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DEPARTMENT OF THE ARMY
NEW ORLEANS DISTRICT, CORPS OF ENGINEERS
' P. O. BOX 60267
NEW ORLEANS, LOUISIANA 70160

LMNED-PP 30 August 1971

SUBJECT: New Orleans to Venice, Louisiana, Design Memorandum No. 1,
General Design, Reach Bl - Tropical Bend to Fort Jackson

Division Engineer, Lower Mississippi Valley
ATIN: LMVED-TD

1. Forwarded herewith for review and approval in accordance with
the provisions of ER 1110-2-1150 dated 19 June 1970 is the subject
design memorandum. '

2. Preparation of the five-point environmental statement is in
process and is scheduled for submission in February 1972.

3. Approval of this design memorandum is recommended.

1 Incl (16 cys) RICHARD L. HUNT
GDM No. 1 fwd sep Colonel, CE
District Engineer
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NEW ORLEANS TO VENICE,

LOUISIANA

DESIGN MEMORANDUM NO. 1 - GENERAL DESIGN
REACH Bl - TROPICAL BEND TO FORT JACKSON

PERTINENT DATA

Iocation of project

Datum plane

Hydrologic data
Temperature: ' Monthly means
Maximum
Minimum
Average annual

Annual precipitation: Maximum
Minimum
Average annual

Hydraulic design criteria--tidal
Design hurricane
Frequency
Central pressure 1ndex
Maximum 5-min. average wind

Levees
Method of construction
Levee length (approx1mate)
Elevation
Crown width

Estimated first cost
Levees and floodwalls
Engineering and design
Supervision and admlnlstratlon
Relocations
Lands and damages
Total

Mississippi River
Delta section of coastal
Louisiana, Plaquemines -Parish

mean sea level

83° Fahrenheit
57° Fahrenheit
70° Fahrenheit

85.73 inches
31.04 inches
60.8 inches

1l in lOO years
28.02 inches of mercury
91 m.p.h.

Hydraulic lifts & shape-ups
12.0 miles
15.0 feet mean sea level

'8 feet

$20,397,600
2,429,400
1,533,000
823,000
617,000

$25,800,000
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NEW ORLEANS TO VENICE, LOUISIANA
DESIGN MEMORANDUM NO. 1, GENERAL DESIGN
REACH Bl - TROPICAL BEND TO FORT JACKSON

PROJECT AUTHORIZATION

1. Authority.

a. Public Law. Public Law 874-87th Congress, 24 Session,
approved 23 October 1962, authorized the "Mississippi River Delta
at and below New Orleans, Louisiana" (renamed "New Orleans to
Venice, Louisiana," after authorization) project substantially
in accordance with the recommendations of the Chief of Engineers
in House Document No. 550, 87th Congress, -24 Session.

b. House Document. The report of the Chief of Engineers,
dated 30 July 1962, printed in House Document No. 550, 87th Congress,
2d Session, submitted for transmittal to Congress the report of
the Board of Engineers for Rivers and Harbors, accompanied by
the reports of the District and Division Engineers. The Chief
of Engineers in his report concurred in the recommendations of
the Board of Engineers for Rivers and Harbors which are as follows:

"...Accordingly, the Board recommends improvements
along the Mississippi River below New Orleans, Louisiana, for
prevention of hurricane tidal damages by increasing the
heights of the existing back levees and modifying the exist-
ing drainage facilities where necessary in four separate
reaches consisting of:

"Reach A on the west bank for about 15 miles between
City Price and Empire;

"Reach B on the west bank for about 21 miles between
Empire and Venice and with such modifications of the main levee
as may be required;

"Reach C on the east bank for about 16 miles between
Phoenix and Bohemia; and

"Reach E on the east bank for about 8 miles between
Violet anq Verret;

"generally in accordance with the plans of the District Engineer
and with such modifications thereof as in the discretion of the
Chief of Engineers may be advisable,...."
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C. Modification of Mississippi River levees.

(1) The Board of Engineers for Rivers and Harbors
in its report recommended "...such modifications of the main river
levee as may be required..." for the purpose of hurricane protection.
The President of the Mississippi River Commission, in presenting
the project to Congress for initial construction, testified in
part as follows: "The plan also provides for modification of

the main river levee of the project 'Mississippi River and Tributaries,'

as may be found necessary to accomplish the purpose of the hurricane
protection project. The improvements will provide protection

against tides of 100-year frequency, but will not provide complete
protection from tidal flooding." (See Hearings on PWA for 1964,

Part 2, page 1712, in the House, and Part 1, page 935, in the
Senate.) Based on the foregoing, it is considered that authority
exists to modify the main line river levees or construct an alternate
thereto to accomplish the purpose of the hurricane protection
project.

(2) LMVED by letter dated 2 October 1969 subject,
"New Orleans to Venice, Project Review," authorized preparation
of a review report to determine the needed work for hurricane
protection. As part of this study, a survey-scope report comparing
alternate plans for protecting the west bank of Plaquemines Parish
from hurricane flooding from Breton Sound was submitted to IMVED-TD
on 24 March 1970. Two plans were submitted. One plan consisted
of raising the river levee on the west bank to a grade high enough
to prevent overtopping by tidal surges from the east. An alternate
plan consisting of a barrier levee on the east bank of the river
from Bohemia to mile 10 AHP and minor enlargement of the west bank
river levee from Fort Jackson to Venice would serve the same purpose
and was found to be more feasible and economical. Based on the
results of the study presented in the report, OCE by 2d Ind dated
2 July 1970 (IMNED-PP basic, 24 March 1970) authorized preparation
of a general design memorandum based on the east bank barrier
levee plan.

d. Deletjon of Reach E. Shortly after authorization,
local interest dissatisfaction with the plan of improvement authorized
for Reach E became manifest. This dissatisfaction culminated
on 8 May 1964 with the adoption by the Committee on Public Works,
House of Representatives, of a resolution directing that a restudy
of hurricane protection for St. Bernard Parish be made. This
restudy was initiated with a public hearing in December 1965.
Based on the restudy, the District Engineer on 29 November 1966
recommended an enlargement of the Chalmette Area Plan of the "Lake
Pontchartrain, La. and Vicinity" project as a departure from the
project document plan within the discretionary authority of the
Chief of Engineers. This recommendation was approved by the Chief
of Engineers on 31 January 1967. The enlarged Chalmette Area
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Plan represents all of the area in St. Bernard Parish for which
hurricane protection can be economically justified at this time,

and totally encompasses the Reach E protected area. The referenced
resolution was closed out by a negative report recommending deauthoriza-
tion of Reach E; hence, no further consideration need be afforded

that reach herein.

e. Division of Reach B. On 5 February 1964, the Plaquemines
Parish Commission Council, hereinafter referred to as the Commission -
Council, representing local interests, requested the division
of Reach B into two units-—one between Empire and Fort Jackson
and the other between Fort Jackson and Venice. The Commission
Council further requested that the upper reach (desigriated Reach Bl)
thus created be planned and constructed as a separate unit. Investiga-
tion having established that the proposal was engineeringly possible N
and would result in an economically justified unit, the District
Engineer, by letter LMNGP-P dated 25 February 1964 subject, "New
Orleans to Venice, La., Hurricane Protection (Mississippi River
Delta at and below New Orleans, La.)," recommended its adoption.
This recommendation was approved by the Chief of Engineers in
2d Indorsement dated 25 March 1964 subject to the proviso that
a closure levee at Fort Jackson, required to complete the independently
constructed Reach Bl loop, be paid for by the Commission Council.

2. Purpose.

a. The purpose of this general design memorandum as
it pertalns to Reach Bl is as follows:

o (1) Change the levee alignment between Buras and
.Fort Jackson from the 40-arpent line alignment to an alignment —
generally along the existing back levee, delete the upper and

lower closure levees, and delete the Buras floodgate.

(2) Present the detail design of the levee and
floodwalls in sufficient detail to provide an adequate basis for
preparing plans and specifications without additional design memorandums.

b. The purpose of this general design memorandum as
it pertains to the total project is as follows:

(1) Present up-to-date cost estimates for all
reaches of the project including the east bank barrier levee plan.

(2) Present an economic reanalysis of the project
based on two independent improvements: (a) enlargement of the
non-Federal back levees to provide protection from tidal surges
overtopping the back levees, and (b) a barrier levee on the east
bank of the river from Bohemia to mile 10 AHP and minor enlargement
of the west bank river levee from Fort Jackson to Venice to provide
protection from tidal surges from the east overtopping the river
levee.



Para 3

3. Local cooperation. Conditions of local cooperation
specified in the report of the Board of Engineers for Rivers and
Harbors and ‘concurred in in the report of the Chief of Engineers
are as follows: :

"...that prior to construction local interests give
assurances satisfactory to the Secretary of the Army that
they will, without cost to the United States:

"a. Provide all lands, easements, and rights-of-
way, including borrow areas and spoil disposal areas neces-—
sary for the construction of the project;

"b. Accomplish all necessary alterations and
relocations to roads, pipelines, cables, wharves, and
other facilities required by the construction of the project;

"c. Bear 30 percent of the first cost, a sum
presently estimated at $3,216,000, to consist of items
listed in subparagraph a. and b. above and a cash contribu-
tion, presently estimated at $1,844,000, to be paid either
in a lump sum prior to initiation of construction or in
installments 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
apportionment of costs to be made after actual costs and
values have been determined;

"d. Hold and save the United States free from
damages due to the construction works;

"e. Maintain and operate all works after
completion in accordance with regulations prescribed by
the Secretary of the Army;

"f. Prevent encroachment on ponding areas unless
substitute storage capacity or equivalent pumping is pro-
vided promptly; and

"g, At least annually, notify those affected that
the project will not provide complete protection from tidal
flooding and that further local actions must be taken during
hurricane emergencies."
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4. Background information.

T a. Previous design memorandum. A general design memorandum
for Reach Bl was submitted to the Division Engineer on 31 March
1967 and was approved by ENGCW-EZ 2d Ind dated 8 August 1967 (LMNED-DP
basic 31 March 1967) subject to comments. The plan of improvement
presented therein provided for a conventional hydraulic clay fill
levee from Tropical Bend to Fort Jackson, floodgates in the waterways
at Empire and Buras, floodwalls at the Bayou Grand Liard and Sunrise
pumping stations, an access canal marshward of the project levees
between Empire and Buras, return levees at the upper and lower
terminus of the reach, overhead roller gates to close the gap
in the upper return levee at Louisiana Highway 23 and Missouri
Pacific Railroad, and three gravity drainage structures. Certain
modifications to the project document plan were included in the
above plan as extra cost items to the Commission Council, the
project sponsor. These included the upper and lower return levees
and feature contiguous thereto and the incremental cost of construction
of the levee along the 40-arpent line from Buras to Fort Jackson
over the authorized cost for enlargement of the ex1st1ng back
levee.

b. Approved changes to plan subsequent to approval
of the GDM (1967).

. (1) Alteration of method of construction, stream
closures. The method of closing streams or bayous presented in
the GDM (1967) was by an embankment constructed entirely of hydraulic
clay fill. A supplement dated 30 October 1968 to the GDM was
forwarded to LMVD recommending that streams be closed by a shell
core with hydraulic clay fill placed on top. This recommendation
was approved by LMVED-TD lst Ind dated 2 December 1968 (NOD basic
30 October 1968) subject to comments.

(2) Alteration in type of levee material. The
design presented in the GDM- (1967) was based on an all-clay levee.
A letter-type report dated 31 December 1969 was forwarded to LMVD
recommending that a sand-core levee be adopted as a substitute
for an all-clay levee between the Empire floodgate and Buras and
that the levee alignment be revised to utilize the existing flood
side borrow pit as the base excavation for the sand-core. This
recommendation was approved by LMVED-G lst Ind dated 2 February
1970 (NOD basic 31 December 1969) subject to comments.

c. Additional changes to GDM (1967) plan presented
herein are as follows:

(1) - Deletion of betterments. As discussed in previous
paragraphs, the Commission Council initially requested that the autho-
rized levee alignment'between Buras and Fort Jackson be shifted marshward
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about 1 mile to follow the 40-arpent line and that closure levees
be provided at the upper and lower terminus of Reach Bl. These
items were considered to be betterments in the interest of the
Commission Council. Accordingly, all additional costs to the
authorized project for these items were charged to the Commission
Council. Subsegquent to the devastation of Hurricane Camille,

the Commission Council by its letter of 17 April 1970 requested
that, because of the excessive .increase in the estimated cost

of the project, available funds, and comparative benefits derived
from the betterments, the project be constructed without betterments,
i.e., delete the return levees and 40-arpent line alignment. This
change returned the alignment to the project document line and
eliminated betterment costs.

(2) Deletion of Buras floodgate. The plan presented -
in the GDM (1967) provided for the levee to be constructed several : N
hundred feet marshward of the existing levee between Empire and ‘
Buras. The plan provided for access into the Buras area for waterborne
traffic by a floodgate in the waterway serving Buras. Room for
expanding the existing harbor facilities was available along the
canal paralleling the existing back levee and located on the flood
side of said levee. Adoption of the sand-core levee between Empire
and Buras and revision of the levee alignment restricted expansion
of the harbor facilities to the two small canals serving Buras.
The Commission Council by letter of 10 April 1969 requested this
office to eliminate the floodgate since the Commission Council
planned to build a new mooring area outside of the new protection
levee thereby permitting unlimited future expansion of the boat
harbor. The Commission Council was informed that any savings
accruing from deletion of the floodgate would be on a cost-sharing
basis; that is, local interests would realize 30 percent of the
. savings.

INVESTIGATIONS

5. Investigations made in connection with the project document.
Studies and investigations made in connection with the project
document (H.D. No. 550, 87th Congress, 2d Session) consisted of:
research of information which was available from previous reports
and existing projects in the area, extensive research in history
and records of hurricane damages and characteristics of hurricanes,
extensive tidal hydraulics investigations, an economic survey,
field topographic and hydrographic surveys of reconnaissance scope,
and design and cost studies. A public hearing was held in New
Orleans, Louisiana, on 13 March 1956 to determine the views of
local interests. Federal and state agencies were consulted. The .
District Engineer made a personal reconnaissance of the area. e
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6. Investigatibns made subséquent to project authorization.
Studies and investigations made subsequent to project authorization
includes

a. Aerial and topographic surveys of the project area;

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

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

d. Detailed design studies for construction of levees,
channels, and structures;

e. Determination of real estate requirements and costs;

f. Cost estimates for levees, structures, and relocations;
and

_ g. Economic studies for evaluating justification for
recommended works.

: h. Environmental studies required by the National
Environmental Policy Act of 1969.

7. Planned future investigations. Additional soil borings
and tests will be made prior to each levee lift subsequent to
the first. Design analyses, utilizing information obtained from
the additional borings, will be made and preparation of plans
and specifications for each lift will be based on these analyses.
Also a bearing pile test will be conducted to determine the pile
lengths for construction of the T-wall at the Bayou Grand Liard
pumping station. Because of the small number of piles at the Sunrise
pumping station, no pile test will be conducted.

LOCAL COOPERATION

8. Iocal cooperation requirements. The items of local
cooperation specified in the project document are listed in paragraph
3. Essentially local interests are required to furnish all lands,
easements, and rights-of-way; accomplish all necessary alterations
and relocations; bear 30 percent of the first cost, inclusive
of lands, damages, and relocations, and a cash contribution or
equivalent work; hold and save the United States free from damages
due to the construction works; maintain and operate all works
after completion; prevent any encroachment on ponding areas unless
equivalent storage or pumping capacity is provided; and at least
annually notify those affected that the project will not provide
complete protection from tidal flooding.

7
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9. Status of local'cooperatlon; Assurances were requested
from the Commission Council on 7 Ja™rwuary 1963. The act of assurance
and supporting resolution adopted by the Commission Council on
6 March 1964 covering Reaches A, B, and C were accepted for and
on behalf of the United States on 14 April 1965. Supplemental
assurances covering the East Bank Barrier levee plan will be requested
upon approval of the general design memorandum for the East Bank
Barrier levee plan. The principal officers of the Commission
Council responsible for the fulfillment of the conditions of local
cooperation required by the authorizing act are as follows:

Plaguemines Parish Commission Council

Pointe a la Hache, Louisiana
Mr. Chalin O. Perez, President
Mr. Clarence Kimball, Vice President & Comm. Finance
Mrs. Edna Lafrance, Secretary

10. Views of local interests. The Commission Council represents
local interests and is in agreement with the plan to raise the
back levees. The Commission Council has indicated that it generally
favors the East Bank Barrier levee plan; however, formal indorsement
is being withheld pending finalizing the details of the plan.

11. Estimated cost to local interests.

La. The total non-Federal cost for constructing the
project, broken down by reach, is shown below. Details of the
estimate are shown in appendix C.

Lands & Cash

damages Relocations contribution . Total
$ $ $ $
Reach A 455,000 1,045,000 5,.,250,000 6,750,000
Reach Bl 617,000 823,000 6,300,000 7,740,000
Reach B2 266,000 334,000 5,430,000 6,030,000
Reach C 306,000 1,359,000 1,755,000 3,420,000
Barrier levee 727,000 - 215,000 2,928,000 3,870,000
Total 2,371,000 3,776,000 21,663,000 27,810,000
b. Work accomplished byﬁlocél interests other than

the normal requiraments.

and 377+50.

(1) Reach Bl.

In order to expedite completion

of a new highway under construction by the Commission Council,

which will ultimately serve as an evacuation route for the occupants
of Plaquemines Parish, the Council had prepared a set of plans

and specifications for a reach of levee between stations 340+20

These plans and specifications were reviewed and
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approved by the District Engineef._,Local interests will receive
credit for this work, subject to-a review of the construction

to insure its adequacy for accomplishing the project purpose,
as part of their cash contribution.

(2) Reach C. The Commission Council requested that,
“as a means of expediting construction on Reach C, it be permitted

to proceed with construction of this reach on a modified alignment,
subject to its receiving a credit applicable to the required local
interest contribution on the overall project. It having been
determined that the modified alignment would serve project purposes
equally as well as the project document alignment, this arrangement
was approved and the credit process explained to the Commission
Council by LMNGP-P letter dated 15 December 1964. The arrangement
was agreed to by the Commission Council on 22 April 1965 (see
appendix F). Subsequently, the Commission Council had prepared,

by the Louisiana Department of Highways, a set of plans for initiating
construction of the levee. The plans were coordinated with the
District Engineer. Work for constructing the levee embankment

to an interim grade of 14 feet m.s.l.! was completed in September
1968. Completion of the levee to an interim grade of 14 feet pre-
vented major flood damages within Reach C which would have otherwise
occurred during Hurricane Camille in August 1969.

LOCATION OF PROJECT AND TRIBUTARY AREA

12. Iocation of project. Project areas are located in the
Mississippi River delta region of coastal Louisiana. They include
lands on both banks of the Mississippi River from the vicinity
of Phoenix to Venice, Louisiana. These lands are located on alluvium
and presently are provided a marginal degree of protection from gulf
tides by existing non-Federal back levees; they remain wvulnerable,
however, to the ravages of major tropical storms and hurricanes.

A general plan, index map, and vicinity map are shown on plate 1.

13. Tributary area.

a. General. The project area comprises approximately
14,900 acres of land which includes 4,300 acres in Reach A, 3,800
acres in Reach Bl, 2,300 acres in Reach B2, and 4,500 acres in
Reach C. 1Interior drainage in Reaches A, Bl, and B2 is accommodated
by a system of canals and pumping facilities. In Reach C, runoff
is disposed of by gravity through gated culverts in the back levee.
Principal towns in the project area include Buras-Triumph (population
4,100 - 1970 census) and Port Sulphur (population 3,000 - 1970
census) on the west bank and Pointe a la Hache on the east bank
(population 600 - 1970 census) .

lynless otherwise specified, all elevations herein are in feet
and refer to mean sea level. '
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b. Transportation facilities. Transportation facilities
serving the area include the Missouri Pacific Railroad, Louisiana
Highway 23, 'Louisiana Highway 39, Freeport Sulphur Company Canal,
and the Federal navigation projects "Barataria Bay Waterway, La.,
and "Waterway from Empire, La., to the Gulf of Mexico."

c. Economic activity. Economic activity in the parish
is quite varied. Economic activities in Plaquemines Parish include
extensive oil and gas production~-both onshore and offshore--
sulphur production, facilities for commercial and sport fishing,
and agricultural production. The parish ranks first in petroleum
production, first in production of sulphur, second in the production
of natural gas, and third in production of gas liquids. Statistics
furnished by the Commission Council indicated that the value of
0il and gas from production facilities serviced in and from Plaquemines
Parish exceeds $1.3 billion annually. Approximately 40 percent
of the offshore production of oil and gas is serviced from Plaguemines
Parish. In the 1970-71 fiscal year, the State of Louisiana collected
seéverance taxes from Plaquemines Parish in the amount of $50,580,000--
primarily levied against the production of petroleum, natural
gas, and sulphur. Fish and wildlife resources in the general
area are also of significant value to the state and local economies.
Principal fisheries include shrimp, menhaden, oysters, and salt-
water finfishes. Two large menhaden plants at Empire process
the catches of that species taken from the gulf waters. The total
value of commercial fishery landings in the parish exceeds $4.0
million annually; most of this total was handled through the project
area. Agricultural production in the parish varies from $500,000
to $1.0 million annually. About 40 percent of this total originates
in the project area from the production of citrus, truck crops,
and beef cattle.

PROJECT PLAN

1l4. Project works covered in this general design memorandum.
Project works covered in this memorandum are Reaches A, Bl1l, B2,
C, and the East Bank Barrier levee plan. Detailed coverage to
general design memorandum scope is restricted to Reach Bl; the
remaining works are covered to the extent of establishing up-
to-date cost estimates, benefits, and benefit-cost ratios based on
current criteria. All subsequent references to the project and
project works are to Reach Bl, unless otherwise specified.

15. Project works. The plan of protection, indicated on
plate 1, provides for constructing a hurricane protection levee
with appurtenant features from Tropical Bend to Fort Jackson.

The levee system will be approximately 12.0 miles in length and
will have a net grade of elevation 15.0. Land access into the
protected area is provided by ILouisiana Highway 23 and the Missouri
Pacific Railroad. Access into the protected area for waterborne
traffic will be provided by the Empire floodgate located in the

10
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Empire to Gulf Waterway near Empire, La. The floodgate will

have a width of 84 feet and a sill elevation of -14.0. Floodwalls
will be provided at Bayou Grand Liard and Sunrise pumping stations.
The pumping station discharge pipes will be modified to accommodate
the floodwall. The pumping stations will continue to provide

for the drainage of the protected area which is now behind back
levees. Modifications will be made to 9 pipelines and 11 facilities
in the Buras area will require relocating. An access channel

will be provided marshward of the project levees between Empire

and Buras. Inasmuch as the floodgate at Empire will be closed
during hurricanes only, the existing back levee system within

the hurricane protection levees at Empire is required to protect

the area against overflow by normal high tides and abnormal tides
associated with other than hurricane conditions. Hence, this

levee must be maintained at elevation 8 as a part of the project.
The levee is currently above this elevation, therefore no construction
will be required.

DEPARTURES FROM PROJECT DOCUMENT PLAN

16. General. The project document plan (H.D. 550, 87th
Congress, 2d Session) recommended enlargement of the existing
back levee system and modifying the existing drainage facilities
where necessary in four reaches. The project document plan has
been revised as follows:

a. Division of Reach B. At the request of the Commission
Council,; Reach B has been divided at Fort Jackson to form two
independent reaches—--Reach Bl and Reach B2. In order for Reach
Bl to stand independently of Reaches A and B2, closure levees
would be required from the existing back levee to the Mississippi
River levee. Authority to divide Reach B was granted by the Chief
of Engineers on 25 March 1964 subject to the proviso that local
interests bear the costs for constructing the closure levees.
Local interests have since withdrawn their request for the independent
construction of Reach Bl thereby eliminating the need for the
closure levees (reference paragraph 4c). The division of Reach
B into two reaches will remain in effect.

b. Revision of levee grades. The net levee grades
were revised upward in accordance with the results of tidal hydraulic
studies utilizing the latest hurricane parameters developed by -
the National Weather Service based on information developed subsequent
to project authorization.

c. Modification of levee alignment. Levees at Empire.
Detailed studies indicate that enlargement of the existing back
levee to the project grade in the Empire area is impracticable
by reason of the congested nature of improvement in the area.
Floodwall construction is excessive in cost and undesirable. Either
type of construction involves extreme disruption of existing facilities

11
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and high severance costs. A more economical plan was, accordingly,
developed. This plan provides for the levee location gulfward

of the existing levee at Empire with a floodgate closure in the
Empire to Gulf Waterway as shown on plate 1. Cost comparison
between the project document plan and the authorized plan is pre-
sented on table C-3 in appendix C.

HYDROLOGY AND HYDRAULICS

17. General. Detailed results of the hydrology and hydraulic
analysis for Reach Bl are presented in appendix A in three sections.
Section I presents the climatology and hydrology of the area. Section
IT presents detailed descriptions and analyses of tidal hydraulic
procedures used in the tidal hydraulic design. Included in the
descriptions and analyses are the essential data, assumptions, and
criteria used for studies reported herein which provide the bases for
determlnlng design wind-tide level, wave runup, overtopping, and
frequency of the design hurricane. Section III furnishes 1nformatlon
concerning the interior drainage of the project area.

a. Hurricanes of record. Since 1856, about 20 hurricanes
have caused flooding in or near the project area. However, reliable
hurricane surge heights are available only since 1915. Some of the
most severe hurricanes which were critical to the area and caused high
stages occurred in September 1915, September 1956 (Flossy), September
1965 (Betsy), and August 1969 (Camille). Some observed stages
experienced at or near the project area as a result of these hurricanes
.were: 1915, 12 feet at Pointe a la Hache and 7.6 feet at Buras; 1956
(Flossy), 13 feet at Ostrica Lock and 8 feet at Grand Isle; 1965 (Betsy),
14.8 feet at Bohemia, 14.4 feet at West Pointe a la Hache, 12.6 feet
at Ostrica Lock, and 9.7 feet at Empire; 1969 (Camllle), 15.1 feet
at Ostrica Lock and 12.6 feet at Buras.

b. Frequencies. Stages critical to the project area are
generated by hurricanes that approach from a southerly direction.
Records indicate that approximately two-thirds of all hurricanes
that strike the Louisiana coast approach from the south while one-
third approach from the east. The average azimuth of tracks from
the south is 180° while the tracks from the east have an average
azimuth of 117°. Therefore, in the computation of stage-frequencies,
67 percent or two-thirds of the observed hurricanes are used to
reflect probabilities for the back protective levee of Reach Bl.
Normally, observed hurricane stages in a project area are beneficial
in determining frequencies. However, due to a scarcity of observed
stages along the back levee of the project area, the frequency for
Grand Isle was utilized to assist in determining the probability of
occurrences for the project area. Probability of occurrences
reflects prior approved and accepted methods for stage-frequencies
for Reach Bl.

12
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c. Design hurricane. A hurricane that would produce a
100-year stage was selected as the design hurricane. A hurricane of
Iessér intensity would require a lower levee grade and would expose
the protected areas to hazards of life and property that would be
disastrous in the event a hurricane with the intensity and destructive
capability of the design hurricane or a greater hurricane occurred.
The design hurricane for the project area has a central pressure index
of 28.02 inches, a maximum windspeed of 91 m.p.h. at a radius of
30 nautical miles. The forward speed of the hurricane is 11 knots.

d. Design hurricane wave characteristics. The data
used to determine design hurricane wave characteristics for the
project area are as follows: fetch length, 5 miles; windspeed,

77 m.p.h.; stillwater level, 12.0; average depth of fetch, 6.7
feet; and depth at toe of structure, 8.0 feet. From the data
above, it was determined that the design wave height for levee
design is 3.2 feet while the design wave height for floodwall
design is 5.3 feet. The project is designed to prevent overtopping
by waves up to the deepwater significant wave or the highest one-
third waves of a wave train.

e. Design elevation of protective structures. Using
the data in paragraph 17d above, the design runup on the levee
was determined to be 3.0 feet while the design runup on the floodwall
would be 6.5 feet to 7.7 feet. Final design elevations for the
protective structures are 15.0 for the levees and from 18.5 to
20.0 for the floodwalls. The design height of the floodwalls
is dependent on the levee configuration on the floodwall side
of the structure.

£. Interior drainage. The completion of the plan of
improvement will not materially affect the interior drainage of the
project area. This drainage will be furnished by the existing
canals and pumping stations and the floodgate which will be con-
structed at Empire, La. To meet the requirements of navigation, the
floodgate will provide an 84-foot width at the sill elevation of
-14. This opening is more than adequate to dispose of runoff from
intense storms occurring over the drainage area of the structure
with the floodgate open.

GEOLOGY

18. Physiography. The project area is located within the
Central Gulf Coastal Plain. Specifically, the area is located
on the modern subdelta which projects gulfward from the deltaic
plain of the Mississippi River. It is a region of extremely low
relief. Dominant physiographic features are the natural levees
of the Mississippi River and aQandoned distributaries, and the
marshlands and inland bodies of water that lie between the natural

13
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levee ridges. Elevations range from a maximum of +5 along the

crests of the natural levees to a minimum approaching mean sea level

in the marshlands between the natural levee ridges. The numerous

inland bodies of water vary in depth from 1 to 10 feet. The Mississippi
River channel varies in depth from 70 to 190 feet below sea level.

19. General geology. Only the geologic history since the
end of the Pleistocene epoch is significant for this project.
At that time, with sea level about 450 feet below its present
level, the Mississippi River began to aggrade the final entrenchment
which it had cut to the west of the project area during the last
glacial period. Initial alluvial sedimentation was confined to
the central portion of the alluvial valley. Concomitantly, downwarping
of the Pleistocene prairie surface and some faulting occurred
resulting in a gulfward dip of the prairie surface averaging about
3 feet per mile and increasing southward towards the coastline.
The continued rise in sea level resulted in the reworking and
redepositing of minor amounts of fluvial sediments in the project
area. When sea level reached within tens of feet of its present
level, the first marine and fluvial marine sediments of any significance
were carried into the project area. BAbout 4,800 to 5,000 years
ago, as sea level approached its present stand, the Mississippi
River began to migrate laterally back and forth across the deltaic
plain. Deltaic marine sediments were first carried into the project
area about 3,500 years ago when the Mississippi occupied the Teche
course near the western margin of the valley. The first major
advance of sediments into the project area occurred approximately
2,800 years ago when the Mississippi River shifted eastward and
began to develop the La Loutre-St. Bernard Delta. BAbout 1,500
years ago, the Mississippi River shifted westward to the Lafourche
course and for a period of several hundred years, the project.
area was subjected to only minor amounts of sedimentation and
deltaic deterioration and subsidence became important. When the
river again shifted eastward about 1,200 years ago and began to
occupy the present Plaguemine course, sedimentation again became
the predominant process in the project area. With the construction
of levees along the Mississippi River, floodwaters have been eliminated
from the area and at present no sediments are being introduced
into the project area. Subsidence and erosion have become the
dominant factors, particularly in the marshlands and inland bodies
of water and, unless sediment-laden water is introduced into the
area, the land mass along the edges of the project area will continue
to decrease.

LY

20. Subsidence and erosion. Progressive subsidence and
downwarping have been occurring in the project area since the
end of the Pleistocene epoch. The surface of the Pleistocene
has been downwarped towards the south and west to a maximum of
about 500 feet at the edge of the continental shelf, which is
about 30-40 miles south of Buras, La. At present, the rate of
subsidence within the project area varies from about 0.5 to 1.0

14
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foot per century at the northern limit of the area and along the

natural levees of the Mississippi River and abandoned distributaries,

to about' 5 feet or more per century along the seaward-facing extremities
of the area, gulfward of the project alignment. In addition,

as a result of subsidence and wave erosion, the seaward-facing

edges of the shoreline and the shorelines of the canals, ponds,

lakes, and bays within the marshlands are retreating. '

21. Investigations performed. General-type borings to a
maximum depth of about 80 feet and 5-inch undisturbed borings
to a maximum depth of about 240 feet were made for this project.
In addition, the logs of borings made in conjunction with other
projects as well as geologic information were available for the
interpretation of the subsurface and foundation conditions of
the area.

22. Foundation conditions. The subsurface, as shown on
plates 30 through 36, consists of Recent deposits varying in thickness
from approximately 165 feet at the upstream end of the project
(station 0+00) to approximately 210 feet between stations 300+00
and 480+00. The Recent deposits are underlain by Pleistocene
materials. Generally, the Recent consists of a surface layer
of marsh deposits, varying in thickness from 3 feet at station
0+00 to 20 feet at station 441+00. The marsh deposits consist
generally of very soft to soft clays with peat and organic matter.
The surface layer of medium clay between station 0+00 and station
4+00 and the alternating layers of medium clays and silts between
stations 510+00 and 557400 represent areas of manmade levee fill
which have been placed on top of the soft marsh deposits. Between
station limits 0+00 to 92+20, 417+50 to 532+40, 551490 to 610+50, -
and 615430 to 635+72, the marsh deposits are underlain by interdis- '
triburary deposits consisting primarily of very soft to soft clays
with lenses and layers of silts and silty sands. The interdistributary
deposits vary in thickness from 65 feet in the vicinity of station
45+00 to 76 feet in the vicinity of station 510+00. The marsh
deposits are underlain by intradelta deposits from station 109+60
to station 398+50. The intradelta sediments consist primarily
of soft to medium clays with alternating lenses and layers of
silt, sand, and silty sand, and vary in thickness from 60 feet
at station 232+00 to 70 feet at station 156+00. The lateral continuity -
of the complexly interfingered materials of the interdistributary
and intradelta deposits is interrupted by four abandoned distributaries
which are distjnguishable beneath the marsh deposits in the project
area and which are located between the following station limits:
92+20 and 109+60, 398+50 and 417+50, 532+40 and 551+90, and 610+50
and 615+30. Deposits filling these abandoned distributaries are
predominantly silts, silty sands, sands, and sands and layers
of soft to medium clay. The thickness of deposits contained in
the abandoned distributary located between stations 92+20 and
109+60 is approximately 65 feet. The ultimate depth of the other
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three abandoned distributaries cannot be determined from project
borings. However, deep borings in each respective distributary
were projected from along the Mississippi River where these same
abandoned distributaries underlie the existing Mississippi River
levees, and indicate that the thickness of these deposits is at
least 100 feet. The interdistributary, intradelta, and abandoned
distributary deposits are underlain along the entire reach by
medium to stiff prodelta clays. The thickness of these homogeneous
clays varies from approximately 85 feet at station 0+00 to approximately
124 feet at station 635+70. The approximate thicknesses of all
deposits underlying the marsh are extrapolated from deep borings
along the banks and levees of the Mississippi River and a few
isolated borings in the marsh area southwest of the project, except
at the locations of the following borings which penetrate the
prodelta deposits 1-DU-1, 2~-DU-1 through 4-BSU, 3-DU, 10-BU, 1-
SBU, and 4-DU. The prodelta deposits are underlain along the
entire reach by nearshore sands which contain shell and shell
fragments. The nearshore deposits vary in thickness from approxi-
mately 4 feet at station 635+70 to approximately 25 feet at station
320+00. The entire sequence of Recent deposits throughout the
project area is underlain by stiff to very stiff Pleistocene clays
at elevations varying between -165 at station 0+00 and -210 between
stations 300+00 and 480+00.

23. Mineral resources. Extensive oil and gas production
are found in the vicinity of the project area. However, exploration
and production of these natural resources will not be adversely
affected by the project, nor will the project be adversely affected
by this exploration and production.

24. Conclusions. The subsurface investigations and analyses
of all existing and new data indicate that conditions for construction
of the proposed earth levees, floodwalls, and floodgates along
the established alignment are favorable. No unusual or critical
areas were detected in the borings, considering the geological
environments represented and the nature of the deposits. As with
most deltaic areas, one of the primary problems to be anticipated
is that of settlement beneath the structures. Secondary is the
availability of construction materials. The subsurface materials
below the marsh most susceptible to settlement are the interdistributary
deposits which contain relatively thick wedges of soft clays with
high water content. Settlement will be less pronounced along
areas of intradelta and abandoned distributary deposits which
contain consic>rable amounts of silt, silty sand, and sand. Since
the levees will be constructed primarily of hydraulic £ill with
sand and shell core, building materials should present no problems.
Hydraulic fill can be pumped from areas immediately adjacent to
the proposed alignment; sand can be secured from the Mississippi
River nearby; and shell, aggregate, and riprap can be barged and
hauled in as required. Suitable materials for topping out the
levees can be obtained from the existing earthfill levee.

16



Para 25

SOILS

25." General. This section covers the soils and foundation
investigation and design for the hurricane protection system for
Reach Bl except for the Empire floodgate which was submitted as
DDM No. 2, dated October 1970.

26. Field investigation. A total of 112 general-type and
17 undisturbed borings was made in conjunction with the project.
Eight general-type borings were made by the Louisiana Department
of Highways to locate a source of sand for borrow in the Mississippi
River. Twenty-seven general-type and two 3-inch diameter undisturbed
borings were made by the Louisiana Department of Public Works
along the authorized levee alignment at the request of the Commission
Council. Seventy-seven 1 7/8" I.D. core barrel and fifteen 5"
diameter undisturbed borings were taken by the Corps of Engineers.
Plates 37 through 42 present borings along the authorized project
alignment. Plates 43 and 44 present borings along the 40-arpent
line, plates 45 and 46 along the Empire lateral levees, plate
47 along the Buras lateral levees, and plate 48 at the Tropical
Bend and Fort Jackson closure levees. Plates 49 and 50 present
borings taken in the Mississippi River to locate a sand borrow
area. The bottom elevations of the general-type and undisturbed
borings range from -40 to -50 and -77 to -242, respectively. Undisturbed
boring logs appear on plates 51 through 69.

27. Laboratory tests. Visual classifications were made
on all samples obtained from the soil borings, and water content
determinations were made on all cohesive samples. Unconfined
compression (UC), unconsolidated undrained (Q), consolidated undrained -
(R) , consolidated drained (S), and consolidation (C) tests were -
performed on selected samples from the undisturbed borings. Unconfined
compression tests were made on selected samples from the general-
type borings. Indices tests were performed on all samples tested
for shear and/or consolidation. Results of shear and consolidation z
tests appear on plates 51 through 88.

28. Foundation conditions. A generalized soil profile delineat-—
ing the subsurface conditions along the project alignment is shown
on plates 30 through 36. The profile shows that the subsurface
consists of Recent deposits of very soft to medium clay soils
with peat, silt, and sand layers. The upper 10 to 20 feet of
marsh deposits generally consist of very soft organic clays, clays,
and peat. Between stations 0+00 and 399+00 the marsh deposit
is underlain by interdistributary deposits of approximately 8
to 20 feet of layers of silt, silty sand, and sand. Below these
layers is fat clay with layers of silt, silty sand, and sand.
Between stations 417+00 and 635+72 the marsh deposits are underlain
by predominantly fat clay with intermittent thin layers of silt,
sandy silt, and sand. Four abandoned distributaries are located
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below the marsh deposits between the following stations: 92+20 =
109+60, 398+50 - 417+50, 532+40 -551+90, and 610+50 - 615+30.
These abandoned distributaries are composed of alternate layers
of clay, silt, silty sand, and sand. The dominant feature in

the design of all the levee sections is the very soft foundation
condition between elevation 0 and elevation -12.

29, Type of protection. In general, the protection will
consist of a levee. Between stations 0+00 and 98+81 the protection
will consist of a conventional hydraulic clay fill levee. From
station 104+81 to station 635+72 the protection will consist of
a hydraulic clay fill levee with a core composed of sand. A floodgate
will be located where the Empire Waterway crosses the project
alignment between stations 98+71 and 104+91. Cantilever I-type
and T-type walls will be used in the vicinity of the Sunrise (station
232+31 to station 242+41) and Grand Liard (station 532+76 to station
539+81l) pumping stations to avoid relocations or major modifications
to these facilities.

30. Stability.

a. Levees and dikes. In the interim between the publica-
tion of the GDM dated March 1967 and this GDM dated August 1971,
plans and specifications were prepared for the first lift construction
on two reaches of the project from stations 0+00 to 98+55.3 and
stations 104+70 to 340+20. An additional set of plans and specifica-
tions were prepared by an A-E for the Commission Council and approved
by the District Engineer for a reach of levee from station 340+20
to station 377+50. Plans and specifications for the remaining
section between stations 377450 and 635+72 will be prepared after
approval of this general design memorandum. Stability plates
89 through 116 are divided to reflect the above segments as follows:

Stations Segments
0+00 to 98+81 Tropical Bend to Empire
104+81 to 337+72 Empire to Buras

337+72 to 635+72 Buras to Fort Jackson

(Q) shear stability analyses were performed for these segments
using four different shear strength criteria as shown on plates

87 and 88. Using sections and (Q) shear strengths representative
of the existing conditions along the alignment, the slopes and
minimum berm distances for the levee and dike sections were determined
by the method of planes. Levee sections were designed so that '
the minimum factor of safety of the levee with respect to shear
failure in the levee and foundation was 1.3 and 1.5 for failure
into the adjacent borrow pit. The retaining and ponding dike
sections were designed for a minimum factor of safety of 1.2 for
failure into the sand core trench and interior dike borrow, respec-
tively, and a minimum factor of safety of 1.3 for failure into
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the ponding area and borrow area, respectively. The critical surfaces

and stability analyses calculations governing design are shown

on plates 89 through 118. Borings 1-DU-1 and 2-DU-1 which were

taken for design of the second lift showed no gain of shear strength.

However, the second lift sections from 0+00 to 46+00 are somewhat

larger than the first 1ift sections (see plates 89 to 93) because

the spoil from the first 1lift is serving as a flood side berm ¢
for the retaining dike. Since there was no spoil from 46+00 to
98+71 the second 1lift section is the same as the first lift section.

b. Floodwalls. A combination of "I" and inverted
"T"-type floodwalls will be used at Sunrise and Bayou Grand Liard
punping stations. At the Sunrise pumping station a T-wall of
approximately 60 feet will be required. The I-type wall will
be used along the remainder of the existing back levee and as
a tie-in into the final levee sections as shown on plate 25. I-
wall along the existing back levee at the Bayou Grand Liard pumping
station was not feasible because a minimum crown elevation of
10.0 would be required to prevent excessive deflection. A stability
analysis was performed with the levee crown elevation at 10.0 and
the I-wall in place. In order to maintain the required factor
of safety, large stability berms would be necessary in both the
land side and flood side drainage pits resulting in either relocation
or major modifications to the pumping station. For this reason,
a 459-foot T-wall with the levee degraded to elevation +6.0 will
be used along the existing back levee with I-type wall joining
the T-wall to the final levee section as shown on plate 26. The
results of tidal hydraulic analyses indicate that the walls will
be subjected to the pressures and forces imparted by a broken
wave. In the stability analyses, the wave effect was applied —_—
as a line force acting at the centroid of the wave pressure diagram. .
The water pressure diagram resulting from the wave action was
considered effective only to the top of the impervious clay at
the top of the levee. ’

(1) cCantilever I-wall. The stability and required
penetration of the steel sheet piling below the fill surface was
determined by the method of planes. The long-term (S) shear strengths
(¢c=0) governed the design. Prior to the preparation of plans
and specifications for the I-type floodwall tying the final levee
section to the I-wall in the éxisting back levee at Sunrise and
the T-wall at Grand Liard, additiondl borings and analyses will
be performed. A factor of safety of 1.25 was applied to the friction
angle as follows: @3 (developed friction angle) = tan -1 (tan fZa).

‘ F.S.
This developed angle was used to determine Kp and Ky lateral earth
pressure coefficients as follows: Kp = tan? (45° - B3) and Kp = 1.
2 Ka
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Using -the resulting shear strengths and net horizontal static

water, the earth pressure diagrams were determined for movement
toward each side of the sheet pile. Using these pressure diagrams-
and the wave force,.the summation of horizontal forces was equated
to zero for various tip penetrations. The tip penetrations required
for stability were determined as those where the summation of
moments approached zero. See plate 119.

(2) Inverted T-wall.

(a) Steel sheet pile cutoff. A steel sheet
pile cutoff will be used beneath the T-walls to provide protection
against seepage. The recommended tip elevations of the cutoff
below the T-walls are shown on plates 25 and 26. No sheet pile
analysis was performed for the Sunrise pumping station since the
unbalanced waterload is negligible. The analysis for the Bayou
Grand Liard pumping station is shown on plate 120 and was analyzed
under the following design assumptions:

1l. Conventional (Q) shear stability
analyses utilizing a F.S. “of 1.5 applied to the soil strength
parameters were performed at l-foot intervals.

2. Net driving force = Dp+RA+RB+RP'DA'
3. The driving force above the base
of the structure and the horizontal hydrostatic load were carried
by the structure.

4. If the net driving force is positive
there is available horizontal soil resistance in excess of the
unbalanced waterload and therefore the bearing piles are not required
to carry any additional lateral load acting on the sheet pile
cutoff.

(b) Bearing pile foundation.

l. The T-walls will be supported by
piling, battered as required, to provide stability against the
unbalanced lateral waterloads. The inverted T-type floodwalls
will be used in lieu of the I-type for reasons mentioned above.

In compression, a factor of safety of 1.75 was applied to the
shear strength and a lateral earth pressure coefficient of Kg=1.0
was used for determining the normal pressure on the pile surface.
In tension, a factor of safety of 2.0 was applied to the shear
strengths and a coefficient of K,=0.7 was used. One design was
performed for both the (Q) and (S) cases for the Bayou Grand Liard
pumping station and is applicable to the Sunrise pumping station
since it was considered more conservative. The (Q) case governed.
Pile design loads vs. tip elevations and subgrade moduli vs.
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tip elevations are shown on plate 120. Settlement of the piles

due to consolidation will not be a problem since the major loads
are causeéd by hurricane waterheads of insufficient duration for

consolidation of the foundation clays to ensue.

2. During construction, one 12" square
concrete pile will be driven at the Bayou Grand Liard pumping
station as shown on plate 26. The pile will be tested in compression-
to twice the design load (35 tons). If the pile fails before
this load is reached the spacing will be adjusted accoxrdingly.

Since spacings of greater than 10 feet on the tension piles are

not desirable, the tension piles will be working well below the
design load, and no pile test will be performed in tension. Because
of the small number of piles at the Sunrise pumping station, there
will be no test piles at this site. In the interest of avoiding

a tension pile test and having only one form for casting concrete
piles, tension piles will be the same length as compression piles
and spaced a maximum of 10 feet on centers, thus reducing the

design load to well below the theoretical allowable tension load.

3. The test site will be located in
the vicinity of boring 39-BUC. The elevation of the tip of the
pile will be -58 and will be tested to 70 tons in compression.

31. Settlement. Based on foundation conditions and consolida-
tion test data from the undisturbed borings, estimates of settlement
beneath the levees along the project alignment were made. Available
laboratory test data indicated that, from the surface down to
the depth where the stress induced by the weight of the recommended
levee is negligible, the soils are normally consolidated. The
organic clays and peat in the upper 10 to 20 feet of the subsurface
are very compressible and consolidate much faster than the fat
inorganic clays underlying them. For this reason, more settlement
occurs in the areas of highly organic soil. By removing the organic
soils under the project levee from station 104+81 to station 635+72
and replacing them with a sand core, the amount of settlement
at the levee centerline is greatly reduced. From station 104+81
to station 417+50 the settlement at the levee centerline will
be less than the settlement at the edge of the sand core because
the sand core is seated on the silt and sand layers underlying
the marsh deposits in this reach. From station 417+50 to station
635+72 the settlement at the centerline and the settlement at
the edge of the sand core will be approximately equal. Estimates
of the ultimate settlements of the foundation for the levee in
various project reaches are shown below:
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Settlement
Edge
Construction Crown Center- sand
Reach Station method Elev. Width line core
ft. ft. ft. ft.
Tropical Sta 0+00 to Conventional 15.0 8.0 4.5 -
Bend to Sta. 37400 hydraulic fill
Empire
Tropical Sta. 37400 to Conventional 15.0 8.0 5.0 -
Bend to Sta. 98+81 hydraulic fill
Empire
Empire Sta. 104+81 to Sand core 15.0 8.0 3.4 5.0
to Buras Sta. 417+50 hydraulic f£ill
Buras to Sta. 417+50 to Sand core 15.0 8.0 5.6 5.6
Fort Sta. 635+72 hydraulic £ill
Jackson
32. Erosion protection. Due to the short duration of hurricane

flood stages and the resistant nature of the clayey soils, no
erosion protection is considered necessary on the levee slopes
along most of the levee alignment other than sodding.
foreshore protection will be placed along the bank of Adams Bay
from station 57+50 to the Empire floodgate, along the bank of
the Empire to Gulf Waterway from station 62+00 to the Empire floodgate,
and on the land side and flood side of the canal closures between
stations 46+50 and 87+00 to protect the levee from damages which
could occur from waves generated by other than hurricane winds.
Design sections for the foreshore protection are shown on plate
22. At the Sunrise and Bayou Grand Liard pumping stations the
erosion protection will consist of 18 inches of riprap over a
6-inch thick shell bedding as shown on plates 25 and 26, respectively.
Erosion protection at the Empire floodgate will consist of 2 feet

of riprap on a minimum l-foot blanket of clamshell as shown on
plates 28 and 29.

33.

Settlement observations.

Settlement observations will
be made on all walls after completion of construction and yearly
thereafter until settlement is essentially complete.

However '

The sheet

pile in the tie-in levees will not be capped for a period of time
after they have been driven because of predicted large settlements.
Settlement observations will be made and a field settlement curve
will be used to determine when all detrimental settlement has
Before- and after—-construction profiles and sections
will be obtained for each construction stage for the levees and
berms and yearly thereafter until settlement is essentially complete.

occurred.
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Observations will be made on all protective features periodically
thereafter. Settlement of the walls along the existing levee

will not be a problem since the major loads are caused by hurricane
waterheads of insufficient duration for consolidation to occur.

DESCRIPTION OF PROPOSED STRUCTURES AND IMPROVEMENTS

34. Levees. The alignment of the protective levee system
for Reach Bl is shown on plate 1. The detailed alignment and
profile of the levee and features contiguous thereto are shown
on plates 2 through 9. The levee will begin at Tropical Bend
(sta. 0+00) at a point approximately 125 feet to the right of
the existing non-Federal back levee. From this point the levee
will extend southward and skirt the shore of Adams Bay to station
98+81 opposite Empire, where it will cross the Empire to the Gulf
of Mexico, La., Waterway and will then extend eastward and generally
parallel to the existing back levee to Fort Jackson, the end of
Reach Bl (sta. 635+72). From station 0+00 to station 98+8l1 the
levee will consist of a conventional hydraulic clay fill levee. '~
From station 104+81 to station 625+72 the levee will consist of
a hydraulic clay fill levee with a core composed of sand. The
levee will have a net grade of 15.0. Typical levee design sections
are shown on plates 13 through 15, 17, and 19 through 21. Design
sections for the shell dikes and canal closures are shown on plates
16 and 18, respectively. The total length of the levee system
is approximately 12 miles. Minor changes in the levee centerline
location will be permitted in the field where such action will
result in a more favorable alignment.

35. Channels. —

a. Access channel. An access channel with a minimum
width of 100 feet at elevation 9 feet below mean low gulf (m.l.g.)
datun will be provided to maintain access between Empire and Buras
as shown on plates 3 through 5. The channel will be obtained
incident to levee construction (borrow) and no additional costs
are anticipated.

b. Temporary bypass channel. A temporary bypass channel
was dredged during construction of the first 1lift levee (0+00
to 98.55.3) at the location shown on plate 2 and to the section
shown on plate 19 to provide navigation in and out of Empire during
the construction of the floodgate. Spoil material from the excavation
of the bypass channel was used in the first 1lift section of the
adjacent levee. The channel excavation in the borrow areas was
not included as an item in the cost estimates. The bypass channel
ties into the Doullut Canal which will be left open until completion
of the floodgate. Applicable stream closure sections for closure
of Doullut Canal are shown on plates 13 and 19.
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36.. Structures.

a. Floodwalls at pumping stations. Sunrise and Bayou
Grand Liard pumping stations are located on the protected side
of the existing levee, with discharge pipes passing through the
levee just below the road surface on the levee crown and terminating
in the outfall canals. The new levees will not cross the outfall
canals but will tie into the existing levees 200 feet to 300 feet
to each side of the pipe crossings. At the Sunrise pumping station,
the existing levee and tie levees will be raised to elevation
12.0 with an 8-foot crown and a floodwall will be built into the
levee to elevation 20.0 to prevent wave overtopping. Floodwalls
at the Sunrise pumping station will be I-type floodwalls except
for a 60-foot stretch of inverted T-type floodwall which will
be built in the vicinity of the discharge pipes. At the Bayou
Grand Liard pumping station, stability of the existing levee section
requires that the levee be degraded to elevation 6.0. The tie
levee at the Bayou Grand Liard pumping station will have an 8-
foot crown at elevation 10.0. Floodwall at the Bayou Grand Liard
pumping station will extend to elevation 18.5 and will be inverted
T-type floodwall on the existing levee and I-type floodwall on

the tie levees. Where the discharge pipes pass through the floodwall,‘

provision for settlement or deflection of the wall or any small
movements of the pipes will be provided by the method shown on
plate 27. Details of the floodwalls are shown on plates 25, 26,
and 27.

b. Floodgate.

(1) A navigation floodgate is required in the
new levee in the Empire to Gulf Waterway near Empire, La. Since
the gate will be operated infrequently, investigation of alternatives
to the conventional sector-gated navigation structure was indicated.
Based on these investigations, a design was developed for which
the construction cost is estimated to be on the order of three-
fourths of that for a conventional structure of the same size.
The structure in the Empire to Gulf Waterway will have a clear
horizontal opening of 84 feet (approximate authorized width of
the Empire to Gulf Waterway) and a sill elevation of -14, which
elevation is approximately 4 feet below the authorized depth of
the waterway and will provide for any future increase in depth
which may reasonably be expected to be authorized in the foreseeable
future. The structure will be of reinforced concrete construction
with a bottom hinged gate which, in the open position, will be
stored in a recess in the base slab. The gate hoisting mechanisms
which will be mounted on the walls of the structure will consist
of the die lock chain wildcat, driven by ‘an electric motor with )
an integral brake and a totally enclosed gear train. The wildcat
and driven gears will be installed on a common bearing mounted
shaft. A diesel engine-driven generator will be provided at the
gate for operation of hoist motors and lighting.
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(2) The structure will be constructed within an
earthen strutted steel sheet pile cofferdam located within the
waterway. Consideration was given to building the structure in
an adjacent excavation rather than in the waterway but comparative
- costs were unfavorable to such construction.

(3) Since the floodgate, once closed, cannot be
opened until hurricane tides have receded and the stage on the
landside is equal to or higher than the stage on the gulfside,
closure will be delayed until overall weather conditions are so
severe that the arrival of water craft fleeing the scene of a
hurricane is unlikely. However, closure of the floodgate will
not be delayed after hurricane tides have produced an elevation
of 5.0 on the landside of the structure. Assuming that a 100- _
year, 24-hour rainfall accompanies the design hurricane and that . -
some wave and spray overtopping will occur, the stage between
the main hurricane protection levee and the existing back levee
at Empire would reach an elevation of approximately 6.3. The
existing levee is not lower than elevation 8 and it is proposed
to require maintenance of this grade as a part of the Federal . -
project. '

(4) For the case of a rising hurricane tide and
closure of the gate at elevation 5, the maximum average velocity
through the floodgate would be 4.7 f.p.s. (feet per second). This
velocity will not provide undue difficulties in closing the gate.
After passage of the hurricane, the flood side stage generally
will recede at a rate slower than that at which it rose. In this
case, ample time should be available to open the gate before large
head differentials develop. After the gate is opened, the stages
on the protected side will recede at about the same rate as the
flood side stages. Generally, therefore, the development of velocities
critical to the structure or to the channel protection adjacent
to the structure is not expected.

(5) Erosion protection will be provided in the
channel adjacent to the structure. The protection will consist
of 2 feet of riprap and on a l-foot thick shell filter blanket.

(6) A plan'view of the floodgaté is shown on plate
28 and sections are shown on plate 29.

37. 'Method of construction.

FY

a. Levees.

(1) The levees will be built by stage-construction
methods over a period of several years. The levees from station
0+00 to station 98+81 will be constructed of hydraulic clay material
in five stages. The hydraulic clay f£ill obtained from the marsh borrow
area will be pumped in three lifts with approximately 2-year intervals
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between successive lifts. Approximately 2 years after completion
of the third 1lift the levee will be shaped:up by dragline. One
year after completion of the first shape-up the levee will be
shaped up by dragline to the final section with some overbuild

to compensate for future settlement. The first lift in this reach
is now in place and plans and specifications for the second lift
are being prepared.

(2) From station 104+81 to station 635+72 a sand
core hydraulic clay fill levee will be constructed in two stages.
A trench for the sand core will be excavated to the dimensions
and elevations shown on plates 14 and 15. The material excavated
between stations 104+81 and 535+50 will be utilized in the construction
of the hydraulic clay fill retaining dikes shown on plates 14
and 15. From stations 538+00 to 635+72 the material excavated
from the core trench will be wasted in the designated spoil area.
At the stream crossings, shell retaining dikes will be constructed
to the sections shown on plate 16. Sand will then be pumped from
the sand borrow area in the Mississippi River (plate 23) into
the excavated trench to an elevation that will provide sufficient
material for shape-up of the sand core as shown on plates 14 and
15. Between stations 538+00 and 635+72 the retaining dikes will
be constructed on top of the sandfill from borrow within the ponding
area as shown on plate 15. Hydraulic clay f£ill from the marsh
borrow area will then be pumped between the retaining dikes or
between the existing back levee and flood side retaining dike
to cover the sand core. After the hydraulic clay fill has dried .
sufficiently (approximately 2 years from time of placement), undisturbed
borings and shear tests will be made to evaluate the design of
the final levee section. BAn additional contract will then be
initiated for shape-up of the hydraulic clay £ill into the net
section plus some overbuild to compensate for additional settlement.
Tt is estimated that ultimately, due to settlement, a clay cover
over the sand core, including a wave berm, of at least 10 feet
will be provided on the flood side slope of the levee. This will
afford adequate protection against erosion and potential hazardous
seepage. Construction of the first 1lift levee between station
104+70 and station 377+50 is now in progress.

b. Levees and floodwalls,

(1) At the Sunrise pumping station between stations
236+90 and 237+50 the existing back levee will be degraded to the
necessary elevation and the T-wall constructed. The levee will be
reconstructed to elevation 12.0 using semicompacted methods. The
fill will be placed well in advance of the installation of the
steel sheet piling to reduce settlement of the wall.
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(2) At the Bayou Grand Liard pumping station the
existing back levee between approximate levee stations 534+27 and
538456 will be degraded to elevation 6 and the wall will then be
constructed. Because of the stability into the land side and flood
side pits, the levee will not be rebuilt, but maintained at this .
elevation.

(3) At both pumping stations the tie~in levee will
be constructed as soon as possible after the first 1lift. Sheet piling
will be driven, but not capped until a field settlement curve predicts
no further detrimental settlement.

OTHER PLANS CONSIDERED

38. Recommended construction plan. " In general, the recommended
construction plan consists of a conventional hydraulic clay fill levee
from station 0+00 to station 28+81 and a hydraulic clay levee
with a sand core from station 104+81 to station 635+72.

39. Alternative construction plans for levee. The method

of constructing the levee presented in the GDM (1967) was by hydraulic
clay fill. Subsequent to approval of the GDM (1967) and initiation
~of the 1st 1lift of levee from Tropical Bend to the Empire Floodgate,

a letter-type report dated 31 December 1969 was submitted to LMVD
recommending that the levee between the Empire Floodgate and Buras
be constructed with a sand core. This revised method of constructing
the levee was approved by LMVED-G lst Indorsement dated 2 February
1970 (reference paragraph 3b(2) of this GDM). In addition to
the recommended method of constructing the levee with a sand core
from Buras to Fort Jackson two alternative plans were considered
including straddle enlargement of the existing levee by barging
material from the Pointe a la Hache Relief Outlet, stockpiling,
and then hauling by truck to the levee (alternate A), and by a
hydraulic clay fill levee using the existing levee initially as
a retaining dike and finally as topping material (alternate B).
Sufficient design analyses were accomplished to determine that
the most economical and practicable method of constructing the levee
is by hydraulic clay fill with a sand core. A cost comparison
between the recommended plan and the alternate plans for the levee
between Buras and Fort Jackson is as follows:

Plans ' Cost

Hydraulic clay fill levee with »
sand core (recommended) _ $ 8,180,000

Straddle enlargement of existing
levee (alternate A) 8,226,000

Hydraulic clay f£ill levee
(altexrnate B) 14,053,000

27 _—



Para 40

'ACCESS ROADS

40. General. The work areas may be reached via Louisiana
State Highway 23 and local and field roads. A permanent access
road is necessary for maintenance and operation of the flocdgate
and will be constructed at the location shown on plate 28.

STRUCTURAL DESIGN

41. Criteria for structural design. The structural design
of the floodwalls 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. Wave forces were computed from guidelines
outlined in Technical Report No. 4, third edition, 1966, "Shore
Protection Planning and Design," published by the U. S. Army Coastal
Engineering Research Center with the exception that breaking waves
were not considered to act on the total structures. (See WES
Research Report H-68-2, "Shock Pressures Caused by Waves Breaking
Against Coastal Structures,” dated September 1968.)

A Basic data.

Stillwater elevation flood side 12.0
Assumed water elevation land side of floodwall -4.0
Wave characteristics (see table A-5, appendix A)

Wave pressures (see figures E-1 through E-4)

Unit weight of water 62.5 pcf
Unit weight of reinforced concrete 150 pcf

b. Allowable working stresses. The allowable working
stresses for concrete and structural steel are in accordance with
those recommended in "Working Stresses for Structural Design,"

EM 1110-1-2101 dated 1 November 1963, and amendment 1 dated 14

April 1965. The basic minimum 28-day compression strength for
concrete will be 3,000 p.s.i., except for prestressed concrete

piling where the minimum will be 5,000 p.s.i. Prestressed concrete
piles will be 12-inch by 12-inch square and will meet the requirements
of the Joint AASHO and PCI Committee Standard Specifications for
"Sqguare Concrete Prestressed Piles." Steel for steel sheet piling
will meet the reguirements of ASTM A-328-69, "Standard Specifications
for Steel Sheet Piling." For convenient reference, pertinent
allowable stresses are tabulated below:
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Reinforced concrete (except for concrete piles)

f'c 3,000 psi
fo 1,150 psi
Ve 60 psi
fg 20,000 psi
Minimum area steel 0.0025 bd sg.in.
Shrinkage and temperature steel area 0.0020 bt sg.in.

Structural steel

;

Basic working stress (ASTM A-36) © 18,000 psi
Basic working stress (steel sheet piling) 19,250 psi

c. I-type floodwall. I-type floodwall will be constructed
from wall line stations 0+00 to 5+39 and from 5+99 to 11+78 at
Sunrise pumping station and from wall line stations 0+00 to 2+21
and from 6+80 to 8+80 at Bayou Grand Liard pumping station (see
plates 25 and 26). The I-wall will consist of sheet piling driven
into the final levee sections as shown on plate 27. The upper
portion of the sheet piling will be capped with concrete. The -
sheet piling will be driven to the required depth with 1 foot
of the sheet piling extending above the levee crown. The concrete
portion of the floodwall will extend from 2 feet below the levee
crown to the design elevation at the top of the floodwall. Wave
load computations for the two I-type walls are shown in figures
E-1l, E=2, and E-4, appendix E. In the design of the I-wall, two

- loading cases were considered:

Case I - Static water to the SWL, elevation 12.0, 1.5 factor
of safety in the soil, no wave force. —

Case II - Static water to SWL, elevation 12.0, 1.25 factor
of safety in the soil, wave load from non-breaking wave. '

Since Case II proved to be the most critical, only the computations
for this case are presented. (See figures E-12 and E-13, appendix
E.)

d. T-type floodwall. T-type floodwall will be constructed
from wall line stations 5+39 to 5+99 at Sunrise pumping station
and from wall line stations 2+21 to 6+80 at Bayou Grand Liard
pumping station (see plates 25 and 26) . The reinforced concrete
T-wall section will be supported by battered prestressed concrete
piles driven into the levee section as shown on plate 27. The
sheet pile cutoff wall below the T-wall base is assumed to be
self-supporting and therefore does not cause or resist any load
on the T-wall. Wave load computation for the two T-type walls
is shown in figures E-1 through E-3, appendix E. The design calculations
for the T-type wall at Bayou Grand Liard pumping station are shown

in figures E-5 through E-11, appendix E (computations for T-type
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wall at Sunrise pumping station are similar and therefore are
not presented). The T-type walls were designed assuming the following
load conditions:

Case I - Static water to SWL, elevation 12.0, no wave force,
impervious sheet pile cutoff.

Case II - Static water to SWL, elevation 12.0, no wave force,
pervious sheet pile cutoff.

Case III - Static water to SWL, elevation 12.0, wave load
from non-breaking wave, impervious sheet pile cutoff. 33 1/3
percent increase in allowable stresses.

Case IV - Static water to SWL, elevation 12.0, wave load
from non-breaking wave, pervious sheet pile cutoff. 33 1/3 percent
increase in allowable stresses.

In all cases, a crack between concrete and adjacent soil was assumed
all around the base of the T-wall.

e. Protective measures against corrosion. All steel
sheet piling in contact with the new levee fill will be coated
with 20 mils of coal tar epoxy. The coal tar epoxy coating will
extend from a minimum of 2 feet below existing ground to 3 inches
into the concrete cap.. Sheet piling will be electrically bonded
together with a No. 6 reinforcing bar welded to the piles near
the top. Flexible jumpers will be provided at each expansion
joint.

SOURCES OF CONSTRUCTION MATERIALS

42. Sources of construction materials. Sand and gravel
are available within 150 miles of the project. Clamshells are .
available within 80 miles of the project. The nearest sources
of rock are in Texas, Alabama, and Arkansas.

a. Rock material. Rock is available from several
locations in Texas, Oklahoma, Arkansas, Missouri, and Kentucky.
The following is a list of the rock sources suitable for use as
riprap: '

30

[P



Source

Big Rock Stone & Material Co.
Little Rock, Ark.
Quarry at Little Rock

West Lake Quarry & Metal Co.
Box 206, Bridgeton, Mo.
Quarry at Selma, Mo.

Three Rivers Rock Co.
Bex 218, Smithland, Ky.
Quarry at Smithland

Reed Crushed Stone Co.
Box 35, Gilbertsville, Ky.
Quarry at Gilbertsville

Trinity Concrete Products Co.

1700 Republic Bk. Bldg., Dallas, Tex.

Quarry at Chico, Tex.
Quarry at Knippa, Tex.
Quarry at Stringtown, Okla.

b. Concrete aggregate.

Tyge

Nepheline
Syenite

Crystalline
Limestone

Crystalline
Limestone

Crystalline
Limestone

Limestone

Igneous Basalt
Argillaceous limestone

Para 42a

Unit Wt.

163#/c.f.

l67#/c.£f.

170#/c.f.

169#/c.f.

167#/c.£.
195#/c.f.
161#/c.f.

The following is a list of

sources from which concrete aggregate, suitable for construction

connected with this project, can be produced.

The test data for

these sources are included in volumes III and IV of WES TM 6-

370, "Concrete Aggregates."
these sources are as follows:
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Plant Vol.

Dixie Sand and Gravel
T4S, R12E, Sec. 16
Washington Ph., La. v

Gifford Hill
1 mi. south of

Tangipahoa, La. ITI
Jahncke Service,Inc.
Mitchell Pit at

Fluker, La. IIT

ILa.Ind. at Franklinton
(Price Pit) -

Morse-Ory at Amite -

Anderson Gravel Co.
at Amite -

Lambert Gravel Co.
Bayou Sara at

Baines, la. IIT

Holloway Sand & Gravel
Thompsons Creek at

St.Francisville III
River Materials

Miss. River

mile 249 AHP IIT
Trinity Sand & Gravel
Kinder, La. - ITI

. Trinity Concrete Prod.
Longville, La. 111

Lat.

30

30

30

30

30

30

30

30

30

30

30

Long.

89

90

920

32

89

90

90

91

91

91

92

93

Index
No.

1

(suppl 2) .

2

(suppl 2)

"9

2
(suppl 3)

2
(suppl)

Used at

Siphons in NOD

Freshwater Lock

Floodwall, Lake
Pont. & Vic.‘

(Tested for)
0ld River Bridge

St. Francisville
Casting Yard

(Tested for)
Calcasieu S.W.
Barrier &
Freshwater Lock
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Test data in WES TM 6-360 are applicable to the above sources

of concrete aggregate. All of the above sources were investigated
and approved as concrete, sand, and/or gravel sources subject

to complete test analysis by WES. The gradation of coarse aggregate
shown in CE-1401.01, "Standard Guide Specifications for Concrete,"
August 1963, is not available from pits within an economic distance
of the project. Therefore, the gradation shown below, in one

size, will be specified:

Sieve size Percent by weight
U. S. Standard square mesh passing individual sieve
1 1/2 in. 100
1l in. 90-97
1/2 in. 40-60
No. 4 0-6

The above gradation was approved for Wax Lake East pumping station,
Wax Lake West pumping station, Calcasieu Saltwater Barrier, Freshwater
Bayou lock, and hurricane protection, Lake Pontchartrain and Vicinity.

COORDINATION WITH OTHER AGENCIES

43. U. S. Department of the Interior, Fish and Wildlife
Service. '

a. Review and recommendations. Extensive coordination
with the U. S. Fish and Wildlife Service was accomplished during
and subsequent to authorization of the project. By letter dated
15 March 1971, the Regional Director, U. S. Fish and Wildlife
Service, Atlanta, Georgia, was informed of the current levee alignment
for Reach Bl and requested to furnish views and comments. By
letter dated 30 April 1971, the Regional Director stated "...Our
comments concerning the fish and wildlife aspects of the proposed
Reach Bl levee were adequately considered in previous reports
from this office. We do note, however, that location of the proposed
Buras to Fort Jackson levee to coincide with the existing back
levee will encompass considerably less marsh habitat than the
original plan. Construction of the levee in this location will
therefore be less damaging to fish and wildlife resources...."
In the Regional Director's previous report dated 29 November 1965
he stated "...The Bureau therefore recommends that, in order to
minimize adverse project effects on fish and wildlife resources,
your final plans for hydraulic dredging provide the following
spoil-control measures:

"l. Adequate spoil dikes with effective spillway.

"2. Careful handling to prevent refluxing....

Copies of the above reports from the Regional Director are included
in appendix D. :
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b. Proposed action. Adequate spoil dikes with effective
spillways will be provided during hydraulic construction of the
levees to clarify the effluent from the hydraulic dredge to acceptable
limits. The effluent will be initially clarified within the levee
retaining dikes, will then pass through spillways in the retaining
dikes into ponding areas, and then pass through spillways into
the adjacent marshlands.

44. U. S. Department of the Interior, Federal Water Pollution

Control Administration (now Environmental Protection Agency, Water
ouality Office).

a. Review and recommendations. The Regional Director,
South Central Region, was informed of the project by letter dated
10 January 1967 and requested to furnish views and comments. The
Regional Director in his letter of response dated 13 April 1967
requested that consideration be given to the following:

(1) Spoil bank control to prevent water pollution
from turbid conditions.

(2) Minimizing the accidental spillage of petroleum
products or other harmful materials and maintenance of sanitary
facilities to adequately treat domestic wastes. '

.b. Proposed action. Provisions relative to water
quality degradation during construction, control of accidental
spillages, and maintenance of adequate sanitary facilities by
construction contractors will be incorporated into the construction
plans and specifications.

45. Iouisiana Wild Life and Fisheries Commission. The Director
was informed by letter dated 2 April 1971 of the current alignment
for Reach Bl and requested to furnish views and comments. By
letter dated 21 July 1971 the Commission stated "...We wish to
concur with the comments of the Bureau of Sport Fisheries and
Wildlife in their letter of April 30, 1971, to you...." A copy
of the above correspondence from the Commission is inclosed in
appendix D.

46. State of Iouisiana, Department of Public Works. The
Department was informed of the authorized improvements and of
the design memorandum studies. Numerous meetings were held with
officials of the Department during the studies and the Department
has indicated its concurrence in the plan of improvement.:

REAL ESTATE REQUIREMENTS
47. General. All rights-of-way will be acquired by local

interests and furnished without cost to the United States. There
will be no acquisition by the United States.
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RELOCATIONS

48." General. The authorizing act specifies that local interests,
prior to initiation of construction, give assurances satisfactory
to the Secretary of the Army that they will, without cost to the
United States, "...accomplish all necessary alterations and relocations
to roads, pipelines, cables, wharves, and other utilities required
by the construction of the project;...." All relocations for
this project are the responsibility of local interests and consist
of the following:

a. Pipelines. Relocation of the following pipelines
is required by construction of the project:

Location

(B/L station at

C/L of levee) Type Size
161+74 , Gas pipeline 4"
188+55 Gas pipeline 8"
198+13 Crude oil pipeline 20"
222+13 Crude o0il pipeline 12"
261+49 Crude oil pipeline 12"
261+55 Butane pipeline 6"
261+61 Gasoline pipeline 6"
261+67 Fuel o0il pipeline 4"
315+98 Gas pipeline 6"

All of the above relocations are shown on plates 4 and 5. Design
sections are shown on plate 24.

b. Pumping station modifications. The discharge pipes
of the Sunrise and Bayou Grand Liard pumping stations will require
modification to accommodate construction of the floodwalls at
the stations. z

c. .. FPacilities in the Buras harbor area. Facilities
in the Buras harbor area which required relocation because of
the project are as follows: one wholesale seafood outlet, three
loading and unloading docking facilities foxr shrimp boats, one
boat-launching facility, one boat pier, and one boat shed.

ENVIRONMENTAL QUALITY

49. Environmental guality.

a. General. The engineering. treatment required for
preserving and maintaining the environmmental quality of the project
has been considered during preparation of this design memorandum.
Specifically, levee erosion protection, corrosion mitigation,
and the disposition of dredge waste water are discussed in paragraphs
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32, 4le, and 43b, respectively. Further, as indicated in paragraphs

43 through 46, extensive coordination has been accomplished with

the appropriate agencies relative to effects of the project on

fish and wildlife resources and water quality during and subsequent BN
to construction.

b. Enhancement. With the exception of deviating from
the existing levee at Empire, the project works alter the existing
terrain only to the extent of raising and strengthening the existing
non-Federal levees generally along the same alignment. All borrdéw
material for the sand core will be obtained from sand deposits
in the Mississippi River. Borrow material for the clay overlay
will be obtained from the marsh area adjacent to the levee. Additional
beautification measures beyond those which are normally associated
with levee construction, i.e., grading and sodding, are not considered
_necessary.

ESTIMATE OF COST
50. General.

a. Reach Bl. The estimated first cost for constructing
Reach Bl, based on July 1971 pricetggggéi: is $25,800,000, of
which $18,060,000 is Federal cost and $7,740,000 is non-Federal
cost. A summary of first cost is given in table 1. The detailed
estimate of first cost is shown on table C-1, appendix C.

b. Reaches A, B2, C, and East Bank Barrier levee plan.
Cost estimates for Reach C and the East Bank Barrier levee plan
are of general design memorandum scope. Cost estimates for Reaches
A and B2 are of survey report accuracy. The estimated costs for e
constructing the above reaches are as follows:

Federal Non-Federal Total
$ $ $ ,
Reach A 15,750,000 6,750,000 22,500,000
Reach B2 - 14,070,000 6,030,000 20,100,000
Reach C . 7,980,000. 3,420,000 11,400,000
Barrier levee plan 9,030,000 3,870,000 12,900,000
Total 46,830,000 20,070,000 66,900,000

Details of the above costs are shown in tables C-4, C-6, C-8, and
C-10, appendix C.
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TABLE 1

SUMMARY OF FIRST COST

REACH Bl
Item Federal Non-Federal Total
$ $ $
01 Lands and damages - 616,600 616,600 -
02 Relocations and
modifications - 701,000 701,000
11 Levees and floodwalls 20,397,600 - 20,397,600
30 Engineering & design - 2,429,400 73,500 2,502,900
31 Supervision & '
administration 1,533,000 48,900 1,581,900
Subtotal 24,360,000 1,440,000 25,800,000
Cash contribution! -6,300,000 +6,300,000 -
Total ' 18,060,000 7,740,000 25,800,000

lsee table C- 2, appendix C, for apportlonment of cost between
Federal and non-Federal interests.

51. Comparison of cost estimates. The current cost estimate
of $25,800,000 for Reach Bl is an increase of $12,524,000 over
corresponding costs shown in the PB-3 (effective 1 July 1971).
Prices in the PB-3 are based on cost estimates in the general
design memorandum which this report revises, escalated to 1971
price levels. Comparisons of cost estimates shown in the project
document, in the PB-3, and in this revision are shown in table
2.

a. Reasons for difference, levees and floodwalls.
The feature, levees and floodwalls, (comparing PB-3 and design
memorandum estimates) is further detailed in table 3. Reasons
for the differences, in the amount of $9,460,600 overall increase,
are: :

(1) Levee embankment, first lift. Costs increased

$6,807,175. .
(a) Tests on so0il borings obtained subsequent
to original submission of the DM indicated a lower shear strength
of the foundation material than previously determined. Revised
design resulted in generally larger final levee configurations.
Shrinkage, settlement, and lateral spread were increased, based
on recent experience in this project area and on analyses of other
projects with comparable foundation conditions which also increased
the quantities of material.
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Para 51&(1?(5)-

: (b) Higher unit pricés result from wasting
the upper 10 feet of unsuitable material from the clay borrow
pits. Wasté thus produced must be clarified within diked spoil
areas to avoid damage to adjacent oyster and marine environment.
Effluent from hydraulic clay embankment must also be clarified
in ponding areas before releasing liquids into the marine environment.
Ponding areas are generally located between the levee and the
clay borrow pit, thus increasing lengths of pump lines from hydraulic
dredges. The foregoing operate to increase unit prices for embankment,
most of which is attributable to environmental considerations not a
part of the original DM.

(c) Deletion of the Buras Floodgate results
in additional levee embankment across the Fasterling Canal in
lieu of the structure.

(2) Levee embankment, second lift. Costs decreased
$788,000. The sand-core method of construction provides for immediate
covering of sand by a clay blanket; therefore, no second lifts
are required for most of Reach Bl. In effect, the first and second
1lifts are incorporated into one which are called first lifts in
this DM. Only the all-clay levee from station 0+00 to station
98+81 will regquire multiple lifts.

v (3) Levee embankment, third 1lift. Costs increased
$355,000.. A third 1lift on the levee, station 0+00 to station
98+81, is a requirement not anticipated in the original DM which
results from the revised shear strengths, shrinkage, settlement,
and lateral spread discussed under paragraph 5la(l) (a) .

(4) Levee embankment, first shape-up. Costs increased
 $782,600. A significantly larger volume of material is to be

shaped primarily because of the larger final levee configuration.
Additionally, for that part of the levee from approximately station
162+00 to station 317+00 and from approximately station 339+00

to the end of Reach Bl, the material presently within the existing

back levee will be incorporated into the first shape-up, a consideration
not part of the original DM.

(5) Levee embankment, second shapeup. Costs decreased
$62,600. Only that segment of levee, station 0+00 to station
98+81, will require a second shape-up, whereas in the original
DM the entire length of Reach Bl required a second shape-up.

(6) Retaining dikes. Costs decreased $921,500.
The cost of retaining dikes in the original DM is carried as a
separate line item. However, this estimate has included these
as a part of the levee embankment since they are within berms
in the final configuration.
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(7) Excavation for sand-core. Costs increased
$720,180. The original DM estimate was based upon an all-clay
levee whereas this revision includes the sand-core method of con-
struction. The design provides for the foundation to be excavated
down to acceptable material, which was not a requirement for the
all-clay levee.

(8) Shell dikes and canal closures. Costs increased
$918,360. The original DM estimate did not include shell as a
part of the canal closure embankment. Lower shear strengths discussed
under paragraph 51la(l) (a) were such that shell was required at
canal closures when used in conjunction with an otherwise all-
clay levee. Supplement No. 1 provided for this change in method
of construction. Canal closures have been constructed using shell
between stations 0+00 and 98+81 except for the Doullut Canal.
There is no requirement for shell closures for the remainder of
the levee since the sand-core will serve satisfactorily at these
locations. It is necessary, however, to use shell dikes to retain
hydraulically-placed sand and clay at deep channels and canals
thus preventing undesirable shoaling and pollution.

(9) Clearing. Cost increased $147,260. Clearing
is included as a separate item in the revised DM, whereas no separate
item was included in the original submission.

(10) Fertilizing and seeding. Costs increased
$22,950. Revised fertilizing and seeding standard specifications,
along with an increase in surface area of the levees, resulted
in a small increase.

(11) Foreshore protection. Costs increased $513,700.
Need for foreshore protection along the portion of levee adjacent
to the Empire, La., to the Gulf of Mexico Waterway has become
evident since initial submission of the DM based on field observations.
Extensive use by large watercraft presents a potential erosion -
hazard to the levee which must be prevented. A channel has been
developed, more or less through usage, across Bay Adams, through
the Doullut Canal, thence into the Empire harbor area. In the
original DM .this channel was not known to exist. This revision
provides for rerouting the channel parallel and adjacent to the-
unprotected side of the levee, which route will be used for navigation
during construction of the Empire Floodgate structure. It is
necessary to protect the levee from erosion along this. channel.

(12) Floodwalls at Sunrise and Bayou Grand Liard
pumping plants. Costs increased $202,000. At Sunrise pumping
plant, added earth work, added slope protection requirements, ' -
and increased length of floodwalls resulted in an increase of
$50,000. At Bayou Grand Liard pumping plant, added earthwork,
added slope protection, added test piling, and a change to T-
wall rather than I-wall construction all operated to increase
costs by $152,000. .
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(13) Empire Floodgate structure. Costs increased
$727,000. Because of the excavation plan, the quantities of fill
required for the cofferdam were increased by approximately 14,400
c.y. to 36,000 c.y. consisting of 15,500 c.y. of shell and 20,500
c.y. of clay fill. It was also necessary to use a shell core
in the stream closures. This shell is not included in the material
discussed in paragraph 50a(8) above. The structure will be backfilled
with shell instead of using random £ill, as originally planned,
because of foundation strength requirements and a lack of suitable
borrow at the structure site. The size of operating machinery ’
was increased in order to operate under greater design conditions
than originally considered. Quantities for riprap have been increased
by 6,500 tons from the amount included within the PB-3 estimate.

(14) Buras Floodgate structure. Costs decreased
$1,134,200. The Buras Floodgate structure has been deleted from
the project plan at the request of local interests and the levee
'is continuous across the former floodgate site. Costs for the
levee are included in appropriate items for levee embankment.

(15) Contingency. Costs increased $1,170,675.
Because of substantial increases in overall construction costs,
contingencies have increased proportionately. In addition, a
larger contingency rate has been used (from 12% to 20%) due to
uncertain foundation conditions.

b. Reasons for difference, engineering and design.
Referring to table 5, costs increased $1,699,400, proportionate
to increased construction costs. In addition, the rate of E&D
on construction was increased (from 10% to 12%+) due to ecological
problems, extensive negotiations with local interests concerning
alignments and construction methods, and the requirement to revise
this DM.

C. Reason for difference, supervision and administration.
Costs increased $767,000 proportionate to increased construction
costs.

d. Reasons for difference, lands and damages. Costs
increased $409,000 because of additional ponding and spoil areas
not contemplated in the original DM and severance costs for the
Buras harbor due to deletion of the Buras Floodgate structure.

A

e. Reasons for difference, relocations. Costs increased
$188,000. This reflects an increase of $245,000 for relocation
of facilities in the Buras harbor resulting for deletion of the
floodgate, an increase of $4,000 for pumping plant modifications,
and a decrease of $61,000 for pipeline relocations.
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SCHEDULES FOR DESIGNLAND;CONSTRUCTION

52. Schedules for design and construction. The sequence
of contracts and the schedules for design and construction are
shown below:

:Estimated
:Construction
Cost -
Design : Construction Includes
: : :Adver- : : ‘Contingencies

Contracts . Start : Complete :tise : Award : Complete:and S&I
Levee,lst 1ift 1966 10 Apr 6 May 25 Jun 4 May s 779,500
(sta. 0+00 to 68 68 68 69 (rounded)
98+55.3)
Levee,lst 1ift Feb 70 8 May - 26 May 29 Jun Oct 71 4,744,800
(sta. 104+70 70 70 70 (rounded)
to 340+20)
Levee,lst 1ift May 70 Sept 70 oOct 70 12 Nov Dec 71 760,000
(sta. 340+20 70 (rounded)
to 377+50) !
Levee,2d 1lift Jul 71 Mar 72 Apr 72 May 72 Jun 73 658,800
(sta. 0+00 to
98+55.3)
Empire May 71 Feb 72 Apxr 72 May 72 May 74 2,774,000
Floodgate —
Levee,lst 1lift Oct 71 Jun 72 Jul 72 Aug 72 Dec 73 4,108,000
(sta. 377+50
to 534+90) .
Levee,lst 1lift Feb 72 Oct 72 Nov 72 Dec 72 Dec 73 3,078,500
(sta. 538+00
to 635+72.3)
Levee, Final Oct 73 Jul 74 Aug 74 Sept 74 May 75 670,000
Section(sta.
104+91 to 232+31,
242+41 to 377+50)
Levee,3d 1lift Jun 75 Mar 76 Apr 76 May 76 Mar 77 520,800
(sta. 0+00 to : A
98+55.3)

lcontracted by Plaquemines Parish
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:Estimated
:Construction
: Cost
Design : Construction :Includes
: : : Adver- : :Contingencies

Contracts : Start : Complete : tise :Award : Complete:and S&I
Ievee,Final Dec 75 Sept 76 Oct 76 Nov 76 Jun 77 $ 851,600
Section(sta.
377+50 to 532+76,
539+71 to 635+72.3)
Test Pile, " Feb 77 May 77 Jun 77 Jul 77 Sept 77 12,000
Bayou Grand'Liard
-Floodwall, ' Aug 77 Apr 78 " May 78 Jun 78 Feb 79 658,600
Pumping
stations
Levee,lst Mar 79 Dec 79 Jan 80 Feb 80 Jul 80 22,300
Shape—-up
(sta. 0+00 to
98+55.3)
Levee, Final Jul 80 Apr 81 May 81 Jun 81 Jun 82 758,700
Section(sta.

0+00 to 98+55.3)

53. Funds. To maintain the schedule as shown above for Reach Bl,

funds will be required by fiscal years as

Total estimated cost through FY 1971
' Funds required FY 1972
1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

Total

follows:

$ 5,917,000
1,507,000
5,410,000
6,510,000

770,000
390,000
1,550,000
266,000
805,000
155,000
275,000
805,000

$24,360,000!

lpunds required include all Federal funds appropriated and

non-Federal cash contributed.
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OPERATION AND MAINTENANCE

54. Federal. Federal operation and maintenance costs are
not involved in the project.

55. Non-Federal. As specified in the authorizing act, local
interests are to maintain and operate the completed works in accordance
with regulations prescribed by the Secretary of the Army and good
maintenance practices. The estimated total annual cost of operation,
maintenance, and replacements for the project is $60,500, broken
down as follows: ‘

Maintenance
Levees $21,000

Operation and maintenance
Floodgate-—-Empire 27,000

Replacement of component parts
Floodgate—--Empire 12,500

Total $60,500
ECONOMICS

56. .Benefits.

a. General. Economic analyses have been made for
all reaches of the project. The analyses are based on two independent
improvements: (1) enlargement of the back levees to provide protection
from tidal surges overtopping the back levees; and (2) a barrier
levee on the east bank of the river from Bohemia to mile 10 and
minor enlargement of the river levee from Fort Jackson to Venice
to provide protection from tidal surges overtopping the river
levees from the east. In these analyses, the barrier levee plan
was considered incrementally to the back levees. The economic
analyses are inclosed as appendix B.

b. Reach Bl. The plan of improvement would provide
a high degree of protection (100 years) to approximately 3,800
acres of land which, except for about 400 acres of marshland,
is presently located within a levee system affording a marginal
degree of protection from hurricane tides. Benefits which would
accrue from enlargement of the back levees would be in the form
of flood damages prevented on existing and future development.
Benefits which would accrue from the East Bank Barrier levee plan
would be in the form of flood damages prevented on existing and
future development and land enhancement.
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C. Reaches A, B2, and C. The benefits which would
accrue from enlargement of the back levees in Reaches A and B2
would be in the form of flood damages prevented on existing and _
future development, and in Reach C the above plus land enhancement.
Benefits which would accrue from the East Bank Barrier levee plan
in Reaches A and B2 would be in the form of flood damages prevented
on existing and future development and land enhancement. The
acreages protected are 4,300, 2, 300, and 4,500 for Reaches A,
B2, and C, respectively.

(1) The average annual benefits which will accrue
to the project areas from enlargement of the existing non-Federal
back levees are as follows:

Average annual benefits -
authorized back levees

Existing Future Land
development = development enhancement Total
$ $ $ $
Reach A 614,000 655,000 ] 1,269,000
Reach Bl 2,182,000 1,711,000 0 3,893,000
Reach B2 663,000 262,000 0 925,000
Reach C 440,000 174,000 221,000 . 835,000

(2) The average annual benefits which will accrue to
the project areas from the East Bank Barrier levee plan are
$3,309,000 for existing development, $2,426,000 for future development,
and $2,634,000 for land enhancement, a total of $8,369,000.

57. Annual charges.

a. Reach Bl. The total annual charges for constructing
Reach Bl along the back levee are $941,500, of which $614,900 is
Federal cost and $326,600 is non-Federal cost. Details of the
annual charges are shown on table 4.

b. Reaches A, B2, C, and Barrier levee plan. The
annual charges for Reaches A, B2, and C, and the Barrier levee
plan are shown below. Details of the annual charges are shown
on table 5. '

Annual charges

Federal Non-Federal — Total
$ $ $
Reach A 508,700 271,800 780,500
Reach B2 454,400 212,000 666,400
Reach C 250,700 154,700 405,400
Barrier levee plan 291,600 180,600 472,200
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TABLE 4

ESTIMATE OF ANNUAL CHARGES FOR REACH Rl

Summary of project costs

Construction

Lands, damages, relocations

Less cash contribution
First cost.

Interest during construction
(8 yrs. @ 2 7/8%)

Total project investment

Annual economic costs

Interest (2 7/8%)
Amortization (100 yrs.)
Maintenance and operation
Replacements

Economic loss on lands

Total annual economic costs
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Federal Non-Federal Total
$ $ $
24,360,000 - 24,360,000
- 1,440,000 1,440,000
24,360,000 1,440,000 25,800,000
-6,300,000 6,300,000 -
18,060,000 7,740,000 25,800,000
2,077,000 820,000 2,967,000
20,137,000 8,630,000 28,767,000
578,900 248,000 826,900
36,000 15,500 51,500
- 48,000 48,000
- 12,500 12,500
- 2,600 2,600
614,900 326,600 941,500
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TABLE 5

ESTIMATE OF ANNUAL CHARGES FOR REACHES A, B2, AND C

REACH A

Summary of project costs:

Construction
Lands, damages, relocations

Less cash contribution
First cost

Interest during construction
(4 yrs. @ 2 7/8%)

Total project investment

Annual economic costs

Interxest (2 7/8%)
Amortization (100 yrs.)
Maintenance & operation
Replacements

Economic loss on lands

Total annual economic costs

REACH B2

Summary of project costs

Construction
Lands, damages, relocations

Less cash contribution
First cost

N

Interest during construction
(4 yrs.)

Total-project investment

Federal Non~Federal Total
$ $ $

21,000,000 - 21,000,000
- 1,500,000 1,500,000
21,000,000 1,500,000 22,500,000

-5,250,000 5,250,000 -~
15,750,000 6,750,000 22,500,000
906,000 388,000 1,294,000
16,656,000 7,138,000 23,794,000
478,900 205,200 684,100
29,800 12,800 42,600
- 37,000 37,000
- 7,800 7,800
- 9,000 9,000
508,700 271,800 780,500
19,500,000 - 19,500,000
- 600,000 600,000
19,500,000 600,000 20,100,000

-5,430,000 5,430,000 -
14,070,000 6,030,000 20,100,000
809,000 347,000 1,156,000
14,879,000 6,377,000 21,256,000
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TABIE 5 (cont'd)

REACH B2 (qont'd)

Annual economic costs

Interest (2 7/8%)
Amortization (100 yrs.)
Maintenance & operation
Replacements

Economic loss on lands

Total annual economic costs

REACH C

Summary of project costs

Construction
Lands, damages, relocations

Iess cash contribution -
First cost

Interest during construction
(2 yrs.) ’

Total project investment

Annual economic costs

Interest (2 7/8%)
Amortization (100 yrs.)
Maintenance & opération
Replacements

Economic loss on lands -

Total annual economic costs

Federal Non-Federal Total
$ $ $
427,800 183,300 611,100
26,600 11,400 38,000
- 14,000 14,000
- 3,300 3,300
454,400 212,000 666,400
9,735,000 - 9,735,000
- 1,665,000 1,665,000
9,735,000 1,665,000 11,400,000
~1,755,000 1,755,000 -
7,980,000 3,420,000 11,400,000
229,000 98,000 328,000
8,209,000 3,518,000 11,728,000
236,000 101,100 337,100
14,700 6,300 21,000
- 17,000 17,000
- 23,500 23,500
-~ 6,800 6,800
250,700 154,700 405,400
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TABLE 5 (cont'd)

EAST BANK BARRIER LEVEE PLAN

Total

summary of project coéts Federal Non-Federal
$ $ $
Construction 11,958,000 - ] 11,958,000
Lands, damages, relocations. - 942,000 - 942,000
11,958,000 942,000 12,900,000 .
Less cash contribution -2,928,000 2,928,000 -
First_cost 9,030,000 3,870,000 12,900,000
Interest during construction ‘

(4 yrs.) 519,000 223,000 742,000
Total project investment 9,549,000 4,093,000 13,642,000
Annual economic costs
Interest (2 7/8%) 274,500 117,700 392,200
Amortization (100 yrs.) 17,100 7,300 24,400
Maintenance & operation - 25,200 25,200
Replacements - 8,200 8,200
Economic loss on lands - 22,200 22,200
Total annuai economic costs 291,600 180,600 472,200

58. Economic justification.

a. Reach Bl. The average annual benefits of $3,893,000
and average annual charges of $941,500 result in a favorable

benefit-cost ratio of 4.1 to 1.

b. Reaches A, B2, C, and East Bank Barrier levee plan.

The average benefits and annual economic costs for Reaches A, B2,
C, and East Bank Barrier levee are as follows:

Reach Annual benefits
$

A 1,269,000

B2 925,000

C 835,000

Barrier levee plan 8,369,000
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Annual charges

$
780,500
666,400

405,400
472,200

Benefit-
cost ratio



Para 59

RECOMMENDATIONS

e 59. Recommendations. The plan of improvement presented
herein for Reach Bl consists of a levee with appurtenant features
from Tropical Bend to Fort Jackson, a distance of approximately
12 miles. The levee will consist of a .conventional hydraulic
clay fill embankment from Tropical Bend to Empire and a hydraulic
clay fill embankment with a sand core from Empire to Fort Jackson. :
The plan also provides for a floodgate in the Empire to Gulf Waterway
near Empire, floodwalls at the Bayou Grand Liard and Sunrise pumping
stations, a navigation canal between Empire and Buras, and modification
to pipelines and facilities as necessary. The plan is considered

to be the best means of accomplishing the project objectives and

is recommended for approval.
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