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EXECUTIVE SUMMARY

This report provides the background, data and detailed hydraulic and geotechnical
analyses of the existing condition of levees and floodwalls on the 17th Street
Outfall Canal. The data and results presented here been reviewed in accordance
with the Corps’ Independent Technical Review process.

The evaluation of levees and floodwalls was accomplished using post-Hurricane
Katrina design criteria with the input from the Interagency Performance
Evaluation Taskforce (IPET), USACE Mississippi Valley Division Headquarters,
Task Force Guardian, and engineers at St. Louis, St. Paul and New Orleans
Districts.

Geotechnical analysis for slope stability is based on the Method of Planes.
Current changes in slope stability design methodology will be applied to future
geotechnical work; however these changes will be evaluated on the 17th Street
Canal and addressed via future determination on its effect on the stated safe water
elevation.

When the gates of the Interim Closure Structure are open, the water surface
profile of the canal is controlled by (1) the elevation of water in Lake
Pontchartrain and (2) the volume of water pumped into the canal from three
municipal drainage pump stations.

Detailed geotechnical field investigations, laboratory tests and calculations reveal
that the existing walls and embankment are adequate with the current operational
safe water elevation of 6.0.

The governing safe water elevation on the east (Orleans Parish) side of the canal
is 6.3 for a reach of approximately 400 feet near the Interstate 10 Bridge. The
governing safe water elevation on the west (Jefferson Parish) side of the canal is
7.3 for a reach of approximately 430 feet in the vicinity of Rosebud Street.

Graphs of the governing safe water elevations overlain with the hydraulic grade
line illustrate that the existing walls and embankment are sufficient for elevations
greater than 6.0 at many locations. As a result, the analysis shows the canal can
convey outflow from events up to and including a lake stage of 3.0 with all pumps
operating at the theoretical maximum capacity of 10,500 cubic feet per second.



A thorough post-hurricane examination of the floodwalls reveals no evidence of
distress or damage of the floodwall on either side of the canal.

The results of this analysis will help engineers and planners look for opportunities
and actions that can improve the operational condition of the canal. The results
will also be used to update the 17th Street Canal Operations Manual to reflect
current conditions.
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FOREWORD

The US Army Corps of Engineers and the New Orleans District continue efforts
to restore, repair and improve the hurricane and storm damage reduction system
in coastal Louisiana. The Chief of Engineering Division, New Orleans District,
directed the preparation of this analysis of the present condition of the 17th Street
Outfall Canal at the request of local officials in Orleans and Jefferson Parishes.

The goal of this analysis is to provide a snapshot of the current condition and
capacities of canal levees and floodwalls in light of post-Hurricane Katrina design
criteria using the Method of Planes. Engineers and local leaders are concerned
with identifying the most vulnerable components of the system and implementing
measures to address them.

It is important to note that the canal is no longer part of the frontline hurricane and
storm damage reduction system. With the construction of the interim closure
structure and plans to provide permanent gates and pump stations where the canal
discharges into Lake Pontchartrain, the Corps has removed the 17th Street Outfall
Canal levees and floodwalls from the critical first line of defense from storm
surges. The canal’s only purpose now is to convey urban runoff from upstream
pump stations to the lake; it will not be required to withstand storm surges. Still,
valid reasons to be cautious remain.

- The design methods and criteria presented in this report should not be considered
the final authority for engineers and planners working to assure the reliability of
the 17th Street Outfall Canal. As new information is continuously discovered and
design techniques always evolve, designers are encouraged to consult with
appropriate subject matter experts for updates and improvements to the
procedures and criteria presented herein.



BACKGROUND
Objective

The purpose of this analysis is to determine safe operational water levels within
the 17th Street Outfall Canal under current conditions.

For the vast majority of the time, the Interim Closure Structure will remain open
and water will gravity flow from pump stations to where the canal discharges into
Lake Pontchartrain. With water flowing roughly 2.4 miles from the southern-
most pump station to the point of discharge at the north end, water elevations will
vary along this route.

This report presents the expected hydraulic gradient under pump conditions and
the currently understood capacity of the canal levee and floodwalls on each side
of the canal. Engineers and planners should be able to use the information
provided to make informed decisions regarding the risk, and perhaps identify
opportunities for reducing risk, due to storm water flows in the canal.

The report includes the accumulation of months of geotechnical investigations,
including subsurface explorations, laboratory analyses, field tests and thorough
engineering examinations and studies.

Work presented herein has been thoroughly reviewed by engineers outside the
New Orleans District for technical accuracy.

Study Area

The area of study is the 17th Street Outfall Canal, one of three historical Outfall
Canals that were incorporated into the Lake Pontchartrain, Louisiana and Vicinity
Hurricane Protection Project. The three canals (17th Street Canal, London
Avenue Canal, and Orleans Avenue Canal) are located on the south side of Lake
Pontchartrain. They run parallel to each other and are generally oriented in the
north-south direction.

The Outfall Canals are designed to transport storm water drainage from the major

urbanized areas of Orleans and Jefferson Parishes on the east bank of the
Mississippi River to Lake Pontchartrain. The canal banks were designed to

10



provide lateral parallel protection from tidal inundation via the lake-canal
connection.

The 17th Street Canal is located in Jefferson Parish immediately west of the
Orleans Parish boundary line. The canal extends approximately 12,605 feet from
Pump Station No. 6 near Interstate 10 to the canal's terminus at Lake
Pontchartrain. The I-type floodwall which provides parallel protection along the
entire length of the canal varies in elevation. An overview of the canal is shown
in Figure 1.

Permanent Pump Stations

The 17th Street Canal receives discharge from Pump Station No. 6 and the I-10
pump station in Orleans Parish, and the Canal Street Pump Station in Jefferson
Parish. The total combined design discharge capacity of these three pump
stations is 10,500 cubic feet per second (cfs). Runoff from approximately 11,700
acres drains into the 17th Street Canal. Orleans Parish comprises 82 percent of
this drainage area.

Located at the southern end of the canal is Pump Station No. 6 (DPS6), a
municipal drainage pump station in operation since 1899. The station is designed
with a total capacity of 9,480 cfs, although actual capacity varies depending on
operating conditions. There are 15 pumps including two 1,100 cfs pumps and
five 1,000 cfs pumps. A pump station status report dated December 12, 2006
reported one pump out of service and a net operational capacity of 9,390 cfs.
DPS6 is operated by the Sewerage and Water Board of New Orleans (SWBNO)
and serves parts of Orleans and Jefferson Parishes.

The Interstate 10 pump station (DPSI10) is the most recently constructed pump
station in the area. [t provides drainage to the problematic underpass where the
interstate highway dips under a railroad bridge. The station is located near the
underpass and discharges through a set of pipes at grade to the 17th Street Canal
just south of the bridges where the interstate crosses the canal. DPSIIO is
operated by SWBNO and consists of four pumps with a combined design
operational capacity of 860 cfs. Three of the pumps are designed to move 250 cfs
each. A status report dated December 12, 2006 reported this station fully
operational.

The Canal Street pump station (DPSCS), located in Jefferson Parish, has a design
capacity of 160 cfs. It consists of four vertical pumps each with a rated capacity
of 40 cfs. The station is located at the intersection of Canal Street in Metairie (not
to be confused with the more famous Canal Street in New Orleans) and the 17th
Street Canal, about 1,230 feet downstream of DPS6. A pump station status report
dated December 12, 2006 reported this station fully operational. DPSCS is
maintained and operated by Jefferson Parish Drainage Department.

11
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It should be remembered that design pump capacities stated here represent
optimal operation under ideal conditions. The actual quantity of water moved by
any pump in the real world varies and can be severely reduced for a variety of
reasons, including but not limited to: pumping against higher head pressures,
limitations to flow of water arriving at the pump intakes, and reduction or loss of
power to the pumps.

Levees and Floodwalls

The canal levees and floodwalls were constructed over several decades as a result
of private and government projects intended to improve drainage and prevent
storm surge intrusion. These structures stand on both sides of the canal. They tie
to DPS6 at the southern end of the canal and merge with lakefront levees at Lake
Pontchartrain.

From DPS6 to the area near the Interstate 10 Bridge over the canal, a length of
approximately 3,167 feet, the canal’s sides are formed by an earthen levee with a
wall constructed on top of the canal embankment. The wall adds approximately 4
feet to the height of protection. Recent surveys measured the top of wall
elevations at 13.3 NAVD88 (2004.65) for most of this section. The canal is
approximately 220 feet wide measured from face to face of the constructed
floodwall along most of its length.

From the Interstate 10 Bridge to the Veterans Boulevard Bridge, a length of
approximately 1,438 feet, the canal’s sides are formed by an earthen levee with a
wall constructed at the top of the canal embankment. The wall raises the overall
height of protection by about 5 feet. Recent surveys show the top of wall
elevation at 12.8 NAVD88 (2004.65) for most of this section. The canal is
approximately 200 feet wide measured from face to face of the constructed
floodwall along most of this length.

From the Veterans Boulevard Bridge to the canal’s terminus at Lake
Pontchartrain, a length of approximately 8,000 feet, the canal’s sides are formed
by.an earthen levee with a wall constructed on top of the canal embankment. The
wall adds approximately 8.5 feet to the height of the protection. The top of wall
elevation through most of this section ranges from 11.9 to 12.6 NAVDS8
(2004.65) according to recent surveys. The canal is approximately 200 feet wide
measured from face to face of the constructed floodwall along most of this length.

Damage during Hurricane Katrina

Approximately 453 linear feet of floodwall and levee was breached during
Hurricane Katrina. The repaired section consists of 694 linear feet of T-wall
founded on steel H-piles. The new wall is located on the east side of the canal
jinst sonth of the bridee at Hammond Highwav near Lake Pontchartrain. The



repaired section includes a sheet pile cutoff wall to a minimum depth of (-)55.0
NAVDS88 (2004.65).

Several field investigations have uncovered no evidence of distress other than at
the breach noted above. This included a visual inspection conducted soon after
Hurricane Katrina by the Metairie consulting firm of Linfield, Hunter and Junius.
After their inspection team had walked both sides of the 17th Street Canal
floodwalls, the only item of concern noted in their report of November 21, 2005
was the presence of trees and vegetation growing close to the levee.

There were media reports in early 2006 that floodwalls on the Jefferson Parish
side of the canal appeared to be leaning. Again, field investigators were
dispatched and found no evidence of distress in the floodwalls. It is likely the
reports of leaning were the result of mistaking the slight jogs of the floodwall
alignment as evidence of damage. Design documents for the floodwall show that
the wall is not laid out in a perfectly straight line. The wall turns at four locations
on the Jefferson Parish side between Lake Pontchartrain and Veterans Boulevard,
rotating almost 2 degrees to the west and then back again.

Interim Closure Structure

In 2006, the Corps constructed a gated Interim Closure Structure near the
confluence of each canal with Lake Pontchartrain. These steel structures have a
series of panel gates that will be open under normal conditions and closed during
rising Lake Pontchartrain tide or impending tropical storm activity. These
“interim” gates are intended to serve until permanent gates and pump stations,
already authorized by Congress, are designed and constructed.

The 17th Street Canal Structure consists of 11 vertical lift gates approximately 12
feet wide by 27 feet in height. In the event the Interim Closure Structure must be
closed, the canal will become a detention pond with three pump stations and
rainfall contributing water and the Interim Closure Structure Pump Station
evacuating water. The completed pump array will include 12 60-inch pumps.

As of March 16, 2007, the reported drainage capacity of the Interim Closure
Structure was 4,060 cfs. The target design capacity for the completed structure is
7,600 cfs.

Operational Scenarios

Water levels in the outfall canal are affected by two components: pumps and
tides. When the gates of the Interim Closure Structure are open to Lake
Pontchartrain, water levels in the canal will, at a minimum, match the water level
of the lake. As water is discharged into the canal by each of the three drainage
pump stations along its length, water levels in the immediate area of the pump
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stations will rise and gradually flow toward the lower water levels at Lake
Pontchartrain.

The Interim Closure Structure is designed to block the entrance of high tides
driven by tropical storm events. The decision to close the gates is dependent on a
variety of operational and safety requirements driven primarily by predicted storm
stage, observed stages, and wind speed at the gates. In general, the gates would
be closed when the predicted stage in Lake Pontchartrain is expected to approach
or exceed elevation 6 NAVDS88 (2004.65). With such a forecast of high water,
the gates would be closed several hours ahead of the tropical storm landfall in
accordance with the Operations Manual for the Interim Closure Structure.

Reviewing the meteorological history of Lake Pontchartrain, it is observed that
only three storm events have occurred in the past 75 years that would have
triggered closing the gates as they are currently operated.

Data Collection

Dozens of soil samples were collected throughout the study area and subjected to
soil laboratory testing. This included 47 continuous undisturbed 5-inch diameter
borings taken in the levee centerline, at the levee toe and in the canal. The field
exploration also utilized geoprobes and piezometers. Soil sample details and test
results are included in the Geotechnical Analysis section of this report.

Engineers collected and reevaluated historical soil data for use in this report as
well, including soil profiles developed for Design Memorandum No. 20 General
Design dated March 1990.

REPORT OF FINDINGS
Hydraulic Investigation

Water surface profiles were computed using HEC-RAS, a computer program
developed by the Corps of Engineers Hydrologic Engineering Center (HEC) as a
River Analysis System (RAS) tool. This widely-used program models the
hydraulics of open channel flows such as rivers and canals.

The numerical model for the canal was created using cross sectional data obtained
from multi-beam surveys collected in March 2006. Surveys of the bridge sections
and channel cross sections beneath the bridges were performed in December
2006. All survey data imported into the hydraulic model is referenced to
NAVD88 datum using Corps of Engineers validated staff gages established on the
epoch date 2004.65.



The HEC-RAS model was calibrated using gauge readings collected during a
rainfall event on December 30, 2006. More details of the modeling and
calibration are included in the Hydraulic Analysis section of this report.

The hydraulic modeling effort consisted of modeling nine different discharge
pump configurations, which are representative of the range of pump discharges
into the 17th Street Outfall Canal. The nominal discharges ranged from 1,840 cfs
to the full pump capacity of 10,500 cfs as summarized in Table 1.

With the gates of the Interim Closure Structure open, water level in the canal is
directly related to the tide in Lake Pontchartrain. Thus, in addition to the nine
discharge scenarios noted above, modeling included six scenarios for the lake
stage. The modeled boundary conditions of lake stages included 0 to 5 feet
NAVD88 (2004.65) at 1-foot increments.

Geotechnical Investigation

The ability of levees and floodwalls to safely withstand loading was examined in
several ways. The examination included assessment of stability at both high and
low water levels: examining the possibility of failure away from the canal with
high water and into the channel at low water. The analysis also included checks
for global stability, local stability, seepage under the levee and other tests as
detailed in the Geotechnical Analysis section of this report.

The design parameters and criteria used in this report were developed with the
input of members of Task Force Guardian, the Interagency Performance
Evaluation Taskforce (IPET), USACE Mississippi Valley Division Headquarters,
and engineers at St. Louis and New Orleans Districts. All of the results presented
in this report were calculated using the Method of Planes slope stability analysis.

As this report was being finalized, HQ USACE updated the slope stability design
criteria for hurricane protection system embankments. The new guidance directs
use of the Spencer Method, which'is the slope stability design technique used by
IPET to analyze levees for their study and which was used to establish the initial
safe water elevations in all three outfall canals. A reevaluation of the critical
sections of the 17th Street Canal will be conducted using the new criteria and
adjustments to the safe water elevation may be required.

The west side of the canal was divided into 18 design reaches, numbered 0 to 17,
and the east side was divided into 16 reaches, numbered 18 to 31. Reaches were
designated according to the location of new borings, physical boundaries, ground
surface profiles or depth to the buried beach sand layer. Stationing used for
tracking locations along the canal follows the baseline stations established for
prior projects. The interim closure structure is located at about Station 547+75,
and DPS6 is at about Station 673+00.



TABLE 1. Summary of Modeled Pumping Discharge Scenarios

PUMPING SCENARIO ACTIVE PUMPS (TOTAL DISCHARGE)
Scenario | Canal Nominal Pump Canal St. I-10 Pump
Number | Discharge (cfs) | Station No. 6 | Pump Station Station
2-90 cfs
4-250 cfs
1-110 cfs
2-550 cfs 4-40 cfs
1 10,500 5-1000 cfs (160 cfs) :(sé%gocg?
2-1100 cfs
(9480 cfs)
2-90 cfs
4-250 cfs
1-110 cfs
2-550 cfs 4-40 cfs
2 9,500 4-1000 cfs (160 cfs) ?é%%oc‘fg
2-1100 cfs
(8480 cfs)
2-90 cfs
4-250 cfs
1-110 cfs
2-550 cfs 4-40 cfs
3 8,500 3-1000 cfs (160 cfs) 35'3%%0 ‘f’fs
2-1100 cfs (860 cfs)
(7480 cfs)
2-90 cfs
4-250 cfs
1-110 cfs
2-550 cfs 4-40 cfs
4 7,500 2-1000 cfs (160 cfs) 3200cts
2-1100 cfs (860 cfs)
(6480 cfs)
2-90 cfs
4-250 cfs
1-110 cfs
2-550 cfs 4-40 cfs
5 6,500 1-1000 cfs (160 cfs) 3200 cfs
2-1100 cfs (860 cfs)
(5480 cfs)
2-90 cfs
4-250 cfs
1-110 cfs
2-550 cfs 4-40 cfs
6 5,400 1-1000 cfs (160 cfs) 3250 cfs
1-1100 cfs (860 cfs)
(4380 cfs)
2-90 cfs
3-250 cfs 1-110 cfs
7 4,050 2-550 cfs ag‘g gff:) 3-250 ofs
1-1000 cfs (860 cfs)
(3030 cfs)
2-90 cfs
1-110 cfs
2-250 cfs 4-40 cfs
8 2,700 1-1000 cfs (160 cfs) ?é%%oc?S
(1680 cfs)
2-90 cfs
2-250 cfs 4-40 cfs
9 1,840 1-1000 cfs (160 cfs) (0 cfs)




Allowable Water Elevations

The results of multiple evaluations are summarized in Tables 2 and 3. The values
represent the safe water elevation for the various reaches evaluated
geotechnically. The lowest elevation in each reach becomes the site-specific safe
water elevation, or the Governing Elevation. The Governing Elevations along the
length of the canal vary by location as can be seen graphically in Figures 2 and 3.

[t is important to remember that the Governing Elevation is not the point at which
the levee and wall fails; rather, it represents the maximum elevation which still
satisfies the required factors of safety.

Figures 2 and 3 show the calculated hydraulic grade line overlain with the
governing safe water elevations for the Jefferson and Orleans sides of the canal,
respectively. The governing safe water elevation varies along the length of the
canal, but remains constant under all hydraulic conditions. The hydraulic grade
line varies according to the lake stage and the quantity of drainage water being
pumped into the canal.

While modeling included nine different pump scenarios and six lake stages for a
total 54 possible hydraulic grade lines, the one shown in the figures is derived
from a lake stage of 3.0 and pumping at the theoretical maximum capacity with
all pumps on of 10,500 cubic feet per second. Lake Pontchartrain only
infrequently reaches a stage of 3.0, and a nominal discharge of 10,500 cfs is a rare
and unusual event. While this scenario does not represent the most severe
modeled, it illustrates the capacity of the existing canal to withstand even an
extreme situation.

Complete results for all 54 hydraulic grade lines are tabulated by Lake Stage and
pumping scenario starting on page 26 of this report.

It should also be noted that under the selected scenario, the operational safe water
elevation is exceeded in the vicinity of DPS6. However, the graph also illustrates
the location of the governing safe water elevation, so that more informed
decisions can be made regarding the ongoing operation of the canal and efforts to
improve its safety and efficiency.
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HYDRAULIC ANALYSIS
1. History

The 17th Street Outfall canal has served as one of the major drainage canals for the city
of New Orleans and a portion of Jefferson Parish since it was dug in 1871. The original
canal was fed by gravity drainage and was only 50 feet wide extending a length of about
3.0 miles. As the area developed the first portion of Pumping Station No. 6 was built in
1898. The capacity of the station was 1,000 cfs. Increasing development and the need for
additional drainage for the protected area necessitated increases in station capacity. The
station was expanded and more pumps were added on May 1914, May 1929, July 1967,
again in1986, until the current total existing nominal capacity of the pumping station of
9,480 cfs. The pumping station has 15 pumps; two at 1,100 cfs, five at 1,000 cfs, two at
550 cfs, four at 250 cfs, and two at 90 cfs. The canal accepts precipitation runoff from
approximately 11,700 acres (18 square miles) of highly urbanized drainage area. Of the
drainage area, 82 percent lies in Orleans Parish with the remainder in adjoining Jefferson
Parish.

In addition to Pump Station No. 6, two other pumping stations discharge into the 17th St.
Outfall Canal. The Canal Street Pumping Station on the west bank in Jefferson Parish is
located approximately 1,230 feet downstream of Pump Station No. 6, and the I-10
Pumping Station which discharges into the canal from the east bank in Orleans Parish at
the south side of where Interstate Hwy 10 Bridge crosses the canal in New Orleans.

The Canal Street Pumping Station has an existing nominal capacity of 160 cfs; with four
40 cfs pumps. The [-10 Pumping Station has an existing nominal capacity of 860 cfs;
with three 250 cfs pumps and one 110 cfs pump. The canal has over the years been
enlarged and deepened to accommodate the increased pump capacity. The canal has
average bottom and top widths of 40 feet and 200 feet, respectively. The average invert
elevation varies approximately -18 ft NAVDS88 (2004.65) at the pumping station to
approximately —15 ft NAVD88 (2004.65) at Lake Pontchartrain.

2. Conveyance Characteristics

Outfall Canals such as the 17th Street canal are considered under two broad
classifications: rapid flow and tranquil flow. The distinction between rapid and tranquil
flow involves critical depth. In the case of the Outfall Canal the channel slopes are mild
and eritical denth is not achieved thns flow is trancnil. The characteristics of tranouil




flow in the Outfall Canal are subcritical velocities with Froude numbers less than | (F <
1) and invert slopes less than critical slope (So < Sc).

Since it is directly proportional to the discharge, Q, the conveyance of a channel section,
K, is a measure of the carrying capacity of the channel section.

Q=Ks'"

Where,
K = (1.49/n) AR??
S = the slope of the water surface
n = the Manning coefficient of roughness
A = the cross-sectional area of flow
R = the hydraulic radius (=A/P)
P = wetted perimeter of cross-section

The Outfall Canal has a relatively large conveyance with mild water surface slopes and
less than critical velocities. Width to depth ratios are also somewhat large varying
between 10 and 15.

3. Numerical Modeling

Water surface profiles were computed using HEC-RAS steady state computer model
Version 3.1.3. The cross section data was -obtained from multi-beam surveys taken by
the Army Corps of Engineers St. Louis District Motor Vessel Boyer in March of 2006.
Surveys of the bridge sections and channel cross sections beneath the bridges were
performed by Chustz Surveying Inc in December 2006. All survey data imported into the
hydraulic model is referenced to NAVD88 datum using Corps of Engineers validated
staff gages established on the epoch date 2004.65.

Values for Manning’s “n” were as follows:

n=0.020 main channel
n=0.025 channel overbank

The HEC-RAS model was calibrated to a 30 December 2006 event. The calibration
results are summarized in Table 4. The discharges at the pump stations were as follows:

DPS6 5,256 cfs
Canal St. PS 80 cfs
I-10 PS 100 cfs

The bridge contraction/expansion coefficients were set to 0.1 and 0.3 respectively. The
table below lists the stages computed by the HEC-RAS model as well as the stages
observed at the gage sites listed. The locations of the gages are listed in the Water

Crrwfona Rlaviat ~r Tohlpe




' ’ TABLE 4. Calibration of numerical model to December 2006 rainfall event

Canal Stage
In feet, NAVD88 (2004.65)

Location Observed Computed
PS #6 2.76 3.15
Lemon 2.73 2.77

i-10 2.69 265
Cherry 2.46 2.38
Georgia 2.44 2.25
Geneva 248 219
ICS Canal-Side 1.76 1.71
ICS Lake-Side 1.58 1.60

4. Scenarios Modeled To Date

The hydraulic modeling effort consisted of modeling nine different discharge pump
configurations, which are representative of the range of pump discharges into the 17th St.
Outfall Canal. The nominal discharges were; 1840 cfs, 2700 cfs, 4050 cfs, 5400 cfs,
6500 cfs, 7500 cfs, 8500 cfs, 9500 cfs, and a full pump capacity of 10500 cubic feet per
second.

Each discharge was modeled with outfall boundary conditions of lake stages at 0, 1, 2, 3,
4, and 5 feet NAVDS88 (2004.65). The active pumps for each nominal discharge are
shown in Table 1.

5. Water Surface Elevation Tables

Calculated water surface elevations are summarized in the tables which follow. The
tables are organized by lake stage and nominal discharge from the canal.
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GEOTECHNICAL ANALYSIS
1. GEOLOGY

a. General. The study area is an area of low relief ranging from near sea level to
approximately -5 feet* in elevation. The entire study area is overlain by a thick layer of
fill material except for the borings taken in the canal where the material at the surface
consists of intergraded swamp and marsh deposits or the breakwater area where the
material at the surface consists of lacustrine deposits (see Plates 6 and 7). The fill
material ranges in thickness from just over 2 feet on the southern end of the study area
and gradually thickens to 13 feet near Lake Pontchartrain. Lacustrine deposits in the
breakwater area consist of silt with occasional shell fragments, average 2.5 feet thick, and
range from -9 to -12 feet in elevation. Older lacustrine deposits underlie a layer of
swamp and marsh deposits at this site (see Plate 7). Intergraded swamp and marsh
deposits underlie the fill material and lacustrine deposits in the breakwater area. Marsh
deposits consist of soft to very soft, organic, fat clay with high moisture content and
occasional lenses and layers of soft to very soft, lean clay and peat. Swamp deposits
consist of very soft to medium, organic, fat clay with high to moderate moisture content,
wood, and occasional lenses and layers of soft to very soft, lean clay and peat. Swamp
and marsh deposits average 10 feet thick and range in elevation from -4 to -28 feet. In
the breakwater area swamp and marsh deposits average 3 feet thick and range in
elevation from -1 to -4 feet. Lacustrine deposits underlie the swamp and marsh deposits
and consist of soft to very soft, fat clay interbedded with occasional lenses of silty sand,
silt, lenses and layers of soft to very soft lean clay, shells, and shell fragments. These
deposits average 18 feet thick and range in elevation from -12 to -41 feet. The lacustrine
deposits are thickest near the closure structure and breakwater areas and thin considerably
on the south end of the eastbank profiles (see Plates 10 and 11). Beach deposits underlie
the lacustrine deposits and consist of interbedded sand and silty sand with occasional
shell fragments, lenses and layers of clayey sand, and rare lenses of very soft to stiff, fat
clay and soft to very soft, lean clay. Beach deposits average 10 feet thick and range in
elevation from -25 to -53 feet. Beach deposits gradually thicken toward the south end of
the study area where these deposits reach 33 feet thick and range in elevation from -15 to
-48 feet (see Plates 10 and 11). Bay-sound deposits underlie beach deposits and consist
of interbedded, very soft to medium to occasionally stiff, fat clay with shell fragments
and occasional lenses of sand, silt, and soft to medium, lean clay. Where the borings
penetrate completely through bay-sound deposits, these deposits average 21 feet thick

and range in elevation from -38 to -78. Pleistocene deposits underlie bay-sound deposits
anAd eorcist nf Faterhadded oHfF tn very stiff hiohly axidized fat and lean clave cilt cilty




sand, and sand with occasional layers and lenses of clayey sand and shells. The surface
of the Pleistocene deposits averages -62 feet in elevation and these deposits extend to an
unknown depth. The profile south of I-10 differs only in that swamp deposits underlie
the fill with beach deposits underlying the swamp deposits. The fill at this site averages 3
feet thick. The swamp deposits consist of organic, soft to stiff, fat clay of high to
moderate moisture content, average 4 feet thick, and range in elevation from -4 to -10
feet. The surface of the beach deposits averages -10 feet in elevation and extends to an
unknown depth. None of the borings taken for this study at this site penetrate completely
through the beach deposits, but these deposits are estimated to be 35 feet thick. Beach
deposits consist of sand with occasional shells and shell fragments. According to other
sources, bay-sound deposits underlie the beach deposits and Pleistocene deposits underlie
bay-sound deposits. The surface of the Pleistocene deposits is estimated at -65 feet in
elevation at this site. Ground water is at or near the surface in this area. Deeper aquifers
provide water for some industrial uses, but the 1,200 foot aquifer may contain too much
salt for most uses. [Long-term relative subsidence rates average approximately 0.5
ft/century in the study area. Future eustatic sea level rise is currently estimated to
contribute an additional 1.3 ft/century to the relative subsidence rates (IPCC, 2001).
Combined, the relative subsidence rate is estimated to be 1.8 feet over the next 100 years.

* All elevations are NAVD 88 (2004.65).
2. FOUNDATION INVESTIGATION AND ANALYSIS

a. General. This section includes the soils investigations and analysis for the existing I-
type floodwalls in levees.

b. Field Exploration. Forty seven continuous undisturbed 5-inch diameter soil borings
(Plate 16 to Plate 63) were made outside the limits of the breach area south of Hammond
Highway. Borings 1-MKCU to 23-MKCU and boring 6-MKCU-R were taken in the
levee centerline. Borings 1-MKTU to 23-MKTU were taken at the levee toe. Boring 24-
MKTU was taken across Orpheum Ave in a vacant lot. Seventeen undisturbed borings
were taken in the breach or canal between the breach and the lake. Borings B-8, B-9 and
B-10 were taken in the canal between Hammond Highway and the lake in 2005. Borings
B-8, B-9 and B-10 are undisturbed 3-inch diameter borings. Borings B-1(2006) through
B-4(2006) were taken between Hammond Highway and the closure structure in 2006.
Borings B-1(2005) to B-5(2005) were taken in the canal at the breach. Boring B-1
(2005), B-3(2005) and B-5(2005) are undisturbed five inch diameter borings. Borings B-
6, B-7, B-12 and B-13(2005) were taken from the breach to Hammond Highway on the
land side and are undisturbed five inch diameter borings. Two five-inch undisturbed
borings 1-MKGU and 2-MKGU were taken near the closure gate. Two undisturbed 5-
inch diameter borings 1-MKBU and 2-MKBU were taken in the lake north of the closure
structure. Four borings B-5, B-6, B-7 and B-8 were taken in the canal north of the
closure structure in 2006.

Twenty two geoprobes were taken. Geoprobes 1-MKG to 12-MKG (Plate 64) were taken
at the Tefferson Parish levee land side toe between B/T, Station 643+90 .4 tn R/U, Station



650+30.76 and geoprobes 13-MKG to 18-MKG (Plate 64) were taken between B/L
Station 654+65.77 to B/L Station 657+29.1. Geoprobes 8 GC-17, 9GC-17, 10GC-17 and
11GC-17 (Plate 65) were taken in the canal centerline between B/L. Station 654+98.63 to
B/L Station 657+83.86. Pictures of the geoprobe samples are shown in the Appendix A.
Seven geoprobes were taken at the east levee toe between B/L Stations 621+50 to
624+00 (Plate 66). The geoprobes were taken to determine the depth to the beach sand.
The locations of the undisturbed borings and geoprobes are shown on Plate 2 to Plate 5.
Borings 1-MKBU, 2-MKBU, 1-MKGU and 2-MKGU were not incorporated in the
analyses of the floodwalls along the 17th St Canal but are included in the geological
profiles and are shown Appendix A.

Seven piezometers (Table 6) were installed at five locations along the canal in the buried
beach sand. Two of the piezometers were installed in peat layers. Piezometer locations
are shown in Appendix A. These piezometers were monitored manually from January
19th 2006 to June 2006. Canal water level readings were taken from a gage located at the
breach. From June 2006, five of the piezometers had level loggers installed and a level
logger was placed in the canal to obtain continuous readings of the piezometers and canal
water level (Plates 171 to 175). The level loggers were adjusted for barometric pressure.
Thirty-two piezometers were installed for the Field Permeability Pump test that was
performed on the Orleans Parish side. The piezometers were installed on both the
Jefferson and Orleans Parish side of the canal. The piezometers installed for the Field
Permeability Pump test were capped after the Field Permeability Pump test completion.
Appendix A includes information on the Field Permeability Pump test piezometers
locations.

c. Laboratory Tests. All samples obtained from borings were visually classified. Water
content determinations were made on all cohesive soil samples. Unconfined compression
(UC) shear tests, laboratory vane and Atterberg tests were made on selected samples of
cohesive soils. Grain size analyses were made on selected samples of granular soils.
Water content determinations, (UC) test results and the D10 determined from grain size
analysis are shown adjacent to the logs on the boring profiles presented on Plate 16 to
Plate 63. Unconsolidated — Undrained (Q), Consolidated Undrained (R) Consolidated
Drained (S) shear tests and Consolidation (C) tests were made on representative soil
samples. These tests are summarized on the boring logs shown on Plate 16 to Plate 63.
Direct Simple Shear (DSS) tests were completed March 2007 and test results are shown
in Appendix A. Table 7 is excerpted from a paper by Thomas L. Brandon, Noah D.
Vroman and J. Michael Duncan “Evaluation of 17th St. Canal DSS data”, and is shown in
Appendix A. The individual shear strength data sheets are shown in Appendix A.

d. Design Shear Strength Parameters. Design shear strength parameters are shown
either on the individual borings on Plates 16 to Plate 44 and Plates 49 to Plate 63 or are
shown on Design Parameters’ Plates 67 to Plate 73. Between the closure structure and
Hammond Highway the design shear strength parameters from Design Memorandum No.
20 General Design Orleans Parish Jefferson Parish 17th St Outfall Canal (Metairie
Relief) dated March 1990 were used. The shear strength parameters in Design
Memorandum No. 20 included different values for centerline and toe strength in this area.
Desion shear strensth narameters for the interior of the canal between the closure



structure and Hammond Highway are shown on Plate 67 (west side canal), 68 (centerline
of canal) and 69 (east side of canal). Between Hammond Highway and B/L Station
617+00 on the Jefferson Parish side the centerline and toe shear strength parameters are
shown on borings 1-MKCU to 14-MKCU and 1-MKTU to 14-MKTU. Boring 24-
MKTU shear strength parameters represent the conditions beyond the protected side
levee toe. Between B/L Station 617+00 to approximately Station 670+00 (beginning of
flood protection at Pumping Station No. 6.) on the Jefferson Parish side, the borings used
from Design Memorandum No. 20 General Design were used along with borings 16-
MKCU and 16-MKTU to determine the shear strength parameters (Plate 70). The
borings were divided between centerline and toe borings and the elevations of the tests
were adjusted 1.5 ft lower to account for the difference between the NGVD datum
elevations that the original GDM borings were shown and NAVD88 2004.65 datum now
being used. On the Orleans Parish side between Hammond Highway and the breach
shear strength parameters for the centerline and levee toe are shown on Plates 71 and 72
incorporating the borings from the GDM and borings taken in 2005 after the breach.

The design strength parameters used for design of the T-wall at the breach are shown on
the stability analysis Plate 94. Between the south end of the breach and Veterans Blvd
on the Orleans Parish side of the canal, the design shear strength parameters are shown
on the individual boring logs 17-MKCU to 23-MKCU for the centerline shear strength
parameters and 17-MKTU to 23-MKTU for the levee toe shear strength parameters.
Between Veterans Blvd and Station 670+00 (approximate beginning of Pumping Station
No. 6 flood protection) Orleans Parish side the borings used from Design Memorandum
No. 20 General Design were used along with borings 15-MKCU and 15-MKTU to
determine the shear strength parameters (Plate 73). The borings were divided between
centerline and toe borings and the elevations of the tests were adjusted 1.5 ft lower to
account for the difference between the NGVD datum elevations that the original GDM
borings were taken and NAVD88 2004.65 datum now being used.

Plotted on the individual boring logs for comparison purpose is su/p ratio of .24 using
OCR=1.0. The OCR is greater than 1.0 in the desiccated soils but since the su/p ratio is
being shown for comparison purposes no OCR was calculated in the desiccated soils.
The basis of the design shear strengths in the clay soils in the report are Unconsolidated
Undrained (UU) shear strength tests with Unconfined compression tests used to indicate
trends. Failure is taken at the point of maximum axial stress for the Unconsolidated
Undrained (UU) tests. For large strains a strain criterion of 15% was used according to
EM 1110-2-1902 pages D-13 and D-14: “The ASTM Standard for Unconsolidated —
Undrained shear tests suggest that the stress at 15 percent axial strain should be taken as
the stress at failure if no peak is reached prior to that point (ASTM 1999).” The failure
envelope for the three point (UU) tests were drawn so that the data from two-thirds of the
tests lie at or above the failure envelope. The failure envelope for four tests (an
additional test due to maximum axial stresses varying significantly from the two previous
tests) varies so that the data from half the tests may lie at or above the failure envelope.
Linear regression was used to determine the shear strengths. One point (UU)-tests were
taken in borings in the canal between Hammond Highway and the closure structure (these
boring logs and testing were taken by the soil mixing contractor) and for the reaches on



the Orleans Parish and Jefferson side between Veterans Blvd and Pumping Station No. 6.
The tests are identified as one point (UU) tests on the shear strength design plates. The
shear strength design line in the clay soils shown on the individual boring logs and the
design reaches is drawn to fit the data such that two-thirds of the tests lie above the
design strength line and 1/3 below the design strength line however for some layers the
shear strength design line may have 50% of the tests above and below the design strength
line such as when four tests are in the layer. There are also some layers such as found in
23-MKCU a centerline levee boring that all the test data are below the design strength
line. The shear test data for layer -17 to -20 are all in lean clay (CL6 < 50% clay) which
shows increasing failure stress with increasing confining stress. The shear strength data
for the corresponding toe boring 23-MKTU is higher (180 psf versus 175 psf) than the
centerline test data between El. -17 NAVD and El. -20 NAVD. The design strength line
for 23-MKCU is above the test data between El. -17 NAVD and El. -20 NAVD but
below the toe strength test data and below the su/p ratio of .24 used by IPET at the 17th
St Canal breach. A ground water elevation of -3.0 NAVD was used to determine the
effective vertical stress. The groundwater elevation of -3.0 NAVD is considered to be
conservative based on consolidation test data and piezometer data and will result in a
lower shear strength based on using an undrained strength ratio. The shear strength
parameters used in the buried beach sand are based on Design Memorandum No. 20
General Design and is conservative when compared to the values used by IPET (35° by
IPET versus 30° in DM No. 20 General Design) The saturated unit weights were
generally determined from either the median value or higher. All UU and UCT values
were plotted on the borings or shear strength design plots. Boring I-MKTU had an UU
test at EL. -31.8 NAVD that had lenses and areas of sands and shell fragments. The lenses
and areas of sand give inaccurate shear strengths from UU tests. Boring 2-MKCU had
an UU test at El. -63 NAVD that was in a CL-6 (Less than 50% clay. See Plate A for Soil
Boring Legend and Appendix A for definition of CL-6). UU tests in low percentage clay
test samples do not give accurate shear strengths indicative of the 0.08 undrained stress
ratio for the UU test at El. -63 NAVD, boring 2-MKCU. Boring 2-MKTU had UU tests
at El. -9.9 in a Peat and El. -18 in a CH that were lower than the design shear strength
line and near the .24 undrained stress ratio shear strength line. A normal stress based on
the maximum past pressure from two consolidation tests was plotted on the boring.
Using the stress history from the consolidation test data a su/p line of .24 was
constructed. A ground water elevation of -3.0 which is conservative was used. The UU
test data at El. -9.9 and El. -18 are significantly below the su/p line based on the
consolidation test data. Boring 6-MKCU had an UU test at El. -20.2 that was below the
design shear strength line. The paper by Thomas L. Brandon, Noah D. Vroman and J.
Michael Duncan, “Evaluation of 17th St Canal DSS data” estimated an undrained stress
ratio of .27 by SHANSEP procedure between El. -20 and -37.5 which is higher than the
UU test and higher than the design shear strengths used. Borings 6-MKCU UU test at El.
-63.2, su/p of less than 0.1, 8-MKCU UU test at El. -64.3, su/p of less than .15 and 10-
MKCU UU test at El. -57.2, su/p less than 0.1 had shear strengths considerably below the
design strength line. Sample disturbance may have caused the low shear strength which
according to Ladd and Foott, “New Design Procedure for Stability in Soft Clays”1, may
result “in a decrease in su, the reduction typically ranging from 20% to 50% of the
“perfect samnle” strength.” Boring 9-MKCU had a UU test at El. -26.3 that was below



the design shear strength line. A paper by Thomas L. Brandon, Noah D. Vroman and J.
Michael Duncan, “Evaluation of 17th St Canal DSS data” estimated an undrained stress
ratio of .245 by SHANSEP procedure between El. -20 and -33 for boring 9-MKCU which
is higher than the shear strengths used. The Recompression Method (Bjerrum, 1973)
shows higher shear strength than the design shear strength shown on the boring.
According to the authors “...if the soil deposit is normally consolidated and the correct
shear strength is measured, this method could be used to determine the undrained strength
ratio at the specimen depth, and this ratio could be used to determine the undrained shear
strengths at other depths where the value of the OCR is the same.” According to IPET
the soil is normally deposited between El. -20 and El. -33 in and around the breach.
Boring 9-MKCU had a UU test at El. -49.6 that was below the design shear strength line.
The test sample contained areas and lenses of sand. Boring 9-MKTU had a UU test at El.
-29.6 that was below the design shear strength line. The test sample contained lenses of
sand. Of the four specimens tested at the same elevation the failure stresses for the
samples were 224, 280, 857 and 893 psf. Two of the failure stresses are below the shear
strength line of 250 psf and two of the failure stresses are above 250 psf. Boring-10-
MKCU had a UU test at El. -57.2 that was below the design shear strength line and below
the su/p line (su/p <.09). Sample disturbance may have caused the low shear strength
which according to Ladd and Foott, “New Design Procedure for Stability in Soft Clays”,
may result “in a decrease in su, the reduction typically ranging from 20% to 50% of the
“perfect sample” strength.” Reference: Ladd, C.C. and Foott, R. (1974) “New Design
Procedure for Stability in Soft Clays”, Journal Geotech. Engrg., Div.,, ASCE , 100(7)
763-786

Boring 10-MKCU had a UU test at El. -61.2 that was below the design shear strength line
and below the su/p line. The sample had slickenside. Boring 13-MKCU had a UU test
at El. -12.6 that was below the design shear strength line and below the su/p line of .24.
A paper by Thomas L. Brandon, Noah D. Vroman and J. Michael Duncan, “Evaluation of
17th St Canal DSS data” estimated an undrained stress ratio of .29 by SHANSEP
procedure which is shown between El. -3 and -31 NAVD for boring 13-MKCU. Boring
13-MKCU had a UU test at El. -23.7 that was below the design shear strength line. The
sample had slickenside. Boring 22-MKCU had an UU test at El. -44.9 NAVD that had
lenses and areas of sands and shell fragments. The lenses and areas of sand give
inaccurate shear strengths from UU tests. Boring 23-MKCU had an UU test at El. -53.3
NAVD (su/p =.14) that had areas of sands and shell fragments. The areas of sand give
inaccurate shear strengths from UU tests. Plate 73 UU test between El. 1 and -1.0 has a
shear strength of 114 psf based on four specimens tested at the same elevation. The test
shown is in a CH2 (0 to 20% sand, 40 to 50% clay, the balance is silt). Neither the
moisture contents for the four samples tested (26, 28.7, 35.1 and 36.1) nor the void ratios’
(0.936, 1.07, 1.134 and 1.14) indicate very soft clay. The test was taken in fill material.
The four samples had peak failure stresses of 188, 221, 486 and 591 psf.

e. Safe Water Elevation. Unlike a design report which presents a levee-I-wall design
section which has an adequate Factor of Safety for the design water elevation, the report
analyzes sections of the canal identifying the safe water elevation for the different
analyses (underseepage. I-wall in levee stability [no gap and gap analvsisl, CWALSHT



and penetration to head ratio). The safe water elevation for I-wall in levee stability may
be higher in some reaches than underseepage but underseepage will limit the overall
governing safe water elevation.

f. Piezometers and Ground water elevation.

(1) Plots of piezometer readings (SSP-1A, SSP-1B, SSP-2A, SSP-2B, SSP-3, SSP-5 and
SSP-6) versus canal water level are shown in Appendix A. Just south of the breach
piezometer SSP-1A is tipped in a peat in the Orleans parish levee centerline. Water
continued to seep in the breach area after the sheet pile cofferdam was installed. Tests on
salt content and chlorine level were done to compare the water seeping in the breach with
the water from the canal during and after the sheet pile cofferdam were installed. The
tests indicated that the seepage was from the canal. The piezometer readings have varied
between El. -3 to -5 NAVDS88. Additional tests done on the groundwater in piezometer
SSP-1A tipped in a peat layer indicate that the water is not from the canal. Tests were
also done during rainfall events of the seepage in the breach. The tests showed the salt
content were less than canal water readings but higher than the readings in the peat layer.

(2) Piezometer SSP-2A is located at the Jefferson Parish side of the canal at the protected
side levee toe. SSP-2A is tipped in a peat. The piezometer readings have varied between
El -5 to -6 NAVD88. Piezometer SSP-2A is surface mounted and it has been observed
by personnel collecting the piezometer data that puddles were forming at the top of the
piezometer but these spikes only occurred in June, July and August. It is possible that
water entered the piezometers causing the spike in piezometer readings.

(3) Piezometer SSP-1B is tipped in the beach sand in the levee centerline south of the
breach. The piezometer readings have varied between El. -6 NAVD and El. -7 NAVD.
Piezometer SSP-2B is tipped in the beach sand at the Jefferson Parish side of the canal at
the protected side levee toe. The piezometer readings have varied between El. -5 and El.
-6 NAVD except for some spikes up to El. -3.0 NAVD. Piezometer SSP-2B is surface
mounted and it has been observed by personnel collecting the piezometer data that
puddles were forming at the top of the piezometer but these spikes only occurred in June,
July and August.

(4) SSP-3 is located south of [-10 at the Orleans Parish side of the canal protected side
levee toe. The piezometer is tipped in the beach sand. The piezometer readings have
varied between El. -7 and El. -8 NAVD between January and July 2007.

(5) SSP-5 is located at the Jefferson Parish protected side levee toe between I-10 and
Pumping Station No.6. The piezometer readings vary between El. -8 and El. -9 NAVD.

(6) SSP-6 is located at the Orleans Parish flood side levee crown. The piezometer is
tipped in the beach sand. The piezometer readings vary between El. -7 and El -8 NAVD.
Piezometers SSP-1A, SSP-1B, SSP-2A, SSP-2B and SSP-5 have level loggers that
continuously record water levels in the peat and beach sand. The maximum recorded
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canal water elevation from June 12th 2006 to December 9th 2006 has been El. 3.7
NAVD.

g. Underseepage. A pumping test was performed in March 2006 to determine the
permeability of the beach sand aquifer. The final, design value of 150x 107 c% ec Was

computed. Appendix A includes details on the pump test.

(1) Design Criteria. The underseepage analyses and assumptions made about the
permeability of the aquifer and blankets, leakage potential of the top blanket, and other
aspects were completed according to the methods and guidance in Mississippi Valley
Division Regulation, DIVR 1110-1-400, Section 8, Part 6, Landside Seepage Berms for
Mississippi River Levees. Other supporting information is obtained from the Mississippi
River Valley levee studies outlined in TM-3-424, Investigation of Underseepage and Its
Control, Lower Mississippi River; TM-3-430, Investigation of Underseepage Mississippi
River Levees, Alton to Gale, Illinois, and EM-1110-2-1914, Design, Construction, and
Maintenance of Relief Wells. Additional insights into design criteria were obtained from
ETL-1110-2-569 Design Guidance for Levee Underseepage. The following design
criteria were developed during a joint telephone conversation between TFG, IPET, MVD,
CEMVS and CEMVN on 8 December, 2005 to define the DIVR-1110-1-400 Division
Regulation.

1. Positive underseepage protection (landside seepage berms, relief wells, or
cutoffs) shall be designed when the calculated landside toe gradient (without
berms, wells or cutoffs) falls below a factor of safety of 1.6 with respect to the
allowable gradient.

2. Seepage berms shall be designed to provide a factor of safety of 2.8 at the levee
toe and 1.60 at the berm toe. Minimum berm thickness is 5-feet at the levee toe
and minimum berm width is four times the differential head on the levee. An
overbuild of 25% is applied to the berm thickness.

3. Relief wells shall be designed to provide a minimum factor of safety of 1.60
midway between the wells.

A. Seepage Analysis Design Parameters and Criteria.

. . 150x107 cry
(1) Aquifer Permeability: sec

(2) Effective Entrance Conditions. In these analyses, the 17th St outfall canal is
assumed to be directly connected to the underlying coarse-grained aquifer and is
the source of any underseepage issues at the landside levee toes. The choice of
entrance distance has a significant impact on the calculated landside toe gradients
and the effective entrance distance is impacted by the depth of penetration of the
canal into the aquifer and the soil conditions existent on the bottom of the canal.



outfall canals penetrate the aquifer to a very small degree. Also, canal centerline
borings presented in the DMs define thicknesses of organic clay and vegetation
(ranging from zero to 10-feet) existent in the canal bottoms at the time of the
DMs. The recent surveys show accretions on the canal bottom, (data could be
created by false echoes emanating from suspended sediments just above the canal
bottom). In this analyses, where the canal bottom was sandy or the exploration
identified only vegetation, or only ‘soft black muck’, or less than two feet of
clayey material; an entrance distance of 250-feet was applied. Where the
exploration identified more than two feet of clayey material in the bottom of the
canal, the suitable X1 distance from Table 1 of DIVR 1110-1-400, Section 8, Part
6, Landside Seepage Berms for Mississippi River Levees was used. Table | of
DIVR 1110-1-400 prescribes an X1 value of 600 feet for riverside blankets with
less than 5-feet of clay. In these analyses, an X1 value of 500-feet was used for
those reaches where the clay thickness in the canal was 2 to 3.5 feet thick. The
values of effective entrance distance in Table | of DIVR 1110-1-400, assumes
that the channel that fully penetrates the aquifer riverside of the levee and that
there is an efficient hydraulic connection between the channel and the aquifer. It
is recognized that since the outfall canals do not fully penetrate the aquifer
riverside of the levee, the use of these X1 values will be conservative.

(3) Landside Blanket Thickness. In this method of analyses, the landside blanket
thickness yields the greatest impact on the computed landside toe gradients. When
at all possible, landside toe borings on the protected side were used to determine
the blanket thicknesses ‘zbl’ and ‘zt’ because the toe boring provides a direct
measurement of the blanket thickness. Substantial numbers of landside
(protected side) toe borings were available only at the 17th Street west levees.
Where toe borings were unavailable, the blanket thickness was inferred from
levee centerline borings. In these instances, two methods were used to estimate
the blanket thickness. The first method used the scaled thickness of ‘artificial fill’
shown on the geologic profiles. The field log for that boring was scrutinized, and
any materials above that depth was ignored. Clays and silts remaining below the
‘artificial fill’ were considered as blanket material.

Another method was applied to centerline borings that included surveyed
elevations at the top of the field-boring log. From this log, the elevation of the top
of aquifer was determined. The blanket thickness was determined to be the
difference between the top of aquifer and the landside ground surface elevations.
In both cases, any wood and/or humus layers identified in the field boring logs
were ignored in the blanket thickness computations.

(2) Geology and Topographic information. Geologic stratigraphic profiles, field logs,
and laboratory testing information necessary to complete the analyses were obtained from
the geotechnical and geological sections of Design Memorandum No. 20, 17th Street
Outfall Canal, Volumes I and II, dated March 1990. New borings and geoprobes were
also incorporated. Topographic information (height and width of levees, depth and width
of canals landside arnrnd surface elevations. ete) was abtained from survevs and aerial
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imagery completed in 2005 and 2006. A water-based scanning survey over the entire
length of 17th St outfall canal was reviewed . Additional surveys were performed every
25 ft on the east and west side of the 17th St Outfall Canal between B/L Station 644+00
to 650+00 and B/L Station 654+90 to B/L Station 657+40. See Appendix A for survey
data. The “As Built Plans” of The Board of Levee Commissioners of the East Jefferson
Levee District Contract 92-1 “17th St Canal West Side Levee Improvements” dated
March 1992 shows a varying canal bottom between El. -18.5 NGVD at Hammond
Highway to Veterans Blvd, El. -17.5 NGVD from Veterans Blvd. to I-10 and El. -16 to -
17 NGVD from I-10 to the railroad bridge.

(3) Sedimentation. The post Katrina surveys show that the accretion has occurred in the
canal. Between [-10 and the railroad bridge the lowest canal bottom elevation is El. -10
NAVD or over 7 ft. of sedimentation according to post Katrina surveys. Between
Veterans Blvd and [-10 the canal bottom elevation is El. -14 to -18 NAVD or between .5
to 3 feet of sedimentation according to post Katrina surveys. Between the B/L Station
583+00 and Veterans Blvd the canal bottom elevation is El. -15 NAVD or higher about 4
feet of sedimentation according to post Katrina surveys. Between Hammond Highway
Bridge and Station 583+00 the canal bottom is between El. -17.5 NAVD and El. -19.5
NAVD (at one location 120 ft south of Hammond the bottom elevation is -20.0 NAVD)
about .5 ft to 2.5 ft of sedimentation. Since the surveys were taken 18-inches of riprap
has been placed on the canal bottom from Hammond Highway to the south end of the
breach.

(4) Results of Analyses. An Excel spreadsheet was used to complete all calculations.
The calculated seepage gradients at the landside levee toe are shown for the maximum
safe water elevation on Table 5. The most critical location for seepage on the 17th St
Outfall canal is shared by opposite locations on the Orleans Parish side and Jefferson
Parish side between B/L Station 644+00 to B/L Station 650+00 and B/L Station 654+90
to B/L station 657+40 due to thin landside blankets in borings B9 (West) and B10 (East).

h. I-Wall Levee Global Slope Stability. Global stability of the [-wall/levee was
determined by the Method of Planes analysis (see Appendix A) for a minimum factor of
safety of 1.3 (See EMI1110-2-1913, Design and Construction of Levees, Table 6-1.
Minimum Factors of Safety — Levee Slope Stability, Design Condition, End of
Construction, Landside Slope Analyzed, Shear Strength, Q, Minimum Factor of Safety =
1.3) with respect to the design shear strength. Method of Planes varies the shear strength
and unit weight linearly between horizontal points. Centerline shear strengths were
assigned to a location at the levee crown. Toe strengths were assigned a location at the
flood side toe and land side toe. The flood side toe was assumed to be near the waters
edge. The design reaches along the Jefferson Parish side of the canal was divided
according to new borings, physical boundaries, ground surface profiles or depth to the
buried beach sand layer. Safe water elevation was determined for each design reach by
raising the water elevation until a minimum global stability factor of safety of 1.3 was
obtained. Plates 74 to 91 show the maximum safe water elevation on the Jefferson Parish
side for global stability. Plates 92 to 105 show the maximum safe water elevation on the
Orleans Parish side for olobal stahility. Plates 106 to 123 show the maximum safe water
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elevation for the gap (tension crack on the flood side of the I-wall) on the Jefferson Parish
side. Plates 124 to 138 show the maximum safe water elevation for the gap (tension
crack on the flood side of the [-wall) on the Orleans Parish side.

The CWALSHT program was used to determine the tension crack depth by both the fixed
and sweep methods utilizing a FS of 1.0. The deeper/lower elevation from the two
analyses was used. If the crack ends only a few feet above the tip, then assume crack
extends to tip. If the computed CWALSHT crack depth is above the sheet pile tip,

compare the hydro-static water pressure to the at-rest lateral earth pressure (Ve?n

vs.” ~"h5K°; where 7+ is the saturated unit weight of soil) and assume the crack will

propagate to a point of equivalence. The crack may be assumed to be deeper for the
seepage analyses but shall be limited in depth to a point no deeper than the sheet pile tip.
For global stability, full hydrostatic head shall be used to the depth of the crack at the
face of the I-wall (flood side). Protected side piezometric conditions used for stability
analysis shall be based on seepage evaluation as described in paragraph g. For a full clay
foundation, remove all soil above the tension crack tip on the flood side of the wall and
check failure mechanisms in the vicinity of the tip at locations above and below the sheet
pile tip for failure surfaces that are the most critical. Failure surfaces with lower factors
of safety may exist if weaker layers are present near the sheet pile tip. ~ Plates 139 to
170 show the flood side analysis based on a low water elevation of -2.0 NAVD (Except
for Plate 158 which is the breach repairs. The breach repair section was checked for a
low water elevation of -3.0 NAVD disregarding the sheet pile cutoff wall. The F.S. with
water at El. -2.0 is greater than 1.3). The piezometric headline in the buried beach sand
used in the slope stability analyses was elevation -3.0 NAVD for areas where the clay
blanket was sufficient to preclude a connection between the canal and the buried beach
sand layer. The piezometric surface in the beach sand used in the slope stability analyses
for Reach 15, 16, 17, 27, 28, 29, 30 and 31 was based on DIVR 1110-1-400. Gap
analyses are shown for reaches 16, 29 and 30 though the safe water elevation is not
allowed to go above the levee crown thereby not allowing a gap to form and seepage to
enter at the floodwall. Some of the toe borings on the Jefferson Parish side of the canal
taken in 2006 had shear strengths that were higher than the centerline levee toe borings
taken in 2006 below El. -20. The reasons may be due to (1) Orpheum Ave which
parallels the levee and paved parking lots south of West Esplanade (2) the present flood
wall is located on the flood side slope of the pre 1992 flood wall. The distance from the
pre 1992 levee centerline to the present levee centerline varies. The pre 1992 levee is
shown as EL. 9.0 NGVD. A 1967 Preliminary Subsoils Investigation done for the
Pontchartrain Levee District under direction of Department of Public Works State of
Louisiana shows the levee crown varying from El. 9.5 MSL to El. 12.5 MSL (at south
end of canal). USACE 1957 plans show a levee enlargement on the Jefferson Parish side
to El1 9.5 MSL with a levee crown 20 ft wide south of Hammond Highway. The 2006 toe
borings were inside the 1957 levee section. There was no boring information 50 ft away
from the existing levee toe except for boring 24-MKTU located in a vacant lot
approximately 35 feet (varies) from the existing toe borings. Using an undrained strength
ratio of .24 required the stress history at a location 50 feet from the existing toe borings.
The following nrocedure was used in lieu of estimating the stress historv of the soil 50
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below El. -20 was used for the additional boring if the existing toe boring had higher
shear strengths below El. -20. (2) The existing toe shear strength was assumed to apply
to the edge of Orpheum Ave than vary linearly from the edge of Orpheum Ave to a point
50 feet from the existing levee toe. On the Orleans parish side all the toe borings had
shear strengths that were equal or less than the centerline shear strengths below the
elevation of desiccation. Method of Planes analysis requires the input of the cohesion at
each stratum boundary and at the center of each stratum.

Spencer Procedure. Stability analyses were also performed by IPET/ERDC using the
computer program UTEXAS4 Spencer’s procedure. Spencer’s procedure assumes all
side forces have the same inclination and all requirements for static equilibrium are
satisfied. IPET/ERDC performed analyses using Spencer’s procedure at the breach and
in areas adjoining the breach and on the west side of the canal opposite the breach. Those
analyses are shown in the IPET report. A draft paper on the gap analysis (tension crack
analysis) done by Thomas L. Brandon, Stephen G. Wright and J. Michael Duncan shows
that at the breach the F.S. = 0.98 for the gap (tension crack) analysis with water at El.
10.0 NAVDSS.

i. Cantilever I-Wall Stability. Cantilever I-wall stability was analyzed in accordance
with the draft Hurricane Flood Protection Criteria dated 20 April 2006, shown in
Appendix A. '

General Design Guidance.

(1) Applicable Computer Software:
CE Sheet Pile Wall Design/Analysis Program, “CWALSHT”

(2) I-Wall Sheet Piling Tip Penetration

a. Use the CWALSHT program to determine the required tip by the fixed surface
wedge method or Coulomb earth pressure coefficient method and the sweep
search method with factors of safety applied to both active and passive soil
parameters. The deeper computed tip elevation shall be used for design. The
sweep method may not run for all cases. If the sweep method does not reach
equilibrium, base the tip elevation on the fixed surface wedge method or Coulomb
earth pressure coefficient method. No wall friction or adhesion was used in the
determination of active or passive earth pressures.

Factor-of-Safety with Load Cases - (CWALSHT program determines depth of
tension crack)

“Q” — shear strengths

1. FOS = 1.5; Water to Safe water elevation (SWE)



2. FOS = 1.5; Low Water for the Standard Project Hurricane
bulkhead analysis if applicable

“S” — shear strengths (Consolidated drained strengths)

3. FOS =1.5; Normal low water (not SPH low water bulkhead
analysis) if applicable

b. Minimum Tip Penetration. In some cases, especially Q-case penetrations
derived for low heads, the theoretical required penetration could be minimal. In
order to ensure adequate penetration to account for unknown variations in ground
surface elevations and soil, the embedded depth (D) of the sheet pile shall be the
greatest penetration of:

1. Three times the exposed height (H) on the protected side of the
wall. The embedment of wall shall be based on the lower ground
elevation against the wall as shown on the figure below. In the
case shown, the lowest ground surface against the wall is on the
flood side.

2. Ten feet below the lower ground elevation.

3. Additional depth determined by engineering judgment such
selecting appropriate loading cases, penetration to head ratios and
stickup ratios, and for extending sheet piling through very shallow
sand or peat layers.

---- SandorPeat ------------------Q ---- | ------esosso-o-ocooooo-
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c. Seepage Analysis. The [-wall was analyzed for seepage erosion (piping).
Analysis was based on water to the safe water elevation. This analysis can be
performed by various methods such as flow nets, Harr’s method of fragments, or
finite element methods. The seepage analysis shall consider the tension crack
which will shorten the seepage path. When the levee and foundation are
constructed entirely of clay, the potential for developing a steady state seepage
condition is negligible and need not be checked. If an aquifer is present close to
the sheet pile tip (within about 5 ft as per general guidance), or if the sheet pile
penetrates the aquifer, a standard seepage analysis as per DIVR-1110-1-400
should be used to design the seepage resistance of the embankment. In this case,
the vertical distance between the tip and the aquifer would be considered to be the
flood side blanket thickness. The head at the levee toe can then be calculated
using DIVR-1100-1-400 to check for exit gradient and heave. Site specific
exploration was performed for 17th St canal. North of Veterans Blvd. seven
geoprobes were taken on 50 foot centers and the top of the sand stratum was well-
defined. Seepage analysis as per DIVR-1110-1-400 was used to determine the
seepage resistance for the shortened seepage path for the potential gap at the wall
and with a two foot clay blanket in place. Seepage analysis should be checked in
accordance with the applicable portions of EM 1110-2-1901.

d. Heave Analysis. The safety factor for a total weight analysis is 1.2. The
tension crack shall be considered in this analysis. For tension cracks to the sheet
pile tip elevation, the pressure at the sheet pile tip should be based on the full
hydrostatic head.

e. Deflections. In accordance with the Draft criteria, deflections will be
considered to be satisfactory when the exposed [-wall heights are limited to 6 feet.

j. Floodwall Inspection. Visual inspections were performed after Katrina on the levees
and floodwalls along the 17th St Outfall Canal by USACE personnel. Two reports were
made. The first report was for the entire hurricane inspection system and included the
17th St Canal. The second report was made specifically on the 17th St Canal and is
included in Appendix A. Since those reports were made the vegetation in the interior of
the canal has been removed. Subsequently the interior of the canal along the Jefferson
side floodwall opposite of the breach has been inspected. The inspection showed no
visual distress to the floodwall. The Orleans Levee District informed our office that a
landowner requested permission to remove a bomb shelter located near the levee toe at
Bellaire Dr. (pictures shown in Appendix A). We recommended that the landowner
obtain a registered engineer and submit a plan to remove the bomb shelter. We
recommend that surveys be periodically made of the interior of the canal. Most of the
canal bottom of the 17th St canal has shown accretion since the excavation of the canal
bottom. Between [-10 and Veterans Blvd is the only area that has shown little or no
sedimentation.
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17th Street Canal
Piezometers
(Not installed for Pump test)

Name Piezometer location Piezometer tip depth Layer being
NAVD88 (2004.65) Monitored

SSP-1A South of breach -41.4 Sand

SSP-1B South of Breach -14.2 Peat

SSP-2A At toe across from -42.4 Sand
south side of breach

SSP-2B At toe across from -15.9 Peat
south side of breach

SSP-3 South of 1-610 East Side -20.8 Sand
of canal at toe

SSP-5 West side of canal at toe -21.6 Sand
near Canal St.

SSP-6 South of 1-610 east side -10.5 Sand

of canal on flood side
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17th Street Canal (Crleans)

Design Shear Strenath - Hammond Highway to Breach
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soft gray clay
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