RECONNAISSANCE LEVEL STUDY MISSISSIPPI STORM SURGE BARRIER

M. van Leddef? A.J. Lansefy H.J. de Riddér B. Edgé

This paper reports a reconnaissance level studystdrm surge barrier in the Mississippi River.tdtigal hurricanes
have shown storm surge of several meters alondvibsissippi River levees up to and upstream of N&neans.
Future changes due to sea level rise and subsiddtidarther increase the risk of flooding dueharricane storm
surge. A surge barrier downstream of New Orlearss been considered as an alternative to levee atisg the
Mississippi River. Hydraulic computations show tttae build-up of water behind the barrier due t® Btississippi
River flow is (much) lower than the hurricane supgetruding up the river in the no-barrier situatid@he barrier
will probably eliminate the need to upgrade theteysupstream of the barrier while providing the edevel of
hurricane risk reduction. A hybrid barrier (a condtion of different gate types) with a primary swigate for
navigation (and flow) and secondary lift gates tsanmodate for flow is a technically feasible altgive. The
barrier remains open for almost the entire yearwadld only to be closed during severe tropicalnésgsay once
every 2 - 3 years). Several measures are inclugetlel conceptual design to mitigate the navigaiiopact. The
construction costs of the barrier are estimateilah - 2.6 billion. It is recommended to compare thvestment
costs of a barrier including adjacent tie-ins te #xisting HSDRRS to the costs of upgrading anchtaaiing the
levee system throughout the city of New Orleans.
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INTRODUCTION

The US Army Corps of Engineers has been respornfsibldelivering a 1% perimeter Hurricane
and Storm Damage Risk Reduction System (HSDRRB8) Ktitrina. The HSDRRS includes levees,
flood gates, surge barriers and pump stations dlakg Borgne, Lake Pontchartrain at the East Bank
and the Barataria Basin at the West Bank of thesisi#ppi River (Figure 1). This system has been
designed to withstand hurricane surge and assdonedees with a 1% probability of exceedance in any
given year as authorized by Congress. Parts ofylsiem have been completed or are under
construction (USACE, 2007).

Historically New Orleans has suffered extensive alges from hurricanes. Hurricane Katrina
raised the water level in the Mississippi River o8& meters near downtown New Orleans. Its peak
was just below the project design flood level ia Mississippi River. Future changes due to sed leve
rise and subsidence will increase hurricane sung® Mississippi River. Raising the existing
Mississippi River & Tributary (MR&T) levee systers part of the new Hurricane System Damage Risk
Reduction System (HSDRRS) to maintain the 100-yis&ireduction will probably be very costly, time
consuming and will have great impacts on the dgnsgbulated area and the many port activities along
both river banks. These challenges will be evegelaif a higher level of risk reduction for theyctf
New Orleans would be considered (e.g. 500-yeaven &igher).

The challenges provide an opportunity for consite storm surge barrier in the Mississippi
River as an alternative to levee height increaséisd highly urbanized area of downtown New Orleans
This barrier would only be closed during hurricaned prevent the surge from entering the Mississipp
River and would be open during non-hurricane camaktto allow navigation and the passage of river
floods. The success of the well-known Maeslant Bain Rotterdam was the basis for considering a
Storm Surge Barrier on the Mississippi River. Reffiee is made to Rijkswaterstaat (2000) for more
technical details about the Maeslant Barrier. Quoiesibn of this barrier in the 60ft deep and 1000ft
wide access channel to the Port of Rotterdam tuonétb be more cost effective than raising thedev
system throughout the entire city. Also, a shditeeframe for construction and less urban and
environmental impacts were positive aspects ofdbistion. The barrier was completed in 1996 and
was successfully closed during storm condition20da7.
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The purpose of this study is to conduct reconnaiséevel study of constructing a storm surge
barrier in the Mississippi River to reduce riskraiche MRL in lieu of raising the levees along the
river. Specific objectives of this study are i)identify technical challenges and opportunities of
storm surge barrier alternative, ii) to developpaaeptual design and cost estimate of a barrier
alternative, and to iii) assess potential challsngi¢h respect to environmental aspects such as
navigation, real estate, operations and maintenaakability etc.
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Figure 1. Greater New Orleans area with the Hurrica ne Storm and Damage Risk Reduction System.

A STORM SURGE BARRIER IN THE MISSISSIPPI RIVER

Hurricane threat in the river

The area of interest in this study along the Mgpjs River is shown in Figure 1. Although the
mouth of the river is about 100 river miles doweam of New Orleans, the hydrodynamic behavior of
the Mississippi River in New Orleans is influendgdboth the river discharge and the water levels in
the Gulf of Mexico. A flood protection system (lege floodwalls, structures) exists at both the East
Bank and West Bank of the Mississippi River to povthe surrounding areas from river and coastal
flooding. Historical observations and modeling 8épn150 hurricane paths have shown that hurricanes
generate substantial surge levels in the MissisStpger near New Orleans (see e.g. USACE, 2008).
Figure 2 presents the surge level at CarrolltdRiatr Mile 103 (see Figure 1 for location). The lpea
surge level reached 3.5 meters NAVD88 2004.65 dufiatrina, whereas the mean water level is about
0.5 — 1 meter between June and October. It is ribtedhe peak surge level during Hurricane Katrina
is just below the river stages associated withdiegn river flow in the Lower Mississippi through
New Orleans.
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Figure 2. Surge level during Hurricane Katrina at C  arrolton (River Mile 103, see figure 1).

Engineering analysis has shown that portions oMtssissippi River levees need to be upgraded
to meet the 1% HSDRRS criteria. In the short-te¢ha,river system in between RM70 — 80 at the West
Bank shows elevation deficiencies. More substamtak is necessary to meet the 1% design
conditions when future conditions (2060) are comsd. Note that the levee upgrades need to be
carried out in the densely populated area with kiglnomic activity along the river. Therefore, the
costs for construction will be higher than in maneal environment because of real estate costs and
other relocation costs. Also, the process of imgleting these upgrades could be very time consuming
because of relocations, environmental impacts, iaitigun of real estate, etc. Also, the impacts treo
economic activities (such as the Port of New Odg¢aould be another challenge for upgrading the
levee system in the city.

Surge reduction barrier

The principle function of a barrier downstream @&wNOrleans would be to close off the
Mississippi River during high storm surge for ahpriod of time and thereby lower the storm surge
levels in the city of New Orleans. In this way, theed for raising the levee system upstream of the
storm surge barrier from a hurricane protectiompof view would be eliminated (Figure 3). Levees
would still be necessary because of the river fleeeints. The barrier has to remain open during non-
hurricane conditions to allow navigation and safegs riverine flood events. Mississippi River is a
very important navigation route with large shippir@umes. Also, river floods occur regularly and th
barrier should not obstruct free river flow (andrigby worsen the river flood risk) during thesentse
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Figure 3. Conceptual diagram of the potential savin  gs in required levee elevations due to a storm surg e
barrier.

The quantification of the reduction in surge lesiglvation is an important key to assess the
effectiveness of a barrier solution. From a statipoint of view, the combined statistics of stor
surge and river discharge determines the probgbilibccurrence of a water level in the Mississippi
River. For an identical storm, a high discharge seisult in higher water levels than a low disclearg
Similarly, a higher water level will be producedlwa stronger storm with the same discharge.
Spatially, the water levels will be more dominabstthe river discharge in the upstream portiorhef t
river, whereas the hurricane surge will influerfoe tesulting water levels more downstream on the
Mississippi River.

Since a full statistical analysis was beyond trapeoof this study, a simplified approach was
followed to quantify effect of the barrier solution the surge levels. First, the river dischargendu
the hurricane season (June to October) was anaymethree different discharge levels have been
established to cover the range (roughly 10%, 503 8xceedance probability). Next, three individual
storms from the 152 ADCIRC storm suite for SoutlstHapuisiana (Resio, 2007) have been selected
which result in the 1% water level at Carrollton{R03) for each of these river discharge situations.
The table below presents the selected storm-digeh@mbinations which result in a 1% surge
elevation of 4.9 meter NAVD88 2004.65 at Carrollttdsing these three different storm-discharge
combinations, a one-dimensional hydraulic modelbdeen applied to assess the effect of a barrier on
the surge levels. The resulting surge level redaddiue to the barrier is presented in Table 1 for
different stations along the river. Figure 4 shoestemporal water level variation upstream and
downstream of the barrier for these storm-dischaayebinations.
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Figure 4. Water level variation during storm condit ee

storm-discharge combinations.

ions upstream and downstream of the barrier for thr

Table 1. Surge level reduction in meters due to sto  rm surge barrier operation
Station Algiers Lock IHNC Lock Carrollton Bonnet Carré Donaldsonville
(RM88) (RM93) (RM103) Spillway (RM127) (RM174)
Storm 26 — Q10 24 2.3 2.3 2.0 1.6
Storm 15 — Q50 0.7 0.7 0.7 0.7 0.7
Storm 32 — Q90 0.9 0.9 0.9 0.8 0.8

From Table 1 it can be concluded that the effediading the Mississippi River during hurricane
surge is in the order of 2 — 2.5 meter for low rigescharge and 0.5 — 1 meter for higher discharges
The presented results clearly show that the basalkition is most effective for low river dischasgéf
the discharge is larger, the water level behindbtinreier will rise more quickly and the surge level
reduction behind the barrier will be less. Sevesaiarks are made:

* The relative small effect for higher discharges barpartly attributed to the design frequency. In
the Rotterdam case, the reduction of the surgéenl®s situation by the storm surge barrier is
“only” 0.5 meter, whereas the effect is 1.5 meterthe design condition (1/10,000 year).

» The effect of future conditions has not been ingastd. Relative sea level rise will raise the surg
levels downstream. A higher downstream peak suegel Iwill have similar consequences as
considering a lower frequency (see also previoliethu

Despite these limitations, the surge level reductioe to the barrier presented in Table 1 indictias
the levee upgrades which are necessary in the-&rartbetween RM70 — 80 at the West Bank would
be completely eliminated. Also, the required upgrad the levee system upstream of New Orleans
could be eliminated, or at least significantly mimded, by the storm surge barrier. It is strongly
recommended to quantify the costs of these upgraddscompare this with the costs of the barrier
solution to see which alternative is more costatiife. Especially for the long-term, it is envisaah
that this barrier could be a competitive alterratio raising the levee system if costs and othpaots

are being compared.
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CONCEPTUAL DESIGN OF THE BARRIER

Boundary conditions and requirements

A thorough understanding of the boundary conditigrimportant to assess which barrier options
are feasible. These boundary conditions are listdcble 2 including the source of information. Mos
hydraulic information has been retrieved from stsdderformed by the US Army Corps of Engineers
(see USACE, 2007; 2008). The engineering geologisatacteristics including the subsoil geology for
an area encountered close to the project locatwe thoroughly been discussed by Heinrich (2005)
and have been applied in this study.

Table 2. Boundary conditions Mississippi Storm Surg e barrier
Discipline Item Condition Source
Hydraulics 1% Design surge +5.5 m NAVD88 ADCIRC and statistical analysis (see
USACE, 2008)
1% Storm duration 6 — 12 hours 1D calculations with SOBEK
1% Design head 35m 1D calculations with SOBEK
River discharge (10-50-90%) 5000, 8300, 13400 m*/s 1976 — 2002 data set of Lower
during hurricane season Mississippi discharge
1% waves (Hs, Tp) 1m,3s Estimate with Bretschneider
1% Wind speed 34 m/s Design report (see USACE, 2007)
Peak stage at river flood +3.2 m NAVD88 Q-h relationship at location of barrier
Geotechnical Bulk unit weight 17,000 N/m?® Based on local data from USACE
Undrained shear strength Stepwise linear profile Based on data from USACE

Functional requirements
Also, a list of functional requirements has beempited for this barrier. These requirements are
summarized in Table 3.

Table 3. Functional requirements Mississippi Storm Surge barrier

Discipline Iltem Condition Remarks
Hydraulics Leakage during barrier closure Minimize leakage < 560 m’/s (= Too much leakage will
20,000cfs) counteract reduction in
surge level
Cross-sectional area Larger than 80-85% of original Area constriction will raise
opening river flood stages
Navigation Minimum opening dimensions 270 m width, 18m depth Dimensions allow New
Panamax vessels
Navigation safety Suitable location with possibly
additional river guidance works
Operations Flexibility Closure in 1-2 hours and with low
current velocities
Floating debris / ship collisions Should be included in design
Maintenance Costs Should be minimized

Location barrier

The search area for a barrier location in thisystadaken in between RM70 (tie-in of the West
Bank levee system) and RM8L1 (tie-in of the EastiBamee system), see figure 1. The reason forighis
that the shortest line of defense of the overatesy will be achieved. A location more upstream or
downstream is possible, but will result in additiblength of the flood defense system. Note that -
independent of the exact location in between RMYRMS8L1 - the Mississippi River levees from the
barrier towards the West Bank and East Bank tiev@esd to be upgraded in this entire barrier concept
to provide the level of risk reduction from a syst point of view.

River Mile 71.3 is found to be the preferred locatdf a storm surge barrier in the Mississippi
River (see figure 1). The primary argument is thatcross section is fairly rectangular. This is
beneficial in that not much dredging is needbd,existing natural profile is used as much asipless
and the construction depth of the sill could beatkeh Another reason for choosing this locatiothat
the approaching vessels going downstream and méhkingharp turn in the river bend around RM 78-
79 (English Turn) have view on the structure frogoad distance which will optimize navigation
safety. No geotechnical or hydraulic consideratiamsfound which severely overweigh these
arguments. The selected cross-section at RM71.amaserage depth of about 22.5 m. For design
purposes, the cross section is schematized aaighétrectangle measuring 800 m wide.
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Barrier type

Different barrier type options have been reviewssk(also PIANC, 2005). It was found that
selecting different barrier types for the main (gation) opening and for the opening to allow river
flow (Table 4) is most feasible. For the Mississibarrier a hybrid barrier with a primary swing gat
for navigation (and flow) and secondary lift gatessccommodate for flow have been selected. The
primary gate size has an 18m deep and 275m wideirgpto allow shallow and deep draft navigation.
The hybrid barrier concept is favorable since ferage guided towards the subsoil using severas pier
which makes foundation requirements less challengimd costly. Given the weak soil conditions, a
barrier type solution as was applied in Rotterdamat deemed feasible. This concept also offers a
solution to the negative effects associated witlinsentation at the sill of the gates.

Innovative aspects are that the primary gate wilpbished in closed and open position by the
reversing currents. Also, the sluice gates withingwing gate are open during opening and cloging o
the swing gate to reduce the hydraulic forces. @msvill commence before the onset of tropical éorc
wind speeds are expected. Closing and openingisimepected to be 1 hour. The total closure time
will be approximately 6 to 12 hours.

Barrier dimensions

A conceptual design has been made of the hybridebdFigure 5). The swing gate has a ‘wet
profile’ 274.3 meter (width) and 18.3 meter defthe large gate opening is the minimal navigation
width. The sill level is kept as high as possilolertinimize design loads on the main gate. Fivee'sid
gates’ are considered of 85 meter width each. Eepee from reference projects shows that usingsgate
with a width of 75 to 100 meters provides the nuustt-effective solution for conventional barrier
designs. The five side channels with the liftingegehave a ‘wet profile’ of 85.3 m wide and -21.9 m
deep.

For the lifting gates, the sill height is thereftmaver than the swing gate because i) The depth and
wet profile reduction are minimized to increasetthtal cross section available for discharge, @nd i
the influence of the barrier on the sediment transipas to be minimized. Bed load transport is teda
in the deepest part of the river. Hence, havingsthef the lifting gates lower than the large sgigate
has a large benefit. Sedimentation of the silllamasily mitigated by a yearly test closure ofgates.
Also, the probability of sedimentation of the mgatte is reduced significantly. As a result the
restriction of the existing ‘wet profile’ (includgnpiers) is 20.2% (average depth reduces with &8ébo
width with 12.4%). With this constriction, the effeon the river stages during peak river flow ugain
of the barrier will be very small.

The top of the gates are designed at 0.6 m abovea sturge level +5.5 m NAVD to reduce wave
overtopping (leakage) and to keep the gates visibtang closure. The main gate is therefore 24 mete
high and 280 meter long. Side gates are 28 megérdnd 86 meter long.
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Table 4. Functional requirements Mississippi Storm

Surge barrier

Type

Suitability for main gate

Suitability for side gates

Vertical lifting gate

No, required barrier opening
too wide for maximum width of
structure and no unlimited
clearance

Yes

«

Radial gate (hor.
axis)

No, depth too large

No, depth of Mississippi River too
large

‘e <

Visor gate

No, no unlimited clearance

Yes, although depth of Mississippi
River might be too large

"o
‘.

Sector gate
horizontal axis

No, required barrier opening
seems too wide for maximum
width of structure

Yes, although depth of Mississippi
River might be too large

Flap gate (buoyant,
wicket, inflatable)

Yes, but maintenance is very
difficult and depth of the river
is a challenge

Yes, but maintenance is very difficult
and depth of the river is a challenge

Submerged
(buoyant) gate

Yes, but maintenance is very
difficult and depth of the river
challenge

Yes, but maintenance is very difficult,
depth of the river challenge and
seems expensive option for side
gates

Bellow / inflatable
dam

Yes possible, but
maintenance is very difficult
and depth of the river
challenge

Yes possible, but maintenance is
very difficult, depth of the river
challenge, and expensive for side
gate

LB

Parachute (new
concept)

Yes, but unproven technology

Yes, but unproven technology

\
’

Sector gate vertical
axis

Yes, but occupational space
large and forces to subsaoil
large

Yes, but occupational space large, -
forces to subsoil large and expensive
option for side gate

4
|
4
-- |

Swing gate / stop
logs

Yes, simple, low in
maintenance and cheap

Yes, but expensive option for side
gate

‘.\x !y
Rolling gate Yes, but occupational space Yes, but occupational space large
large and width of opening too
- > large
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Figure 5. Dimensions of the hybrid barrier design f  or the Mississippi Barrier.

IMPACTS OF THE BARRIER

Environmental impacts

The construction of the storm surge barrier wilkdnan impact on the environment. It is noted that
the environmental impacts from the barrier neebde@onsidered in view of the alternative measure of
risk reduction, viz. raising the levees and flootisvien New Orleans. By identifying the impacts,
potential solutions can be sought which could litthhé environmental impact. Even solutions can be
found which might be beneficial for the environment

The impact on the environment is discussed formabar of items:

Operational impact on eco-systemThe barrier is operated only once in a few yeatslence
there will be limited impact to the eco-system. Tii@intenance of the barrier will require much
lubrication and painting, and as such will haveegative effect on the immediate surroundings. Edfec
are estimated to be local. Also, selection of amesion material can mitigate much of the negative
environment impact due to the operation of thecstine.

Construction impact on eco-systemThe area which is needed for construction of threidra
mainly consists of the inner part of the MississiRiver. Additional space might be required at eith
end for maintenance buildings, spare parts storageking harbor, etc. During construction, the anéa
impact would be much larger. Especially for conginn of the main piers, a polder might have to be
created outside the Mississippi River banks whah loe used as a dry dock. Careful site selection
might mitigate potential impact to the environmeXit.steel parts can be constructed elsewhere.

Environmental “footprint” of materials (pollutions, energy consumption):During
construction, material will be brought in from vaus places. Large quantities of rock, concrete are
required. Given the dimensions of the projecs itkely that the environmental footprint will hattee
most significant environmental impact.
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Opportunity for win-win in combining barrier with r iver diversions: River diversions have
been built in the past decades on the Mississipf@rRA river diversion in close proximity of the
barrier is the Caernarvon Diversion with a maximiistharge of about 226%s (= 8,000cfs).
Recently, it has been realized that large riveedivns (e.g. 20 — 40% of the Mississippi dischamy
its sediments) are probably necessary to havestantial impact on the wetland restoration. During
discussions about this barrier for the MississiRpeer, the idea was raised to combine this bavvigy
a river diversion and hereby create a win-win situafor both risk reduction and coastal restoratio

Navigational impacts

The hybrid design of the surge barrier providesapigon to construct the barrier in several phases.
Doing so, the total width of the Mississippi Rivean be used to change fairway during the constmucti
period. The depth of the river is sufficient oviee total cross section at the location of intef@st
71.3) so that navigation can take place over a&laagtion of the cross section. Therefore, hindeanc
for navigation is limited to a change of fairwayrithg construction.

After construction of the barrier, the fairway whilhve been restricted and additional guidance
systems have to be installed. The local navigat&pth is designed to New Panamax dimensions. The
width at the barrier is designed taking into acddurther increase in vessel dimensions. This alow
for safe passage of navigation for a new generatichips. In the design, an opening of 300 mdiass
been assumed, which is wider than the navigabkescection at the two bridges in New Orleans.
Maintenance of the swing gate takes place outditleedfairway of the river. No hindrance is expekcte
therefore. For the lift gates, no hindrance is$esn either.

Other impacts

By constructing a storm surge barrier in the Mi&pisi River, the total length of flood defense that
needs to be maintained and operated to withstamitaoe conditions, is reduced significantly. Fram
system’s approach, it is beneficial to reduce #mgih of a flood defense so that the number of
components (levee sections, gates, etc.) is sBdlign requirements for the levees upstream of the
barrier will also be far less if a barrier is imapé downstream. These aspects are all very bealdbici
reduce the overall flood risk of the system. Adaltup study is recommended to quantify the redactio
in risk at a system scale and comparing the leaise alternative to a barrier alternative.

BARRIER COSTS FOR CONSTRUCTION AND OPERATION

Construction costs

A limited number of storm surge barriers have begitt around the world. In addition, storm surge
barriers are tailor made to local situations: camdion techniques, access to construction material
labor cost and so forth will vary per project ara pountry. This means that no generally accepast ¢
estimate method, based on many examples, exigisngtruction cost estimate can also be based on the
actual design of a barrier. Knowing the dimensimnsombination with construction plan, the
individual cost components can be identified andngjfied. In an early stage of a project howeuas t
will be difficult to achieve. All components of agject need to be addressed to make a reliable cost
estimate. For instance, customized equipment nhighteeded for which it is hard to make a cost
estimate at an early stage.

For this feasibility study an approach has beemsehavhich considers the actual construction costs
of several storm surge barriers in various coustaund the world. The actual building costs and
various physical parameters (height, length andl lféerence during design conditions) have been
gathered for a number of storm surge barriers. bests have been translated to a price level 1 20
and are listed in Table 4. Next, it has been asduhe the construction costs are proportionahéo t
width, height and also the design head differeiibés results in an average unit price equivalent to
31,000 US$ per
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Table 4. Cost estimate of storm surge barriers arou  nd the world
Name Type Year | Width Height Head Construction Costs per
(m) (m) (m) costs 2010 m3 (x 10°
(x 10° US$) US$)

Ems Barrier, Germany Sector gate 1980 360 8.5 3.8 508 44
Thames Barrier, UK Sector 1980 530 17 7.2 2000 31
Eastern Scheldt Barrier, NL Lifting gates 1986 | 2400 14 5 5549 33
Maeslant Barrier, NL Floating gate 1991 360 22 5 905 23
Hartel Barrier, NL Lifting gates 1991 170 9,3 55 197 23
Ramspol, NL Bellow barrier | 1996 240 8.2 4.4 182 21
Seabrook barrier, USA Sector gates 2010 130 8 4 158 38
IHNC barrier, USA Sector gates 2010 250 12 6 715 40
Average 31

Using the dimensions of the storm surge barri¢hénMississippi River and the average cost
estimate, a capital cost investment of 2.1 bills$ is found. For the eight storm surge barriested
in Table 4, a standard deviation of $ 8,000#srfound. A lower and upper bound of the costeste
has been calculated with $ 23,008{m 31,000 — 8,000) and $ 39,006/¢s 31,000 + 8,000),
respectively. Capital costs of the constructiom sform surge barrier in the Mississippi River are
estimated to be within the range of $1.6 billior$&6 billion. It is noted that the barrier option
proposed for the Mississippi, a swing gate, idyfaimple in design and construction compared heot
solutions in this table. Local circumstances affecdlt but not much different from conditions at
locations around the world where other barriereeHaaen built. Hence, construction costs close to
lower bound of the 1.6 — 2.6 billion US $ range rbaya good first order estimate for the Mississippi
barrier.

Operation & Maintenance costs

Without being complete, important operation andnteiance costs of the barrier will be i)
maintenance of the movable parts of the structi)neainting of the structure, iii) personnel, iv)
measurement network, v) inspection of the variarssgncluding submerged parts. The present design
of the Mississippi barrier should be of low mairgeoe due to the following aspects. First, the
maintenance of the swing gate can be done in dalrtl. This makes maintenance fairly easy. Second,
the lifting gates are low in maintenance and easilyessible by an auxiliary bridge. Third, no mdeab
parts are located under water which need undemrwa@tenance.

Nevertheless, operation and maintenance costtaof@ barrier will be substantial. From
maintenance numbers of three other barriers invtréd (Thames Barrier, Maeslant barrier, Eastern
Scheldt barrier), it has been estimated that thests are 0.5% of the construction costs. With the
construction costs being $1.6 billion - $2.6 bifljmperation and maintenance costs are estima&&l at
- $13 million per year for the Mississippi surgerie.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Preliminary hydraulic analysis has shown that @ibasolution near the downstream end of the
HSDRRS (River Mile (RM) 70-80) will reduce the reépd flood defense design elevations upstream
of the barrier substantially for the same leveligk reduction. First results show that the bamigr
reduce the required 1% design elevations with ®%H-meter in the river just upstream of the barrie
The barrier solution can be an opportunity to efaté/reduce substantial work to the flood defense
system (levees, floodwalls, locks, gates) througjtizei city of New Orleans considering the reduction
of the 1% surge levels due to a barrier, espedialhe 2060 conditions are considered.

The design and construction of a storm surge bawiwithstand and counteract hurricane storm
surge in the Mississippi River is technically fédsi No technical showstoppers have been identified
which would make the barrier design technically asgible or extremely costly. The preferred location
of the Mississippi River barrier is at RM 71.3. $lhocation is in between the HSDRRS tie-in at the
East Bank near Caernarvon (RM81) and the HSDRRif tiethe West Bank near Oakville (RM70).
The proposed design of the storm surge barrieristsnsf a primary swing gate for navigation (and
flow) and secondary lift gates to accommodate lfaw f This hybrid storm surge barrier concept is
considered to be the best alternative for the Igéggpi situation from a technical point of view.
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Navigation is considered to be the key issue toebelved for a successful barrier project. The
navigational impact is mitigated in the presentedigh by 1) selecting a location in a straightiseobf
the Mississippi River, awareness, visibility andigational safety has been optimized, 2) proposing
phased construction of the primary and secondagsgahich limits hindrance during construction, and
3) keeping a large total flow opening to minimike effects on flow velocities. Environmental impgact
will be mainly a result of the large footprint difet barrier and the large amount of constructiorent
needed.

The construction costs are estimated at $1.6 biflién. Operation and maintenance (O&M) costs
are estimated at $8 - $13 million per year. Thesias determining construction and O&M costs were
other storm surge barriers in the world. It is eotpd that the costs of a barrier to provide a hidgneel
of protection (e.g. 500-year) will only be slightligher however offering a significant higher lewél
protection.

Recommendations

The scope and impact of this project requireslaaisl system based approach for a thorough cost
benefit analysis. The levee raise alternative gshbalbalanced to the storm surge barrier altermativ
This should be done for both the present and theediconditions. Also, a higher level of risk retian
for the Greater New Orleans area could be congid&everal aspects such as environmental
procedures, navigation, port activities, environtakimpacts etc. need to be taken into accourttis t
analysis as well.

The challenge for this barrier will be a desigrt thaarantees a reliable operation procedure during
hurricane events. The operation is challenging beethe hydraulic interaction of hurricane storm
surge and river discharge is complex. Furthermtbegffects of each hurricane are different, uadert
and difficult to predict. The presented designdifiene consists of a simple barrier concept in which
nature itself helps to close and open the main @itert closure times have been built into thegiesd
maximize the reliability. It is recommended to Eifong attention to this aspect in a next phase.
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