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Preface

This report includes monitoring data collected through Decemb#p, 24nd
annual Maintenance Inspections througine2013.

The 2a.3 report is the " report in a serie©M&M reports. Foradditional
information on lessons learned, recommendations and project effectiveness please
refer to the 2010 Operations, Maintenance, and Monitoring Report on the CPRA
web site.

l. Introduction

The Raccoon Island Shoreline Protection/Marsh Creatior4@)Eproject is a barrier
island shoreline protection and marsh creation restoration project. This project is located
on Raccoon Island, which lies within the Louisiana Department of Wildlife and Fisheries
(LDWF) administered Isle Dernieres Barrier Islan@Refuge. Raccoon Island is
positioned approximately 25 mi (40 km) southwest of Cocodrie in Terrebonne Parish,
Louisiana Figure 1) and is an important nesting colony forown pelican Pelecanus
occidentali3 and other species of colonial wading afobe birds The TE-48 project

area consists of 502 acres (203 ha) of supratidal, intertidal, and sinatiiizt found on
Raccoon Island Higure 2). The project was federally sponsored by the Natural
Resources Conservation Service (NRCS) and locallpsped by the Louisiandoastal
Protection and RestoratioAuthority (CPRA) under the Coastal Wetlands Planning,
Protection, and Restoration Act (CWPPRA, Public Law -&9@&, Title Ill). The
shoreline protection phastenctd the breakwater field ,800 ft (1,219 m) along the

Gulf of Mexico shoreline and adda 926 ft (282m) terminal groin to the eastern end of

the Raccoon Island. The marsh creation phase of théSTiestoration projectlevatel

the sulbidal area behind Raccoon Island to an intertidal elevation. Raccoon Island is
separated from other islands in the Isle Dernieres barrier island arc via the greater than 3
mi (5 km) wide CoupeColin tidal inlet Figure1). This barrier island alsforms its
southern border with the Gulf of Mexico and its northern border with Caillou Bay
(Figures 1 and 2).

Raccoon Island and the other Isle Dernieres barrier islands were formed during the Teche
and the early Lafourche delta complexes by creation of tHeoC&leadland (Peyronnin

1962 Frazier 1967). Abandonment of the Grand Caillou subdelta 600 to 800 years B.P.
shaped this headland using delta front sheet sands and sediment transport processes
(Frazier 1967 Bird 2000). Headland detachment and inletnfation facilitated the
fragmentation of Caillou Headland into the Isle Dernieres barrier island arc (Penland et
al. 1985; McBride et al. 1989; Saucier 1994; Reed 1995).

The soils on Raccoon Island are composed of Scatlake amackelicity loamy fine sand

soils. The Scatlake muck soil is a very poorly drained mineral soil that is located in the

back barrier marsh areas of the island while the Felicity loamy fine sand soil is
1
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Figure 1. Location and vicinity of the Raccoon Island Shoreline Protection/Marsh Creation

(TE-48) project.

Restaration Ao

et 2013 Operations, Maintenance, and Masring Report for Raccoon Island ShoreliReotection/Marsh Creation (T#8)



Caillou Bay

Data Source:

Coastal Protection and
Restoration Authority of LA
Office of Coastal Protection
and Restoration

Operations

- TE48 Project Area

4,500 2005 DOQQ

™ s ™ so— | Fet
500 250 0 500 1000 1e§03 Date: June 30, 2010

™ s =, AMeers  Map ID: 2010-TFO-048

Figure 2.  Location of the Raccoon Island Shoreline Protection/Marsh Creation (TE8) project
area.




distributed along the island'shoreface, beach, and supratidal habitats and consists of a
somewhat poorly drained sandy soil (USDA 2007).

Raccoon Island habitats have been recently classified as consisting of intertidal flat, marsh,
and beach environment3.ypically, intertidal ilat and beaclnabitas do not support extensive
vegetative covefFearnley et al. 2009). The back barrier marsh area has been mapped as
Spartina alterniflora Loisel. (smooth cordgrass) amdlvicennia germinangL.) L (black
mangrove) saline mineral marsh (USDA 2007; Fearnley et al. 2009). On RaccoorAlsland
germinansforms critical habitat for brown pelicamesting. Slightly elevated areas of this
marsh have been found to be dominatedisfichlis spicata(L.) Greene (seashore saltgrass)

and Sporobolus virginicugL.) Kunth (seashore dropseed) (USDA 2008partina patens

(Ait.) Muhl. (marshhay cordgras8accharis halimifolial. (eastern baccharis), abdstichlis
spicata(L.) Greene (seashore saltgrabs)ve been documented as the primary vegetation
specieccupying Felicity loamy fine sand soils (USDA 200Basser et al. (2008) classified
Raccoon Island as salt marsh habitat.

Delta switching, longshor¢ransport, and tropical storms and cold frohts/e increased
subsidence and shoreline transgressions on Raccoon Island. The creation of the Plaguemine
and Modern delta lobes substantially reduced the sediment supplyl$tetReernieres barrier

islands (Peyronnin 1962; Frazier 1967; Boyd a@Penland 1981; Saucier 1994; Reed 1995;
Pilkey and Fraser 2003). The sediment deficit contributes to the more than 0.4 in/yr (1.0
cm/yr) subsidence rate experienced in the area (Coleman and Smith P984nd and
Ramsey 1990; Roberts et al. 1994). Moreover, subsidence has been postulated as the main
cause of back barrier marsh loss (Peyronnin 1962). The sediment deficit and subsidence have
also contributed to the considerable wetland loss in the marshes nisthérnieres (Reed

1995) by enlarging bays and increasing the tidal volume. This expanded tidal prism has
resulted in the formation of more frequent and wider tidal inlets along the Isle Dernieres
barrier island arc (Miner et al. 2089 Net longshoréransport flows in a western direction on
Raccoon Island transporting sedimeatthe spitand eventually off the islan@Peyronnin

1962; Stone and Zhang 2001; Thomson et al. 2004; Georgiou et al. 2005). In addition, the
longshore transport is localideon Raccoon Island duto the presence of a wide tide
dominated inleind the islands position at the terminal end of the Isle Dernieres barrier island
arc (Levin 1993). As a result, the tidal passéh increasing ebb shoadst as sediment sinks

and ncrease the rate of shoreline erosidtiner et al. 2009a) On Raccoon Island, a
considerable volume of sedimentsshaeen transported to the Raccoon Point shoreface
(Figurel) over the last 125 years (Miner et al. 2809

The shoreline change rabe Raccoon Island has been estimated te2Be ft/yr (8.5 m/yr)
historically (18552005),-23.5 ft/yr (7.2 m/yr) in the longerm (19042005),-12.2 ft/yr ¢3.7

m/yr) in the shorterm (19962005), and-106.0 ft/yr ¢32.3 m/yr) in the neaerm (2004

2005) (Martinez et al. 2009). Numerous tropical storms (Peyronnin 1962; Stone et al. 1993;
Stone et al. 1997; Georgiou et al. 2005) and cold fronts (Boyéankind 1981; Dingler and
Reiss 1990; Georgiou et al. 2005) have elevated water levels highhettooguse partial or

total overwash along this low profile barrier island. Therefore, tropical storms and cold fronts
have altered the geomorphology of Raccoon Island through-sihose sediment transport. In

4
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addition,Miner et al. (2009ajeported thaa significant amount of sediments were removed
from the IsleDernieres lowershoreface during storm events. Due to the above processes,
Raccoon Island has experienced reductions in sediment volume and island narrowing
(Penland et al. 1985; McBride et d1989). From 1978 to 2005, tlseibaerial acreage of
Raccoon Island was reduced by approximately 300 acres (121 ha). By 2005, only 95 acres
(38 ha) of Raccoon Island remained subaerial (Martinez et al. 2Mi8kover, Penland et al.
(2003) surmised that Raccoon Island woubgcome sulmpueousby 2006 while a later
analysis byCoastal Engineering Consultants, Inc. (20p8)jecteda prebreakwaterisland

year ofdisappeaancein 200Q

In 1997, the Louisian€oastal Protection and Restoration Authority (CPRAJ the Natural
Resources Conservation Service (NRCS) initiated the Raccoon Island Breakwaters
Demonstration (TE29) project. This project constructed eight (8) detached breakw#ters (

#7) along the eastern shoreface of Raccoon Islaiglife 3). These rock breakwaters were
positioned approximately 300 ft (91 m) from the shoreline, were 300 ft (91 m) in length, had
300ft (91 m) gaps, and were built to a 4.5 ft (1.4ANMVD88 crown elevation (Armbruster

1999; Belhadjali 2004)The TE29 project was successful in increasing the sediment volume
behind nearly all of the breakwaters due to the presence of a nearby sand\shbaligter

1999; Stone et al. 2003). However, a chanfogmed in the lee of breakwate#® and#1
reducing the sediment volume behind these structures. The breakwaters also contributed to
shoreline transgressions and habitat loss west of these structures by causing a disruption in the
longshore transporPerand et al. 2003Stone et al. 2003)Aerial photographk showing the
performance of these breakwatex®r timeareillustrated infigures 4, 5, and 6Construction

of the TE29 project began on April 21, 1997 and was completed by July 31, 1997.

The Raccoon Island Shoreline Protection/Marsh Creation4@)Eproject was originally
conceived as a single restoration project. However4dkvas divided into two phases to
facilitate the construction of the shoreline protection part of the project (Phase A). The back
barrier marsh creation portiorf the project (Phase B) watelayed due to difficulties in
securing a sediment borrow site in federal waters. The shoreline protdution @f the TE
48 project extended the T breakwater field 800 ft (1,219 m) to the west by constructing
eight additional rock breakwater3(#15) and constructed a rock groin on the eastern edge of
Raccoon IslandHigure 3). The eight TE48 breakwaters were designed to be positioned
approximately 250 ft (76 m) from the shoreline,be 300 ft (91 m) in lengthtp have gaps
widths that vary from 16300 ft (49391m), ando be built to a 4.5 ft (1.4 mYAVD88 crown
elevation. Note the gap widths were designed to be narrowed in cumulative 20 ft (6.1 m)
increments from east to wgdthomson 200 Thegroin was designed to extend 926 ft (282
m) into the shoreface and have a 4.5 ft (1.4NAYD88 crown elevatia (Figure3). Project
construction began odanuary 24, 200@nd was not copleted untilSeptember 162007
because of substantial delays incurred following the pasdagpvere weather eventgigure
7 showsRaccoon Islandefore (2005) anduring constructiorf2006 while Figure 8 displays
the islandimmediately after constructioof Phase Ain 2007 (asbuilt). Phase B, the back
barrier marsh creation part tfe TE48 project begn construction on September 2012
and was completed okpril 23, 2013. Phase B created &®res 26 ha) of back barrier marsh
beginning on theasterrterminus of Raccoon Island and extended westwagli(e3).

5
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Figure 3.  Location of the Raccoon Island Shoreline Protection/MarsiCreation (TE-48) project
features. The TE48 breakwaters and groin constitute phase A of the project. Phase
B of the TE-48 project consists of the marsh creation area.
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Figure 4. Aerial photography (1998 and 2001) showing the performance of tHeaccoon Island Breakwaters Demonstration (TE
29) project. Note the tombolo formations behind breakwaters 2 through 7 in 2001.
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Figure 5.  Aerial photography (2002and 2003 showing the performance of the Raccoon Island BreakwateBemonstration (TE-
29) project. Note the erosion induced by the 2002 (T. $sidore and Hurricane Lili ) and 2003 (T. S. Bill) hurricane
seasons.Overwash events occurred during both hurricane seasons and a breach separated Raccoon Islémdh the
spit in 2003.
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Figure 6. Aerial photography (2004 and 2005) showing the performance of the Raccoon Island Breakwaters Demonstration {TE
29) project. Note the expansion (2004) aritien partial closure (2005) of the breach during this inteval.
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Figure 7. Aerial photography (2006 and 20®) showing Raccoon Island before and duringconstruction of the Raccoon Island
Shoreline Protection/Marsh Creation (TE48) project. Note thedecreasingdiameter of the breach in 2005 The 2006

image showghe completeclosure of the breach partial construction of the TE-48 breakwaters, and then absence of the
groin.
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Figure 8. Aerial photography (Sep2007 and Oct 2007) showing theRaccoon Island Shoreline Protection/Marsh Creation (TE48)
project immediately after construction of Phase A Note the geomorphic features forming behindthe TE-48 structures.
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Maintenance Activity

a. Project Feature InspectionProcedures

The purpose of # annual inspection ofthe Raccoon Island Shoreline
Protection/Marsh Creation (F&B) projectis to evaluate current conditions of the
project features and develop recommendations for future actions in regards to both this
project and future projects.The most recent inspection @&accoon Islandwas
conducted on Jung 2013 and participants wer&len Curole, Darin Leeand Jason
Curole (CPRA),Loland BroussarqUSDA - NRCS, and Tyson Crouch(Louisiana
Depatment of Wildlife & Fisheries [LDWH. The assessment began at
approximately 10:00 am and proceeded from westernend of the island (near
breakwater %) easterly to theeastend of theisland at the terminal groinThe back

marsh fill area was then accessed from the back dike near the eastern end and the back
dike was traversed to the western end.

b. Inspection Results

The Juned, 2013 inspection included visual observation of the project features with
asbuilt features. Below are general observations made during the assessment, as well
as recommendations and costs for possible corrective actions. Photos taken during the
asseswent, with comments, are found in Appendix A.

. Two of the original TE29 breakwaters (#3 & #havecrestelevations lower than the

other breakwaters, and shoreline configurations behind these structures indicate that
these lower elevations are affectiig performancéAppendixA).

. All other breakwaters appear to be of sufficient heggitt width, with minimal change

from design criterigAppendixA).

. The back marsh area created in 20&8 settled to approximateB/5 ft or lowerbased

on the settlement gages within the fill greath the western end toward the outfall
structureshowng the lower elevations. The area also shoastinued settlement
(AppendixA).

. Recent egetative plantingwithin the fill area are severely stressed attiime of this

inspection;however there is some indication of new growtihese plantings should
be accessed again to determine issues before new plantings are at{@yppéslix
A).

12
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C. Maintenance Recommendations
i. Immediate/ Emergency Repairs
Due to the obvious deterioration of the two -Z& breakwates and their
effect on sediment processes and volume captithén the breakwatefield,
CPRA recommends recapping these and any other breakwaters found below
design heightsas soon as an approved O&M plan is complet&@domplete
suwvey of the breakwaters, both 79 and TE48 should be conducted and
plans should be developed to repaity ateficiencies necessary. These
project features have accomplished the CWPRRA goals set forth and should
be maintained in order to perform as designed within ov&talle Master
plan goaldor Raccoorsland
ii. Programmatic/ Routine Repairs
None.
d. Maintenance History
No maintenance has been done oneeitie TE29 or TE48 projects.
Operations Activity
a. Operation Plan
Due to the recent completiaf the TE48 phas 2 portion of this project, a®@&M
plan has not been finalizedAs-built information, once providedy NRCS will be
used to finalize a maintenance plan. Budget projections will be made and possible
repairs to breakwatermentionedpreviously will be pursued based on the completed
O&M plan.
b. Actual Operations

None.

13




Monitoring Activity

Pursuant to a CWPPRA Task Force decision on August 14, 2003 to adopt the Coastwide
Reference Monitoring Systeivetland CRMSWetland$ for CWPPRA, updates were made

to the TE-48 Monitoring Plan to merge it with CRM®/etlandsand provide more useful
information for modeling efforts and future project planning while maintaining the monitoring
mandates of # BreauxAct. Barrier Islands were considered separate from other ecosystems
and not incorporated into the CRM8etlandsdesign. Therefore, there are no CRMS sites
located in the project area.

The Barrier Island Comprehensive Monitoring Program (BICM) was iedian 2002 to
provide a comprehensive approach to barrier shoreline monitoring similar to @RN&nds
(Troutman et al. 2003) The decided advantage of BICM over project specific monitoring is

t hat it provides | ong t enrshorelihestaad isonot linsitédito o f
areas with constructed projects. As a result, a greater amount delomglata is available to
evaluate constructed projects, to facilitate planning and design of future barrier island projects
in numerous other progres (CWPPRA, LCA, WRDA, CIAP), to assist with O&M activities,

and to determine storm impacts. Because data are collected for the entire barrier island
system concurrently and with identical methodologies, these data are more consistent,
accurate, and comginensive than previous barrier island data collection efforts.

Implementation of the BICM program began in 2005 because of the need to establish a new
coastal baseline dataset after the impacts of hurricanes Katrina and Rita. Initial datasets
collectedinclude: 1) posstorm damage assessment photos and video, 2) shoreline positions,
3) habitat composition, 4) land/water analysis, 5) topography, 6) bathymetry, and 7) sediment
characteristics. Additionally, these data have been compared to standhrsliaed data and

they are provided digitally to user groups for future use.

The BICM program data has been incorporated with CWPPRA collected project specific data,
as well as other available datasets, to evaluate the goals and objectiveRaédbe Island
Shoreline Protection/Marsh Creation ¢#B) project.

a. Monitoring Goals

The specific project strategies of the Raccoon Island Shoreline Protection/Marsh Creation
(TE-48) projectare (1) to install 8 additional breakwaters to reduce shoreline erosion rates
by approximately 60% [from 52 feet/year to 21 feet/year, as estimated by model
calculations performed byhomson et al(2004) and(2) to create 60 acres of intertidal
wetlands to extend the longevity of the northern baak areas and expand bird habitat.
The onstruction of the segmented breakwatgils reduce wave energyn the Raccoon
Island shore and the groin will reduce tidal imgamthind the eastern 70 breakwaters.

The placement of dredged material and subsequent establishment of vegetatmected

to result in the creation of intertidal and supratidarsh habitat

14
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The specific measurabgpal established to evaluate the effectiveness of the project is

1. Reduce shoreline erosion to protect habitats sustaining Raccoon Island rookery and
sea bird colonies

b. Monitoring Elements
The following monitoring elements will provide the informatioecessary to evaluate
the specific goals listed abows well as ssessament of the overall elevation and

volume danges aciated with placement of additional breakwaters:

Shoreline Change

Gulf of Mexico shoreline change data wasalyzedfor the breakwater field area
(shorelines behind the TEO and TE48 structures)using the Digital Shoreline
Analysis System (DSAS version 2.1.1) extension of ArcVieBIS (Thieler et al.

2003) Shoreline positions were determined by creating contour linesdsvaiblished
elevation grid models at half foot interval¥he proceduresitilized to create the grid
models and contour lines are described in the elevation methodology knasfol he
shoreline positions were created from the 0 ft (0 m) NAVD88 contour of the
December 2005, February 2008, November 2009, and November 2012 elevation grid
models. Once the shorelines were delineated a baseline was generated and simple
transects wre cast at 164 ft (50 m) intervals. Shoreline change rates were assessed for
the ensuing period®ecember 200%-ebruary 2008, February 2008vember 2009,

and November 200Blovember 2012

Shoreline position data weadso calculatedo estimate shoreline changes along the
Gulf of Mexico and Caillou Bay spit shorelinasing the Thieler et al. (2003) method

and contour lines. Shoreline positions were created from the 0 ft (0 m) NAVD88
contour of the December 2005, February 2088gug 2008, May 2009November

2009, and November 2012 elevation grid models. Shoreline change rates were
evaluated for the following perioddecember 200%-ebruary 2008, February 2008
August 2008, August 2008lay 2009, May 200November 2009, and November
2009-November 201%ia the simple transect procedure from the preceding paragraph

Elevation

Topographic and bathymetric surveys were employed to document elevation and
volume changes inside the Raccoon Island Shoreline Protection/Marsh Creation (TE
48) project area. Preonstruction (December 2005) andaslt (February 2008)
elevation data were collected using traditional cross sectional and real time kinematic
(RTK) survey methods. Subsequent pomtstruction surveys were conducted in
August 2008 May 2009, November 200@nd November 2012These surveys were
essentially split into 2 surveys, a breakwater field survey and a spit siigeyeg9).
The breakwater field survey [750 ft (229 m) intervals] extended from7%te (2 m)

15
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contour of the Gulf of Mexico shoreface to the vegetated portion of the island while
the spit survey [1,500 ft (457 m) intervals] extended from-Thie (2 m) contour ofhe

Gulf of Mexico shoreface to the to thé ft (1 m) contour of Caillou BayFgure9).

Only the spit portion of Raccoon Island was surveyed in August 2008 and May 2009.
All survey data were established adjusted to tie in witthe Louisiana Coastal Zone
(LCZ) GPS Networkusing thebenchmarkCOON. All data surveys were referenced

to LA State plane South Zone 1702, and vertical elevations wefegenced to
GEOID99

The December 200%;ebruary P08, August 2008, May 200®ovember 2009and
November 2012urvey data were fprojected horizontally and vertically to the UTM
NADB83 coordinate system and tNAVD88 vertical datum in meters using Corps&on
software. The r@rojected data were imported into ArcViBwGIS software for
surface interpolation. Triangulated irregular network models (TIN) were produced
from the point data sets. Next, the TIN models were converted to grid model [3.3 ft
(1.0 nf) cell size], and the spatial distribution of elevations were mapped in one foot
elevation classes. The grid models were clipped to thd8polygons to estimate
elevation and volume changes within the breakwater field and spit areas

Elevaton changes from December 20B8bruary 2008, February 20@&igust 2008,
February 2008vlay 2009, February 2008ovember 2009, and February 2608
November 2012 were calculated by subtracting the corresponding grid models using
the LIDAR Data Handler extensiaf ArcView® GIS. After the elevation change grid
models were generated, the spatial distribution of elevation changes in #h8 TE
shoreface were mapped in half foot elevation classes. Lastly, volume changes in the
breakwater field and spit areas weedcalated in cubic meters fnusing the Cut/Fill
Calculator function of the LIDAR Data Handler extension of Arc\ie®S. Note,

these elevation and volume calculations are valid only for the extent of corresponding
survey areas.

In addition to the hotitic analysis of elevation grid models, the-Z&project area was

also partitioned into six static subdivisions (polygons) to delineate the effect of the
coastal structures and tropical and extratropical storms on the different segments of
Raccoon Island. All the subdivisions utilized the previously created grid models
(December 2005, February 2008, August 2008, May 2009, November 2009, and
November 2012) that were clipped to fit the following areas. The subdivisions
consisted of the subaerial spit, thE-29 breakwaters, the T&E breakwaters, the spit
shoreface, the TR29 shoreface, and the B shoreface (Figure 10). The static
subaerial spit is the portion of the Raccoon Island Spit that extends above the
December 2005 0 ft (0 m) NAVD88 contour. eTHE29 breakwaters segment
encircles the TR9 breakwaters and the B groin. The TE48 breakwaters
segment encircles the 7B breakwaters. Both the breakwater segments form their
northern border on the edge of thevation grid models, form tivesouthern border 50

ft (15 m) south of the structures, and extend I6 (46 m) past their terminal
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Figure 9. Location of the Raccoon Island Shoreline Protection/Marsh Creation (TE 8 ) projectos
topographic and bathymetric survey transects.
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structureqFigure 10). All of the shoreface segments (Spit,-Z& and TE48) form

their southern borders on the edge of the elevation grid models and extend northward.
The staticspit shoreface segment extends to Bleeember2005 0 ft (0 m) NAVD88
contour of the spit while the TE9 and TE48 shorefacesegments extend to positions

50 ft (15 m) south of their respective structu@Esgure10). Once the elevation grid
models were clipped to their subdivision borders, the mean elevatiaach time
period wascalculated. The August 2008 and May2®nalysis werperformedonly

for the spit segments because these surveys did not extend to the breakwater field part
of Raccoon Island. Next, volume change was calculated for each subdivision for the
December 200%ebruary 2008, Februar008August D08, February 200&lay

2009, February 2008November 2009and February 200Bovember 2012ntervals

using the aforementioned methoddditionally, volume change was also calculated

for the August 20081ay 2009, May 200November 2009, and Newmber 2009
November 20123tatic spit subdivision intervate enhance temporal resolution

A second spit elevational analysis was employed using variable partitions (polygons)
to discern trends in the spit evolution over time. This method demarcatédttij@

m) NAVD88 contour for the December 2005, February 2008, August 2008, May 2009,
November 2009, and November 2012 time periods using the previously created grid
models Figure 11). Hence the spatial extent of the subdivisions changed for each
time period depending on the location of the O ft (O MAVD88 contour. All
elevations above the 0 ft (0 MJAVDS88 contour were included in the subaerial spit
subdivision for that irdgrval while the elevations below the 0 ft (0 WNAVDS88
contour were contained within the spit shoreface subdivision (Figure 11). The
polygons were drawn and the analyses were conducted using the procedures detailed in
the preceding paragraphs. Moie change was calculated for each subdivision for the
December 200%ebruary 2008, February 20@&igust 2008, February 2008ay

2009, February 200Blovember 2009, February 2008&vember 2012, August 2008

May 2009, May 200MNovember 2009, and November 2088vember 2012 intervals.

Spit subaerial spit area and subaerial spit width were also calculated by demarcating
the 0 ft(0 m) NAVD88 contour of the Raccoon Island Spit using the December 2005,
February 2008, August 2008, May 2009, November 2009, and November 2012
elevation grid models. The subaerial spit area was calculated for each interval by
drawing a polygon aroundétD ft (O m) NAVD88 contour of the spit at a 1:800 scale.
Once drawn the area inside the polygon was calculated. The subaerial spit width was
calculated for each interval by measuring the width of the subaerial part of the S1 to
the S6 transects (Figu® [0 ft (0 m) NAVD88 contour surrounding the spit] at a
1:800 scale. The widths were then averaged for each period.

Volumes were calculated to determine the amount of sediment required to close the
breach between the spit and Raccoon Island. This guoeelelineated the area of the
breach, clipped the Feb 2008 and Nov 2012 grid models to this area, and subtracted
the grid models to calculate the fill volume and depth. To estimate elevation and
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Caillou Bay

-Subaerial Spit

+TE-48 Breakwaters

Spit Shoreface- TE-29 Breakwaters:

TE-48 Shoreface~

TE-29 Shoreface”

Gulf of Mexico

Data Source:
Coastal Protection and
Restoration Authority of LA TE-29 Breakwaters TE48 Shoreface
Operations Division = TE-48 Breakwaters [ TE29 Shoreface
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: e T
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Figure 10. Location of the six static subdivisions (polygons) at the Raccoon Island Shoreline
Protection/Marsh Creation (TE-48) project. These subdivisions were used to
calculate volume changes in predefined areas.
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Caillou Bay

Subaerial Spit-

*Spit Shoreface

Gulf of Mexico

Data Source:

Coastal Protection and s

Restoration Authority of LA TE 48 Breakwaters Aug 2008 Subgzerial Spit
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s ] et R
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Figure 11. Location of the variable spit subdivisions (polygons) at the Raccoon Island Shoreline
Protection/Marsh Creation (TE-48) project. These subiVisions were used to
calculate volume changes above (subaerial spit) and below (spit shoreface) the 0 ft (O
m) NAVD88 contour. For clarity only the Dec 2005 spit shoreface polygon is shown.
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volume changes required to fill the breachuloiquitous elevations 2012 survey
elevations were transformed to 0.0 ft (0.0 m), 1.0 ft (0.30 m), 2.0 ft (0.61 m), 2.5 ft
(0.76 m), and 3.0 ft (0.91 m) elevatipasd volumes and depths were calculatsitig

the previously described methodology.

Sediment Properties

Ponar grabber (subaqueous) and hand scoop (subasgi@ithent samples were
obtained along six (6) croshore transects for the Raccoon Island Shoreline
Protection/Marsh Creation (F&) project inJuly 2008 to characterize thmedian

grain size(D50) and grain size distributions in the shoreface and other barrier island
habitats. These sediment transects were separated on 3000 ft (914 m) intervals and
were funded through the Barrier Island Comprehensive Monitoring (BICM) progra
(Troutman et al. 20Q3Kulp et al. 2@1g9. One sample was collected from each
distinguishable locationl5 ft (-5 m) contour, middle of shoreface, upper shoreface at
mean low water, beach berm, dune, and Hzokier marsh.A second set of BICM
sedment samples is scheddl® be collectedn Raccoon Islanoh 2013
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b. Preliminary Monitoring Results

Shoreline Change

The Raccoon Island Shoreline Protection/Marsh Creation-48)E project area
incurred shorelineexpansionsand transgressienover themonitoring period (2006-
2012) CPRA analyzed the BICM dalartinez et al. 2009and calculated historic
shorelinechangerates for the préreakwater time period1887 i 2004) andthe
Raccoon Islanghoreline change rate wa25.5 ft/year (-7.8 m/year) and when the
data isparsed intofuture breakwater fieldversusthe fiunprotectedspito, the rates
remain similar, indicating that the island eroded at a similar rate alenigngth
through this hstoric record Additionally, the shorterm (1996 1 2005) BICM
shoreline change ratesgmilar to the prel996 ratesat-23.9ft/year (-7.3 m/year) but
when the shofsterm shoreline change rates are calculated within specific areas, the
shore behind the existing TX breakwaters accreted A7.5 ft/year(5.3 m/year)
while the still unprotected TB8 areaand the spihad increased erosions rates4i.9
and -46.4 ft/lyear (-14.6 and-14.1 m/year) respectively. Thomson (208) also
reported arincreased shoreline erosion pasnstruction ofthe TE-29 breakwaters
with the shorelineerosionwest of the TE29 breakwaters incasng 62%, to-42.0
ft/lyear €12.8 m/year) Thes changeratespoint to both the benefit of th&E-29
breakwaters to thehorelinethey were protecing, as well as possible impadb the
down drift shoreline Monitoring data btween December 2005 and February 2008,
showthe shorelinebehind theexisting TE-29 breakwaterandthe TE48 areaeroded
(Table 1) at approximately-8.31 ft/year(-2.53 m/year) a rateless thanthe BICM
shortterm erosion ratereportedfor Raccoon sland (Martinez et al. 2009) This
reduced rate possibly notes #erlyimpacts ofthe TE48 breakwaters as construction
progresses thru this time periotllote, he zero dot contour lines utilized taneasure
erosion rates along the breakwater field and spit shorelines can be viewed in appendix
B.

Conversely the posttonstruction shoreline positions behind toenplete breakwater
field sustainedconsiderablgrogradationn some areaélable 1), with theshorelines

in the vicinity of the groin and thieehindthe western TE8 breakwatersFgure 3)
accreing at the fastest ratedvioreover,the progradatiorthat occurredn these areas
sizably extendedshoreline positiongo the south As a result, the goal teeduce
shoreline erosion is currently being attairnveith an overall shoreline change rate of
22.7 ft/year .9 m/year) since project constructiQrable 1)

However, the breakwater field has shown considerable variation in the average
shoreline positions since 2005. While the overall shoreline position has shown
accretionas discussedit should be noted thah engineering assessmeuitthe barrier
islands (CEC, Inc. 2013) thru February2011, indicates thatsince 2005the TE29
breakwaters have shown erosionthe areas from breakwase#3 i 6, indicating
possiblymore tharnthe effects of thewo settledbreakwatergAppendixB). Shorter
term analysis from October 2007 thru February 2011, mirror the ldagaranalysis,
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but also show that overall theakwatefield maynow be onlyholding the shoreline
(CEC, Unpublished datgAppendixB). We want to point out that the groin area is
not analyzeddue to the fact that there was no shoreline in that area during the 2007
time period anduture analysisshouldshow large accretion in this arealso, the
CECInc. analyss indicates that the wesern end of the TE48 breakwatex have not

held the shoreline and it has continuedtode most likely due to théreach and &
continued expansion These datasets support the monitoring data in that the
breakwaters have achieved their goal of reducing the shoreline erosiobutas,
usual it is a complex arewith multiple processes that must be considered in
evaluating success and managing the island.

In addition to thecomplexities ofshorelinechangewithin the breakwater fieldthe
Raccoon Island spit, down drift, shows a dramatic increase in the erosiomhexte
compared to historic and shderm change ratesDuring the total post construction
analysis period (February 2008 thru November 2018 $it has eroded a total
distance 0f534.3 feef(-162.9 m)since the abuilt survey, showing an average yearly
shoreline change rate €18.7 ft/year{36.2 m/yeay(Table 2) This rate is more than
double the erosion rate from the shieim BICM data(Martinez et al. 2009)which
includes HurricaneKatrina and Rita.

Within the spit area, CPRA was able to measboth the Gulf of Mexico and Caillou
Bay shoreline change ratePuring the preconstruction intervalboth thegulf and
bay spit shorelines moderately advanctukir positions(Table 2), indicating post
storm recovery after the 2005 HurricaneBor the postonstruction intervalsthe
spitodos Gu shorelimeshoweiehighlycvariable shoreline changes.

During the immediate postonstructiorperiod(February thru August 200&he spi6 s

gulf shoreline began to erode a rate of approximately2.4ft/yr (-22.1m/yr), while

the Caillou Bay shorelingluring this periodexperiencedsubstantialtransgressias

(Table 2), indicating major rollover.During the secondpostconstruction interval

(August 2008 thru November 200%urricanes Gustaand Ike impacted the project

area. Both the gulfside and bayside shorelines were relocated to the (fatite 2)

and the ikand was breachedt the geographicbeginning of thespit as it wasmost

recentlyin 2003 (Figure 5) Afterthe 2008hurricane seasph he spi t 6s shor e
relocatedconsiderablyfurther intothe kay causingthe slanda n d i tobeoffset.p i t

Table2 illustrates this translocatiaof the spib s s hor el | massivé dmoumtu gh t h
of erosion on theulf shorelineand the massive amount pfogradationon thebay

shorelineof the spitfor the August 2008 to May 200@terval.

Following the 2008 hurricane seas@iay 2009November 2009)the s p i Gulb of
Mexico shorelinechange ratactually showed accretidhru summer 2009 However,
this poststorm recovenappears to bephemerabecause the spihoreline could not
sustainthis progradation ratand went into another period efosion from November
2009 thru November 2012 (Table Z)ropical and extratropical storms, the expanding
breach and offset shoreling and theprobable interruption ofongshore sedment
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transportlikely influenced this renewed spit erosion.The bayside shoreline after

breaching also changes in that it no longer @sowm concerwith the gulf sde of the

spit Bayside movement is to the north during time periods post 2008 storntkebut

shoremoves very little compared to the gu(ffable 2),indicating a reduced sedent
volumeby passing the large breaahd no longer feeding the spifgain, the CEC

Inc data(Appendix B supports the monitoring datan the spitin that there has been

erosion within the spit area, but like the eater field it is not constariempordly

or spatially.

Table 1. Gulf of Mexico shoreline change behind the Raccoon Island
Breakwater Field over time.

Dec 2005 Feb 2008 Nov 2009
Precg Asblt - 2Yr Post
Breakwater Field Shoreline Feb 2008 Nov 2009 Nov 2012
Change Asblt 2Yr Post 5Yr Post
Gulf of Mexico Change (ft) -17.92 40.23 68.79
Gulf of Mexico Change Rate (ft/y -8.31 22.56 22.70
Table 2. Shoreline change along he Raccoon | sl and Spitds Gul f
over time.
Dec 2005 Feb 2008 Aug 2008 May 2009 Nov 2009
Pre- Asblt - 1Yr Post 1.5Yr Post 2Yr Post
Feb 2008 Aug 2008 May 2009 Nov 2009 Nov 2012
Subaerial Spit Shoreline Chang Asblt 1Yr Post 1.5Yr Post 2Yr Post 5Yr Post
Gulf of Mexico Change (ft) 30.17 -37.69 -325.77 45.46 -216.32
Gulf of Mexico Change Rate (ft/y 13.99 -72.43 -440.40 86.86 -71.39
Caillou Bay Change (ft) 14.00 -85.06 273.09 -1.21 -22.24
Caillou Bayxhange Rate (ft/yr) 6.49 -163.44 369.18 -2.32 -7.34

Elevation

The Raccoon Island Shoreline Protection/Marsh Creation-48)E project area
experienced volumehangs and shoreline modifications sincenstruction was
completed in 2007 Volume changes over ¢hperiod of the study asummarizedn

Table 3. Elevation change and volume distributions for Raccoon Island (breakwater
field and spit) are shown iAgure 12 (Dec 2005Feb 2008)Figure 13 (Feb 2008Nov

of

2009) andFigure M4 (Feb 2008Nov 2012) In addition, elevation change and volume

distributions for the Raccoon Island Spit are showRigure15 (Feb 2008Aug 2008

andFigurel6 (Feb 2008Viay 2009. Supplementarglevation change grid models for

the Raccoon Island Sp#re displayedin appendixC. Elevation grid models foall

survey periods are also provided in append®. The TE48 volume and mean
elevation changesre also graphically showm Figure 17 (Raccoon Island) and
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Figure 18 (spit only). Approximately, 621,707 yd(475,329 m) of sedimentwere
naturallydeposited on Raccoon Isladdring constructiothrough physical processes
(Figures 12, 17, and Table B Thirty-seven percent 231,315 yd (176,853 n) of
the sediment gaimccurred on theRaccoon IslandSpit and sixtythree percent or
390,482 yd® (298,545m°% of the sediment gain occurred in the Raccoon Island
Breakwater FieldFigurel8 and Table B In the postonstruction periodhe spit lost
827,364 yd (632,565 m) of sedimenfrom Feb 2008 to Aug 2008 igures 15, 18,
and Table Band gained 414,881 ¥¢317,199 ) of sedimenfrom Aug 2008 to Nov
2009 Figures 13, 15, 18, and Table B However, only 19,470 yd(14,886m°) of
these spit volume gains were retained by Nov 2012 (Figure$118, and Table B
The breakwater field gained relatively large volume during theepconstruction
period and displayedmodest volume gains in the pasinstructionperiod (Table 3).
Moreover, pe-construcion volume gainsuppresseg@ostconstructionvolume losses
on the spit andexaggerategostconstructionvolume gains in the breakwater field
(Table 3). The total tabulatedsediment volumeof Raccoon Islanddeclined by
751,168 yd (574,309m°) in the postonstruction periodFigure 14 and Table 3)
Tables4-5 andFigures P-14 show that the TE8 breakwaters gained elevation and
volume since construction anthe TE29 breakwatersalso gained elevation and
volume in 2012 due to the placement of thediEEgroin. The shoreface components
of Tables4-5 andFigures P-14 displaya net transport of sedimetd the west and a
net loss of sedimergince Feb 208. Tables 45 also illustrate that the shoreface
segments of the TB8 projecteither enhancedr degradedsolume estimate the
spit and breakwater field reaches (Figut2s13, 14, 15, 16, 17, 18, and Table 3).

Table 3. Pre- and postconstruction sediment volumechanges on the Raccoon Island Spit and in the Breakwater
Field. The third row shows the combined breakwater field and spit volume changes. Note that the volume

changes include both thesubaerial segments of the island and the shoreface.

Dec 2005 || Feb 2008 | Aug 2008 | May 2009 || Feb 2008| Nov 2009 | Pog-con | Pre & Post
Prec Asbltc 1Yr Post || 1.5Yr Post| Asblt- 2Yr Post Total con Total
Volume Changeg| Feb 2008 | Aug 2008 || May 2009 | Nov 2009 || Nov 2009 Nov 2012 || Feb 2008 || Dec 2005
(yd3) Asblt 1Yr Post || 1.5Yr Post| 2Yr Post | 2YrPost | 5YrPost | Nov2012| Nov 2012
Spit 231,315 -827,364 || 173,699 241,182 | -412,483 | -395,411 | -807,894 -576,579
Breakwater
Field 390,482 2,169 54,228 56,397 446,879
Breakwater
Field & Spit 621,707 -410,380 || -340,788 | -751,168 -129,461

In the following discussion, note that the variable subaresjetl elevations and

volumes are considerably different than their static counterparts because they are

derived from different extents. The variable portloows 1 & 2 of Tablest & 5)

expands and contracts with changes in elevation while the static measurements are
derived
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Figure 12. Elevation and volume change grid model for the breakwater field and spit from pre
construction (Dec 2005) to aduilt (Feb 2008) at the Raccoon Island Shoreline

Protection/Marsh Creation (TE-48) project.
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Figure 13.  Elevation and volume change grid model for the breakwater field and spit from as
built (Feb 2008) to postconstruction (Nov 2009) at the Raccoon Island Shoreline
Protection/Marsh Creation (TE-48) project.
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Figure 14.  Elevation and volume clange grid model for the breakwater field and spit from as
built (Feb 2008) to postconstruction (Nov 2012) at the Raccoon Island Shoreline
Protection/Marsh Creation (TE-48) project.

28




|Elevation Change ft (m)

>5.0 (1.5)
45-50(1.4-1.5)
40-45(1.2-1.4)
35-4.0(1.1-1.2)
3.0-3.5(0.9-1.1)
2.5-3.0 (0.8-0.9)
2.0-2.5 (0.6 - 0.8)
1.5-2.0 (0.5-0.6)
1.0- 1.5 (0.3 - 0.5)
0.5-1.0(0.1-0.3)

Elevation Change (ft)

B >s50tft

B 45-5.01t
B 40-451t
P 35-401t
[ 30-351t
[ 25-301t
[0 20-25ft

TE-48

Elevation Change
Grid Model

from

As-built to
Post-construction
(February 2008-
August 2008)
NAVD 88 (ft)

0-0.5(0-0.1)
-0.5-0(-0.1-0)
-1.0--0.5(-0.3--1.6)
-1.5--1.0 (-0.5 - -0.3)
2.0--1.5(-0.6 - -0.5)
2.5--2.0 (-0.8 - -0.6)
-3.0--2.5(-0.9--0.8)
-35--3.0 (-1.1--0.9)
-40--35(-1.2--1.1)
<-4.0 (-1.2)

[]15-20ft
[ ]1.0-15ft
[ ]o5-1.0ft
[ ]o-05ft
[ ]-05-0ft
[ ]-1.0--05f
[ ]-1.5--1.0f

Post-construction
Volume Loss
827,364 yd3
(632,565 m3)

s I -2.0--1.5f
] -2.5--2.0ft

-3.0--2.5ft
B 3.5--3.0f
B 4.0--35f
B <401t

——— TE-29 Breakwaters
—— TE-48 Breakwaters
TE-48 Groin

Caillou Bay

Gulf of Mexico

Data Source:
LA Dept. of Natural Resources
Coastal Restoration Division
Biological Monitoring Section Cell Size: 3.28 (1.00)
§ Maximum: 5.53 (1.69)

2005 DoQQ Minimum: -11.39 (-3.47)
Standard Deviation: 0.86 (0.26)
Mean: -0.70 (-0.21)

Grid Statistics ft (m)

1,600 800 0 1,600 3,200 4,800 .
Feet Date: April 16, 2009
500 250 0 500 1,000

1500 Map ID: 2009-TFO-041

s ™ s ™ 1Meters

Figure 15.  Elevation and volume change grid model for the spit from abuilt (Feb 2008) to pos-
construction (Aug 2008) at the Raccoon Island Shoreline Protection/Marsh Creation

(TE-48) project.
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Figure 16.  Elevation and volume change grid model for the spit from aduilt (Feb 2008) to post
construction (May 2009) at the Racoon Island Shoreline Protection/Marsh Creation
(TE-48) project.
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Figure 17.  Sediment volume change and mean elevations over time along the Raccoon Island Shoreline
Protection/Marsh Creation (TE-4 8) proj ect s breakwater field and

Tables 4 and 5).For example, the mean elevations (Table 4) and volumes (Table 5)
for the variable subarerial spit subdivisions are always greater than their static
counterparts because their grid models only include elevations greater than or equal to
zero in an area #t is increasingly contracting. Likewise, the variable spit shoreface
volume for the Nov200®ov2012 interval shows a large loss because the subaerial
portion of the spit has transgressed and the breach has expanded (Table 5 and Figure
14).

The TE48 structures have been successful in capturing sediment and aggrading
shoreline positions (Table 1). The construction of the groin caused considerable
volume increases (Figures 12, 13, and 14), expanded the eastern tip of the island by
approximatéy 665 ft (203 m) (Figures 19, 20, and 21), and closed the greater than 10
ft (3 m) deep channel that developed behind breakwaters #0 and #1 (Figures 12, 13,
and 14) agostulated by Stone et al. (2003). In addition, the tombolo that formed
behind breakwater #1 in 2010 has transgressed slightly; however, this geomorphic
feature is still a very prominent salient (Figures 13, 14, and 22). While the area
surrounding the groin gained volume, the volunedibd breakwaters #2 through #6
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Figure 18.  Sediment volume change and mean elevations over time along the Raccoon Isl&fbreline
Protection/Marsh Creation (TE-4 8) proj ect ds spit.

declined (Figure 13 and Table 5) and breakwater #2 lost volume immediately after
construction (Figure 12). Breakwater #2606
however, breakwaters #3 to #®ntinue to display volume losses (Figure 14). In
addition, breakwaters #3 and #4 have settled and are probably not functioning at
optimal levels (Figure 21). Therefore, it seems that some of the volume gained in the
groin area was redistributed frometiE29 breakwaters. Likewise, all the ¥B
breakwaters (#&15) showed increases in volume (Figure 13 and Table 5). The
volumes behind the TB8 breakwaters have not only increased but salients or
tombolos have formed behind five of these structuresalwaters #8 through #12)
(Figure 20). The shoreline response behind the structures reaffirms the volume change
data (Table 1). Shoreline positions behind theZBEand TE48 structures have
experienced considerable progradation since construction. sAdreline segments

that sustained the greatest gains were the segments in the vicinity of the groin and on
the western end of the breakwater field while the segments incurring the largest
shoreline transgressions were behind breakwaters #3 to #6 astlidsn figures 13
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Table 4.

Mean elevations inside six predefined (static) Raccoon Island subdivisions over

time. Also, included (first two rows) are the spit elevations above (spit) and below (shoreface)
the zero ft contour. These contours vary spatially over time due to variatiom subaerial spit

elevations.
Mean Elevation | Dec2005 || Feb2008 || Aug-2008 || May-2009 || Now2009 || Now2012
(NAVDB88it) Pre Ashblt 1YrPost || 1.5YrPost | 2YrRost || 5 YrPost
Subaerial Spit
(1 ft Contour) 1.40 1.40 1.24 0.76 1.06 1.11
Spit Shoreface
(<0 ft Contour) -5.95 -5.91 -6.79 -5.97 -5.9 -5.69
Subaerial Spit 1.40 1.32 0.86 0.09 0.31 -1.27
Spit Shoreface -5.95 -5.76 -6.66 -6.51 -6.3 -6.28
TEA48 Shoreface -8.23 -7.91 N/A N/A -7.78 -7.99
TE29 Shoreface -7.49 -7.03 N/A N/A -7.18 -7.13
TEA8 Breakwaterg -1.4 -0.73 N/A N/A -0.20 0.65
TE29 Breakwaterg| -1.03 -0.57 N/A N/A -0.78 -0.35

Table5. Volume change insidesix predefined (static) Raccoon Island subdivisions over time. Also, included (first

two rows) are the spit volume changes above (spit) and below (shoreface) the zero ft contour. These
contours vary spatially over time due to variation in subaerial spitlevations.
Dec 2005| Feb 2008 Feb 2008 Feb 2008| Feb 2008| Aug 2008 | May 2009 [ Nov 2009
Preg Asbltc Asbltc Asblt- Asblt- 1Yr Post || 1.5Yr Post| 2Yr Post
Volume Change || Feb 2008 Aug2008 || May 2009 | Nov 2009 | Nov 2012 | May 2009 | Nov 2009 || Nov 2012
(yd3) Asblt 1Yr Pst || 1.5Yr Post] 2Yr Post || 5Yr Post || 1.5YrPost| 2Yr Post | 5Yr Post
Subaerial Spit
(¥ ft Contour) 57,124 -34,773 2,384 89,227 19,274 -20,962 76,359 18,422
Spit Shoreface
(<0 ft Contour) 97,240 -697,677 | -508,697 | -343,102 || -311,626 || 152,945 144,658 | -128,632
Subaerial Spit -20,572 || -116,576 || -312,276 | -254,986 || -655,075 | -195,986 57,448 -398,939
Spit Shoreface || 149,960 || -684,441 | -568,721 | -409,990 | -398,444 | 116,150 158,644 11,766
TEA48 Shoreface | 115,027 N/A N/A 46,049 -26,390 N/A N/A -72,720
TE29 Shoreface | 150,367 N/A N/A -50,302 -35,806 N/A N/A 14,356
TE48 Breakwatery| 52,002 N/A N/A 41,011 107,781 N/A N/A 66,662
TE29 Breakwaterg| 40,082 N/A N/A -17,925 19,015 N/A N/A 36,932
33
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Data Source:
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Figure 19. Aerial photography (Oct 208 and Nov 2008) showing the performance of the Raccoon Island Shoreline
Protection/Marsh Creation (TE-48) project after Hurricane Gustav. Note the breach expansion the spit shoreline
transgressions the development of salients behind all the THB8 breakwater (2008), and the expansion of the groin
shoreline
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Figure 20.  Aerial photography (2010 and 2012) showing the performance of the Raccoon Island Shoreline Protection/Marsh
Creation (TE-48) project. Note the breach enlargement and aggradation behind the T8 structures in 2012
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Figure 21. View of Raccoon Island from the SE showing the project and geomorphic features. Oblique
aerial photograph was taken one month after the passage of Hurricane Isaac on September
26, 2012. Note the large expanse between Raccoon Island and the spit.

and 14 Surprisingly, the detached salients that formed behind breakwaters #13
through #15 in the aftermath of the 2008 hurricane season (Figure 19) do not appear
by 2012 (Figure 20) but the contours behind these structures aggraded (Figures 13 and
14) denotinghat the breach between the island and the spit and/or the northerly retreat
of this shoreline (Figures 3, 19, and 20) are influencing sedimentation behind these
structures. Also, the TEB8 breakwaters seem to have been designed to the correct
dimensionsto promote salient development (Suh and Dalrymple 1987; McCormick
1993; Ming and Chiew 2000). However, breakwaters #14 and #15 were placed further
offshore than the 250 ft (76 m) design (Figure 3) and salients formed behind these
structures. This is pbably due to the fact that the structures were within the Ming
and Chiew (2000) tolerance for salient development, and the gaps between the
structures decreased towards the west (Suh and Dalrymple 1987). Interestingly, all the
TE-48 structures (breakwaterand the groin) have progressively aggraded the
shorelines in their lee over time (Figures 12, 13, 14, and Tables 4 and 5). Moreover,
breakwaters #13 to #15 have raised contours that are considerable distances from the
shoreline. The TH8 structures hee not only slowed the rate of erosion but also
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Panel B

A

Figure 22. Obligue photographs showing the area behind breakwater 1 in 2010 (Panel A) and 2013
(Panel B). Note the tombolo formation in 2010 and transgression into a salient in 2013.

progradedRa c c oo n |l slandds shoreline position
erosion directly behind them. Therefore, the-4&goal is currently being achieved.
However, these structures are also sequestering sand resources, thereby, limiting
resource availabtly to the downdrift spit (Table 5), and possibly contributing to the
dramatically increased shoreline erosion along the spit.

Hurricane Gustav(Sep 2008)can be attributed with causing part of the post
construction volume losses. This storm which passed within 20 mi (32 km) of
Raccoon Island (Figure 23) transgressed the spit shoreline 326 ft (99 m) (Table 2),
reopened the breach separating Raccoon Istawdthe spit leaving an approximate
1,500 ft (457 m) divergence (Figures 5, 6, 7, 19, and 24), and damaged brown pelican
nesting habitat (Figure 25).

Since this tropical event, the breach has expanded to an estimated 3,100 ft (945 m)
width and steependd a-2.36 ft €0.72 m) NAVD88 contour (Figures 14, 20, and 21).
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Figure 23. Pre-construction (2002, 2003, 2004, & 2005) and pesbnstruction (2008 & 2012)
hurricanes impacting the Raccoon Island Shoreline Protection/Marsh Creation (TE
48) project area shoreline. Hurricanes Lilli (2002), Ivan (2004), Rita (2005), lke
(2008), and Tropical Storm Lee (2011) are not shown because the eye wall of these
storms traveled further to the south outside the extent of the map.
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Table 6. Mean width, length, and area of the subaerial portion of the Raccoon Island Spit over time.

Dec2005 Feb2008 | Aug-2008 | May-2009 | Now2009 | Now-2012
Subaerial Spit Pre Asblt 1Yr Post | 1.5Yr Post|| 2YrPost | 5Yr Post
Summary Statistics (n=6) (n=6) (n=6) (n=6) (n=6) (n=3)
Mean Width (ft) 849 929 803 776 813 772
Length (ft) 7465 7432 7490 7456 7303 3929
Area (Acres) 157 167 147 137 149 65

The scouring of the breach has caused 125 acres (51 ha) of the spit to become
subaqueous. In Feb 2008 this area had an average elevation of 1.54 ft (0.47 m)
NAVD88 elevation (Appendix C). To fill the breach to its former elevation would
require 786,693 d7 (601,470 m) of sand resources (Figures 14, 20, and 21). Due to
the progressive development of the breach, it seems that this gap may evolve into an
inlet (Levin 1993; McBride et al. 1989).

After Hurricane Gustav, the spit gained volume in May 2(®gures 16 18, and

Table 3 and Nov 2009(Figures 1318, and Table B However, the gains in spit
volume were primarily a function of gains in the spit shoreface, which has recorded
increases in sedimentation over time (Table 5). The subaerial pieralid increase

in Nov 2009 displaying a partial recovery from tHerricane Gustav lossLouisiana

delta plain barrier islands typically recover incompletely from large scale storm events
due to the microtidal climate and low wave energy of the norti&rlf of Mexico
(Penland et al. 1985). This subareial spit volume increase was short lived, though,
because by Nov 2012 this area incurred substantial losses in volume R)lalbleese
volume changes are reaffirmed by Tables 1, 5, and 6, which exaibdlpeclamation

(Nov 2009) and subsequent declines (Nov 2012) in elevation, position, length, and
area. Moreover, a drastic reduction in spit length and areal extent was noted in Nov
2012 (Figures 20 and 21) and the spit width was an average of ridmsedts due to

spit truncation (Table 6)Although the volumef the spithas decreased considerably,
portions of the sand and sediment resouvea® conserved outside thudyareadue

to the continued northwestigration of the spifFigures 14 and20). Inlet formation

has been found to considerably reduce the area of barrier islands (McBride et al.
1989). The establishment and expansion of the breach on Raccoon Island reaffirms
this point. The enlargement of the breach is likely a result oficaibgstorm
(Peyronnin 1962; Stone et al. 1993; Stone et al. 1997; Georgiou et al. 2005; Morton
and Barras 2010) and cold front (Boyd and Penland 1981; Dingler and Reiss 1990;
Georgiou et al. 2005) forcing since the Nov 2009 survEmppical Storm Lee (2011)

and Hurricane Isaac (2012) have impacted Raccoon Island since 2010 (Figure 23) and
probably influenced the broadening of the breach. The historical record also supports
tropical storm breaching (Figure 5) and cold front enlaey@niFigure 6) of the spit.

Al t hough the spit sustained | arge vol ume
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09/13/2005 | 11/20/2008

Figure 24. Oblique aerial views of Raccoon Island after Hurricane Katrina in 2005 (Panel A) and
the 2008 (Panel B) hurricane season. Note the breaching of the spit and the stressed
habitats in 2008 Also, note the downdrift impacts occurring in the immediate lee of the
TE-29 breakwater field. These impacts aréllustrated in the 20(% aerial.

volume was conserved and elevations were raised in the shallow reaches of Caillou
Bay (Figures 13, 14, 16, 26, and Table 2). Moreover, the large valamebehind
breakwater #15 immediately after Hurric@hestav(Figure 26) aggraded a part of the
shoreface that appeared to scourgdhe breakwaters (Figure 15), and brown pelican
nesting habitat partially recovered from Hurricane Gustav damag®by (Figure

25). In contrast, the spit exhibited negligible sulzdexpansion to the west having
migrated only 3.41 acres (1.38 ha) from Feb 2008 to Nov 2012.

The volume loss that transpired on the Raccoon Islaitcb8fore the 2008 hurricane
season(Figures 15, 18, andables 3, 5) illustrates that downdrift imp&s of the
breakwater field were occurring in the immediate lee of the breakwaters not long after
construction.  Although a considerably greater proportion of the volume losses
occurred in the spit shoreface subdivision (Table 5), a sizeable volume ofs&lim
[-116,576 yd(-89,129 ni)] were removed from the subaerial part of the spit (Table 5).
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N

Figure 25. Oblique photographs showing Raccoon Island in 2010 (Panel A) and 2013 (Panel B). Note
the stressedcondition of the brown pelican nesting habitatin 2010and the partial recovery
of these habitats by 2013.

The spit shoreface losses are likely due to winter storms and longshore transport
processes. The mean width (Table 6), area (Table 6), and elevation (Table 4) of the
subaerial portion of the spit all declined immediately after construction (August 2008).
Table 2 also illustrates that both the Gulf of Mexico and the Caillou Bay spit
shorelines transgressed from February 2008 to August 2008. Furthermore, spit
shoreline transgressions in the immediate lee of thd& Breakwaters are apparent as
early as Feb 2008 (Figure 12) and continue to intensify over time (Figures 13, 14, 15,
and B). Downdrift volume losses are common on segmented breakwaters and have
been well documente@drmbruster 1999; Underwood et al. 1999; Penland et al.;2003
Stone et al. 2003 homalla and Vincent 2003; Edwards 2006)

The low contour sand shoal identified by Armbruster (1999) and Stone et al. (2003)
does not appear on the grid models (appendix D) or elevation change models (Figures
12, 13, and 14) suggesting that the shoreface has steepened on the eastern edge of
Raccom Island. Tables 4 and 5 also provide evidence showing that the shoreline
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Figure 26. Elevation and volume change grid model for the spit from postonstruction (Aug 2008)
to postconstruction (May 2009) at the Raccoon Island Shoreline Protection/Marsh

Creation (TE-48) project.
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subdivision (TE29 Shoreface) containing the shoal has steepened and recorded
volume losses since construction. Moreover, this shoal has been recognized (Stone et
al. 2003) as the source of the sediment volume increbsbsd the TE29
breakwaters. Stone et al. (2003) also provided evidence showing that small tropical
storms caused the volume of this shoal to be slightly reduced. Consequently, the
passage of the massive 2005 and 2008 hurriGaResricane Katrina (Aug 2005),
Hurricane Rita (Sep 2005), Hurricane Gustav (Sep 2008), and Hurricane lke (Sep
2008) (Figure 23) might have contributed to the erosion of this shoal (Penland et al.
1985McBride € al. 1989; Georgiou et al. 2005; Miner et al. 2009a). Comparing the
earlier Stone et al. (2003) grid modek [t (-0.61 m) NAVD88] with the latest
elevation data (Nov 2012)-4 ft(-1.8 m) NAVDS88] (Figure 14) suggest that
approximately 4 ft (1.2 m) ohe sand shoal has eroded from the shoreface. Stone et
al. (2003) also estimated the sand thickness of the shoal to be 9.35 ft (2.85 m).
Therefore, approximately 5.35 ft (1.63 m) of the sand shoal remains in place.
However, a considerable quantity ofglgand volume may be unavailable for littoral
transport because the depth of closure for Raccoon Islaiidfis(1.8 m) NAVD88
(Thomson et al. 2004). As a result, the erosion of the sand shoal could be the major
cause of the sediment volume loss behirehkwaters #2 through #6 (Figures 13 and

14). If the shoal has been significantly eroded, it may be necessary to consider a beach
nourishment event to add sand resources to Raccoon Island. Beach nourishment
events have been shown to enhance and stabtliez breakwater projects (Thomalla

and Vincent 2003; Edwards 2006).

The volume and transport of sand facies are the primary factors contributing to the
high volume loss rate encountered on Raccoon Island. Barrier island arcs in
Louisiana, like Isle Dereres, have insufficient sand resources to sustain their length,
width, area, and elevation (Penland et al. 1985; McBride et al. 1989). On Raccoon
Island the longshore current is localized because negligible sand resources are believed
to be conveyed aoss the Coupe Colin Inlet (Figure 1) (Stone and Zhang 2001).
Additionally, shoreface subsidence has been postulated as a mechanism for removing
sand facies available for longshore transport and profile lowering (Penland et al. 1985;
McBride et al. 1989; Pan 1997). Moreover, Raccoon Island has a low contour depth

of closure (Thomson et al. 2004). Hurricanes and tropical storms have also been
i mplicated in removal of granul ar sedi men
delta plain shorelines (Penid et al. 1985; McBride et al. 1989; Georgiou et al. 2005;
Miner et al. 2009a). Furthermore, Miner et al. (2009a) confirm that volume loss along
these sandy shorelines is accelerated during periods of frequent and/or intense tropical
storm activity. Thes researchers and Miner et al. (2009b) also point out that a portion

of this volume is being transported to Raccoon Point (Figures 1, 4, 5, 6, 7, 8, 19, and
20) and aggrading the terminal end of the Isle Dernieres system (Figure 27).
However, the compositn (sand, silt, or clay) of the sediments sequestered inside
Raccoon Pointés inner shelf shoal i's curr
Island has been impacted numerous times by tropical storms and hurricanes (Figures 5,
6, 19, 20, and 23) anincurred sediment deficitas a result For these reasons, a
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Figure 27. I nner shelf aggradation of the Raccoon Point

was obtained fromBICM (Miner et al. 2009b).

additional sand resources should be added to the Raccoon Island system through
breach closure and beach nourishment event to increase island length and natural
process developmelfPenland and Suter 1988; Feaginal. 2010). In addition, a
terminal groin structurplaced on the western edge of the spit (Dean 1997) and marsh
constructed behind the breach closure area should be considered to enhance the
retention of sediment. Marstreation behind the breach sioe area and the spit
would increase the area, widdnd sediment volume of Raccoon Island. It would also
provide a platform to retain crostiore sediments, establish an additional barrier to
resist erosion and breaching, and increase the habitatlaeafior brown pelican
nesting. Table 7 lists the volumes and depths required to close and fill the breach to
predefined elevations. Note, the 1.54 ft (0.47 m) NAVD88 elevation listed in Table 7

is the average orthometric height of the breach area i2F@h

In conclusion, preliminary results indicate that the-Ad& goal to reduce shoreline
erosion behind the breakwaters to protect Raccoon Island habitats is currently being
attained because sediment volume increased behind all H48 BEuctures anthe
breakwaters and the groin protected and the shoreline from tropical storm and cold
front activity. Moreover, these structures have not only protected the shoreline but
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Table 7. Estimated fill volumes and depths required to closand
aggrade the breach to predefined fill elevations at the
Raccoon Island Shoreline Protection/Marsh Creation
(TE-48) project.

Fill Elevation Fill Volume Fill Depth

NAVDS8S ft yd® ft
0.00 476,808 2.36
1.00 678,710 3.36
1.54 786,693 3.90
2.00 880,612 4.36
2.50 981,583 4.86
3.00 1,082,514 5.36

they have also caused considerable progradation of the shorelines in their lee.

However, the structures appeared in the intervening time to have negative downdrift

impacts to the spit and the breach expanded substantially over time, indicating that a
more systematic approach to barrier island management is needed when considering
projects and structural approaches. In addition, the apparent erosion of the eastern
sand shoal to the depth of closure could influence future distributions of sand behind

the structures.

Sediment Properties

The results of theediment properties analysis demonstrate that surficial dsgmukits

were present alonghe Raccoon lIsland shoreface, the Coupe Colin Inlet, and the
Raccoon Point inner shelf shoaldaly of 2008(Kulp et al. 2011aKulp et al. 2011h)
Thesand content of the Raccoon Island samples ranged from 90 to(Edfi%e B),

and thegrain size ranged from 1P850 um(Figure29). This grain size translates to a
fine sand classificationAlthough the distribution of sand resources app&argrable,

Isle DernieresBarrier Islands have been characterized as having a thin sand layer
overlying silt andor clay substratus (Penland et al. 1985) and the surface samples
were collected before the 2008 hurricane seaddre enlargement of the breach and
erosion of the spiand eastern shoalgnify low quantities of sand facies available for
longshore transportMoreover, sand resource availability is vital to success or failure
of breakwater projects (Dean and Dalrymple 2002)hile the 2013 BICMsediment

grab samples W discover if the spatial distribution éftoral sand resources hagen
altered since 2008, sediment cores should be extracted to establish a detailed sediment
budget for Raccoon Island. These cosksuld extend 120 ft (56 m) below the
ground suface (bgs) and stretch from Coupe Colin Inlet to Raccoon Point
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Figure 28. Percent sand for the Isle Dernieres Barrier Arcin 2008. The graphic was obtained
from BICM (Kulp et al. 20 11b).
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Figure 29. Grain size distribution for the Isle DernieresBarrier Arc in 2008. The graphic was
obtained from BICM (Kulp et al. 2011b).
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Conclusions
a. Project Effectiveness

The results ofPhase A ofthe Raccoon Island Shoreline Protection/Marsh Creation
(TE-48) project reveal that the project gadlreducing the shoreline erosiambeing
attained at the present tintehind the breakwatersThe goal to reduce shoreline
erosion to protect habitatsstainingthe Raccoon Island rookery and sea bird colonies
was achieved because all -AB structures gained sediment volume addancedhe
shorelineposition The groin expanded the shoreline and gained considerable volume.
The large volumeéncrease surroundinthis structure initiated saliefdrmation behind
TE-29 breakwates #1 and #2 and closed a channel that developed behiRe29
breakwaters#0 and #1. The TE48 breakwaters all showed volume gains and
breakwater#8 through#12 displayed tombolo @alient formations Additionally, the

CEC, Inc. (2013) projected prestoration angostrestoration year of dipperance
(YOD), and found that the restoration efforts have extended the projected year of
Raccoon s$landdisappearance by 17 yeaishich is slightly better than the overall
TerrebonndBasinsystem wide assessmgaot an additional 13 yeartue to restoration.

However,during this evaluatiorthe spit recorded a larghoreline erosion rate as well

as a larg volume loss postconstruction andorior to Hurricane Gustadue toa
combination ofwinter storms,reducedlongshore transporacross the breackand
downdrift impacts of theTE-48 breakwaters During Hurricane Gustay the spit
shoreline transgressed appreciably, and the breach between Raccoon Island and the
spit expanded substantially. Since Heane Gustav, the spiblumehascontinued to
declineand the breach has expanded considerabije the TE48 breakwaters va
continued to sequester volume updrift of the.spit

The eastern shoreface of Raccoon Island seems to have steepened because the large
sandy sbal that Armbruster (1999) and Stone et al. (2003) identified could not be
located with bathymetric data. Moreover, this shoal has been recognized (Stone et al.
2003) as the source of the sediment volume increases behind 2@ Orieakwaters.
Approximaely, a 4 ft (1.2 m) thick portion of the sand shoal has eroded from the
shoreface. A large portion of the remaining sand volume may be unavailable for
littoral transport because Raccoon Islasdeported to hava very shallow depth of
closure (Thomso et al. 2004). As a result, the erosion of the sand shoal could be the
major cause of the sediment volume loss behind breakwaters #3 through #6. Although
there are sand resource deficiencies, the project is protecting the shoreline updrift of
the spit ad will be monitored into the future.

The marsh creation area wa® t@cently constructed to make aognclusions The
area is filled and looks suitable for habitat development, but only time will tell. The
BICM program will develophabitat data from the 2012 CRM8etlands photography,
but this is preconstruction. Additional habitat mapping expected through tH&ICM
programin 2017.
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b. Recommended Improvements

Several improvements would enhance the sustainability and analytsie Raccoon

Island Shoreline Protection/Marsh Creation {F& project. FirstTE-29 breakwaters

#3 and #4 have settled and should be repaired. These structures have recessed and are
only partially exposed during higher tides affecting the shoreéspanse. Currently,

no salients are being produced in the lee of these structures and with reduced sediment
input due to the erosion of the eastern shoal these breakwaters should be repaired to
insure they perform to their maximum efficiency. Onceb@itt information for the

phaseB portion of the project is provided and a final O&M plan is approved, a
complete survey of the breakwaters themselves, including settlement plates should be
conducted and plans for repairs should be developed.

Secondly,sediment cores should be extextto establish a detailed sediment budget
for Raccoon Island. These cores should exten@0L& (56 m) below the ground
surface (bgs) and stretch from Coupe Colin Inlet to Raccoon Point.

Thirdly, as called for in the States Master Plan (CPRA 2@#i#&jtional sand resources
should be added to the Raccoon Island system through a breach closure and beach
nourishment event to increase island length and natural process development (Penland
and Suter 1988; Feagin et al. 201®%dding sand resources to the Raccoon Island
littoral system via breach closure and beach nourishment veouichthe esponse of

the shoreline t@oastal fuctures and prolong the longevity the island and spitin

addition, a terminal groin structure p&d on the western edge of the spit should be
considered timprovesediment retentio(Dean 1997).

Lastly, dthoughthe back barrier marsh creation componéitaée B) of the THS8
projectwas recently constructedreatingadditionalmarsh behind the breach closure
area and the spit would increase the area, width, and sediment volume of Raccoon
Island. It would also provide a platform to retain credsre sedimenigstablishan
additional barrier to resist erosion and breachamglincrease the habitat available for
brown pelicamesting. As a resulgdditionalback barrier marsh creation aséxehind

the breach and spitould enhance the sustainability of Raccoon Island and the brown
pelican colony.

C. Lessons Learned

Fourlessons were learned from the fifste years ofPhase A othe Raccoon Island
Shoreline Protection/Marsh Creation (#B) project The first lesson is that the TE

48 structures have been effective in capturing and retaining sediments. The groin has
progressively advanced the shoreline position on the eastern tip of the island and
caused infilling of the former channel behind brealersat#0 and #1. As a result, the
placement of the groin in its current location has increased volumes and extended
shoreline positions in the lee of breakwaters #0 and #1 stabilizing the eastern margin
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of the Raccoon Island. Similarly, all the -AB breakvaters have raised shoreline
contours in their lee. These shoreline positions have continued to evolve over time
through sediment aggradation. The placement of thd8Breakwaters closer to the
shore and the narrowing western gap widths has enhaneepetformance of the
structures while the earlier breakwaters are not as efficient because they were placed
further offshore and have wider gap widths. However, the sediment induced volume
expansions in the vicinity of the groin and behind the4BEbreakvaters have come to

the detriment of the Raccoon Island Spit and breakwate#6#3E29) whichhave
recorded sediment deficits since construction of thed&Estructures. Consequently,

the retention and continued aggradation of sand resswby the TE48 structures

have lowered the quantity available to nourish the Raccoon Island Spit and the
shorelines in the lee of breakwaters#&8 Although tropical and extra tropical storms
are the primary cause of the large spit volume loss, the sequesteringted lsand
resources by the FE8 structures has impacted volumes on the downdriftasitin

the lee otbreakwaters #6.

The secondesson is that the entire shorefdbeeakwater field and spit) should have
been topographically and bathymetrically surveyed during all sampling events. The
Aug 2008 and May 2009 surveys only collected data on the spit portion of the island.
Since Hurricane Gustav made landfall in Sep&Mo data is available to assess the
function of the breakwater and groin structures immediately before or after the storm.
Moreover, the placement of these hard structures affects the sediment budget for whole
island not just the breakwater field. Tefore, the elevation surveys should have
mapped the breakwater field and the spit contours to verify changes in the shoreface.

The third lesson learned is tHarge sandy shoal that Armbruster (1999) and Stone et

al. (2003) identified should haveeen reassessed after the 2008rricanes and a new
sediment budget established. The volume and location of sand resources should have
been quantified and mapped. This geotechnical data could have forecast the
sustainability of the TE8 projectand Racoon Island as a whole

The fourth lesson is thatrgject goals and objectives need to be better defined and
guantified as well. As is noted here, the goal; is based strictly on shoreline erosion
with no measureable definition and no mention of thesinareation area goals. This

is acontinuingCWPPRA issue and this project is an example of a whole component
not assessed due to a lack of specific measurable goals.
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Appendix A
(Inspection Photographs)
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Map: Location of CPRA photos from the Jubé& 2013 inspection

Photo 1: Gulf Shoreline neaf E-29 breakwate#4 looking eas{Raccoon_B88). Notelow elevation
of TE-29 breakwated and3 in background
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