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Preface

This report includes monitoring data collected through December 2013, and annual
Maintenance Inspections throuljlay 2014

The 2014 report is thé" reportin a series of reportdNRCS is the federal sponsor for 104

and this project is ranked PPL 3 on the CWPPRA priority kst additional information on
lessons learned, recommendations and project effectiveness please refer to previous OM&M
reports (2004, 2008, and 2011) adhwaes annual O&M inspection reportd0052013 on the
CPRA websitelfttp://lacoast.gov/new/Projects/Info.aspx?num=04).

l. Introduction

The CoteBlanche Hydrologic Restoration proje€tV-04) area comprises 30,898 acres
(12,504 ha) of freshwataand intermediatenarsh located in St. Mary Parish. The project
boundaries include the Gulf Intracoastal Waterway (GIWW) to the north, Highway 317 to the
east, East Cote Blanche B@CBB) to the south and West Cote Blanche R#yCBB) to the

west fFigure 1). The Cote Blanche marsh, and other marshes in this region, have experienced
increased freshwater introduction from the GIWW and westward currents from the
Atchafalaya delta (DeLaune et al.8@. Since 1949, when tharea was almost entirely
brackish the marsh type has freshened (Table 1).

Table 1. Vegetation classifications of the Cote Blanche Hydrologic Restoration project area
(TV-0 4) from historical S u r vnelydss. water, wamqe, taredt i o n
developed land. The data was obtained from the Coastwide Reference Monitoring System
(CRMS) websitelfttp://www.lacoast.gov/crms_vieweE2#fault.aspX onMay 05, 2014

Vegetation Classification (% area)
Year Fresh Intermediate Brackish Saline Other Source

1949 0.12 92.19 6.43 1.26 O6 Nei | 19409

1968 20.28 35.64 42.70 1.38 Chabreck et al. 1968

1978 59.82 6.96 30.49 2.73 Chabreck and Linscombe 1978
1988 95.03 4.98 Chabreck and Linscombe 1988
1997 96.21 3.79 Chabreck and Linscombe 9B

The GIWW and numerous oilfield canals have caused hydrologic changes within the project
area. The Humble and HumHfecanals were dredged between 1937 and 1958; the British
American Canal and extensions from the Humble Canal were dredged between 1958 and 1974
(Figure 1). These major canals are believed to have increased tidal action and rapid water
exchange between thmterior marsh and &t and West Cote Blanche Bays. Marsh
degradationwas first detected in 1952 aerial photography in an area west of the British
American Canal.Canal dedging is blamed for accelerating marsh loss in the area. The

1
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average land loss rate for the project area was estimaté8 at/y (29 ha/yr) based on aerial
photography from 1957 to 1990 (Britsch and Kemp 199®apid water exchange and
increased tidal fluctuations have caused breaches ih Ispaks of interior canals and are
likely responsible for erosion and conversidnfragmented marsh to open water as organic,
marshsoils are easily erodedAlthough sedimenfaden water is available from the bays and
the GIWW, rapid water exchange appmeto inhibit sediment and nutrient deposition
(Louisiana Department of Natural Resources [LONB99.

Shoreline erosion on the southern project boundloyg ECBBresulting from wave energy

and breaches in adjacent canals was evident from aerialgoaphy as early as 1952.
Shoreline erosion rates averag&@ to-15 ft/yr (-3.0 to-4.6 m/yr) from19521995according

to a report fromMiller Engineers &Associates. These measurements are consistent with an
increase in shoreline erosion after 1978 for the entire Teche/Vermilion basin. Erosion rates
averaged10 to-12 ft/yr (-3.0 to-3.7 m/yr) from 1941 to 1978 and increased to an average of
-20 to-25ft/yr (-6.1 to-7.6 m/yr) from 1978 to 1983 for the basin.

The main focus ofthis hydrologic restoratiomrojectis to create a lower energy environment

by reducing the larger opening$ oil-field access canathat penetrate fragile interior marsh
and &t as direct conduits for increased tidal influeficean East and West Cote Blanche
Bays Water control structusewere designed to reduce cragstional areas of major
waterways thereby reducing tidal fluctuation and rapid water exchange between Bays an
interior fragmented marshe<Channel reduction with weirs and boat/barge bays rather than
restrictive structures (e.g. flagated weirs or plugspllows for continued delivery of
freshwater and sedimengd navigation acceds the project areainder alower energy
regime

To achieve the specific goals of decreasing water level variability within the project area and
decreasinghe rate of marsh lossevenpassive water control structures were construicted
severmajor water exchange avenues in 1999:

1) The feature at Mud Bayou is a fixedested weir with boat bay that spans the-165
foot-width of Mud Bayou and is composed of steel sheet piliitly rock armored
wing walls. This structure ha81ft of total weir length with 66 feet set at a crest
elevation of-1.5ft North American Vertical DaturNAVD), and 15 feet as a boat bay
at an elevation of.5ft NAVD.

2) The feature at HumblE Canal is a fixegtrested weir with boat bay that spans the
200-foot-width of HumbleF Canal and is composed of a combination of rock riprap
center section ansteel sheet piling wing walls with rogékmored endsThis
structure haan 80ft total weir length with 65 feet set at a cedstation of-0.5ft
NAVD, and15 feet as a boat bay at an elevatior2dbft NAVD.

3) The feature at Bayou Long is a fixedested weir with boat bay that spans the-300
foot-width of BayouLong and is composed of steel sheet piling with rock armored
wing walls. This structure has 79fff total weir length with 64 feet set at a crest
elevation of-1.5ft NAVD, and 15 feet as a boat batyan elevation of3.5ft NAVD.

4) The feature aBayou Carlinis a fixedcrested weir with a boat bay that spans the 225
foot-width of Bayou Carlin and is composed of steel sheet piling with rock armored
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wing walls. This structure has 79ft of total weir length with 64 feet set at a crest
elevation of-1.5ft NAVD, and 15 feet as a boat batyan elevation 0f3.5ft NAVD.

5) The feature atlumble Canals a fixedcrested weir with a barge bay that spans the
400-foot-width of Humble Canal and is composed of a combination of rock riprap
center section and steel sheet piling wing walls with-arckored endsThis
structure has 260ft of total weéength with 190 feet set at a crest elevationlobft
NAVD, and 70 feet as a barge bay with an elevatiosmppiroximately-8.5ft NAVD.

6) The feature alackson Bayois a fixedcrested weir that spans the #odt-width of
Jackson Bayou and is compos#dteel sheet piling with rock armored wing
walls. This structure haa 16foot-wide weir length set at a crest elevation-8i5ft
NAVD.

7) The feature at the BritisAmerican Canal is a fixedrested weir with a boat bay that
spans the 16@ot-width of the BritishAmerican Canal and is composed of a
combination of rock riprap center section atekel sheet piling wing walls with rock
armored endsThis structure has an 80ft total weir length with 65 feet set at a crest
elevation of-0.5ft NAVD, and 15 fet as a boat bay at an elevation2bft NAVD.
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To address the second objective andgjhecific goal of reducing shoreline erosion along the
southern project boundary between the British American Canal and Jackson Bayou, a 4,140 ft
foreshore wall was construct@u two sectiondocated on either side adnd overlapping the

ends ofan existing wooden bulkheadl'he wall is composed &fVC sheet piling attached to
timber wales and supported tijmbersoldier and batter pilingApproximately2 cubic yards

of surface coarse aggregate limestpee linear ftwas placed on each sidétbe PVC sheet

piling and extended out from the sheet piling approximately 15 linear @tstructionon

the seven weirs and the walhs completed January 20, 1999

By 2007, ECBB had breached into School Bus Bayou (SBB), which runs parallel to ECBB
and intersects Humble Canal, allowing tidal water to bypass the weir located on Humble
Canal (Figure 1). In response, two passive water control structures and shoreline protection
was added to the project. Thveot control structures installed on the teas and western side

of Humble Canal where School Bus Bayou crossedow-level, rock weirswith a bottom

sill 10 feet wide and2.0 feet NAVD deep on the eastern weir and a sill 15 feet wideGdd

feet NAVD deep on the westeweir. Approximately 3500 linear feet of foreshore rock dike
along the northern shoreline BEBB was installed parallel to School Bus Bayou just west of

the Humble Canal Construction in the School Bus Bayou area was completed in September
2007.

2014 OperationMaintenance and Monitoring Report for Cote Blanche Hydrologic Restoratio®4) R



Il. Maintenance Activity

a. Project Feature Inspection Procedures

The purpose of the annual inspection of the Cote Blanche Hydrologic Restoration Project
(TV-04)is to evaluate the constructed project features to identify any deficiencies and prepare
a report detailing the condition of project features and recommended corrective actions
needed. Should it be determined that corrective actions are needed, CPIR#ostd, in

the report, a detailed cost estimate for engineering, design, supervision, inspection, and
construction contingencies, and an assessment of the urgency of such repairs. The annual
inspection report also contains a summary of maintenancecgspjif any, which were
completed since completion of constructed project features and an estimated projected budget
for the upcoming three (3) years for operation, maintenance and rehabilitation. The three (3)
year projected operation and maintenanadggetiis shown in Appendix B.

An inspection of the Cote Blanche Hydrologic Restoration Projectd@Mwvas held on April

23, 2014 under partly cloudy skies and mild temperatures. In attendance were Stan Aucoin,
Dion Broussard &Vaggie Hawkins of CPRA; Cindy Steyer of NRCS; and John Foret of
NOAA for inspections of other projects.

The field inspection included a complete visual inspection of all features. Staff gauge
readings, when available, were used to determine approxaieatations of water, rock weirs,
earthen embankments, steel bulkhead structures and other project features. Photographs were
taken at each project feature (see Appendix A) and Field Inspection notes were completed in
the field to record measurements aerficencies (see Appendix C).

5
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b. Inspection Results

Site 10 Mud Bayou

The Mud Bayou structure still appears to be holding up fairly well. Rust on the sheet piles
and the pile cap continues but has not gotten significantly worse. The railing continues to
erode and will soon become an issue. The north danger sign is massingill not be
replaced. Staff gauges no longer functior{@hotos: Appendix B, Photo 1)

Site 8 Humble F Canal

The piling and arrow sign replaced during the last maintenance event (north side) is missing.
Sheet piles and rocks on the end of thecttine are stable and functioning as intended. Rust

on the sheet piles will be monitored. Damaged sections of railing that were replaced by
driving timber pilings and attaching stainless steel cables in the sections where the railing was
damaged or missing is in excellent shape. The bayshore in frtms aftructure has eroded
considerably over the year@?hotos: Appendix B, Photo 2)

Site 3 Bayou Long

Pilings and SS cables that replaced the railing on the structure is working well, however
sections of railing that were not replaced in this mannee hasted to the point of collapse

and have become an issuRusting on the sheet piles will be monitorg@hotos: Appendix

B, Photo 3)

Site 43 Bayou Carlin

The structure is still in excellent pesbtnstruction condition.The Bayou Carlin structure and
signage are stable. The coating on the sheet piles is rusting and will be monitored as the
others. (Photos: Appendix B, Photo 4)

Site 5 Humble Canal

Rail damage on the west end of the structure that was replaced wigs @ihd SS cables is
functioning as intended. Rock that was placed to extend the keyway closure has settled but is
in otherwise good shape. Signage all stab(@hotos: Appendix B, Photos?

School Bus Bayou

No significant additional settlement die rock dike was noticed. Water levels were very
high, approximately +3.0. Signage along the bay shore is intact. Due to the high water level,
no rock was found on the western end of School Bus Bayou at its intersection with Humble
Canal, however its assumed to still be there.igage at the crossings is oPhotos:
Appendix B, Photos-80)

Site 68 Jackson Bayou

The shoreline on the eastern side of the structure has now eroded all the way through between
the rock and the structure. This gap is now approximately 60 feet wide and about 2 ¥ feet
deep. This area will be addressed in the maintenance event schexuted $summer of

2014. Rock placed near the western end of the PVC wall will be picked up and placed in this

6
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area to try to stabilize the shoreline. The coating on the sheet piles continues to rust as on the
other structures and will be monitoredPhotos: Appendix B, Photos 4112)

Site @ British American Canal

Rust on the sheet piles will be monitored as well. Signage is in excellent shape. Rock along
the shoreline between the structure and the PVC wall is also in excellent qlrdpeos:
Appendk B, Photos 13.4)

Site 8 PVC Wall

The PVC shoreline protection walhd signage are stable. Even with no pile caps, no
noticeable deterioration of the timber piles was noticed. Sheet piles in several locations are
missing. In several locations alorgetwall, sheets have become detached and were seen
migrating upward. This was the first time that this was seen and could possibly be due to the
high water levels. Replacement of these sheet piles may not be possible due to the rock at the
base. The wals still functioning as intended. Signs are all in place and stable. The
maintenance event scheduled for the summer of 2014 will add approximately 1,970 linear feet
of PVC wall, (as allowed by the remaining budget) in areas as prioritized betweeneHumbl
Canal and the existing wall. The area around Jackson Bayou will be addresséRHiosbs:
Appendix B, Photo 14.6)

C. Maintenance Recommendations

i. Immediate/Emergency

1 Construction of a new PVC wall approximately 1,970 linear feet in length
betweerHumble Canal and the existing wall is recommended. The
specific locations of construction will be prioritized based on severity and
budget. The vicinity around Jackson Bayou should be addressed first.

1 Railings located on top of the sheet pile cap ofbes at Mud Bayou
and Bayou Long which a s breéntreplaced should be replaced with
stainless steel cable and timber piles.

ii. Programmatic/Routine
None at this time.

d. Maintenance History

General Maintenance: Below is a summary of completed mairdece projects and
operation tasks performed since January 1999, the construction completion date of the Cote
Blanche Hydrologic Restoration Project.

2001 Maintenance Project i LDNR: This maintenance project included the
pl acemefAtdoofoflPp@aving stone spread out aro

7
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Mud Bayoy Humble F Canal, Bayou Long, Humble Canal, Jackson Bayou and British
American Canal to Ahardeno the area whil e
to pass around the structure without washing away the existing bank. Also included

was the replaceemt of approximately 100 pile caps along the PVC wall, the
replacement of day markers at Humble F Canal with signs mounted to the weir instead

of on driven pylons, and the construction of revetment/foreshore dike along the west

bank of the British America@anal from the weir to the canals convergence with Cote
Blanche Bay. The costs associated with the engineering, design and construction of

the Cote Blanche Maintenance Project are as follows:

Constructior----- $287,919.80
E & D, construction ouesight, asbuilts------ $ 31,690.79
Project Total------ $319,610.59

2005 Maintenance Projeci LDNR: This maintenance project included rock repair
at six of the structures, replacement of warning signs and channel markers. This
project was a result of damages that occurred during Hurricane Lili in 2002.

Project Cost $84,500.00*
*This cost waseimbursed by FEMA

2007 School Bus BayouMaintenance 1 LDNR: This maintenance event consisted

of the installation of approximately 3,500 linear feet of foreshore rock dike along the
northern shoreline of Cote Blanche Bay just west of the Humble Canah ahe
vicinity of School Bus Bayou. Also, two low level rock weirs were installed on the
eastern and western side of Humble Canal where School Bus Bayou crosses.
Associated costs are as follows:

Construction $1,500,000.00
E&D/Const. oversight $63,328.45

Total $1,563,328.45

2011/2012 School Bus Dike Maintenande CPRA: This event consisted of raising

the School Bus Bayou dike back to grade, replacing various signs on structures,
replacing the weir on the western intersection of Schaes Bayou and Humble

Canal, and extending the rock revetment on the eastern bank of Humble Canal to the
south. Construction was accepted as complete on January 13, 2012 and costs were as
follows:

Construction $730,888.40
E&D/Const. oversight $96,663.13

2014 OperationMaintenance and Monitoring Report for Cote Blanche Hydrologic Restoratio®4) R



Total $827,551.53

Navigational Light Maintenance i LDNR: Automatic Power, Inc. performed the
following navigationalight maintenance:

2007 Total $5,016.20

2008 Total $2,365

2009 Total $2,149

2010 Total $2,635

2011 Total $2,512

2012 Total $791

2013 Total $3,147.25

2014 Total $1,454.50 (thru April 2014)

Il. Operation Activity

a. Operation Plan
There are nactive operationsvith this project; therefore no Structural Operation
Plan is required.

b. Actual Operations
There are no active operations associated with this project.

V. Monitoring Activity

Pursuant to the CWPPRAask Force decision on August 14, 2003 to adopt the Coastwide
Reference Monitoring SystelWVetlands(CRMS) for CWPPRA project monitoring, updates
were made to merge the T4 Monitoring Plan with CRMS and provide more useful
information for modeling effortand future project planning while maintaining the monitoring
mandates of the Breaux AcfThree project specific data recorders wefkcially removed

from the project and reference areas on March 8, 2007 following approval from the federal
sponsor, NRCShowever the final water level data collected from the reference sonde was in
November 2004Table 2, see T\04 sondes).Thereare 7CRMS-Wetlandssitesphysically
locatedin the project areaHgure 1) and other CRMS sites are available as referenicasd

2).

a. Monitoring Goals

The objectives of the Cote Blanche Hydrologic Restoration Project are:

9
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1. Reduce water exchange between marshes of Cote Blanche and West and East Cote
Blanche Bays to prevent scouring of interior maast protect approximately 30,898
ac (12504 ha) of fresh marsh.

2. Protect shoreline osouthern boundary between Jackson Bagmai BritishkAmerican
canals from wave erosion.

The following goals will be evaluated to assess the above objectives:

1. Decrease variability in water level within the project area.
2. Reduce erosion rate of shoreline along southern project boundary.
3. Decrease rate of marsh loss.

b. Monitoring Elements

Water L evelVariability
To assess theffectiveness of lowevel, passive weirgh reducing watetevel fluctuation in
the project area, differengen daily watelevel rangesnside and outside of ¢hproject area
were analyzed (igure 1;Table 2). Daily water elevation ranges, calculated from the
maximum and minimunmourly data, were plotted over time. Relevant time intervals were
picked based on project construction, storm disturbance, and swititbm project specific
to CRMS sondeg§Table 2) For statistical analysishe difference in daily watdevel range
between reference and project sondes were calculated, and the mean and standard errors were
compared among thearie intervals:

Mean Rage Difference =Fq4ay{Rangegrn; - Ranges)

n days

Range differencealculations were limited to dates that had both the reference and project
datg also, days within an acceptable range of €B@bft for reference sondes were used for
the analysis to limit anomalous days (such as storm surge effects) and/or sondéeiniacs

the time of the projeespecific sonde§1997%2004) range differences qdroject sondes were
calculated from the reference sonde (Table B9 incorporate natural variability and defend
against data gaps from individual sondes during the ti@eG@RMS sondes were us@D06
2010)twofi r e f e r e n weeetavemged fdom svhich range differences for project sondes
were calculated.Although CRMSO0517 is within the project area and behind the PVC wall,
the bayou in which the sonde is located is directly connected to ECBB as the PVC wall is
slotted to allow for water passage and is not-tiedo the shoreline. The daily range
differences were grouped by time intervals of interest for each data s&4 8id CRMS
(Table 2). The different sets of project sondes are affected by the sartevébweirs with

the CRMS sondes being further interior; TV02/22 and CRMS0544 are behind themble

Canal weir, and TV0493 and CRMS0545 are behind the Humble F Canal and Mud Bayou

10
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weirs. CRM0545 is also connected to Bayou Mascot to the north vidiobt influenced by a

weir. Differencesbetween water level ranges mioject sondes and amotiqe intervals for

each data set were analyzed using a full factorial (sonde x time interval) analysis of variance
(ANOVA); differences within factors were detected with Tukey Honest Significant
Differences (HSD) post testSAS Institute Inc. 2010)

Table 2. Time intervals of interest and sondes used to determine daily range differences for
assessingvater levelvariability at East Cote Blanche Bay Hydrologic Restoration project
(TV-04) from 19972013.
Time Intervals
Date Range Name Sondes Project Reference
Jn 1997Mr 1998 Pre Construction TV-04 TV04-02/22,-03 TV04-01R
Fb 1999Ag 2002 Post Construction TV-04 TV04-02/22,-03 TVO04-01R

Sp2002Nv 2004 Post Hurr Lili TV-04 TV04-02/22.-03  TVO4-01R

NV 2006Ag 2007 e SBB CRMS CRMS05440545 CRMS0489, 0517
Structures

Sp 2007Ag 2008 Post SBB CRMS ~CRMS0544. 0545 CRMS0489, 0517

Sp 2008Ag 2009 Post Hurr Gustav  CRMS — CRMS0544, 0545 CRMS0489, 0517

Ag 2009Dc 2010 CRMS ~CRMS0544, 0545 CRMS0489, 0517

Jn 2011Dc2011 e SBB CRMS CRMS0544, 0545 CRMS0489, 0517
Maintenance

Jn 2012Dc 2013 T OStSBB CRMS CRMS0544, 0545 CRMS0489, 0517

Maintenance

Shoreline Change

Using differential GPS,the southern boundary shoreline along ECB& mapped east and

west of Humble Canal behind shorelipetection structures (foreshore rock dike to the east
and foreshore PVC wall and pegisting wooden bulkhead to the west) and unprotected areas
(to the east and west). The wooden bulkhead is previously existing structure constructed as a
shoreline protetion measure in the late 1950s. Shorelines were mapped in 1998 (PVC wall
construction), 2001, 2004, 2007 (rock dike constructi@f)lQ and 2013the final shoreline
mapping is scheduled f@016. Change rates for time intervals were calculated uBiggal
Shoreline Arlysis System (DSAS) version 4.0, an ArcGIS applicatibransects spaced 20

m apart were established for the shoreline reaches from which shoreline change rates (m/y)
were determined between dates of inter@stidler et al. 2009) Shoreline change rates
among shoreline reaches ovtire time intervas were compared using a full factorial
(shoreline reach x time interval) ANOVA; differencasong shoreline reacheasthin time
intervals were detected with TukeidSD post tests. In addition, a comparison of the
shoreline reaches over the lifé ihe project to date (1998013 was analyzed using an
ANOVA with a Tukey HSD post te¢SAS Institute Inc. 2010)

Land Area Change

To document vegetated and mneegetated areasnear vertical color-infrared aerial
photography (1:24,000 scale with ground contrelsjeobtainedpre-constructionon January
11,1997 and post construction on December 15, 2002 and December 20, D@®%9riginal

11
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photographs were checked for flight accuracy, color correctness, and clarity and were
subsequently archived. Aerial photographs were scanned, mosaickegeaedtified by
USGS/NWRC personnel according to standard operating procedures (Steyer et al. 1995,
revised 2000). Final aerial photography is scheduled 2015 Habitat analysis was
performed on the 1997 and 20@2rial photographyvhile a land and wat analysis was
performed on the 2009 aerial photography; therefore, 1997 and 2002 habitat classifications
were lumped into land (emergent, vegetated area) and water (open water and nonvegetated
mudflats). In addition a lantb-water analysis was perforhérom February 2 to October 16,

2002 to detail land changes caused by Hurricane Lili (October 3, 2002).

C. Monitoring Results and Discussion

Water level Variability

The lowlevel weirs are reducingater levelvariability within the T\f04 area when free from
hurricanes and hydrologic bypassing around the wéfgnthly averages of daily watézvel

range were plotted for project and reference sondes for pspgecific (T\-04) and CRMS

sets with delineation$or time intervals of interest {@ure 2). In the TW4 sonde set,
reference (TVOD1R) and project (Humble Canal sonde at-02/22 and Humble B
Canal/Mud Bayou sonde at TV@8B) ranges were closer together duripge-construction

than in later time inteals as thavater levelrange decreased at the project sondegute

2A). To demonstrate changes in water level ranges within the project area relative to
reference conditions, the daily water level range of the reference was subtracted from the
projectsondes. The range differences from each project sonde were averaged over the time
intervals of interest and compared; their interaction stasstically significant (sonde x time
interval, i ,=23.7,p<0.0001). ). Prior to project construction, watievel ranges within the
project area were less than along ECBB; subsequently, the differences grew after project
construction (Figure 3A). In the time interval following project construction, the range
difference in water level range tripled at the HumB&nal sonde (T\02/22) and doubled at

the Humble B Canal/Mud Bayou sonde (TV03). The range differencat TV0403
increased by ~25% after Hurricane LEigure 3A). Between November 2004 and November
2006,ECBB had breached into School Bus Bayou (pBBowing tidal water to bypass the

weir located on Humble Canal which prompted construction of the SBB structures (weirs at
intersection with Humble Canal and a foreshore rock dike).

Within the CRMS sonde set, range differendedween project area sondes over time
intervals were statistically significant as an interactive efemtde x time interval,17=12.1,
p=0.0001) (Figure 3B). Water level range averagedgreater at the Humble Canal
(CRMSO0544) sonde than the reference sondes (GRM$rior to construction of the SBB
structuresas water was bypassing the Humble Canal wdiater levelranges were typically
less atproject sondes than the reference following the installation of the SBB struaitites
the Humble Canal sonde (CRMS0544) having larger range differences thhurtiide B
Canal/Mud Bayou sonde (CRMS0545) (Figure .3By\While CRMSO0545 is influenced by
Humbe B Canal and Mud Bayou weirs, it is open to WCBB to the north via Bayou Mascot
(Figure 1) which allowed for increased ranges relative to the refefenca brief time
following Hurricane GustaFigure 2B). Following recovery from Hurricane Gustav
CRMS544 water level rangeseraged-0.6ft below CRM&essprior to the SBB Maintenance
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The SBB foreshore rock dike was lifteschd SBB/Humble Canal weir replaced bgnuary
2013 thereafter, water level ranges @RMS®b44 increased anavere morecomparalg to
those aCRMS®G45Figure3B). The late increase in water level range at CRMS0544 may be
caused by a breach around the Jackson Bayoudesitified during the last OM&M evenbn

May 30, 2012Aucoin 2013.
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Figure 2. Water levelranges (maximum minimum per day) collected over time from

reference and project sondes (A.-O¥ Project Specific and B. CRMS) at tGete Blanche

Hydrologic Restoration project (7@4). Values are monthly means of daily ranges. The
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reference sonde has the solid line (error bars represent variability among CRMS reference
sondes), and the project sondes have dashed lines.
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Figure 3. Difference inwater levelrange (Rangg,;ii Range) collected over time intervals

from (A) TV-04 Project Specific an(B) Coastwide Reference Monitoring System (CRMS)
sondes at the Cote Blanche Hydrologic Restoration projectOdl)\V Values are means and
standard errors of daily range differences for a time interval. Each sonde set (A and B) was
analyzed separately, amdth had significant interaction (sonde x time interval) effects; the
different letters indicate significant differences among columns within a set
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Shoreline Change

Shoreline protection measures have decreased erosion relative to unprotected shorelines
although erosion has increased since Hurricanes Lili (2002), Rita (2005), and Gustav and lke
(2008). The relationship among the shoreline protection types changed over the time intervals
(shoreline x time, J=8.5, p<0.0001,Figure 4), and shoreline chge rates differed among
shoreline protection types overall (199813, F=54.8, p<0.0001,Figure5). The western
unprotected shoreline esion increasedince 201y 5.4 m/y (-17.7 ftly). Erosion behind the
foreshore rock dike significantly decreasad t e r instal l-@a@7 omMm1807 200
t1=3.3, p=0.0011; Figure 4, 5, and 6) despite rock settling to below the target elevation.
However, erosion began to increasace 2010(-6.2 m/y or -20.3 ft/y), especially in the

School Bus Bayou breach asFigure 6), which led to lifting of the rocldike in January

2013 The eastern unprotected shoreline had similar erosion rates as the western unprotected
shoreline until it decreased inexplicably during the 2R07Z0 intervals (Figure 4); erosion
thenagain began to increase after 2010 and contithreughout 2013-8.9 m/yor -29.2ft/y)

driven by high erosion rates east of Jackson Bak@u(e6). Overall since construction, the
shoreline behind the foreshore PVC wall eroded significantly less than all other shoreline
reaches; however, the effectiveness has decreased since Hurricane Lili as the shoreline was
prograding through 2004 and then erodthgreafter. 200201Q erosion behind the PVC

wall was 3 times less than the western unprotected shoreline but similar eadtezn
unprotected shoreline. This trend continued through 2013 except for similarities with the
eastern unprotected shoreliffggure4). Although the protrusion of the shoreline behind the
pre-existing wooden bulkhead is quite visibledures 1, 5, 6), it has eroded at the same rate

as the west unprotected shoreline since Hurricane Lili as its condition and effectiveness
becanes more dilapidated over timeigures 4, 5, 6).

Land Area Change

The rate of marsh loss has decreased by-thivds in the TV04 project area since
construction relative to the historical (195990) land loss ratéTable 3;Britsch and Kemp

1990) Most of the land loss that has occurred since project constructic®®th vias the

result of Hurricane Lili in 2002 (table Figures 710). Althoughmany hurricane shear
signatures from Hurricane Lili (southwest to northeast sh&&gsres 8 and 9) are persistent

and visible in the 2009 magpigure10), there was a net gaifi land following Hurricane Lili
(20032009). The net land gain from 2062809 exemplifies the areas land building potential

in light of anticipated losses during Hurricanes Rita (2005) and Gustav (2008). The decrease
in land loss rate of the TW4 propct area does not follow the regional trend for the
Teche/Vermilion Basin in which land loss rates are greater sinc@4T®onstruction than
historically (table 3); much of the recent loss has been attributed to exacerbation of hurricane
impacts (Barras ZID). The reduced tidal exchange via the-lewel weirs across the large
pipeline canal openings (s¥eater levelVariability above andrigures 2 and 3) is allowing

the marsh interior to recuperate following storm surge disturbances. The 2015 imagery
shauld clarify whether or not land gains observed in 2009 are persistent.
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Figure 4. Intervals of shoreline change rates were calculated from shoreline mapping
conducted along protected and unprotected shoreline of East Cote Blanche Bay within the
TV-04 project area from 199813. Significant events affecting the shoreline in the time
intervals were: 1992001, initial post construction of the PVC wall east of Humble Canal;
20012004, Hurricane Lili; 20042007, preconstruction of the foreshore rock dike parallel to
School Bus Bayou and Hurricane Rita; 2€710, post construction ohe SBB rock dike

and Hurricanes Gustav and lke; 2€A@13, SBB rock dike lifted an&BB/Humble Canal

weir replaced. Significant differences among shoreline protection types within each time
i nterval ar e indicated by di ffer®gnt
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Table 3. Land area and land area change rates of0#4\compiled from high resolution
imagery (1:24,000) collected by the USGI&tional Wetlands Research Center-{97)

and postconstruction (2002, 2009). Initial construction (Kevel weirs and®PVC wall) was
completed in January 1999; Hurricane Lili occurred in October 2002; School Bus Bayou
structures (lowlevel weirs and foreshore rock dike) were added in September 2007; and,
Hurricane Gustav occurred in September 2008.

Land Area
Date Acres Percent
TV-04 Project Area
January 1997 26,076.3 84.4
December 2002 25,360.1 82.0
December 2009 25731.0 83.2
Post Construction Change Rate (12909, /y) -24.3 -0.08
Historical Change Rate (198090, /y} -75.0 -0.24
Teche/Vermilion (TV) Basir’
Post Construction Change Rate (129®9, /y) N/A -0.40
Historical Change Rate (199098, /y) N/A -0.24

! Britsch and Kemp 1990
2 Adapted from Couvillion et al. 2011
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Figure 5. Cote Blanche Hydrologic Restoration (104) shoreline changaver the life of the project (1998013). The Foreshore Rock
Dike was not constructed until 2007, and the Wooden Bulkhead waseaiptiagstructure constructed in the late 1950s.
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Figure 6. Cote Blanche Hydrologic Restoration (304) shoreline change from 20to 201L3. The Foreshore Rock Dike was constructed
in 2007, and the Wooden Bulkhead was agxisting structure constructed in the late 1950s.
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%USGS Cote Blanche Hydrologic Restoration (TV-04)

science forachangingworld  COastal Wetlands Planning, Protection and Restoration Act
1997 Habitat Analysis

& o~

Habitat Class Project| Shoreline |Hydrographic
Acres | Acres Acres
Agriculture/Range 224 0.0 0.0
Floating Aquatics Bl 7789 0.0 16.1
Fresh Marsh |22504,7 13.7 448.9
Mudfiat 1744.1 13.5 285
Gulf Intracoastal Waterway Mudfiat - Vegetated -| 17.7 00 0.0
Open Water 2204.4 0.1 11.2
Submerged Aquatics 106.7 0.0 0.0
Upland Forested [} 15.2 0.0 0.0
| Upland Scrub/Shrub == 1.9 0.0 0.0
Upland Urban = 3.3 0.0 0.0
> : Wetland Forested - Fresh 1859.7 0.0 16.3
Hydrographic f Wetland Scrub/Shrub - Fresh 13514 0.0 134
Reference : ; - Total 30910.4 534.4

Area

West Cote
Blanche Bay

S
Ay’
a e
pmad)

‘e»( ?
RN
Project Location

Shoreline

Reference et Habitat data were derived from 1:24,000 scale
Area / color-infrared photography obtained January 11, 1997.

J Habitat classes are based on "Classification of Wetlands

. N | and Deepwater Habitats of the United States, "
Project Area East G | (Cowardin and others 1979, FWS/OBS - 79/31) as
ast Cote | modified for the National Wetlands inventory mapping
Reference Areas Blanche Bay - . conventions. The data were overlaid on a 2000

~,|\£ LANDSAT Thematic Mapper image.

Prepared by: Federal Sponsor:

U.S. Department of the Interior U.S. Department of Agriculture

U.S. Geological Survey Scale = 1:94,000 Natural Resources Conservation Service
National Wetlands Research Center : us panun

Lafayette, Louisiana 1 0 1 2 Miles % NRCS Comraion

and . T T T :

Louisiana Department of Natural Resources 1 0 1 2 3 Kilometers

Coastal Restoration Division o e e— ——

Lafayette Field Office Map ID: USGS-NWRC 2004-02-0117

Figure 7. Cote BlancheHydrologic Restoration (T\04) 1997 GIS habitat analysis from
photography taken January 1997.
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r‘l o) ‘-.Pb’st Hurricane Lili Loss Analysis
N Feb.2,2002 - Oct. 16,2002 ;
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Figure 8. Land to Watechange analysis (February 200®ctober 2002) resulting from
Hurricane Lili (10/3/02). Satellite imagery and analysis provided by U. S. Geological Survey.
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'A/‘USGS Cote Blanche Hydrologic Restoration (TV-04) /A

science forachangingworia - COastal Wetlands Planning, Protection and Restoration Act
2002 Habitat Analysis

Shorell hi
: oreline rographic
Habitat Class narag y A c?' - sp
Agriculture/Range 0.0 0.0
o Y1 N : Fresh Marsh 6.0 459.4
» Open Water 6.5 243
Gulf Intracoastal Waterway Mudflat 332
Upland Forested 0.0
Upland Scrub/Shrub
Upland Urban
N Wetland Forested
Wetland Scrub/Shrub

Hydrographic
Reference

West Cote
Blanche Bay

Shoreline Source:
Reference Habitat data were derived from 1:24,000 scale
Area color-infrared photography obtained December 15, 2002.
Habitat classes are based on "Classification of Wetlands
. | and Deepwater Habitats of the United States,"
Project Area East Cote | (Cowardin and others 1979, FWS/OBS - 79/31) as
Blanche Bay modified for the National Wetlands inventory i
Reference Areas 4 | conventions. The data were overlaid on a 2000
‘l LANDSAT Thematic Mapper image.
Prepared by: Federal Sponsor:
U.S. Department of the Interior U.S. Department of Agriculture
U.S. Geological Survey Scale = 1:94,000 Natural Resources Conservation Service
National Wetlands Research Center CS sty
Lafayette, Louisiana 1 = 9 1 2 Mies % NR Sinmueaon
and - - _ - J
Louisiana Department of Natural Resources 1 0 1 2 3 Kilometers
Coastal Restoration Division e = s |
Lafayette Field Office Map ID: USGS-NWRC 2004-02-0121

Figure 9. Cote Blanche Hydrologic Restoration (104) 2002GIS habitat analysis from
photography takeDecember 2002 (after Hurricane Lili)
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Cote Blanche Hydrologic Restoration (TV-04)
Coastal Wetlands Planning, Protection and Restoration Act
2009 Land-Water Classification

aUSGS

science for a changing world

Data Source:

The land-water data were derived from 1:24,000 scale,
color infrared aerial photography obtained on
December 20, 2009. All areas characterized by
emergent vegetation, wetland forest, scrub-shrub,

or upland were classified as land, while open water,
aquatic beds, and mudflats were classified as water.

Disclaimer: Provisional Data Subject to Revision

West Cote

Blanche Bay

East Cote
Blanche Bay

Project Area
Acres

25,731
5179
30,910

Federal Sponsor:
U.S. Department of Agriculture

Prepared by:
rep. y. 1 0 1 2 3 Natural Resources Conservation Service

U.S. Department of the Interior
U.S. Geological Survey

National Wetlands Research Center 1 0 1 2 3 0 N R S
Laayat, Loiaare =S — (

SR Kilometers u

Louisiana Coastal P ion and R Authority

Lafayette Field Office Map ID: USGS-NWRC 2011-02-0016

Figure 10. Cote Blanche Hydrologic Restoration (104) 2009 land and water analy$ism
photography takeBecember 2009.
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V. Conclusions

a. Project Effectiveness

Cote Blanche Hydrologic Restoration (104) projecthas been successful at achievihg

specific goals of decreasing water level variability within the project areaecréasinghe

rate of marsh losghus far (1992013). Thereduced tidal exchange via the ldevel weirs

across the large pipeline canal openings is decreasing daily hydraulic energy which reduces
daily export of vulnerable organic soils and allows the marsh interior to recuperate following
stormsurge disturbares.

The lowlevel weirs are decreasingater levelvariability within the T\V04 area when
surrounding conditions are within the design specification such as being free from hurricanes
and water not bypassing around the weirs. Given the design of thergdohweirs, most of

the decreasedater levelvariability is associated with the low tides.

The rate of marsh loss has decreased by-thivds in the TV04 project area since
construction relative to the historical (19%990) land loss rate. Most ofetHland loss that
has occurred since project construction in 1999 waditketresult of Hurricane Lili in 2002,
anda net gain of land followed Hurricane Lili (20@®09).

Shoreline protection measures have significantly reduced erosion relative to unprotected
shorelines. Prior to Hurricane Lili, the shoreline was prograding behind the PVC wall;
although at a significantlyolver rate than unprotected shoreline reaches, the shoreline behind
the PVC wall has begun to erode since hurricanes in 2002 (Lili), 2005 (Rita), and 2008
(Gustav and lke)Shoreline erosion behind the foreshore rock dike, which was constructed in
2007 toprevent breaching ddchool Bus Bayou, decreased after installation despite settling to
below the target elevationSince 2010 however, there has been a significant increase in
erosion at allshoreline reachefRates have more than doublat the foreshorerock dike

(most likely due to widening of breaches in School Bus Baysasgtern unprotected shoreline

and PVCwall; while shorelines behind the wooden bulkhead and west unprotaeailave
increased by approximatel§.46 m/y ¢1.5ft/yr). Although shoeline erosion increased behind

the PVC wall, overall it has eroded the least of all the shoreline reaches. The significant
increase of erosion rates for the eastern unprotected stretch is a resultaidheeon the
eastern side of Jackson Bayou having been circumvented.
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b. Recommendhtions

Most of the components of the Cote Blanche Hydrologic Restoration Project are in basically
good condition and continuing to function as intended. Uingrotectedshoreline on the
southern end of the project continues to suffer from severe erosion. The additional PVC wall
will attempt to address the most critical of these areas within the project area.

Conducta 2015landto-water change analysis identify land loss and gain relative to project
structuregrior to the project end of life

C. Lessons Learned

Watercontrolstructureshould be protecteflom bypasdreaches by hardening the bank at
each wingwall with rock. Rock should be placed at an elevdiatratiows extremely high

tidal events to pass around the structure without scouring the banks.

Stainless steel cable attached to driven timber piles continue to perform better than the rails
that were installed on the original structur@$is method should be considered during
construction of similar structures in harsh environments such as this in the future.

Although the rock dike at School Bus Bayou settled to below design specifications, it still
reduced erosion relative to unprotected shoreline reaches.
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Appendix A
Photographs
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Photo 1--Mud Bayoustructure

Photo 2-Humble F Canal structure
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Photo 3 damaged rail on Bayou Long structure
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Photo 4-Bayou Carlin Structure

Photo 5-Humble Canal structure; east side
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Photo 60 Humble Canal structure; west side
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Photo 7--rock on east side of Humble Canal

Photo 8 typical section of School Bus Bayou dike
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