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" Above all else, flood barriers, such as levees,
should be constructed to withstand short-term
overtopping without catastrophic failure.




IvoRkindsTo*evertopping=-induced , damage
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Velochty-ineleze) < uar at 'roe of: back slope, at flow transition.
Acczlzpegrzs w;u ege'ra'hon stripped off, depending on cohesion
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- S.cal_l'bﬁin'g' and notching on the fetch side of the levee, due to
wave pounding; and hydraulic piping fomented by emergent
seepage at the toe of the back slope

Note: damage at back slope toe looks similar for both modes



W T S —— ey I Towp ey e W R

JesioniessishelliflNs

-

ieasilyierodedibyampyng R

a)



_‘o‘&‘:’; A

* Levees comprised of organic-rich materials and
bereft of sufficient clay simply disappeared during
Hurricane Katrina.
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T‘§I_1rf|C|aI erosion of the outboard toe of
embankment bordering a borrow are along the
western side of the reconstructed MRGO

channel; this is suggestive of low cohesion fill.




PROCESS CLASSIFICATION OF COASTAL LAND LOSS BETWEEN 1932 AND 1990
IN THE MISSISSIPPI RIVER DELTA PLAIN, SOUTHEASTERN LOUISIANA

Shea Penland, Department of Geology and Geophysics, University of New Orleans, New Orleans, LA 70148

Lynda Wayne, Center for C En ind Environmental s, Louisiana State University, Baton Rouge, LA 70803

L. D. Britsch, Geology Section, U.S. Army Corps of Engir w Orleans, LA 70116

S, Jeffress Williams, U.S, Geological Survey, Coastal Marine Geology Program, Woods Hole, MA 02543
-

Legen d Andrew D. Beall, Department of Geology and Geophysics, University of New Orleans, New
Victoria Caridas Butterworth, GIS [ Pl Parish Gi  Belle Chass
Erosion Submergence Direct Removal

- Natural Wave - Altered Hydrology: Impoundment - 0il/Gas Channel
- Navigation Wave Altered Hydrology: Oil/Gas - Navigation Channel
Channel Flow Altered Hydrology: Road - Drainage Channel
Existing - Altered Hydrology:Multiple - Sewage Pond
- Land - Faulting Borrow Pit
Natural Waterlogging Burned Area

- Failed Land Reclamation Agricultural Pond

Herbivory Access Channel
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Between 1932-1990 an average of 35 square miles of land was
being lost o the sea each year in the Mississippi Delta; and an

average loss of 44 square miles/year of wetlands.
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Lower Pearl River Basin, Louisiana: Photo B
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* Acute wind shear from Hurricane Katrina stripped off
large tracts of floating marsh across the Mississippi

Delta. Can we construct sustainable levees on these
Kkinds of materials?



Lake Borgne

:Dur'l;'\g Hurricane Katrina, 115 square miles of land area
was lost. This shows “land loss” in Breton Sound (m
light blue) after the 2005 hurricane season.
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- predictive map that appeared in
the August 2007 issue of National
Geographic
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Coastal Louisiana is subsiding at an average rate of ~7 mm/yr, while

sea level is rising about ~3 mm/yr.

Over the next 100 years we can

expect a net differential of ~1 m, shown here (image from August

2007 National Geographic).
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:;g,;; e :cailses of ground settlement are a
contentlous Issue In coastal Louisiana

- e There appear to be many different
causes, briefly summarized in the
following slides
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* Block diagram illustrating various types of subaqueous
sediment instabilities in the Mississippi River Delta,

taken from Coleman (1988).
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R.A. Morton of the USGS has
blamed oil and gas extraction for
the subsidence of the Mississippi
Delta. Morton has constructed
convincing correlations between
petroleum withdrawal and

- seftlement rates on the southern fringes of the delta, near
the mouth of the Mississippi, but this theory fails to account
for marked settlement further north, where little or no deep
withdrawal of oil or gas has been carried out.
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BASEMENT ROCKS

* GEOIOQICGIOSS
SECHONRNNTIOUGH

" the Gulf Cozisili
DO E BAsin; taken
from é_(jams
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* IS shows the
[etrogressive
character. of

cutting
coastal Loulsiana,
from north to
south.

The faults foot In a
basement-salt-
decollement
surface of middle
Cretaceous ages



Gulf of Mexico

* This plot illustrates the en-echelon belts of dqr'ow'rh faults

for'min% more or less parallel to the depressed coastline. The

Baton Rouge Fault Zone éshown in orange) has emerged over the

c\c;sf 50 years, north and west of Lake Pontchartrain (data from
oody Gagliano, Coastal Research).
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Saucier's 1994 structural geology map of the Mississippi
Delta, published by the Corps of Engineers. This shows

_ and active that
pervade the delta region.




Natural levees were formed by

sediments deposited during spring Peat soils were formed

floods and stabilized from decaying vegetation

by vegetation. “Tule” (bulrush over thousands of years. Water table
and reed species)

Main channel Channel
PREDEVELOPMENT R SR s g ey v
Riparian vegetation was Semicontinuous pumps Levees must be periodically
cleared and levees were remove agricultural reinforced to support increasing
built to create farmland. drainage to maintain a stresses from stream channels.
low water table. Saucer-shaped profile reflects
greatest thickness and subsi-
SN dence of peat soils near the
POSTDEVELOPMENT e center of islands.

O
2 W»r-{_{(f»@f. "_

Not to scale

o Draining lowlands and backswamps for agricultural or
urban development increases the effective stress on

underlying sediments and hastens rapid biochemical
oxidation of organic materials, causing settlement of
these surficial soils.



] NATURAL LEVEES AND ABANDONED-
SE333 DISTRIBUTARY CHANNEL FILL

s~ PEAT THICKNESS
S CONTOUR INTERVAL 4 FEET (1.2m)

° CONTROL BORINGS

LAKE PONTCHARTRAIN
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T
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New Orleans was built on compressible peaty soils. This isopach
map shows the areal distribution of the surficial peaty soils

(contour interval = 4 feet). From Gould and Morgan (1962) and
Kolb and Saucier (1982).



;ﬁ"fk’swamps around New Orleans are under consolidated,
and they exhibit gross settlements.

These examples are from the Lakeview area adjacent to
the 17" St. Canal failure, where the ground appears to
have settled 10 to 16 inches since 1956.
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-fseifTi‘a 10 1'o 18 inches.

* The mechanisms driving this settlement are likely drainage
of near-surface soils, by dewatering and interception of
storm water runoff, which is collected and conveyed to
the city's pump stations.
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As groundwaTer levels are depressed by withdrawal of
groundwater, organic-rich peaty soils are oxidized, and
the ground settles. This settlement creates depressed

zones below the grade of adjacent watercourses, which
creates challenges for providing flood control.



NEW PUMPS,

INITIAL MINIMAL LEVEE URBANI-
PUMPING PUMPING PROTECTION ZATION
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Record of historic settlement in the town of Kenner, which is underlain by 6.5

to 8 feet of surficial peaty soils.

The steps in these curves were triggered by groundwater withdrawal for
industrial use and urban development. This area was covered by dense
cypress swamps prior to development.
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Much of New Orleans lies below sea level, Lake
Ponchartrain, and the Mississippi River, making it particularly

vulnerable to flooding. The Mississippi levee crest is 24.5

feet, while the Pontchartrain levee crest is 13.5 feeft,



PLATE 1I

New Orleans,La.1895.

Report of ‘Advisory Board on Drainage

of the Cily of
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Elevation Change (ft)
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Map
showing
relative”
elevation
change
between
1895 and
1999/2002,
from URS
(2006).

The net
subsidence
was
between 2
and 10+
feet,
depending
on location.



%unded on deep plles This area settled 5 inches in
100 years, but the settlement was much less away from
- the heavy structures

= Eveyi thie-sandy river levees have settfled 2 inches; likely
due to surcharging by MR&T levee heightening between
1928-60
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g e SGtonic compaction caused by
Umur on of pressure ridges and folding

~3)Su sidence on seaward side of lystric
== ',_h faults
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’5 4)_Dra|nage of old swamp and marsh
~deposits increasing stress on underlying
clays

e 5) Biochemical oxidation of peaty soils
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o) Rec jiced groundwater recharge in
| Ja\ aloped areas because of
Simpermeable surfaces

’E 9).Extraction of oil, gas, and water
_ causing pressure depletion

® 10) Solutioning of salt domes and
seaward migration of low density
materials (salt and shale)
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Recent Sea Level Rise

23 Annual Tide Gauge Records —_
= Three Year Average 129 E
= Satellite Altimetry |

1940 1960 1980 2000

Coastal land loss in Louisiana is also exacerbated by sea
level rise, which averaged about 1 foot during the last

1880 1900 1920

100 years. This value could accelerate during the 215
Century, to as much as 3 feet.



MHEING ional Débate thatiiias:
Biipted sinceKatrings:..

SCamwe buldieveesthatwont fail2

Jshiould we, as a society, allow or encourage
hbanic development of lands that are either: 1)
_)JF W sea level; or, 2) barely above sea level?

ople who choose to live in high risk areas
”s’hould pay greater insurance premiums for
_the privilege of living in those areas

¢ Should we bother trying to save the
Mississippl Delta? Why? New Orleans ships
the greatest volume of exported goods from
the USA, mostly wheat, corn, and soy.



ENTSHtAthin the.grasp of.our=
SPEIELY torsaye the Missigﬁap'i"
_ Delta?
RONENT ie'rn analog — The Netherlands,
foliowing the 1953 floods; but this also involved

gisubstantial investment, almost 30% of their
GNP for 20 years.

F
—

®=Can we apply 21t Century technology to help

~ solve these immense challenges?

¢ Diverting sediments onto the land will require a
much greater investment in operations and
maintenance, several orders of magnitude more
than we’ve spent heretofore.

—
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Earthen Levees

~Levees are susceptible to

erosion by overfopping, by
edified flow, and by
undercutting.

Once flood waters overtop an
embankment they quickly
scour the land-side toe of
the embankment, and deep
scour holes develop on either
side of the “Aydraulic jump"
that forms at the point of
overflowage, enlarging the
breach, as shown here.
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223 ZAPPLIED TO CREATE
- MORE ROBUST

PROTECTION SYSTEMS ?
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eogr'ld wrapped hay bales or gr'avel filled HDPE
E baskets can be used as facing elements for

mechanically-stabilized embankments.

These materials do not corrode and plants and trees
can take root in them, so they are more
“environmentally friendly”
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e: can make embankments slopes as steep as we desire
'by using "false layers,” of geotextiles, between
primary reinforcement layers of mechanically stabilized
embankments (MSE).

* These false layers restrict slope raveling and erosion
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= Example of a 45 degree fill face supporting a shopping
center complex adjacent to a line of mature trees. The
embankment was constructed using false layers of
geotextiles spaced 1 foot apart (from Rogers, 1992)



* Same 45 degree fill slope after hydroseeding
and sprouting of fescue grass mix (from
Rogers, 1992).
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: :‘ 6torm or 'hdal surges are caused by lifting of the oceanic

" surface by abnormal low atmospheric pressure beneath the eye of
- a hurricane. The faster the winds, the lower the pressure; and
the greater the storm surge. At its peak, Hurricane Katrina
caused a surge 53 feet high under its eye as it approached the
Louisiana coast, triggering a storm surge advisory of 18 to 28
feet in New Orleans (image from USA Today).



Images from USA Today

~ ocean, because the

water falls back on
itself

As the storm makes
landfall, water is
lifted onto the
continent, locally
elevating the sea
level, much like a
tsunami, but with
much higher winds




OCEAN SIDE

SEGMENTED LEVEES SYSTEM

e —— ——

*In areas exposed to storm surge some thought
mlgh‘l' be given to equipping levees to be more
efficient ; and not
just simple barriers. Though more complicated,
they might not have tfo be as high.



' 0|ii Reinforcementis B

Compacted clay or
erosion control mat

Fillet
Transition

“,e'lnforcemen‘r could be applied to engender
2ater shear strength, allowing much steeper

__?’ _— T ———

~ Cross sections

~ Steeper side slopes form more efficient barriers
to dissipate forward wave energy

* Note curved troughs between the embankments.



IDPE geogrid soil reinforcement could be also be

—

-—sc

= profiles, as suggested here.
*Levees could be molded into more efficient barriers
To retard and survive storm surge

* The lower sketch shows how bearing loads could be
reduced by employing soil reinforcement, allowing a
greatly reduced cross sections.

et oyed o engender %reafer flexibility in levee
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%I‘Ji"e 1'1r'e delta is slowly subsiding. If new sources of
~ sediment do not r'eplemsh the swamp, the young cypress
shoots cannot germinate in water > 2 feet deep; and
Cypress forests die off all at once, becoming a treeless,
grassy marsh, with a forest of dead tree trunks.

—
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’ u\.xs; ropaganda has been circulated concerning the

c otential mollifying effects of cypress forest dispelling

= _' “wave energy, when hurricanes make landfall along the
- Louisiana Coast.

The most common-cited figure is 1 foot of storm surge
reduction for every 2.7 miles of mature cypress swamp.

This value is not valid for the entire coastline. The actual
impact depends on a number of physical factors.
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* Impact of coastal wetlands and cypress-gum swamps with

storm surge reduction. The average decrease is 1 foot:
for every 2.75 miles of swamp.
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' .;ﬁ'een sys’rems which would employ swamp
— Troughs between the embankments

- - As the mature, their impact on
storm surge dissipation would increase, helping
to offset freeboard losses caused by regional
settlement:



ENERGY DISS/IPATION
AT THE FIRST DIKE
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"E_ ich: flow obstruction will drain energy head
“from the advancing storm surge.

* Troughs with steep faces are some of the most
efficient energy dissipaters, because the deflect
forward energy upward.




overtopping #low

.

A*" he obsiructions get larger, more and more
S=wWwave energy is bled off and expended

—e“'——":"—

===Jhis might allow for a LOWER crest elevation
“for: the highest embankment

* The system should be designed to survive
short-term overtopping (e.g. 12 hours)




o —
Maximum Flexibility, With s
inumera bIé-DeS|gn ptions

- -
P

Design overtopping depth

Y N A A

-

;;',4 :%r'een segmented levee protection systems could
~ be tweaked for any number of variables:
“including a design overtopping depth to
accommodate low frequency events; without
using as much earth fill as conventional

embankments.

—



LAND LOSS
‘-*‘FOSTERED BY
" DIMINSIHED
SILTATION IN THE
DELTA?
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Gulf of Marico

}ﬁné Mississippi River drains approximately 41%b of the
_continental United States, discharging about 580 km?

of water each year (420 billion gpd).

¢ Almost 50% of the water comes from the Ohio River,
which has 1/6" of the watershed.

* The Missouri River encompasses 43% of total

watershed area, but only contributes 129% of the
discharge.



.— I5'r|or to 1700, the average sediment discharge was about
“440 million tons/year, mostly from the Missouri River
watershed.

¢ This figure has decreased about 50% since 1950, because of
dams constructed on Missouri and Arkansas Rivers.

®* This loss somewhat compensated by 5 to 10 fold increase In
sediment load carried down the Ohio River, because of row
farming and deforestation.
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®"The river has deposited enormous deltaic lobes
“during the late Holocene: Balize (550 yrs);
Plaguemines (750-500); Lafourche (1000-
3000); St. Bernard (2500-1000); Teche (3500-
2800); Cocodrie (4600-3500); and Sole-
Cypremont (>4600).
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July 17, 2001
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August 31, 2005

/ e Wave erosion stripped
= : off sandy
| = : cohensionless deposits
during Hurricane
Katrina

e 4000 people were
killed in this area in
= USGS the 1915 hurricane
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Land Loss
sBarataria”
Quadrangie

e Coastal land
loss has
been
accelerating
since 1950

Annual
sediment
volume
about 750
million
tons/yr prior
to 1950
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e Since 1950, the
average sediment
load of the
Mississippi River
has been reduced
to about ~215
million tons per
year.

e But, most of this is
lost out the jetties

MISSISSIPPI RIVER DELTAIC PLAIN
LAND LOSS AND LAND ACCRETION
EMPIRE, LA




Louisiana

LEGEND

- Land Loss 1932 - 2000

Predicted Land Loss 2000 - 2050

Breton

Land Gain 1932 - 2000

- Predicted Land Gain 2000 - 2050

20 30 Miles
20 30 40 50 Kilometers

e Coastal Land Loss since 1932 (red) and land gain
(green). We are losing about 50X more land mass than

we are saving at present, even with the 2050 plan.
(data from Ray Dokka at LSU).
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Map oefiMississippiRiver. Valley
showing abandoned meanders. The
active channel is shown in white along
right side of map.

(a) Before flood N

Flood-stage water level

ib) During flood .

Thin and fine sediments
deposited over outer
parts of floodplain

Thickest and coarsest
sediments deposited
at channel edges

Natural levees

.-"::"'-./

built up by \

(c) After many floods \

® The Mississippi
River has developed
some impressive
natural levees
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The bed of the Mississippi River is below sea level
during the last 450 miles of its course, up to
Greenville, Mississippi. We can only extract

meaningful amounts of sediment during short-lived
periods of high flow.
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ThiS map
Artonish,
Louisiana

e Artonish is typlcal of the MISSISSIppI River’s
flood plain upstream of Baton Rouge
¢ Note multiple meander belts



PPPPPPPPPP

] ,[NJ weltar level

MMMMMM E —PLIOCENE DEPOSITS (UNDIFF.)

‘9‘-Thi‘s section shows a pair of proposed “tunnel
taps™ (shown in red), 1 and 1.8 miles long

¢ Precast concrete liners could be jacked through
the overbank sediments, beneath the river’'s
levees, similar to the Boston Big Dig.
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® During the Boston
Big Dig, the world’s
largest precast
concrete box tunnel
section, for
Interstate 90, was
hydraulically jacked
into position,
beneath existing rail
lines and bridges
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N0 2 aat | WhEAtchafalaya Riveris o
om0 g oth steeper than the

Mississippi (3:1 ratio in
bed slope) and shorter
(225 kilometers to the

‘ —  Gulf of Mexico from the
R4 'Rlver entrance versus 480 kilometers for the
=== iSsissippi).
=e=Under natural conditions, the Mississippi River would
~—probably have switched its course to the Gulf of
Mexico via the Atchafalaya distributary between 1965
and 1975, if not for the levees.

e Since 1963, the Atchafalaya now drains about 30% of
the combined flows of the Mississippi and Red Rivers
to the Gulf of Mexico.
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Sediment
Accretion at™

% 1917-1950

I ® The Atchafalaya Basin
Is one of our best
analogs for sediment
accretion in the
Mississippi Delta

dANE 4T Historic data on

z?(\ / - G- A Y sediment accretion

, AN here needs to be

=l (ANl )N Y ¢ (F analyzed and

mzenn &) e=—en thoroughly understood

OF MISSISSIPPI RIVER DIVERSION
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—=-1 Uislts of Grand Lake based on hydrographic
L “purvey of 1917
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otion, 194k, photos flovn Oct, 104k

Aceretion, 1348, photos flown Seps, 1948

Accretion, 1949, photos flown Dec, 1949

S Accretton, 1950, photos Flova fov, 1950

, GRAND LAKE

@ ocipeaccan ACCRETIONS IN AREA 19171950

NOTE! ACCRETION MAP N.0. DIST. FEB, 1930
SCALE IN MILES
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‘,,.Slﬁ‘é'e 1950 the Atchafalaya River has been discharging
~ Into Wax Lake, siphoning off about 30% of the
- combined flows of the Mississippi and Red Rivers.
Between 1950-73 most of the sediment was deposited
into the waters of Wax Lake, leading ,most people to
conclude that very little land- -building was being
accomplished.



o=The ¢ éltas on Wax Lake grew dramatically during the

= hear-record floods of 1973, because of the increased

— sediment load, and the fact that the subaqueous “"base”

- of the new deltas had been accumulating over the
previous 23 years.

e So, /t will be important to find a workable scheme for
monitoring subaqueous deposition, not just subaerial
accretion.



% USGS c W_ax Lake and Atchafalaya River Deltas, Louis_iana _
science for a changing world omparison of Marsh Shears Before and After Hurricane Rita
(Landsat 7 Thematic Mapper Satellite Imagery)

September 6, 2005, Landsat 7

¢ Before and after
== === views of the Wax
o ROF me==3% Lake and
r B Atchafalaya River
Mo @¥ L e Deltas caused by

Hurricane Rita in

Marone
Point Reactivated
Shear
Locations

e Storm surge
removed
stabilizing
vegetation mat

Surge-removed Vegetation

9
Atc\\af alo¥?

Image Source:

Data Series 281 Landsat5 and Landsat 7 Thematic Mapper
Satellite Imagery is provided by the USGS
. N Center for Earth Resources Observation and
U.S. Department of the Interior Science. Bands 4 (near-ir), 5 (mid-ir), and 3
U.S. Geological Survey (visible red) are displayed.



. .
IRSSIVEIVELS) 'n‘_ TN ST

o Bydry J)n\ sical factor.sayve. o n\,., ) voulds
SEENILO favor the Al " alaya River for
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,;.-.3.,» Hdhe dlment has be diverted from the
= ]SSISSIppI channel.

_""- We should probably begin by evaluating
enhancements; options that would use
existing facilities, like the Old River
Control Structures




gRRsapreseniation wi oe posted in
oclf wm at; for' easy downloading at*

wjm redu ~rogersda/levees



