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LMVED-TD (NOD 11 Sep 69) 3d Ind ﬁé ﬁ
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No, 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Lower Mississippi Valley Division, Corps of Engineers, Vicksburg,
Miss, 39180 1 Dec 69

TO: District Engineer, New Orleans, ATTN: LMNED-PP
Referred to note approval,

FOR THE DIVISION ENGINEER:

. J. DAVIS
Chief, Engineering Division



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

LMNED-PP 11 September 1969

SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

Division Engineer, Lower Mississippi Valley
ATTN: LMVED-TD

1. Reference is made to LMNED-PP letter dated 30 September 1968, subject
as above, and to paragraph 2 of 2d and 4th Indorsements thereto.

2. 1Inclosed herewith are the additional wind tide and wave runup
data for Orleans Parish.

FOR THE DISTRICT ENGINEER:

? 2?5 s

i
1 Incl (16 cys) " JEROME C. BAEHR
Data w/attachments Chief, Engineering Division



Data Requested in Paragraph 2 of ENGCW-EZ 2d Ind dated 25 Feb 69
for Orleans Parish

1. Wind tides. The wind tide elevations shown in table 3, page 9,
of the subject design memorandum for the Orleans Parish segment were
intended to demonstrate the maximum expected tide for the SPH (Standard
Project Hurricane). To establish the most critical wind direction, speed,
and fetch length associated with the maximum wind tides in Orleans Parish,
it was necessary to transpose and rotate the wind fields (isovel patterns)

i (1) (2) (3) 4

for Track A, SPH, furnished by the U. S. Weather Bureau ) .

Wind fields considered critical to the Citrus segment of the Orleans
Parish lakefront, during peak storm period hours, are shown on plates 1, 2,
and 3. These wind fields were used to compute a wind, tide hydrograph
for this segment as shown on plate 4. This hydrograph was assumed to
apply generally along the entire Orleans Parish lakefront and was used
with corresponding windspeeds and fetch depths to compute wave heights
and runup along the south shore of Lake Pontchartrain within the limits
of Orleans Parish.

2. Wave runup.

a. Wave runup for the Citrus and New Orleans East portions of
the lakefront levees in Orleans Parish was computed in the same way as the
runup determinations for the St. Charles and Jefferson Parish levees
(reference is made to the pertinent section of inclosure 2, 4th Indorsement,
dated 25 Jun 69 to LMNED-PP letter dated 30 Sept 68, and to paragraph 9
and plate 9 of subject DM).

b. The procedure used to compute wave runup along the seawall
segment in Orleans Parish differs from that used for all other levee
reaches along the south shore of the lake. A modification to the previous
procedure was necessary because the land behind the existing seawall is
generally lower in elevation than the seawall crest (8.0 feet + mean sea
level) and the levee is located approximately 250 feet behind the
seawall (see plate 7 of subject DM). When the wind tide is of sufficient
height to allow waves to overtop the seawall, water will pond behind the
seawall and increase the stage at the levee. This ponding, in effect,
permits wave setup to occur in addition to wind setup. Model study data
developed by the Beach Erosion Board (4) using recorded observations at
Narragansett Pier, Rhode Island, indicates a relationship between wave
height, wave setup, and distance from berm crest to the back shore levee.
The model study data was used to compute wave setup which was added to
the maximum computed wind tide before wave runup was determined. This

*Numbers in parentheses indicate references in paragraph 3,
Bibliography.



wave setup over the wind setup permits slightly larger waves to reach

the levee than ordinarily would if the land behind the seawall were at

the same elevation as the seawall crest. (See the discussion for

St. Charles and Jefferson Parish concerning runup on levees with berms,
inclosure 2, 4th Indorsement dated 25 Jun 69 to LMNED-PP letter dated

30 Sept 68.) These larger waves are possible within the ponding area
because the water transported by the wave over the seawall crest toward

the levee cannot completely return to the lake before the following wave
crest traverses the seawall-~the net effect being an increase in stage
within the ponding area. An equilibrium point is reached when the potential
energy of the raised water equals the kinetic energy of the wave climate.
In addition, those waves which break on the seawall are regenerated between
the seawall and the levee before reaching the levee. The height of the
regenerated wave is limited by the magnitude of the parent wave (significant
or otherwise), the horizontal distance between the seawall and the levee,
and the average depth within the ponding area. The regenerated wave
retains the parent wave period. Those waves which pass over the seawall
crest unbroken continue toward the levee unchanged until they reach the
levee toe. Only the significant wave in the wave spectrum expected within
the ponding area was used to compute the wave runup and grade of the

levee required, because smaller waves in the spectrum cause less runup

than the significant wave when they break on the same slope.

c. Table 1 gives pertinent data used to determine wave
characteristics along the three segments in Orleans Parish where wave
runup is possible. Table 2 gives the design wave characteristics used
in computing runup from the significant wave for each segment. Tables 3,
4, and 5 give the results of wave runup computations requested in the 24 Ind,
ENGCW-EZ, dated 25 Feb 69,



TABLE 1
DATA USED TO DETERMINE WAVE CHARACTERISTICS
DESIGN HURRICANE

Levee Location--Orleans Parish

Parameters Citrus-N.O. East Seawall Ponding Area
F - Length of fetch 5 mi. 5 mi. 250 ft. (+)
U -~ Windspeed, in m.p.h. 83 82 82
swl - Stillwater level, in feet m.s.l. 8.5 8.5 9.15
4 - Average depth of fetch, in feet 21.4 21.6 2.43
d, - Depth at toe of levee, in feet 11.5 - 3.85
TABLE 2

WAVE CHARACTERISTICS
DESIGN HURRICANE

Levee Location~-Orleans Parish

Characteristics Citrus-N.O. East Seawall Ponding Area
Hg - Significant wave height, in feet 7.5 7.5 0.62

T - Wave period, seconds 6.8 6.8 6.8

L, - Deep water wave length, in feet 236.8 236.8 236.8

d/L = - Relative depth 0.0904 0.0912 NA*

Hs/Ho - Shoaling coefficient 0.9418 0.9409 NA

Hé - Deep water wave height, in feet 7.97 7.97 NA

H:,/T2 - Wave steepness 0.172 0.172 0.013

*NA = not applicable
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LMVED-TD (NOD 11 Sep 69) 1st Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Lower Mississippi Valley Division, Corps of Engineers, Vicksburg,
Miss, 39180 30 Sep 69

TO: Chief of Engineers, ATTN: ENGCW-EZ
1, Forwarded pursuant to request contained in para 2 of 2d Ind and
as stated in para 2 of LMVED-TD 5th Ind, 18 Jul 69, on correspondence

referred to in para 1 of basic letter,

2, Additional data furnished by the District Engineer are considered
satisfactory,

FOR THE DIVISION ENGINEER:

1 Incl GEO B. DAVIS

wd 2 cy Acting Chief, Engineering Division
CF:

NOD-LMNED-PP



ENGCW-EZ (LMNED-PP,11 Sep 69)

2d Ind

SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Office of the Chief of Engineers, Washiﬁgton, D. C.

TO: Division Engineer, Lower Mississippi Valley, ATIN:

20315 24 November 1969

LMVED~TD

The additional wind tide and wave runup data for Orleans Parish are

satisfactory.

FOR THE CHIEF OF ENGINEERS:

1 Incl
wd

)

. oo
A S

({ ¢ N , e (_\/“'\‘/

N.c-{ WENDELL E. JOHNSOK"

Chief, Engineering\
Civil Works

Nes .-

Division



LMVED-TD (NOD 30 Sep 69) 7th Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Lower Mississippi Valley Division, Corps of Engineers, Vicksburg,
Miss, 39180 9 Oect 69 '

TO: District Engineer, New Orleans, ATTN: LMNED~PP
Referred to note approval of this part,

FOR THE DIVISION ENGINEER:

hief, Engineering Division

10



LMVED-TD (NOD 30 Sep 68) 1st Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Lower Mississippi Valley Division, Corps of Engineers, Vicksburg,
Miss, 39180 18 Oct 68

TO: Chief of Engineers, ATTN: ENGCW-V/ENGCW-E

1, Pursuant to para 17a, ER 1110-2-1150, the subject design memorandum
is forwarded for your review and approval, Approval is recommended,
subject to the following comments,

2. The location of "South Point" should be indicated on the plates,

3. Para 2, page 2. The second-to-last sentence in this paragraph

indicates that the portion of the Orleans Parish lakefront levee which

lies between the Jefferson-Orleans Parish line and the IHNC is not covered
in this memorandum, while Table 3 lists the proposed elevation of protective
structures in this reach, This difference should be reconciled.

4, Para 9c age 9, The elevation to which the levee must be raised
should be 1n3icate3.

5. Table 3, page 9, It is noted that the Jefferson Parish levee, which
is contiguous to the St, Charles Parish levee, has a crown elevation

2.5 feet lower in elevation, Upon contact with NOD, it was learned that
the reason for this difference is that the Standard Project Hurricane.
wind tide level for the St. Charles Parish levee occurs at its junction
with the Bonnet Carre levee and slopes easterly to an elevation of

8.5 feet at the Jefferson Parish line. The present design plan for the
St. Charles Parish levee is to put a break in grade at its midpoint with
the western half having a crown elevation of 12.5 feet, and the eastern
half having a crown elevation of 12.0 feet. Local interests are now in
the process of raising the Jefferson Parish levees to elevation 14,0,

6. Para 10, page 9. The design of floodwalls should take into account
possible damage to the foundation caused by erosion resulting from
overtopping of the wall, Also, the maximum wave height should be assumed
during design to insure that the wall is not overstressed,

7. Plate 8, a, The fact that the flagstone wall is an existing wall
should be mdicated.



LMVED-TD (NOD 30 Sep 68) 1st Ind 18 Oct 68
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

b, . Since the flagstone may be structurally inadequate, the DM
should indicate that this wall is not necessarily the protective
structure and that only its general shape was used to determine wave

Tunup,

FOR THE DIVISION ENGINEER:

///Zi;zvzw AéZ/é:L¢*¢>
1 Incl ’ GEORGE B. DAVIS

wd 2 ¢y Acting Chief, Engineering Division
CF:
NOD-LMNED-PP



ENGCW~-EZ (LMNED-PP, 30 Sep 68) 2nd Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No., 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Office of the Chief of Engineers, Washington, D. C. 20315 25 Feb 1969

Y

Division Engineer, Lower Mississippi Valley

1. Approved, subject to the comments of the Division Engineer and the
following.

2, The results of the surge elevation determinations shown in Table 3
for the Jefferson Parish, where the surge is 2 feet lower in elevation
than the adjacent St. Charles Parish, show a considerable variation for
such a short distance and should be substantiated, In the event the
wind direction and effective velocities contributed to the difference
in surge height elevations, a slight shift in the hurricanme track and
windfield may result in equally as critical winds for Jefferson Parish
as for St. Charles Parish. A clear explanation of procedures, with
supporting data and criteria used in estimating wave characteristics
and runup on embankment slopes, should be presented. The surge hydro-
graphs computed for specific point locations should be submitted to
supplement values shown for the reaches indicated in the subject design
memorandum., In addition to the information furnished in Table 3, the
wind speed MPH critical at the surge height peak, height of significant
wave Hs/ft., average water depth feet used for the particular location
and wave period T/sec should be furnished, similar to Tables A-14 and
A-15 in House Document No. 231, 89 Congress, First Session, July 1965,

FOR THE CHIEF OF ENGINEERS:

rh,.gﬂ/j / //ﬂxf
1 Incl //WENDELL E. JOHNSON
wd Chief, Engineering Division

" Civil Works



LMVED-TD (NOD 30 Sep 68) 3d Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Lower Mississippi Valley Division, Corps of Engineers, Vicksburg,
Miss, 39180 6 Mar 69

TO: District Engineer, New Orleans, ATTN: LMNED-PP

Referred to note approval, subject to the comments in the previous
indorsements,

FOR THE ACTING DIVISION ENGINEER:

13 Lo

. J. DAVIS
Chief, Engineering Division
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IMNED-PP (NOD 30 Sept 68) 4th Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, New Orleans District, Corps of Engineers, PO Box 60267, New Orleans, La.
70160 25 Jun 69

TO: Division Engineer, Lower Mississippi Valley, ATTN: LMVED-TD

1. The following statements are submitted as resolutions of comments
made in lst Ind dated 18 Oct 68:

a. Ref. par. 2. This comment is concurred in.

'b. Ref. par. 3. That portion of the Orleans Parish lakefront levee
which lies between the Jefferson-Orleans parish line and the IHNC
should have been included in the second-to-last sentence of paragraph 2
page 2, subject DM.

c. Ref. par. 4. The first portion of the sentence of paragraph 9c,
page 9, subject DM, should read as follows: "In view of the proximate
location of the existing levee to the New Orleans lakefront seawall in
the vicinity of the U. S. Coast Guard Station, as shown on plate 7,
wave runup is such that the levee must be raised to elevation 17.5 feet
mean sea level, an increase of 5.5 feet on a 1 on 8 slope which would
require 88 feet of additional right~of-way. The landside toe would fall
well into a parking area and eliminate its utility," hence....

d. Ref. par. 5. This comment is concurred in.

e. Ref., par. 6. Riprap will be provided where needed in the design
of floodwalls to insure protection against erosion damage to the foundation
area resulting from overtopping of the wall. Also, the maximum wave
height will be assumed in the design to insure that the floodwalls are
not overstressed.

f. Ref. par. 7a. This comment is concurred in.

g. Ref. par. 7b. The flagstone wall shown on plate 8 illustrates
the general shape which was used to determine wave runup. Structural
strength will be achieved with an inner core of properly reinforced
concrete which will be faced with flagstone for beautification.




LMNED-PP (NOD 30 Sept 68) 4th Ind 25 Jun 69
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

2. The general design memorandum for the St. Charles Parish lakefront

levee is presently scheduled to be completed in August 1969. Therefore,

the data requested in paragraph 2 of 2d Ind dated 25 Feb 69 for

Jefferson Parish and St. Charles Parish are inclosed herewith (incl 2)

for review and approval prior to completion of the general design memorandum.
The data for all other areas covered in the subject DM will be forwarded

as soon as possible.

FOR THE DISTRICT ENGINEER:

Added 1 incl (16 cys) / SEnpemE c "BAERR
2. Data w/attachments Chief, Engineering Division



Data Requested in Paragraph 2 of ENGCW-EZ 2d Ind dated 25 Feb 69
for Jefferson and St. Charles Parishes

1. Windtides.

a. The windtide determinations shown in table 3, page
9, of the subject Design Memorandum for Jefferson and St. Charles
Parishes were intended to demonstrate the maximum expected tide along
each parish. These maximum windtides occur at approximately the western
extremity of each parish levee, a distance of 5.7 miles apart. See
plate 1 (attachment 1). Windtide hydrographs computed for the two
locations are shown on plate 2 (attachment 2) for track C; however,
Standard Project Hurricanes can traverse the project area from several
directions and cause similar hydrographs to occur at these two locations.
The actual location of the hurricane center and the windfield is of
greater significance when determining the maximum expected windtide

. or surge for a particular location. A hurricane, Track C, met these

requirements and was used as an aid to generate the hydrographs for
the purpose of this discussion. Plate 2 shows that the peak windtide
in Jefferson Parish occurs approximately 1 hour prior to the maximum
at the st. Charles Parish location. If a hurricane approached from
another direction, for instance Track A, the reverse could occur
because the highest onshore winds would travel from west to east.

b. For Track C both stages are practically the same 1 hour
after landfall. The same critical wind direction and practically:
the same average windspeeds were used to compute these stages (82
miles per hour for Jefferson Parish and 77 miles per hour for St.
Charles Parish). The wind direction and windspeeds for the critical
hour (1 hour after landfall) in Jefferson Parish are shown on plate
1. The height of a windtide is equally as dependent upon the maximum
effective fetch length and depth as it is upon the wind direction
and velocity. For this particular hour, the fetch lengths are 30.1
miles long for Jefferson Parish and 30.9 miles long for St. Charles Parish
and the average undisturbed fetch depths along the segmental strips
are 15.3 feet for Jefferson Parish and 14.4 feet for St. Charles Parish.
It can be shown from a study of the windtide equations (see par 84,
page 7 of subject design memorandum) that for a given windspeed (U)
and incremental fetch length (AX), a larger setup increment (ASi)
will be computed for a shallower fetch (AT) over the increment. The
differences in windspeed and differences in fetch length and depth
are offsetting at 1 hour after landfall.

c. The wind direction and windspeeds for the critical hour
(2 hours after landfall) in St. Charles Parish are shown on plate 3
(attachment 3). It should be noted on plate 3 that the segmental
strips and the wind directions are parallel to each other and both

extend in an east-west direction along the south shore of Lake Pontchartrain



for hurricane Track C. The effective fetch length for the Jefferson
Parish segmental strip is 24.4 miles and for the St. Charles Parish
segmental strip it is 33.5 miles--a difference of 9.1 miles. The average
undisturbed depth of fetch for Jefferson Parish is 15.2 feet and for

St. Charles Parish it is 14.8 feet, a difference less than that for the
previous hour. The greater fetch length and slightly shallower average
undisturbed depth along the St. Charles Parish segmental strip causes
the 2-foot difference in computed windtides since the average windspeeds
(87 miles per hour for Jefferson Parish and 85 miles per hour for

St. Charles Parish) and wind directions are virtually the same for

each location. In effect this means that the windtide is increasing

from east to west along the south shore of Lake Pontchartrain. Similar
explanations apply to other differences which are evident on plate

2 for several hours after the peak. See wind direction and windspeeds
at 4 hours after landfall, plate 4 (attachment 4).

d. Studies in Lake Pontchartrain of experienced hurricanes
considered critical to the western half of Lake Pontchartrain (hurricanes
of September 1915 and September 1965, "Betsy") have indicated rates of
windtide increase along shore of 5.9 feet (12.0 feet - 6.1 feet) in
12.5 miles, 4 feet (13.0 feet - 9.0 feet) in 7.5 miles(l)*, and 1.9 feet
(12.1 feet - 10.2 feet) in 6.1 miles. (2) These rates converted to 2 feet
in X miles would be: 2.0 feet in 4.2 miles, 2.0 feet in 3.8 miles, and
2.0 feet in 6.4 miles. PFor the case under discussion, a rise of
2 feet occurs in 5.7 miles; this rate is in close agreement with
the experienced rates just cited. Plate 5 (attachment 5) shows the
windtide profile at 2 hours after landfall for the two locations plotted
with reference to a common nodal line where neither setup nor setdown
occurs. The nodal line is located at the average lake stage to which
the lake surface would resolve to if all wind effects were to cease.
These profiles demonstrate the rate of increase or decrease in windtide
per mile along the segmental strips on either side of the nodal line.

It should be noted on plate 5 that a 2-foot drop occurs along the
St. Charles Parish profile from the windward shore to a point 4.0
miles offshore and that a slightly steeper rate (2.2 feet) occurs
along the Jefferson Parish profile for the same 4.0-mile interval
offshore. This steeper rate of windtide setup for the Jefferson Parish
profile on the setup side of the nodal line is attributable to a
shallower average fetch depth (18.8 feet in Jefferson Parish as compared

*Numbers in parentheses indicate references in paragraph 3,
Bibliography.



to 19.9 feet in St. Charles Parish), and to a much lesser degree, the
higher windspeed of 87 m.p.h. in Jefferson Parish as compared to 85
m.p.h. in $t. Charles Parish. These average fetch depths include the
average windtide plus the undisturbed lake depths.

e. Based upon the discussion in paragraphs b, c, and d above,
it is reasonable to assume that the windtide will slope smoothly upward
from the Jefferson Parish-St. Charles Parish boundary westward to the
western extremity of the St. Charles Parish levee. Plate 6 (attachment 6)
shows the windtide surface contours at 2 hours after landfall when the 2-foot
differential occurs. A study of these contours and the windtide elevations
at the westward end of the two northernmost segmental strips reveals that
the windtide increases from east to west along the north shore of Lake
Pontchartrain also. When the final levee cross sections are determined,
the required elevation of St. Charles Parish levee will be somewhat
lower at its eastern extremity because of the lower windtide at that
location.

2. Wave runup.

., a. Wave runup on a protective structure depends on the character-
istics of the structure (i.e., shape and roughness), the depth of water at
the structure, and the wave characteristics. The vertical height to which
water from a breaking wave will run up on a given protective structure
determines the top elevation to which the structure must be built to
prevent wave overtopping and resultant flooding of the area to be pro-
tected. Wave runup is considered to be the ultimate height to which
water in a wave ascends on the proposed slope of a protective structure.
This condition usually occurs when the windtide is at the maximum elevation.

b. The parameters which determine wave characteristics are the
fetch length, the windspeed, duration of wind, and the average depth of
water over the fetch. 1In determining the design wave characteristics,
it was assumed that steady state conditions prevail; that is, the windspeed
is constant in one direction over the fetch and blows long enough to
create a fully developed sea. The windspeed (U) is an average velocity
over the fetch (F) and is obtained from the isovel patterns for synthetic
hurricanes critical to the levee locations. The depth of fetch (d) is
the average windtide height plus the average normal depth.

c. In order to compute wave runup on a protective structure, the
significant wave height (Hg) and wave period (T) in the vicinity of the
structure must be known. They were determined according to Bretschneider {
and as described in paragraph 1.25 of the U. S. Army Coastal Engineering
Research Center, Technical Report No. 4, "Shore Protection, Planning
and Design," Third Edition, 1966, pp 51 through 62. ' The windspeed and
depth used in determining Hg and T are average values over a 5-mile fetch.
Data used to determine design hurricane wave characteristics in the
vicinity of the protective structures are shown in table 1.

3)
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TABLE 1
DATA USED TO DETERMINE WAVE CHARACTERISTICS
DESIGN HURRICANE

Levee Locations, Parishes

Parameters Jefferson St. Charles
F - Length of fetch, in miles 5 5

U - Windspeed, in m.p.h. 85 87

swl - Stillwater level, in feet m.s.l. 8.7 10.4

d - Average depth of fetch, in feet 20.5 20.3

dg - Depth at toe of levee, in feet 7.7 9.4

d. Wave runup was calculated by use of model study data developed
by Sav1lle (4) (5) (6) (7) which relate relative runup (R/Ho), wave steepness
(H /T )}, and relative depth (d/Ho) The significant wave height (Hg) and
wave periocd (T) can be determlned from the data in table 1. The equlvalent
deep water wave height (Ho) can be determlned from table D-1 of Technical
Report No. 4 which relates (d/L,) to (H/Ho) The deep water wave length
(Ly) is determined from the equation:

= 2
Lo= 5.12T
When determining runup from the significant wave, H in the term (H/Hé) is
equal to Hg. Wave characteristics used in computing runup from the

51gn1f1cant wave are shown in table 2.

TABLE 2
WAVE CHARACTERISTICS
DESIGN HURRICANE

Levee Locations, Parishes

Characteristic Jefferson St. Charles
Hg - Significant wave height, in feet 7.52 7.47

T -~ Wave period, seconds 6.75 6.80

Lo - Deep water wave length, in feet 233.3 236.8
d/Lo - Relative depth 0.0880 0.0858
Hs/Hé - Shoaling coefficient 0.9445 0.9472
Hé ~ Deep water wave height, in feet 7.96 7.92
H;/T2 - Wave steepness 0.175 0.171



e. With the terms d/H' and H;/T2 known, runup on a protective
structure can be computed if tge slope of the structure is known. The
levee configurations used in these computations had stabilizing berms on
the water side (see plate 7, attachment 7). These berms broke the
continuity of the levee slope and Saville's method (7)  for determining wave
runup on composite slopes was used (see plate 8, attachment 8). In using
this method, the actual composite slope is replaced by a hypothetical
single constant slope. This hypothetical slope is computed by estimating
the value of wave runup and then determining the slope of a line from the
point where the wave breaks to the estimated point of runup. The breaking
depth is determined from the equation:

'
0.667 Ho

d, =
(1 r2)1/3

b

Using the slope of this line, which is the hypothetical slope, a value of
runup is determined. If the value of runup determined is different from
the estimated runup, the process is then repeated using the new value

of runup to obtain a new hypothetical slope which, in turn, determines a
new value of runup. This process is repeated until the estimated value
of runup agrees with the computed value of runup. After the runup is
determined for a smooth impermeable structure of the same slope, the
computéd runup is reduced according to a ratio of the length of riprap
covered slope to the total length of slope and a ratio of the runup on a
1l on 1 1/2 slope covered with a single layer of riprap to the runup on a
1l onll/2 smooth impermeable slope. The method of computing the
reduction of .runup on riprap covered slopes is presented on page 194 of
Technical Report No. 4 previously mentioned in paragraph c above.

f. Protective structures exposed to wave runup will be con-
structed to an elevation that is sufficient to prevent all overflow from
the significant wave and waves smaller than the significant wave
accompanying the design hurricane. Waves larger than the significant wave
will break farther offshore and will not endanger the security of the
structures. During the time of maximum windtide the berms on the water
side of the levees become submerged and waves of lesser height than the
significant wave, but of the same period, break at the levee toe or
farther up the levee slope. Sometimes runup from these smaller waves
reaches an elevation higher than that from the significant wave; therefore,
runup resulting from these smaller waves must also be computed. The
equivalent deep water wave height for these smaller waves was computed
from a new breaking depth (dy) over each berm by the equation:

3/2
,  1.84 (dp)

H = ————

o T

Runup was computed for the significant wave and for smaller waves breaking
on each berm and the required levee height was determined by adding the
highest computed runup value to the maximum stillwater elevation.

Design runup values and proposed elevations of protective structures are

5



shown in tables 3 through 8 (attachments 9 through 14). The runup
elevations shown in table 3 are based on preliminary levee cross sections
and since runup depends on the section configuration, runup elevations
will be recomputed and necessary adjustments made if the final section

for St. Charles Parish is materially different from the preliminary
section used in this analysis. It should be noted that the Jefferson
Parish levee is an existing levee which was recently raised from

elevation +10.0 feet to +14.0 feet mean sea level as an interim protection
measure by local interests to afford a greater degree of protection until
the barrier complex at the Chef Menteur and Rigolets Passes is completed.

3. Bibliogfaphy.

(1) U. S. Army Engineer District, New Orleans, "Hurricane Study, History
of Hurricane Occurrences Along Coastal Louisiana," Report,
December 29, 1961, plate 11.

(2) U. S. Army Engineer District, New Orleans, "Hurricane Betsy, September
8-11, 1965," Report, November 1965, plate 5.

(3) Bretschneider, C. L., "Prediction of Wind Waves and Set-Up in
Shallow Water, with Special Application to Lake Okeechobee,
Florida," Unpublished Paper, Texas A&M College, August 1954.

{(4) Saville, Thorndike, Jr., "Laboratory Data on Wave Run-up and Overtopping

on Shore Structures," Beach Erosion Board, Technical Memorandum
No. 64, October 1955.

(5) saville, Thorndike, Jr., "Wave Run-Up on Shore Structures," Journal
of the Waterways Division of the American Society of Civil
Engineers, Vol. 82, No. WW 2, April 1956.

(6) Saville, Thorndike, Jr., Inclosure to letter from Beach Erosion
Board to U. S. Army Engineer District, New Orleans, 1 July 1958.

(7) saville, Thorndike, Jr., "Wave Run-Up on Composite Slopes," Proc of
the 6th Conference on Coastal Engineering, Council on Wave
Research, University of California 1958.



| 31vd

00G2-2-HON 3113
S¥3I3INIONI 40 Sd¥0D
SNY3ITHO MIAN'LOI¥LSIQ ¥IINIONI AWMV SN
NOSHd3443F O4 VOILINYD
AIVY4ANVYT 84314V 4NOH 3NO
SA33dS ANV SNOILO3MIQ aGNIM
JHOHSINVYI-IOT 1¥Vd

SISKIVNY JIMNVHGAH ANV A9 OTT0HOAH]

I'ON WNONVYOW3IW N9IS3Q
ALINIDIA GNV 'V NIVNLHVHOLNOd 3XV1

6961 AVH

atiaw|oy o

IN9YOE

e 2, —C—

HdV¥90HAAH
L1NIOd

NOsSuy3d4d4d3ar

NIVYLEVHILNOS

r

INVT

a||1AapuUDW

¥oavArvs

%%\N\

HdV4¥90¥QAH
LNIOd

S3TYVYHO LS

g 0 S
S3TIK 4O 3VIS

£

/dg/SSISSIW

Y CEL A
INV7

PLATE |

1



2 31vd
—

r —
80062-2-HoN 3714 6981 Avm TIV4ANYT OL J3IONINIJIZY SHNOH NI 3IWIL
SYIINIONI 40 SdN0D

m2<w4103w2..—.0_¢._.w_0 H3IINIONI ANNY SN it 9+ &+ v+ £+ et V+ 0 —l. Nl. £- .?Ol
SHAVYOONAAH 30ILANIM | x_w_wfﬁmm SEEH RS EEE ST R ESEE R

JHOKSIANVYI-IIT L¥Vd [ A

SISATYNY JIINVEGAH ONY ADOTOMAAM S DR D S I S B B S S
} 'ON WNONVIOMIN N®ISIQ ! S

ALINIOIA GNY VY 'NIVMLINVHOLNOG BHVY . ... . e

A NOSYH3d443r I

S S3INYVHO 1S 0 USRI ADRNSANRI SRS

—— S O [ - - - . ._|1I_~. RSP SN TR
—_ [T n_ e s JERUR S, [ LL.TTP . _
—— Q@ N39 37 ooosoronono L T T T
-~ | : T + Ow
— . RN (SRR WSO LR SIECIPINIFI PUPI P, SRS AR U RS-
i R DO SO RN ) S S OO SN R AP
g —s S AN VU Y S P - - B s s o g
} + ; Ll
T . H B B H R
— _ .T.r.r'!. BT R, i i.fiL!TfLI.”.!.vl.... B D e TES SR TICHETTIE IEESEPIEPEY SNPTFRAt S -
- ——t s ph I Sl SR EEFIE VNP P PO T._.lw....q.l.u.lxri..l...w...r‘ SRR P U I . .
B R e el At S e e e R [ S -]
L | B el ] L B .._.|+.|‘.. B e B e I T R T O N
L " | P L . S S T TN L . L - N L |

PLATE 2

"1'S'W - 1333 NI SNOILVYA33




£ 31vd

moomN-Nnm.oz 3714 6961 AVA
HIINIONI 40 S4H0D

SNV3THO MIN‘LDINLSIQ ¥ IINIONI AWHY SN
S3ITHYVYHO LS OL VOILI¥D
TIV4ANVYT] Y314V SHNOH OML
SA334S ANV SNOILO3YIA ANIM
JUOHS 3NV -TII 1y¥vd

SISKIVNY JITNVHAAH ANV A90TTOHAJAH

I'ON WNAONVHOW3IW N9IS3Qd
ALINIOIA NV ¥ ‘NIVBLYVHOLNOd 3NV

Y¥OavATYsS ol g 0 g

S3ITW 40 3TvOoS

£7

aHoW(DYUD

&
:.VA\&\
HdV U9 OHQAH
. INOHOE 1NIOd
NOS¥ 34430 nd._.m%_wﬂo>1
mkv\ ﬂ m_‘._.:._o S$37THVYHO 1S

Igd1551SSIW

$SD3'O'N
> L8 2
5 709 eﬁu

184

LS
A NYYLYIYHILNOS

EP A4

SVdIHNVH
FH7

=z

8||1ABpPUDI

PLATE 3




b 31V id

80062-2-H ON 313 6961 AVW
SHIINIONI 40 Sd¥0D

SNY3ITHO MIN'1D1H1SIQ H33INIONIT ANYY SN

TIV4AANVT ¥314V SHYNOH ¥N04d

SQ33dS ONV SNOILDO34I0 ANIM
JYOHS3INVI-III livd

SISATYNY JITNVHAAH ANV AS0TOHAAH

I'ON WNAONVJOW3IW NOIS3d
ALINIDIA ONV VI NIVYLIHVHOLNOG 3NVT

INOYOEG
FAV T

| snay1p

{sP3 'O'N

YOG VATVS

JAr7

T YA
~ H - .
& e\

«\\l\//rl
ol
47,
HdVHOOHAAH @\
LNIOd
NOS¥3443C HdVY 49084 AH
1NIOd
S3THVYHO LS|
e
o 0o ©
e °®
YN

-

NIVYLYEVHILNOS

FHNVT

ajliAepuUDiN

L e — . . — .

Ol

S 0 S
S3TIW 40 3VOS

{7

Idg1SSISSIW

SvdIYNvw
INV7

PLATE 4




¥ 34V IQ

SWIINIONI 40 Sd¥0D

S$371308d 3QILANIM

JNOHSANY - IO LY¥vd

j
00062-2~H ON 314 696! AVN

SNVITNO MIN‘L01¥1S10 NIINIONI ANUY '§'N

S3THYHD LS —
NOS¥3J43L ——

SISATYNY JITNVEAAH ONY AG0TONAAN anN3I 9 37
1ON NNONVNONIN Neis3a
ALINIOIA ONY 'V ‘NIVAUVNHILNOG BXVT SITNW Ni HLONI HOL133
Gi—- o] G- 0 G+ O+ S+ 0c+
—11h bt oL~
= ¥
— i
Pl 1 P
M_ — G-
|
—+ o~
, . 0
— &
+ b
- [¢
m
G+
I
+ Ol +
_ 1 _-
J.a m i ] -

"1S'N-1334 NI SNOILVAI3

PLATE 5



9 31vd

800G62-2-H'ON 3714 6961 AVN

SH3IINIONI 40 SdN¥O0D
SNV 3ITHO0 MIN‘LOINLSIQ ¥IANIONI AWHY 'S'N

SYNOLNOD 3OV4HNS 3INVT

JYOHSIIVI-TIT LdVvd
SISATYNY JITNYHAAH ANV A90T08QAH

1'ON WNANVYOW3IN NO9IS3a

ALINIOIA ONV 'V 'NIVHLYVHOLNOd IV

|1 D}PUD] 193D SINOY OM |
0 AJIpdL - HJS

[ F I — . — |
Ol S 0 S

S37IAW 40 37VOS Q6

€0

08

04

z

09

:31ON

(4 4

S

AR

"v -

Wi <

S33A3| YS|IDd deutmbrir

TSN INoLUod 30Dl iIng J3pM—O0——
wojioq pasodx I\ \\\\\\

Uol}odl|p PUIM —e—am

HdW peads puim

:@N3931
HSI¥Vd

NOSH¥3443r :m_m<mm
- - sIhuYH L
W ;\a S - X

.

L)

£ 1-

PLATE 6




4 31v7d

800G2-2-H ON 3114 6961 AVW

SYIANIONI 40 SdHO0?
SNY3ITHO MIANLOIN1SIA H3I3NIONI AWYVY 'S'N

SNOILJ3S SSO0HD TVvIIdAlL
3¥OHSINVT — IO L¥vd

SISATYNY A NVHQAH ONY A90TOHOAH
1*ON WNANVHOWIN NOISIQ

ALINIDIA ONV V1 ‘NIVALYWHILNOG 3NV

'3|DOS O} UMDJP JOU SUOID3G

‘{eA@ Dag
UD3W O} 18}3J PUD 43@} Ul 9D SUOI}DAI[]

53108 IIAFT INOHAINVT HSIHVd NOSH3I443r

NIVHLHVHOLNOd 3NV
34is Q0074

=

doudiy Guysix3 08 ‘I3

J3IA3T LNOHAINV] HSI¥Vd STTHVHI LS

Q19 0I1-13
W31} SS1A0A 930}4NS PUNOID)

3dis gqoond

_ 3
CEANE _.l.om.l_

7

PLATE




8 31vd

800G2-2-H ON 3714 6961 AYW

SH3INIONT JO Sd¥OD
SNYITHO MIN'LOIHLSIQ HIINIONT AWHY ‘SN

3d071S 1VvIOIL3HLIOdAH

40 NOILVNINY313d
JUOHS VI—II 1Y8Vd

SISATUNY DITNVHAAH QNV A90T0HAAH
1 ON WNANVHOW3IW NOIS3Q

ALINIDIA GNY '¥T 'NIVHLIHVHOLNOD VT

19A3| J3LOMIIILS =" TMS

dnuni J0 UOI40DAR|3 0}
jurod BuI¥D3JQ W04} BJUD|SIP [DJUOZIIOY = X
aADm jo yydap bBujyoaug = Yp

dnuns pawnsso -0y

aN39371

wiod Buiyoaig ]

PLATE 8




0°vT
0° %1
0°%1
0%t
0" %I

*f{'s*'m 3993
‘T4 JurasT<g

0°0T 79°'8 6°Ty-uo T

0701 GZ'6 £°9¢ uo |

0°0T L9°6 9%(g uo.T

0°0T 0£’6 %°Ge WO 1

0°01 9€° L 8°6y uo 1
*I's'm 3937 |'T'S m 3297 *10y 03 *3a8)

*19 udrsaq| "1a dnuny 3doTs

: . TeoT3ayrodLy

" (dexdyy yaTh Qg+ -AdTE 03 peavao) 8doTs) Ysyied uosisyyef - D MOovdL

99°8 S 9
9T°6 09°9
I5°6 SL*9
T6°8 SS9
S6°L 0z°9
1993 ‘095
nv L

%8°9 S8° LT
L YANA £0°6T
2S°L £5°0C
00°¢ S¥%°6T
%19 9L (T
1993 1991
mm yadep ‘Ay

¥VIVQ d0NOY FAVA QNV ‘FAVM IALIQNIM NOTSHA

¢ dA14vVL

soTIm
95337

68
88
98
18

SL

‘yrdom
PUTM

IABM JUEDTITUBES 07y

€L L +
9z°8 i+
{98 I+
87'8 0
69°9 -
‘1°8'w 3993
SPTIPUTM Anoy



0°%1

(U A

0°%1

0°v1

0%t

‘I*s°w 3993

0°0T
¢ 01
0°01
0°0T
0°01

*1's°u 3997

{9°8
656
00°0T
85°6
18°¢L

*I's*m 399y

(T uwo 1
€°6T uo |
6°0C uo |
L°6T o T
L°%T uo 1

*x0Y 01 *1I3p

*TH SUTISTXY

‘T4 uBTs9Q

‘T3 dnuny

(dexdryg yata ¢°g+ "A9TE 03 poavao) adoTg) ystieg uosIDIFAL - 9 MIVML
¥VIVQT JONOY JAVM ANV “HAVM ‘EAILONIM NOISIA

3doTs
Teo13I2y3zodiy

(37 0°T+ °*T®) 203 23497 e HUTHELIq 2ARM J0Z,

86" Y $9°9 £L'9 S8 LT < 68 £L°1 v+
zs°s 09°9 9z°¢L L0°61 9 88 9z°8 +
6L°S §1°9 £9°¢L £5°02 9 98 £9°8 T+
4 §S°9 82°¢L Sy 6T < 18 87°8 0
€0y 0Z°9 69°S 9L°LT S St 699 z-
UW.W.MI *0eg 3983 josgy SO TTW .ﬂ.m.a *i*s'm 993

o I a; [3dsp Ay FEEEY PUTA SPTIPUTH Inoq

v AI9VL




0°%T
0 %1
0 %1
0°%T
0°%T

*1°s'm 3393

0°01

0°01

0°0T

0°0T

*I's*m 1993

11°6
16°6

61°6

.H.W.E‘UUON

¥°6 vo 1
6'CT uo 1
¢'9t uvo 1

9°€T uo 1

"I0Y O3 *JiasaA

‘TH SUTISTXT

*TZ ustsaq

*Id dnunyg

2doTs
TeoT319Y30dLy

S9°'0
%60
611
670
LT°0
2223

WH

Sv*9

09°9

SL°9

859

0¢°9

<098

£L'1
92°2
19'2
82°2
69°0

3993

$8° /L1
L0°6T
£5°0C
%61

9L° (T

39937

SaTTwW

qidsp -4y

(dexdry YyITM Qg+ *ASTE 01 peasao) 2doTs) ystaeg uosIdFIOL - 4 MOVHL
*VIVA dONAY FAVM ONV “IAVM ‘HAIIQNIM NOISIA

S JTIEYL

GEEEE

0'9+ *TI°® ' SupiESIq SABM 104y

68
88
98
18

SL

.ﬂo.nm.na
PUTM

€LL
928
£9°8
8¢°8
69'9

*I*s‘w jooy

SPTIPUTM

inoH



0s°21
08°¢T
05721
0521
0s°2T

*T*s*m 3993
"Td 13159Q

96°8
90T
10771
90°8
1% A

*1*s*m 3933
*TId Nﬁﬂﬂ%

€Iy uwo |
T°Z¢ wo 1
T°ET W 1
0*gy uo T
g'yg uo T
‘10 03 *3I94

2do1g
TeoT3Isyr0diy

S¥°8

0€°6

{576

10°8

99 9¢°8T
€L 7761
S*L 1€°02
€°9 IT LT
19 01" L1
3093 1093
SH yidsp ‘ay

SaTTm
GEEET

(dexdyy YaTH G°9+ *ASTH 03 pa1ds0) adolg) YsTIed SSTIRYD 35 - O NOVEL

¥VIVA dONMY JAVM ONV “HAVM ‘HIAIIANIM NO9ISIA
9 FIdVL

210Yysy3yo 3uyyesiq sAeM JUBITITuUSYSy

Z8 0T°8 9+
88 i7°6 7+
L8 SE'0T Z+
6L S€°L 0
9L L9 =
‘y*drm 1993
PUTM SPTIPUTM INOH



0521
06°CT
0621
06°21
06°21

*I°s-m 3993

*13 udyseq

0L°6

1t

7L°CT

99°8

08°¢L

*I°s*w 3993

0°8T uwo T
%°9T wo 1
#°G6T uo 1
#°61 wo T
6°0C uwo |

*I0Yy 031 *3xaf

*13 dnuny

adots
Tes¥3ayzodLy

qc.ﬂ

0L°9
7Lt
SL*Y
0T'Y
jo93

5]

&

ov°9
0L°9
089
0Z°9
0r°9

*o9g

0T°L 9¢'8T
8 w61
5e'6 1€°02
se'9 TT°2T
1L 0T"LT
UNQN UOUN
q, Y3dsp Ay

(*37 0°T+ "T°) 2031 20A2T 1® Suyyesi1q aAeMy

saTTu
CCEET

(deadry YITA ¢'9+ 491X 03 peIda0) adols) YsTIRg SOTIBYD '35 - 9 MOVAL

|

" ¥VIVG dONMY TAVM GNV ‘FAVM ‘HOQILAONIM NSISIA
L T14VL

‘8

88

L8

01'8
I%°6
SE°0T
SE°L
L9

993
9PTIPUTM

i+

N'

inog



06°21
0§°21
06°2T
05°21
0521

*I°s‘wm 3393
R EET

£€8°6

90°11

*I*s'w 3933
T4 dnuny

6°8G wo 1 86°0

Z'yg uo 1 9¢ 1

T°L¢ wo T 70°'¢T

- €70

*I0Yy 03 °3IDA 3993
3doT1s J
TeoT32yrodiy H

o9
0L9
08°9
029
01°9

*0ag

09°1 9€°81 S
16°7 %61 S
G8°¢ 1€°02 S
Gg8°0 1141 S
12°0 0T LT S
1993 jo87 soTIm
nv yldap ‘ay UEFEYT

(deadry YITA G- 94+ 'A9TH 03 Po1eso) 3dOT§) YSTIBA SOTIBYD IS -~ O AIVHL
*VIVQ dONOY JAVM ONV ‘ZAVM ‘IALIAGNIM NOISIA

8 ATIVL

"33 9+ °T® 3® SuTyEa1q IABMy

[4]
88
L8
6L

9L

-‘-&-E
PUTA

o1°8
6
S€°0T
SE°L
L9

1993
9PTIPUIM

ANo{



LMVED-TD (NOD 30 Sep 68) 5th Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

DA, Lower Mississippi Valley Division, Corps of Engineers, Vicksburg,
Miss., 39180 18 Jul 69

TO: Chief of Engineers, ATIN: ENGCW~EZ

1, The actions indicated in the 4th Ind to satisfy comments in
previous indorsements are considered satisfactory and approval is
recommended,

2, Reference para 2, 4th Ind. The procedure the district has taken
to submit those data requested by para 2, 2d Ind, is considered
satisfactory, Data for the remaining locations will be furnished
when available,

FOR THE DIVISION ENGINEER:

4/1(«\;;/4£i/¢2ﬁ"%z>”
1 Incl A3, DAVIS

wd 2 cy Chief, Engineering Division
CF:
NOD-LMNED-PP



|

ENGCW-EZ (IMNED-PP, 30 Sept 68) 6th Ind
SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore
DA, Office df the Chief of Engineers, Washington, D. C. 20315, 1 October 1969
TO: Division Engineer, Lower Mississippi Valley

Reference 4th indorsement.

a. Paragraph 1. The information furnished and actions proposed by the
District Engineer are satisfactory.

b. Paragraph 2. The data provided in Inclosure 2 on (a) windtides and
(b) wave runup for the Jefferson and St. Charles Parishes are satisfactory.

FOR THE CHIEF OF ENGINEERS:

73. ALl

1 Incl WENDELL E. JOHNSON
wd }:;Chiéf, Engineering Division
Civil Works



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

LMNED-PP 30 September 1968

SUBJECT: Lake Pontchartrain, Louisiana and Vicinity, Design Memorandum
No. 1, Hydrology and Hydraulic Analysis, Part III - Lakeshore

Division Engineer, Lower Mississippi Valley
ATTN: LMVED-TD

1. Forwarded herewith for review and approval, in accordance with the
provisions of ER 1110-2-1150, dated 1 July 1966, is the subject design
memorandum.

2. Approval of this memorandum is recommended.

1 Incl (16 cys) HERBERT R. HAAR, J§.
DM No. 1 Colonel, CE
District Engineer



LAKE PONTCHARTRAIN, LOUISIANA AND VICINITY
DESIGN MEMORANDUM NO. 1
HYDROLOGY AND HYDRAULIC ANALYSIS

PART III - LAKESHORE

STATUS OF DESIGN MEMORANDA

Design
Memo

No.

1 Hydrology and Hydraulic Analysis
Part 1 - Chalmette Approved 27 Oct 66
Part II - Barrier Approved 18 Oct 67
Part IIT - Lakeshore ~ Submitted 30 Sept 68
Part IV - Chalmette Extension Approved 1 Dec 67

2 Lake Pontchartrain Barrier Plan,
GDM, Advance Supplement, Inner
Harbor Navigation Canal Levees _ Approved 31 May 67

2 Lake Pontchartrain Barrier Plan,
GDM, Citrus Back Levee Approved 29 Dec 67

2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 1, Lake
Pontchartraln Barrier, Rigolets
Control Structure, Closure Dam, and
Adjoining Levees Scheduled Oct 68

2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 2, Lake
Pontchartrain Barrier, Rigolets
Lock and Adjoining Levees Scheduled Oct 68

2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No, 3, Lake
Pontchartrain Barrier, Chef
Menteur Complex Scheduled Oct 68

2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 4, New
Orleans East Back Levees Scheduled Aug 69

2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 5, Orleans
Parish Lakefront Levees Scheduled Apr 70

2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 6, St.
Charles Parish Lakefront Levees Scheduled Dec 68



STATUS OF DESIGN MEMORANDA (cont'd)

Design
Memo
No. Title Status
2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 7, St. Tammany
Parish, Mandeville Seawall Scheduled Feb 71
2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 8, IHNC
Remaining Levees Approved 6 Jun 68
2 Lake Pontchartrain Barrier Plan,
GDM, Supplement No. 9, New Orleans
East Levee from South Point to GIW Scheduled Mar 69
o 3 Chalmette Area Plan, GDM Approved 31 Jan 67
3 Chalmette Area Plan GDM, Supplement
No. 1, Chalmette Extension Scheduled Sep 68
4 Lake Pontchartrain Barrier Plan and
Chalmette Area Plan, GDM,
Florida Avenue Complex, IHNC Not scheduled
5 Chalmette Area Plan, DDM, Bayous
Bienvenue and Dupre Submitted 25 Jun 68
6 Lake Pontchartrain Barrier Plan,
DDM, Rigolets Control Structure
and Closure . Scheduled Sep 69
7 Lake Pontchartrain Barrier Planm,
DDM, Chef Menteur Control Structure
and Closure Scheduled Sep 69
8 Lake Pontchartrain Barrier Plan,
DDM, Rigolets Lock Scheduled Nov 69
9 Lake Pontchartrain Barrier Plan,
DDM, Chef Menteur Navigation
Structure Scheduled Sep 69
10 Lake Pontchartrain Barrier Plan, DDM,

St. Charles Parish Drainage Structure Scheduled Jan 70

11 Beautification Not scheduled



Design
Memo

No.

12

STATUS OF DESIGN MEMORANDA (cont'd)

Title
Source of Construction Materials

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

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

Status

Approved 30 Aug 66

-Scheduled Oct 68

Scheduled Apr 69
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HYDROLOGY AND HYDRAULIC ANALYSIS
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GLOSSARY

ASTRONOMICAL TIDE - See PREDICTED NORMAL TIDE.

ATMOSPHERIC PRESSURE ANOMALY - The difference between atmospheric
pressure at any point within the hurricane and normal pressure
at the periphery of the hurricane.

BUILDUP - The increase, in feet, over that from other causes, of
water surface elevation in a body of water resulting from:

a. Convergence in depth or width
b. Construction of a barrier
c. Ponding

CENTRAL PRESSURE INDEX - A parameter of hurricane intensity which
reflects the minimum atmospheric pressure attained within the
eye of a particular hurricane.

FETCH - The continuous area of water over which the wind blows in
essentially a constant direction. Often used synonymously
with FETCH LENGTH

FETCH LENGTH - The horizontal distance over which the wind from a
fixed direction may have unobstructed contact with the water
surface.

HURRICANE - A cyclonic storm, usually of tropical origin, containing
winds of 75 miles per hour or more.

a. DESIGN HURRICANE - That hurricane selected by the
reporting office as a basis for design of the proposed
plan of improvement.

b. STANDARD PROJECT HURRICANE - A hypothetical hurricane
intended to represent the most severe combination of
hurricane parameters that is reasonably
characteristic of the region involved, excluding
extremely rare combinations.

c. PROBABLE MAXIMUM HURRICANE - A hypothetical hurricane
that might result from the most severe combination of
hurricane parameters that is considered
reasonably possible in the region involved. This
hurricane is substantially more severe than the
standard project hurricane and is seldom
used as the controlling consideration in design.

iii



GLOSSARY (cont'd)

d. MODERATE HURRICANE - A hurricane that may be
expected from a combination of hurricane
parameters that is frequently experienced in the
region.

e. TRANSPOSED HURRICANE - A storm transferred from
actually observed location to another location for
the purpose of study, with appropriate changes in
storm characteristics.

HURRICANE TRACK - The line connecting successive locations of
central pressure of the hurricane.

HURRICANE SPEED - The rate of forward movement of the hurricane
" eye in knots or miles per hour.

HURRICANE SURGE - The mass of water causing an increase in eleva-
tion of the water surface above normal tide at the time of a
hurricane.

HURRICANE SURGE HEIGHT - The elevation of the stillwater level at
a given point resulting from normal tide and hurricane surge
action. It may be the result of one or more of the following

components:
a. Predicted normal tide
b. Pressure setup
c. Setup due to winds over the continental shelf
d. Buildup

In inland lakes, hurricane surge height is the average lake
level and does not include local wind setup.

HURRICANE TIDE - The elevation of the stillwater level at a given
point during a hurricane. In inland lakes, it is the sum of
hurricane surge height and additional local wind setup.

ISOVEL - Line connecting points of simultaneous equal wind velocities
and in this report represents a 5-minute average, 30 feet
above the boundary surface.

KNOT - A velocity equal to one nautical mile (6,080 feet) per hour,
or about 1.15 statute miles per hour.

LANDFALL - The arrival of a hurricane center at the coastline.

iv



GLOSSARY (cont'd)

LEEWARD - The direction toward which the wind is blowing; the
direction toward which waves are travelling.

OVERTOPPING - The amount of water passing over the top of a
structure as a result of wave runup or surge action.

PREDICTED NORMAL TIDE - The periodic rising and falling of the
water that results from gravitational attraction of the moon
and sun acting upon the rotating earth.

PRESSURE SETUP - A rise in the surface of a large body of water
caused by a measurable reduction in local atmospheric pressure
at sea level.

RANGE - An imaginary line representing the centerline of a narrow
fetch over which the hurricane surge height is computed.

RUNUP - The vertical elevation above stillwater level to which
water rises on the face of a structure as a result of wave

action.

SETDOWN - The decrease in water surface elevation behind a water-
retaining barrier or at a windward shore due to wind action.

SETUP - The vertical rise in the stillwater level, above that which
would occur without wind action, caused by wind stresses on the
surface of the water.

SIGNIFICANT WAVE - A statistical term denoting waves having the
~average height and period of the highest one-third waves of a
given wave train.

STILLWATER LEVEL - The elevation of the water surface if all wave
action were to cease.

STORM SURGE - Same as HURRICANE SURGE, except that it may be caused
by storms not of hurricane characteristics as well as by
hurricanes.

WAVE HEIGHT - The vertical distance between the crest and the pre-
ceding trough. (Referenced to significant waves in this report.)

WAVE ORTHOGONAL - An imaginary line, drawn normal to each individual
line of a system representing, in plan presentation, the loca-
tions of the crests of each individual wave of a given wave
train.



GLOSSARY (cont'd)

WAVE SETUP - The superelevation of the water surface above the hurri-
cane surge height due to wave action alone.

WAVE TRAIN - A series of waves from the same direction.
WINDWARD - The direction from which the wind is blowing.
WIND SETUP - Same as SETUP.

WIND TIDE LEVEL - Same as stillwater level,

vi



LAKE PONTCHARTRAIN, LOUISIANA AND VICINITY
DESIGN MEMORANDUM NO. 1
HYDROLOGY AND HYDRAULIC ANALYSIS

PART III - LAKESHORE

SECTION I - GENERAL

1. PROJECT AUTHORIZATION

The project was authorized under Public Law 298, 89th Congress,
lst Session, approved 27 October 1965. General information and
basic data on the entire project are available in House Document No.
231, 89th Congress, 1lst Session. A number of significant changes in
the plans presented in the House Document have been developed during
detailed planning and incorporated into the project as departures
from the project document plan within the discretionary authority of
the Chief of Engineers. These changes include the following:

d. The controlling elevation of the Seabrook Lock was changed
from 13.2 feet m.s.l. to 7.2 feet m.s.l.l (Ref. LMNED-PP letter
dated 19 October 1966 subject, 'Lake Pontchartrain, La. and Vicinity -
Report on Controlling Elevation of Seabrook Lock'" and indorsements
thereto.)

b. The Chalmette Area Plan was expanded to include a larger
protected area. (Ref. LMNED-PR letter dated 29 November 1966 subject,
"Lake Pontchartrain, La. and Vicinity - Modification of the Chalmette
Area Plan to Include Larger Area' and indorsements thereto.)

¢. The Lake Pontchartrain Barrier was relocated between New
Orleans East and the east bank of Chef Menteur Pass. (Ref. LMNED-PP
letter dated 13 March 1967 subject, 'Lake Pontchartrain, La. and
Vicinity - Evaluation of Alternate Plans Involving Modifications
in the Alignment of the Lake Pontchartrain Barrier' and indorsements
thereto.)

2. PURPOSE AND SCOPE

Initially, it was planned to present the Hydrology and Hydraulic
Analysis Design Memorandum for the Lake Pontchartrain, Louisiana and
Vicinity project in a series of three separate reports subtitled

lMean sea level, the datum to which all elevations in this

- memorandum are referenced, unless otherwise indicated.
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Part I - Chalmette, Part II - Barrier, and Part ITI - Lakeshore.
As previously mentioned, subsequent to completion of Part I, the
project was modified, under the discretionary authority of the
Chief of Engineers, to enlarge the protected area of the Chalmette
Area Plan; accordingly, Part IV - Chalmette Extension was prepared
to cover the hydraulics of this enlargement. In Part I - Chalmette,
the climatology and hydrology for the entire project area and the
development of design elevations for the Chalmette, IHNC (Inner
Harbor Navigation Canal), Citrus Back, and New Orleans East back
flood protection works were presented, Part II - Barrier includes
the description and analyses of essential data, assumptions, and
criteria used for, and the results of studies which provide the
bases for determining design surge heights, runup, overtopping,
and frequencies for the Lake Pontchartrain Barrier. Also included
are the average levels of Lake Pontchartrain for the design
hurricane on different tracks, These levels reflect the influence
of barrier overtopping, direct rainfall, and tributary inflow, and
will be used ‘in the hydraulic design of the lakeshore protection to
be covered in this document, Part ITI -~ Lakeshore. Specifically,
the proposed elevation of flood protective works along the St,
Charles and Jefferson Parishes lakeshores, and the Orleans Parish
lakeshore from New Orleans Lakefront Airport to South Point

thence south to the GIWW (Gulf Intracoastal Waterway) will be
determined in this memorandum. Since the existing seawall on the’
north shore at Mandeville does not require establishment of an
elevation but only strengthening of the seawall, hydraulic data
pertinent to this area will not be presented herein.

3. DESCRIPTION

a. The project area, as shown on plate 1, is located in
southeastern Louisiana in the vicinity of New Orleans. The
dominant topographic feature is Lake Pontchartrain, a shallow
tidal basin approximately 640 square miles in area and averaging
12 feet in depth. Lake Pontchartrain is connected to the Gulf of
Mexico through Chef Menteur Pass and the Rigolets, Lake Borgne, and
Mississippi and Chandeleur Sounds, and also is connected with lesser
Lake Maurepas to the west. Chef Menteur Pass and the Rigolets have
developed naturally deep and wide channels having adequate capacity
for normal tidal flows and discharges of tributary flow.

b. The area along the south shore of Lake Pontchartrain is
essentially uniform in topography. The land slopes gently downward
from an average elevation of 12 feet along the natural banks of the
Mississippi River to approximately sea level near the lakeshores.
All of this area is protected from the river overflow by the main
line Mississippi River levee system and most of the area is
afforded partial protection from tidal overflow. Runoff within
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the protected areas is pumped into the lake and the pumping
operations have lowered the ground water surface causing subsidence
of natural ground elevations to as much as -7 feet by drying the
highly organic soils above the water table.

4, PROBLEM -

a. The area surrounding Lake Pontchartrain is susceptible
to flooding from wind-driven hurricane tides from the lake. This
condition is aggravated by increases in lake level resulting from
the influx of tidal surges from Lake Borgne and the Gulf of Mexico
that accompany hurricanes from the southeast, south, and southwest.
The occurrence of the SPH (Standard Project Hurricane) critical to
the south shore of Lake Pontchartrain would result in an 1ll-foot
surge in Lake Borgne. This surge would enter Lake Pontchartrain
through the Rigolets and Chef Menteur passes, and the IHNC,
raising the average lake elevation by as much as 6 feet,

b. As the hurricane winds blow over the surge-elevated lake,
wind tides and waves would be generated against the south shore
causing overtopping of all existing protective works and massive
ponding in the developed areas. Much of the development in the New
Orlenas area is below mean sea level, some land being as low as 7
feet below and a considerable portion more than 2 feet below.
Because of these low elevations, flooding as deep as 16 feet would
result from overtopping during the SPH.

c. On several occasions, the marsh area between Lake Borgne
and Lake Pontchartrain has been flooded up to an elevation of 11
feet. Prior to 1966, these stages, especially during hurricane
"Betsy,'" have caused overtopping of the then existing Chalmette
back levee, the IHNC levees, and the Citrus and New Orleans East
back levees.

5. PLAN OF PROTECTION

The authorized plan of protection 1s described in the following
subparagraphs and shown on plate 2.

a. A barrier will be constructed along the east shore of Lake
Pontchartrain extending from the New Orleans levee system to high
ground in St, Tammany Parish to control hurricane-generated stages
in the lake. 1Included as parts of the barrier will be navigation
and control structures in Chef Menteur Pass and the Rigolets.
Existing protective works along the south shore of the lake will
be raised, strengthened, and extended. A lock will be constructed
at the lakeward end of the IHNC to alleviate high velocities in the
canal, control salt water intrusion into Lake Pontchartrain, and
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control the entry of hurricane tides into the lake. Protective
systems facing Lake Borgne, including the levees along the IHNC,
the GIWW, and the MR-GO (Mississippi River-Gulf Outlet) will be
raised and strengthened to provide adequate protection. The.
existing seawall on the north shore at Mandeville will be
strengthened.

b. A new levee along the south bank of the MR-GO to Bayou .
Dupre, thence returning to the Mississippi River levee at Violet,
La. was authorized for the Chalmette area. As previously
explained, a departure from the authorized plan to extend the
levee along the MR-GO to a point north of Verret, thence to Verret
and returning south of Louisiana Highway 46 to the Mississippi
River to Caernarvon, La. has been adopted. -

SECTION II - CLIMATOLOGY AND HYDROLOGY
6. CLIMATOLOGY

The project area is located in a subtropical latitude having
mild winters and hot, humid summers. Prevailing southerly winds
produce conditions favorable to convective thundershowers in the
summer season, and in the colder season, frontal passages produce
squalls and sudden temperature changes. Refer to Part I - Chalmette
of this memorandum for a more detailed discussion of temperature,
rainfall, and wind in the project area.

7. HYDROLOGY

The water level in Lake Pontchartrain is subject to variations
from direct rainfall, tributary inflow, wind-driven water movements,
and flow through Chef Menteur Pass, the Rigolets, and the THNC
caused by tidal variations originating in the Gulf of Mexico.
Infrequently, the lake level is influenced by diversion of
Mississippi River floodflow through Bonnet Carre' Spillway. Com-
binations of these factors determine the salinity regimen in the
lake. A detailed discussion of project area hydrology is given in
Part I - Chalmette.

SECTION III - TIDAL HYDRAULIC DESIGN
8. STORM WIND TIDES AND COMPUTING PROCEDURES
a. General. In determining critical conditions for the various

subareas of the Lake Pontchartrain, Louisiana and Vicinity project,
different hurricane tracks are used., Tracks A, C, and F are used in
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the hydraulic design of the various features of the protective
system in the respective subareas. These tracks along with tracks
of the more significant historical hurricanes are shown on plate 3.
A method of computing wind tides Iin lakes was used to determine
maximum and minimum stillwater levels along the protected shore.

The average lake levels during storms proceeding on the three tracks
were presented in Part II - Barrier and will only be summarized
herein. These lake levels are the starting elevations used in the
storm wind-tide computations. A description of these computations
is presented in paragraph 8d.

b. Lake levels. The average high tide in Lake Pontchartrain
during the hurricane season is 0.7 foot and is the selected lake
level at which the control structures are closed when a hurricane
enters the Gulf of Mexico or is discovered offshore. The average
high tide of 1.4 feet as indicated in Part II - Barrier has been
revised based on the results from releveling by the U. S. Coast and
Geodetic Survey which disclosed that the zero gage reading for
determining average lake levels was about 0.7 foot lower than
originally considered. The increase 1n average lake level can be
computed at any hour by use of storage tables and estimates of
cumulative quantities of direct rainfall, tributary inflow, and
barrier overflow from Lake Borgne, Table 1 gives the average level
at the critical hour for each track.

TABLE 1
CRITICAL AVERAGE LAKE -ELEVATIONS
DESIGN HURRICANE

Starting Contributions : Final
Track lake stage Rainfall Runoff Overflow lake stage
feet feet feet feet feet
A 0.7 0.6 0.1 0.2 1.6
C 0.7 0.7 0.1 0.7 2.2

F 0.7 0.7 0.1 0.6 2,1

c. Synthetic storms. Parameters for certain synthetic storms
and methods for derivation of others were furnished by the U. S.
Weather Bureau. The SPH is used as the design hurricane for all
locations in the project area, the track and forward speed being
changed as appropriate. Tracks A, C, and F give three synthetic
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storms (1) (2)(3)? and they were derived as discussed in paragraph 8c
of Part I - Chalmette. Table 2 shows the characteristics of the
design hurricane for the three tracks. Plates 4, 5, and 6 show
isovel patterns for the design hurricane on tracks A, C, and F,
respectively, at the hour of maximum wind tide level at the south
shore. The original SPH isovel patterns were revised based on
recent studies by the U. S. Weather Bureau(4) (5)(6).

TABLE 2
DESIGN HURRICANE CHARACTERISTICS
Direction
Radius of maximum Forward Max.? of
Track! C.P.I. winds speed wind approach
inches nautical miles knots m.p.h.

A 27.6 30 6 100 South
C 27.6 30 5 100 SSE
F 27.6 30 11 100 East

lTracks are shown on plate 3.
2Referenced to 30 feet above the boundary surface.

d. Wind tides. Maximum wind-tide levels along the south shore
were computed by use of a general wind-tide level formula based on
the steady state concept of water superelevation (7)(8)(9). The
storms under consideration are accompanied by strong winds which
blow over Lake Pontchartrain and drive large quantities of water
toward the leeward shore, It was necessary for design of the lake-
shore flood protection works to determine the height of the wind-
tide level along various reaches of the authorized protection. This
was accomplished by dividing the lake into four or five parallel
segmental strips and by computing setup and setdown along the ima-
ginary strips from the windward shoreline to the leeward shoreline
where the protection is located. The average windspeeds and
depths in each strip were determined from isovel patterns and
hydrographic charts for each wind-tide level computation. The
wind-tide levels were computed by a trial and error method of
step integration beginning at the nodal point of the strip and
proceeding toward either shore. Each strip was divided into
several sections of approximately equal length. The total summa-
tion of setup at the end of each section was added to the average

~ “Numbers in parentheses indicate references in Section 1V -
Bibliography.
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depth of the next section and this summation gave a new depth to be
used in the next setup computation. The equations for computing
the wind setup are given as follows:

[92]
|

a U “ax 41 a1
d
g("T)?

i=M-1

i=1

i=M
S=ZASi
Ci=1

where AS; is the incremental rise (or fall) in water elevation
over the corresponding increment AX;

di = mean depth of section, exclusive of any setup;

dT = total mean depth including the rise from all preceding
sections; but not including ASi for the section under consideration;

8 = the total setup or setdown at shore;

M = number of sections;

U = windspeed in feet/second;

k = coﬁstént taken as 3.3X10—6;

g = acceleration due to gravity.

When computations are performed along the axis of the strip in
the direction of the wind, beginning at the assumed nodal point,
AS; will be positive. In the opposite direction from the nodal
point, AS4 will be negative. A check on the computations was
made by computing the volume balance of water using the following
equation:

i=M

IB,S . AX=0

it
i=1

where B; is the mean width of the section corresponding to S,
the average value over the increment AS;. Successive nodal .
locations were assumed along each strip and trial computations made

‘until set up and set down volumes were within 5 percent of each other.

The final balanced setup or setdown elevation was then used as the
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design stillwater level for a particular location. Table 3 shows
the maximum wind-tide levels computed at different locations along
the lakeshore.

9. WAVE RUNUP

a. Wave runup on a protective structure depends on the
characteristics of the structure (i.e., shape and surface rough-
ness), the depth of water at the structure, and the wave charac-
teristics. The vertical height to which water from a breaking
wave will run up on a given protective structure determines the
top elevation to which the structure must be built to prevent wave
overtopping and resultant flooding of the area to be protected.
Wave runup is considered to be the ultimate height to which water
in a wave ascends on the proposed slope of a protective structure.
This condition usually occurs when the wind-tide level is at the
maximum elevation. The method of computing wave runup was pre-
sented in Part IV -Chalmette Extension; therefore, only results
of runup computations for the lakeshore structures will be pre-
sented herein.

b. The elevation of protective structures not exposed to
wave runup will be constructed to approximately 1 foot above the
maximum computed wind-tide level for the design hurricane. Pro-
tective structures exposed to wave runup will be constructed to
an elevation that is sufficient to prevent all overflow from the
significant wave and waves smaller than the significant wave
accompanying the design hurricane. Waves larger than the signifi-
cant wave will be allowed to overtop the protective structures;
however, such overtopping will not endanger the security of the
structures or cause excessive interior flooding. During the time
of maximum wind-tide levels, the berms on the lakeside of the
levees become submerged and waves of lesser height than the
significant wave, but of the same period, break farther up the
levee slope. Sometimes runup from these smaller waves reach an
elevation higher than that from the significant wave; therefore,
runup resulting from these smaller waves must also be computed.
Runup was computed for the significant wave and for smaller waves
breaking on each berm and the required levee height was determined
by adding the highest computed runup value to the maximum still-
water elevation. Design runup values and proposed elevations of
the protective structures are shown in table 3. The runup eleva-
tions shown in table 3 are based on the preliminary levee cross
sections shown on plates 7, 8, and 9. Since runup depends on
the section configuration, runup elevations will be recomputed
and necessary adjustments made if the final sections are
materially different from the preliminary sections used in this
analysis.
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c. In view of the proximate location of the existing levee to
the New Orleans lakefront seawall in the vicinity of the U. S. Coast
Guard Station, as shown on plate 7, wave runup is such that the levee
must be raised several feet to afford protection from the design
hurricane; hence, enlargement of the existing levee is impracticable.
Accordingly, construction of a floodwall to elevation 13.5, lakeward
of the existing levee, to reduce wave runup on the levee is the most
practical method of providing protection. This rationale also applies
with respect to construction of a floodwall in the vicinity of the
American Standard Company.

d. Further, it was determined, based on the relatively wide
crown of the existing Jefferson Parish lakefront levee, that sloping
the levee crown without an increase in elevation, as shown on plate 9,
will prevent overtopping from the significant wave.

TABLE 3
WAVE RUNUP AND PROPOSED ELEVATIONS OF PROTECTIVE STRUCTURES
DESIGN HURRICANE

Proposed
elevation of
Wind-tide Wave Free- protective Critical

Location level runup board structures track
ft.m.s.1. ft. ft. ft. m.s.l.
St. Charles Parish 10.5 2 - 12.5 F
Jefferson Parish 8.5 1.5 - 10.0 C
Orleans Parish
Seawall segment 8.5 3.5 - 12.0 A
Citrus to South Point 8.5 5 - 13.5 A
South Point to Hwy 90 8.5-11.5 - 1 12.5 F
Hwy 90 to GIWW 11.5-12.8 - 1 12.5-14.0 F
Outfall canals 8.5 - 1 9.5 A

10. RESIDUAL FLOODING

Protective structures were designed to prevent wave overtopping
from the significant or any lower wave that would be experienced
during an occurrence of the design hurricane. However, 14 percent of
the waves in a spectrum are higher than the significant wave and the
maximum wave height to be expected is about 1.87 times the significant
wave height. Thus, the protected structures herein will be overtopped
by those waves of the spectrum which exceeds the significant wave.
Studies indicate that no material flooding will result if design
grades allowed overtopping by waves higher than the significant wave.
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11. TFREQUENCY ESTIMATES

The procedure developed for making frequency estimates is
described in paragraph 9a of Part I - Chalmette. The design
hurricane has a frequency of about once in 300 years on Lake
Pontchartrain.

12. DESIGN HURRICANE
As previously stated in Part I - Chalmette, the SPH was

selected as the design hurricane due to the urban nature of the
project area.

10
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