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The fundamental issue in New Orleans is land
loss, not dike failure

&USGS 100+ Years of Land Change for Southeast Coastal Louisiana
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Wate?

Land loss converts storm surge from a problem to
a catastrophe

The root of the problem is the
disappearance of delta land
as sediment that would
replenish the sinking deltais |
instead channeled by dikes |
straight out to the Gulf of
Mexico.

As the land sinks and the gulf rises, sights like this are increasingly
common. (Credit: Willa Zakin)

There is no hope of alleviating the storm
surge problem without building land.
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Causes of wetland submergence

MISSISSIPPI DELTA

thanks to Torbjorn Tornqvist, Tulane University



NATIONAL CENTER FOR EARTH-SURFACE DYNAMICS

A NATIONAL SCIENCE FOUNDATION SCIENCE & TECHNOLOGY CENTER

*The Mississippi Delta subsides by compaction and other processes

* Under natural conditions this subsidence is balanced by overbank
deposition of sediment and channel avulsion.

* Currently, the mud that would construct the floodplain is held behind
levees and delivered out to sea
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“At this rate, New Orleans will be exposed to the open sea by 2090.”
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| believe the Bush administration should continue to withhold money for
coastal restoration in Louisiana. The projects being served up by the U.S.
Army Corps of Engineers are little more than traditional Louisiana pork.

Most of the Mississippi Delta, some 10,000 square miles, lies less than three
feet above sea level. Beset by land subsidence and rising sea levels, much of
this vast area will inexorably sink beneath the waters by the end of this
century.

Congress should suspend all coastal funding until the Corps and Louisiana
prepare a comprehensive and realistic land-use plan for the entire delta,
applying modern science and fiscal discipline to determine what can and
cannot be salvaged.

BRUCE BABBITT
Washington Washington Post, Friday, May 18, 2007

GEOLOGY

Katrina Study Stirs Debate on Coastal Restoration
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s It irue that deltas are inevitably drowned by
subsidence? Let’'s look at the record...

this lab experiment shows what the record of a delta looks like in cross section
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Land loss by coastal drowning is neither inevitable
nor “natural”
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Cross-section of an ancient delta showing river deposits created during
active subsidence
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Wate?

A modern example: Wax Lake Delta, a healthy, growing
delta less than 100 mi west of the Mississippi Delta

Since 1973, the
Atchafalaya River has
been receiving 30 ~ 60%
of the sediment of the
Mississippi River,

and the Wax Lake Delta
has been receiving about
half of the sediment of
the Atchafalaya River.

The result: about 40 km?2
of new land since 1973!
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* Wax Lake ﬁta is smalf‘relatlve to the whole elta complex.




Can the Wax Lake example be
applied to the main Mississippl
Delta?

 We believe it can!
* There Is sufficient sediment delivered by

the Mississippi to maintain approximately
200 — 1000 square miles of wetlands and
coastal forest against even high rates of
subsidence (1 cm per year)
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The National Center for Earth-surface Dynamics
(NCED), headquartered at the University’s St Anthony
Falls Laboratory, is heavily involved in developing new
tools for analysis and prediction of delta evolution
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field work at Wax Lake Delta, 2007 May
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Bed material flux at NOLA
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Pleistocene channelized
deposits of Mississippi Delta S
[ ~ 1km depth in subsurface] Modern-day Mississippi bird’s foot
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Connecting ecology to sedimentation and
land building
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Deltas in the lab... . and in the field

recent delta experiments in collaboration with
ExxonMobil URC.
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Exriments allow us to “speed up time”, and study
delta evolution under controlled conditions

V 4 4
i 2007
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COASTAL LOUISIANA ECOSYSTEM ASSESSMENT AND RESTORATION

Stability &
maximum
accretion of A Coastal Ecosystem Forecasting
coastal wetlands System:
I’elated to: A Modular Approach to Link
Modeling, Monitoring, and Data
1.Geomorphology Management
A Collaborative Effort among State,
2. Hydrology Federal, and Univessity Scientists and

3. External forcing
(sea-evel rise +
land—surface
subsidence)

SEARCH
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Channel Network Geometry: Distributary Channel Networks

Apply/modify established analysis
methods to anew network form Develop numerical models capturing
e ¥ PR N o T A dynamlcs of deposmonal channel networks
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Feola, Rinaldo, et al in prep Jerolmack & Paola 2007
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Initial morphodynamic model for the
evolution of the Wax Lake Delta
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Approximate delta front position [km)]
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Preliminary results from the land-building model
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Steady state self-maintaining delta area

current sediment discharge 1.25E+08 tonshr 022 GThr 220E+08 Thr La coastal/U:
113E+11 kghr 023 GThr 230E+08 TAr from James
mineral density 2650 kg/m"3 01245 GThr 125E+08 Thr from Mead A
mineral volume 426E+07 m"3ir 100 acres = 0.4046873 km”2
assumed final porosity 0.3 100 acres = 0.1562506467211431 mi"2
total volume 6.09E+07 m"3/r
retention fraction 0.35 Other estimates
usable topset volume 213E+07 m"3kr 2.00E+07 tonshr Meade Allison sand
subsidence rate 0.01 mhr
peat fraction 04
topsetarea 355E+09 mn2
355E+03 km"2 1000 acre =4.04685 km_

128E+03 mi"2 1 km_= 247.105 acre
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So — can we do i1t?

All the information we have — from experiments, computer models, the
modern Wax Lake Delta, and the history of the Mississippi Delta,
suggests that partial restoration is possible, and not prohibitively
expensive, if we can learn to work with nature, not against it

New land at Wax
Lake

4 ':;c "\ .
.. Sinking land in the main
+Mississippi Delta
e




Mississippi river delta restoration

Wonsuck Kim, Univ. lllinois/NCED

XES 02

(Kim et al. JGR 2006)

Strong autogenic signals in laterally averaged shoreline
migration
variability persists even when the “local noise” is
eliminated

The autogenic signal in the shoreline migration rate varies
by a factor of 3 depending on the shoreline
migration direction

Rather than there being a single ‘equilibrium’ fluvial slope
for given imposed conditions, natural topset slopes
fluctuate.




Mississippi river delta restoration

Wet fraction vs. Shoreline migration: XES 02 & 05

XES 02
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Mississippi river delta restoration

Cyclic sedimentation: XES 02

A XES 02 Dip Section B Sand Intensity

X=25mY=21m X=45m 1[_WWMV

C Autocorrelation

correlation coefficient

0 200 400 600
lag [mm]

Regular switching between sand- and coal deposits
Wavelength of 100 mm

Variability in sediment transport efficiency in the fluvial system

XES 02:
A =100 mm, S, =0.036, AS, = 0.004, W = 0.0456 m3, Tap =25hr

N CE National Center for

Earth-surface Dynamics



Mississippi river delta restoration

Mathematical Model: Dynamic

Rearrange of the slope equation to calculate Q
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Mississippi river delta restoration

Result: internally generated variation in shoreline migration

L =500 km
S=10* :
AS = 5% of S

Release sediment,
AV=1/2 AS L? B = 0.625 (km?) B (km)

ABS((S! = Sl mean) / S! mean) [O]

Shoreline progradation YUV
=65 =5 -~ =3 -2
10 10 10 10 10

= 12.5 km (within 50 m water depth) hiL¢[0]

Figure 13. Plot of slope variability in field-based
measurements. Data comprise the Po River delta (squares),
reported in the work of Nelson [1970], the Mississippi River
(crosses), reported by Aslan et al. [2005], and the Niger
River delta (triangles), reported by Abam and Omuso
[2000].

N CE National Center for

Earth-surface Dynamics



Three-dimensional
numerical modeling of
deltas

Irina Overeem, James Syvitski, Eric Hutton,
Sergio Fagherazzi

Environmental Computation and Imaging Facility, INSTAAR,
University of ColoradoBoston University, Department of Earth
Sciences, MA




Why Numerical modeling?

m The sedimentary record of deltas is complex and 3D, making it difficult
to infer the development of stratigraphy.

The complexity is due to the interacting processes:

1. fluvio-deltaic systems are by-pass zones

2 the coastal zone is strongly modified by erosion and re-deposition by storms,
waves, and fluvial incision.

3 River channels and delta lobes switch their location over time.
4 Tectonics are spatially variable (occurrence of faults, differential movement)

Numerical simulation models allow indirect experimentation on the

influence of forcing functions and boundary conditions.

Understanding the deltaic sedimentary architecture facilitates the
modeling of oil, gas or groundwater bearing reservoirs.




Modeling Flow: input-engine-output

MODEL INITIALIZATION
define model space X,Y,Z2
get input files f(T)

RIVER INPUT
discharge
sediment load

INTERMEDIATE OUTPUT FLOODPLAIN DYNAMICS
determine channelpattern

topography, bathy metry
sediment praperties floodplain depaosition

TECTONICS DEPOSIT RIVER LOAD
bedload sedimentation

subsidence
fault-related hypo/hyperpycnal plu

COMPACTION REWORKING
repacking tides

Ioading waves
longshore transport

SLOPE FAILURES

FINAL QUTPUT
sediment properties
pseudo wells
X-sections, timeslices




Model Output

User-dependent

(grain-size, age, porosity, facies,

permeability)

Visualization including:

- X-sections

~ Time or Horizon slices

_ Pseudo-cores

- Time-line plots

mean grainsize




Floodplain sedimentation (AquaTellUs)

stable channel belt fixed
flowpath

arbitrarily choser
flowpaths

flowpath at T,
flowpath at T,

flowpath at T,




A2

4m sea-level fall

coast line '
. ke
progradation
5 -

B2

35% increase
sediment supply




89

[ 88

87

86

85

84

82

81

80

79

— 78

A2-85

| channel

prograding
levees

50 55

A2-115

coarsening
upwards

60
50 55 70

45

HIGH _—

frequency switching

LOW
frequency switching

/

" — 86

— 85

— 84

— 83

— 83

85

B2-85

90
95



‘Outstanding’ Problems

Need for quality input data

Quantitative understanding of different processes in three-
dimensions

Most 3D models sofar are not well tested, can they mimick
thresholds and self-organization?

Event-based vs time-averaged methodology
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