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This report has been prepared in two (2) volumes.
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Appendices A through C. Volume II contains
Appendices D through G.
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I. INTRODUCTION

A. Project Name

Pontchartrain Beach Floodwall, Orleans Levee Board

Project No. 2040-0317.

B. Project Location

The project is located along the western, northern and
eastern perimeters of the former Pontchartrain Beach
Amusement Park site at the intersection of Elysian Fields
Avenue and Lakeshore Drive. The precise location is related
to the U. S. Army Corps of Engineers levee baseline
stationing and is located between baseline Sta. 200+00 and

Sta. 236+48.59.

C. Project Description

Oon November 30, 1987, the New Orleans District of the
U.S. Army corps of Engineers completed the Lake

Pontchartrain, Louisiana and Vicinity Lake Pontchartrain

High Level Plan, Design Memorandum 13 - General Design and

submitted said memorandum to the Commander, Lower
Mississippi Valley Division for review and approval. A copy
of this report was also furnished to the Board of
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Commissioners of the Orleans Levee District (OLB) for review

and comment.

The initial Pontchartrain Beach flood protection
system, as proposed by the U. S. Army Corps of Engineers in
Design Memorandum 13 and by URS Engineers under separate
contract, paralleled the alignment of Lakeshore Drive and
located the property at the Pontchartrain Beach site on the
floodside of the project. The URS Engineers report was
completed and submitted to the Orleans Levee Board in

September, 1984.

After reviewing both the U. S. Army Corps of Engineers
and the URS reports, the Board of Commissioners elected to
investigate alternatives to relocate the proposed flood
protection north of the Lakeshore Drive alignment. The
"new" alignment would generally follow the existing seawall
alignment within the Pontchartrain Beach site.
Implementation of this "new" alignment would include the
existing Pontchartrain Beach site within the hurricane
protection 1levee system. See next page for "new"

levee/floodwall alignment.

On January 8, 1985, an Orleans Levee Board office

memorandum was prepared comparing the cost between the
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USACE/URS alignment and the alternative seawall alignment.
The cost to provide the seawall alignment was based on a
reinforced concrete "T"-wall section and earthen levee
section. The cost estimate for this construction, prepared
by the OLB, was approximately $1,500,000 higher than the
estimated cost of the USACE/URS alignment. However,
pursuant to the recommendation of Design Engineering, Inc.,
the OLB decided to investigate the feasibility of wusing
earthen levees and "I"-walls instead of "T"-walls and to

construct the project north of the USACE/URS alignment.

On May 21,1985, the Orleans Levee Board authorized a
study to investigate the feasibility of realigning the flood
protection along the existing seawall within the

Pontchartrain Beach site.

The realignment study included the development of
alternative levee/floodwall alignments, typical levee and
levee/I-wall sections and cost estimates developed for each
of the alternative plans. The recommended alignment,
adjacent to the northern development perimeter, was accepted
by the U. S. Army Corps of Engineers by correspondence dated
August 27, 1985. This acceptance and approval was based on
hydraulic and alignment criteria only. Further structural

design and foundation analysis was needed prior to final
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approval of the project by the U. S. Army Corps of

Engineers.

The construction cost for the '"new" alignment was
estimated to be $4,476,729, compared to the original U. S.
Army Corps of Engineers construction cost estimation of
$3,658,000 contained in Design Memorandum No. 13. Both
construction costs were based on levee/floodwall
construction and relocations. The "new" alignment was
accepted by the Orleans Levee Board and the project was
authorized to proceed. The alignment study is contained in

Appendix "A" of this-report. - .- oo -

In October, 1985, URS Engineers was authorized to begin
the preliminary design phase of the project. The design was
prepared based on the Corps of Engineers’ structural,
foundation and hydraulic design criteria (See Section II and
Appendix D) for the new levee/floodwall alignment developed

by Design Engineering, Inc.

The design and construction of the project was
separated into two phases. Phase I included the placement
of levee embankment and installation of steel sheet piling
within the levee embankment; Lakeshore Drive ramp

construction (at both the East and West ends of the
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project); relocation of the University of New Orleans
entrance roadway; and utility relocation work. Phase II
included concrete capping of the sheet pile wall, completion
of the access ramps and flood gates, and the remaining

utility relocation work.

Final design for Phase I was approved by the Orleans
Levee Board and the New Orleans District office of the Corps
of Engineers in March, 1986. Johnny F. Smith Truck and
Dragline Service, Inc. was awarded the Phase I construction
contract for $3,345,852.64 and was given a notice to proceed
on April 7, 1986. Construction of “the “levee/sheet " pile
wall, roadway relocations and utility relocations for Phase
I was completed in January, 1987 with a final total
construction cost of $3,375,618.25, including all change

orders.

Final design of Phase II of the project was approved by
the Orleans Levee Board and the New Orleans District of the
Corps of Engineers in January, 1987. Phase II construction
was awarded to Boh Brothers Construction Company and work
began on March 25, 1987. The amount of the Phase 1II
construction contract is $843,884.35 including Change Order
No. 1, No. 2 and No. 3. Completion date for Phase II

construction is October 15, 1987.
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II. HYDRAULIC DESIGN CRITERIA
The following hydraulic design criteria, obtained from
the U.S. Army Corps of Engineers, was used in the

development of this project.

A. Earthen Levee Section

1. Floodside Slope:

1 Vertical on 5 Horizontal

2. Landside Slope:

1 Vertical on 3 Horizontal

3. Required Top of Levee (Net):

Elevation 20.0 NGVD

B. Earthen Levee/"I"-Wall Section

1. Required top of concrete "I"-wall is EL. 20.0 NGVD
(net).

2. Required top of concrete transitions to EL. 17.5
NGVD (net) at Lakeshore Drive ramps (East and
West).

3. Required top of earthen levee section is EL. 13.0

NGVD (net).
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C.

wWave

Floodwall centerline shall be located three feet

from the levee centerline.

Berms

Ten-foot berms:

Side slopes on the floodside of the levee shall be
1 vertical on 3 horizontal and shall extend to EL.
9.00 NGVD (net). From EL. 9.0, a 10 foot wave
berm is required on a zero slope. From the end of
the 10 foot berm a 1 vertical on 3 horizontal

slope is required to the existing ground.

100-foot berms:

Side slopes on the floodside of the levee shall be
1 vertical on 3 horizontal and shall extend to EL.
9.0 NGVD (net). From EL. 9.0, a 100 foot wave
berm on a 1 vertical on 100 horizontal slope is
required to EL. 8.0 NGVD (net). From EL. 8.0
NGVD, a 1 vertical on 3 horizontal slope is

required to existing ground.

The wave berm shall be constructed of an

erosive-resistant material, such as clay.

II-2



III. FOUNDATION INVESTIGATION AND DESIGN

A. General

on December 13, 1985, Eustis Engineering submitted to
the Orleans Levee Board the Draft geotechnical report for
the Pontchartrain Beach Flood Protection Project. (See
Appendix E.) Based on soil borings taken by Eustis at the -
project site, geotechnical design parameters were determined
and included in the report. Recommendations based on these

parameters are summarized in the section below. Subsequent

to submittal of the "“Draft" copy- of the- report- -numerous —

review comments have been addressed and incorporated into
the geotechnical report. These comments and responses are

attached as Appendix F.

B. Earthen Levee Section

1. Settlement

a. Expected settlement of 11 to 13 inches using

12" overbuild (Net El. 20.0).
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b. Settlement plates were installed and
monitored to completion of

consolidation/settlement.

2. Stability

a. Stability of the levees was determined by the
Method of Planes and the minimum factor of
safety of 1.3 against failure of the earth
mass was established. Calculated factors of
safety for earthen levee sections ranged from
1.47 to 2.2 for “each slip surface;”which—is——
above the minimum factor of safety

established for the project.

3. Underseepage

Seepage analysis was performed for the all earthen
levee section using Bligh’s Method of Analysis. A
computed creep ratio value of 27.3 was obtained and was
above the minimum value of 18.5 for very fine or silty

sand.

Piezometers were installed at the project site and

read periodically. Analysis of the recorded data was
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used to verify geotechnical assumptions previously made

and to project piezometric levels during hurricane

conditions or high tide conditions.

n"Ir-wall/Levee Section

Settlement

Expected settlement of levee of 5 to 7 inches

using 6" overbuild (Net El. 13.0 NGVD).

b. Settlement plates were installed and
monitored to completion of consolidation
before concrete capping of the sheet pile
could take place.

Stability

Stability analyses performed on levee section show

calculated factors of safety greater than the minimum

required for design.
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3. Underseepage

Seepage analysis was performed on the
levee/"I"-wall section using Lane’s Weighted Creep
Ratio Method of Analysis. Calculated weighted creep
ratios between 10.2 and 12.3 were obtained. These
ratios are greater than the minimum of 8.5 required for

very fine or silty sand.

Gates

1. Deep Seated Stability Analysis

Results of a deep seated stability analysis
performed on the soil at the gate structures show that
active driving forces do not exceed the‘summation of
the resisting forces and the passive driving forces.
Therefore, there is no potential for a deep seated

stability failure beneath the gate structures.

2. Underseepage

To prevent seepage under the gate structures, the

sheetpile cutoff beneath the gate structure extends to
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El. -12.0 NGVD at gates 1 and 3 and El. -14.0 NGVD at

Gate No. 2.

3. Piles

Piles used beneath the gate structures are 14"
square precast prestressed concrete. Piles are to be
driven using a hammer delivering approximately 19,500

ft.1lb. of energy per blow.

Gates 1 and 3 have a pile group consisting of 4
vertical piles driven to El. -64.75 NGVD and 8 batter
piles on a 1 horizontal to 2 vertical batter driven to
tip El1. -60.0 NGVD. Pile lengths for the vertical and

batter piles are 76’ and 80’, respectively.

Gate 2 has a pile group consisting of 4 vertical
pile driven to El. -50.75 NGVD and 10 batter piles on a
1 horizontal to 2 vertical batter driven to tip El.
-54.00 NGVD. Pile lengths for the vertical and batter

pile are 62’ and 73’, respectively.
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4.

Settlement

Estimated settlement due to structural loads on

the piles is expected to be from 0.5 to 0.75 inches.

Access Ramps

1.

Settlement

Expected settlement for ramps 1 and 3 is
approximately--4-.to 6...inches— with- a - 6"

overbuild.

Expected settlement for Ramp 2 is
approximately 10 to 12 inches with a 12 inch

overbuild.

Lakeshore Drive Ramps

1.

Settlement

Expected settlement for each ramp to be between 4

and 6 inches. Overbuild ramps to El. 15.0 NGVD. The

net grade is El. 14.5 NGVD.
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2. Stability

Stability analyses were performed at the interface
of the Lakeshore Drive ramp and levee section at both
ends of the project. These analyses indicate factors
of safety greater than the 1.3 factor of safety

established for design of this project.

3. Seepage

Seepage analyses performed on the Lakeshore Drive
ramp sections show seepage ratios “of 21:8 which --is—
greater than the minimum safe value of 18.5 for very

find sand of silty sand.

G. Existing Seawall and Swimming Pool

Portions of an existing pile supported seawall that was
beneath the alignment of the "new" levee/floodwall section

was removed. Piles supporting the seawall were not removed.
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Sections of the

Sta.

Sta.

Sta.

Sta.

42+40

45+55

49+30

57+85

seawall

to

to

to

to

Sta.

Sta.

Sta.

Sta.

that were

44+10 B/L
47+20 B/L
50+95 B/L

59+35 B/L

removed included:

IIDII
”" DII
LLJ Dll

11} DII

170 feet
165 feet
165 feet

150 feet

Note: All stations refer to stationing shown on URS Company

design plans except as noted.

The existing-swimming pool structure also extended

into the levee/floodwall section.

removed except for the supporting piles.

The entire structure was

Compacted sand was

used to backfill the excavated area to existing ground

elevation per instruction from Corps of Engineers foundation

bench.
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IV. STRUCTURAL DESIGN CRITERIA

A. Design Loads

1. The design static water level (SWL) is El. 11.5
NGVD.

2. For "I"-walls with a top of wall El. of +20.0 NGVD
and levee crown El. of +13.0 NGVD, the computed
dynamic wave load was 5,362 pounds/foot. See
Exhibit No. 22 of Eustis Engineering Company's
report dated December 6, 1985.

B. Levee/Floodwall Sections

1. Slope Stability
Levees and levee/"I"-wall combinations were
designed for a factor of safety of 1.3, using the
Lower Mississippi Valley District Method of Planes
Analysis.

2. Cantilever Analysis

a. cantilever analysis was used with a factor of
safety of 1.5 factored into soil shear
strength parameters for static water level

loading.
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C'

Gate

b. Cantilever analysis was used with a factor of
safety of 1.25 factored into the soil shear

strength parameters for dynamic wave loading.

c. Factor of safety of 1.0 for case b. was used
to determine maximum anticipated bending
moment. This resulted in a required tip

elevation of -14.0 NGVD.

d. Maximum desirable deflection of the wall was

1.5 inches.

Structures

Allowable Pile Load Capacities

Recommended allowable pile load capacities for 14"
square precast, prestressed concrete for wvarious
lengths were computed and included in the
geotechnical report. The tension and compression
pile load capacities that were used to design the
project were based on a factor of safety of 3,

since no load test was performed.
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Pile Loads

The Hrenicoff Method of analysis was used to
analyze the distribution of loads to the piles.
The coefficient of horizontal subgrade reaction
(kh), used in the Hrenicoff Analysis, was computed
using in-situ field tests and laboratory test
data. Its general variation ‘with depth was
plotted and was included in the geotechnical

report.
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V. DESCRIPTION OF STRUCTURE AND IMPROVEMENTS

A. General

Flood protection for Pontchartrain Beach when completed
will consist of earthen levee sections and levee "I"-wall
sections. Floodgates and access ramps are provided at three
locations along the 1levee/floodwall. Protection across
Lakeshore Drive consists of roadway ramps at the east and
west crossings. The entrance at the University of New
Orleans has been relocated south of the west Lakeshore Drive
ramp. See Appendix B for the plan-profile sheets of the

project.

B. Earthen Levee .

Earthen levee sections have been constructed from Sta.
18+73.81 W/L to Sta. 20+95.50 W/L and from Sta. 26+85.79 W/L
to Sta. 33+498.27 W/L. The top of levee elevation for these
reaches is El. 20.0 NGVD (net). Side slopes for these
reaches is 1 vertical on 5 horizontal for the flood side and
1 vertical to 3 horizontal for the protected side. The

levee crown width is 10 feet.

Earthen levees were also constructed adjacent to the
Lakeshore Drive ramps. These levees connect to the existing
Corps of Engineers’ levees on the west and east ends of the
project. The top of levee transitions from El. 17.0 NGVD
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(net) at the east Corps levee tie-in to El. 16.5 NGVD (net)
at the Lakeshore Drive crossing on the east 1levee and
transitions from El. 17.5 NGVD (net) at the west Corps levee
tie-in to El. 16.5 NGVD (net) at the Lakeshore Drive
crossing on the west levee. Both levees have a side slope
of 1 vertical on 3 horizontal (flood and protected sides)
and a crown width of 10 feet. The tie-in of the Lakeshore
Drive east levee to the existing Corps of Engineers' levee
is located at USACE Sta. 200400 W/L = URS Sta. 200+00 B/L
"g" and the west levee tie-in is located at USACE Sta.

236+48.59 W/L = URS Sta. 100400 baseline "A".

C. Earthen Levee/"I"-Wall Combinations

1. Location

Combination levee/"I"-wall sections have been
constructed from Sta 10+03.45 W/L to Sta. 18+73.81 W/L,
Sta. 20495.50 W/L to Sta. 26+85.79 W/L and from Sta.

33+98.27 W/L to Sta. 39+78.39 W/L.

2. Earthen Levee

The levee portion of the levee/I-wall has been

constructed to El. 13.0 NGVD (net). The side slopes on



the flood and protected sides will be 1 vertical on 3

horizontal. Crown width for the levee is 10 feet.

3. Wave Berms

Ten foot and 100 foot wave berms were constructed

along portions of the floodside of the levee/floodwall.

The 10-foot berm is located from approximate Sta.
15+20 W/L to Sta. 18+60 W/L and from Sta. 21+00 W/L to
Sta. 24+80 W/L.r It begins at El. 9.0 NGVD on the
floodside slope of the levee, extends 10 feet on a zero
slope, then slopes down on a 1 vertical to 5 horizontal

to the existing ground.

The 100-foot berm is located from approximate Sta.
24480 W/L to Sta. 26+75 W/L. It begins at El. 9.0 NGVD
on the floodside slope of the levee, extends 100 feet
on a 1 vertical to 100 horizontal slope, then on a 1

vertical to 3 horizontal slope to the existing ground.



"I"-Wall

1. Description

The "I"-wall ©portion of the levee/floodwall
consists of steel sheet piling capped with a concrete
wall. The "I"-wall runs from Sta. 10+03.45 W/L to Sta.
18+73.81 W/L, sSta. 20+85.50 W/L to Sta. 26+85.79 W/L
and from Sta. 33+98.27 W/L to Sta. 39+78.39 W/L. The
wall centerline is located approximately three (3) feet

from the centerline of the levee.

Sheet pile size varies between PZ-27, P2Z-35 and
PZ-40. "I"-wall thicknesses vary from 2'-2" to 2'-5"
to 2'-6" for the corresponding sheet pile sizes.
Elevation of the bottom of the concrete wall for all
locations is El. 11.0 NGVD. Top of sheet pile for all
locations is 16.0 NGVD. Top of the "I"-wall wvaries
from El. 20.0 NGVD (net) to El. 17.5 NGVD (net) near

the Lakeshore Drive ramps.

Floodgate structures will be provided for
vehicular and pedestrian access across the levee at
three locations. Gate 1 centerline is located at Sta.

12+88.51 W/L, Gate 2 centerline is 1located at Sta.



25+10.42 W/L and Gate 3 is located at Sta. 374+62.67
W/L. All gates will be swing gates with a 41' monolith

width and a 30' gate opening.

E. Ramps

Access ramps will be provided at the previously
mentioned gate locations. The surface of the ramps is
asphalt with a 6" sand/shell base. Each ramp has a 20°'
section width. Ramp elevation at each gate is El. 13.0

NGVD.

Ramps were constructed at the levee crossings of
Lakeshore Drive at the east and west ends of the project.
Both ramps are asphalt with a one foot sand/shell base. The
roadway has a 38' pavement width and 1'-6" concrete curb and

gutter on each side of the roadway.



VI. RELOCATIONS

A. General

Relocations required to existing facilities include

Lakeshore Drive roadway ramps (east and west), shifting the

entrance to the University of New Orleans southward and

various drainage and utility improvements.

B. Roadway Relocations

1. Lakeshore Drive Ramps

Two Lakeshore Drive ramps are located where the
flood protection crosses Lakeshore Drive on the east
and west ends of the project. Minimum grade at the

flood protection crossing is 14.5 NGVD.

2. UNO Entrance

The University of New Orleans entrance from

Lakeshore Drive was moved to the south end of the west

Lakeshore Drive ramp. The prior entrance was removed

and abandoned. The roadway is asphalt
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with a sand/shell Dbase. Sufficient signing and
striping has been provided to maintain safe

traffic flow.

Drainage and Utility Relocations

1. Drainage

Existing drainage ' structures and pipe at the
Lakeshore Drive ramp locations were removed or adjusted
and new structures and pipe were installed. Prior
drainage on the Pontchartrain Beach property in the
levee sections were plugged and abandoned. New pipe
and drainage structures were installed to replace

abandoned lines at various locations.

2. Water, Sewer, Electrical, Gas, Telephone

Two locations were provided for sheet pile wall
penetration for the above utilities. At these
locations additional water 1line penetrations through
the sheet pile wall were provided. Other existing
utilities 1located in the 1levee cross section were

plugged or removed.
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VII. PROJECT COST

The total estimated project cost for the Pontchartrain
Beach Floodwall Project is $5,012,796.09. This amount
includes construction of Phase I and Phase II (including
change orders), engineering, soil analysis, testing,
surveying, resident inspection, bid advertisement and
coordination. See Appendix C for bid tabulations and change
orders for Phases I and II and December 10, 1987 letter from

the Orleans Levee District summarizing project expenditures.
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April 30, 1986

Mr. C. E. Bailey, Chief Engineer
Board of Levee Commissioners
Orleans Levee District

Suite 202, Administration Building
New Orleans Lakefront Airport

New Orleans, Louisiana 70126

Re: Levee Alignment Report for the
Pontchartrain Beach Flood Protection System
OLB Contract No. 2040-0204
DEI Project No. 1008

Dear Mr. Bailey:

In accordance with the terms of our agreement with the
Orleans Levee Board, we are pleased to submit herewith
fifteen (15) copies of the above referenced Final Report for
your use.

A presentation of the findings and recommendations
resulting from this study effort was made to the Orleans
Levee Board on August 6, 1985. Following the meeting a copy
of the presented material was submitted to the U.S. Army
Corps of Engineers and the Pontchartrain Beach Corporation
for review and comment.

Oon August 27, 1985, Design Engineering, Inc. received a
letter from the U.S. Army Corps of Engineers stating their
review comments on the submitted material. Basically, the
Corps was in agreement with the proposed alignment and with
the recommended levee/floodwall heights. The letter also
emphasized that final approval of the project for credit
would require modification of the U.S. Corps of Engineers
General Design Memorandum No. 13 and complete structural and
foundation design.

wWe have coordinated the efforts of the design team, the
U.S. Army Corps of Engineers, the developer and the Orleans
Levee Board with respect to the design criteria. The
attached report and exhibits were used as a guide to develop
the flood protection concept and alignment.

Design Engineering Inc.
3330 West Esplanade. Suite 205, Metairie, Louisiana 70002. (504) 836-2155



Mr. C. E. Bailey
Page 2

We are enclosing the Final Report for your use.

It has been our pleasure to be of assistance to you in
this matter and we look forward to successful completion of
the project.

Thank you for your assistance on this project and
should you have any questions please call us.

With best regards, I am
Very truly yours,
DESIGN ENGINEERING, INC.

i -

Walter Baudier
President
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INTRODUCTION



1.0

Introduction

1.1

Project Name

Relocation Study of the Pontchartrain Beach

Floodwall, Orleans Levee Board Project 2040-0317.

Project Location

The project is located on the site of the
former Pontchartrain Beach Amusement Park at the
intersection of Elysian Fields Avenue and

Lakeshore Drive.

General

On November 30, 1984 the New Orleans Section

of the U.S. Army Corps of Engineers (USCE)

completed the Lake Pontchartrain, Louisiana and

Vicinity Lake Pontchartrain High Level Plan,

Design Memorandum 13 - General Design and

submitted said memorandum to the Commander, Lower
Mississippi Valley Division for review and
approval. A copy of this report was also
furnished to the Orleans Levee Board (OLB) for

review and comment.



In the area of Pontchartrain Beach the flood
protection alignment, as proposed by the U.S. Army
Corps of Engineers, parallels the alignment of
Lakeshore Drive. The floodwall is located north
of Lakeshore Drive and the entire Pontchartrain
Beach site is outside of the proposed flood
protection. The original alignment was also
reviewed by URS Engineers under contract to the
Orleans Levee Board. The URS report was completed

in September, 1984.

After reviewing both the U.S. Army Corps of
Engineers and the URS reports, the Board of
Commissioners elected to investigate alternatives
to relocate the proposed flood protection from the
Lakeshore Drive alignment to an alignment north of
the original proposed alignment. Implementation
of this alignment would permit the existing
Pontchartrain Beach site to be included within

flood protection.

On January 8, 1985, an Orleans Levee Board
office memorandum was prepared and compared the
cost between the U.S.A.C.E./URS alignment and the
alternative seawall alignment. The c¢cost to

provide the seawall alignment was based on a



reinforced concrete "T"-wall section and earthern
levee section. The.estimate for this construction
was approximately $1,500,000 higher than the
estimated cost of the USCE/URS alignment. The
T-wall cost estimate was prepared by the U.S. Army
Corps of Engineers. However, pursuant to the
recommendation of Design Engineering, Inc., the
Orleans Levee Board decided to investigate the-
cost of using earthen levees and I-walls, instead
of T-walls and constructing the project adjacent

to the northern development perimeter.

On May 21, 1985, the Orleans Levee Board
authorized a study to investigate the feasibility
of realigning the flood protection along the
existing seawall within the Pontchartrain Beach

site.

Scope of Work

To accomplish the intent and purpose of the
study, the Orleans Levee Board accepted the

following scope of work:

- Prepare various levee/floodwall alignments;



- Develop alternative levee/floodwall sections;
- Based on the alternative plans, develop
quantity estimates and opinions of probable

project cost;

- Prepare and review a draft report with

Orleans Levee District personnel; -

- Present a preliminary report to the Orleans

Levee District Commissioners;

- Use, the final report for Design Memorandum

supplemental purposes.

General Requirements

The Orleans Levee Board provided Design
Engineering, Inc. with the following general

reqgquirements pertaining to the alignment study.

- Limit scope of services to floodwall

realignment only;



- Base the proposed floodwall and typical levee
sections on hydraulic design considerations

only:;

- Coordinate the levee location with developers

of Pontchartrain Beach;

- Minimize the right-of-way required for levee

construction;

- Review and coordinate the conceptual design
with U.S. Army Corps of Engineers and

previously developed reguirements; and,

- Develop a project that is functional and
acceptable to the Orleans Levee District and
has minimal effect on the development of the

site.

Methodology

Accomplishing the scope of work approved by
the Orleans Levee Board required a study of four
(4) Dbasic floodwall/levee system alignments.
Details were developed for the most feasible of

the basic alignments. Primary consideration for



each levee alternative was the alignment of the
levee along the "lease line" (See Appendix "A").
For more than half of the project, the "lease
line" or "development line" is parallel to the

seawall.

Variations in the alignment of the proposed
flood protection alternatives that were considered
included placing the 1levee entirely north (lake
side) of the lease line with the land side levee
toe near the development line; placing the levee
centerline at the lease line; or placing the levee
entirely south (land side) of the lease line with
the lake side toe of the 1levee near the lease
line. In addition, retaining walls, I-walls, and
floodgates were considered in combination with the
earthen levee section. Each of the alignments
incorporated the U.S. Army Corps of Engineers
levee overtopping requirements into the height of
levee. The earthen levee height required by the
U.S. Army Corps of Engineers is El. 22.5 NGVD for
the selected levee system and El. 20.0 NGVD for
the floodwalls. (See Design Criteria section.)

The grades shown are "net" grades.



The selected alignment was then divided into
twelve (12) reaches. Several protection
alternatives within each reach were investigated
and from these investigations a selected alignment

was determined.

Finally, cost estimates for various
combinations of flood protection were developed
and the preferred alignment was selected and

recommended to the OLB.



DESIGN CRITERIA



2.0 Design Criteria

The

following design criteria, obtained from the

U.S.A.C.E., were used in the development of this project.

Earthen Levee Section (Adjacent to existing

seawall):

Required Top of

Floodside Slope Levee Elev. (Net)
1 Vert. on 3 Hor. EL 26.5 NGVD
1 Vert. on 4 Hor. EL 22.5 NGVD
1 Vert. on 5 Hor. EL 20.0 NGVD

Combination "I" Wall/Earthen Levee Section:

Required top of concrete "I" wall is

EL. 20.0 NGVD (net).

Required top of earthen levee section is

EL. 13.0 NGVD (net).

Sheetpile wall shall be centered in ten (10)

foot levee crown.



Side slopes on the floodside of the levee
shall be 1 V. on 3 H. and shall extend to El.
9.0 NGVD. From El. 9.0, a 100-foot wave berm
on a 1 V. on 3 H. slope is required to El.
8.0 NGVD. From El. 8.0 NGVD, a 1 V. on 3 H.

slope is required to meet existing ground.

The wave Dberm shall be constructed of an

erosive-resistant material, such as clay.

A toe retaining wall set to El. 9.0 NGVD can
be used in restricted areas in 1lieu of the

wave berm.

Floodwall Section:

A,

East End

1. Intersect U.S.A.C.E. floodwall at wall

line Sta. 200+62.41.

2. Transition from EL 20.0 NGVD to EL 17.5
NGVD at Lakeshore Drive near existing

levee.



B. West End

1. Intersect U.S.A.C.E. floodwall at wall

line Sta. 233+35.

2. Transition from EL 20.0 NGVD to EL 17.5

NGVD at Lakeshore Drive.

The letter from the U.S.A.C.E. establishing the design

criteria and the memoranda of phone conversations with the

U.S.A.C.E. are contained in Appendix "B".
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EXISTING CONDITIONS



3.0

Existing Conditions

The existing elevations of the site vary from El.
+#2.0 NGVD near the Lake to El. +4.00 NGVD at Lakeshore
Drive. The ground slopes upward from the Lake to
elevation +7.00' NGVD at the top of the existing
seawall and then slopes downward toward Lakeshore

Drive.

The site is Dbounded on the north Dby a
pile-supported seawall, sand beach and rock breakwater.
Constructed during the 1930's, the site was developed
as an amusement park and sand was placed along the
north side of the seawall, creating a beach. The beach
should be considered in the analysis of waves since the
extended beach will act as a wave-suppressant

mechanism.

Between the existing concrete seawall and
Lakeshore Drive, buildings have been constructed to

house the various amusement park facilities.

Some areas of the site- have been improved, in

particular the beach areas, and are open for public use

during the summer months.

- 11 -



The abandoned Rajun Cajun building and the
Sales/Administration office, both of which are north of
the seawall, have been considered in the plan
development. Also the concerns of the Lake Area Civic
Council have been addressed and are supportive of the

revised flood protection.
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PROPOSED IMPROVEMENTS



4.0 Proposed Improvements

The proposed flood protection improvements include

7

earthen levees, combination I-walls and 1levees, and
floodgates. Pedestrian ramps and roadways are also
proposed to Dbe included in the project. Small
retaining walls are proposed for areas that do not have
sufficient land available to construct full levee

sections with required wave berms.

Four (4) basic levee alignments were investigated.
Each alignment was located on the site with respect to
the existing seawall and/or the "development 1line".
The "development Line" was . previously established by
legislative act and ensures that certain areas of the
Pontchartrain Beach site will remain open and

accessible to the general public.

The four alignments considered were:

Alternative "A"

This alternative connects to the U.S. Army Corps
of Engineers I-wall along Lakeshore Drive at the west
end of the project. Then the flood protection, while

paralleling the development lines, changes from the
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I-wall section to a full levee section. The full levee
section is centered on the development line for the
full length of protection. Near the east end of the
project, a short section of I-wall is used to achieve
the transition between the full levee section and the
U.S. Army Corps of Engineers I-wail along Lakeshore

Drive.

This alignment requires removal and replacement of
the former "Rajun Cajun" building, all of the oak trees
along the former amusement park "midway", and reduces
the available public green area at the east and west
ends of the project. The sales office is not affected

by this alignment.

Alternative "B"

This alternative connects to the U.S. Army Corps
of Engineers I-wall along Lakeshore Drive at the west
end of the project.. Then the flood protection, while
paralleling the development 1line, changes from the
I-wall section to a full levee section. The center of
the full levee section is located thirty (30) feet
north of and parallel to the development line for the
full length of the flood protection. A short section

of I-wall is used to effect transition between the full
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jevee section and the U.S. Army Corps of Engineers
I-wall along Lakeshore Drive at the east end of the

project.

This alignment requires the removal and
replacement of the former "Rajun Cajun" building and
the sales office building. The oak trees along the
"midway" can be preserved in their present location.
There is a substantial reduction in the available
public green space at the east and west ends of the

project.

Alternative "C"

This alternative connects to the U.S. Army Corps
of Engineers I-wall along Lakeshore Drive at the west
end of the project. Then the flood protection while
paralleling the development line, changes from the
I-wall section to a full levee section. The center of
the full levee section is located approximately thirty
(30) feet south of and parallel to the development line
for the full length of the flood protection. A short
section of I-wall is used to effect transition between
the full levee section and the U.S. Army Corps of
Engineers I-wall along Lakeshore Drive at the east end

of the project.
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This alignment saves both buildings and minimizes
the loss of public green areas at the east and west end
of the project. This alignment requires removal of all
the oak trees along the "midway". There is a reduction

in the development area if this alignment is selected.

Alternative "D"

This alternative was developed as a refinement to
basic Alignment ng" and incorporates a combination
I-wall/levee section into some areas of the project in

lieu of a full levee section.

This alignment connects to the U.S. Army Corps of
Engineers I-wall along Lakeshore Drive at the west end
of the project. Then a short section of I-wall is used
to effect transition into a combination I-wall/levee
section. The combination I-wall/levee section is used
between the U.S. Army Corps of Engineers I-wall and
approximately 100 feet past the former "Rajun Cajun"
puilding, at which location the flood protection
changes to a full levee section. The full 1levee
section is used between the "Rajun Cajun" and sales
office buildings. At the sales office building an

I-wall/levee section is used for the flood protection.
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From just east of the sales office building to a
point 100 feet west of the point where the development
line changes from the seawall alignment, a full earthen
levee section is used. From the full earthen levee
section an I-wall/levee section is used to connect to
the U.S. Army Corps of Engineers I-wall along Lakeshore
Drive at the east end of the project. The center of
the levee is located approximately 30 feet north of the

development line.

This alignment saves both buildings and all of the
oak trees along the midway. This alignment minimizes

the loss of public green area and development area.

The plan of these alternative alignments can be

found in Appendix "C".

Each alignment was developed using the design
criteria furnished by the U.S. Army corps of Engineers
(USCE). However, it should be pointed out that the
USCE criteria that was used addressed hydrologic
considerations only. Before final acceptance of this
alignment by the USCE, a complete soils analysis and
jevee stability analysis must be performed. Structural
design requirements of the proposed floodwalls and

floodgates must be addressed. Neither an analysis of
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the stability of the levees nor a structural analysis

were included in the scope of this report.

of the four basic alternatives proposed in the

initial stages of the study, Alternative "D" was

selected for further study. This alignment was

selected over the other three alternatives for the

following reasons.

To minimize conflicts with the proposed
development of the former Pontchartrain Beach
site;

to preserve dgreen areas for public use;

to provide public access to recreational areas;

to reduce conflict with existing site utilities;

and,

to avoid demolition of the "Rajun Cajun" building

and the sales office building.

Once the basic levee location was established a

more detailed study was conducted to develop final

alignment characteristics and estimated costs.
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Four (4) different levee section schemes along the
selected alignment were investigated and each analysis
was separated into twelve (12) reaches. The reaches
were developed based on existing physical constraints,
topographical features, public use and development
concerns. Some of the reach lengths varied slightly

for each of the alternatives.

The first alternative requires installation of an
I-wall along Lakeshore Drive and modification to the
University of New Orleans entrance roadway. A sixty
(60) foot section of I-wall was proposed for transition
between the Lakeshore Drive I-wall and I-wall/levee
section. The combination 1-wall/levee section was used
to a point Jjust east of the former "Rajun cajun"
building, where the flood protection then changes to a
full levee section. The full levee section is
maintained between the former "Rajun Cajun" building
and the sales office building. Just west of the sales
office building the flood protection changes to an
1-wall/levee section and continues to just east of the
sales office. Beyond the sales office building a full
levee section is used and the levee parallels the
seawall alignment until the development 1line departs
from the seawall. From the seawall to the U.S. Army

Corps of Engineers I-wall along Lakeshore Drive an
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I-wall/levee section is used for the flood protection.
A sixty (60) foot length of T-wall is used to tie into
the U.S. Army Corps of Engineers I-wall. This
alignment saves both the former "Rajun Cajun" building
and the sales office building. Loss of green area

reserved for public use is also minimized.

Alternative 2 is the same as Alternative B with

the following exceptions:

1. The sixty (60) foot length of T-wall is eliminated
and a combination I-wall/levee section is used to
effect transition from the U.S. Army Corps of
Engineers flood protection at the east and west

ends of the project; and,

2. Instead of an I-wall along Lakeshore Drive at the
east end of the project an earthen levee section
has been used along the east side of Lakeshore
Drive to tie into the U.S. Army Corps of Engineers

flood protection.

This alternative saves the "Rajun Cajun" building

and the sales office building and minimizes the loss of

public green area.
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Alternative No. 3 requires installation of an
I-wall along Lakeshore Drive. From Lakeshore Drive an
T-wall/levee section is used to a point just east of
the former "Rajun cajun" building. From this point a
full earthen section is wused along the seawall
alignment. From the seawall to Lakeshore Drive an

1-wall/levee section is used.

This alternative saves the former "Rajun cajun"
building and minimizes the loss of public green space.
However, this alternative reguires removal of the sales

office.

Alternative No. 4 requires installation of an
earthen levee along Lakeshore Drive and relocation of
the University of New Orleans' entrance roadway. From
Lakeshore Drive an I-wall/levee section 1is used until
just east of the former "Rajun Cajﬁn" building.
Between the "Rajun Ccajun" building and the sales office
building a full levee section is used. At the sales
office building an I-wall/levee section is used. From
just east of the sales office building a full 1levee
section is used and follows the seawall alignment until
the development line departs from the seawall

alignment. From the seawall to Lakeshore Drive an
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I-wall/levee section is used. Along Lakeshore Drive an

earthen levee section is used.

This alternative saves the former "Rajun Cajun"
building and the sales office Dbuilding, and also

minimizes the loss of public green space.

Ssince the Orleans Levee Board's lease agreements
with the Pontchartrain Beach site developer require the
Orleans Levee Board to provide a building for a sailing
club and the sales office, Alternatives 1, 2 and 4 are
the most feasible on this basis. Alternative 3
requires removal of the sales office building and is

therefore not a viable alternative.

of the three alternatives that "save" the
buildings, Alternative No. 2 is the preferred scheme.
It provides the necessary protection while causing the
least disruption and maintains a park-like atmosphere
at each end of the project. If Alternate No. 4 were
selected the University of New Orleans entrance from
Lakeshore Drive would have to be completely revised.
At this time, the University of New Orleans is unable
to commit to participation in the relocation of the
entrance roadway. Based upon the foregoing, it was

evident that Alternative No. 2 met the goals of the
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Orleans Levee Board, the community groups and the
developer. Therefore, we recommend Alternative No. 2.
A plan of the recommended alternative is contained in

Appendix "D".
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PROJECT COST



5.0

Project Cost

A complete detailed cost estimate of each of the
alternative schemes is contained in Appendix "D". The
estimated project cost of each alternative scheme is as

follows:

Alternative No. 1 - $5,983,076
Alternative No. 2 - 4,962,163
Alternative No. 3 - 4,699,423
Alternative No. 4 - 4,976,873

The cost of replacing the sales office building is
not included in the cost of Alternative No. 3. When
the relocation costs are added to this alternative, the
expense of this alternative 1is greatly increased.
Therefore, from a cost perspective, Alternative No. 2

is the recommended alignment.
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CONCLUSIONS



6.0

conclusions and Recommendations

On August 6, 1985 this report was presented to the
Engineering Committee of the Orleans Levee Board. The
presentation included the description of the four (4)
pasic alignments and a detailed presentation of the
recommended alignment. The Orleans Levee Board
accepted the recommendations made in this report and
recommended that the proposed alignment be submitted to
the U.S. Army Corps of Engineers for review and
approval. It was explained to the OLB that the plans
and levee sections as shown were furnished by the U.S.
Army Corps of Engineers and were developed based on

hydrologic and hydraulic considerations only.

The recommended alternative used the various flood
protection combinations such as the I-wall/levee
section, the full earthen levee sections, the retaining

walls and the floodgates to achieve the following:

1. High-level hurricane and flood protection at the

Pontchartrain Beach site as approved by the U.S.

Army Corps of Engineers; and,
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2. Incorporation of the proposed development property
in existing hurricane and flood protection plans;

and,

3. Minimization of the effect on the existing 1land
area and maximization of the green space available

for public use; and,

4. Preservation of as many oak and palm trees as

possible; and,

5. Incorporation of aesthetic and public
considerations into the budget available for this

project.

The proposed alternative has been reviewed with
the site developer and the alternative is acceptable to
the developer. We have assured the developer that his
concern regarding the proposed location for vehicular
and pedestrian ramps will be coordinated with the
developer as much as possible during the design and
construction phase of the project. The revised
locations, if any, will have to be reviewed and

approved by the Orleans Levee Board.
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The USCE is satisfied that the proposed protection
will meet the hydrologic design requirements. However,
as previously stated, the structural analysis of the
proposed floodwall and levee stability analysis are
still required. Therefore the USCE will not approve
this location or design as a creditable project until

these analyses have been performed.

since the proposed alignment is acceptable at this
stage of the project to the OLB, the site developer,
and the USCE, we recommend that the OLB proceed with
the design of the flood protection as proposed by this
relocation study. The recommended plan is contained in

Appendix "D".

Furthermore, Design Engineering, Inc. recommends
that the OLB proceed with preparing the necessary
design and plan preparation to supplement the USCE
Design Memorandum 13. This is necessary to include the
proposed floodwall realignment within the U.S. Army

corps of Engineers high-level protection plan.
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ALTERNATIVE LEVEE ALIGNMENTS
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The Board of Levee Commissio i
)

OF Tw(

P ®rleans Lebee District
70 e oceamn Lo Ao D.E 1L
Ntk Hew Grleans, La. |

70126 AND YOUR FAMILY

vVl .) Bas

July 3, 1985

Mr. Walter Baudier

pesign Engineering Inc.
3330 West Esplanade

Suite 205

Metairie, Louisiana 70002

Dear Mr. Baudier:

In accordance with our telephone conversation, enclosed is
a copy of a letter from the Corps of Engineers and prints of a layout,
and typical sections concerning recommended elevations and sections for

use at Pontchartrain Beach.

Yours very truly,

M 8o

Ed Bailey
Assistant Chief Engineer

EB:dab

xc: Mr. H. B. Lansden
Mr. Earl J. Magner, Jr.

Enclosures
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DEPARTMENT OF THE ARMY
¢ W OR_LEANS DISTRICT CORPS OF ENG. :ERS
? © »OX 802167

MW ORLTANS LOWVIDIAmMA 201600287
REPLY 10 June 2‘4, 1985
ATTENTION OF
Engineering Division
Projects Engineering Section .

JUN 28 "zzo

Mr. Earl J. Magner, Jr.

Chief Engineer

The Board of Levee Commissioners
Orleans Levee District

Suite 202 - Administration Building
New Orleans Lakefront Airport

New Orleans, Louisiana 70126

Dear Mr. Magner:

Reference is made to your May 21, 1985 letter concerning
the Lake Pontchartrain Louisiana and Viecinity Burricane and
Flood Protection Project Pontchartrain Beach Floodwall.

Enclosed are "typical sections™ which can be used for cost
estimating purposes for the subject floodwall and levee
alternztive at Pontchartrain Beach. Please note that the
sections are based on hydraulic design considerations only
(stability analyses were not made). The sections should be
applied to the reaches as shown on the enclosed plaﬁ. The
enclosed plan is the same plan as furnished in your May 21,
1985 letter but shows in red a recommended modification for the
floodwall alinement on the east side of the area where the wall
joins B/L Station 102+23.16 instead of B/L Station 106+58.23 as
shown in blue on your original plan. Floodwall elevations are
also noted on the plan. For the easternrost floodwall, the net
top of wall elevation should slope from elevation 20.0 feet
N.G.V.D. at its lake end to elevation 17.5 at W/L Station
200+62.41. The westernmosi floodwall similarly would slope
fzgg_glgzg;igp 20.0 feet N.G.¥.D. at its lake end to eleyation

17.0 fe L Station 233+35.

-~

Three all-earthen levee sections are furnished for your
consideration. Levees having floodside slopes of 1 on 3, 1 on
4, and 1 on 5 have respective crest elevations of 26.5, 22.5,

and 20.0.

Tne combined levee and floodwall plan shown on Enclosure 1
has a top wall neight of 20.0 ft. N.G.V.D. with the crown of
the levee at elevation 13.0 ft. N.G.V.D. Please note that the
large berm shown in red for this plan is required and should be
constructed of an erosive, resisting material such as clay.



I trust that the foregoing is satisfactory for your
needs. Should you reguire additional information or should the
enclosed materials need clarification, please contact Mr. Vann
stutts, phone number 838-2614.

Sincerely,

Frederic M. Chatry
"Chief, Engineering Division

Enclosure



3 fds [ . R B S L ) I U [ b jo il
p 1 : o o R i _ e
. : i N ._FL,._-I MR ! T et
; ' t RN T l._q.,ur.p.. : ks i f L;
R ’ N 4 % F P ’ v ¥ 4. i . .
% e . ™ 2 + - J.Ll*l o l* 1] ++ { 1 H ]
T A-Ie 1 1 .
2V b a4
. ax . o B I LA
1T, " -3 T X 7 v " ' 1 >
N Y8 ) 1 ] 117 L i ]
& N -4 . ) T : —ﬁ -+ : "
L] " L ' » Y N 1
1 , Q W KQRARNEANEN 1 1 . 4
2 RNAN ; 3 {1 _ V i
NN 4 : l I T L. d_qL 1
Slat ‘ 1 ! L A )
. . i
E P RAR ARG ﬁ b ERE RN b
1 |—.. > v fa [ .HnﬂlL.Lr m\J" T + i .
. i S : 1. i i w1 | ’ . H
1T -+ T ] s o T T ! R 11
~t e 1 3 ] " 23 1
N P 3.0 1T 1 _ A il
~ TN g H ] DY g D >y
: T . 5 \ _ N A YO O L n :
: TR HEAT Y AR - B WS BEEEEE Y 51 20
l_.. J.f . B ) NN ;JP ] - l.l_ ns 1 T T
; . X ) N T R W o ¥
! L . k { : .
1 RN SRRV AR A a8l N 1PN : !
vl AN 5 INNE : 1 é\m 7 -3 + ’
- 4 T T Funka 1 i 4
. ! **%HH i ! Ar 1 L i J; T NS |
h - ol N R TN O A ] N Yl % Cy " - .
a7 T TT# bt L ded +r ME _
. ¢ i + 4 Py . 1 ) - N H R s
T t v g ~ B , ; ! R N b R
a il L . 2 N X N a i J] . Lde i
~r A\H\ >< m —H M.l ¢. Fopaie +4- \ w\ ﬂ.\ ﬁ . 2 : G } .ﬂl“v b
e J ¥ ' N I Al § 900 S - o VI \ne
. ‘— ﬂ . 4 ‘AQIL_-..r F - \ .— — " —afe % b mL‘ v. e H
z - _— 4 BET ; + o 4tk H
1 f=24 ) A 1) . -
! 1. 4 127 A N mvg__r o dion]
R R A S ! T )T N T
s 3 ot 7407, ' . { !
i NN | T 1
R T S 2 T N : i A T M N
Shghed SRR RN 1l i a1 R .
PR 1 N o’ . ' I S e 1
" ik N b P U e ol ! | LW +
[ i SR ] \ : 1 AENE
m t L : ~ 1 : u_ M T m 1 8 B ™ “
A . e ! 4. L i 111 1 ! P! J 14
. T r AR M EERE . T 1 a s i
T S W NN i T ' IS 3
+ x5l o B - - 1 4 — Ll |_ ‘.1 .
S R T oo it S S 8. b - L
- ,H . v - " m 4 JO W B Y S u_) - 5 —_— H
- 177 m - "1 - Ll..(ﬁ. - ; 1 - T - T " ,“1
v -1 == bt R - =1
....Mx. - ot + - L ‘“.LT_YL LJIYLTII Jos T Ty Lnjnﬂﬁu.( 5 M 7 .
+ - .— | okt w | +
Jﬁw L N . 1 iy A i A hrr -
v - " 2 | 1! 4 - —te U (S QUSRS S P - 4 . - ot
B AN B AEL e N i . 1 8 8 5 DR RPERLC 8 —
L DEARRE ' HE R o ! -
T . S % % N I ] T
rm H b S S X A_
: ‘ X N - PR L4
¥ > ’ - . h.-
“{. 4 A M.;.;;J! AATI Ilw T
. - Ji 4
1 1, 4.“ M -
1t IO 0 I 0
.. .’ E] . “ m/, w\llvh
fpopd ottt g 4 T ] O N I




i
f

=<: ¥ L B
...- ..

PREL WISN FAOH ‘

s

WEEI-T-H O PV .. )
SUAINIOND JO S4N0D N . L . .
INVRINO MIN ‘1DIMASI0 WIINIONA ANY 8N ..... - [ - M
JAGS Sb+9€2 V1S-1/M 004002 V1s| ¥ o +0% . el ~.g.s " .n. o
NVd c T igor e, AW O
. 4%

"INTHL 40 163A NS BAETE « L.

Ten S

T ma g et
Tan .

LYY
Yo

sa13is wisaT) )
<L L : R

—u,n;‘s T

STe .--,\

33A37 INOMIINVY HEIHYD ENVITHO
NOIG3I0 WEINID €T ON ANONYHOMIN NDICIT "

NY1d 13IAIT HOIH
AITNEILA Ony ) MivEjavedin0d DN ¢

AV

ISR ) N

. vy g : _,_.. h - - S . t .. . Lo )

' ¥ 3616 g31o3Lond % V. L o T g et
N R I I - A
’ o, ltfr i . e . . i
LT, T _ :
) AT \.r,y.

sy __ Ky I

gL
I \\\W%“\\:mwe
S o
%ﬁiﬁ?% ‘
NG A

L0

7

ANy
g ..\h..,

Al

iR oty ..‘.u_.ﬁr
A a

b

Slata skt
A oo e A Vgl
.M;A‘f £

- hc. A ....:..\..1\” . 'y o .‘tkt‘
) e v .(rJ.-. e

Gt Lk BRI/ :
s oo
e LR

ST AL N -3




Appendix C

ALTERNATIVE LEVEE ALIGNMENT PLAN SHEETS
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Appendix D

PLAN OF RECOMMENDED ALTERNATIVE
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