OUTPUT VOUTAGE Approximately + 7 VDC single-ended { =14 VOC differential) in gain setting “1;
approximalely + 8 VOC single-ended (16 VDC differential) in gain settings “2" and "3
Single-ended and differential analog outputs proportional o tilt are both provided.

TIlT RANGE Depends on gain setting. Approximately + 1400 microradians at setting “1”

OUTPUT FUTERS Two 2-pole Butterworth filters. 90% settling times are 01 second (filter "OFF" position)
and 30 seconds (filter “ON” positiony, Filler is selected with loggle switch in switch box.

BANDWIDTH 0-10 Hz in filter "OFF" posilion.

TEMPERATURE OUTPUT 10 mVr°C single-ended only), — 40°C to +100°C, * 0.75°C acturacy.

SCALE FACTOR TEMP. COEF. + 011% per °C typical.

OUTPUT IMPEDANCE 270 ohms, short circuit and surge protected.

POWER REQUIREMENTS $T 10 +15VDCand — 1 to - 15 VOC (@ + 20 mA ( +15 mAtypicaliand - 10mA (-7
mA typical); 250 mV peak-to-peak ripple max. Low battery indicator on switch plate.

CONNECTIONS 15-pin quarter-turn connectors on tiltmeter and switch box. Tiltmeter and switch box are
connected by 3-meter (10 f1) multiconductor cable. External power and recorder
connections are made via terminal strip inside switch box.

LEVELING Performed with two micrometers, each readable to 0001 mm, or with two worm gears.

ENVIRONMENTAL —25°C to + 70°C uperational, — 30°C to +100°Cstorage. 0 to 100% humidity. Tiltmeter
is sealed with Qerings. =~

SIZE Tillmeter: 23 x 23 cm (907 x 907 inches) x 127 cm (50 inches) high; 20 cm (787 inches)
leg separation. Switch box: 23 x 20 x 14 ¢m (9 x 8 x 5.5 inches).

WEIGHT Tiltmeter: 4.5 kg (10 Ibs). Switch box: 18 kg @ Ibs).

MATERIALS Tiltmeter: Anodized 6061-To aluminum; stainless steel legs and fasteners; rubber O-rings.
Swilch box: Gray fiberglass.

MODEL 620 TILTMETER

stainless steel grounding lug

MODEL 520 SWITCH PLATE

stalnless steel screws,
6 ploces

15-pin connector rowen 9 0 L rem
with O-ring seal e
' FILTER @ @ QAN

TOP VIEW o o

P e APPLIED
top cover GEOMECHAN'CS
/—— case with 0-ring seals 1336 Brommer Street

wrm  SI0E VIEW Santa Cruz, CA 95062 USA
-~ micrometer Telephone: (408) 462-2801

TWX: 510 601 8310

FAX: 408) 462-4418

base plate
— slellonary log b +—odjstable eg
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APPLIED
GEOMECHANICS

“ORPORATED

July 25, 1994

Prof. Rainer Weiss
M.I.T.

Physics Department
Room 20 B 145
Cambridge MA 02139

Dear Prof. Weiss:

Thank you for requesting details about Applied Geomechanics
automated movement sensing systems. Enclosed you will find
information about specific options and applications.

If your work requires you to know whether, when and how a
structure has moved, and to evaluate the consequences, we
offer you state-of-the-art observation and tracking
capabilities. Our affordable systems are both powerful and
easy to use. Our systems and services are currently
providing engineers and scientists worldwide with new
levels of awareness, safety and project control.

For more details, feel free to call and ask for me or one
of our applications specialists. We will be happy to
discuss your specific requirements and provide
recommendations or a detailed quotation.

Once again, we appreciate hearing from you and look forward
to serving you on your next project.

(e oy it o
Y e e PP e T o prpend

GRH:3jj . .A; Ay&@t&«?fi&(

Enclosures ///%) f

1336 Brommer Street Santa Cruz. CA 95062 (408) 462-2801 FAX (408) 462-4418
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Guralp CMG-40T
Broadband Seismometer

o Capacitive displacement feedback

¢ Three-component differential velocity
outputs

o Short-period response to S0Hz

. Long-period response to 10, 20, or 30 sec
¢ Mass clamp not required

o Mass centering not required

o DC-offset adjustment included

¢ Breakout Box and Handheld Control
Unit Available ~

e 16 and 24-bit digitizer modules, and a
storage/acquisition module are available

The Guralp CMG-40T three-component broadband seismometer provides high dynamic
range broadband velocity response for a variety of applications. The standard frequency
band is 30 sec to 50 Hz with options for long-period response to 20 sec or 10 sec. While
the CMG-40 noise floor is higher than that of the CMG-3ESP and CMG-3T sensors, the
moderate price makes the instrument an attractive selection for several applications:

e Portable and rapid array mobilizations in which reliability, low power, and installation
simplicity are important

o Permanent installation at sites which do not have seismic background close to the
USGS Low Noise Model

o Short to medium term installations in which vault temperature and tilt are not as well
controlled as for permanant sites
Feb 1994

DISITAL 1330-A Galaxy Way, Concord, CA 84520
NOLOG Tel: (510) 682-2508 Fax: (510) 682-2072
socistes, Inc. e-mall: dta@netcom.com




CMG-40T TRANSDUCER SPECIFICATIONS

Outputs and Responss
Standard velocity output:
Optional high-gain output:
Standard frequency band:
Optional frequency bands:

Peak output:

Clip level and salf noise:

Options, Accessories,

l{ Reference Data

Refer to separate document for Ha
nolse information. Refer to separate doc

800 Vimys

8000 V/m/s

0.033 (30 sec) to 50 Hz

0.050 (20 sec) to 50 Hz

0.100 (10 sec) to 50 Hz

=10V (20 V p-p) standard
+45V (9 V p-p) optional

See Figure 4 In Reference Data

Controls
External calibration enable & Input: Directly to the sensor connector
DC null adjustment: Screw adjustment thru case
Optional remote DC adjustment: Remote operation via dc motors
Power for 3-components
For standard (10 V) output: £26 MA @ =12 Vdc or
+S50mMA@ +12Vdc
For optional (4.5 V) output: +20mA@ +12Vdc
Physical
Casa dlameter: 6.625"
Case height: 6.5"
O-ring seals: In Iid, base, and portholes
Carrying handle: On top cap
Cable connection: Multipin connector on top cap
Lowest spurlous resonance: 400H2
Operating temperature range: -10to +65degC
Temperature sensitivity < 0.6V/i0degC
Pressurs Jacket & cap material: Stainless
Waight: 20 Ibs (9 ko)
Single-component Specifications (models CMG-40V and CMG-40H)
Case diameter: 3.28"
Case height: 65"
Cable: Glass-sealed In base, 1m with connector
Weight: 31bs

ndheld Cantrol Unit, Passcal Universal Breakout Box, ang sensor
uments for digitizer and storage module information.

Downhole Accessories
Refer 10 separate brochure, 'Guralp Downhole Systems for 7-inch and 4-inch Holes’




Guralp CMG-DM16 and CMG-DM24
16 and 24-bit Digitiser Modules

These low noise 16 and 24-bit digitiser modules
mate with the Guralp broadband seismometers
to provide an integrated sensor/digitiser.

Advantages of the digitiser within the sensor
housing include:

o The clean, isolated, pressure and temperature
stable sensor environment is ideal for a
wide-dynamic range digitiser

e Sensor output cannot be contaminated with
external noise, as the output is in digital form

¢ Wiring and connections between sensor and
digitiser are minimized

o Sensor outputs, transfer function, and system
responsivity cannot be confused by cable
misconnection

CMG-40T with Digitiser Module

Features:
o The DM modules can be added to existing CMG-3ESP, 3T or 40T seismometers

e The CMG-DM16 provides three standard gain and three high-gain 16-bit signals and
the CMG-DM24 provides three 24-bit signals, both with no channel skew

o A 20 MHz Motorola MS6001 DSP controls acquisition and communication

e Up to 16 Mega sample intermediate storage can be provided in low power RAM
e A causal (non-FIR) decimation filter is used.

¢ Output i; RS232, RS422, Optical, or DPSK/FSK compatible

o Connects to CMG-SAM Storage & Acquisition Module or to user’s PC
Nov 1993

DIGITAL
TECHNOLOGY

Associates, Inc,  1330-A Galaxy way, Concord, CA94520  Tel: (510) 8822508  Fax: (510) 682-2072




" DIGITISER SPECIFICATIONS

Inputs

Basic channels

High gain channels

Add'l fast channel

Environmental channels :

Std. Input (DM Integral with sensor)

Opt. input (DM external to sensor)

Input voitage range

Optional configurations
‘Single-channe digitiser
Three-channels multiplexed
Four-channel digitiser

Digital Signal Procesaor
Type and speed
Hardware sampling rate
Selectable sample rates
Anti-alias filters
Decimation filters

Out of band rejection
In band ripple
Trigger modes

Digitiser Performance
Standard output format
Optional output format
Noise-free resolution, p-p, 0.01t0 1 Hz
Noise-free resolution, p-p, 1 to 200 Hz
Distortion
Absolute accuracy, standard
Absolute accuracy, optional
Type

Analog transducer outputs

Clock
Standard oscillator .
Optional oscillator (oven-controlied)
Interface for external recelver
Sync to external receiver

RAM Storage
Optional RAM, megasamples
Corresp. 3-ch capaclty @ 50 sps
Power

Customer power supply
Current at 12 Vdc with 4 MS RAM
Additional current for OCVXO option

Physical

Diameter
Height

Output Options
RS232
RS422
Optical
DPSK/FSK

CMG-DM18

3@ 16bits

3@ 16 bits

1 @ 16 bits
16 @ 16 bits
Single ended
Differential
=10V

Model DM16/1
Mode! DM16/3M

M56001, 20 MHz

2kHz

1. 10, 20, 50, 200 sps

3 pole

WDF (wave digltal) or FIR
140dB.

-140dB

STALTA

16 bits

24 bits (18-bits noise-free)
18 bits (96 dB)

16 bits (96 dB)

0.001%

0.5%

0.1%

Successive
approximatlon

3-C low-gain signals

2x107

5%10°

GPS, DCF, MSF
<500 usec

1,2,4,8,16 MS
36, 72, 144, 288, 576 min

+10to0 36 Vde
120 mA
80 mA

6.6in
4in

100 ft
500 ft
10 km
10 km

CMG-DM24

3 @ 24 bits

Not applicable

Optional 3@24 or 3@16 blts
16 @ 24 bits

Single ended

Differential

10V

Model DM24/1

Model DM24/4

M56001, 20 MHz

2 kHz

1, 10, 20, 50, 200 sps
3 pole

WDF or FIR

140 dB

-140 dB

STAILTA

24 bits

Not applicable

24 bits (144 dB)

23 bits (138 dB)

T8D

0.5%

0.1%

Sth order single bit
low pass nolse shaper
3-C signals

2x107

5X10°

GPS, DCF, MSF
<500 usec

1,2,4,8 16 MS
38, 72, 144, 288, 576 min

+10 10 38 Vdc
120 mA
80 mA

6.6In
4in

100 ft
800 t
10 km
10 km




HCU/PUBB/Sensor/Recorder Interconnection

Interconnection of a sensor, Breakout Box, and recorder is shown in Figure 2. During
checkout, installation and subsequent testing the portable Handheld Control Unit con-
nects to the PUBB, as shown in Figure 3.

HCU-RN for CMG-40T

This control unit includes all of the standard HCU functions plus a toggle switch and
component selector to null remotely the individual sensor offsets of the CMG-40T. In
DC null mode, the mass position is shown on the HCU-RN analog meter, The HCU-RN
can be used with CMG-3T and CMG-3ESP sensors, however the remote null function is
i not applicable for those units,

. Noise Levels

The saturation and the self-noise (non-coherent noise power spectra) data for the Guralp
broadband seismometers and accelerometers are shown in Flgurcs 4, S, and 6. The chart
noise levels are peak-to-peak estimates, in m/s’, equal to six times the measured RMS ac-
celeration values for a 1/3 octave bandwidth (the USNSN procedurc) The USGS Low
Noise Model (LNM) is a composite from the best stations in the world at their quietest.
The USGS High Noise Model (IINM) is representauve of noisy sites (GDSN) at their
best.

Downhole Accessories

A downbhole lock, lock installer, waterproof cable, and winch/mast system are available.
Housings are available for shallow, deep, and hot installation conditions. Refer to the
Downhole Systems document.

PUBB-HG Breakout Box with Standard and High-gain Outputs

In addition to the PUBB features, this breakout box amplifies the standard gain outputs
and provides high-gain outputs, The standard gain factor (10X) can be modified in the
PUBB-HG (a resistor change) by the user.
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Statement of Work for Ambient
Ground Vibration Measurements

LIGO Project
2/15/94

TASK I: Characterizing the Ground Motion
Before Building Construction at the LIGO Sites

The contractor shall furnish all necessary labor and materials to study, measure,
record and document the ambient ground vibration at Hanford Reservation, Washington.
The site is intended for construction of two detector facilities for Laser Interferometer
Gravitational-Wave Observatory (LIGO). In the performance of these effort the contractor
shall:

1. Make a recommendation on the type of sensors and recording equipment needed
for completion of the task. The sensors and recording equipment shall cover the
frequency band from 0.1 Hz to 100 Hz. System noise shall be at least a factor of
10 below the LIGO standard spectrum (see Appendix A) at all frequencies.

2. Do an overall system calibration including sensor and recorder. The accuracy of
results should be +10% throughout the measurement frequency band.

3. Provide an estimate of the contributions to the measured spectrum from system
noise and from airbome acoustic noise for each sensor.

4. Specify the method of coupling the sensors to the ground and the scheme for
screening out surface and acoustic effects.

5. Take measurements in 3 orthogonal directions at the comer station and at the two
end stations. The measurements in the horizontal directions shall be taken in the
directions parallel to each of the LIGO arms.

6. Specify a plan for obtaining the variation of vibration levels over an extended period
that covers noisy, typical and quiet times.

7. Perform all measurements using the same techniques and equivalent instrumen-
tation.

LIGO™ ' :
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Deliverables For TASK 1

All plots of power spectra shall be done in units of 7’;'?. in a frequency band between
0.1 to 100 Hz and with several hundred lines of resolution per spectrum. All plots
displaying sample height distribution data shall be displayed as histograms with ordinate
units of log(N), where N is the number of samples, and abscissa units of meters, unless
otherwise specified.

1.

Phase 1: Documentation and plots described in Phase 1 shall be submitted to
LIGO representative for review and approval before the actual measurements
are conducted at the LIGO site.

A. Documentation of system calibration

B. Calibrated power spectra showing estimate of “sensor noise” due to
system noise and airbome acoustic noise for each sensor type.

C. Calibrated ground noise power spectra taken at any convenient location
for contractor using simple mounting scheme.

Phase 2: Documentation and plots described in Phase 2 shall be submitted
to LIGO representative for review and approval very soon after initial
measurements at LIGO site are underway.

A. Two sample plots of calibrated ground noise power spectra taken during
first set of measurements at LIGO sitse. One sample plot shall show
vertical ground noise and one sample plot shall show horizontal ground
noise taken at the first measurement site.

B. Time series data taken over a minimum of 24 hours shall be filtered
in 2 or 3 bands (e.g. 0.1-1.0 Hz, 1.0-10 Hz and 10 —20. Hz). Each
set of filtered data shall be plotted as a histogram to show the normal
sample height distribution. Four sample histograms shall be submitted
showing vertical and horizontal data taken at the first measurement site
and filtered in both frequency bands.

Phase 3: Results of measurements shall be summarized in a report with
3 copies submitted to LIGO representative. The report shall include all
of the plots and documentation described in Phase 1 and the plots and
documentation described below. Raw data used to generate plots in both the
time domain and frequency domain shall be copied to computer media (e.g.
disk) in agreed upon format and submitted to LIGO representative. Format
shall be documented.

A. Set of calibrated power spectra plots showing the variation of the
background seismic noise taken over at least a 24 hour period (e.g.

LIGO™ 2
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spectra taken every hour in a 24 hour period). Should include a set of
plots for each sensor orientation and each measurement site.
Calibrated power spectra plots showing Max, Min and average ground
noise measurements. An example of Max and Min power spectra
measurements for the Caltech 40 M Laboratory is given in Figure 1.
Method for calculating Max and Min power spectra is to be agreed upon
with LIGO representative. There should be a single plot for each sensor
orientation and each measurement site.

Time series data taken over a minimum of 24 hours shall be filtered
in 2 or 3 bands (e.g. 0.1-1.0 Hz, 1.0-10 Hz and 10 -20. Hz). Each
set of filtered data shall be plotted as a histogram to show the normal
sample height distribution. There should be a histogram for each sensor
orientation, each measurement site and each frequency band.

a. After viewing the above set of data, LIGO representative will make
decision whether to plot histogram showing event rate versus time
(e.g. might choose Event=(sample with height > 30)).
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Figure 1. Example plot showing Max and Min power spectra
over a 22 hour period Caltech taken in the 40 M Laboratory.



TASK 2: Monitoring
Effects of Wind on Buildings

1.

In the performance of these effort the contractor shall:

Identify a building for conducting wind effect measurements and review the choice
with LIGO representative. It should be as close to the LIGO comer station as
possible (see Appendix B).

Acquire wind velocity sensor.

Specify method of coupling the ground motion sensors to the floor of the building
and a simple scheme for screening out acoustic effects. Specify method for
mounting wind velocity sensor and location for mounting.

Take measurements in vertical and two horizontal direction at two different locations
in building.

Specify a plan for obtaining ground measurements on the floor of the building
that coincide with windy, average and calm times. We are looking for correlations
between wind speed and ground motion in the building, so it is important to include
in the plan how we will know whether the observed noise is due to wind or
other external disturbances such as traffic of machines (e.g. might be done in an
abandoned building or at night).

Deliverables for TASK 2

All plots of power spectra shall be done in units of ’;‘ and with several hundred
lines of resolution per spectrum. The appropriate bandwidth for displaying the data (e.g.
0.1-20 Hz or possibly 0.1-100 Hz) shall be determined during the measurement process.
All plots displaying sample height distribution data shill be displayed as histograms with
ordinate units of log(N), where N is the number of samples, and abscissa units of meters.

Results of measurements shall be summarized in a report with 3 copies submitted
to LIGO representative. The report shall include all of the plots and documentation
described below. Raw data used to generate plots in both the time domain and
frequency domain shall be copied to computer media (e.g. disk) in agreed upon format
and submitted to LIGO representative. Format shall be documented.

1. Set of calibrated power spectra plots showing the variation of the background
seismic noise taken over a range of windy to calm times (e.g. spectra taken every
hour in a 24 hour period). Average wind velocity, measured simultaneously with
power spectra, should be annotated on each trace. There should be a set of plots
for each measurement site and each sensor orientation.

2, Calibrated power spectra plot showing ground motion during Max, Min and average
wind excitation. Average wind velocity, measured simultaneously with power
spectra, should be annotated on each trace. There should be a single plot for
each measurement site and each sensor orientation

3. Simultaneous time series data of ground motion and wind velocity taken over equal
stretches of time that show variation of peak ground motion due to the variation
in wind speed (e.g. time series data of ground motion sensor and wind velocity
sensor taken for 1 minute stretches during times of high, low and average wind
excitation). Ground motion data shall be filtered in 2 or 3 frequency bands (e.g.
0.1-1.0 Hz, 1.0-10. Hz, and 10.-20. Hz). Each set of filtered data shall be plotted
as a histogram to show the normal sample height distribution. The wind velocity
data taken simultaneously shall also be plotted and annotated in an agreed upon
format. There should be a histogram for each sensor orientation, each mounting
location and each frequency band.

LIGO™ 5



TASK 3: Monitoring Effects
of Traffic at Corner Station

In the performance of these effort the contractor shall:

1.

LIGO:

Conduct a set of four tests at the comer station to show the effect of different
levels of traffic on Route 10:

Test 1. Measurements at comer station when no traffic on Route 10

Test 2. Measurements at comer station when a single car drives past comer
station on Route 10

Test 3. Measurements at comer station when a single large truck drives past
comer station on Route 10

Test 4. Measurements at comer station when heavy traffic is driving past comer
station on Route 10

Take measurements in 3 orthogonal directions for each test. The measurements
in the horizontal directions shall be taken in the directions parallel to each of the
LIGO arms.

Deliverables for TASK 3

All plots of power spectra shall be done in units of "1;1 and with several hundred line of
resolution per spectrum. The appropriate bandwidth for displaying the data (e.g. 0.1-20
Hz or possibly 0.1-100 Hz) will be determined during the measurement process. Ail
plots displaying sample height distribution data shall be displayed as histograms with
ordinate units of log(N), where N is the number of samples, and abscissa units of meters.

Results of measurements shall be summarized in a report with 3 copies submitted
to LIGO representative. The report shall include all of the plots and documentation
described below. Raw data used to generate plots in both the time domain and
frequency domain shall be copied to computer media (e.g. disk) in agreed upon format
and submitted to LIGO representative. Format shall be documented.

1.

Calibrated power spectra plot with 4 traces; the four traces are ground motion with
single car excitation, ground motion with single truck excitation, ground motion with
heavy traffic excitation and ground motion with no excitation at the comer station.
There should be a plot for each sensor orientation.

Time series data of ground motion at comer station for each excitation source (i.e.
single car, single truck, heavy traffic, and no excitation). Ground motion data shali
be filtered in 2 or 3 frequency bands (e.g. 0.1-1.0 Hz, 1.0-10. Hz, and 10.-20.
Hz) and then processed to show the normal sample height distribution in each
band for each stretch of data taken. There should be a histogram for each sensor
orientation and each frequency band.

LIGO™ .



TASK 4: Monitoring Vibration Levels
at Corner Station as a Function of
Distance from an Excitation Source

In the performance of these effort the contractor shall:

1.

LIGO™

Conduct a set of approximately 3—4 tests that show the effect of increasing the
radius of an excitation source from the comer station. The earth-moving equipment
used during the rough-grading will provide the excitation source. Measurements
shall be taken at the comer station while the earth-moving equipment is active at 3
or 4 different locations (e.g. 0.5 km, 1 km, 2 km and 4 km from the comer station)
during the rough-grading along one of the arms. The contractor shall decide at the
number and location of the test sites, depending on whether signal is observed
at the comer station.

Take measurements in vertical direction and the horizontal direction parallel to the
arm where the rough-grading is occurring.

Measurements taken corresponding to the different distances from the excitation
source shall have the same source strength (e.g. all measurements have 4
bulidozers moving earth as the excitation). The number and size of the earth-moving
equipment in motion during each of the measurements should be recorded.

Deliverables for TASK 4

Ali plots of power spectra shall be done in units of "'Hx and with several hundred line of
resolution per spectrum. The appropriate bandwidth for displaying the data (e.g. 0.1-20
Hz or possibly 0.1-100 Hz) shall be determined during the measurement process. All
plots displaying sample height distribution data shall be displayed as histograms with
ordinate units of log(N), where N is the number of samples, and abscissa units of meters.

Results of measurements shall be summarized in a report with 3 copies submitted
to LIGO representative. The report shall include all of the plots and documentation
described below. Raw data used to generate plots in both the time domain and
frequency domain shall be copied to computer media (e.g. disk) in agreed upon format
and submitted to LIGO representative. Format shall be documented.

1.

Set of calibrated power spectra traces on a single plot showing measurements
at comer station corresponding to rough-grading excitation at different radii from
comer station. There shall be a plot for each sensor orientation.

Time series data of ground motion at comer station. Ground motion data shall
be filtered in 2 or 3 bands (e.g. 0.1-1.0 Hz, 1.0-10. Hz and 10-20 Hz) and then
processed to show the normal sample height distribution in each band. There
shall be a histogram for each sensor orientation, each frequency band and each
different excitation source.

LIGOY g




Appendix A: Definition of LIGO Standard Spectrum

The design spectrum that is used to describe the ambient ground noise at the LIGO

site is listed in the following table.

FREQUENCY AMPLITUDE
10=* m
0.1-1.0Hz o
1.0- 10 Hz 10~ Fe
10-7
> 10 Hz o

Appendix B: Description of LIGO Corner Station

The comer station will consist of high bay structure which will house the vacuum
equipments and lasers, and attached low bay structure for offices and shops. The high
bay area will be a single story structure of different heights with a maximum height of
about 55 feet and floor area of about 60,000 square feet. It will be L-shaped with legs
about 300 feet long by 120 feet wide. The building will be of steel frame construction
with interior and exterior walls made of double-skinned, insulated foam-core panels. It

will be constructed on a thick reinforced concrete mat foundation.
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Determine pitch, roll and level

he dual-axis Model 900 is
an inexpensive, gravity- ¢f

}

referenced clinometer
(tiltmeter) with wide dynamic
range. Its small size and high
precision make it a versatile
choice for many measurement
and control applications.

Model 900 measures angular
position with respect to the
stablest of all external refer-
ences: the vertical gravity vector.
Its advanced design assures high
repeatability over a standard 40
degree measurement span (90
degree optional span). Model 900
also features a wide input voltage
range and signal conditioned analog

Motion control for factory automation

»*

outputs. Just install Model 900 and
connect it to your voltmeter or data
acquisition system. You are ready to
begin your measurements!

The sensing element within
Model 900 is a glass vial half-filled
with a conductive liquid. When the
sensor is level, fluid covers five
internal electrodes to equal depths.
When the sensor tilts, the depth of
fluid on each electrode changes,
altering the electrical resistance
between matched pairs of elec-
trodes. Model 900’s surface-mount
electronics measure these changes,
converting them to DC outputs
proportional to the tilt angle.

Key features include:

B Measures rotation in two
orthogonal vertical planes

B Detailed 21-point calibra-
tions supplied for each axis

B No mechanical moving parts
to break or wear out

B Optional temperature sensor.

Call or fax today for a quotation. For
greater precision, ask about our
700-Series tiltmeters.

Prewired connector
supplied with
each unit

Efficiently sized
for many uses

APPLIED
GEOMECHANICS

Model 900
Biaxial Clinometer




ivell )efeTs and gravity-
:;“ gle measurement
oose among our 800-,
d 500-Series instruments to
€t your full range of movement
onitoring requirements. Rugged

used for structural behavior testing,
automated movement detection and
alarms, and long-term monitoring.
They're ideal for machine positioning
and control, and for geophysical
research.

Our tiltmeters incorporate
electrolytic tilt transducers as the
internal sensing elements. Angular
movement is referenced to the
unchanging vertical gravity vector,
eliminating the need for a fixed
external datum.

Applied Geomechanics
tiltmeters have internal signal
conditioning and drive long
cable lengths. Unconditioned

Model 800 Tiltmeters

Model 520 Tiltmeter

2 o ind out'

and field-proven, our instruments are

tilt sensors and stand-alone signal
conditioners are also available.

Our instruments are easily
interfaced to any standard control
or data acquisition system. Contact
us about our battery-powered
data loggers or PC-controlled
real-time data acquisition. Applied
Geomechanics also provides
system installation, operation and
data reporting services.

800-Series Uniaxial
Tiltmeters

Model 800 is an economical
uniaxial tiltmeter for a wide variety
of monitoring and measurement
applications. Available in floor,
wall or ceiling mount versions, it
conveniently installs by bolting

Model 701 Platform Tiltmeters

For use on:

* Bridges

* Buildings

¢ Dams

» Foundations

* Retaining Walls
_* Landslides

* Roofs

» Roadways

* Volcanoes

* Tanks

* Tunnels

* Turbines ,

* Test Equipment
* Pressure Vessels
» Any Machine or Structure

APPLIED NN\

GEOMECHANICS

or clamping to any machine or
structure. For on-the-spot reading,
use the Model 870 Readout
Module. This low-cost module
plugs into any digital multimeter
to display tilt and temperature.

700-Series Biaxial
Tiltmeters

700-Series tiltmeters offer
resolution to 0.1 microradian (0.02
arc second) and angular ranges
to +60 degrees. Corresponding
scale factors for these resolution
and range values are 01
microradian/mV and 10 degrees/volt.
The 700-Series includes tiltmeters,
digital readout units, power supplies,
recording stations and alarm systems.

500-Series Geodetic
Tiltmeters

500-Series biaxial tiltmeters
are for scientific and engineering
projects demanding the ultimate in
resolution and stability. The Model

Model 711 Surface Mount
Tiltmeters

Model 722 Borehole Tiltmeter
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Leading engineers and scientists require precise, reliable

~ instrumentation to resolve their concerns about angular

movement, position and structural deformation. When

monitoring or measuring these parameters, count on Applied

3 Geci)_me‘ch‘anics to help you answer the critical questions:

« Did it move or didn't it?
. rki;,/‘Vhat is the measured change in position?
. Is corrective action needed?

We ‘manij’:facture‘and supply tiltmeters, tilt sensors, load cells,
extensometers, data acquisition systems, and other high-
quality instrumentation. At your request we'll perform
installation seivices, training, data acquisition and data
reporting. Call us today for assistance in selecting the best
equipment — and technical services — for your testing and

monitoring program.

APPLIED

GEOMECHANICS







outputs. Just install Model 900 and
connect it to your voltmeter or data
acquisition system. You are ready to
begin your measurements!

The sensing element within
Model 900 is a glass vial half-filled
with a conductive liquid. When the
sensor is level, fluid covers five
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referenced clinometer
(tiltmeter) with wide dynamic
range. lts small size and high
precision make it a versatile

choice for many measurement
and control applications.
Model 900 measures angular
position with respect to the
stablest of all external refer-
ences: the vertical gravity vector.
Its advanced design assures high
repeatability over a standard 40
degree measurement span (90
degree optional span). Model 900
also features a wide input voltage
range and signal conditioned analog
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internal electrodes to equal depths.
When the sensor tilts, the depth of
fluid-on-each electrode changes,
altering the electrical resistance
between matched pairs of elec-
trodes. Model 900’s surface-mount
electronics measure these changes,
converting them to DC outputs
proportional to the tilt angle.

Key features include:

B Measures rotation in two
orthogonal vertical planes

B Detailed 21-point calibra-
tions supplied for each axis

B No mechanical moving parts
to break or wear out

M Optional temperature sensor.

Call or fax today for a quotation. For
greater precision, ask about our
700-Series tiltmeters.

Prewired connector
supplied with
each unit

Efficiently sized
for many uses
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- Specifications

2.4
150 QUTPUT CHANNELS Two orthogonal tilt angles,
100 +2 VDC per channel (single-ended); one

§ o temperature channel {optional), -0.4 to +1.0 VDC
g : ANGULAR RANGE Standard: 20 degrees (40 degree span). Optional: +45 degrees (90
3 100 degree span)
s RESOLUTION 0.01 degree of arc
:; e REPEATABILITY < 0.02 degree of arc at constant temperature
HYSTERESIS < 0.02 degree of arc
Tvpical calibration LINEARITY +20 degree u.nit: 1% over.half span; 2.5% over fl:dl span. Use of
factory-supplied polynomials can improve linearity by factor of 10
ousx . TEMPERATURE COEF. Span: -0.05% of reading per °C typical
§, o SCALE FACTORS Tilt: (+20 degree unit): 10 degreesvolt +20%.
g’w re \ : Temperature; 0.1°C/mV, £0.75°C accuracy
g TIME CONSTANT, T 0.25 second; output is proportional to 1 - e-/T — 0.001 e-t/5000T
‘g % where tis time in seconds
Sam NATURAL FREQUENCY - | 10Hz - & S
E,,,._ OUTPUT IMPEDANCE 270 ohms, short circuit protected
: E.- _, POWER REQUIREMENTS | +8 0424 VDC @7 nA;250 mV:peak-to-peak ripple max., reverse
= . -+"+|-polarity protected . R '
ENVIRONMENTAL -10°to +50'C operating and storage, 0-80% humidity
SIZE & WEIGHT 2x 2 x0:64 inches (51x51x17.mm), 0.5 0z (15 8
MOUNTING Four 0.125 inéh G.Z mm) no. 4 mounting holes, one in each corner
MATERIALS - .o | Liquid-filled-glass sensor, fiberglass PC board, unpotted assembly
Angle conversion chart
radians degrees Larc minutes | arc seconds | pradians e
“radians 43 { Y

degrees 0.01745 1

: 0.01667:
2.778 x 104 0.01667
' 38X 103

arc minutes b5
arc seconds 4.848 x 106
. 107

<pradians |

Ordering Information

Model 900 +20 degree range
‘Model 900-T: | "Adds tempera
Model 900-45 +45 degree range

odel 900-45T | Adds temperature sensor. ..

Position masts
and booms

Model 900 dimensions, inches (mm)

GEOMECHANICS

1336 Brommer Street

Santa Cruz, CA 95062 U.S.A.
Telephone: (408) 462-2801
FAX: (408) 462-4418

This document is accurate as of the time of
publication. Applied Geomechanics may modify
specifications without prior notice to reflect

ongoing technical developments. ©1993 by Applied Geomechanics Inc.
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tiltr )e/Ts and gravity-
d angle measurement
Jhoose among our 800-,

€€t your full range of movement
Yonitoring requirements. Rugged
and field-proven, our instruments are
used for structural behavior testing,
automated movement detection and
alarms, and long-term monitoring.
They're ideal for machine positioning
and control, and for geophysical
research.

Our tiltmeters incorporate
electrolytic tilt transducers as the
‘internal sensing elements. Angular
movement is referenced to the
unchanging vertical gravity vector,
eliminating the need for afixed
external datum.

Applied Geomechanics
tiltmeters have internal signal
conditioning and drive long
cable lengths. Unconditioned

Model 520 Tiltmeter

tilt sensors and stand-alone signal

- conditioners-are alsoavailable;——

Our instruments are easily

interfaced to any standard control

or data acquisition system. Contact
us about our battery-powered

data loggers or PC-controlled
real-time data acquisition. Applied
Geomechanics also provides
system installation, operation and
data reporting services.

800-Series Uniaxial
Tiltmeters

Model 800 is an economical
uniaxial tiltmeter for a wide variety
of monitoring and measurement
applications. Available in floor,
wall or ceiling mount versions, it
conveniently installs by bolting

Model 701 Platform Tiltmeters

For use on:
* Bridges
* Buildings
¢ Dams
» Foundations
« Retaining Walls
« Landslides
* Roofs
* Roadways
» Volcanoes
~ * Tanks
* Tunnels
* Turbines 4
« Test Equipment
* Pressure Vessels
= Any Machine or Structure
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or clampingto any machine or

‘structure. For on-the-spotreading, — |

use the Model 870 Readout

. Module. This low-cost module

plugs into any digital multimeter
to display tilt and temperature.

700-Series Biaxial
Tiltmeters

700-Series tiltmeters offer
resolution to 0.1 microradian (0.02
arc second) and angular ranges
to +60 degrees. Corresponding
scale factors for these resolution
and range values are 01
microradian/mV and 10 degrees/volt.
The 700-Series includes tiltmeters,
digital readout units, power supplies,
recording stations and alarm systems.

500-Series Geodetic
Tiltmeters

500-Series biaxial tiltmeters
are for scientific and engineering
projects demanding the ultimate in
resolution and stability, The Model

Model 711 Surface Mount |
Tiltmeters

Model 722 Borehole T:/tmeter




520 Geodetic Platform Tiltmeter
is operated on any flat, horizontal
surface. The 520 system consists
-of the tiltmeter, a rugged fiberglass
switch box and a 3-meter

TSR TEE SRR

ey s o

A precision leveling mechanism in
Model 510, remotely operated with
the Model 591 Motor Control Unit,
nulls the internal sensors when the
tiltmeter is underground.

interconnect cable. The Model 510
Geodetic Borehole Tiltmeteris
used in shallow or deep boreholes
to detect even the smallest earth

or foundation movements.
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Speuﬁcatuons

800-SERIES TILTMETERS

e R T A R S T T D R TS X TR AR

RESOLUTION, REPEATABILITY | High-gain option: 0.0001 degree (1.75 microradian) or better; Wide-angle option: 0.004 degree (0.24 arc minute) or better. .
ANGULAR RANGE High-gain option: + 0.5 degree; Wide-angle option: =+ 20 degrees.
SCALE FACTORS High-gain option: 01 degree/volt (single-ended) and 0.05 degree/volt(differential); Wide-angle option: 4.0 degrees/volt
(single ended) and 2.0 degrees/volt (differential). Other scale factors may be special ordered.
UNEARITY High-gain option: 2% at half range, 5% at full fange; Wide-angle option: 1% at half range, 2% at full range.
OUTPUT VOJAGE RANGE + 5 VDC single-ended and = 10 VDC differential (both are provided).
OUTPUT FILTER 2-pole Butterworth low-pass filter. Roll-off = 12 db per octave. 90% settling time = 5 seconds. Other settling times
may be special ordered.
TEMPERATURE OUTPUT 01°C/mV (single-ended) over range of -40°C to +100°C.
OUTPUT IMPEDANCE 270 ohms, short circuit and surge protected.
POWER REQUIREMENTS +75t0 +16 VDC and -75 to -16 VDC @ 6 mA typical; 250 mV peak-to-peak ripple max.
ENVIRONMENTAL -25°Cto + 70°C operational, -30°C to +100°C storage. 0 to 100% humidity.
WEIGHT 14 kg 3 Ibs).
MATERIALS Base plate: anodized 6061-T6 aluminum. Cover: PVC or ABS plastic. Seals: rubber, silicon rubber.
700-SERIES TILTMETERS
RESOLUTION To 01 microradian {0.02 arc second) depending on scale factors chosen.
REPEATABILITY To 1 microradian (0.2 arc second), depending on scale factors chosen.
ANGULAR RANGE To + 60 degrees, depending on scale factors chosen.
SCALE FACTORS Each tiltmeter has two switchable scale factors {gains). Scale factors from 25 microradians/volt (40 mV/microradian) to 10
degrees/volt (01 volt/degree) are available. -
LINEARITY 2% of full-scale range typical.
OUTPUT VOITAGE RANGE + 8 VDC single-ended and + 16 VDC differential (both are provided).
OUTPUT FILTERS Each tiltmeter has two switchable low-pass filters. Roll-off = 6 db/octave. Standard senllng times = 0] sec. and 30 sec.
BANDWIDTH 0-10 Hz using 03-sec. filter.
TEMPERATURE QUTPUT 01°C/mV (single-ended) over range of -40°C to +100°C.
OQUTPUT IMPEDANCE 270 ohms, short circuit and surge protected.
POWER REQUIREMENTS + 11 to + 15 VDC and -1 to -15 VDC @ +11, — 6 mA typical; 250 mV peak-to-peak ripple max.
ENVIRONMENTAL -25°C to + 70°C operational, -30°C to +100°C storage. Water resistant and submersible models are available.
WEIGHT 23 g (0.8 02) to 6.8 kg (15 Ibs), depending on model.
MATERIALS Stainless steel or anodized aluminum. Platform tiltmeters have invar legs.
500-SERIES TILTMETERS
RESOLUTION 10 nanoradians (0.01 microradian) or better.
ANGULAR RANGE Mechanically adjustable to + 3 degrees.
SCALE FACTORS Single-ended: 200, 20 & 2 microradian/volt (5, 50 & 500 mV/microradian) in gain settings “1,” “2” and “3" respectively.
Differential: 100,10 & 1 microradian/volt (10, 100 and 1000 mV/microradian).
OUTPUT VOIJAGE RANGE | =+ 8 VDC single-ended and * 16 VDC differential (both are provided).
OUTPUT FILTERS Two switchable 2-pole Butterworth low-pass filters. Roll-off =12 db/octave. 90% settling times = 01 sec. and 30 sec.
BANDWIDTH ) 0-10 Hz using 02-sec. filter.
TEMPERATURE OUTPUT 0.1°C/mV (single-ended) over range of -40°C to +100°C.
SCALE FACTOR TEMP. COEF. | + 011% per °C typical.
OUTPUT IMPEDANCE 270 ohms, short circuit and surge protected.
POWER REQUIREMENTS + 11 to +15 VDC and -11 to -15 VDC @ +15, — 7 mA typical; 250 mV peak-to-peak ripple max.
ENVIRONMENTAL -25°C to + 70°C operational, -30°C to + 100°C storage. 0 to 100% humidity. Model 510 is submersible.
SIZE Model 510: 76 cm (3 inches) diameter x 122 cm (48 inches) long. Model 520: 23 x 23 cm (91 x 91 inches) x 12.7 cm (5.0
inches) high. Switch Box: 23 x 20 x 14 cm (9 x 8 x 5.5 inches).
WEIGHT Model 510: 20 kg (44 Ibs). Model 520: 4.5 kg (10 [bs).
MATERIALS Model 510: stainless steel. Model 520: anodized 6061- T6 aluminum, stainless steel hardware. Switch Box: fiberglass.
. TR L e 1336 Bromeer St = e
Sensing Structural, APPLIED“ Sana Gz, CA 95062 USA
/ Telephone -
Ground and Machine B og) 622001 .

Deformation
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© 1992 Applied Geomechanics Inc.
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MODEL 800 TILT

Detect Structural, Ground or
Machine Movement with
Unrivalled Ease and Precision

Model 800 is an economical
uniaxial tiltmeter for a wide variety of
monitoring and measurement
applications. It incorporates a high-
precision electrolytic tilt transducer as
the internal sensing element, offering
resolution and stability previously
unavailable in a practical engineering
instrument. Measured angular
movement is referenced to the
unchanging vertical gravity vector,
eliminating the time and expense of
locating an external datum. Model
800 is ideal for structural behavior
tests, automated inspection and
surveillance, detection of hazardous
conditions, and machine positioning
and control.

Field-Proven and Reliable

Model 800 is rugged and field-
proven—intended for use in harsh
outdoor environments, the laboratory
or factory floor. High-reliability
components and surge protection
enhance performance under
electrically noisy or transient-prone
conditions. A low-pass filter removes
vibration effects for static
measurements. Optional unfiltered
output is available for dynamic
measurement requirements. A built-in

m

temperature sensor provides the data
necessary for analysis of thermal
deformation and stresses.

Model 800 is available in floor,
wall or ceiling mount versions for
convenient installation on virtually
any structure or machine. The
tiltmeter is quickly installed by bolting
or clamping to any vertical or
horizontal surface. Tiltmeter output is
easily interfaced to any conventional
recording system. For rapid leveling or
on-the-spot reading, use the Model
870 Readout Module. This low-cost
module plugs into any digital
multimeter to display the tiltmeter
output. Model 870 reads tilt and

« Tunnels™

» Turbines

* Pressure Vessels

* Any Machine or Structure

APPLIED
GEOMECHANICS

Model 800
Uniaxial
Tiltmeter

temperature, and checks its own

internal batteries.

When someone asks, “Did it
move, or didn't it?” get the answer
with a Model 800 tiltmeter. Call today
for solutions to your engineering
challenges.

Reading tiltmeter
with readout module




Specifications
MODEL 800 TILTMETER

ANGULAR RANGE

High-gain option: = 0.5 degree; Wide angle option: % 20 degrees.

SENSITIVITY, REPEATABILITY . -+

High-gain option: 00001 degree (1.75 microradian) or better; Wide-angle option:
0004 degree (024 arc minute) or better. .~~~ -

SCALE FACTOR

High-gain option: 01 degree per volt single-ended) and 005 degree per volt

(differential); Wide-angle option: 40 degrees per volt (single-ended) and 20
degrees per volt (differential). Other scale factors may be special ordered. Each
tiltmeter has both single-ended and differential outputs.
LINEARITY High-gain option: 2% at half-range, 5% at full range; Wide-angle option: 1% at
~ half range, 2% at full range.
OUTPUT VOIJAGE RANGE + 5 VDC single-ended and =10 VDC differential.
FITERING 2-pole Butterworth low-pass filter. Roll-off = 12 db per octave. 90% settling time
e =5 seconds. Other settling times may be special ordered. L
TEMPERATURE OUTPUT 01°C per millivolt (single-ended output) over range of -40°C to +100°C.
OUTPUT IMPEDANCE.+* - .. """ | 270 ohms, short circuit and sirge protected. ...~~~ =~ :
POWER REQUIREMENTS +75to +16 VDC and -75 to -16 VDC @ 6maA typical; 250 mV peak-to-peak
ripple max. '
ENVIRONMENTAL —25°C to + 70°C operational,’= 30°C to +100°C storage. 0 to 100% humidity.
CONNECTOR 6-pin quarter-turn military-style connector on case, sealed with O-ring.
MOUNTING Available in floor, wall.of ceilirig motnt style (specify Model 800-F, 800-W or

clamiping to surface, or fastening to threaded
Tiltmeter can bé adjusted on studs for

leveling. Mounting stuids, nuts 'and washers are supplied with each tiltmeter. . -

14 kg (3 1bs).

SIZE

{

Model 870 readout module

£ 1992 Applied Geomechanics Inc.
Printed in USA.

285 g (062.1bs) including batteries:

ABS plastic.
wo,9-volt transist

APPLIED” N\
GEOMECHANICS

1336 Brommer Street
Santa Cruz, CA 95062 USA

Telephone: (408) 462-2801
FAX: 408) 462-4418
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Conveniently Measure Movement,
Level and Angular Position

Model 800P Portable Tiltmeter
is an economical hand-held
instrument for a wide variety of
monitoring and measurement
applications. It offers precision
and repeatability previously un-
available in an instrument of this
type.

When continuous monitoring
is not required, use Model 800P to
make scheduled measurements at
an unlimited number of points.
Applications include monitoring
the long-term deformation of
structures and foundations, mea-
suring mechanical response to
applied loads, and surveying
surface level and flatness.

With the Tilt Plate Option,
measurements are taken from tilt
plates that have been cemented or

For Surveying:
Deformation
Inclination
Surface Flatness
Settlement
Retaining Walls
Foundations
Structures
Columns

Roofs

Tunnels

Tanks
Machinery

SegAPPLIED
*°

CH&DNICS

bolted to any surface—horizontal
or vertical. Indexing bars on the
bottom and sides of the tiltmeter
frame enable you to reposition the
tiltmeter exactly, every time.

With the Metrology Option,
the instrument base and sides each
have three steel balls in a triangular
pattern. The Metrology Option
‘enables you to measure the flatness
or inclination of any surface.
Software is available to convert a
set of inclination measurements
into a contour map of surface
relief.

Proven Technology _

Model 800P has improved on
the sensitivity and repeatability of
comparable Swiss-made instru-
ments, yet its price is considerably
lower. This superior performance
is achieved by using a precision
electrolytic transducer as the
sensing element.

Similar to a spirit level, the
800P electrolytic transducer
converts changes in angular
position to resistance changes
measured by the tiltmeter's elec-
tronics. With no mechanical
moving parts to drift or wear out,
the sensing element and solid state
electronics will provide years of
trouble-free operation. Many
electrolytic transducers installed in
the 1940s are still in use!

APPLIED
GEOMECHANICS

‘Model 800P
-Portable Tiltmeter

e Tilt Plate Option
» Metrology Option

Angular position measured with
the Model 800P is referenced to the
unchanging vertical gravity vector.
This important feature eliminates
the time and expense of locating a
stable external datum. Simply
position the tiltmeter on the surface
to be surveyed and begin your
measurements.

Reading and Recording Data

- Your Model 800P Portable
Tiltmeter is conveniently read with
the easy-to-use Model 870 Readout
Module. This unit powers the
tiltmeter and plugs into any digital
multimeter for display. You simply
read the displayed data and record
them in your logbook. Graphs of

Measure inclination of any horizon-
tal or vertical surface




movement vs. time and of tilt
directions and magnitudes (tilt
vectors) are easily generated by
entering these data into a PC-based
spreadsheet program; see graph
below.

The complete 800P Portable
Tiltmeter system includes the
following components:

¢ Model 800P Portable Tiltmeter

¢ Model 870 Readout Module
with batteries and 1.5 meter
(5 ft) cable

» 4-digit multimeter for data
display

Model 870 Readout Module and
multimeter

Model 800P system

0.305
0.3004
0.295:
0.290-
0.285-
0.280-
0.275:

Tit of Wall (degrees)

0.270

26-Feb-92 07-Mar-92 17-Mar-92 27-Mar-92

Retaining wall tilt measured with
Portable Tiltmeter

» Multimeter probes for other

multimeter uses

¢ Padded, unbreakable carrying

case.

When using tilt plates, the follow-
ing may be ordered for each

project:

o Ceramic tilt plates (P/N 1263)
¢ Bronze tilt plates (P/N 1273)

e Protective covers for tilt
plates-(P/N 1274)

¢ Tilt plate cement.

" APPUIED

0 O

GEOMECHANICS * .
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Tilt Plate

Model 800P Portable Tiltmeter

QUTPUT CHANNELS | Inclination, temperature

RESOLUTION 0.0001 arc degree (0.36 arc second)

REPEATABILITY +0.004 degree typical

ANGULAR RANGE - | +5 degrees from null position

LINEARITY 1% of full scale

FILTERING 2-pole Butterworth low-pass filter for removing noise from
vibration or jitter

ENVIRONMENTAL -25°C to +70°C operational, -30°C to +100°C storage
Sealed for use in damp environments; nonsubmersible

DIMENSIONS 143% 102127 mm (5.6 xf4 x 5 inches), I x wx h

WEIGHT 2.7 kg (6 Ib)

MATERIALS Nickel-plated steel frame; PVC or ABS dome; rubber seals

Model 870 Readout Module

FUNCTION Powers trltmeher, switches tiltmeter output to digital multimeter

RESOLUTION » trmeter 0.001 arc degree (3.6 arc seconds) at.
‘arc degree, 0 0001 arc degree (0.36 arc second

-arc degree
POWER Two internal 9-volt batteries provnde up to 36 hours of continuous
tiltmeter operation

SIZE 111 X 62 x 32 MM (4.4 X 2.4 x 1.3 inches) with 1.5m (5 ) cable. ©:

WEIGHT 285g(0.6 Ib) lncludlng batienes

MATERIALS t :

© 1993 by Applied Geomechanics Inc.

Printed in US.A.

APPLIED NN\

GEOMECHANICS .

1336 Brommer Street

Santa Cruz, CA 95062 U.S.A.
Telephone: (408) 462-2801
FAX: (408) 462-4418
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Electrolytic tilt transducer

Models 701-2 and 701-1

Model 702

Movement Measurement:
A New Level of Awareness

Sensitive and field proven, Applied Geomechanics’ 700-Series instru-
ments give you powerful new capabilities for measuring and monitoring the tilts,
bulges, bends and deformations of any structure. They reveal the short- and
long-term behavior of dams, mines, bridges, building, tanks and embankments,
and the response of engineered structures to applied loads. With sensitivities as
great as one part in ten million, they provide precise positioning information for
machine control and robotics. Our automated data acquisition systems turn
700-Series instruments into active networks, producing a level of awareness
unavailable from other measurement systems.

The-700-Series usesprecision electrolytic transducers to detect angular
motion. The transducers operate on the fundamental principle that a bubble,
suspended in a liquid-filled case, is always bisected by the vertical gravity vector.
As the transducer tilts, the case moves around the bubble, linearly changing the
electrical resistance measured through the electrolyte. 700-Series circuitry trans-
forms this change into highly accurate readings of even the smallest movements.

Standard instrumentation and data acquisition options are summarized
below. For even greater sensitivity, look into our 500-Series tiltmeters. Do you
require custom instrumentation or software? Ask. We'll put our talent and
experience to work for you. We also operate deformation-sensing systems on a
contract basis for times when you can't purchase or rent equipment. For addi-
tional details about our products and services, call us today.

Tiltmeters

700-Series tiltmeters contain full signal conditioning, providing high-
level outputs for long signal transmission lengths. They have two switch-
selectable gains and two low-pass filter settings. Standard tiltmeters are biaxial
and contain temperature sensors. Single-axis units are also available.

Platform Tiltmeter, Model 701:

Platform tiltmeters are our most popular design for rapid installation and leveling.
Using built-in invar or brass leveling legs, they can be set up and operating on any
hard horizontal surface within minutes. Sensors and electronics are mounted
within a rugged housing of anodized and painted aluminum that also provides
electrical shielding. The two orthogonal tilt sensors parallel the right-angle sides
of the base plate. Model 701 is water resistant for protection against light rain and
splashes. Available with connector on case (Model 701-1) or pigtail (Model 701-2).
6 X 6 X 4 inches (15.2 X 152 X 10.2 cm), 3 Ibs. (14 kg).

Submersible Platform Tiltmeter, Model 702:

Model 702 is operationally identical to Model 701, but is constructed of heavy
stainless steel for extra protection in harsh physical or chemical environments.
Originally developed for nuclear power plant applications, Model 702 is sealed
and fully submersible. Filter and gain switches are housed under the removable
stainless steel dome. Pigtail is premium-grade underwater cable. Specify
required pigtail length at time of ordering. 6 X 6 X 4 inches (15.2 X 15.2 X 10.2
cm), 10 Ibs. (4.5 kg).

O




Tiltmeters (continued)

Surface Mount Tiltmeters, Models 711-717:

Surface-mount tiftmeters bolt or clamp to any-surface. They are well-suited for-
areas of heavy traffic or vibration, and for attachment to floors, walls or ceilings.
Our surface mount tiltmeters are identical in design and construction to Models
701 and 702. However, they have 0.5-inch (12.7-mm) diameter holes in their three
corners instead of adjustable legs. These holes fit over threaded stainless steel
mounting studs that are provided with each order. The tiltmeter is double-nutted
to these studs after the studs have been firmly anchored in the mounting surface.
Photos on this page show surface mount tiltmeters installed on optional mount-
ing plates and brackets. Aluminum (hard-anodized and epoxy painted) models
are water resistant. Stainless steel models are fully submersible.

Models 716-2 and 716-1 on
Model 719 Universal Mounting Brackets

Model 712 on
Model 718 Mounting Plate

g Model 722

Floor Mount: Models 711-1 (aluminum, connector on case)}, 711-2 (aluminum,
pigtail), 712 (stainless steel, pigtail).

Ceiling Mount: Models 714-1 (aluminum, connector on case), 714-2 (aluminum,
pigtail), 715 (stainless steel, pigtail).

Wall Mount: Models 716-1 (aluminum, connector on case), 716-2 - @luminum,
pigtail), 717 (stainless steel, pigtail).

Aluminum models, 3 Ibs. (14 kg). Stainless steel models: 10 Ibs. 4.5 kg).
All models: 6 X 6 X 4 inches (15.2 X 15.2 X 10.2 cm).

Mounting Plate, Model 718:

This optional item is helpful for installing platform or surface mount tiltmeters on
irregular surfaces. The plate is first bolted to the surface. A surface mount
tiltmeter then attaches to the plate with mounting studs. A platform tiltmeter is in-
stalled simply by positioning it in the premachined holes in the plate. Aluminum or
stainfess steel with stainless steel hardware. 10 X 10 X 0.5 inches (25 X 25 X 1.3 cm).

Universal Mounting Bracket, Model 719:

This versatile bracket allows a platform, floor or ceiling mount tiltmeter to be
attached to a wall, or a wall mount tiltmeter to be attached to a floor or ceiling.
Aluminum or steel, stainless steel hardware. Photo gives relative dimensions.

Borehole Tiltmeter, Model 722;

Designed for long-term (days to years) monitoring of earth or foundation move-
ment in vertical or inclined boreholes, Model 722 is widely used in mining,
geotechnical and geophysical applications. High mechanical and thermal stabil-
ity are attained by sanding or grouting the tiltmeter into the borehole. Sanded-in
tiltmeters are easily removed for reuse elsewhere. The tiltmeter body is sealed for
operation under water. Tiltmeter body: stainless steel, 2.13 X 33.5 inches
(5.1x85cm), 15 Ibs. (6.8 kg). Electronics box: painted steel, 6 X 6 X 5 inches
(15x15%x13cm), 6 Ibs. (2.7 kg).

Borehole Tiltmeter Installation Kit, Model 729 (no photo):
Kit contains tools and instructions for manually installing, orienting and leveling
borehole tiltmeters in holes up to 40 feet (12 meters)-deep.




Model 732

Series 755-757

Models 767 and 761

Inclinometers and Tilt Sensors

700-Series inclinometers and tilt sensors are operated with our Models 775,
781 or 785 signal conditioners. Standard units are biaxial unless noted otherwise.

" Uniaxial versions of all models are available.

Wheeled Inclinometer, Models 732 and 733:

Proven geotechnical tools for periodic inspection of landslides and embank-
ments, wheeled inclinometers operate in holes with slotted casing, which orients
the instrument. Casing inclination vs. depth reveals locations of offsets and
quantifies slope movement. Our inclinometers have a detachable cable head for
easy transport and storage. The Model 775 Readout/Electronics Unit is used to
operate wheeled inclinometers during manual field surveys. Our Signal Condi-

tioning Field Module, Model 785, is recommended for continuous monitoring at ™

a constant depth. Model 732: stainless steel. Model 733: brass body with
stainless steel hardware. 1.5 X 36 inches (3.8 X 91 cm), 14 Ibs. (6.3 kg).

Portable Tilt Sensor, Model 750:

This hand-held instrument is used for periodically surveying the deformation of
natural and man-made structures. The unit is manually positioned on tilt plates
cemented or bolted to the survey surfaces. The angular position of each plate is
then read with the Model 775 Readout/Electronics Unit. Stainless steel.
5x5.5%3.3inches(12.7x14.0x8.3 cm), 5.5 Ibs. (2.5 kg).

Miniature Tilt Sensors, Series 755, 756 and 757:

These small, low-cost, single- and dual-axis sensors come in a variety of shapes
and dimensions to accommodate a wide range of mounting and space require-
ments. Ideal for structural testing, positioning and robotics work, they are avail-
able with type A high-gain (Series 755), type B mid-range (series 756) or type C
wide-angle (Series 757) tilt transducers. Anodized aluminum is standard, other
materials on request. Dimensions range from 1% 0.6 X 065 inch (26 X 13 X 17 mm)
to 3 X 2.1% 0.7 inch (55 X 76 X 19 mm); Weights: 0.8 oz. (23 g) to 7 oz. (200 g).

Embedded Tilt Sensors, Models 760-768:

These sensors are used for stable long-term monitoring of concrete and rock
structures. They consist of a mounting cylinder, a sensor assembly and a protec-
tive cover. The mounting cylinder is cemented into a shallow drill hole. The
sensor assembly is then bolted into the mounting cylinder and covered. Sensor
units and covers are retrievable for reuse in other locations. Mounting cylinder
and sensorassembly: 2 X 3 inches (5.1 X 7.6 cm). Cover: 2 X 3.5 X 5.75 inches
(5.1x8.9%14.6 cm). 0.8 Ib. (0.36 kg) to 2.4 Ibs. (1.1 kg), depending on
material.

Wall Mount: Models 760 (aluminum), 761 (stainless steel) and 762 (invar).
Ceiling Mount: Models 763 (aluminum), 764 (stainless steel) and 765 (invar).
Floor Mount: Models 766 (aluminum), 767 (stainless steel) and 768 (invar).

Py



Model 771

Model 772

Model 796

_ with internal batteries.

Readout, Power and Recording Units

The items below are helpful accessories for set up and operation of
your tiltmeter system. N e

Digital Readout Unit, Model 771:

Housed in a rugged and portable case, the DRU powers and reads one biaxial
tiltmeter during installation and field checking. It can also be used for continuous
tiltmeter operation, powered by its internal rechargeable batteries or 105-250
VAC. Dual liquid crystal displays indicate the tilt and temperature readings, while
coaxial connectors provide high-level analog signals to your external recorders.
Painted aluminum case. 11 X 9 X 8 inches (28 x 23 x 20 cm), 10.5 Ibs. (4.8 kg)

Power Supply/Readout/Interface Unit, Model 772:

The PSRI performs the same functions as the DRU, but for three tiltmeters
simultaneously. A rotary switch selects the tiltmeter whose output is sent to the
digital displays, while coaxial connectors supply high-level analog signals from all
three tiltmeters to your external recorders. The PSRl is an excellent control center
for continuous operation of a three-tiltmeter array. Power is provided by the
PSRIs internal rechargeable batteries, your external batteries or 105-250 VAC.
Painted aluminum case. 11 X 9 X 8 inches (28 x 23 x 20 cm), 13 Ibs. (5.9 kg)
with internal batteries.

Wiring Panel and Power Supply, Model 795 (no photo):

This practical unit provides power and signal junctioning for up to six tiltmeters or
signal conditioners. It is designed for operating tiltmeters during short or long
periods of continuous measurement. Cables from your tiltmeters and recorders
enter the unit via feedthroughs and connect to miniature screw terminals on the
internal panel. Model 795 operates from 105-250 VAC or from external batteries
or solar cells. Internal batteries provide backup during power outages. Housed in
a rugged NEMA 4X enclosure, the unit is protected against rain and splashes.
16 x 12.5 x 84 inches 41 x 32 x 21 cm), 19 Ibs. (8.6 kg) with internal batteries.

Recording Station and Alarm Unit, Model 796:

Model 796 is an integrated module for powering and recording multiple tilt-
meters or other analog output transducers. It also will trigger external alarms and
activate its own flashing strobe light when programmable movement limits or
conditions are exceeded. Recording and alarm functions are supervised by a
digital data logger and control module inside the unit. Communications with
your IBM-compatible computer are via a 9-pin serial connector on the Model
796 control panel. Modems, radio telemetry, coaxial networks and hand-held
storage modules are all supported. The 105-250 VAC power supply has battery
backup for continuous operation during power outages. When AC power is not
available, you can operate Model 796 solely from batteries or from solar cells.
Model 796 is housed in a NEMA 4X enclosure that protects it from rain and
splashes. 18 X 4.5 X 9.5 inches 47 x 37 x 24 cm), 27 Ibs. (12.3 kg) with internal

batteries.



Model 775

Model 785

Model 790

Signal Conditioners

These signal conditioners support all 700-Series inclinometers and tilt
sensors. Each provides high-level outputs for two tilt channels and one tem- -,
perature channel. Each has two switch-selectable gains and two low-passi \

. . /
filter settings. ’

Readout/Electronics Unit, Model 775:

The REU combines signal conditioning with all the practical features of our
Model 771 Digital Readout Unit. It is typically used for manual reading of tilt
sensors and inclinometers, but can also be used for continuous sensor operation.
Two liquid crystal displays simultaneously indicate the readings of both axes of
biaxial sensors and inclinometers. Coaxial connectors supply tilt and tempera-
ture signals for logging by external recorders. Painted-aluminum-case: 11-x9 x 8
inches (28 x 23 x 20 cm), 10.5 Ibs. (4.8 kg) with internal batteries.

Signal Conditioning Unit, Model 781:

This compact signal conditioner has rear-panel barrier strips for sensor connec-
tions, DC power input, and signal output. Gain, filtering and power “on-off” are
selected with switches on the front panel. Painted aluminum case. 3.5 X 5% 8.4
inches (8.8x12.7x21.3cm), 2 Ibs. (0.9 kg).

N

!

Signal Conditioning Field Module, Model 785:

This unit is suitable for continuous outdoor use in inclement weather. Housed in a
rainproof steel enclosure with a hinged and lockable door, Model 785 has
mounting brackets for attaching it to a wall or post. All electrical connections are
via a quarter-turn connector on the underside of the module or a barrier strip
inside the enclosure (both are provided). 6 X 6 X 5 inches (15X 15x 13 cm), 6
Ibs. (2.7 kg).

Calibration Equipment

Calibration Stage, Model 790:
A precision instrument for calibration of any gravity-referenced angle-sensing
device, the Calibration Stage can be read to 0.2 microradian with repeatability of
1 microradian. Total angular range is 6 degrees. Three platform or surface mount
tiltmeters, or up to 25 miniature tilt sensors can be calibrated simultaneously.
24 X 7 X 8inches (61 x 18 x 20 cm), 20 Ibs. (9 kg).

Calibration Plate, Model 791 (no photo):
This low-cost device has a range of 60 degrees and can be used with any )
gravity-referenced angle sensor. Spacers or blocks placed under one end of the | )
plate produce accurate angular rotations. Anodized aluminum and steel. 13 X 6

X Tinches (33 X 15 X 2.5 cm), 3 Ibs. (14 kg).




“Data Acquisition, Processing, Playback

The diagram below shows three approaches for collecting data from 700-
_Series instruments. When continuous monitoring is not required, data acquisition -
can consist simply of visiting each instrument, connecting it to a Model 771, 772
or 775 readout unit and writing down the reading.

For real-time monitoring and display, inquire about our Conquest™
PC-based data acquisition systems. They record up to several hundred channels
at 12- or 16-bit A/D precision. Shock mounting, uninterruptible power supplies
and other reliability-enhancing features are available. Our TMONITOR™ data
acquisition software is fully menu-driven. It records all sensor channels at user-
specified intervals and includes plotting and mapping utilities that display struc-
tural movement in real time! The data is available for later analysis using the

"“packages resident in TMONITOR or your own data analysis packages. TMONI-
TOR has user-selectable threshold values which, when exceeded, can activate
1=--any control or alarm system you- connect.- Call-us to receive-a-TMONITOR--

demonstration diskette.

Our remote monitoring systems are designed for projects where it is
impractical to connect sensors directly to a central computer. Depending on the
application, select either a multichannel programmable data logger or the Model
796 Recording Station/Alarm Unit to collect and store data in the field. You
retrieve the data a) by telephone or radio modem connection anywhere in the
world, b) over a twisted pair or coaxial cable up to 5 miles (8 km) long or ©) by
visiting the logger and transferring the data to a laptop computer or a hand-held
storage module. Our easy-to-use TBASE™ software organizes the data into a
computer data base and accesses any portion for your review and analysis upon
command.

Our data acquisition systems operate with all Applied Geomechanics
tiltmeters and sensors and with most standard displacement, strain, pressure,
temperature and flow gauges.

Conquest™ Data Acquisition System

OPERATOR WITH 771, 772, OR 775 READOUT UNIT

TILMETERS,
INCLINOMETERS OR TILT SENSORS

Manual Interrogation

PC/AT COMPATIBLE COMPUTER
ANALOG OR SERIAL TRANSMISSION

.Y
_@)

Real-Time Monitoring ‘ TILTMETERS/OTHER SENSORS
and Display

TILTMETERS/OTHER SENSORS

PC/AT CéMPATIBLE COMPUTER

DIRECT CONNECT 3
TELEPHONE LINE _,v

RADIO TELEMETRY
COAXIAL CABLE
MODEL 796 OR
DATA LOGCGER

TWISTED PAIR
STORAGE MODULE

Remote Data Acquisition




Specifications for tiltmeters and signal conditioner/tilt sensor combinations

SCALE FACTORS

RESOLUTION “To 01 microradian (002 arc second), depending on angular fange cf ose
REPEATABILITY To 1 microradian (0.2 arc second), depending on angular range chy —
ANGULAR RANGE To +60 degrees available J

OUTPUT VOLTAGE RANG

OUTPUT FILTERS

BANDWIDTH

IREMENTS

1o 10"Hz‘usmg 01- seccnd filter = R
TEMPERATURE OUTPUT 01°C/mV (single-ended) over range of - ~40°Cto +100°
OUTPUT IMEEDANCE 270 ohms, short circuit and surge protected
POWER REQ \ ;

ENVIRONMENTAL

Standard range and scale factor settings
Choose the settings that are best for your application from the standard values below. Or have us customize the settings for

your special requirements.

Linearity*- -
Range Resolution | Repeatability Scale Factor 1 Scale Factor 2 (half range) *’
*800 arcsec | 002 arcsec 0.2 arc sec 001 arc sec/mV 01 arc sec/mV 0.75%
+8000prad | 01 prad 1 prad 01 prad/mv 10 prad/mV- 3 ‘\
+8000 prad 01 wrad 1 prad 0.5 prad/mv 10 prad/mV
*22 deg 02 arc sec 0.4 arc sec 01 arc sec/mV 1.0 arc sec/mV
+46 deg 1 prad 2 prad 10 prad/mv 100 prad/mV
+80deg 1 prad = 2 wrad - 01 deg/volt 10 deg/volt
+133 deg 1 arcsec 1 arc sec 100 arc min/volt | 100 arc min/volt
+40 deg 1arcsec” 1 arc sec 10 deg/volt 5.0 deg/volt -
*+60deg - 1 arc sec . 1 arc sec 10 deg/volt . | 100 deg/volt -

Definitions and abbreviations

« prad = microradian = 10-¢ radian.

* Scale factors above are for single-ended
outputs. Differential scale factors are half

these values.

* Three transducer types (A, B and C) are used
in 700-Series tiltmeters, tilt sensors and
inclinometers. Each type has a different
internal geometry, providing a wide selec-
tion of ranges and resolutions, as shown

above.

* Linearities are typical values of the greatest
deviation of tiltmeter output from a straight
line fit to half-range or full-range calibration

curves.

Angle conversion chart

AR bl
*Greater linearities avallable

degrees | arcminutes | arcseconds |wradians | mm/meter |inches/ft
degrees 1 60 3600 17453 1745 0.209
arc minutes | 0.0167 1 60 291 0291 349E-3
arc seconds | 2.78E-4 00167 1 485 4.85E-3 5.82E-3
wradians 5.73E-5 344E-3 0.206 1 0001 120E-5
mm/meter | 00573 3436 206.2 1000 1 0012
inches/ft 4.785 2865 17182 83333 8333 1
APPLIED NN\
GEOMECHANICS
1336 Brommer Street J
Santa Cruz, CA 95062 Printed in USA. v

Telephone (408) 462-2801
FAX (408) 462-4418

©1990 by Applied Geomechanics Inc. All rights reserved.
IBM is a registered trademark of International Business Machines, Inc.
Dam photo: Bureau of Reclamation



Precision, Stability, Field-Proven
Performance

The Model 510 Borehole
Tiltmeter is a dual-axis analog
output tiltmeter designed for field
applications requiring the greatest
possible sensitivity, stability and
rugged reliability. Applications
include measurement of volcanic
and tectonic ground movements,
long-period seismometry, earth
tide studies, hydraulic fracture
measurement, and precise monitoring
of foundations and structures. Model
510 is the most sensitive electronic
tiltmeter known to be available
worldwide.

EARTH TIDES MEASUREL
'NEAR CALIFORNIA COAS

800
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Model 510 senses angular
movement in two orthogonal vertical
planes using two electrolytic tilt
transducers. The transducers can be
described as electronic spirit levels.
They operate on the principle that a
bubble, suspended in a liquid-filled
case, tends to remain stationary with
respect to the vertical gravity vector.
As the instrument tilts, the case
moves around the bubble. Platinum

_electrodes sense changes of

resistance as they are alternately
covered or uncovered by the
conductive liquid. Highly stable
circuitry inside the tiltmeter body
converts these changes to high-level
signals linearly proportional to
angular rotation.

Model 510 has two components:
the tiltmeter and an external switch
box. The tiltmeter houses the
transducers, signal conditioning
electronics and transducer leveling
mechanism within a fully submersible
stainless steel body. The switch box
contains the tiltmeter power switch,
gain and filter switches, and a low-
battery indicator light. Connections
to your external power supply and
recorder are made via a terminal strip
in the switch box.

Remote Control Leveling

A remotely controlled leveling
mechanism in Model 510 allows
stable positioning of the tilt

APPLIED
GEOMECHANICS

Model 510
Geodetic Borehole
Tiltmeter

transducers to within 1 microradian of
null. Nulling the transducers keeps
the tiltmeter output on scale at very
high gains. The leveling mechanism
is controlled by the Model 591 Motor
Control Unit, which displays the X
and Y tilt outputs and operates two
DC motors inside the tiltmeter. Each
motor activates a worm gear and a
cam that independently adjust one
transducer and then passively
maintain it in the desired position.
To adjust the transducers, you simply
plug the Motor Control Unit into the
tiltmeter switch box. The Model 591
Motor Control Unit is conveniently
transportable from one tiltmeter to
the next within an array, so only one
unit will normally be required.

Model 591 Motor Control Unit




Model 510 Geodetic Borehole Tiltmeter

RESOLUTION 10 nanoradians or better.

" SCALE FACTORS Scale factors are selected with “GAIN” rotary switch in the switch box. Single-ended scale factors
are 5, 50 and 500 mV/uradian (200, 20 and 2 pradian/volt) in gain settings “1,” “2” and “3”
respectively. Differential scale factors are 10, 100 and 1000 mV/uradian (100, 10 and 1 pradian/volt.

OUTPUT VOITAGE RANGE Approximately =7 VDC single-ended (+14 VDC differential) in gain setting “1"; approximately +8
VDC single-ended (16 VDC differential) in gain settings “2” and “3.” Both single-ended and
differential analog outputs proportional to tilt are provided.

TIT RANGE Mechanically adjustable through +3 degrees. Operating tilt range is approximately =900 micro-
radians after leveling at gain setting “1"

OUTPUT HLTERS Two 2-pole Butterworth filters. 90% settling times are 0.1 second (filter “OFF” position) and 30
seconds (filter “ON” position). Filter is selected with toggle switch in switch box.

BANDWIDTH 0-10 Hz in filter “OFF” position.

TEMPERATURE OUTPUT 10 mV/°C (single-ended only) —40° to +100°C, +0.75°C accuracy.

SCALE FACTOR TEMPERATURE COEFFICIENT

;| *+011% per °C typical. -

OUTPUT IMPEDANCE

270 ohms, short circuit and surge protected

POWER REQUIREMENTS o

+11 to +15 VDCand =11 to —15 VDC @ +20 mA (+15 mA typlcal) and =10 mA (—7 mA typical);

2| "250 mV peak-to-peak ripple max. Low battery indicator on switch plate.

CONNECTIONS 19-pin quarter-turn connectors on tiltmeter cable and switch box. Standard cable length is 75 m
(25 f1). Cable lengths to 1000 m or greater are available. External power and recorder connections
are made via terminal strip inside switch box.

LEVELING | Independent leveling of X and Y transducers is performed using Model 591 Motor Contro! Unit.

: | Transducers can be adjusted through mechanical range of +3°.

ENVIRONMENTAL Tiltmeter and switch box: —25° to +70°C operational,—30° to +100°C storage. Wider ranges
available. Tiltmeter is sealed with O-rings and is submersible. Switch box is gasketed and protected
from light rain and splashes.

SIZE Tiltmeter: 76 cm (3 inches) diameter X 122 cm @48 inches).

Switch box: 23 X 20 X 14 cm (9 X 8 X 5.5 inches).
WEIGHT Tiltmeter: 18.7 kg @1 Ib).
Switch box: 1.8 kg (4 Ib).
MATERIALS Tiltmeter: Stainless steel tublng and fasteners, anodized aluminum sensor assemblies (internal),

stainless steel gears, rubber O-rings.
Cable:  Polyurethane jacket, water-blocked one overall foil shield and one overall braided shield.
Switch box: Gray fiberglass, rubber gasket, lockable steel hasp.

Model 591 Motor Control Unit
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CONTROLS Power on—off, X=Y motor select, motor forward—reverse, motor pulse width, motor pulse rate,
pulse activate.
DISPLAY CHANNELS X and Y tilt displayed on dual 3'2 digit LCD displays, 12.7 mm (0.5 inch) digit height. X and Y leveling
range limits indicated by LED illumination.
DISPLAY ACCURACY 0.2% of full scale (LCD displays).
POWER REQUIREMENTS +12 volts for operating DC motors is supplied from tiltmeter switch box. One 9-volt battery behind
front pane! operates displays. LCD displays have low-battery indicators.
CONNECTIONS 14-pin connector and jumper cable to tiltmeter switch box.
ENVIRONMENTAL 0°to +50°C operational, —20° to +70°C storage. 0 to 80% humidity.
SIZE 28 X 23 x 20 cm (11 X 9 X 8 inches).
WEIGHT 23 kg (5 Ib).
MATERIALS Painted aluminum.
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_Measure Submicroradian
Movements with Unrivalled Ease

Model 520 is a precision biaxial
tiltmeter for projects demanding the
maximum in resolution and stability.
Applications include leveling and
positioning of machinery,
measurement of earth tides and

"movement, volcano studies and
monitoring the deformations of dams
and other critical structures. Model
520 is excellent for use in all static
applications, or as a sensitive biaxial
low-frequency accelerometer.

Highest-quality low-noise
components are used throughout

Precise, Practical, Proven

Model 520 is not only sensitive.
It’s field-proven and simple to use.
Each tiltmeter system consists of the
tiltmeter itself, a rugged fiberglass
switch box and a 3-meter
interconnect cable. Leveling and user
calibration of the tiltmeter are
performed with built-in micrometer
or worm gear legs. Three different
gains (scale factors) and two low-pass

Model 520 senses angular
movement with respect to the vertical
gravity vector using two electrolytic
tilt transducers. Rotations are sensed
in two orthogonal vertical planes. The
tilt transducers can be described as
electronic spirit levels. As the
instrument tilts, the transducer moves
around the bubble in the internal
fluid. Platinum electrodes in the
transducer walls sense changes of
electrical resistance as they are
alternately covered or uncovered by
fluid. Precision construction and
selection of the highest-quality, low-
noise components result in unrivalled
sensitivity and long-term stability.
filters (2-pole Butterworth) are user
selected with switches in the switch
box. Connnections to external power
and recorders are made via a highly

APPLIED
GEOMECHANICS

Model 520
Geodetic Platform
Tiltmeter

reliable 10-position terminal strip. The
tiltmeter, cable and switch box are
sealed throughout for operation in
wet environments.

For the ultimate in quality and
performance, invest in a Model 520
Geodetic Platform Tiltmeter today.
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Specifications

RESOLUTION 10 nanoradians or better.

SCALE FACTORS Scale factors are selected with “GAIN” rotary switch in the switch box. Smgle ended
scale factors are 5, 50 & 500 mV/uradian (200, 20 & 2 uradian/volt) in gain settings “1” “2”
and “3” respectively. Differential scale factors are 10, 100 and 1000 mV/uradian (100, 10 &
1 pradian/volt).

OUTPUT VOUJAGE Approximately =7 VDC single-ended ( = 14 VDC dlfferentlal) in gain setting “1";
approximately = 8 VDC single-ended ( = 16 VDC differential) in gain settings “2” and “3”
Single-ended and differential analog outputs proportional to tilt are both provided.

TIT RANGE Depends on gain setting. Approximately =+ 1400 microradians at setting “1.”

OUTPUT HITERS Two 2-pole Butterworth filters. 90% settling times are 01 second (filter “OFF” position)
and 30 seconds (filter “ON" position). Filter is selected w1th toggle swnch in switch box.

BANDWIDTH 0-10 Hz in filter “OFF” position.

TEMPERATURE OUTPUT 10 mV/°C (single-ended only), —40°Cto +100°C, = 0. 75°C accuracy

SCALE FACTOR TEMP, COEE. + 011% per °C typical.

OUTPUT IMPEDANCE

270 ohms, short circuit and surge protected.

POWER REQUIREMENTS

+Mto +15VDCand — 1 to —15 VDC @ + 20 mA (+15 mA typical) and ~10 mA (—7
mA typical); 250 mV peak-to-peak ripple max. Low battery indicator on switch plate.

CONNECTIONS 15-pin quarter-turn connectors on tiltmeter and switch box. Tiltmeter and switch box are
connected by 3-meter (10 ft)} multiconductor cable. External power and recorder
connections are made via terminal strip inside switch box.

LEVELING Performed with two micrometers, each readable to 0.001 mm, or with two worm gears.

ENVIRONMENTAL —25°Cto +70°C operational, —30°C to +100°C storage. 0 to 100% humidity. Tiltmeter
is sealed with O-rings.

SIZE ) Tiltmeter: 23 x 23 cm (9.07 x 907 inches) x 12.7 cm (5.0 inches) high; 20 ¢cm (787 inches)
leg separation. Switch box: 23 x 20 x 14 cm (9 x 8 x 5.5 inches).

WEIGHT Tiltmeter: 4.5 kg (10 Ibs). Switch box: 1.8 kg @ |bs).

MATERIALS - Tiltmeter: Anodized 6061-T6 aluminum; stainless steel legs and fasteners; rubber O-rings.

Switch box: Gray fiberglass.
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Measure Submicroradian
Movements with Unrivalled Ease

Model 520 is a precision biaxial
tiltmeter for projects demanding the
maximum in resolution and stability.
Applications include leveling and
positioning of machinery,
measurement of earth tides and
movement, volcano studies and
monitoring the deformations of dams
and other critical structures. Model
520 is excellent for use in all static
applications, or as a sensitive biaxial
low-frequency accelerometer.

Highest-quality low-noise
components are used throughout
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Precise, Practical, Proven

Model 520 is not only sensitive.
It's field-proven and simple to use.
Each tiltmeter system consists of the
tiltmeter itself, a rugged fiberglass
switch box and a 3-meter
interconnect cable. Leveling and user
calibration of the tiltmeter are
performed with built-in micrometer
or worm gear legs. Three different
gains (scale factors) and two low-pass

Model 520 senses angular
movement with respect to the vertical
gravity vector using two electrolytic
tilt transducers. Rotations are sensed
in two orthogonal vertical planes. The
tilt transducers can be described as
electronic spirit levels. As the
instrument tilts, the transducer moves
around the bubble in the internal
fluid. Platinum electrodes in the
transducer walls sense changes of
electrical resistance as they are
alternately covered or uncovered by
fluid. Precision construction and
selection of the highest-quality, low-
noise components result in unrivalled
sensitivity and long-term stability.
filters (2-pole Butterworth) are user
selected with switches in the switch
box. Connnections to external power
and recorders are made via a highly

Model 520
Geodetic Platform
Tiltmeter

reliable 10-position terminal strip. The
tiltmeter, cable and switch box are
sealed throughout for operation in
wet environments.

For the ultimate in quality and
performance, invest in a Model 520
Geodetic Platform Tiltmeter today.

Underground tiltmeter testing vault




Specifications

RESOLUTION 10 nanoradians or better.

SCALE FACTORS Scale factors are selected with “GAIN” rotary switch in the switch box. Single-ended
scale factors are 5, 50 & 500 mV/uradian (200, 20 & 2 pradian/volt) in gain settings “1” “2”
and “3” respectively. Differential scale factors are 10, 100 and 1000 mV/uradian (100, 10 &
1 wradian/volt).

QUTPUT VOLTAGE Approximately =7 VDC single-ended ( = 14 VDC differential) in gain setting “1";
approximately = 8 VDC single-ended ( = 16 VDC differential) in gain settings “2” and “3."

, Single-ended and differential analog outputs proportional to tilt are both provided.

TILT RANGE Depends on gain setting. Approximately + 1400 microradians at setting “1.”

OUTPUT FILTERS Two 2-pole Butterworth filters. 90% settling times are 0 second (filter “OFF” position)
and 30 seconds (filter “ON” position). Filter is selected with toggle swttch in switch box.

BANDWIDTH 0-10 Hz in filter “OFF” position.

TEMPERATURE OUTPUT 10 mV/°C (single-ended only), —40°Cto +100° C =+ 0.75°C accuracy.

SCALE FACTOR TEMP. COEF. + 011% per °C typical.

OUTPUT IMPEDANCE

270 ohms, short circuit and surge protected.

POWER REQUIREMENTS +1to +15VDCand — 11 to —15VDC @ + 20 mA (+15 mA typical) and =10 mA (-7
mA typical); 250 mV peak-to-peak ripple max. Low battery indicator on switch plate.
CONNECTIONS 15-pin quarter-turn connectors on tiltmeter and switch box. Tiltmeter and switch box are
connected by 3-meter (10 ft) multiconductor cable. External power and recorder
connections are made via terminal strip inside switch box.
LEVELING Performed with two micrometers, each readable to 0.001 mm, or with two worm gears.
ENVIRONMENTAL —25°Cto + 70°C operational, — 30°Cto + 100°C storage. 0 to 100% humidity. Tiltmeter
is sealed with O-rings.
SIZE Tiltmeter: 23 x 23 cm (9.07 x 907 inches) x 12.7 cm (5.0 inches) high; 20 cm (787 inches)
leg separation. Switch box: 23 x 20 x 14 cm (9 x 8 x 5.5 inches).
WEIGHT Tiltmeter: 4.5 kg (10 1bs). Switch box: 18 kg @ Ibs).
MATERIALS Tiltmeter: Anodized 6061-T6 aluminum; stainless steel legs and fasteners; rubber O-rings.
Switch box: Gray fiberglass.
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SPECIFICATIONS:
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Model 701 Platform Tiltmeter
Model 711 Floor Mount Tiltmeter
Model 714 Ceiling Mount Tiltmeter

Model 716 Wall Mount Tiltmeter

These versatile, high-precision, biaxial tiltmeters are well suited for a wide variety of measure-

_ment and monitoring applications.. .

TILT RANGE

TILT RESOLUTION

TILT OUTPUT

SCALE FACTORS
OUTPUT FILTERS
TEMP. OUTPUT

OUTPUT IMPEDANCE

POWER REQUIREMENTS

OUTPUT CONNECTIONS

ENVIRONMENTAL

SIZE & WEIGHT

- MATERIALS

Available to +1 degree using high-gain transducer, 10 degrees
using mid-range transducer or 60 degrees using wide-angle
transducer

0.1 microradian (high-gain transducer), 1 microradian (mid-
range transducer) or 5 microradians (wide-angle transducer)

Two single-ended and two differential 'analog output channels
proportional to tilt. Output range: approx. +8 to —8 VDC
(single-ended) and +16 to —16 VDC (differential)

Set to order. Two switchable scale factors (gains) are provided,
10:1 ratio standard, other ratios on request

Electronic filtering of tilt channels provided by two switchable
low-pass integrators. Roll-off: 6 db/octave. Time constants pre-
set at 0.05 and 7.5 seconds, other settings on request

0.1°C/mV (single-ended), —40°C to +100°C, = 0.75°C accuracy
All channels: 270 ohms, short circuit and surge protected

+11to +15 VDC and —~11 to —15 VDC @ +11 and -6 mA typical;
250 mV peak-to-peak ripple max.

Quarter-turn military-style connector on case (specify -1 after
model no.), or 10 ft (3 meter) pigtail (specify —2 after model
no.). Pigtail is available with or without quarter-turn military-
style connector

—25°C to +70°C operational, —30°C to +100°C storage. 0 to
100 % humidity, nonsubmersible

6 x 6 x 4 inches (15 x 15 x 10 cm), 3 1b (1.4 kg)

Base: 6061-T6 aluminum, hard anodized; Dome: 6061-T6 alu-
minum, epoxy coated; Seals: Neoprene, silicone rubber. Model
701 only: invar leveling legs, brass locknuts

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418




: aluminum base plote
leveling screw ( invar or brass), 3 places
locknut
/ tilt sensor well, 2 places ‘ %
printed
circuit
board \
quarter - tum connector K
== g
-—J-—N\\\ g
. ~ s
gain ~
switch il \\ lél
—] 8
--}\_."/ —————— 9
filter ;o
switch EE S
0 T ———
-
— 1
L
protective \ (
aluminum / \ T D
dome internal / sensor
connectors  lead wires
TOP VIEW
0 1 2 inches
—
0 2 4 cm
APPLIED PLATFORM TILTMETER, MODEL 701-1 | 1 o%00s7 | “ove. | Sort
GEOMECHANICS REVISION | SCALE
CORPORATED DWG. No. D - 87-1111 hown © 1987

o cluminum base plate
leveling screw (invar or brass), 3 places
locknut
tiit sensor well
/ 1 . %
2 places pigtail with tinned printed
leads or connector circuit grommet
board \ ﬁ ]
3 .
- =
|
____ temperature . d }“L lsu
sensor well qgain il \\
switch i \ “~ LQu
/1 = =
b @
S
filter -
switch .
Py
—
— —
protective - \ (
oluminum / \ - D
dome internal / sensor
connectors  lead wires .
TOP VIEW
0 1 2 inches
—_—t
0 2 4 cm
: - DATE R CHECKED
APPLIED/“ PLATFORM TILTMETER, MODEL 701-2 | 11050087 | ppo. o
GEOMECHANICS REVISION | SCALE
ey . No. D-87-1112 1987
INCORPORATED DwG. N shown ©




aluminum base plate
mounting hole, 3 places

t ‘ s | \

tiit sensoryeﬁIrILZ places - ) ) )
printed
circuit
board
quarter - turn connector #
L S
-7 W
. ~ S
gain ~
switch i \\\_._ 5
' 1753
b _ \--/// ———————
- N —filter ! :
switch S
o T ——— ]
e Vi
- - -] -_J - - —
O protective _ - \ (
aluminum T
dome internal / sensor
connectors  lead wires
TOP VIEW
0 1 2 Inches
I S
0 2 4 cm
) FLOOR MOUNT TILTMETER DATE DRAWN CHECKED
APPLIED MODEL 711-1 12/18/87 |  bpC GRH
GEOMECHANICS REVISION | SCALE
e — . . D~ = 1987
INCORPORATED DWG. No. D- 87-1123 shown ©
5\
aluminum base plate
mounting hole, 3 places \

tilt sensor well,
2 places

plgtail with tinned printed
. ¢~ leads or connector clreuit grommet
board n ’
L O
[T3-—--I] &
temperature - RN S
17
sensor well gain { \
switch “HIE ; P\ W
/ ll S %
e N
--—L\__-‘
filter -
switch S
// -------
N—
o
" protective _ ( (

aluminum .
dome internal / sensor
connectors  lead wires
TOP VIEW
0 1 * 2 inches
N —t
;ﬁ_\ . 0 2 4 cm
. \ FLOOR MOUNT TILTMETER DATE DRAWN CHECKED
APPLIED m MODEL 711-2 12/18/87 [s]s]o; GRH
GEOMECHANICS REVISION | SCALE
WNCORPORATED DWG. No. D-87-1124 shown © 1987




mounting hole , 3 ploces

internal
connectors

sensor
lead wires

\ / protective
aluminum
@ GAIN ) \ 3 / dome
AL
Low @ Wweh (v L7 "‘_,/’/ EﬁV
] ~
=L
f \ T sensor
™~ quarter—tumn assembly | switch,
connector b 2 places
J \
OFF o~ /1 [/ \ ~
@ -
FILTER aluminum i
base plate "
\ printed
circuit
board
FRONT VIEW SIDE VIEW
0 1 2 inches
I S
0 2 4 cm
WALL MOUNT TILTMETER DATE DRAWN CHECKED
APPLIED MODEL 716~1 12/18/87 bpc GRH
GEOMECHANICS REVISION | SCALE
FC-SRPORATED DWG. No. D-87-1125 shown © 1987
mounting hole, 3 places sensor internol
lead wl:es / connectors p;ote ctive
aluminum
) \ »~~  dome
/’ 7
o
i
sensor | =]
ossembly »/"—“ switch,
B 2 places
\\\ /
aluminum n =
base picte /'
[
grommet \ printed
pigtail with tinned i‘;;“g
leads or connector
FRONT VIEW SIDE VIEW
0 1 2 inches
—t—
0 2 4 em
WALL MOUNT TILTMETER DATE DRAWN CHECKED
APPLIED MODEL 716-2 12/18/87 | DDC GRH
REVISION SCALE
GE OM%-"HAN' CS DWG. No. D-87-1126 shown © 1987




APPLIED N\

'GEOMECHANICS

'~ "7ORPORATED

f

SPECIFICATIONS:

.TILT RANGE

TILT RESOLUTION

TILT OUTPUT

SCALE FACTORS
OUTPUT FILTERS
TEMP. OUTPUT

OUTPUT IMPEDANCE

POWER REQUIREMENTS

OUTPUT CONNECTIONS

ENVIRONMENTAL

SIZE & WEIGHT

MATERIALS

- ment.and monitoring applications. ... .

©1998 Applied Geomechanics Inc.

Model 701 Platform Tiltmeter
Model 711 Floor Mount Tiltmeter
Model 714 Ceiling Mount Tiltmeter

Model 716 Wall Mount Tiltmeter

These versatile, high-precision, biaxial tiltmeters are well suited for a wide variety of measure-

Available to 1 degree using high-gain transducer, £10 degrees
using mid-range transducer or +60 degrees using wide-angle
transducer

0.1 microradian (high-gain transducer), 1 microradian (mid-
range transducer) or 5 microradians (wide-angle transducer)

Two single-ended and two differential banalog output channels
proportional to tilt. Output range: approx. +8 to —8 VDC
(single-ended) and +16 to —16 VDC (differential)

Set to order. Two switchable scale factors (gains) are provided,
10:1 ratio standard, other ratios on request

Electronic filtering of tilt channels provided by two switchable
low-pass integrators. Roll-off: 6 db/octave. Time constants pre-
set at 0.05 and 7.5 seconds, other settings on request

0.1°C/mV (single-ended), —40°C to +100°C, % 0.75°C accuracy
All channels: 270 ohms, short circuit and surge protected

+11t0+15 VDC and —11to —15 VDC @ +11 and -6 mA typical;
250 mV peak-to-peak ripple max.

Quarter-turn military-style connector on case (specify -1 after
model no.), or 10 ft (3 meter) pigtail (specify -2 after model
no.). Pigtail is available with or without quarter-turn military-
style connector

—25°C to +70°C operational, —30°C to +100°C storage. O to
100 % humidity, nonsubmersible

6 x 6 x 4 inches (15 x 15 x 10 cm), 3 1b (1.4 kg)

Base: 6061-T6 aluminum, hard anodized; Dome: 6061-T6 alu-
minum, epoxy coated; Seals: Neoprene, silicone rubber. Model
701 only: invar leveling legs, brass locknuts

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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SPECIFICATIONS:

These extremely rugged, high-precision, biaxial tiltmeters are well suited for a wide variety of

e

—— - (©1998 Applied Geomechanics Tne.

Model 702 Platform Tiltmeter
Model 712 Floor Mount Tiltmeter
Model 715 Ceiling Mount Tiltmeter

Model 717 Wall Mount Tiltmeter

measurement and monitoring applications, 1nc1ud1ng apphcatxons involving total submergence.

TILT RANGE

TILT RESOLUTION

TILT OUTPUT

SCALE FACTORS
OUTPUT FILTERS
TEMP. OUTPUT

OUTPUT IMPEDANCE

POWER REQUIREMENTS

OUTPUT CONNECTIONS

ENVIRONMENTAL

SIZE & WEIGHT

MATERIALS

Available to %1 degree using high—g'a.in'transducrer, +10 degreés
using mid-range transducer or +60 degrees using wide-angle
transducer

0.1 microradian (high-gain transducer), 1 microradian (mid-
range transducer) or 5 microradians (wide-angle transducer)

Two single-ended and two differential analog output channels
proportional to tilt. Output range: approx. +8 to —8 VDC
(single-ended) and +16 to —16 VDC (differential)

Set to order. Two switchable scale factors (gains) are provided,
10:1 ratio standard, other ratios on request

Electronic filtering of tilt channels provided by two switchable
low-pass integrators. Roll-off: 6 db/octave. Time constants pre-
set at 0.05 and 7.5 seconds, other settings on request

0.1°C/mV (single-ended), ~40°C to +100°C, =+ 0.75°C accuracy
All channels: 270 ohms, short circuit and surge protected

+11to+15 VDC and —11 to —15 VDC @ +11 and -6 mA typical;
250 mV peak-to-peak ripple max.

10 ft (3 meter) pigtail standard, greater lengths on request. Pig-
tail is available with or without quarter-turn military-style con-
nector

—25°C to +70°C operational, —30°C to +100°C storage. 0 to
100 % humidity, fully submersible

6 x 6 x 4 inches (15 x 15 x 10 cm), 10.5 Ib (4.8 kg)

Case: 303/304 stainless steel; O-Ring Seal: buna, EPR or silicone
rubber O-ring; Cable: polyurethane jacket. Model 702 only:
invar leveling legs, brass locknuts

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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SPECIFICATIONS: Model 722 Borehole Tiltmeter

Model 722 is a rugged, biaxial, high-precision borehole tiltmeter for monitoring earth and founda-
tion movement. Electronics are housed inside the tiltmeter body ensuring maximum protection,
thermal stability, and signal quality.

TILT RANGE Available to 1 degree using high-gain transducer, 10 degrees
using mid-range transducer or +60 degrees using wide-angle
transducer

TILT RESOLUTION 0.1 microradian (high-gain transducer), 1 microradian (mid-

range transducer) or 5 microradians (wide-angle transducer)

TILT OUTPUT Two single-ended and two differential analog output channels
proportional to tilt. Output range: approx. +8 to —8 VDC
(single-ended) and +16 to —16 VDC (differential)

SCALE FACTORS Set to order. Two switchable scale factors (gains) are provided,
10:1 ratio standard, other ratios on request

OUTPUT FILTERS Electronic filtering of tilt channels provided by two switchable
low-pass integrators. Roll-off: 6 db/octave. Time constants pre-
set at 0.05 and 7.5 seconds, other settings on request

TEMP. OUTPUT 0.1°C/mV (single-ended), —40°C to +100°C, % 0.75°C accuracy
OUTPUT IMPEDANCE All channels: 270 ohms, short circuit and surge protected

POWER REQUIREMENTS +11to+15VDC and —11 to —15 VDC @ +11 and -6 mA typical;
250 mV peak-to-peak ripple max.

OUTPUT CONNECTIONS Quarter-turn military-style connector on outside of switch box
plus terminal strip inside switch box

ENVIRONMENTAL —25°C to +70°C operational, —30°C to +100°C storage. Tilt-
meter body is submersible. Switch box is rainproof in upright
position

SIZE Tiltmeter body: 2.13 x 33.5 inches (5.4 x 85 cm); Switch box: 6

x 6 x 5 inches (15 x 15 x 13 inches)
WEIGHT Tiltmeter body: 15 Ib (6.8 kg); Switch box: 6 Ib (2.7 kg)

MATERIALS Tiltmeter body: 303/304 stainless steel; Switch box: Painted
steel; Seals: EPR, buna, neoprene and/or silicone rubber

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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755-Series High-Gain Miniature Tilt Sensors
756-Series Mid-Range Miniature Tilt Sensors

The 755 and 756 Series of Miniature Tilt Sensors include five different sensor packages. Each
package consists of a rugged dual-axis or single-axis solid aluminum housing containing Applied
Geomechanics precision electrolytic transducers. The housings are in a variety of shapes and
dimensions to accommodate a wide range of mounting and space requirements. Mounting holes
allow for easy attachment to any vertical or horizontal surface.

755 Series: 0.1 microradian (0.02 arc second)

'RESOLUTION
756 Series: 1.0 microradian (0.2 arc second)
TOTAL RANGE 755 Series: £1 degree; 756 Series: £10 degrees
REPEATABILITY 755 Series: 1 microradian (0.2 arc second)
756 Series: 2 microradians (0.4 arc second)
LINEARITY 755 Series: Within 0.1 arc minute at an angle of 310 arc min-
utes; within 0.5 arc minute at an angle of 20 arc minutes
756 Series: Within 1.8 arc minutes at an angle of +3 degrees;
within 10 arc minutes at an angle of +6 degrees
( - OUTPUT CONNECTIONS 12-inch (30 cm) pigtails with tinned ends or mini connectors
ENVIRONMENTAL —25°C to +70°C operational, —~30°C to +100°C storage, 0 to
100 % humidity
MATERIALS Anodized 6061-T6 aluminum; stainless steel, invar, brass or

ceramic available upon request

Provided by Model 83162 Board Level Signal Conditioner,
Model 775 Readout/Electronics Unit, Model 781 Signal Con-
ditioning Unit, Model 785 Signal Conditioning Field Module
or Model 786 Rack-Mount Signal Conditioning Unit.

SIGNAL CONDITIONING

CHANNELS

MOUNTING

DIMENSIONS

WEIGHT

2 tilt, 1 temp.

Horiz. surface or vert. tube;
hole dia.= 0.18" (4.5 mm)

1.98 dia. cylinder x.75
high (50.3 x 19.1 mm)

4 0z. (114 g)

2 tilt, 1 temp.

Horiz. surface or vert. tube;
mounting hole dia.= 0.15”
(3.9 mm)

1.37" dia. cylinder x
1.25” high (34.8 x 31.8
mm)

2.8 0z. (80 ¢g)

-1148

2 tilt, 1 temp.

Horiz. surface; mounting
hole dia.= 0.20” (5.1 mm)

2.12° x 3.00° x 0.74"
(54.9 x 76.2 x 18.8 mm)

7 oz. (200 g)

-1150

2 tilt, 1 temp.

Horiz. or vert. surface; hole
dia.= 0.18” (4.4 mm)

1.62° x 2.00° x 1.00°
(41.2 x 50.8 x 25.4 mm)

5 oz. (142 g)

1 tilt

-1172

Horiz. or vert. surface; hole
dia.= 0.17” (4.3 mm)

2.00" x 0.62" x 0.627
(50.8 x 15.7 x 15.7 mm)

1.5 oz. (42 g)

1336 Brommer Street

Santa Cruz, CA 95062

(408) 462-2801

FAX (408) 462-4418
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SPECIFICATIONS: 757-Series Wide-Angle Miniature Tilt Sensors

The 757 Series of Miniature Tilt Sensors includes five different sensor packages. Each package
consists of a rugged dual-axis or single-axis solid-aluminum housing containing Applied Geome-
,chamcs w1de-angle (Type C) electrolytlc transducers The housmgs are m a vanety of shapes

holes allow for easy attachment to any surface.

RESOLUTION 5 microradians (= 1 arc second = 0.00028 degree)

TOTAL RANGE +60 degrees

REPEATABILITY 5 microradians (=~ 1 arc second = 0.00028 degree)

Within 0.1 degree at an angle of £10 degrees, within 1.0 degree
at an angle of £45 degrees, within 3 degrees at 60 degrees

LINEARITY

OUTPUT CONNECTIONS 12-inch (30 cm) pigtails with tinned ends or mini connectors

(\4 ENVIRONMENTAL RANGE —25°C to +70°C operational, —30°C to +100°C storage, 0 to
100 % humidity
MATERIALS Anodized 6061-T6 aluminum; stainless steel, invar, brass or

ceramic available upon request

Provided by Model 83162 Board Level Signal Conditioner,
Model 775 Readout/Electronics Unit, Model 781 Signal Con-
ditioning Unit, Model 785 Signal Conditioning Field Module
or Model 786 Rack-Mount Signal Conditioning Unit.

SIGNAL CONDITIONING

MODEL | CHANNELS MOUNTING DIMENSIONS WEIGHT
-1122 2 tilt Horiz. or vert. surface; hole | 1.10" x 1.10” x 1.38” | 2.5 oz. (71 g)
dia.= 0.18” (4.4 mm) (27.9 x 27.9 x 35.1 mm)
-1138 | 2 tilt, 1 temp. | Horiz. surface or vert. tube; | 1.24” dia. cylinder x | 2.5 oz. (71 g)
mounting hole dia.= 0.14” | 1.25” high (31 5 x 31.8
(3.7 mm) mm)
-1173 1 tilt Horiz. or vert. surface; hole | 1.04” x 0.52” x 0.65" | 0.8 oz. (23 ¢g)
dia.= 0.17” (4.3 mm) (26.4 x 13.3 x 16.6 mm)
-1174 1 tilt Horiz. or vert. surface; hole | 2.00° x 0.62” x 0.62” | 1.5 0z. (42 g)
{ dia.= 0.17” (4.3 mm) (50.8 x 15.7 x 15.7 mm)
-1175 2 tilt Horiz. or vert. surface; hole | 1.62° x 0.70° x 0.70” | 1.5 oz. (42 g)
dia.= 0.17” (4.3 mm) (41.3 x 17.8 x 17.8 mm)

1336 Brommer Street

Santa Cruz, CA 95062

(408) 462-2801

FAX (408) 462-4418




Sensor wire holes (2)
Q on hidden side
]-33 /

1.24

N

wire hole

o=

Sensor
wire hole

1.25 O M
i 04
]]0 l 110 \/ 0,52 i
-1122 -1138 -1173
Sensor
wire hole Sensor
wire hole
| 0
.ezI . -
2.00
Ogy"  -1174
Dimensions in inches ‘
757—SERIES DATE DRAWN CHECKED
APPLIED /\& WIDE~ANGLE MINIATURE TILT SENSORS 1/14/88 |  LOR GRH
GEOMECHANICS REVISION | SCALE
N COAPORATEL DWG. No. D-88-1002 Sshown © 1988




APPLIED
GEOMECHANICS

“~“CORPORATED

(©1993 Applied Geomechanies Inc. . |

SPECIFICATIONS: Model 775 Readout/Electronics Unit (REU)

Model 775 provides excitation, signal conditioning and digital display of the output of single-
or dual-~axis tilt sensors. Connectors on the front panel supply conditioned output for external
recorders. Model 775 supports all Miniature Tilt Sensors, Model 750 Portable Tilt Sensor, and
760 Series Embedded Tilt Sensors.

DISPLAY

DISPLAY CHANNELS

INPUT CHANNELS

OUTPUT CHANNELS

OUTPUT IMPEDANCE

OUTPUT GAINS

OUTPUT FILTERS

INTERNAL POWER

EXTERNAL POWER

CONNECTIONS

ENVIRONMENTAL

MECHANICAL

1336 Brommer Street

Dual 3 1/2 digit LCD, 0.5 inch (12.7 mm) digit height; +19.99

to —19.99 VDC or +1.999 to —1.999 VDC range; 0.2 % full scale |-

accuracy
X tilt, Y tilt, temperature, and internal battery voltages
Two electrolytic transducers, one LM-35 temperature sensor

X tilt and Y tilt, each £8 VDC single-ended, scale factors set to
order; temperature @ 0.1°C/mV, single-ended, —40° to +100°C,
£0.75°C accuracy

All channels: 270 ohms, short circuit and surge protected

Two switchable gains provided, 10:1 ratio standard, other ratios
on request )

Two switchable low-pass integrators. Roll-off = 6 db/octave.
Time constants preset at 0.05 and 7.5 seconds, other settings on
request

Two 12 VDC, 1.2 amp-hour batteries to operate signal condition-
ing electronics; one AC-to-DC power converter for recharging the
12 VDC batteries; one 9-volt battery to operate digital voltmeters
and LCD displays

110-120 VAC American version or 220-240 VAC European vérsion,
both 47 — 63 Hz. Unit will operate on internal batteries without
external power

Tilt and temperature transducers: Quarter—turn military—style
connector; Output: BNC (coaxial); Power: grounded, 3-
conductor connector

0° to +50°C operational, —20° to +70°C storage; 0 to 80% hu-
midity (noncondensing)

Materials: formed, painted aluminum carrying case with handle;
Size: 11 x 9 x 8 inches (28 x 23 x 20 cm); Weight: 10.5 1b (4.8 kg)

Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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SPECIFICATIONS:

Conditioning Field Module.
INPUT CHANNELS

TILT OUTPUT CHANNELS

OUTPUT VOLTAGE RANGE

OUTPUT GAINS

OUTPUT FILTERS

TEMPERATURE OUTPUT

OUTPUT IMPEDANCE

POWER REQUIREMENTS

EXTERNAL CONNECTIONS
TEMPERATURE RANGE
HUMIDITY RANGE

SIZE

WEIGHT

MATERIALS

©1998 Applied Geomechanics Inc.

Model 781 Signal Conditioning Unit (SCU)

Model 781 provides excitation and signal conditioning for all Applied Geomechanics single- or
~dual-axis tilt sensors:-It-is-a-popular signal conditioner for 755-;-756--and 757-Series-Miniature —
Tilt Sensors. Model 781 is housed in a rugged aluminum enclosure designed for indoor use. For
applications requiring continuous operation out-of-doors, we recommend our Model 785 Signal

Two electrolytic tilt sensors, one LM-35 temperature sensor
Two single-ended and two differential analog output channels

proportional to tilt. Scale factors set to order. A variety of
scale factors is available

Approx. 8 VDC (single-ended), £16 VDC (differential)

Two switchable gains provided, 10:1 ratio standard, other
ratios on request

Two switchable low-pass integrators. Roll-off = 6 db/octave.
Time constants preset at 0.05 and 7.5 seconds, other settings

on request

One channel, 0.1°C/mV (single-ended) over —40°C to
+100°C, % 0.75°C accuracy

All channels: 270 ohms, short circuit and surge protected

+11t0+15 VDC, —11to —15 VDC @ +11 and -6 mA typical;
250 mV maximum peak-to-peak ripple

Dual screw-terminal barrier strips

—25°C to +70°C operational, —30°C to +100°C storage
0 to 100%; noncondensing

3.5 x 5 x 8.4 inches ( 8.8 x 12.7 x 21.3 cm)

2 1b (0.9 kg)

Case: painted aluminum

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418




Dimensions in centimeters

REV

DESCRIPTION

DATE BY

Redrown

12,/10/87 | GRH

MODEL 781 SIGNAL DATE DRAWN CHECKED
APPLIEDm CONDITIONING UNIT DIMENSIONS 8/21/87 LDR GRH
REVISION | SCALE
GEOMECHANICS DWG. No. D - 87 -1071 A shown © 1987
INCORPORATED
APPLIED GEOMECHANICS INC.
APPLIED "R\
o SR velRpER
on high on FIYrp o888 o:
3 3 3 3 2 § Y % T
[+ 4
g g E T g I T g2 £ F B
Q T e ~ = W . _
- || bR
SENSOR 1 SENSOR 2 TEMP. SENSOR
MODEL 781 SIGNAL CONWDITIONING UNIT
FRONT REAR
inches
0 1 2
0 1 2 3 5
cm
MODEL 781 SIGNAL CONDITIONING DATE DRAWN | CHECKED
APPLIEDm UNIT, FRONT AND REAR PANELS 12/14/87 LDR GRH
GEOMECHANICS . REVISION | SCALE 1987
INCORPORATED DWG. No. D - 87- 1115 none 6




APPLIED
GEOMECHANICS

-~ "'CORPORATED

SPECIFICATIONS:

INPUT CHANNELS

TILT OUTPUT CHANNELS

OUTPUT VOLTAGE RANGE

OUTPUT GAINS

OUTPUT FILTERS

TEMPERATURE OUTPUT

OUTPUT IMPEDANCE

POWER REQUIREMENTS

EXTERNAL CONNECTIONS

ENVIRONMENTAL

SIZE
WEIGHT

MATERIALS

©1998 Applied Geomechanics Inc.

Model 785 Signal Conditioning Field Module

Model 785 provides excitation and signal conditioning for single- and dual-axis tilt sensors.

Housed in a rainproof steel enclosure, the unit is suitable for outdoor operation in harsh weather

conditions. Mounting brackets on the enclosure permit attachment to a wall or post for easy
______access during field surveys. Model 785 supports all Miniature Tilt Sensors, 760-Series Embedded

Tilt Sensors, and Model 732 Wheeled Inclinometer

Two electrolytic tilt sensors, one LM-35 temperature sensor

Two single-ended and two differential analog output channels
proportional to tilt. Scale factors set to order. A variety of
scale factors is available

Approx. =8 VDC (single-ended), £16 VDC (differential)

Two switchable gains provided, 10:1 ratio standard, other
ratios on request

Two switchable low-pass integrators. Roll-off = 6 db/octave.

Time constants preset at 0.05 and 7.5 seconds, other settings
on request

One channel, 0.1°C/mV (single-ended) over —40°C to
+100°C, £ 0.75°C accuracy

All channels: 270 ohms, short circuit and surge protected

+11 to +15 VDC, —11 to —15 VDC @ +11 and —6 mA
typical; 250 mV maximum peak-to-peak ripple

Quarter-turn connector on enclosure for connection to tilt
and temperature sensors; nonmatching quarter-turn connec-
tor on enclosure for connection to external power supply and
record device; screw-terminal barrier strip on internal panel

for additional power and signal connections

—25°C to +70°C operational, —30°C to +100°C storage. 0
to 100% humidity, nonsubmersible

6 x 6 x 5 inches (15 x 15 x 13 cm)
6 1b (2.7 kg)

Enclosure: painted steel. Internal panel: painted aluminum

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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SPECIFICATIONS:
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Model 786 Signal Conditioning Unit

The Model 786 Signal Conditioning Unit is a rack mount module that may be used with all
Applied Geomechanics tilt sensors. It is well suited for any application where machine or struc-
tural tilt must be measured in multiple locations. Internal electronics provide simultaneous
excitation of two to sixteen electrolytic tilt transducers and condition the returned signals into
“analog DC voltages."Model 786 also takes temperature readings from National Semiconductor
LM35 temperature sensors. One temperature channel is provided per pair of tilt channels.

INPUT CHANNELS

TILT OUTPUT CHANNELS

OUTPUT VOLTAGE RANGE

OUTPUT GAINS

OUTPUT FILTERS

TEMPERATURE OUTPUT

OUTPUT IMPEDANCE

POWER REQUIREMENTS

EXTERNAL CONNECTIONS

ENVIRONMENTAL

SIZE & WEIGHT

MATERIALS

Expandable in pairs from two to sixteen electrolytic tilt sen-
sors. One LM-35 temperature sensor per pair of tilt channels.
Number of channels is specified when ordering

Two to sixteen single—ended end two to sixteen differential
analog output channels proportional to tilt. Scale factors set
to order. A variety of scale factors is available

Approx. £8 VDC (single-ended), £16 VDC (differential)

Two switchable gains provided per pair of tilt channels, 10:1
ratio standard, other ratios on request

Two switchable low-pass integrators. Roll-off = 6 db/octave.
Time constants preset at 0.05 and 7.5 seconds, other settings
on request

One to eight channels, 0.1°C/mV (single-ended) over —40°C
to +100°C, £ 0.75°C accuracy

All channels: 270 chms, short circuit and surge protected

Standard 110-120 VAC, 50/60 Hz, fused to 0.5 amp. 220-240
VAC version available

Quarter-turn connectors for tilt sensors. “D” panel connec-
tors for output. All connections made on rear panel

~25°C to +70°C operational, —~30°C to +100°C storage. O
to 80 % humidity, noncondensing and nonsubmersible

19 x 5 x 15 inch (483 x 127 x 381 mm), EIA standard 19-inch
rack mount; 8.5 1b (3.9 kg)

Case: painted aluminum and steel

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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SPECIFICATIONS: Model 83162 Board Level Signal Conditioner

Model 83162 is a printed circuit assembly that provides excitation and signal conditioning for
two electrolytic tilt transducers and one LM-35 temperature sensor. It can be used with 755-,
756- and 757-Series Miniature Tilt Sensors and all other Applied Geomechanics tilt transducers.
Four mounting holes allow easy packaging in customer products. Model 83162is a high-precision
circuit that is well suited for engineering and scientific applications requiring a board level signal
conditioner.

INPUT CHANNELS Two electrolytic tilt sensors, one LM-35 temperature sensor

TILT OUTPUT CHANNELS  Two single-ended and two differential analog output channels
proportional to tilt. Scale factors set to order. A variety of
scale factors is available

OUTPUT VOLTAGE RANGE Approx. +8 VDC (single-ended), £16 VDC (differential)

OUTPUT GAINS Two switchable gains provided, 10:1 ratio standard, other
ratios on request. Toggle switch mounted on board (switch
can be omitted on request)

OUTPUT FILTERS Two switchable low-pass integrators. Roll-off = 6 db/octave.
Time constants preset at 0.05 and 7.5 seconds, other settings
on request. Toggle switch mounted on board (switch can be
omitted on request)

TEMPERATURE OUTPUT  One channel, 0.1°C/mV (single-ended) over —40°C to
+100°C, £ 0.75°C accuracy

OUTPUT IMPEDANCE All channels: 270 ohms, short circuit and surge protected

POWER REQUIREMENTS +11to +15 VDC, —~11 to —15 VDC @ +11 and -6 mA typical;
250 mV maximum peak-to-peak ripple

CONNECTIONS Power input and signal output: Pigtail or quarter-turn
military-style connector. Sensor connections: Gold-plated
Fujitsu header pins

ENVIRONMENTAL —25°C to +70°C operational, —30°C to +100°C storage; 0
' to 80% humidity

. SIZE & WEIGHT Round circuit board, 4 inches (10.1 cm) diameter; approx.
K , 30 grams
MATERIALS Fiberglass printed circuit board with soldered components

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418







Automated Monitoring with Alarm
Capabilities

Model 796 is a central control
station that enables you to
automatically monitor the behavior of
any structure—simply, affordably and
reliably. Model 796 simultaneously
powers and records multiple
tiltmeters or other analog output
transducers. You can instruct Model
796 to trigger alarms if allowable
movements or other parameters
are exceeded. Its wide-ranging
applications include monitoring the
effects of riverbed scour on bridges,
monitoring ground stability during
grading, and tracking the behavior
of roofs, arches and retaining walls.

For Monitoring of:

* Bridges

* Buildings

* Dams

* Landslides

* Volcanoes

* Foundations

* Retaining Walls

* Roofs

* Roadways

* Tanks

* Tunnels

* Turbines

* Pressure Vessels
Any Structure

Model 796 continuously records
the readings of the transducers
connected to it while checking
measured behavior against allowable
limits. Data are stored in digital format
readable by an IBM-compatible
microcomputer. You set sample rates
and alarm thresholds using programs
supplied with the unit, or by writing
your own programs. An internal
microprocessor-based controller
regulates clock, logic and recording
functions.

Model 796 is supplied with its
own flashing strobe alarm light, as
well as switch closure connections for
auxiliary remote alarms. Designed
for outdoor or indoor use, Model 796
will operate from AC power, batteries
or solar cells.

Flexible Data Retrieval

When you are ready to download
data into your computer for graphing,
review and presentation, Model 796
offers a variety of data retrieval
options. Take a laptop computer to
the field and connect it directly to the
unit via a serial interface. Or, retrieve
the data from your office using a
telephone line and modem. if you are
within several kilometers of the
Model 796 Recording Station/Alarm
Unit, data may be transmitted over
twisted pair wires or coaxial cable.
If land connections are not feasible,

APPLIED
GEOMECHANICS

Model 796
Recording Station
and Alarm Unit

you may retrieve data by radio
telemetry or by visiting the site with
a hand-held storage module.

The data communications
options outlined above also
apply when you program Model
796 or modify existing program
parameters. Advise us of your data
communications preference and
we will provide the necessary
communications accessories.

The Model 796 Recording
Station/Alarm Unit combines
affordability with superior
performance. Call or write today for
a quotation or additional details.

[N L

Monitor effects of bridge scour




Specifications

SIGNAL INPUT Differential or single-ended. Standard configuration: Four 700-Series biaxial tiltmeters, six
800-Series uniaxial tiltmeters or twelve voltage inputs from other transducers.
Multiplexed configuration: Up to forty 700-Series tiltmeters, sixty 800-Series tiltmeters or
120 voltage inputs from other transducers.

INPUT CONNECTIONS Miniature screw terminals. Up to +2.5 volt input range.

POWER REQUIREMENTS

110—120 VAC or 220—240 VAC @ 47-63 Hz. Unit also operates from two external 12-volt
batteries or solar cells.

POWER OUTPUT 12 VDC. Two internal 12-volt rechargeable batteries provide backup power during AC
power outages.

PROGRAMMING Data collection, processing and alarm functions are fully programmable from an 1BM-
compatible microcomputer or hand-held keypad. Prewritten data acquisition and alarm
programs are provided with each unit.

DATA STORAGE Stores 29900 data values at 13-bit resolution. Expanded storage to 2,864,000 data values
is available using solid state modules.

DATA RETRIEVAL Downloading to an IBM-compatible microcomputer via 9-pin serial cable (direct
connect), telephone modem, radio telemetry, coaxial cable, two twisted pairs or hand-
held storage module.

ALARM FEATURES All alarm circuits are activated by solid state relays. The following features are provided:

1. Six LEDs on interior panel indicate tiltmeters/transducers that exceed their alarm limits.
2. One external strobe light flashes when any limit is exceeded.

3. One two-wire control port activates user-supplied alarm systems (valve closure, sirens,
eto). .

ENVIRONMENTAL —25°C to +50°C operational and storage. Wider ranges available. 0% to 100% humidity
(noncondensing). Protected from transients using spark gaps or transzorbs.

ENCLOSURE Wall-mountable NEMA 4X fiberglass enclosure, gasketed and rainproof.

SIZE 47 X 37 X 24 cm (18 X 14.5 X 9.5 inches).

WEIGHT Approx. 12.3 kg (27 |bs) with internal batteries.

—
\\,@/

Microcomputer with
serial interface

TWO-WAY COMMUNICATIONS

m

Direct connect
Telephone fine
Radio
Coax
Twisted pairs

Model 796

CONTROL AND WIRING PANEL

APPLIED
GEOMECHANICS

MODEL 796
RECORDING STATION ! ALARM UNIT

Tiltmeters/
other sensors

Installed unit with warning light

APPLIED NN\
GEOMECHANICS

1336 Brommer Street
Santa Cruz, CA 95062 USA

Telephone: @08) 462-2801
FAX: 408) 462-4418
©1990 Applied Geomechanics Inc. All rights reserved.

IBM is a registered trademark of International Business
Printed in USA

Machines, Inc.
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SPECIFICATIONS: Model 797 Multiplexer Unit

The Model 797 Multiplexer Unit is an add-on module for powering and multiplexing tiltmeters.
It is designed to expand the input capabilities of our Model 796 Recording Station/Alarm Unit.
Each Model 797 can supply power to and multiplex up to 10 tiltmeters. Power is supplied to

" the unit by the Model 796. Model 797 can also be used with data acquisition systems made by~
other vendors for distributing power and multiplexing tiltmeter signals.

INPUT CHANNELS

CONNECTIONS
POWER
CONTROL LOGIC

ENCLOSURE

SIZE & WEIGHT

Up to ten 700-Series biaxial tiltmeters or 800-Series uniaxial tilt-
meters

Miniature (Phoenix style) screw terminal strips on interior panel

+12VDC normally supplied by Model 796. Unit will also operate
from two external 12-volt batteries or dual power supply if Model
796 is not used. Power is constantly provided to all tiltmeters

Two digital input lines select the tiltmeter for output by the Model
797 Multiplexer Unit

Wall-mountable NEMA 4X fiberglass, gasketed and weatherproof

356 x 267 x 191 mm (14 x 10.5 x 7.5 inches); 5 kg (11 1b)

Model 796

Model 797 Model . 797 §... . Up to Two
No. | [ . More 797°'s

Mux Ctrl | Mux Ctrt

From 797 No.
To Titmeter | Terminal Strip
On 796

fFrom 797 No. 2
To Tiitmeter 2 Terminal Strip
On 796

eI

Up to 10 Tatneters Up to 10 Tiltmeters

1336 Brommer Street

Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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SPECIFICATIONS: Model 771 Digital Readout Unit (DRU)

The Model 771 Digital Readout Unit is used for installing, releveling, periodic field checking
and troubleshooting Applied Geomechanics tiltmeters. The DRU powers the tiltmeter and
displays the conditioned output received from the tiltmeter on two digital panel meters. Separate
connectors supply conditioned output for external recorders. Model 771 supports tiltmeter
Models 701 through 722 and Model 800. 7

DISPLAY Dual 3 1/2 digit LCD, 0.5 inch { 12.7 mm ) digit height

DISPLAY RANGE +19.99 to —19.99 VDC or +1.999 to —1.999 VDC
DISPLAY ACCURACY 0.2 % full scale

DISPLAY CHANNELS X tilt, Y tilt, temperature, and internal battery voltages
INPUT CHANNELS Two tilt channels and one temperature channel

INPUT CONNECTORS Quarter-turn military—style connector

OUTPUT CHANNELS X tilt, Y tilt, temperature (all single-ended)

OUTPUT CONNECTORS BNC

INTERNAL POWER Two 12 VDC, 1.2 amp-hour batteries to operate tiltmeter; one
AC-to-DC power converter for recharging the 12 VDC batter-
ies; one 9-volt battery to operate digital voltmeters and LCD
displays

EXTERNAL POWER 110-120 VAC American version or 220-240 VAC European ver-

sion, both 47 — 63 Hz. Unit will operate on internal batteries
without external power

POWER CONNECTOR Grounded, 3—-conductor connector

TEMPERATURE RANGE 0° to +50°C operational, —20° to +70°C storage

HUMIDITY RANGE 0 to 80 % (noncondensing)

MATERIALS Formed, painted aluminum carrying case with handle
SIZE 11 x 9 x 8 inches ( 28 x 23 x 20 cm )

WEIGHT 10.51b (4.8 kg )

1336 Brommer Street Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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Model 772 provides remote power and digital display for up to three biaxial or uniaxial tiltmeters.
A rotary switch selects the tiltmeter for output display. Connectors on the front panel supply
conditioned tiltmeter outputs for external recorders. This unit is a practical and convenient
power, display and interface module for installing and operating a small array of tiltmeters.
_Model 772 supports tiltmeter Models 701 through 722 and Model 800.

DISPLAY

DISPLAY RANGE

DISPLAY ACCURACY

DISPLAY CHANNELS

INPUT CHANNELS

INPUT CONNECTORS

OUTPUT CHANNELS

OUTPUT CONNECTORS

INTERNAL POWER

EXTERNAL POWER

POWER CONNECTOR

TEMPERATURE RANGE

HUMIDITY RANGE

MATERIALS

SIZE & WEIGHT

1336 Brommer Street

M;)dél ””"772 Powe; Supprlﬁg;/R‘ea,doutr: / Interface
Unit (PSRI)

Dual 3 1/2 digit LCD, 0.5 inch ( 12.7 mm ) digit height
+19.99 to —19.99 VDC or +1.999 to —1.999 VDC

0.2 % full scale

X tilt, Y tilt, temperature, and internal battery voltages

Three biaxial or uniaxial tiltmeters (up to six tilt and two
temperature inputs)

Quarter-turn military—style connectors

X tilt, Y tilt, and temperature (all single-ended) for three tilt-
meters simultaneously

BNC

Two 12 VDC, 1.2 amp-hour batteries to operate tiltmeters;
one AC-to-DC power converter for recharging the 12 VDC
batteries; one 9-volt battery to operate digital voltmeters and
LCD displays

110-120 VAC American version or 220-240 VAC European ver-
sion, both 47 — 63 Hz. Unit also will operate from +12 VDC
power supply or two 12 volt batteries, or from internal batteries
without external power

Grounded, 3—conductor connector

0° to +50°C operational, —20° to +70°C storage

0 to 80 % (noncondensing)

Formed, painted aluminum carrying case with handle

11 x 9 x 8 inches (28x 23 x20cm ), 131b ( 5.9 kg )

Santa Cruz, CA 95062 (408) 462-2801 FAX (408) 462-4418
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From yarof\Wed Jul 6 11:39:13 1994

To: weiss J—
Subject: Re: g;crophones I

Cc: yaron, , pf

Rai,

The proposal calls for one[Acoustic Pressure monitor per test
tank.

That comes to:
4 masses * 3 interfgrometer

12 Microphones.

we want to monitor her optical components I can
relay mirror tanks
beam splitter
recycling mirror
telescope

mode cleaners mirror tanks
laser table

PR P RN

total of 8 additional tanks per inkerferometer or 24 Microphones.

total number of Microphones is: 12
or 36

test mass only
r all critical tanks.

We can get microphones from:
Radio Shack
Mass. Av, Boston.

(617) 547-7332

Catalog # 33-1067 $5.99

finally: total price is:y/ 5.99 * 12 = § 71.88
or 5.99 * 36 = $215.64
Yaron

From yaron Wed Jul 6 13:51:38 1994
To: weiss i

Subject: Re: accelerometers.

Cc: yaron, pf, dhs

Rai, j

I have just received a Fax with informatiod on the‘éccelerometgrs. \

It looks like one needs a T
“Constant Current Supply / Signal Conditiogper " to be used with
these accelerometers. YR

The company offers:

Model 2792B :
9 channels
with: Sensitivity Normalization (variable gain)
LED Status indicator

$1,795.00

Model 2793
16 channels
Selectable gain of 1 or 10.

$1,295.00

The 2793 looks more attractive ($81 / channel vs. $112)
We will need (test mass only):
one unit in each End mirror building.
one unit in each central building.
total: 8 units -> $10,360.00
S——————

0

— D
or (all optical components)

one unit in each End mirror building.

four units in the central building (two interferometers)

Two units in the central building (one interferometer)

total: 12 units ->¢15,540.00

add these sums to the price:

Test mass only 10360 + 30420

$40,780.00 ol

All optics 15540 + 91260 $106,800.00

ITALlUll.

> From yaron Wed Jul 6 10:53:47 1994

> To: weiss

> Subject: Re: accelerometers.

> Cc: pf, dhs, yaron

>

>

> Rai,

>

> The proposal calls for 3 accelerometer per test mass tank.
>

> That comes to:

> 4 masses * 3 accelerometers * 3 interferometer = 36
>




From yaron Tue Jul 5 13:01:33 1994 From yaron Wed Jul 6 10:53:47 1994

To: weiss To: weiss
Subject: Re: seismometers Subject: Re:

Cc: pf, dhs, yaron Cc: pf, dhs, yaron
Rai,
Rai,
With one seismometer / building, and eight buildings,
the price for seismic monitoring is: $60,000.00 The proposal calls for 3 accelerometer per test mass tank.
Yaron. That comes to:

4 masses * 3 accelerometers * 3 interferometer = 36
—

o i A

If we want to monitor other optical components I can think of:

————— Begin Included Message ----- 2 relay mirror tanks
1 beam splitter :
>From lisa@ligo.caltech.edu Tue Jul 5 11:26:35 1994 1 recycling mirror ‘
To: yaron 1 telescope
Subject: Re: Request from Barish 2 mode c¢leaners mirror tanks !
1 laser table
The following is info on the seismometers we are buying for the seismic measurements. total of 8 additional tanks per interferometer or 72 accelerometers. :
I will give you the company and price that was quoted. !
|
Digital Technology Ass. i
1330-A Galaxy Way ;
Concord Ca 94520 ’ total number of accelerometers is: 36 for test mass only . i
tel: 510-682-2072 or 108 for all critical tanks. e |
§
The sensor is a CMG40T Triaxial Broadband Seismometer with a signal range from .1 Hz to . ;
100 Hz. In the past we got accelerometers from
It takes data in 3 axes. Endevco
B Mystic CT 06355
The price with the cabeling and power supply is roughly $7500. {203) 572-0571

The model that we got was:

As far as the other things on your list, you might talk to Jake or Volker.
7703-1000 accelerometer $710.00 (each for order of more then 30)

Good luck, Lisa 2771-1 charge converter $235.00 (each for order of more then 30)
$945.00 total

———— End Included Message ----- ! They now have a new product that combine the two in one unit: '

f754—1000 accelerometer with built in amplifier $845.00

y ossamtrm— ‘“’ {(each for or of more then 30
finally: total price is 845.00 * 36 = $30,420.00
jor 845.00 * 108 = $91,260.00

Yaron
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MEMO '

P.10
4

T0: DR. YARON HEFETZ .
MIT ROOM 20 B-145 , -
CAMBRIDGE, MA 02139

FROM: M,Eggco ‘ ;2(; ?@/94_ | i

PRODUCT PRICE

7703A-1000 $710 IN QTYS 25-49
" 7754-1000 $845 * . .

2771A-01/26 $260 * . .

Ur.Vb.1994

A QUOTE PROM OUR CALIFORNIA OFFICE WILL FOLLOW.

THANK YOO FOR CONSIDERING ENDEVCO
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