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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.
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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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