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EXECUTIVE SUMMARY

The US Army Corps of Engineers (USACE) plans to conduct a site specific hydrostatic load test
on a portion of the existing I-Wall/Levee along the east edge of the London Avenue Outfall
Canal in New Orleans, LA. Structural and geotechnical instrumentation combined with an
Automated Data Acquisition System (ADAS) system will be installed to monitor the behavior of
the levee and I-Wall for the duration of the load test.

Analyses of the levee and I-Wall by others indicated that the most likely cause of failure would
be an increase in pore pressures in the materials below grade. The sequence of events leading to
the failure of the 1-Wall are thought to be largely due to the formation of a gap between the wall
and soil on the canal side of the I-Wall as the wall deflects with increasing height of water. As
the water rises in the canal, more deflection of the wall occurs, increasing the width and depth of
the gap. The gap provides a hydraulic conduit whereby water in the canal can flow into a sand
unit below grade. An increase in pore pressures in this sand unit may cause heave, sand boils,
and piping on the protected side of the I-Wall. Hydraulic pressure in the gap may also cause
translation of the wall if the passive resistance of the soil is exceeded.

Both structural and geotechnical instruments were selected to monitor the potential failure
modes. An ADAS system will be installed to monitor the instruments in near real-time mode.
The intent is to not only measure the deformations as they occur, but also to provide data for
alerting the team conducting the test should target threshold levels of deformation be exceeded.
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SECTIONONE Introduction

1.0  INTRODUCTION

1.1 Authorization

The Hurricane Protection Office (HPO) in New Orleans will perform a load test on the 1-Wall
and levee of the London Avenue Outfall Canal in New Orleans. This Automated Data
Acquisition System (ADAS) Report provides a design for geotechnical and structural
instrumentation, ADAS equipment, telemetry and data management systems that will be used for

monitoring the load test. This Report was prepared by URS for the USACE as authorized by
Contract No. W912P9-05-D-0514, Task Order No. 4 dated April 6, 2007.

12 Project Objective

The primary objective of this task order is to design instrumentation and an ADAS system to
provide safety monitoring for the load test to be performed on the existing I-Wall and levee.

In addition, emerging measurement technologies are to be evaluated. Products produced by
Sensametrics Inc. of Palo Alto, CA and Pinnacle Technologies, Inc. of Houston, TX may be
included in the load test instrumentation to evaluate their potential for future use.

1.3 Purpose

The purpose of this document is as follows:
a. Summarize review of existing design documents and geotechnical reports.
b. Summarize observations made during a one-day site visit.
c. Present the selection of instruments and design details.
d. Present the design of the ADAS/Telemetry system.

e. Provide details of the database management and reporting system.
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SECTIONTWO Background

2.0 BACKGROUND

The USACE plans to conduct a site specific load test along a 150 ft portion of the existing I-Wall
on the east bank of the London Avenue Outfall Canal in New Orleans, LA. Figure 1 identifies
the location within the region. Figure 2 is a plan view of proposed instrumentation at the
cofferdam, floodwall, levee, and adjacent protected side area. Figure 3 is a cross section through
the levee near the center of the proposed load test location.

The USACE will construct a 3-sided, 150-foot by 25-foot, sheet pile cofferdam test cell on the
canal side of the wall. There will be 25 ft long secondary containment sheet pile walls located on
the north and south sides of the test cell. The cofferdam will extend into the I-Wall at two
monolith joint locations in the concrete monoliths that cap the sheet pile wall. The USACE will
pump water into the cofferdam, incrementally raising the test cell water level in a controlled
fashion. The rising water in the cofferdam is intended to simulate the loads on the wall that
would result from a high water event in the London Avenue Canal.

To conduct this test in a manner that limits damage to the wall and adjacent private property, the
USACE will instrument the wall with electronic, manual, and visual devices that measure the
response of the wall and its foundation to the applied loads. The basic ADAS system was
designed using electronic devices that have performed well in similar applications. Other
systems, including manual devices, will be used to provide redundancy.

The USACE requested that two emerging technologies be evaluated during the load test. These
emerging technologies include fiber optic strain gages and MEMS based tiltmeters. These
emerging technology systems may be installed “side-by-side” to the basic ADAS system for
evaluation purposes. The data obtained from the emerging technology systems and their
operational characteristics would be directly compared to data acquired using conventional
instrumentation systems.




SECTIONTHREE Document Review and Performance Parameters

3.0 DOCUMENT REVIEW AND PERFORMANCE PARAMETERS

3.1 Document Review

Existing documents were reviewed to obtain a working knowledge of site-specific conditions.
The following documents were reviewed:

1) Performance Evaluation of the New Orleans and Southeast Louisiana Hurricane Protection
System; Draft Final Report of the Interagency Performance Evaluation Task Force; Volume V -
The Performance — Levees and Floodwalls; June 1, 2006. (Referred to herein as IPET Report).

2) Draft, Analysis of the London Avenue Canal Load Test — Section 1, Soil Structure Interaction
Analysis, February 21, 2007. (Referred to herein as Soil Structure Interation Report.) This
report was prepared by Mr. Neil Schwanz of the US Army Corps of Engineers St. Paul District.

3) Plans for Lake Pontchartrain, Louisiana and Vicinity; Hurricane Protection; High Level Plan;
Orleans Parish, La.; London Ave. Outfall Canal, Parallel Protection; Mirabeau Ave. to Robert E.
Lee Blvd., West Bank; Mirabeau Ave. to Leon C. Simon Blvd., East Bank; US Army Corps of
Engineers New Orleans District; 1994. (USACE File No. H-2-30288)

4) Design Memorandum No. 19A; General Design; London Avenue Outfall Canal; Orleans
Parish; Serial No. 59; New Orleans District, US Army Corps of Engineers; January 1989.
(USACE File No. H-4-40295)

The IPET report included a discussion of the behavior of the London Avenue Canal. Numeric
modeling was performed to estimate the performance of the levee and I-Wall based on the level
of water within the canal. Results of the finite element soil-structure interaction analyses are
included as Figure 4 of this report. (This was Figure No. 41 in the original IPET Report.)
Centrifuge testing was also performed and reported to be consistent with these results. The IPET
results are for modeling performed at the location of breaching of the wall during Hurricane
Katrina. The I-Wall and levee at the site-specific load test did not breach during Hurricane
Katrina.

The USACE performed Soil Structure Interaction Analysis FLAC modeling for the response of
the 1-Wall at the location of the site-specific load test. (FLAC stands for Fast Lagrangian
Analysis of Continua.) Analyses were performed twice: once using data collected from in-situ
pressure meter test, and once using data from laboratory triaxial compression strength tests.
Results from this analysis are also included in Figure 4.
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SECTIONTHREE Document Review and Performance Parameters

Figure 4 indicates a significant increase in movement, of the top of the I-Wall (greater than 0.15
ft), when the canal water elevation exceeds 6 ft. It is anticipated that design values selected for
horizontal displacement will be those immediately prior to this large movement. It is assumed
that if movement occurs beyond this level, it would be detrimental to the levee and wall.

Data from DM19A were used to estimate the approximate soil stratigraphy beneath the site.
Profiles for stratigraphy under the east and west levees of the canal as well as under the center of
the canal were provided. Based on the East Levee profile, the site consists of artificial fill to
elevation -5 ft. Underlying the fill is a marsh layer (highly organic silt and clay) down to
elevation —13 ft. Zones of sand and shells extend from the marsh layer down to approximate
elevation —45 ft. Below the sand and shells, a clay layer (Bay-Sound Marine Deposit) exists.
Stiff Pleistocene age clays exist at about EIl. -55 and below. The normal water level in the canal
is understood to be between El. 0 to 1 ft except during rainfall events.

The 1994 plans were used to obtain the existing sheet pile information. According to the 1994
plans, the sheet piles consist of PZ-22 sections driven to an elevation of —22 ft.

3.2 Performance Parameters

The anticipated performance of the levee and I-Wall as water levels in the canal increase are as
follows:

1) Increasing water level in the canal will cause increasing outward tilt/rotation of the levee
and I-Wall.

2) As the I1-Wall deflects, a “gap” will develop in the ground immediately adjacent to the
wall on the flood side (canal side) of the levee.

3) As the water height in the canal continues to increase, the width and depth of the gap will
continue to increase.

4) Near a canal water elevation of 6 ft +, the water in the canal will become hydraulically
connected to the sand and shell units below the marsh deposits. Once this hydraulic
connection is made, the pore pressures within the sand will increase.

5) The increase in pore pressures in the sand may cause heaving of the marsh clay top
stratum and sand boils.
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SECTIONTHREE Document Review and Performance Parameters

6) The levee and I-Walls will then experience potentially significant horizontal
displacements.

This process is what is believed to have caused the distress in the levee and I-Wall during
Hurricane Katrina. The load test now being performed will monitor the initial portion of this
process. It is not intended to load the wall to failure. Instrumentation types were selected to
monitor the behavior of the levee and I-Wall based on the performance parameters listed above.




SECTIONFOUR Site Visit

40  SITEVISIT

On Wednesday April 18, 2007 Mr. Patrick Conroy (USACE St. Louis District) and Mr. Jim
Hummert (URS-St. Louis) visited the test site area. Mr. Derek Boese and Mr. Rob Brown (New
Orleans HPO) were also present for the site visit. The purpose of the site visit was to review the
current site conditions and to discuss instrumentation plans and locations. The levee within the
test site area was recently grubbed and graded to within 6 ft of adjacent property lines on the
protected side of the levee. Grubbing of vegetation will still be required on the canal side of the
I-Wall prior to starting the test cell construction. Following the site visit there was a meeting at
the HPO to review current status of the test plans.




SECTIONFIVE Selection of Instrument Types

5.0  SELECTION OF INSTRUMENT TYPES

Based upon the anticipated hydrostatic loading of the levee and I-Walls, instrumentation was
selected to monitor anticipated performance parameters. A list of performance parameters and
the instrumentation types that were selected to monitor these parameters are given in Table 1.
Efforts were made to select at least one level of redundancy for all key monitoring parameters. In
addition two emerging technologies have been added to the test plan for evaluation purposes.

Surface Water Levels

Test cell water levels will be read automatically using 4-20ma pressure transducers housed in
slotted standpipes attached to the inside of the sheetpile cofferdam. An adjacent staff gage will
be used to make manual backup readings.

Canal water levels will be read automatically using 4-20ma pressure transducers housed in
slotted standpipes attached to the outside of the cofferdam wall at the locations shown on Figure
1. Canal water levels are expected to show tidal influences and may fluctuate if significant
rainfall occurs during the test period. A manually read staff gage will be located adjacent to the
pressure transducer.

Subsurface Piezometric Levels

Open-standpipe piezometers will be installed in the sand stratum at approximately the existing
tip elevation of the 1-Wall sheet piles (approximately elevation -22 ft NGVD) by the USACE.
These instruments will monitor increases in piezometric levels. Additional piezometers will be
located off the toe of the slope on the protected side of the levee. These piezometers are
intended to monitor the piezometric levels within the sand immediately beneath the marsh clay
layer. Additional piezometers may be installed near the street (approximately 150 ft from the I-
Wall) if access is granted. Figures 2 and 3 show the proposed instrument locations and
elevations. Figure 6 provides installation details of the piezometers. All of the open-standpipe
piezometers will be automated using 4-20ma strain gage pressure transducers. Manual backup
readings of water levels within the open-standpipes will be made throughout the test.

I-Wall Tilt/Rotation

Tiltmeters will be attached to the I-Wall to measure the tilt/rotation of the wall during the test.
(See Figure 5.) The tiltmeters will be read automatically by the ADAS system. Vibrating wire
devices will be used, and MEMS tiltmeters may be used.
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SECTIONFIVE Selection of Instrument Types

I-Wall/Levee Translation/Horizontal Surface Displacement

Crack monitors will be installed across the expansion joints (30 ft spacings) in the concrete I-
Wall to monitor any movement across this joint as the test proceeds. Essentially, two points (one
on each side of the joint) will be monitored for horizontal movement. An electronic vibrating
wire crackmeter will be the primary instrument. (See Figure 7.) Manually read Avongard crack
gages will be installed at each joint as well, for redundancy.

Surveying techniques will be used to measure both lateral and vertical movements of the I-Wall
and levee ground surface. Survey prisms will be installed as part of survey monuments in a grid
pattern on the berm on the protected side of the levee (refer to Figure 2). Survey prisms will also
be attached to the top and base of the protected side of the I-Wall. The survey prisms will be read
automatically using a robotic total station system.

I-Wall/Levee Flood Side “Gap”

To monitor the potential formation of a gap on the flood side of the wall, three instrument types
will be used. First, pressure cells will be installed at the contact point between the I-Wall and the
ground surface. It is anticipated that the formation of a gap will cause a decrease in pressure of
soil against the 1-Wall. In addition to the pressure cells, manual tell tales will be installed along
the canal side of the wall. The tell tale will basically consist of an aluminum or plastic rod that is
kept vertical against the wall within a protective casing or pipe, but will be allowed to move
vertically. If a gap develops, then the tell tale will drop. (See Figure 8.)

The third instrument will be an automated vibrating wire crackmeter that will extend from
Inclinometer IPI-1 to the base of the I-Wall on the canal side. This device will be installed in a
shallow trench as shown on Figure 7.

Subsurface Lateral Deformation

Inclinometers will be installed across the berm along the centerline of the cofferdam to measure
in-situ horizontal deformations with depth. Manual baseline readings will be obtained after
installation of the inclinometer casing by the USACE. After collecting manual baseline
readings, the inclinometers will be automated using vibrating wire in-place inclinometers (IPIs),
as shown on Figure 6.
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SECTIONSIX Automated Acquisition System/Telemetry

6.0 AUTOMATED DATA ACQUISITION SYSTEM (ADAS) / TELEMETRY

An Automated Data Acquisition System (ADAS) will be used to read selected instruments
automatically on a pre-defined frequency. The ADAS will consist of two remote monitoring
units (RMUSs) using Campbell Scientific CR 10X dataloggers. The RMUs will be mounted on
portable tri-pods located on the vacant lot near the test site. The RMUs will operate on solar
recharged batteries. They will communicate with two or more laptop computers in the test trailer
via hardwire connections. No radio telemetry is anticipated for this load test.

All automated instruments will be connected to multiplexers inside the RMU enclosures via
signal cable that will be routed along the edge of the test site. The cables will run above grade in
protective PVC conduit.

RMU 1 will be used to read the vibrating wire tiltmeters, pressure cells and open-standpipe
transducers every 15 seconds. Action level thresholds will be set for each instrument to alert
personnel of instrument readings that are out of allowable range. Instrument readings will be
stored every five to fifteen minutes for reporting and plotting purposes.

RMU 2 will be used to read the vibrating wire in-place inclinometers and crackmeters every 30
seconds. Action levels will be set for each instrument sensor for early warning purposes.
Instrument readings will be stored for further analysis at five to fifteen minute intervals.

Each RMU will be installed with lightning protection and grounding systems to protect the
electronic equipment from lightning induced surges. All vibrating wire instruments being used
for this test will have onboard surge protection devices. Additional surge protection is provided
at the Campbell Scientific dataloggers. The grounding system will consist of one or more ground
rods at each RMU location. The grounding system will be evaluated using Fall-of-Potential tests.
The lighting protection system will consist of air terminals mounted on the top of each tri-pod.
The air terminals will be bonded to the grounding system using appropriate copper down leads
and mechanical bonding clamps.

The ADAS will be installed several days before the start of the test to compile baseline datasets
for each instrument. In addition, multiple rounds of backup manual readings will also be made
for comparison purposes. All instruments will be calibrated according to manufacturers’
requirements prior to beginning the baseline measurements.

URS 6-1



SECTIONSIX Automated Acquisition System/Telemetry

The RMUs will be programmed to collect both raw and reduced instrument readings. The
instrument readings will be stored locally at each RMU and will be transmitted to the test system
database on a frequent basis for plotting and reporting purposes. Instrument thresholds will be
compared to instrument readings immediately at the dataloggers. Required alerts and action will
be provided by the Campbell Scientific LoggerNet software or through relays connected to
flashing lights and a signal horn.

Although it would be possible to configure the ADAS to automatically open the emergency
water release valves on the cofferdam if certain instrument threshold values are exceeded, it may
not be practical to implement this capability on the site specific load test. An alternate approach
would be to use a flashing warning light and signal horn that could be automatically activated if
certain threshold values are exceeded. The flashing light and signal horn could be mounted on
top of the I-Wall at the center test panel. Since there will be onsite personnel around the clock
throughout the test, they will be able to immediately take any action required to release water
from the test cell in the event of an emergency.

Two IP based digital video cameras will be used to record the test. Cameras will be installed at
the locations shown on Figure 2. Camera 1 will be positioned to monitor the water level within
the test cell and to view the staff gage. Camera 2 will be positioned to view the test site area
(protected side) including a view south along the I-Wall. Solar powered LED lights will be
placed on the top of the I-wall to allow for visual observations of displacements using the
cameras at night.




SECTIONSEVEN Instrumentation Data Management and Reporting

7.0  INSTRUMENTATION DATA MANAGEMENT AND REPORTING

During the site specific load test, both automated and manually collected data will be entered
into an onsite database that will be installed on a database server within the test trailer.
Automated instrument readings will be transmitted electronically for automatic importing.
Manually collected instrument readings will be entered into the database shortly after they are
taken.

For this test we plan to use Campbell Scientific LoggerNet and RTMC software for real-time
instrument monitoring and threshold alarm annunciation. We plan to use the USACE WinIDP
Instrumentation Database and Graphics program as the overall instrumentation database, plotting
and reporting application.

The Campbell Scientific LoggerNet combined with their RTMC software will provide real-time
monitoring of key instruments throughout the test. Instrument threshold alarms will be set within
this application. The RTMC software will be configured to present visual status of the key
instruments at all times.

WinIDP will be configured with all test instruments including both manual and automated
instruments. WinIDP can be configured to generate time series plots, position plots and
correlation plots automatically in a batch mode of operation. One or more color printers will be
used to generate instrumentation plots throughout performance of the test. The robotic surveying
and immerging technology devices will use databases independent of the WinIDP.

A data management plan will be prepared prior to initiation of the test. The data management
plan will identify all data sources, processes and presentation requirements. A detailed listing of
tabular reports and plots will be contained within the data management plan. The plan will
include detailed QA/QC procedures to maintain the highest caliber of test data integrity.




SECTIONEIGHT Emerging Instrumentation Technologies

8.0 EMERGING INSTRUMENTATION TECHNOLOGIES

As requested by USACE, we are evaluating the subcontracting of the services of two emerging
instrumentation technology companies. The primary purpose is to evaluate these emerging
technologies far use during a possible full-scale load test of the canal. These companies
specialize in fiber optic and MEMS sensor technologies.

Sensametrics, Inc. of Palo Alto, CA (Sensametrics) specializes in developing battery operated
strain gage and tiltmeter instruments that use MEMS technology. Their units include mesh RF
telemetry capability to transmit instrument readings when defined threshold values are recorded.
For the site specific load test, Sensametrics is planning to provide five remote tiltmeters that will
be mounted near the center of each test I-Wall panel. These instruments will be configured to
scan onboard tiltmeter sensors and signal an alert if programmed threshold values are exceeded.

Pinnacle Technologies of Houston, TX (Pinnacle) focuses on providing fiber optic based sensors
for remote monitoring applications. Based upon conversations with Pinnacle, they propose to
install two horizontal fiber optic cables across the five test panels one near the top and the second
near the base of the I-Wall. The fiber optic cables will be secured to mandrels installed on each
side of an expansion joint (on 30 ft centers). Embedded fiber optic strain gage sensors will be
used to detect and quantify any movement across the expansion joints.

Both of the above companies would provide onsite personnel to install, operate, and monitor the
instruments during the load test. Data acquisition and presentation will be independent from the
overall test ADAS and instrumentation database system.

Throughout the test, comparisons will be made between these emerging instruments and the
more conventional instruments that will be installed. If the USACE elects to conduct a full-scale
test of the London Avenue Canal (approximately 2.5 miles in length), it will be important to
identify lower cost options to instrument both sides of the canal.




SECTIONNINE Detailed Equipment List, Cost Estimate, and Schedule
9.0 DETAILED EQUIPMENT LIST, COST ESTIMATE, AND SCHEDULE

A detailed equipment list and cost estimate will be transmitted separately. For budget level cost
estimation purposes, the procurement, installation, monitoring, and reporting for the ADAS
system will be approximately $400,000. Estimated costs are still being obtained and tabulated at
the time of this report.

The schedule for the load test will be provided by the Government. URS will provide a schedule
for the instrumentation component of the load test after receiving the load test schedule. It is
anticipated that the site specific load test will occur about mid-June.
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Table 1
London Avenue Canal
Site Specific Load Test
Instrumentation Table

Parameter to be Purpose Instrument Type | Manufacturer/Model Range Resolution Provided By Primary or Comments
Measured Number Backup
To Monitor Canal and 4-20ma Pressure Geokon Model 3400 0to 14.5 psi +/-.25% full-scale USACE Inventory Primary To be installed in open standpipes mounted to

Surface Water Levels

Cofferdam Test Water
Surface Elevation

Transducer

opposite sides of cofferdam

Manual Staff Gage

TBD

0 to Elevation +10

0.01 ft

Contractor

Manual Backup

To be mounted adjacent to standpipes housing
surface water level transducers described above.

4-20ma Pressure

To be installed in open-standpipe piezometers as

Transducer Geokon Model 3400 0to 14.5 psi +/-.25% full-scale USACE Inventory Primary shown on Instrumentation Plan
Subsurface To Monitor Piezometric -
Piezometric Levels Water Levels Manual Depth to Water Open Standpipe Ground_ surface to ~ EL _ Manual measurements to_be ma@e hour!y during
. Tip of Sheet 0.1 inch USACE Manual Backup each load increment holding period. Being
Measurement Piezometer . )
Piles installed by USACE
\|\§||§treartmg Wire Tilt GeOkOSn'\ig?(?aﬁl 6350 +/- 10 degrees 10 arc seconds URS Primary To be installed near center of each “panel”.
I-Wall Rotation/Tilt ;gtxg::tgfr ;r\'};;[ To be installed near center of each “panel”. This
MEMS Tiltmeter Sensametrics TBD TBD Sensametrics Secondary is an emerging technology to be evaluated
during the site specific load test
Survey Prisms (located
on top and at base of_ I- Leica (model TBD) -1 Ft +/-0.04 inches (1 mm) URS Subcontract Primary A_ntlupate using automated (robot!c) electronic
wall, top of levee, mid- Surveyor distance measurement (EDM) device
slope and toe of levee)
To be installed across each expansion joint (5
To Monitor Fiber Optic Strain Gage Pinnacle Technologies TBD TBD Pinnacle Technolgies Secondary joints total). This is an emerging technology to
I-Wall/Levee \ : ical be evaluated during the site specific load test
Translation/Horizontal Horizontal/Vertica Field Fabricated
Surface Displ Movement of I Survey Monuments (concrete post with steel URS Subcontract
urface Displacement | \y))/evee System (located on top, mid- i +-1Ft 0.01 Ft Manual Backup
threaded pipe to mount Surveyor
slope and toe of levee .
prisms)
Manual Crack Gage Avongard Gages 0.75 inch horizontal 0.04 inches (1mm) URS Manual Backup
0.375 inch vertical '
Vibrating Wire Geokon Model 4420 0to 4 inches 0.001 inches URS Backup
Crackmeter
Concrete/Soil Pressure Geokon Earth Pressure
To Monitor Meters —hydraulic jack- Cell Model 4810 TBD TBD URS Primary
I-Wall/Levee Flood . up type w/pressurizing tube
Side “Gap” Concrete/Soil Interface Vibrating Wire
Iae ~ap for Potential Gap Crackmgter Geokon Model 4420 0to 4 inches 0.001 inches URS Secondary
Tell Tales Field Fabricated TBD TBD URS Manual Backup
In-Place Automated Geokon VW Inclinometers .
To Monitor Potential Inclinometers Model 6300 +/- 10 degrees +/- 10 arc seconds URS Primary
Subsurface Lateral
Deformation Subsurfac_e Lateral Maqually Read SINCO or Geokon Manual . . . .
Deformation Inclinometer Probe +/- 10 degrees +/- 10 arc seconds URS Manual Backup Inclinometer casings will be installed by USACE

(Before/After Test)




London Avenue Canal
Site Specific Load Test

Approximate Instrumentation Location Table

Instrumentation Type Instrument Station Offset from Comment
ID Canal Side
I-Wall Face
(ft)
CM-1 108+20 0 Need to field locate at corner of cofferdam.
CM-2 108+20 1 Install across joint in concrete monoliths.
CM-3 108+50 1 Install across joint in concrete monoliths.
CM-4 108+80 1 Install across joint in concrete monoliths.
Crackmeter CM-5 109+10 1 Install across joint in concrete monoliths.
CM-6 109+40 1 Install across joint in concrete monoliths.
CM-7 109+70 1 Install across joint in concrete monoliths.
CM-8 109+70 0 Need to field locate at corner of cofferdam.
CM-9 108+95 -1 Install between inclinometer and I-wall.
IPI-1 108495 3 Wwill mclude_ approxmately 6 in-place
inclinometers.
Inclinometer IPI-2 108495 3 Wwill mclude_ approxmately 6 in-place
inclinometers.
IPI-3 108495 23 Wwill mclude_ approxmately 6 in-place
inclinometers.
PzZ-1 108+08 3 Piezometer tip to be just below tip of sheet piles.
PZ-2 108+50 3 Piezometer tip to be just below tip of sheet piles.
PZ-3 108+92 3 Piezometer tip to be just below tip of sheet piles.
PZ-3A 109+01 3 Piezometer tip to be just below tip of sheet piles.
PZ-4 109+40 3 Piezometer tip to be just below tip of sheet piles.
PZ-5 109+82 3 Piezometer tip to be just below tip of sheet piles.
PZ-6 108+92 39 Piezometer tip to be just below clay/sand contact.
Piezometer PZ-6A 109+01 39 Piezometer tip to be just below clay/sand contact.
PzZ-7 108+92 52 Piezometer tip to be just below clay/sand contact.
PZ-7A 109+01 52 Piezometer tip to be just below clay/sand contact.
PZ-8 109+70 -20 Piezometer tip at approximately El. -2
PZ-9 109+70 -20 Piezometer tip at approximately El. -2
PZ-10 108+20 146 Piezometer tip to be just below clay/sand contact.
Pz-11 108+92 146 Piezometer tip to be just below clay/sand contact.
PZ-12 109+70 146 Piezometer tip to be just below clay/sand contact.
PC-1 108+47 0
Pressure Cell PC-2 108+92 0
PC-3 109+37 0
SG-1 109+70 -17
Staff Gauge 5G-2 109+70 17
SP-1 108+05 0 At top of I-Wall.
SP1A 108405 0 Installed in I-Wall se\g/:earlglelnches above existing
SP-2 108+38 0 At top of I-Wall.
SP2A 108+38 0 Installed in I-Wall segfgngnches above existing
Survey Prism SP-3 108+68 0 At top of I-Wall.
SP-3A 108468 0 Installed in I-Wall se;?;glemches above existing
SP-4 108+98 0 At top of I-Wall.
SP-4A 108498 0 Installed in 1-Wall se;fgglemches above existing
SP-5 109+28 0 At top of I-Wall.

Instrumentation Type Instrument Station Offset from Comment
ID Canal Side
I-Wall Face
(ft) - - - -
SP_5A 109428 0 Installed in I-Wall se;izgglemches above existing
SP-6 109+58 0 At top of I-Wall.
Survey Prism SP-6A 109458 0 Installed in I-Wall several inches above existing
(continued) grade.
SP-7 109+85 0 At top of I-Wall.
SP.7A 109485 0 Installed in I-Wall several inches above existing
grade.
Survey Monument SM-1 108+05 3
SM-2 108+38 3
SM-3 108+68 3
SM-4 108+98 3
SM-5 109+28 3
SM-6 109+58 3
SM-7 109+85 3
SM-8 108+05 23
SM-9 108+38 23
SM-10 108+68 23
SM-11 108+98 23
SM-12 109+28 23
SM-13 109+58 23
SM-14 109+85 23
SM-15 108+05 39
SM-16 108+38 39
SM-17 108+68 39
SM-18 108+98 39
SM-19 109+28 39
SM-20 109+58 39
SM-21 109+85 39
SM-22 108+05 44
SM-23 108+68 52
SM-24 108+98 52
SM-25 109+85 44
SM-26 108+68 146
SM-27 108+98 146
SM-28 109+28 146
Tell Tale TT-1 108+53 0
TT-2 108+80 0
TT-3 108+98 0
TT-4 109+10 0
TT-5 109+43 0
Tiltmeter T™M-1 108+35 0
TM-2 108+65 0
TM-3 108+95 0
TM-4 109+25 0
TM-5 109+55 0
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GE Okom ___________________________________________________________________________________________________________________________ The World Leader in Vibrating Wire Technology™
Model 3400 Semiconductor Piezometer / Pressure Transducers

The Model 3400 Semiconductor Piezometers and Pressure Transducers are intended for dynamic measure-
ments of fluid and/or pore water pressures in standpipes, boreholes, embankments, pipelines, pressure
vessels, reservoirs, etc. They are also used for static pressure movement where the readout system is

incompatible with vibrating wire type transducers. Three transducer output options are available.

Standard Ranges 0.1,0.15,0.25,0.4,0.6, 1.0, 1.6, 2.5, 4.0 MPa
Over-Range 2 x rated pressure

Output 10 mV/v, 4-20 mA, 0-5V

Accuracy +0.25% F.S. or better

Linearity <0.5%FS.

Temperature Range —20°Cto +80°C

Length x Diameter 194 x 32 mm

Geokon, Inc. | 48 Spencer Street | Lebanon, New Hampshire 03766, USA | &= 1-603-448-1562 | E 1-603-448-3216 | = geokon@geokon.com | [= www.geokon.com

Geotechnical Instrumentation



Vibrating Wire Tiltmeter

Applications

The Modal 6350 Vibrating
Wira Tiltmeter is designed
to measure tilt in structures
inclading...

® Buildings

* Dams

# Embankments

» Slopes

® Encavation walls

® Dpen pits

Wiemag W

= Madde! G150 Vikrming Five Térmsder sy o

It
Lhaci rarrasgrnte: Cal — -ﬂ

T TRRTELTR] STaCTR! SRR

e Operating Principle

The: Micded 5350 Tometer is desagred for attachmant
13 gineciures, on eher a vertical or horizontal surface by

Perdulous Wam means of an adjustable bracket, and for the subsaguant

meagurement af amy Tilteng that may ocour

When gt fest, inoa verlical configuration, a pendulous
mass inside the sansor, undar the fonce of franiby
attempas 1o swing beneath the efastic hinge on whch

1 is supported but is restrained by the wibeating wing

N | #s the 1ilt increases or decreasas the mass attempls 1
1 rotate beneath the himga point and thi tenson n e
x vibrating wira changes, albering its wibrstional frequency

Thia frequency is measurad using the Geakon Mods

& Mbraing wore T seomy covsraciaoa [ Th 3‘_1‘]3 or .\_F. _1_|'|_-|_ “l,'.ll:rl ™ |:“‘. nr e hbede

S0 Micro-10 Datalogger, and is i conwer

anigular displacement by mzans of cabfraton onsiants

suppied with the sensmn

(zcokon

Advantages and Limitations

Vibrating wiré tlwm&iers combing a high range witn
high sersitnity, and very high calibration scowracy Thay
hinvee Empillent long-1eem s1ability and their iemparature

dependencs & closs 1o ro

Thie sensor outpat 15 8 Meguenty, which can ba transmin
1&sd fnwef long cakes, and rendars 1he Sansors ess

suspemible to the affacts of moistum intrusion

Biaxial measurements can be achieved by mounting the
SEnsors in pais, each member onented at 90 degrias
1o the other

Uamping fluid may ba aoded to the sersor 10 counterac

the effect of amy vibrations of the struciune

In-huilt shock absorbers protect the sensor from

shock |loading

Feafechnical desrawmemialion
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Systoem Components

The Bessic trangducer & mounted in=o0e a sRainless =eal

ousing equipped with a lug for mouniing the sensor

e Crackel = MACEET |5 DONEd tD he

ging hardveane supplied with e s8nsor which
cludes & 38-inch drog-in anchor Special biaxal mount

g brackers and probectye enclosuras are also avallable

mounisd inside the sansar housing permits

A IhEmisl

Ne Measye 1t ot temperatunes

Aeadout i accomplished using a Gaokon Mode! GE-401,

1 Readout Boe

Gk, Ingorparated
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Product Information
Prism dimensions

Prisms Constants [mm)]
Circular prism
GPH1P A
Circular prism 0.0
GPR121/111 ’
Miniprism
GMP101 *17.5
40
Miniori 7
iniprism =
GMP111 +1(7)'g R 1
GMP111-0 ' v s
20 30
Reflective tape +34.4 9 (o 18
(R o ]
50
Flat prism B
CPR 105 344 o @
=
3
360° prism '
CRZ4 +23.1 o
360° prism B ®
GRZ122 *23.1 o
©
360° Mini /\H
prism +30.0 N\
GRZ101 \_‘/NE
®
Art. N°: 712323-2.0.0 - when it has to be right e"ca

Geosystems



...The Avongard Crack Monitor is asimple and effective gauge to measure
the movement of cracks in brick, concrete, or masonry structures.

: .2_-5;‘.1.“-...';

EII TRTR[ATSTY TR TETT[ETR T THIT]

The Avongard Crack Monitor consists of two overlapping acrylic plates. One
plate is white with a black millimeter grid, while the other is transparent with red
crosshairs centered over the grid. Once the Crack Monitor is in position across a
crack, the crosshairs shift vertically or horizontally on the grid if movement
occurs,so that anyone can easily see and track crack movement .

Specifications

Material : Plexiglass® acrylic
Dimensions (each plate) :1.25x4 x0.25in.
Dimensions (overall) :1.25x5.75x0.25in.
Dimensions (grid) :1.5x0.75in /40 x 20mm
Discrimination :0.5mm

Max. width movement :0.750 in / 20mm

Max. upward movement :0.375in/ 10mm

Coeff. Thermal Expansion : 3.80 x 10-5 in/in/°F

1 6.84 x 10-5mm/mm/°C



4300 Series

Vibrating Wire Displacement Transducers

Applications i ; -
The 4400 Series are
dasignad to measure or
rmaniter the..,

# Expansion or contraction
of a joint
® Strains in tendons and

stecl cables

& Movemaent across surface
cracks and joints

& Closures in underground
pxcavations, tunneals, atc.

& Displacements associated
weith landslides

& Movament of bouldars,
snoe, ate. on unstable

slopas

# Mfontal 4410 Seeaodmaper ficony, Mol 4007 Snbainend Lovstmeter foovton] ong Mode! $450 Cracbnstey (rear!

Operating Principle

Gieokon vibrating wice displacement transducars arg
cesigned o measure displacemants acnoss goils and
cracks in concrete, mok, soil and stroctul memies

I eszence, the ransducer consists of @ wiliating vang in

enies with a tension sping. Displocements ane accom-

; . - modaied by a streiching of the wension spird, which
w fdpulsi $40 Lrackmetor ingaNabion

produces @ COMMENSUrale iNGIEasn in war ensn,

Tha wirg and sprirg am connectied taa Iree-shiding rod
which prodraces from, and i foee 10 shde msade, a
probective oubss fulke, An geing Seal preencs waner
from erering

The Trequency signal i bangned theough the czoke
to the madout lstion, aoedktoned, and daplayed on
poraiie nnpdouts or Jalaiomer s

(zcokon

. Adwvantages and Limitations
S Thee 3400 Senes Displacemen Transducers e fabncabed

entirely Trom stainless sneal and ans waterprood to
1,75 MFa, which, coupled with their excelient long-term

¢ saahility, guarantess raliability and parfonmance in evan
i ihe Fershest envinonmenis

An advaniage of wibrating wire displacamant trarsduc-
| Br3 over mive comentional linaar pabartiometars {or

| LMDT'e) Sizs mainly in the use of 3 frequency, rather

i them awoltage, as the outpul signal. Frequencies may
be trznsmitted over lang lengths of electical mbla

i without appreciable degradation caused by wariations

¢ in cabla resistance or leakags to ground. This alloes for
© @ readout location that may be awir a thousand miters
¢ from the tranzducer

i Thermishors ane provided with all insducers
| temperahore measwamant

Garadesbpical Mnsiromanfaiion



Model 4400 Embedment Jointmetaer Model 4420 Crackmeter

# ode P Frivhsgima Jovibasras AouT waTh social smesovms

& fod 4970 Cackmennr

Thir Midiel 4400 = designed for use in constrction joms: e.g. babesssn lilts in
concrele dams, In wse, a socket i placed in the fest lift of concrete and, when
1 T are remawed, & protactive plug s pulled from the socket The gage

i then srewed into tha socket, extended shightly and this concresd into the
it Bt Ay opereng of the joint is than measured by the gage which @ fimly
anchored ineach it The sersing gage itself, is smaller than the protective
hagging, and a degree of shearing motion is allowd Tor by the use of balk-joint
conneciions on tha gaga

A tripolar plasma surga amesior is located ingide the housing and iovaoes
rpgtection from elecincal transeers such a% 1hose that may b2 induced by
grining

Model 3810 Strandmetar i

® focel 44010 Srandmetey

Thir Model 4410 Strandmeter is designed fo measue strains w tendons and

stipel gk, inchadeg bridge tendons, cable stays, gound anchors, tekacks,
g, Twn clamps &1 each end of the strandmesar bold it firmby onta the cable

Vanous s clamps ae available

The Model 4420 Crackmetars are desigred 10 measue Mavement Brass joints
such 8s construction joints in buildings, bradges, pipelings, dams, gic.; tersion
cracks and joints in rock and concrels

The sansar is sstalled by attaching e ends 1o anchirs swith Dall joints| that
hawve baan grouted, bolbed, walkdid or borded on opposte sides of tha crack or
fissura that is to be monitored. 3-0 mounting brackeis are also available which
allow transducars to be installed 10 measwre displacements im threa orthogonal
diractions, as ane spacial damps that allow transducers o be attached toa
varigy of earth resdomements and geogrids

Special versions are olenéd lor undenrvater ise, where waler presswes piceed
1.7 MPa, ard Tor use i ryogenic or elevabed lemperature 'Egime-s |contact
Geokon Tor detsls|

ierhing Bradhat | Y Diese -
—— Wearling Bradha [ Dinecie)

= Tvee Mool 4420 Crackasters cotfiguad 52 2 svgle 3130 Crackmane



Model 3425 Convergence Meter

i Model 4330 Deformation Meter

® Lde! & Comsenponee Mior

o Lok 470 Datovmation st

Thie lioded 24425 Convergence Mate is disigned 16 detect detomation
tunnels and underground cavems Dy missunng B contracion (o elangatsn)
between 2 anchor poirs lixed in the walls o the wansd ar cavern.

wrnbuckle, B mm digmeier cornecing mds (szainless sieel, fiberglass or graph
itel, v clamp, and @ par ol anchoe poincs. Changes in distano:e between the

7 anghaes ane convesed by the connecting rods and measured by the transducer.
 the mast comman meshod of inssallation. In vertical boreholes, o spesial grout

Thix Meciel £475 can cperaie in honzonzal, inclinsd or vertical onentations. In
anes whene eonstiuction trafflic & expected or whens the ingtrumean may ba left

in an exposad lpzation, some fnmm of protectae housing shoidd be considered.

Model 4427 Long-Range Displacement Meter i

w Mot F4F7 Loog-Hanpe Drphasemont Mater

© The Mided 4430 Deformation Meter i designad tomeasure axial straing or

i dednrmations in borehales in rock, concreta or soil. It can also be embedded in

¢ soils im embankments such 23 earth dams and highway fils. The hads] 2830

: ; { can he installed in senes to give  total deformation profile along a particular

The Mode! 4425 coreists ol & spring-lergmsd viralng wie :rﬁrﬂmn:ﬂr&esemhl_f. H £ _ e
: @xig. Baze kengthe of the gage can vary from a minimum of 1 meter 1o over

25 meters

‘When used in rock in horizontal o incSned dowrreaed boreholes. grouting is

ing apparaius and hydraulic ar snap-ring anchors arg requingd. Dt plasement
¢ aor pre-wiring 1o a rebar caga allows use in contrebs

Model 4450 Displacement Transducar

w ffoasy 4950 Duplacevoel Fadgleia snd Exmevieooiedr Hoad Assambly (vser!

The Muodel 4427 Long-Range Displacamant Mutes i ideally suibed Tor (h
meazurement of large displacements associated wal landshides. The Aokl
447 can also ba used for monitaring the movemen of booldees, Sy 226, an
unziable shopes.

The Muodel 4427 consists of 2 vlrate win daplacemean transducer oupled
10 3 spring motor dive by mieans o 3 lead soew As the cahle s pullsd,

the mosor cdeum ralates and achanis the lead sereve Thng the rozation =
corweed inta a linear displacesnent wiech 15 measored by the wibrzting wine
displacemnt rargdui

¢ The Model 3450 Dizplacemen Transducer pravides remote readout capability
1or Berehole Extensometers |saa the Geckon Model A-3, A4, A-5, A6 Rod-Typa
i Borehole Baensometers data shees for more information). They ane particulary
. useful where ather types of vibrating wire sensors are wsed and/or for installa-
i tinns whare long cable runs are required.

Thz bAodel 4950 can alzo ba inszalled betesssn borehole anchars. in conjunclion
: with the requisite lengih connecting rod, 1o providie 2 paimanent, in-place
- ircremental extensometer {contact Geakon for details),



Technioal Specifications
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3500, 4800 Series

Applications

Earth Pressure Cells provide
a direct means of measuring
total pressures, ioe. the
combination of effective

soil stress and pore water
PrEsSUreE, im or on...

= Bridge abutments

= Diaphragm walls

# Fills and embankments
* Retaining walls surfaces
# Sheet piling

& Slurry walls

# Tunnel linings

They may also be usad
1o measure aarth bearing
pressures on foundation
slabs and footings and at
the tips of piles.

(Geokon

Earth Pressure Cells

# Mogkal 4800 Eamh Premsue Cak Bond], Dlade! §00 Jackouw Fressure Ci (oaiten) oo’ Moaked J810 Daovact Mressuna Lal! )

Operating Principle

Earth Pressura Cells ane constructipd Irom Ded Stainless
steed plates walded together amund their penphery and
separated by a narow gap lilled wath hydraulic Hod
External pressums squsend the ten plabes together
craating an equeal pressuce in Bhe intérnal fud. & length
of stainless sheel Wbing connects the fud flied cavity
to a pressun rarsducss thal converts the flsd pressure
rin an elecirics signal trangmited by cable 1o the

madout lpsation

Advantages & Limitations

Thi 4000 Se=ies Earch Pregsure Calls use vibrat ] 'WIrg
nrdsgure Transducerns and thus heye the advamages of
ang lerm slabilivy, reliable performance with long cables
andd insensitivity to maisture intnssion. All models also
ielude 3 thermesior for iEmperature maasuraments and
3 jas dicharge tube for lightning protection. Whare
fhynamic siress changes ane 10 be messured a sem
porducion Dype pressure transducer is substituted (san
Model 35|

(ell performance dapands strongly on the surounding
enil properties. It would be prohibitively gxpensiag 10

calibrate a call i the soil type spacific 1o the application
being contemplated. howevar, sludias hiwe showm that
the most consistant call parformance is achigwed using
cells of maximum stiffness with aspedt ratios 0 =10

|0 &5 tha diameter of the cell. 1 the Heckaess] Winh
Geakan cells, makimum stffness is ached By using
hydraulic oil with kess than 7 ppm ol disssked gas and
aspact ratios gererally gredter Hean 20 1o 30, Tests on
Geokan cells in various types of oil Fave shinvn Dhal
tiee cells over-regesher the soil prissure by @53 than 5
parcent. This s prababky e greater tham the inherent

varighility of the =0il prsgume distrdution in the ground

Typical of af closed Iydraulic SySiems, aamh presswe
calls arg sensitnag 10 Em@erabore changes which cause
the internal Ml 10 éxpand &t a ddterent rate than the
surrpunding sl grang rise 1o spurious fluid pressure
changes The magnitude of the effect depends to a
grealer gxtent on ithe elastcity of the sumpunding soil,
i, on the degres of compaction and cordinement, and
i% ditfigie v predict and corect for The buili-in thermis-
ter i helpful in separating thess spurious effecis from
resal ganh pressure changes

Festechmcal insiramantation



Madel AB00, 4815 Earth Pressure Cells Model 4810 Contact Pressura Calls
: : e — —

w Rfodal Q00T Earth P Cal

» ool d0 10 Covvia? Frassore Cin v svaciomnl & Srivig Sonere sudaoss

Muale] 4800 ralls are costaucied
fripm e [hen peessine SEngitive
plates They can he postioned in
thi Lill @1 different orientations so
1 S0l pressores can be meacurad
in twen 0 three dirsctions. Special
armamed cahles ae recommendied
in egrih dam applications.

# Liodal 4800 s Sssone ey sty
i A fov s presaes seasnsnl o
TR A

: The Model 4815 is a special o2l
ihat efiectively raduces the savarity
: of point [oeding whan used in granu-
¢ lar materiaks. The moddication uses
= v thick plates welded fogathe a8
- aflaxible hinge that hels proviie

: mone unilorm pressure distrtion,

© o Mfode 75 pressae e walth e dhick
Elates, fov LT 4 gEnaklr maavials

¢ Tha Model 4010 Comact Pressune
Gl is desgred 10 measure soil pres-
¢ sures on structures. The backplate

© of the cell which bears againt the

¢ gmbgmnal surface of the stnacthore

i% trick ennugh b0 prevent the call
frim sasarping. The aiher plaie is thin
. andd is welited 1o the backplats in

¢ armanngr which creates & flexible

| | hirge to provide masimum sensitivity
¢ o changing soil pressures.

Lugs on the side provide 2 maans o

: mournting the c=l 1o concrete forms
or to steel of concrete sufaces. A

i miartar pad bensath tha backplate
 ensures good contact with th struc-
¢ e surlaca. Cells ans bast installed
" flush with th surfaca ta which they
- are attached. Tha fill materiol next ta
 the c2ll should be screaned 10 remara; |
: pisces lamer tan 10 mm :

D e e ot winws ol the Aol 070

oaeyy cor B I STruchare,

: etz inztalled &1 tha base of slabs

and foaatings to measure bearing

Inads should ahways b= positioned
 inside the cancrate with the sensitive
{aca pressed agarst the compactod
fill. Calls ptacad in the Fill below the
{ poncreta often become decoupled

© from the soil prassw due 1o the
 impossibility of adequately sompeet-
- ing the fill araund the cill

ikl e =
] E E
] sy

)

Smuche '-'-'dl-:-:q'r_ Lon

& Mkl ST LesTaiangs b 1 sovead ey,



Model 4820 Jackout Pressure Cells

w Aade! S0 shaw w3 hptvanic ran asssobye woll passdrisrer ad avie s

Thie Jackou Pressune Gell 16 designed
far inslallation in diaphragm walls

¢ wiih the cage When the cage is

o in postion the hpdraulic ram is

¢ emended by maans of a hand pump
{ situated a1 tha top of tha wall and

(slurry weaalle) fo momias sl pnes-
sures on the waalls &5 excavanon
ek, This alkres the build-up of
EMDEESVE PRESSUTRS 0 e deiecied
e i B ke rémechal Measings.

i ponnected 10 the am by a Fydraul
: hpze. Fressune is applied forcing the
¢ reaction plzte and the cell against

7 : 1he walls of 1ha trench, This prossure
e Jackaul Pressure Call assembly

congsis of the cell mauntsd on 8
suppon plate, a reactien plate and
a Frrdraatc ram. This assembdy is
ariached, in itz reiraczed posiion,

iz maintained while the mwecee
: e tremied wio the trench and uanl
1he concrale cures. The cell may
e supokemended by o pigaomena
: i altached 1o the supporl piate (9
1o ihe eeinfoecamsni caga and is

- | measure pone walln SR
Iewered inta the slumry irench along

w Jackast Franeanp el asssoshy Msiad & AEphmom wal

| w Lo $A%5 Fiie-Tip Fressare Cob metaliation

Thi Micdied 4855 File-Tip Losd Cell
is used 10 migsw prle-np el n
castinsplaa: congee les caissnnsL
ity thi Blodel dE100 the ple-tp i
presgone cell has a thak upper plate.
i Thiz cell 15 manulacivred o be oose
I dsameter al the |"ii|E and the
Beaick pilkate 15 SUDPOED W h hooks oF
Seans of remar to allov tha el

4 e ooeeecied 10 the botlam of

Model 4856 Pile-Tip Pressure Cealls

e —

e  ——

i

L o) 3500 Ear Frossone Cok istated ondr radmad Devis

: the rerdorcemant cage. Teen vibral-
| ing wire prassure trznsducers are

connecied to the cell to provide some

i redundancy in tha evend thal ore
i transducer is demaged during instal:
: lztion. An added faature is a remole

i “crimping” mechanism to allme the

: call to ba inflated slighily =0 as fo
| ensure good contact between thi: cell
i gnd the swrounding concieii

Model 3500 Series Earth Pressure Cells

¢ The 3500 Series is similar in design
 to the 4500 Series bt the vibrating

i owirg fransducer & replaced By a
semi-Ganduchar typd rdduces (o

+ gnable the miggeement ol ynamic

pressums] which can lee an qubjul

ol ZmbAE 0-590C or 4-20mé. Typica
applicanons are the measorament of
iralfic induced stresses on noadway

aub grades, girpor unways of undar
railroad tracks.



Technical Specifications
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Vibrating Wire In-Place Inclinometer

Applications
The remaote, continuous, and
automatic monitoring of...

# Tha stability of natural
slopes, landslides and
embankments

# The stability of slurry walls,
shest piling and tie-back
whalls around excavations

# Lateral ground movements
and differential settlements
in, arcund and above tunmels
and underground apenings

L e e e

& byt wore T Sensar conochion.

Gicoko

& Mookl 00 WA {o Flace dnchinometer. fnsa! phode saials falenion astad wadt saciae of Modal (00 inohivomeater Crning renoved

Operating Principle

Thee Mlode] 300 Vibeating Wirg In-Flace Indinometer
conssks of o siring ol Wibrating Wiee tili sensors
miouraed an lergahs ol siainless sieel wbing which
arg linkesd togesher by universal jninis. & spring-loadad
whael aspemily designed 0 engage the gooves of

comelional inclingmeter casing is locsted at each joint.

The strim o senders 15 installed insida the cazing with
all Thiz sens cafles pazsing 1o tha surface whens they
are cannpeted 1 Termingd Boxes or Datahoggers.

Pterements of e ground dedlact the casing cEusing
ani o mae of the inclinametar segmens [length L

o undengo chamges of inclination {48}, Summation of
alll these tils in the lorm E L sinfh, ane plotted 10 give
prafikes of lateral deflaction. Eachtilt sensor contars 3
Thenmestor oo penms empsrabwes 1o b ool

Advantages and Limitations

Vibrating Wirg tilt sensors Rewe many advantages. They
hawe a wide range combinid wath high s&fsitmry, willich
makes them idealby suitesd for use in wealaions which
deviale expessively fom the vertazal. Their lang-tenm
stakility is wacellint and their emperaiure dependenca
is close b zen

The senzoe ouigal is in g Torm of 2 vanging frequancy
which can be tiansmitted pwer very long cablzs without

© lows of aeeuracy, The simplicoy of the design also makes
S s sensor less susoeptible to lighining damages than
muost athirs

5 imilazions irclude cost which, evan though comparable
i baoor ks than cther systems, may limil the number of

i sengoes wn any one ratallstion. Because of this, the
dedlection profile cbzained may not be as detsiled az

i prafiles nhtaned with conventional inclinometer probes
| Cosas can be contredled by limiting the tilt ssnsor plape-
i mend only te those 2ones whers the fergest deflsctions
are anticipabed

i The Modzl G300 incorporatas novel shock atsorbes for
protecton during tranzpartation and irstallation, bul
: some care in handling i sl reguined

Georechnicad nstrumentation



i Hn.ﬂau-mr System Components
s | Compenents of tha Vibrating Wire In-Flace Indincmeter
> .thump are shown at laft. The tilt sansoes many b gither oniaal
_ W or biamial, with wheel assemblies and umiversal jonts
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CR10X Measurement and Control System

A Rugged Instrument with Research-Grade Performance

The CR10X is a rugged measurement and control system that delivers accurate, reliable measurements in a variety of applications.
Designed for both research and day-to-day monitoring operations, the CR10X combines the ability to measure virtually any sensor
with the control capability to respond to specific site conditions (e.g., open flood gates, turn fans off/on). From simple to complex,
Campbell Scientific data acquisition systems are at work on every continent, at sea, and in space.

Measurement Example — Weather Station
Measurements: The CR10X measures wind speed and
direction, air temperature, relative humidity, precipitation,
barometric pressure, soil moisture and temperature, and solar
radiation. Scan rates are programmable from 1/64 second to
2.5 hours.

Data Processing: Output intervals for raw or processed data
are user-specified. Typically, hourly and daily summaries
(e.g., maxima, minima, averages, histograms) are stored.
Conditional outputs, such as rainfall intensity, can also be pro-
cessed and stored.

Data Storage: The non-volatile Flash memory and lithium-
backed SRAM store up to 62,000 data points—equating to
more than three months of data when typical hourly and daily
outputs are stored from a typical meteorological application.
An optional memory expansion allows the CR10X to store
more than one million data points—or about 12 years’ worth of
meteorological data.

Data Retrieval: Data can be transferred to a computer using
telephones (including cellular or voice-synthesized), radio
telemetry, short-haul modems, satellite transmitters, multi-
drop modems, Ethernet, or storage modules.

12-Volt Power: The low-power design allows the CR10X to
operate up to one year on a 7 Ahr, unregulated 12 VVdc source,
depending on scan rate, number of sensors, data retrieval
method, and external temperature.

Measurement and Control Example — Head Gates

Measurements: The CR10X measures water level upstream,
downstream, and in a diversion ditch.

Data Storage/Processing/Retrieval: Data are recorded over
time, showing trends. The CR10X calculates flow and sum-
marizes the data as averages, maxima, or totals. A PC, PDA
or keyboard display can show both real-time and summarized
data.

Equipment Control: The CR10X controls multiple headgates
based on measured conditions, flow, or time. The control
capabilities of the CR10X allow levels to be maintained, even
in the absence of a manager. The gates can also be controlled
remotely by the water master if conditions change.

Alarms: If high or low water levels are detected, the CR10X
can initiate on-site alarms, data or voice-synthesized warning
calls, or activate pagers.

Cover Photos At left: CR10X. From top right: Water Resources Reservoir gate control via radio telemetry, Emery County, Utah; Industrial/Automotive Super Comp
dragster performance testing, (photo courtesy of RPM photography); Meteorology Weather station installation, St. Mary's Lake, Glacier National Park, Montana;
Geotechnical/Historical Preservation CR10X monitors cracks in the southwest bastion of fort, Castillo de San Marcos National Monument, St. Augustine, Florida.
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The measurement precision, flexibility, long-term reliability, and economical price of the CR10X make it ideal for

scientific, commercial, and industrial applications.

Meteorology

The CR10X is used in long-term climatological monitoring,
meteorological research, and routine weather measurement
applications. Sensors the CR10X can measure include:

= cup, propeller, and
sonic anemometers

= tipping bucket and
weighing rain gages

« wind vanes

= evaporation pans
and lysimeters

= pyranometers

= ultrasonic distance
sensors

e thermistors, thermo-
couples, and RTDs

= capacitance and
strain gage baromet-
ric pressure sensors

= RH sensors

e cooled mirror
hygrometers

Weather station at Denali National
Park, Alaska, monitors meteorological
and soil conditions.

The CR10X can output

data in your choice of units (e.g., wind speed in miles per hour,
meters per second, or knots). Standard CR10X outputs include
wind vector averaging, sigma, theta, histograms, saturation
vapor pressure, and vapor pressure from wet/dry bulb tem-
peratures.

Air Quality

The CR10X can monitor and control gas analyzers, particle sam-
plers, and visibility sensors. The CR10X can also automatically

control calibration sequences and compute conditional averages
that exclude invalid data (e.g., data recorded during power fail-
ures or calibration intervals).

Network of approximately 20 stations continuously monitors air
quality, northern Oquirrh Mountains, Utah.

Agriculture and Agricultural Research
The versatility of the CR10X
allows measurement of agri-
cultural processes and equip-
ment in applications such as:
= plant water research

= canopy energy balance

= machinery performance

= plant pathology

= crop management
decisions

= food processing/storage
= frost prediction
= irrigation scheduling

= integrated pest manage-
ment

Typical agricultural research sites
integrate meteorological, soil, and
crop measurements.

Soil Moisture

The CR10X is compatible with the following soil moisture mea-
surement technologies:

= Soil moisture blocks are inexpensive sensors that estimate
soil water potential.

= Matric water potential sensors also estimate soil water
potential but are more durable than soil moisture blocks.

= Time-Domain Reflectometry Systems (TDR) use a reflec-
tometer controlled by a CR10X to accurately measure soil
water content. Multiplexers allow sequential measurement of

a large number of probes by one reflectometer, reducing cost

per measurement.

« Self-contained water content reflectometers are sensors that
emit and measure a TDR pulse.

= Tensiometers measure the soil pore pressure of irrigated
soils and calculate soil moisture.

Industry
Vehicle Testing
The CR10X performs well in cold/hot temperature, high
altitude, off-highway, and cross-country tests. It can measure
temperature, fuel flow, velocity, acceleration, engine RPM,
force, displacement, and electrical system load. The CR10X
is often interfaced to a dashboard-mounted heads up display
for luminescent data display in real time.

HVAC Systems
The CR10X optimizes HVAC performance by monitoring and
controlling pumps, fans, and starter motors.

Process Control
Both product and assembly line status can be monitored
simultaneously, providing on-line quality control while mini-
mizing production down-time.



Water Resources

The CR10X is well-suited to remote, unattended monitoring of
hydrologic conditions. Many hydrologic sensors, including
SDI-12 sensors, interface directly to the CR10X.

Typical hydrologic measurements:

= Water level is monitored with incremental shaft encoders,
double bubblers, ultrasonic level transducers, resistance
tapes, or strain gage or vibrating wire pressure transducers.
Some shaft encoders require a QD1 Interface. Vibrating wire
transducers require an AVW1, AVW4, or AVW100 Interface.

= Well draw-down tests use a pressure transducer measured
at logarithmic intervals or at a rate based on incremental
changes in water level.

= lonic conductivity measurements use one of the switched
excitation ports from the CR10X.

= Samplers are controlled by the CR10X as a function of time,
water quality, or water level.

= Alarm and pump actuation are controlled through digital
1/0 ports that operate external relay drivers.

Datalogger measures water level using a shaft encoder, then calcu-
lates flow. The data are telemetered, via radio, to the water master for
further processing, review, and archive. Stilling well at diversionary
dam, Emery County, Utah.

Mining, Earth Science, and Geotechnical

The small size, low power requirements, and wide operating
temperature range of the CR10X make it a good choice for these
remote, typically harsh applications. Multiple CR10Xs can be
accessed via telemetry allowing monitoring and review of mea-
surements across an entire study area. Vibrating wire sensors,
strain gages, load cells, pressure transducers, linear and string
potentiometers, GPS receivers, and frequency output devices are
regularly used in these systems.

Historical Preservation

Weather measurements on the Sphinx provided input for its preserva-
tion, Cairo, Egypt.

The CR10X’s small size, versatility, and expandability allow it to
simultaneously monitor environmental variables that could be
detrimental to works of art (e.g., relative humidity, solar radia-
tion, air temperature, water table level, gas concentrations). By
using multiplexers or SDMs, these parameters (and others) can
be monitored at a number of locations in a building or across

a structure. This enables comprehensive monitoring, manage-
ment, remediation efforts, and documentation.

Other Applications
« Avalanche control, snow science, and Arctic research

Highway and pavement studies

= Sporting events

= Space research

Our dataloggers measured the effects of gravity on a test structure
aboard a NASA low-gravity flight.



The CR10X consists of a Measurement and Control Module and a detachable Wiring Panel. The Mean Time Between
Failures (MTBF) for the CR10X is over 180 years. Standard operating range is -25° to +50°C; an optional extended

range of -55° to +85°C is available.

N\

6 Differential (12 single-ended)
Analog Inputs for measuring

Power and Ground Connections
for 12 V external batter-

voltage levels on five software

selectable voltage ranges. @ CAMPRELL SCIENTIFIC, INC.
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3 Switched Excitation Channels
for precision excitation of sensors
or short-term actuation of external
devices. Excitation is program-
mable over a +2500 mV range.
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ies or per-ipherals or for 5 V
peripherals. Switched 12 V ter-
minal is controlled by any digital
output.

9-Pin CS I/O Port for connec-
tion of data storage, retrieval,
and telecommunications
peripherals.

CR10X WIRING PANEL

MADE IN USA

WIRING
PANEL NO.
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2 Pulse Counting Channels for
switch closures, high frequency
pulses, or low level ac
measurement.

Measurement and Control Module

The module measures sensors, drives direct communications
and telecommunications, reduces data, controls external devices,
and stores data and programs in on-board, non-volatile stor-
age. The electronics are RF shielded and glitch protected by the
sealed, stainless steel canister. A battery-backed clock assures
accurate timekeeping. The module can simultaneously provide
measurement and communication functions.

The CR10X contains a comprehensive set of processing, math,
and program control instructions to build a datalogger pro-
gram. The maximum rate the CR10X can execute its program
is 64 times per second. (The maximum rate a single input can
be measured is 750 samples per second.) Data and programs
are stored either in non-volatile Flash memory or battery-
backed SRAM. The standard memory stores 62,000 data points.
Optional versions store up to one million data points.

Datalogger Operating Systems

Options for the CR10X Operating System (OS) include array-
based, table, Pakbus, Modbus, and ALERT. The array-based OS
stores arrays of data at specified intervals or when a measured
condition has been met. Two final storage areas are provided
for storing the arrays. Table OS groups similar data in separate
tables. Pakbus OS enables the CR10X to communicate with
CR200-series dataloggers that are in the same network. Pakbus
OS stores data in the same format as the table OS. The Modbus
OS allows the CR10X to interface with SCADA or MMI soft-
ware, and ALERT OS allows the CR10X to be used in an ALERT
system. Operating System is specified at time of CR10X pur-
chase but can be changed easily if application needs change.

SC12 and SC12R-6 Cables

The SC12 is a two-foot cable that connects communication
devices to the CR10X’s 9-pin serial port. The SC12 is shipped
with most of our communication devices, including our phone
modems, satellite transmitters, and keyboard display. The
SC12R-6 is a six-foot cable that is purchased separately.

8 Digital Inputs/Outputs for
output control, sensing status,
and reading SDM peripherals or
SDI-12 sensors.

Wiring Panel

The Wiring Panel includes screw terminals for sensor con-
nections and a 9-pin CS I/0 port. An end bracket attaches

the Wiring Panel to the Control Module and to an enclosure-
mounted or free-standing baseplate. The Control Module easily
disconnects from the Wiring Panel allowing field replacement
without rewiring the sensors. Gas tubes on the wiring panel
provide rugged electrostatic discharge protection.

Aluminum Cover
(Included with CR10XTCR,
see page 6)

CR10XTCR
(optional see page 6)

Wiring Panel

SC12R-6 Cable
(not to scale)

End Bracket

CR10KD
Baseplate Measurement (opuogal see
and Control page 6)

Module



Typical field-based CR10X systems include a data retrieval option, power supply, and environmental enclosure.
Peripherals that expand the CR10X's measurement and control capabilities are also available.

Data Storage and Retrieval Options

To determine the best option for your application, consider the
accessibility of your site, availability of services (e.g., cellular
phone or satellite coverage), quantity of data to collect, and
desired time between data-collection sessions.

Telephone Networks use landlines or cellular CDMA transceiv-
ers for communications between the datalogger and PC. Our
voice-synthesized modem allows a CR10X to “speak” to you or
transmit data to a computer.

Radio Frequency (RF) Communications are supported via
UHF, VHF, spread spectrum, or meteor burst radios.

Direct Links use either an SC32B Interface or an SC-USB
Interface to provide an optically isolated connection between the
CR10X and a laptop or desktop computer. The SC32B connects
to a computer RS-232 port and the SC-USB connects to a USB
port.

PDAs can set the CR10X’s clock, monitor real-time data, retrieve
data, graph data, and transfer CR10X programs. PDAs with a
Palm™ OS require PConnect software (purchased separately).
These PDAs communicate with the CR10X via a direct serial
connection, spread spectrum radio, or the SC-IRDA infrared
wireless interface. PDAs with a Windows® CE OS require
PConnectCE software (purchased separately). These PDAs com-
municate with the CR10X via a direct serial connection or spread
spectrum radio.

Short Haul Modems provide local communications between the
CR10X and a PC with an RS-232 serial port.

Multidrop Interface links a central computer to one or more
dataloggers over a distance of 4000 ft.

Satellite Transmitters transmit data via the GOES, or Argos,
satellite systems. Campbell Scientific’s SAT HDR GOES trans-
mitter has been certified by NESDIS for High Data Rates (HDR).

Ethernet Communications Peripherals allow the CR10X to com-
municate over a local network or the Internet.

Storage Modules reliably store data and datalogger programs.
This allows you to transport programs between the datalogger
and PC or use the storage modules to serve as an independent
backup of the datalogger data. The storage modules are not
compatible with the Table and Pakbus datalogger operating
systems.

CR10KD Keyboard Display programs the CR10X, manually
initiates data transfer, and displays data. One CR10KD can be
carried from station to station in a CR10X network.

Other Displays such as the DataView Display Unit and the
DSP4 Heads Up Display can be used with the CR10X. DataView
provides a two-line, 32-character LCD that displays one real-
time value, a description, and units. The DSP4 Heads Up

Display is typically used in vehicle testing applications.

Thermocouple Reference Thermistor

Campbell Scientific offers the CR10XTCR which provides a tem-
perature reference for thermocouple measurements. It requires

A satellite transmitter provides telecommunications for remote
Argentine stations where phone lines are impractical.

one single-ended analog input channel. A cover that reduces
temperature gradients along the input terminals is included.

Channel Expandability

The already formidable measurement and control capabilties can
be expanded using CSI multiplexers and Synchronous Devices
for Measurement (SDMs). SDMs are addressable peripherals
that expand digital 1/0 ports, plus interval channels analog out-
put ports, and datalogger measurement capabilities. Up to 16
SDMs can be connected to three CR10X control ports.

Multiplexers increase the number of sensors that can be mea-
sured by a CR10X by sequentially connecting each sensor to the
datalogger. Several multiplexers can be connected to, and con-
trolled by, a single CR10X.

Enclosures

A CR10X housed in a weather-resistant enclosure can collect
data under extremely harsh conditions. The enclosure protects
the CR10X from dust, water, sunlight, or pollutants. Typically
a12” x 14” or 16” x 18” enclosure is used. They are NEMA 4X
enclosures modified for cable entry. The enclosures attach to

a flat surface, 1.00" to 1.25" IPS pipe, or vertical mast or leg of

a tripod or tower. These white fiberglass-reinforced polyester
enclosures are UV-stabilized and reflect solar radiation, reducing
temperature gradients inside the housing. An internal mounting
plate is prepunched for easy system configuration and exchange
of equipment in the field. A lockable hasp adds security.




Power Supplies

Any 12 Vdc source can power the CR10X; a PS100 or BPALK is
typically used. The PS100 includes one 7 Ahr rechargeable bat-
tery, charged with ac power (requires the optional wall charger)
or a solar panel. The BPALK consists of eight non-recharge-
able D-cell alkaline batteries with a 7.5 Ahr rating at 20°C. An
external AA-cell pack that supplies power while the D-cells are
replaced is included.

The BP12 and BP24 battery packs are also available. The BP12
and BP24 have nominal ratings of 12 and 24 Ahrs, respectively.
The batteries should be connected to a charging regulator and

a charging source. For information about analyzing your sys-
tem’s power requirements, see our Power Supply product litera-
ture or Application Note 5-F. Both can be obtained from:

www. campbellsci.com

Systems that include high
current drain peripherals
such as satellite trans-
mitters or are located
where it’s inconvenient
to replace batteries might
require batteries with
larger Ahr capacities
than our PS100 or
BPALK. Campbell
Scientific offers the BP12
and BP24 battery packs
for these systems.

Campbell Scientific software supports datalogger programming, communications between the datalogger and PC,
and data display. Brief descriptions follow; for more information, see our literature or Web site.

Starter Software

Our Starter Software can be downloaded at no charge from
www.campbellsci.com/resource.html. Our Resource CD also
provides this software as well as PDF versions of our literature
and manuals.

SCWin Program Builder creates datalogger programs requiring
only sensor measurement and data output. It supports 120 sen-
sors and multiplexers.

PC200W Starter Software allows you to transfer a program to,
or retrieve data from, a CR10X via a direct communications link.

Datalogger Support Software
The LoggerNet 2.X-series is our full-featured software package
that supports:

e direct connection and telecommunications links
= combinations of communication options (e.g., phone-to-RF)
= manual and scheduled data collection

= programming for most commercially available sensors as
well as devices such as SDMs, multiplexers, and relays

= storage module communication

= multitab data displays that can include alarms, sliders,
graphs, toggles, tables and/or gauges

Campbell Scientific offers several programs that are intended

to be used with our LoggerNet software. All of these programs
require a licensed copy of LoggerNet running on a PC. The pro-
grams are:

= Baler stores LoggerNet data into new files so that the
data can be imported to a data base or third-party analysis
program

= RTMC Web Server converts real-time data displays into
HTML files

= RTMCRT allows remote PCs to display and print
real-time data

= LoggerNetData allows users at remote PCs to post-process
LoggerNet data, generate reports, and display LoggerNet
data

= CSI OPC server allows third-party OPC compatible
graphic packages to view our datalogger data

= LoggerNet-SDK allows software developers to create and
freely distribute custom applications that communicate
with our dataloggers

Real-Time Data Monitor (RTDM)

RTDM allows experienced users to create custom graphic
screens. RTDM supports automatic generation of JPEG output
for Internet display. Developer and display-only versions are
also available.
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RTDM is powerful, versatile software that can display
real-time or archived data in bar, lines, area, or point charts.
Automatic generation of JPEG outputs facilitates displaying
information on Internet pages.
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Electrical specifications are valid over a -25° to +50°C range unless otherwise specified; non-condensing environment
required. To maintain electrical specifications, Campbell Scientific recommends recalibrating dataloggers every two years.

PROGRAM EXECUTION RATE

Program is synchronized with real-time up to 64 Hz.
One channel can be measured at this rate with unin-
terrupted data transfer. Burst measurements up to
750 Hz are possible over short intervals.

ANALOG INPUTS

NUMBER OF CHANNELS: 6 differential or 12 single-
ended, individually configured. Channel expan-
sion provided by AM16/32 or AM416 Relay Multi-
plexers and AM25T Thermocouple Multiplexers.

ACCURACY: +0.1% of FSR (-25° to 50°C);
+0.05% of FSR (0° to 40°C);
e.g., +0.1% FSR = 5.0 mV for 2500

mV range
RANGE AND RESOLUTION:
Full Scale Resolution (uV)
Input Range (mV) Differential ~ Single-Ended

+2500 333 666
+250 33.3 66.6
+25 3.33 6.66
+7.5 1.00 2.00
+2.5 0.33 0.66

INPUT SAMPLE RATES: Includes the measurement
time and conversion to engineering units. The
fast and slow measurements integrate the signal
for 0.25 and 2.72 ms, respectively. Differential
measurements incorporate two integrations with
reversed input polarities to reduce thermal offset
and common mode errors.

Fast single-ended voltage: 2.6 ms
Fast differential voltage: 4.2 ms
Slow single-ended voltage: 5.1 ms
Slow differential voltage: 9.2 ms

Differential with 60 Hz rejection: 25.9 ms
Fast differential thermocouple: 8.6 ms

INPUT NOISE VOLTAGE (for +2.5 mV range):
Fast differential: 0.82 pV rms
Slow differential: 0.25 puV rms
Differential with 60 Hz rejection: 0.18 pV rms

COMMON MODE RANGE: #2.5V
DC COMMON MODE REJECTION: >140 dB

NORMAL MODE REJECTION: 70 dB (60 Hz with
slow differential measurement)
INPUT CURRENT: *9 nA maximum

INPUT RESISTANCE: 20 Gohms typical

ANALOG OUTPUTS

DESCRIPTION: 3 switclhed, active only during mea-
surement, one at a time.

RANGE: 2.5V

RESOLUTION: 0.67 mV

ACCURACY: #5mV; 2.5 mV (0° to 40°C)

CURRENT SOURCING: 25 mA

CURRENT SINKING: 25 mA

FREQUENCY SWEEP FUNCTION: The switched
outputs provide a programmable swept frequency,
0 to 2.5 V square wave for exciting vibrating wire
transducers.

RESISTANCE MEASUREMENTS

MEASUREMENT TYPES: The CR10X provides
ratiometric bridge measurements of 4- and 6-wire
full bridge, and 2-, 3-, and 4-wire half bridges.
Precise dual polarity excitation using any of the
switched outputs eliminates dc errors.
Conductivity measurements use a dual polarity
0.75 ms excitation to minimize polarization errors.

ACCURACY: +0.02% of FSR plus bridge resistor
error.

PERIOD AVERAGING MEASUREMENTS

The average period for a single cycle is determined
by measuring the duration of a specified number of
cycles. Any of the 12 single-ended analog input chan-
nels can be used. Signal attentuation and ac coupling
are typically required.

INPUT FREQUENCY RANGE:

Signal peak-to-peak? Min. Max
Min. Max. Pulse w. Freq.2
500 mV 50V 2.5pus 200 kHz
10 mv 20V 10 ps 50 kHz
5mVv 20V 62 ps 8 kHz
2mv 20V 100 ps 5 kHz

1signals centered around datalogger ground
2Assuming 50% duty cycle

RESOLUTION: 35 ns divided by the number of
cycles measured

ACCURACY: +0.01% of reading (humber of cycles >100)
+0.03% of reading (number of cycles <100)

TIME REQUIRED FOR MEASUREMENT: Signal
period times the number of cycles measured plus
1.5 cycles + 2 ms

PULSE COUNTERS

NUMBER OF PULSE COUNTER CHANNELS: 2
eight-bit or 1 sixteen-bit; software selectable as
switch closure, high frequency pulse, and low
level ac.

MAXIMUM COUNT RATE: 16 kHz, eight-bit counter;
400 kHz, sixteen-bit counter. Channels are
scanned at 8 or 64 Hz (software selectable).

SWITCH CLOSURE MODE
Minimum Switch Closed Time: 5 ms
Minimum Switch Open Time: 6 ms
Maximum Bounce Time: 1 ms open without
being counted

HIGH FREQUENCY PULSE MODE
Minimum Pulse Width: 1.2 ps
Maximum Input Frequency: 400 kHz
Voltage Thresholds: Count upon transition
from below 1.5 V to above 3.5 V at low frequen-
cies. Larger input transitions are required at high
frequencies because of input filter with 1.2 ps time
constant. Signals up to 400 kHz will be counted if
centered around +2.5 V with deviations > +2.5 V
for>1.2 ps.
Maximum Input Voltage: +20 V

LOW LEVEL AC MODE
(Typical of magnetic pulse flow transducers or
other low voltage, sine wave outputs.)

Input Hysteresis: 14 mV
Maximum ac Input Voltage: +20 V
Minimum ac Input Voltage:

(Sine wave mV RMS) Range (Hz)
20 1.0 to 1000

200 0.5 to 10,000

1000 0.3 to 16,000

DIGITAL I/0O PORTS

8 ports, software selectable as binary inputs or
control outputs. 3 ports can be configured to count
switch closures up to 40 Hz.

OUTPUT VOLTAGES (no load): high 5.0 V £0.1 V;
low < 0.1V

OUTPUT RESISTANCE: 500 ohms
INPUT STATE: high 3.0to 5.5 V; low -0.5t0 0.8V
INPUT RESISTANCE: 100 kohms

SDI-12 INTERFACE STANDARD

Digital /0 Ports C1-C8 support SDI-12 asynchronous
communication; up to ten SDI-12 sensors can be con-
nected to each port. Meets SDI-12 Standard version

1.2 for datalogger and sensor modes.

CAMPBELL SCIENTIFIC, INC.

815 West 1800 North « Logan, Utah 84321-1784 « (435) 753-2342 « Fax (435) 750-9540
Offices also located in: Australia + Brazil + Canada * England « France + Germany + South Africa « Spain

CR10XTCR THERMOCOUPLE REFERENCE

POLYNOMIAL LINEARIZATION ERROR: Typically
<+0.5°C (-35° to +50°C), <+0.1°C (-24° to +45°C).

INTERCHANGEABILITY ERROR: Typically <+0.2°C
(0° to +60°C) increasing to +0.4°C (at -35°C).

CE COMPLIANCE (as of 09/01)
STANDARD(S) TO WHICH CONFORMITY IS
DECLARED:

EN55022: 1995 and IEC61326:2002

EMI and ESD PROTECTION
IMMUNITY: Meets or exceeds following standards:
ESD: per IEC 1000-4-2; +8 kV air, 4 kV contact
discharge
RF: per IEC 1000-4-3; 3 V/m, 80-1000 MHz
EFT: per IEC 1000-4-4; 1 kV power, 500 V 1/O
Surge: per IEC 1000-4-5; 1 kV power and 1/O
Conducted: per IEC 1000-4-6; 3 V 150 kHz-80 MHz
Emissions and immunity performance criteria avail-
able on request.

CPU AND INTERFACE
PROCESSOR: Hitachi 6303

PROGRAM STORAGE: Up to 16 kbytes for active
program; additional 16 kbytes for alternate
programs. Operating system stored in 128 kbytes
Flash memory.

DATA STORAGE: 128 kbytes SRAM standard
(approximately 60,000 data values). Additional
2 Mbytes Flash available as an option.

OPTIONAL KEYBOARD DISPLAY: 8-digit LCD
(0.5" digits)

PERIPHERAL INTERFACE: 9 pin D-type connector
for keyboard display, storage module, modem,
printer, card storage module, and RS-232
adapter.

BAUD RATES: Selectable at 300, 1200, 9600
and 76,800 bps for synchronous devices. ASCII
communication protocol is one start bit, one stop
bit, eight data bits (no parity).

CLOCK ACCURACY: +1 minute per month

SYSTEM POWER REQUIREMENTS
VOLTAGE: 9.6 to 16 Vdc

TYPICAL CURRENT DRAIN: 1.3 mA quiescent,
13 mA during processing, and 46 mA during
analog measurement.

BATTERIES: Any 12 V battery can be connected as
a primary power source. Several power supply
options are available from Campbell Scientific.
The Model CR2430 lithium battery for clock and
SRAM backup has a capacity of 270 mAhr.

PHYSICAL SPECIFICATIONS

SIZE: 7.8" x 3.5" x 1.5" - Measurement & Control
Module; 9" x 3.5" x 2.9" - with CR10WP Wiring
Panel. Additional clearance required for serial
cable and sensor leads.

WEIGHT: 2 Ibs

WARRANTY

Three years against defects in materials and
workmanship.

We recommend that you confirm system
configuration and critical specifications with
Campbell Scientific before purchase.

Copyright © 1986, 2006
Campbell Scientific, Inc.
Printed April 2006



Proposed Scopes of Work for
APPENDIXB Pinnacle Technologies and Sensametrics

The following are the proposed “Scope of Work” written for Pinnacle Technologies, Inc. and
Sensametrics, Inc. This information is being included for informational purposes only.

Proposed Scope of Work for Pinnacle Technologies, Inc.

Provide monitoring of the existing I-Wall using fiber optic technology. Measure displacement
strains of five concrete monoliths. Measurements are to be made near the top of the wall and
near the bottom of the wall. Therefore, there should be two rows of monitoring. It is understood
that the fiber optic cable will be attached to the I-Wall through the use of mandrels located near
each expansion joint.

All equipment and labor necessary to install the instruments provided by Pinnacle are to be
included. It will be required that personnel from Pinnacle be on-site to install and monitor the
instruments provided by Pinnacle. The Government will supply 120V AC power, temporary
field trailer (or shipping container), lighting, on-site security, and drinking water. Pinnacle will
need to provide a back-up power source for their instruments. In addition, Pinnacle will need to
provide all equipment necessary to read their instruments and provide on site data reduction and
reporting.

Proposed Scope of Work for Sensametrics

Provide monitoring of the existing I-Wall using tiltmeters that use MEMS technology. Measure
tilt at five concrete monoliths.

All equipment and labor necessary to install the instruments provided by Sensametrics are to be
included. It will be required that personnel from Sensametrics be on-site to install and monitor
the instruments provided by Sensametrics. The Government will supply 120V AC power,
temporary field trailer (or shipping container), lighting, on-site security, and drinking water.
Sensametrics will need to provide a back-up power source for their instruments. In addition,
Sensametrics will need to provide all equipment necessary to read their instruments and provide
on site data reduction and reporting.
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