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LMNED-PP 30 September 1969

SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Lake Pontchartrain
Barrier Plan, General Design Memorandum No. 2, Supplement
No. 6, St. Charles Parish Lakefront Levee

Division Engineer, Lower Mississippi Valley
ATTN: LMVED-TD

1. The subject general design memorandum is submitted herewith for
review in accordance with the provisions of ER 1110-2-1150 dated
1 July 1969.

2. Approval of the subject design memorandum is recommended.
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Lock and Adjoining Levees
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STATUS OF DESIGN MEMORANDA (cont'd)

Title Status

Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 53, Orleans
Parish Lakefront Levee - East of
IHNC Scheduled Aug 71

Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 6, St. Charles
Parish Lakefront Levees Submitted 30 Sept 69

Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 7, St. Tammany
Parish, Mandeville Seawall Scheduled Jun 71

Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 8, IHNC
Remaining Levees Approved 6 Jun 68

Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 9, New Orleans
East Levee from South Point to
GIWW Scheduled Sept 71

Chalmette Area Plan, GDM Approved 31 Jan 67

Chalmette Area Plan, GDM,
Supplement No. 1, Chalmette
Extension Approved 12 Aug 69

Lake Pontchartrain Barrier Plan
and Chalmette Area Plan, GDM,
Florida Avenue Complex, IHNC Not scheduled

Chalmette Area Plan, DDM, Bayous Bienvenue
and Dupre Control Structures Approved 29 Oct 68

Lake Pontchartrain Barrier Plan,
DDM, Rigolets Control Structure
and Closure Scheduled Jan 71

Lake Pontchartrain Barrier Plan,
DDM, Chef Menteur Control
Structure and Closure Scheduled Aug 70

Lake Pontchartrain Barrier Plan,
DDM, Rigolets Lock Scheduled Oct 70
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STATUS OF DESIGN MEMORANDA (cont'q)

Title

Lake Pontchartrain Barrier Plan,
DDM, Chef Menteur Navigation
Structure

Lake Pontchartrain Barrier Plan,
Corrosion Protection

Source of Construction Materials

Lake Pontchartrain, Ia. and
Vicinity, and Mississippi River-
Gulf Outlet, La., GDM, seabrook
Lock

Lake Pontchartrain, La. and
Vicinity, and Mississippi River-
Gulf Outlet, La., DDM, Seabrook
Lock

Status

Scheduled Aug 70

Approved 21 May 69

Approved 30 Aug 66

Scheduled Jan 70

Scheduled Apr 71
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PERTINENT DATA

Location of Project Southeastern Louisiana
in St. Charles Parish

Hydrologic Data

Temperature: Maximum monthly 87.1 degrees Fahrenheit
Minimum monthly 43.0 degrees Fahrenheit
Average annual 69.7 degrees Fahrenheit
Annual precipitation: Maximum 85.73 inches
Minimum 31.07 inches
Average 60.58 inches

Hydraulic design criteria - Interior Drainage
Assumed value of "n" (channels): 0.030

Hydraulic Design Criteria - Tidal
Design Hurricane -~ Standard Project Hurricane (SPH)

Frequency 1 in 300 years

Central Pressure Index (CPI) 27.6 inches of mercury
Maximum 5-min. average wind 100 m.p.h.

Levee

Method of construction Hydraulic £i11l

Levee length 5.7 miles

Elevation - varies 12.5 ~ 12.0273

Crown width 20.0 feet

Rights-of-way
Permanent rights-of-way 773 acres
Spoil easements 140 acres

Estimated first cost

Levees and floodwalls $12,497,000
Engineering and design 1,376,000
Supervision and administration 701,000
Relocations 384,000
Lands and damages 742,000

Total $15,700,000

1Except transition at the Bonnet Carre' Spillway east guide levee
which will be constructed of haul material.
2Elevation varies: Elev. Sta.
12.0 0+00 - 140+00
12.5 140+00 ~ 298+61.07
3Elevations herein are in feet referred to mean sea level unless
otherwise noted.




LAKE PONTCHARTRAIN, LOUISIANA AND VICINITY
LAKE PONTCHARTRAIN BARRIER PLAN
DESIGN MEMORANDUM NO. 2 - GENERAL

SUPPLEMENT NO. 6
ST. CHARLES PARISH LAKEFRONT LEVEE

PROJECT AUTHORIZATION
1. Authority.

a. Public Law 298, 89th Congress, lst Session, approved

27 October 1965, authorized the "Lake Pontchartrain, Louisiana
and Vicinity" hurricane protection project, substantially in
accordance with the recommendations of the Chief of Engineers

in House Document No. 231, 89th Congress, lst Session, except
that the recommendations of the Secretary of the Army in that
document shall apply with respect to the Seabrook Lock feature

of the project.

b. The report of the Chief of Engineers dated 4 March
1964 and printed in House Document No. 231, 89th Congress, 1lst
Session, submitted for transmission to Congress the report of
the Board of Engineers for Rivers and Harbors, accompanied by
the reports of the District and Division Engineers and the concurring
report of the Mississippi River Commission for those areas under
its jurisdiction. The report of the Board of Engineers for Rivers
and Harbors stated: "For protection from hurricane flood levels,
the reporting officers find that the most suitable plan would
consist of a barrier extending generally along United States
Highway 90 from the easternmost levee to high ground east of
the Rigolets, together with floodgates and a navigation lock
in the Rigolets, and flood and navigation gates in Chef Menteur
Pass; construction of a new lakeside levee in St. Charles Parish
extending from the Bonnet Carre' Spillway east guide levee to
and along the Jefferson Parish line; extension upward of the
existing riprap slope protection along the Jefferson Parish levee;
enlargement of the levee landward of the seawall along the 4.1
mile lakefront; and construction of a concrete-capped sheet-
pile wall along the levee west of the Inner Harbor Canal in New
Orleans; raising the rock dikes and landward gate bay of the
planned Seabrook Lock; construction of a new levee lakeward of
the Southern Railway extending from the floodwall at the New
Orleans Airport to South Point; enlargement of the existing levee
extending from United States Highway 90 to the Gulf Intracoastal
Waterway, thence westward along the waterway to the Inner Harbor
Canal, together with riprap slopes along the canal; construction
of a concrete capped sheet-pile wall along the east levee of
the Inner Harbor Canal between the Gulf Intracoastal Waterway
and the New Orleans Airport...."



Par 1c

c. The report of the Chief of Engineers stated: "...The
Board [of Engineers for Rivers and Harbors] recommends authorization
for construction essentially as planned by the reporting officers...
I concur in the recommendation of the Board of Engineers for
Rivers and Harbors."

2. Purpose and scope. This supplement presents the essential
data, assumptions, criteria, and computations for developing
the plan, design, and cost for the St. Charles Parish lakefront
levee in sufficient detail to provide an adequate basis for preparing
plans and specifications for the first lift levee construction
and the Bayou Piquant drainage structure, without additional
design analyses.

3. Local cooperation. The conditions of local cooperation
pertinent to this supplement and as specified in the report of
the Board of Engineers for Rivers and Harbors and concurred in
by the report of the Chief of Engineers are as follows: "...That
the barrier plan for protection from hurricane floods of the
shores of Lake Pontchartrain...be authorized for construction...Provided
that prior to construction of each separable independent feature
local interests furnish assurances satisfactory to the Secretary
of the Army that they will, without cost to the United States:

"(1) Provide all lands, easements, and rights-of-way,
including borrow and spoil disposal areas, necessary for con-
struction of the project;

"(2) Accomplish all necessary alterations and relocations
to roads, railroads, pipelines, cables, wharves, drainage structures,
and other facilities made necessary by the construction works;

"(3) Hold and save the United States free from damages
due to the construction works;

"(4) Bear 30 percent of the first cost, to consist
of the fair market value of the items listed in subparagraphs
(1) and (2) above and a cash contribution presently estimated
at $14,384,000 for the barrier plan ...to be paid either in a
lump sum prior to initiation of construction or in installments
at least annually in proportion to the Federal appropriation
prior to start of pertinent work items, in accordance with construction
schedules as required by the Chief of Engineers, or, as a substitute
for any part of the cash contribution, accomplish in accordance
with approved construction schedules items of work of equivalent
value as determined by the Chief of Engineers, the final appor-
tionment of costs to be made after actual costs and values have
been determined;
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"(5) For the barrier plan, provide an additional cash
contribution equivalent to the estimated capitalized value of
operation and maintenance of the Rigolets navigation lock and
channel to be undertaken by the United States, presently estimated
at $4,092,000, said amount to be paid either in a lump sum prior
to initiation of construction of the barrier or in installments
at least annually in proportion to the Federal appropriation
for construction of the barrier;

"(6) Provide all interior drainage and pumping plants
required for reclamation and development of the protected areas;

"(7) Maintain and operate all features of the works
in accordance with regulations prescribed by the Secretary of
the Army, including levees, floodgates and approach channels,
drainage structures, drainage ditches or canals, floodwalls,
seawalls, and stoplog structures, but excluding the Rigolets
navigation lock and channel and the modified dual purpose Seabrook
Lock; and

"(8) Acquire adequate easements or other interest in
land to prevent encroachment on existing ponding areas unless
substitute storage capacity or equivalent pumping capacity is
provided promptly;

"Provided that construction of any of the separable independent
features of the plan may be undertaken independently of the others,
whenever funds for that purpose are available and the prescribed
local cooperation has been provided...."

INVESTIGATIONS

4. Project document investigations. Studies and investigations
made in connection with the report on which authorization is
based (H.D. 231, 89th Congress, lst Session) consisted of: research
of information which was available from previous reports and
existing projects in the area; extensive research in the history
and records of hurricanes; damage and characteristics of hurricanes;
extensive tidal hydraulics investigations involving both office
and model studies relating to the ecological impact of the project
on Lakes Pontchartrain and Borgne; an economic survey; and preliminary
design and cost studies. A public hearing was held in New Orleans
on 13 March 1956 to determine the views of local interests.

5. Investigations subsequent to project authorization. Subsequent
to project authorization, detailed investigations were undertaken
as follows: ,
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a. Aerial and topographic surveys along the St. Charles
Parish Lakefront levee alignment between the Bonnet Carre' Spillway
east guide levee and the St. Charles-Jefferson Parish Line Canal;

b. Soils investigations including general and undisturbed-
type borings and associated laboratory evaluations;

c. Detailed design studies for levee, drainage structure,
drainage ditch, and closure dam construction, including
bank and levee section stability determinations;

d. Tidal hydraulic studies required for establishing
design grades for protective works based on revised hurricane
parameters furnished subsequent to project authorization by the
U. S. Weather Bureau;

e. Real estate requirements and appraisals;

f. Cost estimates for levees, closure dams, drainage
structure, collector ditch, and relocations.

LOCAL COOPERATION
6. Conditions of local cooperation. The conditions of

local cooperation as specified by the authorizing law are quoted
in paragraph 5.

7. Status of local cooperation. On 2 November 1965 the
Governor of the State of Louisiana designated the State of Louisiana,
Department of Public Works as "...the agency to coordinate the
efforts of local interests and to see that the local commitments
are carried out promptly...." By State of Louisiana Executive
Order dated 17 January 1966, the Board of Levee Commissioners
of the Orleans Levee District was designated as the local agency
to provide the required local cooperation for all portions of
the Lake Pontchartrain, Louisiana and Vicinity project in Orleans,
Jefferson, St. Charles, and St. Tammany Parishes. Assurances
covering all of the local cooperation required for the Lake Pontchartrain
Barrier Plan were requested through the Department of Public
Works from the Board of Levee Commissioners of the Orleans Levee
District on 21 January 1966, and a satisfactory act of assurance,
supported by a resolution of the Board of Levee Commissioners
of the Orleans Levee District dated 28 July 1966, was approved
and accepted on behalf of the United States on 10 October 1966.

The principal officers currently responsible for the fulfillment
of the conditions of local cooperation are as follows:
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Mr. Calvin T. Watts, Acting Director
State of Louisiana

Department of Public Works

Baton Rouge, Louisiana 70804

Mr. Edward Lennox, President

Board of Levee Commissioners

Orleans Levee District

Room 200, Wild Life and Fisheries Building
400 Royal Street

New Orleans, Louisiana 70130

8. Views of local interests. The Board of Levee Commissioners
of the Orleans Levee District represents local interests. The
plan presented herein was coordinated in detail with the Board's
engineering staff and bears the approval of the Board. The intention
and capability of the local sponsor to provide the required non-
Federal contribution for the entire Lake Pontchartrain Barrier
Plan, presently estimated at $57,075,000, have been amply demon-
strated; in fact, considerable work which ultimately will be
incorporated into the overall project has already been accomplished
by the sponsor.

LOCATION OF:PROJECT AND TRIBUTARY AREA

9. Project location. The St. Charles Parish lakefront
levee feature of the Lake Pontchartrain, Louisiana and Vicinity,
hurricane protection project, as shown on plate 1, is located
in southeastern Louisiana along the southwest shoreline of Lake
Pontchartrain. The project area covered in this memorandum is
located in St. Charles Parish.

10. Tributary area. The drainage area that will be inclosed
on completion of the St. Charles Parish lakefront levee is approxi-
mately 51 square miles. This area is bounded on the west by
the Bonnet Carre' Spillway east guide levee, on the south by
the Mississippi River, on the east by the St. Charles Parish-
Jefferson Parish boundary, and on the north by Lake Pontchartrain.
The topography of the area is typical of the Mississippi River delta.
The land slopes away from the alluvial ridge of the Mississippi
River to adjacent backswamp areas. Next to the river, natural
ground is about elevation lO,land the ground slopes gradually

1a11 elevations used herein are in feet and refer to mean sea
level unless otherwise noted.
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down to about elevation 2 approximately 1 mile distant from the
river and thence to about mean sea level at the lakeshore. Natural
ground elevations in the marsh average about 0.5.

PROJECT PLAN

11. Protective works. The plan presented herein covers
all of the project works located in St. Charles Parish and provides
for construction along the St. Charles Parish lakeshore of approxi-
mately 5.7 miles of new earthen levee to net grades of 12.0
between stations 0+00 and 140+00 and 12.5 between stations 140+00
and 298+61.07 (see plate 1). A landside drainage ditch will be
provided parallel to and approximately 1000 feet landward of the
levee centerline from Bayou LaBranch to the Parish Line Canal and
a drainage structure will be constructed in the levee alignment
near Bayou Piquant.

DEPARTURES FROM PROJECT DOCUMENT PLAN

12. Departures from project document plan. Extensive changes
have been made to the plan presented in the authorizing document.
The following changes, which are considered to be within the
discretionary authority of the Chief of Engineers, have been
incorporated into the plan.

a. The net grades of the protective works presented
herein were revised upward in accordance with the results of
tidal hydraulic studies utilizing more severe hurricane parameters
developed by the U. S. Weather Bureau subsequent to project
authorization. Results of these studies relative to the protective
works described herein are contained in "Design Memorandum No.
1, Hydrology and Hydraulic Analysis, Part III - Lakeshore," approved
25 February 1969. The revised net grades of the St. Charles
Parish lakefront levee are: elevation 12.0 from its eastern
connection with the Jefferson Parish lakefront levee to approximate
station 140+00 and elevation 12.5 westward thereof to its connection
with the Bonnet Carre' Spillway east guide levee.

b. Investigations subsequent to project authorization
revealed that the Parish Line Canal is no longer a navigable
waterway of the State of Louisiana, therefore allowing a closure
at the lakeward terminus of the canal and eliminating the need
for a lateral return levee. The current estimated total con-
struction cost for the lateral return levee is $2,059,000, compared
to $366,000 for effecting a closure; consequently, the latter
alternative was selected. A combination flap and vertical 1ift gate
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drainage structure will be constructed in the lakefront levee
alignment in the vicinity of Bayou Piquant. Runoff which was
formerly collected by the Parish Line Canal will be conveyed
to the Bayou Piquant Drainage Structure by a drainage ditch
as shown on plate 2.

HYDROLOGY AND HYDRAULICS

13. General. The tidal hydraulic analysis and design for
the St. Charles Parish lakefront levee are presented in Design
Memorandum No. 1, Part III - Lakeshore, which contains descriptions
of the methods used in the tidal hydraulic design and covers
essential data, criteria, and the results of studies which provide
the basis for determining surges, routings, wind tides, runup,
overtopping, and frequencies. 1In Part I - Chalmette, approved
27 October 1966, the climatology and hydrology for the entire
Lake Pontchartrain, Louisiana and Vicinity hurricane protection
project is presented. The hydraulic design and analysis for
the provision of interior drainage restricted by the St. Charles
Parish lakefront levee are presented herein as appendix A.

14. Design elevations. The hurricane used in the design of
the protective works presented herein is the Standard Project
Hurricane (SPH) having a frequency of about once in 300 years,

a central pressure index of 27.6 inches of mercury, a maximum
5-minute average wind velocity of 100 miles per hour at 30 feet
above the water surface and at a radius of 30 nautical miles

from the center, moving on a track critical to the south shore

of Lake Pontchartrain at a forward speed of 11 knots. Detailed
information on the design hurricane is contained in the design
memoranda referred to in paragraph 13. The net grades for the

St. Charles Parish lakefront levee, calculated to provide protection
from the design hurricane, are as follows:

Location Net Grade
Sta. 0+00 to Sta. 139+00 12.0
Sta. 139400 to Sta. 141+00 (transition) 12.0 to 12.5
Sta. 140+00 to Sta. 298+61.07 12.5
GEOLOGY

15. Physiography. The project area is located within the
Gulf Coastal Plain. Specifically, the area is located at the western
edge of the Pontchartrain Basin between the alluvial ridge of
the present Mississippi River and the southwest shoreline of
Lake Pontchartrain. Dominant physiographic features of the area
are the marshes, the natural levees of the Mississippi River,
and Lake Pontchartrain. Relief in the project area is slight
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with a maximum of about 12 feet between the natural levee ridge
of the present Mississippi River and the marshes adjacent to
Lake Pontchartrain. Maximum elevations of 12 feet are found
along the natural levee ridges of the present Mississippi River.
Minimum elevations of mean sea level or slightly below are found
in the marsh area adjacent to Lake Pontchartrain.

16. General geology. Only the geologic history since the
end of the Pleistocene period is significant for this project.
At that time, with sea level about 450 feet below its present
level, the project area was a flat, highland plain on the northeast
border of the deeply entrenched Mississippi River. During this
period, the upper part of the Pleistocene was desiccated and
weathered. About 4,500 to 5,000 years ago, sea level reached
its present stand and the Mississippi River began to migrate
laterally back and forth across the alluvial valley. Since then,
until the Mississippi River began to occupy its present course
about 1,200 years ago, the project area has been subjected to
an influx of Mississippi River sediments on two separate occasions.
Construction of levees along the Mississippi River has eliminated
floodwaters from the region and at present no sediments are being
introduced into the project area.

17. Subsidence. Progressive subsidence and downwarping
have been occurring in the project area since the end of the
Pleistocene period. The Pleistocene surface has been downwarped
towards the south and west from zero at the Pleistocene outcrop
on the north side of Lake Pontchartrain to a depth of about
500 feet at the edge of the continental shelf about 80 miles
south of New Orleans. The overall rate of subsidence in the
project area has been about 0.39 foot per century.

18. Investigations performed. General and undisturbed
type borings were made in conjunction with this project. In
addition, boring and geologic information from other sources
were available for interpretation of the physiography, subsurface,
and foundation conditions of the area.

19. PFoundation conditions. The subsurface, as shown on
plates 6 and 7, consists of Recent deposits varying in thickness
from about 50 feet between stations 25+00 and 130+00 to over
100 feet between stations 155+00 and 298+61.07 (the western limit
of the project). Underlying the Recent are sediments of Pleistocene
(Prairie formation) age. Generally, the Recent consists of a
surface layer, 12 to 20 feet thick, of very soft marsh clays
with peat and organic matter and have moisture contents averaging
about 360 percent. At the western end of the project, the marsh
deposits are overlain by a surface veneer of f£ill material consisting
primarily of silts and lean clays. The marsh deposits are underlain
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by very scoft lacustrine clays, interspersed with lenses and layers
of silt and sh=11 fragments, and have moisture contents of about
60 to 80 percent. The lacustrine deposits vary in thickness

from about 36 feet between stations 30+00 and 130+00 to at least
60 feet west of station 130+00. From station 20+00 to 141+00,

the lacustrine deposits are underlain by stiff to very stiff
Pleistocene clays with interspersed lenses of silt.

20. Mineral resources. O0il and gas production are not found
in the immediate vicinity of the project. However, further exploration
and production of these natural resources may take place in the
area, but will not be adversely affected by the project.

21. Conclusions. Because of the low shear strength of the
marsh and lacustrine deposits and the high compressibility of
some of the sediments, stability and settlement are major problems,
particularly west of station 150+00 where the depth to Pleistocene
increases considerably. 1In addition, the lakeside portion of
the project levee will be subject to wave attack.

SOILS AND FOUNDATIONS INVESTIGATION AND DESIGN

22. General. This part of the report covers the soils and
foundations investigation and design for the St. Charles Parish
lakefront levee and Bayou Piquant Drainage Structure. The project
is located approximately 500 feet south of the Lake Pontchartrain
shore and extends from the Bonnet Carre'’ Spillway east guide
levee to the western terminus of the Jefferson Parish lakefront
levee.

23. Field investigations. Undisturbed borings 5 inches
in diameter extending to approximate elevation -80.0 were made
at four locations along the levee baseline (stations 5+00, 105400,
205+00, and 296+50). General-type core borings, 1 7/8-inch
I.D., extending to approximate elevation -60.0 were made at ten
locations along the levee baseline (stations 1+85, 30+00, 55400,
80+00, 130+00, 155+00, 180+00, 230400, 255+00, and 280+00). These
boring data are shown on plates 8, 10 through 13, and 15 through 18.
Twelve general-type core borings, 1 7/8-inch I.D., extending to
approximate elevation -70.0 were made in the bottom of Lake
Pontchartrain in the recommended borrow area opposite the levee
alignment. These boring data are shown on plate 9. The locations
of the borings are shown on plates 2 through 4.
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24. Laboratory tests. Visual classifications were made
for all samples obtained from the borings. Water content determina-
tions were made on all cohesive soil samples. Unconfined compression
(UC), unconsolidated-undrained (Q), consolidated-undrained (R),
and consolidated-drained (S) shear tests and consolidation (C)
test.s were performed on representative soil samples from the
undisturbed borings. Liquid and plastic limits were also deter-
mined for these test samples. The logs of the undisturbed borings
and the results of the undisturbed tests are shown on plates
10 through 13 and 15 through 18.

25. So0il conditions. The subsurface along the project works
presented herein consists generally of 12 to 15 feet of peat
and highly organic clays overlying 50 to 80 feet of Recent deposits
of clays and silts which are underlain by a Pleistocene deposit
encountered at approximate elevation -80.0 at the Bonnet Carre'
Spillway east guide levee, at elevation -50.0 in the vicinity
of Bayou Piquant, and at elevation -70.0 at the Parish Line Canal.
In the vicinity of station 200+00, the top of the Pleistocene
is at about elevation -100. A generalized soil and geologic
profile is shown on plates 6 and 7. That portion of the subsurface
soils above the Pleistocene deposit which directly affect the
design of this project consist generally of the following:

[y

a. Station 0+00 (east end of project) to station 55+00.
The upper subsurface soils in this reacn are composed of very
soft organic clay down to elevation -2.0 underlain by a layer
of very soft peat to elevation -8.0, which overlies a layer of
very soft organic clay extending down to elevation -12.0, underlain
by a very soft clay layer with organic matter down to elevation
-15.0, which overlies a layer of very soft clay with silt lenses
extending down to elevation -40.0, underlain by a soft clay layer
with silt lenses down to elevation -55.0, and underlain by a
medium clay layer with silt and sand lenses down to elevation
-70 at the top of the Pleistocene formation.

b. Station 55+00 to station 140+00. The upper sub-
surface soils in this reach are composed of very soft organic
clay down to elevation -2.0, underlain by a layer of very soft
peat down to elevation -8.0, which overlies a very soft organic
clay layer extending down to elevation -21.0, underlain by a
layer of very soft clay with silt lenses down to elevation
-30.0, which overlies a soft clay layer with silt lenses extending
down to elevation -45.0, and underlain by a layer of medium clay
with silt lenses down to elevation 50.0 at the top of the
Pleistocene formation.

10
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C. Station 140+00 to station 298+61.07 (west end of
the project). The upper subsurface soils in this reach are composed
of very soft organic clay down to elevation -2.0, underlain by
a layer of very soft peat down to elevation ~-8.0, which overlies
a very soft organic clay layer extending down to elevation -15.0,
underlain by a layer of very soft clay with silt lenses down
to elevation -40.0, which overlies a soft clay layer extending
down to elevation -47.0, and underlain by a layer of medium clay
with silt lenses down to elevation -80.0 at the top of the Pleistocene
formation.

d. Bonnet Carre' Spillway east guide levee (from 200 feet
north to 300 feet south of station 298+61.07). The upper subsurface
soils in this reach are composed of a silt layer down to elevation
6.0, underlain by a layer of stiff organic clay down to elevation
3.0 which overlies a soft clay layer with silt lenses extending
down to elevation -20.0, and underlain by a layer of medium clay
with silt lenses down to elevation -80.0 at the top of the Pleistocene
formation.

26. Water contents of soils. The ranges of water contents
for the peats, organic clays, clays, and silts are as follows:
peat, 300 to 900 percent; organic clays, 150 to 300 percent;
clays, 40 to 100 percent; silts, 20 to 40 bercent; and the Pleistocene
clays about 40 percent or less.

27. Design and construction problems. The low shear strength
and highly compressible Recent foundation clays and peats, access
to the construction site, numerous existing streams which cross
the levee alignment and the potential dynamic and static wave
forces all combine to produce major design and construction problems
in the following areas of interest:

a. Types of protective and drainage works

b. Location of protective and drainage works
C. Stability

d. Floodwall type

e. Settlement

f. Sources of fill material

g. Methods of construction

h. Erosion protection

11
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28. Types of protective works. A conventional earthen levee
will be used along the entire length of the project, except in
the vicinity of the Bayou Piquant Drainage Structure where I-
type floodwalls will be constructed in the levee (sta. 27+08
to sta. 97+66 and sta. 101+94 to sta. 102+52) with the elevation
of the levee decreasing towards the structure until the height
of floodwall above ground dictates the use of inverted T-type
floodwalls (sta. 97+66 to sta. 99+30 and sta. 100+30 to sta.
101+94) which will tie into the structure. The drainage structure
and concrete inverted T-type floodwalls will be supported on
bearing piles.

29. Location of protective works. The alignment of the
protective works, as shown on plates 2 through 4, was located
a sufficient distance from Lake Pontchartrain to assure that
the normal retreat of the shoreline will not endanger the stability
of the levee within its project life. The drainage structure
was located a sufficient distance from Bayou Piquant to provide
adequate stability with respect to Bayou Piquant during construction.

30. Design considerations.

a. Method of construction. Several plans for construction
of the levee were considered as outlined in paragraphs 46 and
47 of this document. Based on the results of these studies,
the plan selected consists of constructing the levee in successive
1lifts utilizing hydraulic fill from adjacent borrow in Lake Pontchartrain
with shapeup following the final 1lift.

b. Cost estimates. To properly design a levee con-
structed with successive lifts of hydraulic fill, borings should
be made prior to placement of each lift to determine the design (Q)
shear strengths for that 1lift. In order to produce a relijiable
cost estimate at this time, a method to estimate the proper design
shear strengths for each lift had to be devised. Accordingly,
design shear strengths for lifts after the first are based on
an assumed gain in shear strength based on the consolidated-
undrained (R) test trend. These strengths, however, were reduced
because of lateral displacement of the levee. These two points
are discussed in detail in paragraphs 3la and 32.

31. Stability analyses.

a. Levees. The slopes and berm distances for the recom-
mended levee, using cross sections representative of existing
conditions along the levee alignment, were designed to resist
the following conditions: project hurricane still water level (eleva-
tion 10.0 from stations 0+00 to 140+00 and elevation 10.5 from stations
140+00 to 298+61.07) and assumed failure toward the landside. The

12
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stabilities of the first lifts were determined by the method

of planes using the design (Q) shear strengths shown on plates

10 through 13 and applying a minimum factor of safety with respect
to strength of approximately 1.3. The stabilities of subsequent
lifts were determined by the method of planes utilizing an assumed
gain in shear strength based on the consolidated-undrained (R)
test trend, i.e., 5 =C + P tan 13°, where s = design shear strengths,
C = cohesion based on (Q) test, P = increase in intergranular
pressure in the strata (based on the percent consolidation at

the time) due to the overburden, and 13° = friction angle based

on the (R) tests.

b. Stream closures. The slope and berm distances for
the recommended first 1ift of the stream closures were designed
for water at elevation 0.0 and to resist assumed failure towards
the flood side for the construction period. Even though the
SPH could occur during construction, it would be more economical
to repair the failure, if one should occur, than to build the
closure wide enough to provide a factor of safety of 1.3 with
the water at elevation ~6.0 on the flood side. However, the
ultimate stream closure configuration was designed for the most
critical design hurricane condition, i.e., water at elevation -6.0
on the lakeside and the prevention of assumed failure towards
the lakeside.

in shear strength, based on the calculated bercent consolidation,
was used in designing 1ifts subsequent to the first. The determina-
tion of 60 percent was based on data relative to lateral and
vertical movement of the foundation of Test Section IIT - East
Atchafalaya Basin Protection Levee, station 1396+50 (see plate

19). The data bPresented on plate 19 is the only available data

and was used in establishing the percent of computed gain in

shear strength to be used for design.

33. Levee configuration. The configuration of the ultimate
levee section, based on an assumed gain in shear strength, for the
reach with the worst soils foundation (station 140+00 to station
298+61.07) and the location of the hydraulic fill retention dikes
relative to the centerline of the levee were designed for a minimum
factor of safety of 1.3. Even though the foundation soils are
slightly better in the reach extending from station 0+00 to station
140+00, the location of the retention dikes and the configuration
of the ultimate levee section, which was designed for the worst
reach, were used for the entire length of the Project because
of the uncertainty of determining the gain in shear strength

‘13
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and the lack of information on the magnitude of lateral movement
of the foundation soils. Consequently, in the reach with the
better foundation soils, the lifts can be constructed to higher
grades; fewer number of lifts will be required to construct the
levee to gross grade; and the minimum factors of safety of the
ultimate section are more than 1.3. PFurther, the configuration
of the ultimate section was not changed for the reach with the
better foundation soils. Should additional boring and testing
indicate that the ultimate section can be reduced, only the protected
side configuration may be reduced inasmuch as the flood side
configuration is based on requirements relative to wave runup.
The magnitude of the protected side configuration reduction would
_be relatively small and the reduction could be accomplished with
little difficulty.

34. Levee termination at Bayou Piquant Drainage Structure.
The configuration of the levee at the drainage structure is
designed for a hurricane condition of flood side water at elevatlon
-6.0 and the prevention of assumed failure towards the flood
side channel. The stability of the first 1lift was determined
~ by the method of planes using the design (Q) shear strength shown

on plate 11 and applying a minimum factor of safety with respect

to strength of approximately 1.3. For all subsequent 1lifts,
an assumed gain in shear strength was utilized as discussed in
paragraphs 3la and 32. The configuration of the levee termination
at the structure is shown in plan on plate 47.

35. I-type floodwall stability.

a. The stability and required penetration of the steel
sheet pile below the ground surface were determined by the method
of planes using the consolidated-drained (S) shear test results,
i.e., C =0, = ¢5 = 23°. A factor of safety of 1.25 was applied
to the friction angle as follows:

-1l stan ¢ available
= t
bq an (factor of safet

was used to determine Kp and Kp values as follows: Ky = tan?

(45° - fg.; Kp = tan? (45° + f%). Using KA and Kp values and
2

). The developed friction angle
Y

the effective unit weights, net horizontal water and earth pressure
diagrams were determined for movement toward each side of the

sheet pile. The summation. of the horizontal forces on the protected
side was equated to the summation of the horizontal forces on

the flood side for various tip penetrations. At these various tip
penetrations, summations of overturning moments were determined.

The required depths of penetration were determined as those where

the summation of moments was equal to zero. Sufficient (Q) stability
analyses were performed to confirm that the (S) case governed

for design. The analyses are shown on plate 6]1.

14
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b. The results of tidal hydraulic analyses indicate
that the floodwalls will be subjected to the pPressure and forces
imparted by broken and breaking waves. In the stability analyses,
the wave effect was applied as a line force acting through the
centroid of the dynamic wave pressure distribution diagram (see
pPlate 61). The static water pressure diagram resulting from
wave action was considered effective only to the top of the
impervious clay layer, inasmuch as the period of time the wave
will exist is too short to allow water bressures to become effective
in the impervious soil layer. The aforementioneqd analyses were
used for design. However, tip penetrations were alsgo determined
for the static water bressure diagram, resulting from wave action,
effective through the clay fill to the tip of the sheet pPile
(see plate 62).

36. Inverted T-type floodwall and drainage structure sheet
pile cutoff. Inverted T-type floodwalls on bearing piles will

render the I-type floodwall impracticable. »a steel sheet pile
cutoff will be used beneath the T-wall to Provide protection
against seepage. The drainage structure will be a concrete structure

Pile cutoff. The analyses of the stability ana required penetration
of the steel sheet pile cutoff are pPresented on plate 59.

37. Foundations for Structures. Twelve-inch square Prestressed
concrete piles will be used to support the T-type walls and the
drainage structure. Design compression and tension capacities
versus tip elevations were developed for treated timber and 12-
inch square concrete piles. Design data were determined for
the (Q) and (S) shear strengths. 1In compression, a factor of
safety of 1.75 was applied to the shear strengths and a conjugate
stress ratio (KO) = 1.0 was used in the (S) case for determining
the normal Pressure on the pile surface. 1In tension, a factor
of safety of 2.0 was applied to the shear strengths and a conjugate
stress ratio (Kg) = 0.70 was used in the (S) case. Further, pile
design loads versus tip elevations are bresented for 16-inch
Square concrete piles for the (S) case only, inasmuch as the
(S) case governed for design. The results of pile design loads
versus tip elevations are shown on plate 57. Pertinent data
relative to levee and floodwalls are shown in table 1. The stability
of the drainage structure, relative to failure of the soils foundation
for the hurricane condition with water to elevation 10.5 on the
flood side and to elevation -1.5 on the bProtected side, was determined
using the design (Q) shear strengths. The results of the stability
analyses are shown on plate 60.
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TABLE 1

LOCATION AND TYPE OF PROTECTIVE WORKS

Elev. of
Sheet Pile Tip Elev. Base
T-Wall T-Wall
Top Elev. or or
Station Wall Levee I-Wall Structure Structure
0+00 to 97+08 12.0
97+08 to 97466 12.5 -9.0 - -
97+66 to 98+30 12.5 - ~-17.0 -1.0
98+30 to 98+55 12.5 - -17.0 -4.0
98+55 to 99+05 12.5 - -17.0 -5.5
99+05 to 99+30 12.5 - -20.0 -8.5
99+30 to 100+30 . 12.5 - -20.0 -9.5
100+30 to 100+55 12.5 - -20.0 -8.5
100+55 to 101405 12.5 - -17.0 ~5.5
101+05 to 101+30 12.5 - -17.0 -4.0
101+30 to 101+94 12.5 - -17.0 -1.0
101+94 to 102+52 12.5 -9.0 - -
102+52 to 140+00 12.0
140+00 to 298+61.07 12.5

38. Settlement. Estimates of settlement beneath the levee
were made based on consolidation test data from undisturbed borings.
Settlement analyses consisted of developing curves of: void
ratio (e) and compression index (C.) versus depth; load (P) versus
void ratio (e); load (F) versus settlement (p); and percent consoli-
dation (U,%) versus time (t) for the strata in which consolidation
will occur. The aforementioned curves applicable to boring 10-U
are shown on plate 14. Inasmuch as the insitu foundation soils
for borings 2-U and 6-U are relatively similar to 10-U, the curves
shown on plate 14 were used to determine the settlement from
stations 0+00 to 55+00 (boring 2-U) and from stations 55+00 to
140+00 (boring 6-U) with adjustments in the magnitude of settlement
being made to compensate for the differences in strata thickness,
in void ratios (e) and compression indices (Cc). The computed
settlement was increased by 25 percent to include the effect
of possible lateral displacement of the foundation and consolida-
tion of the fill. The determination of 25 percent was based
on information contained on plate 19. Because the project area
foundation soils are considered to be less critical than the
Atchafalaya Basin soils, the 25-percent increase in settlement
was assumed for both lateral movement of the foundation and
consolidation of the fill, rather than only lateral movement
of the foundation as indicated on plate 19. The I-type floodwalls
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will be constructed 2 feet above net grade to allow for settlement
of the underlying foundation. Estimated ultimate settlements,
including settlement during construction, of the earth levees

are shown in table 2.

TABLE 2

ESTIMATED SETTLEMENT OF LEVEE

Lift Elevation Settlement (ft.)
No. Type Crown Base Base

Stations 0+00 to 55+00

0 0] 0
1 Hyd fill 10.0 -7.7 7.7
2 Hyd fill 13.0 -9.7 9.7
3 Shape 14.0 -14.2 14.2
Ultimate 12.0 -16.0 16.0
Stations 55+00 to 140+00
0 (0] 0
1 Hyd fill 10.0 -6.0 6.0
2 Hyd fill 13.0 -8.5 8.5
3 Shape 14.0 -12.5 12.5
Ultimate 12.0 -14.0 14.0
Stations 140400 to 298+61.07
0 0] 0
1 Hyd fill 7.0 -5.7 5.7
2 Hyd fill 9.5 -7.1 7.1
3 Hyd fill 11.0 -9.8 9.8
4 Hyd £il11 12.0 -12.9 12.9
5 Shape 13.5 -15.6 15.6
Ultimate 12.5 -16.5 16.5

39. Sources of fill material. The levee will be constructed
of hydraulic fill material obtained from an adjacent borrow area
located in Lake Pontchartrain (see plates 2 through 4). Boring
logs and a geologic soil profile of the borrow area are shown
on plates 9 and 7, respectively. Shell to be utilized at the
structure site is also available from Lake Pontchartrain. Haul
material is available from the Bonnet Carre! Spillway to repair
damage which may occur to the final levee and to construct the
Bonnet Carre' Spillway east quide levee enlargement (see plate
65) .
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40. Method of construction.

a. Levee, station 0+00 to station 140+00. Construction
of the levee by conventional successive hydraulic lift and shapeup
methods utilizing adjacent borrow from Lake Pontchartrain will
begin at station 0+00 (east end of project) and progress westward
to station 140+00. A temporary opening shall be left in the
levee at Bayou Piquant to provide for interior drainage prior
to construction of the drainage structure. The first levee 1lift
will terminate at station 103+30; however, the flotation channel
will be constructed to Bayou Piquant as shown on plate 42. The
stream closures will be constructed concurrent with the levee.
See plates 39 and 40 for stage construction sections. Scheduling
of the second levee 1lift will be such that the construction at
station 90+80 to 101+30 will be coincident with the first 1lift
closure of Bayou Piquant and subsequent to completion of the
drainage structure construction (see plate 44).

b. Levee, station 140+00 to station 298+61.07. Con-
struction of the levee by conventional successive hydraulic lift
and shapeup methods utilizing adjacent borrow from Lake Pontchartrain
will begin at station 298+61.07 (west end of project) and progress
eastward to station 140+00. Stream closures will be constructed
concurrent with the levee. See plate 41 for stage construction
sections.

c. Drainage structure . A flotation channel to elevation
-8.0 will be constructed through the structure site under the
contract for the first hydraulic lift west of Bayou Piguant (see
plate 42). Subsequent to completion of the first 1lift, the drainage
structure excavation and protection dike will be constructed
by cast method (see plate 43). If necessary, well points will
be installed, as discussed in paragraph 41, and the water will
be drawn down to elevation -11.0. The drainage structure, inverted
T-type floodwalls, and I-type floodwalls will be constructed
in the dry. The drainage structure complex will be scheduled
for construction during the 2-year interim between the first
and second hydraulic levee lifts.

d. Bayou Piquant closure. The Bayou Piquant closure
extends from station 90480 to station 98+30 (see plate 45). The
first 1lift of the closure will be constructed coincident with
construction of the second lift of the adjacent levee. The first
and second lifts of the closure will be hydraulic fill constructed
to elevation 10.0 and 13.0, respectively. The third 1lift will
consist of shaping the fill material to gross grade (same as
adjacent levee configuration).
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€. _Bonnet Carre' Spillway east guide levee enlargement.
The Bonnet Carre' Spillway east guide levee enlargement, to be
constructed of haul material from the Bonnet Carre' Spillway,
shall extend from 200 feet lakeward to 300 feet landward of station
298+61.07. The enlargement will consist of one 1ift constructed
to a gross grade of 14.0. See plates 5 and 23.

f. Consideration was given to constructing the stream
closures with shell cores, however the recommended hydraulic
lift method was more economical and practicable.

41. Drainage structure dewatering during construction. In
order to construct the Bayou Piquant Prainage Structure in the
dry, well points may be required along the top of the excavation.
The well points would extend down to elevation -17.0 and will )
draw the water table down to elevation -11.0, which is 1.5 feet
below the bottom of the structure. Calculations for determining
the well screen elevations are shown on plate 58. Inasmuch as
the organic clay stratum located between the peat stratum and
the free water surface is considered impervious, seepage to the
well points will be horizontal and will originate from a line
source in Bayou Piquant. A Plan flow net of seepage from the
line source in Bayou Piquant to the well points at the structure
excavation is shown on plate 58. In addition to the conventional
manual flow net method, an equivalent circular flow net, developed
by a computer program based on the mathematical equation for
transforming radial flow to flow from a line source, is also
shown for comparison burposes and to check the adequacy of the
hand-drawn flow net. an approximate value of the equivalent

well radius (rw) is %-j/érea of rectangle.

42. Erosion protection. Erosion protection will not be
provided for damage from hurricane flood stages because af the
relatively short duration of hurricane flood stages and the resistant
nature of the clayey soils. However, because of the frequency
and duration of waves generated in Lake Pontchartrain by other
than hurricane winds and because of the proximity of the levee
to Lake Pontchartrain, erosion protection will be provided for
damage which could occur from waves generated by other than hurricane
winds. The erosion protection for the levee will consist of
2 feet of riprap placed on 0.75 foot of shell extending from
elevation 6.5 to elevation -2.8 along the lakeside slope of the
levee. 1In addition to the levee slope bProtection, erosion protection
will also be provided on the flood side slopes of stream closures
and will extend from elevation 0.0 to the bottom of the streams.
Locations of erosion protection are shown on plates 5 and 39
through 41. Further, 2 feet of riprap on 1 foot of shell will
be placed 20 feet on each side of the floodwall and will extend
from elevation 8.0 at the earth levee to elevation -6.0 at the
drainage structure (see plate 47).
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43. Settlement instrumentation. Settlement plates will
be installed at the centerline of the levee, at the top of bank
of the flood side flotation channel (120 feet from the centerline),
at the center of the flood side flotation channel (154 feet from
the centerline), and at the protected side toe of the flood side
retention dike (210 feet from the centerline). The settlement
plates, consisting of a 1/4-inch iron plate, 2 feet by 2 feet,
and a 1l-inch galvanized iron pipe welded in a vertical position
to the center of the top surface of the plate, will be located
at 500-foot intervals along the levee alignment. Legs, 2 feet
in length, will be welded on the corners of the iron plates and
driven into the ground to help maintain the galvanized iron pipe
in a vertical position. Because of the softness of the peat
stratum, extreme difficulty is anticipated in maintaining the
galvanized iron pipe in a vertical position. Therefore, the
settlement plates will be placed just prior to construction of
the second 1lift, and the height of fill placed during construction
of the first 1ift will be determined to sufficient accuracy by
locating the top of the peat stratum with hand-driven 2-inch
piston-type borings. Settlement observations for other than
the instrumented sections, will be made promptly after each 1lift
construction, 1 year later, and immediately prior to the next
lift. Settlement reference markers will be installed along the
structure walls to obtain data relative to vertical and lateral
movement.

44. Instrumented levee sections. Various measurement devices,
to obtain data on pore water pressure, settlement of foundation,
lateral movement of foundation, and consolidation of the fill
will be installed at two sections along the levee alignment (stations
80+00 and 205+00). The instrumented section at station 80+00
will provide data on that portion of the project having the better
soils foundation. The instrumented section at station 205+00 will
provide data on that portion of the project with the poorer soils
foundation. The measuring devices to be installed are slope
indicator wells, open-system piezometers, permanent bench marks,
surface reference hubs, deep settlement plugs, and settlement
plates. The settlement plates will be installed as discussed
in paragraph 43; the surface reference hubs will be installed
as soon as practicable after each 1lift; and all other instruments
will be installed as soon as practicable after completion of
the first 1lift. The locations of the instruments are shown in
plan and profile on plates 63 and 64.

45. Additional soils borings and tests. The ultimate design
sections presented herein are based on an assumed gain in shear
strength resulting from the overburden of the levee fill. Addi-
tional soils borings and tests will be made prior to each lift
subsequent to the first. Design analyses, utilizing the
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information obtained from the additional borings and the instrumented
sections, will be made and pPreparation of plans and specifications
for each 1lift will be based on these analyses. The analyses

will be submitted for review either Prior to or concurrent with
submission of the plans and specifications, as appropriate.

OTHER PLANS INVESTIGATED

46. Alternative construction plans considered. 1In addition
to the recommended construction Plan of conventional successive
hydraulic £ill 1ift and shapeup methods utilizing adjacent borrow
material from Lake Pontchartrain, various alternative plans were
considered, including: pumping sand from the Mississippi River
for the levee core, then topping with hauled material from the
Bonnet Carre' Spillway (Plan A); mucking out to elevation -15.0,
pumping sand from the Mississippi River for the levee core, then
topping with hauled material from the Bonnet Carre' Spillway
(Plan B); hauling material from the Bonnet Carre' Spillway for
the entire levee (Plan C); and mucking out to elevation ~-15.0,
pumping sand from the Mississippi River for the levee core,
then topping with conventional successive hydraulic fill 1lift
and shapeup methods utilizing adjacent borrow material from Lake
Pontchartrain (Plan D). Sufficient design analyses were accomplished
to determine that the most economical and practicable method
of construction is by conventional successive hydraulic fill
and shapeup methods utilizing adjacent borrow material from Lake
Pontchartrain. In addition to being more costly, the alternative
plans were considered less practicable for the following reasons:

a. The height to which the 1lifts could be constructed
would be less than the recommended plan because of the increase
in weight of the borrow material from the Bonnet Carre' Spillway
(Y= 120 1b./ft3) and the Mississippi River (y = 120 1b./£t3)
over that of the borrow material from Lake Pontchartrain (y = 100 lb./ft3),
thereby increasing the number of 1ifts and consequently the time
required to complete construction. Further, the additional weight
would increase the settlement of the foundation and could increase
the magnitude of lateral movement in the foundation.

b. Since Bayou Piquant must remain open until after

the drainage structure is completed and operating, a bridge would
be required across Bayou Piquant to provide access for hauling
material from the Bonnet Carre' Spillway to construct the levee
east of the drainage structure site. Subsequent to completion

of construction of the drainage structure, the bridge would have
to be relocated to provide access across the drainage structure
approach channel. Because of the poor soils foundation in the
area, providing access for hauling equipment across Bayou Piquant
and the approach channel would not be practical.
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c. Sufficient material is available in the Bonnet Carre'
Spillway to construct the levee; however, portions of the borrow
area would have to be drained and most of the borrow material
would have to be stockpiled and allowed to drain before it could
be hauled and placed in the levee. Further, the material would
have to be dumped and spread ahead of hauling until the levee
base is raised about 3 feet above natural ground surface before
hauling equipment could operate over the fill.

47. Alternative construction plans cost comparison. Desidn
sections, based on limited stability analyses, were developed
for the reach which has the poorest soils foundation (station
140+00 to station 298+61.07). For the purpose of comparison,
costs per linear foot of embankment were determined for the alternative
plans and the recommended plan and are presented in table 3.

TABLE 3

COSTS COMPARISON
Recommended Plan vs Alternative Plans

Costs per lin.ft.

Plan Cost/lin.ft. above recomm. plan
$ $
Recommended 245 -
(n) 488 243
(B) 457 212
(c) 521 276
(D) 305 60

DESCRIPTION OF PROPOSED STRUCTURES AND IMPROVEMENTS
48. Levee.

a. The general location of the St. Charles Parish
lakefront levee is shown on plate 1 and the detailed alignment
and profile are shown on plates 2 through 4. The levee is approxi-
mately 5.7 miles in length and is located on the south shore
of Lake Pontchartrain along the St. Charles Parish lakeshore
extending from the Bonnet Carre' Spillway east guide levee to
the western terminus of the existing Jefferson Parish lakefront
levee.
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b. The primary source of borrow for levee construction
will be the bed of Lake Pontchartrain. Material to be used in
the retaining dikes shall be cast from inside the levee foundation
area as shown on plates 39 through 41. Haul material to be used
in raising and shaping the Bonnet Carre! Spillway east guide
levee at the "tie-in" section shall be hauled from the Bonnet
Carre' Spillway in the vicinity of U. s. Highway 61.

€. The levee between stations 0+00 and 140+00 will
be constructed to final grade in two 1lifts and one shaping with
intervals of approximately 2 years between 1ifts and approximately
4 years between the final 1ift and shaping.

d. The levee between stations 140+00 and 298+61.07
will be constructed to final grade in four lifts and one shaping
with intervals of approximately 2 years between all lifts and
4 years between the final 1ift and shaping. The Bonnet Carre'
Spillway east guide levee will be enlarged from 200 feet north
to 300 feet south of station 298+61.07 in one 1lift.

49. Floodwalls. I-type floodwall will be constructed in
the vicinity of the drainage structure between stations 97+08
and 97+66, and between stations 101+94 and 102+52. T-type floodwall
will be constructed between stations 97+66 and 99+30, and stations
100+30 and 101+94. More detailed description and results of
the floodwall analyses and the embankments in which they are
located are contained in the Soils and Foundations Investigation
and Design section of this memorandum.

50. Drainage structure. The Bayou Piquant Drainage Structure
will be a reinforced concrete structure supported on prestressed
concrete bearing piles with steel sheet pile cutoff. The structure
will consist of eight 9- by 5-foot openings with combination
flap and vertical 1ift gates and will be constructed in the levee
alignment near Bayou Piquant between stations 99+30 and 100+30.

A one-lane bridge will be constructed to provide access across
the structure (refer to plates 66 and 67).

ACCESS ROADS

51. _Access roads. There are No access roads near the levee
rights-of-way and due to the natural ground elevations and pooxr
foundation soils in this area, it is not economical to construct
such roads. Levee construction will be performed from floating
plant eqguipment. Following completion of the first lift levee,
the access channel for floating plants will not be constructed
nearer than approximately 400 feet from the levee toe except
for construction of the Bayou Piquant Drainage Structure entrance
and outlet channels. Subsequent to the final levee lift and
shaping, shell and riprap to be used for slope protection will
be hauled and placed utilizing the completed levee for access.
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STRUCTURAL DESIGN

52. Criteria for structural design. The structural design
complies with standard engineering practice and criteria set
forth in Engineering Manuals for Civil Works construction published
by the Office, Chief of Engineers, subject to modifications indicated
by engineering judgment and experience to meet local conditions.
The criteria and calculations for structural design of the Bayou
Piquant Drainage Structure are presented herein as appendix C.

.53. Basic design data.

a. Head differentials. The maximum wind tide elevations
due to the design hurricane are as follows:

Stillwater Elevations

Flood side Protected side Differential
Max. direct head 10.5 -1.58 12.08

Max. reverse head -7.0 1.45 8.45

b. Wave loads. Wave loads on the structure were calculated
in accordance with "Technical Report No. 4 (Third Edition - 1966),
Shore Protection, Planning and Design" by the U. S. Army Coastal
Engineering Research Center, and these calculations are shown
in appendix C, figures C-1 through C-6.

‘ c. Top of walls. The tops of the gate monoliths,
T-wall monoliths, and I-wall monoliths are at elevation 12.5,
which is 2 feet above the maximum wind tide level. The concrete
for the I-wall monoliths will be placed after initial settlement
of the levee fill. A precast concrete cap 12 inches high will
be bonded to the top of the concrete I-wall with epoxy resin.

d. Unit weights.

Item Lb. per cu.ft.
Water 62.5
Concrete 150

Steel 490
Saturated riprap 110
Submerged riprap 47.5
Saturated shell 90
Submerged shell 27.5
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e. Horizontal loads. (equivalent fluid pressure)

Item Lb. per cu.ft.
Water 62.5
Saturated riprap 55
Submerged riprap 23.75
Saturated shell 45
Submerged shell 13.75

Earth pressures on I-wall, see plate 72

f. _Design load conditions. The load conditions used
for design are as follows:

(1) Case 1. Dead loads only, no backfill or waterloads.

(2) Ccase 2. Water elevation 10.5 on flood side
and -1.58 on protected side, live loads on bridge, full uplift
with impervious sheet pile cutoff and net horizontal force on
cutoff exerted at bottom of base.

(3) cCase 3. Same as case 2 except sheet pile cutoff
pervious and no horizontal force exerted on cutoff.

(4) cCase 4. Water elevation -7.0 (or at bottom
of base) on flood side and elevation 1.45 on protected side,
full uplift with impervious sheet pile cutoff, and dead loads
on bridge.

(5) Case 5. sSsame as case 4 except sheet pile cutoff
pervious.

(6) Case 6. Same as case 2 plus net pressure from
wave loading (increase allowable stresses and pile loads by 1/3).

(7) cCase 7. Same as case 3 plus net pressure from
wave loading (increase allowable stresses and pile loads by 1/3).

Since cases 6 and 7 include wave loads, they are Group II loadings
and allowable stresses will be increased accordingly.

g. Bridge. The drainage structure includes a one-—
lane bridge designed in accordance with AASHO requirements for
an H-10 loading for a single truck and an impact coefficient
of 0.3. Refer to paragraph 58.

54. Allowable working stresses. The allowable working stresses
for concrete, reinforcing steel, and steel sheet piling comply
with the provisions of "Working Stresses for Structural Design,"
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EM 1110-1-2101, dated 1 November 1963. Prestressed concrete

piling will be specified to have a basic minimum compressive

strength of 5,000 p.s.i. and all other structural concrete will

have a minimum compressive strength of 3,000 p.s.i. at 28 days.

Steel sheet piling will conform to the requirements of ASTM A328~

67, "Standard Specifications for Steel Sheet Piling." For convenient
reference, pertinent basic allowable stresses are tabulated below:

Reinforced concrete Stress - p.s.i.

]

fC - 3,000

£ 1,050
c

Ve (without web reinf.) 60

Ve (with web reinf.) 274

fc (reinf. steel) 20,000

Minimum tensile reinforcing steel = .0025bd or 0.44 sq.in. per ft.

Shrinkage and temperature reinforcing steel = .002bt or 0.44
sq.in. per ft. in each face.

Modular ratio, n = 9.2
Basic stress steel sheet piling = 18,000 p.s.i.

55. Drainage structure.

a. The Bayou Piquant Drainage Structure will be constructed
in a gap to be left open during construction of the new levee
embankment. The structure will be located approximately 600
feet west of Bayou Piquant which is one of the principal natural
drainage channels for the area. The drainage structure will
be constructed during the interval between construction of the
first and second lifts of the levee embankment. The drainage
structure construction contract will include excavation from
elevation -8.0 to elevation -12.0, excavation for the new drainage
channel, the shell backfill, and the riprap along the structure
(see plates 42, 43, and 66). Earth backfill along the wall and
the closure of Bayou Piquant will be included in the contract
for the second lift of the levee embankment.

b. The drainage structure will have eight rectangular
openings 9 feet by 5 feet with inverts at elevation -5.5 as
shown in plan and profile on plate 67. Typical cross sections
of the structure monoliths are shown on plates 63 (gate monolith),
70 and 71 (T-wall monoliths), and 72 (I-wall monolith).
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c. Because of the relatively large gate openings required
in the stems of the gate monoliths, buttresses have been added
at each end of these monoliths. The buttresses together with
the bridge piers at the center of each of these monoliths, will
provide adequate support in bending and shear for the stems.
Typical computations for the required areas of reinforcing steel
are shown for monolith S-10 in figures C-8 through C-25.

56. Foundations.

a. The results of subsurface explorations, soils tests,
and foundation studies are presented in the Soils and Foundations
Investigation and Design section of this report. Due to the
poor foundation soils in the vicinity of the drainage structure
site, the existing material will be removed to elevation -12.0
and backfilled with shell as shown on plates 42 and 43.

b. Prestressed concrete piles 12 inches square by 70
feet long will be used to support the structure monoliths as
shown on plate 68. Steel H-piles (12BP53 x 79') were investigated
for use on this structure and the initial cost of the steel piles
would be approximately $9,000 less than the cost of prestressed
concrete piles. However, the concrete piles were selected because
of the proximity of the pile heads to the water table in some
locations and the consequent susceptibility to corrosion of steel
piles in the regions. Allowable pile design loads and moduli
of subgrade soil reaction are shown on plate 57. Since the
Hrennikoff method of batter pile analysis was used to check
the pile loads (determined by the Culman method of graphical
analysis) and since only one value of subgrade soil reaction
can be used with this method, an average value of 135 p.s.i.
was selected. The sheet pile cutoff stability analysis and computa-
tion of the unit forces exerted on the bases of the structure
monoliths by the sheet pile cutoff are shown on plate 59. Computa-
tions for required section of sheet pile for cutoff are shown
on figures C-28 and C-29.

C. The I-wall stability analysis is shown on plates
61 and 62, and the I-wall design analysis is shown on plate 72.
Since the I-wall had been designed prior to addition of the
bridge across the structure, the I-wall was designed with backfill
at elevation 6.5. When the bridge was added, the I-wall was
shortened and resulted with the minimum final backfill at elevation
7.0. Since this change would reduce the loading on the I-wall,
a reanalysis was not made.
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57. Gates. The drainage structure will have eight identical
combination flap and vertical 1lift gates which will be used
to provide a total possible opening of 360 square feet. The
flaps will be made of cast steel conforming to the requirements --
of ASTM designation A-216-66, grade WCB, "Specification for Carbon
Steel Castings Suitable for Fusion Welding for High Temperature
Service." The gates will include movable frames with steel vertical
stems, bronze seating faces, bronze hinge bolts, bronze bushings,
and stainless steel anchor bolts and nuts. The gates will be
designed to withstand a 20-foot seating head and have double
hinged leaves. The slide frames will be seated on flush-type
cast steel thimbles set in the concrete structure. Concrete
brackets at the top of the wall will support the gate hoists.
The combination flap and lift gates with guides and lifts are
shown on plate 73. The gate frames will be approximately 11
by 7 feet. The vertical 1lift feature is provided to facilitate
cleaning and maintenance of the gates without unwatering the
structure.

58. Bridge. A one-lane concrete bridge was designed for
a single H-10 truck in accordance with AASHO specifications to
connect the levees on each end of the drainage structure. The
bridge roadway will facilitate emergency floodfighting, normal
inspection of the levees, and routine maintenance of the levees
and the gates. If a bridge were not built across this structure,
it would be necessary to travel approximately 25 miles to go
around the structure to get from one side to the other. The
bridye will be 4 feet below the top of the wall and will have
a concrete curb and pipe handrail along the edge away from the
structure wall. Design computations for the bridge are shown
on figures C-23 through C-29.

59. Settlement. The maximum anticipated settlement of the
levee and I-wall is included in the Soils and Foundation Investigation
and Design section of this memorandum. The top elevation of
the sheet piling for the I-wall will be adjusted to a gross
grade to allow for the anticipated future settlement. The concrete
on the I-wall will be placed after initial settlement of the
levee fill. The monolith joints of the I-wall and the joints
between the I-wall and T-wall monoliths will be designed to slip
in order to permit settlement without producing excessive stress
concentrations in the concrete.

60. Gate hoists.

a. General. Each of the eight gates, because of their
size, will have two stems. Two floor stands for each gate will
be mounted on concrete wall brackets and interconnected with
a shaft to provide synchronous operation of the stems. Operation
will be accomplished by a portable gasoline engine-driven operating
unit. The arrangement of the lift equipment is shown on plate 73.
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b. Descrigtion.

(1) Stem. Gate stems will consist of 3-inch diameter
cold-rolled steel with acme screw threads. Stem guides will
be provided to allow an unsupported length of 8.5 feet between
the top of the gate and the guide.

(2) Floor stand. A commercially manufactured two-
speed floor stand with ratios of 6.7:1 (high speed) and 20:1 '
(low speed) will be selected. Each floor stand will have a stem
diameter of 3 inches and an approximate capacity of 38,000 1b.
based on operating a 15-inch handle on the low speed shaft with
a 40-1b. effort. The two floor stands for each gate will have
an interconnecting shaft to provide synchronous operation. One
floor stand for each gate will have an input pinion shaft at
a right angle to the interconnecting shaft to allow operation
from the walkway. The walkway handrail will be removable to
provide access to the floor stands.

(3) _Portable operating unit. Since the gates will
be hoisted for maintenance purposes only and electric poweyr is
not available in the immediate vicinity, operation by electric
motor is not justifiable. Instead, operation will be accomplished
by a portable operating unit consisting of a gasoline engine,
reversing transmission, gear reduction drive unit, and overload
release clutch. A movable adaptor bracket with a requirement
of minimum adjustment for alignment will be provided on the
floor stand to mount the portable operating unit. The bracket
will swivel out of position to allow hand crank operation in
the event of breakdown of the portable unit.

c. Design data.

(1) Hoisting load. The hoisting load will consist
of the weight of the gate plus the seal friction. Design conditions
for lifting the gates are water elevation 2.0 on the flood side
and elevation 0.0 on the protected side.

-
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Diagram for Hoisting Load Computations
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size of gate = 10 ft. by 6 ft. on flood side
9 ft. by 5 ft. on protected side
weight of gate and stem = 19,000 lb.
coefficient of seal friction = 0.3
water load = Py - P,

[1/2x(2+8)x62.5%x6x10] - [1/2x(0.5+5.5)x62.5x5x%9]
10,300 1b.

seal friction = water load x coefficient of friction
10,300 1b. x 0.3
3,090 1b. (Round to 3,100 1b.)

total load weight of gate + seal friction
19,000 1b. + 3,100 1lb.

22,100 1b.

load on each stem 22,100 1lb. + 2

11,050 1b. (Round to 11,100 1b)

(2) Floor stand.

capacity = 38,000 1b. (based on operating a 15-inch handle on the
low speed shaft with a 40-1b. effort)

ratios 6.7:1 (high speed)

20:1 (low speed)

stem load x 40 1lb.
38,000 1b.

effort required for each floor stand =

= 11,100 1b. x 40 1lb.
38,000 l1b.

11.7 1b.

input torque to each floor stand =11.7 1b. x 15 in. = 14.6 ft.-1b.
12 in./ft.

(3) Portable operating unit. Since the low speed
shafts of two floor stands will be interconnected and coupled
to the portable operating unit, the torque required to hoist
the gate is:

14.6 ft.-1b. x 2 = 29.2 ft.-1b.

The operating unit will deliver approximately 50 ft-lb. of torgque
at 100 r.p.m.
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(4) _Gate operating time . The gate operating time: ,
is based on the output speed of the operating unit, the low speed
ratio of the floor stand, and the lead of the threaded stem.:

The stem threads will be single acme with three threads per inch.

RxTxD

gate operating time =
n

where R = low speed ratio of floor stand

T = turns of stem nut per foot of gate travel

D = gate travel, ft.

n = input r.p.m. to low speed shaft of floor stand
. , 20 .

gate operating time = ——5%%%§—§

61.2 minutes

(5) Wall bracket. The maximﬁm thrust on the concrete
wall bracket is computed as follows:

_ Wfi + D.L.
2

where F = maximum thrust

water load on gate = 10,300 1b.

coefficient of starting friction = 0.7

coefficient for impact = 1.2

.L. = dead load consisting of gate, stem and floor
stand = 19,400 1b.

O bk Hh =
Il

(10,300)X(0.7)X(1.2) + 19,400
2 .

14,000 1b.

(6) Stem. The stems were considered as long columns
with calculations relative to buckling as follows:

P _ 72 E

A T 1 /32

A (k 1 /r) (Eulers Column Formula)
where P = ultimate buckling load

E = modulus of elasticity = 29,500,000 p.s.i.

K = end condition factor = 0.7

1 = unsupported length in inches = 102 in.

r = radius of gyration = 0.62 in.

A = area at root of thread = 4.84 sqg.in.

p = (3.142)2 (29,500,000) (4.84)

[(0.7) (102)/(0.62)]12

P = 107,000 1b.
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The following condition must be satisfied to avoid buckling:
Pz_(floor stand capacity) x 2
107,000 > 76,000

Therefore, the stem is adequate

6l. Corrosion control.

a. General. The rate of corrosion of iron or steel
structures in water is controlled largely by the concentration
of dissolved salts and the amount of dissolved oxygen in the
water. Further, corrosion of iron may produce soluble iron salts
which easily hydrolyze to produce acid solutions and increase
the corrosive effect.

b. Water characteristics. Salt water intrusion into
Lake: Pontchartrain is via the Rigolets and Chef Menteur Passes
and the Mississippi River-Gulf Outlet (MR-GO) via the Inner Harbor
Navigation Canal (IHNC), all of which are located eastward of
the proposed site. Major fresh water flow into Lake Pontchartrain
is from Lake Maurepas, which is west of the site, and the rivers
and bayous on the north side of Lake Pontchatrain. Additional
fresh water is pumped into the lake from the drainage systems
of Jefferson and Orleans Parishes. Records for the period 1962
to 1968 reveal that salinity observations made in the vicinity
of the proposed site show chloride concentrations varying from
50 to 6,000 parts per million (p.p.m.). The samples obtained
exceeded 1,000 p.p.m. 50 percent of the time. Chloride concentrations
in this area of the lake vary according to the volume of fresh
water inflow, increasing during periods of drought and decreasing
with heavy rain over the basin. Therefore, it is anticipated
that the water landside of the gates will be fresh since the
structure and connecting levees will eliminate the influx of
saline water into the project area. The salinity data obtained
for the period 1962 to 1968 are shown in appendix D. The locations
of the sampling stations are-shown on plate D-1 of appendix D.

c. Corrosion mitigation.

(1) The influx of saline water results in low-
resistance water and establishes an environment where ferrous
metal components on the lakeside of the gate will be subject
to a higher rate of corrosion than those components on the landside.
Therefore, in order to provide normal protection against corrosion,
a vinyl paint system of 7.5 mils thickness will be used on both
sides of the gates and frames. In addition, zinc anodes will
be installed on the lakeside of the gates to combat the higher
rate of corrosion that will obtain thereon.
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(2) The anodes will be high purity zinc, rated
335 ampere-hours per pound at 90 percent efficiency with a solution
potential of -1.10 volts relative to a reference half-cell.
The system will consist of three 5-1b. condenser type anodes
bolted to each gate and designed to provide polarization potential
of ~0.85 volts. The number and size of the anodes were selected
to obtain a 10-year life and insure current distribution to shielded
areas of the gate. Since the gates can be raised, inspection
and maintenance of both the anodes and the paint coating will
be facilitated. Details of the anodes and mounting are shown
on plates 73 and 74.

(3) Calculations. Cathodic protection provided
for the flap gates and frames will be sacrificial metal type
anodes. These anodes will supplement 7.5 mils of vinyl paint
and are designed to protect only the lakeside of the gate.

Protection potential: -0.85 volts to a copper sulfate
reference electrode

Anode: High purity zinc, condenser type, rated 335 amp.
hrs/lb @ 90% eff.

Driving potential: 0.25 volts relative to polarized cathode
Current density: 0.0003 amp/sq.ft. for painted surfaces

Approximate area of gate and frame = 11'x7' = 77 sq.ft.

"I" required = (77) (.0003 amp/sq.ft.) = 0.0231 amperes

(0.0231) (8,760 hrs/yr)
335 amp~hr/1b

lbs. of zinc/yr = = 0.604 1lbs/yr

No. of anodes for 10-yr life = (0.604 lbs/yr) (10) = 1.21 anodes

5 lbs/anode

Use 3 anodes for symmetry and proteétion of shielded areas
between the gate webs.

SOURCES OF CONSTRUCTION MATERIALS

62. BSources of construction materials. In addition to the
information presented in this memorandum relative to borrow area
locations and materials, information relative to materials sources

is also contained in Design Memorandum No. 12, "Sources of Construction

Materials," dated 27 June 1966, approved 30 August 1966.
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COORDINATION WITH OTHER AGENCIES

63. General. As previously mentioned, the State of Louisiana,
Department of Public Works was appointed project coordinator
for the State by Governor McKeithen. This agency has functioned
to coordinate the needs, desires, and interests of state agencies
and the Corps of Engineers. The Orleans Levee District will
provide the local cooperation for all features of the project
other than those located in St. Bernard Parish. The project
plan presented herein is acceptable to both of the above agencies.

64. U. S. Department of the Interior, Fish and Wildlife
Service. Extensive coordination with the U. S. Fish and Wildlife
Service was accomplished during preauthorization studies and
subsequent to authorization of the project. By letter dated
2 April 1968, the Regional Director, U. S. Fish and wildlife
Service, Atlanta, Georgia was informed of the current layout
for the Lake Pontchartrain Barrier Plan feature of the Lake
Pontchartrain, Louisiana and Vicinity hurricane protection project
and requested to furnish views and comments on the entire Lake
Pontchartrain Barrier Plan. By letter dated 15 May 1968, the
Acting Regional Director states "...We are of the opinion that
hurricane control structures in the Rigolets and Chef Menteur
tidal passes will have little appreciable effect on salinities
in Lakes Maurepas, Pontchartrain, and Borgne. Therefore, no
adverse effects on fish and wildlife resources in these areas
are expected." Any significant modification to the current
plan will be forwarded to the Regional Director for further
review and comment. Copies of the above letter and the response
of the Acting Regional Director are included in appendix B.

65. U. S. Department of the Interior, Federal Water Pollution
Control Administration.

a. By letter dated 8 April 1968, the Regional Director,
Federal Water Pollution Control Administration, was informed
of the current layout for the Lake Pontchartrain Barrier Plan
feature of the Lake Pontchartrain, Louisiana and Vicinity hurricane
protection project and requested to furnish views and comments
on the entire Lake Pontchartrain Barrier Plan. The Regional
Director requested in his letter of response dated 15 May 1968
that consideration be given to the following:

(1) Minimizing water quality degradation during
construction.

(2) Minimizing the accidential spillage of petroleum

products or other harmful materials and maintenance of sanitary
facilities to adequately treat domestic wastes.
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(3) Constructing and operating water quality control
structures so as to insure that ecological conditions remain
unchanged.

b. Provisions relative to water quality degradation
during construction, control of accidental spillages, and malntenance
of adequate sanitary facilities by construction contractors
will be incorporated into the construction plans and specifications.
The Seabrook Lock will be operated to provide a desirable salinity
regimen in Lake Pontchartrain to the end that deleterious alterations
in the lake ecology will be avoided. The Regional Director has
been advised of the action to be taken in connection with his
comments. Copies of correspondence with the Regional Dlrector
are included in appendix B.

66. State of Louisiana, Department of Public Works. The
Chief Engineer, State of Louisiana, Department of Public Works
was informed of the proposed plan for the St. Charles Parish
lakefront levee feature of the Lake Pontchartrain, Louisiana
and Vicinity hurricane protection project and requested to furnish
views and comments thereon. By letter dated 30 July 1969, the
Chief Engineer recommended that the proposed drainage ditch
be located a minimum of 1000 feet landward of the levee centerline,
and that an additional drainage structure be constructed in the
lakefront levee about midway between the proposed Bayou Piquant
Drainage Structure and the Bonnet Carre' Spillway east guide
levee. By letter dated 7 August 1969, the Chief Engineer was
advised that we now propose to locate the collector ditch 1000
feet landward of the levee centerline. The Chief Engineer was
also informed that since our detailed hydraulic studies indicate
that the proposed Bayou Piquant Drainage Structure will be of
sufficient capacity to serve the project needs, an additional
drainage structure is not required. Copies of the above correspondence
are included in appendix B.

REAL ESTATE REQUIREMENTS

67. General. All rights-of-way for the St. Charles Parish
lakefront levee will be acquired by the Orleans Levee District
and furnished without cost to the United States. There will
be no acquisition by the United States. Rights-of-way limits
and spoil disposal areas are shown on plates 2 through 4.
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Par 68

RELOCATIONS

68. General. The authorizing act specifies that local interests,
prior to initiation of construction, give assurances to the
Secretary of the Army that they will accomplish all necessary
alterations and relocations to roads, railroads, pipelines, cables,
wharves, drainage structures, and other facilities required
for construction of the project. The relocations, as shown
on plate 3, required for construction of the project feature
presented herein are one 1l6-inch and one 30-inch gas pipeline
crossing at approximate levee centerline station 125+00. The
estimated cost for these relocations is $384,000, based on initially
raising the two pipelines on concrete piles to final grade.

Both ;pipelines are owned by the United Gas Pipeline Company.

ENVIRONMENTAL QUALITY

69. Environmental guality.

a. General. The engineering treatment required for
preserving and maintaining the environmental quality of the
project has been considered during preparation of this memorandum.
Specifically, levee erosion protection and corrosion mitigation
for the Bayou Piquant Drainage Structure are discussed herein
in paragraphs 41 and 60b, respectively. Further, as indicated
in paragraphs 64 and 65, extensive coordination has been accomplished
with ‘the appropriate agencies relative to effects of the project
on fish and wildlife resources and water quality control during
and subsequent to construction.

b. Enhancement. Construction of the protective works
covered herein will alter the existing terrain only to the extent
of superimposing a hurricane protection levee with regquired
contiguous features. Essentially all borrow material will be
obtained from Lake Pontchartrain. Additional beautification
measures beyond those which are normally associated with levee
construction; i.e., grading and sodding are not warranted.

ESTIMATE OF COST

70. General. Based on July 1969 price levels, the estimated
first cost for the St. Charles Parish lakefront levee is $15,700,000.
This -estimate consists of $742,000 for lands and damages, $384,000
for relocations, $12,497,000 for levees and floodwalls, $1,376,000
for engineering and design, and $701,000 for supervision and
administration. The detailed estimate of first cost is shown
on table 4.
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Par 71la

71. Comparison of estimates.

a. The current estimate of $15,700,000 for the Sst.
Charles Parish lakefront levee represents an increase of $5,416,000
over the latest PB-3 effective 1 July 1969. The estimate presented
in the PB-3 is based on the estimate included in Lake Pontchartrain,
Louisiana and Vicinity, Lake Pontchartrain Barrier Plan, General
Design Memorandum No. 2, Citrus Back Levee, approved 29 December
1967, and escalated to July 1969 price levels. Table 5 shows
a comparison of the project document, PB-3, and general design
memorandum estimates. Reasons for the difference between the
design memorandum and PB-~3 estimates are as follows:

(1) Levees and floodwalls. The net increase of
$4,724,000 is comprised of a decrease of $2,059,000 as a result
of eliminating the St. Charles Parish lateral return levee from
the authorized plan of protection and an increase of $6,783,000
which reflects the added cost for constructing the protective
works to higher net grades which resulted from hydraulic studies
utilizing more severe parameters for the SPH furnished by the
U. S. Weather Bureau subsequent to project authorization; an _
additional increase in the height of the protective works above
natural ground of approximately 1 foot resulting from releveling
by the U. S. Coast and Geodetic Survey which in 1965 disclosed
that the ground surfaces in the project area were about 1 foot
lower than they were considered to be when the project document
cost estimates were prepared; modifications in design cross
sections for the levee resulting from the increases in the height
of the protective works as described above; enlargement of Bonnet
Carre' Spillway east guide levee; inclusion of a vehicular bridge
across the drainage structure; inclusion of cembination flap
and vertical 1lift gates for the drainage structure in lieu of
only flap gates, as authorized.

(2) Engineering and design. The increase of $572,000
reflects the added E&D cost as a result of applying to the increased
construction cost an increased percentage based on recent experience
of E&l costs for similar-type projects.

(3) Supervision and administration. The net increase
of $114,000 reflects the added S&A costs as a result of applying
to the increased construction cost a smaller percentage based
on recent experience of S&A costs for similar-type projects.

(4) Lands and damages. The net decrease of $149,000
is comprised of a decrease of $205,000 as a result of eliminating
the St. Charles Parish lateral return levee from the authorized
Plan of protection and an increase of $56,000 which reflects
the detailed appraisals made during preparation of this memorandum.
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Par 7la(5)

{(5) Relocations. The increase of $155,000 reflects
general refinements in the cost estimate based on the more detailed
information available during preparation of this memorandum.

b. The estimate of $15,700,000 for the St. Charles
Parlsh lakefront levee also represents an increase of $10,001,000
over the project document estimate. Reasons for the difference
between the design memorandum and project document estimates
are as follows:

(1) Levees and floodwalls. The increase of $7,559,000
is comprised of $4,724,000 as described in paragraph 7la(l) above
and $2,835,000 as a result of updating the project document
estimate as shown in General Design Memorandum No. 2, Lake Pontchartrain
Barrier Plan, Citrus Back Levee and subsequent escalation of
the project document estimate to reflect July 1969 price levels
and using 20 percent contingencies in the PB-3 estimate in lieu
of the 15 percent used in the project document.

(2) Engineering and design. The increase of $1,174,000
is comprised of $572,C00 as described in paragraph 7l1a(2) above
and $602,000 which reflects an increased E&D percentage applied
to the increased construction cost contained in the current
PB-3.

(3)  Supervision ard administration. The increase
of $400,000 is comprised of $114,000 as described in paragraph
71a(3) above and $286,000 which reflects an increased S&A percentage
applied to the increased construction cost contained in the
¢éurrent PB-3.

(4) Lands and damages. The increase of $520,000
is comprised of the $149,000 decrease as described in paragraph
71la(4) above and an increase of $669,000 as a result of updating
the project document estimate as shown in General Design Memorandum
No. 2, Lake Pontchartrain Barrier Plan, Citrus Back Levee, and
Subseduent escalation of land costs for preparation of the current
PB-3.

(5) Relocations. The increase of $348,000 is comprised
of $155,000 as described in paragraph 7la(5) above and $193,000
as a result of updating the project document estimate as shown
in General Design Memorandum No. 2, Lake Pontchartrain Barrier
Plan, Citrus Back Levee, and subsequent escalation of price
levels for preparation of the current PB-3.

38



TABLE 4

LAKE PONTCHARTRAIN BARRIER PLAN
ST. CHARLES PARISH LAKEFRONT LEVEE

ESTIMATE OF FIRST COST

(August 1969 price levels)

Cost
acct. Estimated Unit Estimated
No. Item guantity Unit price amount
$ $
CONSTRUCTION
11 Levees and floodwalls
Levee embankmznt (haul) 4,600 c.y. 1.50 6,900
Levee embankment (hydraulic)
1st 1lift 6,029,700 c.v. 0.75 4,522,275
2d 1lift 1,791,700 c.y. 0.80 1,433,360
3d 1ift 910,500 c.y. 0.80 728,400
4th lift 709,606 c.y. 0.80 567,680
Shapeux 574,900 c.y. 0.60 344,940
Seeding 227.4 acre 75.00 17,055
Retaining dike (cast) 912,000 c.y. 0.40 364,800
Slope protection (haul)
Shell 67,800 c.y. 5.00 339,000
Riprap 159,800 c.y. 6.50 1,038,700
Subtotal 9,363,110
Contingencies 20%j_ 1,917,890
Subtotal, levee 11,281,000
Drainage ditch ,
Excavation 526,000 c.vy. 0.25 131,500
Contingencies 20%+ 26,500
Subtotal, drainage ditch 158,000
Drainsge structure
Excavation (hydraulic) 79,400 c.y. 0.80 63,520
Excavation (structure) 2,000 c.y. 2.00 4,000
Construction dewatering 1 job L.S. 100,000
Earthfill 1,200 c.y. 1.50 1,800
Shell; Aumped 24,750 c.y. 5.00 123,750
Shell fill & blanket 2,000 c.y. 7.00 14,000
Riprap 1,700 tons 12.50 21,250
Steel sheel piling (z-27) 8,450 s.f. 5.20 43,940
12x12 prestressed conc.
piles x 70°' 19,750 1.f. 7.00 138,250
Concrete; stab slab 92 c.y. 35.00 3,220
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TABLE 4 (cont'd)

Cost
acct. Estimated Unit Estimated
No. | Item quantity Unit  price amount
$ $
11 ZLevees and floodwalls (cont'd)
Drainage structure (cont'd)
Concrete; wall base 720 c.y. 45.00 32,400
Concrete; wall stem piers &
butt 550 c.y. 68.00 37,400
Concrete; bridge 160 c.vy. 90.00 14,400
Portland cement 1,700 bbls. 5.50 9,350
Steel reinforcement 135,000 1bs. 0.16 21,600
Gates, frames, & thimbles 8 ea. 26,000.00 208,000
Hoist machinery 1 job L.S. 35,400
Handrail 600 1.f. 8.00 4,800
Miscellaneous\metals 1 job L.S. 240
Bulb-type waterstops 285 1.f. 6.00 1,710
L-type waterstops 22 1.f. 10.00 220
1/2" expansion joint filler 950 s.f. 1.00 950
Cathodic protection 1 job L.S. 1,600
Subtotal 881,800
Contingencies 20%+ 176,200
Subtotal, drainage structure 1,058,000
Subtotal levees & floodwalls (cost account 11) 12,497,000
30 Engineering & design, 11s+ 1,376,000
31 Supervision & administration, 5.6%+ 701,000
Total levees and floodwalls 14,574,000
01 Lands and improvements
Campsite 1.0 acre 1,000.00 1,000
Swampland 102.0 acre 1,000.00 102,000
Marshland 66.0 acre 750.00 49,500
Marshland 604.0 acre 600.00 362,400
Spoil easement 140.0 acre 750.00 105,000
Improvements 3 camps L.S. 17,000
Severance ‘None
Subtotal land and improvements ng Goent - 636,900
Contingencies 15%+ 96,100
Real estate hired labor cost (approx. 45 tracts) 1,000
Acquisition cost by others (approx. 45 tracts) 8,000
Total lands and improvements 742,000
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TABLE 4 (cont'd)

Cost
acct. Estimated Unit Estimated
No. Item quantity Unit price amount
$ $
02 Relocations
16" gas pipeline 1 job L.S. 100,000
30" gas pipeline 1 job L.S. 175,000
Subtotal ) 275,000
Contingencies 20%+ 55,000
Subtotal 330,000
Engineering & design, 11%+ 36,000
Supervision & administration, 5.6%:_ 18,000
Total relocations 384,000

TOTAL PROJECT COST
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SCHEDULES FOR DESIGN AND CONSTRUCTION

72. Schedules for design and construction.

Par 72

The sequence of
contracts and the schedules for design and construction are shown'

below:
Estimated
Construction
Cost
Design Construction Includes
Contracts :Start Complete :Advertise:Award: Complete: Coritingencies

Levee, 1lst lift 1967 Jul 70
(Sta. 0+00 to
Sta. 140+00)

Levee, 1lst 1lift Dec 70
(Sta. 140+00 to

Sta. 298+61.1)

and spillway guide

levee enlargement

Drainage Jul 73
structure and
collector ditch

Levee, 24 1lift Jul 75
(sta. 0+00 to
Sta. 298+61.07)

Levee, 3d lift Mar 79
(Sta. 140+00 to
Sta. 298+61.07)

Levee, shapeup Mar 81
& seeding & slope

protection (sta.

0+00 to Sta. 140+00)

Levee, 4th 1lift : Mar 82
(sta. 140+00 to
Sta. 298+61.07)

Levee, shapeup Nov 86
& seeding & slope

protection (Sta.

140400 to

Sta. 298+61.07)

TOTAL

43

Jul 70 Aug 70

Dec

Jul

Jul

Mar

Mar

Mar

Nov

70

73

75

79

81

82

86

Jan

Aug

Aug

Apr

Apr

Apr

Dec

71

73

75

79

81

82

86

Aug

Aug

Nov

Apr

Apr

Apr

Dec

Dec

73

73

77

80

82

82

87

$ 3,034,000

2,864,000

1,216,000
1,726,000
- 877,000

1,020,000

683,000

1,077,000

$12,497,000



Par 73

73. Funds required by fiscal year. To maintain the schedules
for design and construction, as shown above, of the St. Charles
Parish lakefront levee, funds™ will be required by fiscal year
as follows:

Funds required for FY 1970 $ 10,0002
1971 1,569,000
1972 2,255,000
1973 2,224,000
1974 1,077,000
1975 396,000
Balance to complete 5,687,000
Total $13,218,000
1

Includes cost for construction (including contingencies), 5 percent
supervision and inspection applied to the construction costs, and
preparation of plans and specifications.

Includes only costs for preparation of plans and specifications.
OPERATION AND MAINTENANCE

74. General. As specified in the authorizing act, local
interests will be required to maintain and operate the completed flood
protective works in accordance with requlations prescribed by the
Secretary of the Army. The estimated annual maintenance cost
of the St. Charles Parish lakefront levee is $16,000. The
estimated annual operation and maintenance cost of the drainage
structure is $3,700. 1In addition, the total estimated annual
replacement cost of the drainage structure is $11,000 based on
replacement intervals of (a) 10 years for the cathodic protection
system, (b) 25 years for the gates, and (c) 50 years for the
structure and bridge crossing. The total estimated annual cost
to local interests for operation, maintenance, and replacement
of the protective works presented herein is, therefore, $30,700.

PROJECT FORMULATION AND EVALUATION

75. Project formulation and evaluation. The St. Charles
Parish lakefront levee is not a separable unit of the Lake Pontchartrain
Barrier Plan; therefore, an incremental justification and independent
economic analysis is not practicable.
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Par 76

ECONOMICS

76. Economic justification. The current economic analysis
(LMV Form 23) for the entire Lake Pontchartrain, Louisiana and
Vicinity hurricane protection project, based on the July 1969
PB-3 costs, indicates a benefit-to-cost ratio of 12.4 to 1. As
stated in paragraph 75 above, an independent economic analysis
for the project feature presented herein is not practicable.

The additional costs of the St. Charles Parish protective works
presented in this memorandum over that shown in the current PB-3
will not significantly change the approved benefit-to-cost
ratio for the entire project.

RECOMMENDATIONS

77. Recommendations. The plan of improvement presented
herein for the St. Charles Parish lakefront levee consists of
a new levee approximately 5.7 miles in length along the St. Charles
Parish lakeshore extending from the Bonnet Carre’ Spillway east
guide levee to the western terminus of the Jefferson Parish lakefront
levee. An interior drainage ditch will be provided along the
levee alignment from Bayou LaBranch to the Parish Line Canal.
A drainage structure equipped with eight 9- by 5-foot combination
flap and vertical lift gates will be constructed near the lakeward
terminus of Bayou Piquant. This plan is considered to be the
best means of accomplishing the project objectives and is recommended
for approval.
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