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Preface

The Black Bayou Hydrologic Restoration (€5) project was funded through the Gtal
Wetlands Planning, Protectioand Restoration Act (CWPPRA) on tléh Priority Project

List with the National Marine Fisheries Service (NMF&s the federal sponsand the
Coastal Protection and Restoration Authority (CPRR)e 205 OM&M Report fomat
combines the Operations and Maintenance annual project inspection information with the
Monitoring data and analyses for the projddtis report includes monitoring data collected
through December 2@1and annual Maintenance Inspections thralighe2015.

The 205 report is thes" report in a series dM&M reports. For additional information on
lessons learned, recommendatioasd project effectiveness please refer to pnevious
OM&M reports from 2004, 2005 2008 and 2012 on the CPRA web site
(http://lacoast.gov/new/Projects/Info.aspx?num=27%

l. Introduction

The Black Bayou Hydrologic Restoration Project {£8 is located in northwest Cameron
and southwest Calcasieu Padgsh The project is bordered to the north by the Gulf
Intracoastal Waterway (GIWW), to the south by Black Bayou, to the east by Gum Cove
Ridge, and to the west by the Sabine Rivagyre 1). Total project area is approximately
27,948 acres (11,316a) andwas originally comprised of approximately6,247 acres (6,574
ha) of intermediateand brackishmarshand 11700 acres (4,35 ha) of open watefThe
marshesn the project areare dminated in large part by monoculturesSgartina patens
(marshhay cordgragswith a cohort of subordinate species consistinglufagmites australis
(Roseau cane Panicum dichotomiflorum(fall panicum) Typha sp.(cattail) Cladium
jamaicense(sawgrass),Schoenoplectus californicu@alifornia bullwhip), Schoenoplectus
robustug(leafy threesquare)andJuncus roemerianu$lack needlerush).

Historically, the Black Bayou area was the northern watershed of Sabine basin collecting
sheet flow fromthe surroundingiplands Black Bayou provided a freshwater head which ran
southwest from the uplands near Vinton to the northern rim of Sabine LB&ginning in the
late 1800ssignificant hydrologic changes the Calcasieu/Sabine basiaganaffecting water
level fluctuation and water circulation patterimsthe project areaThis has inhibited the
freshwater head frorflowing north to south and has diverted it dobidirectional east and
west flowvia the Gulf Intracoastal Waterwa@(WW) (LCWCRTF2002. Modifications to
Calcasieu Pass such as the removal of the Calcasiewyéssreef {876 and maintenance
of a deep (40 ft) and wide (400 ft) Calcasieu Ship Chahagincreased the magnitude and
duration of tidal fluctuationscausing higher salinity and broader range ofvater level
fluctuations throughouhe lake and theusrounding marshes (LDNR 1993 onstruction of
the Gulf Intracoastal Waterwayorth Line Canal, Central Line Canal, and South Line Canal
established ra eastwest hydrological connection between tipeeviously distinctCalcasieu
and Sabine basingjsruging the natural nortsouth flowandallowing the saline waters of
the Calcasieu Basin to encroach on the Sabine B&gater level fluctuations are al$nghly
influenced by local meteorological factoré strong north wind can cause drastievbgerirg

of the marshes, while a strong sustained southerly wind can result in drastic increases in water
1
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levelsand salinitiesblown in from theGulf of Mexico. The extensivesystem of navigation
channels bayous, oil exploration canalspoil banksand trenass, have allowed increased
water fluctuations and salinities to reach fitagile interior marskesin the absence of a strong
freshwater heaqUSDA 1991). Most of the land loss in éhprojectareaand surrounding
marshesccurred between 1956 and 1978 1fR2a et al. 2008), dsothlargeand small scale
changedhave resulted in local hydrologic alterations. The construction of spoil levees along
the GIWW disrupted the drainage of uplands to the north causing communities to create more
efficient drainage m conversion of Black Bayou to the Vinton Drainage Ditch (Vinton Water
Way) which empties into the GIWW and is diverted away from the project @reseast side

of the project aregradually developed into an impoundment over titue to several sepaeat
factors n addition to the GIWW dredge levee along the ndattiginally 191314; current
dimensions since 1941).h&re are other hydrologic impedimergsrrounding the project
impoundmentsuch asan oil company access road running @esst along the sdhern
boundary(1950s) landowner boundary levee running nestbuth on the west siqé968)and

the increasing marsh elevations grading intoupkands of the Gum CouRidgeon the east

side

The Black Bayou Hydrologic Restoration Project includesctiral and nosstructural
measures designed to allow freshwater from the GIWW near its confluence with the Vinton
Drainage Canal into the wetlands south of the GIWW between the Sabine River, Gum Cove
Ridge, and Black Bayou, and to create a hydrologic heatdincreases freshwater retention
time and reduces salt water intrusion and tidal action in the Black Bayou wat@rsinae

1). Black Bayou structural features constructisras completed in November 2001.
Structural and nosstructuralfeaturesand treir intended functions are listed below:

1. Approximately 22600 linear ft. (6889 m) of foreshorerock dikesalong the GIWW
west of the Gum Cove Ridde repair lbeaches in the GIWW spoil bank

2. A weir with a barge bay70 ft (21.3 m) wide, with a $ibf -7.0 ft NAVD 88, made of
graded stone was constted at the GIWW in the BladRayou Cut Off Canal to limit
water exchange in and out of the project area.

3. A weir with a boat bayl5 ft (4.6 m) wide with a sill 0f4.0 ft NAVD 88, made of
graded stoe was constructed in the Burton Canal at its intersection with the Sabine
River to limit water exchange in and out of the project area.

4. A rock weir with a 15 fi(4.6 m)wide boat bay at 3 ft NAVD 88 bottom elevation
was constructed at the interseci o f Bl ockds Creek with BIl a
exchange irand out of the project area.

5. A self-regulating tide(SRT) gate within a sheetpile weir, 40 ft (12.2 m) wide with a
sill at + 0.6 ft NAVDwas constructed whereconnects t@an existing caal that leads
to Black Bayou CutoffCanalto limit flow into theimpoundmenduring and increase
drainage aftehigh waterevents. A hinged flap was installed over the weir on either

2
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side of the SRT gate in January 2006 to further limit flow into theimgment while
allowing water to drain out.

Two, 30 in (0.76 m) flajgated culverts (Culvert 1/Culvert 2) were installed along the
southeastern boundary of the impoundment in January 2006 to relieve excess waters
from the impoundment while preventingter flow into the impoundment.

Vegetative plantings oBchoenoplectusalifornicus (bullwhip) in two phases One
gallon trade containemsith a minimum of 5 stems per container were installed on 5 ft
(1.5 m) centers.Phase |, east side of project armen either side of the Black Bayou
Cutoff Canal, contained@dpproximately 8,000 planings spanning 150,000 linear ft
(45,720.5 linear m). Phase I, wesitle of project area, containeghproximately
25,570planings spanning 127,850 linear ft (38,968nkar m).

3
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Figure 1. Black Bayou project and reference boundaries and project infrastructure.
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I. Maintenance Activity

a. Project Feature Inspection Procedures

The purpose of the annual inspection of the Black Bayou HydrolaggtoRation Project (GS

27) 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 correctivei@as are needed, CRRRshall provide, 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 ausnmary of maintenance projects, if 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 opration and maintenance budget is shown in Appendix B.

An inspection of the Black Bayou Hydrologic Restoration ProjectZZ)Swas held on April

9, 2015 under partly cloudy skies and warm temperatures. In attendance were Stan Aucoin,
and Dion Broussardf CPRA. NOAA Fisheries was represented by John Foret. A separate
trip was conducted on June 26, 2015 to inspect the culverts under the road on the Gum Cove
property. In attendance on this trip were Stan Aucoin, John Foret, and Tim Conner, one of the
landowners on the project area. For both trips, parties met at the Lafayette Field Office of
CPRA. For the trip to inspect the culverts, parties met Mr. Conner at the Catholic Church in
Hackberry and visited the culverts under the road by vehicle. [Eoottier structures, the

boat launch in Vinton, LA was utilized. The annual inspection began at the structure on
Bl ockds Creek at 12: 30pm.

The field inspection included a complete visual inspection of all features. Staff gauge
readings were used to tdemine approximate elevations 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 recordmeasurements and deficiencies (see Appendix C).

b. Inspection Results

Bl ockds Creek

The rock weir seems to be in excellent condition, however landowners indicated that there
was some scouring on the inlet and outlet sides of the weir. Upon further iatiestig was

found that water was approximately 20 feet deep on the Black Bayou side and approximately
14 feet deep on the inside of the structure. Water depth at the sill is approximately 4.5 feet
deep. The two arrow signs on the Black Bayou sideestiucture are still missing and will

need to be replaced. The erosion on the SE will continue to be monitored, but has stabilized.
Navigational lights and signs are inspected quarterly by contrac(Bhotos: Appendi4,

Photo 1)
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Burton Canal

The situation at thisveiri s t he same as at Blockds Creek.
side are approximately 29.5 feet deep and on the inside of the structure, 33.7 feet deep. The
sill is at 6.5 feet deepThe scouring along the canal banks insideraf weir at the end of the

dike has stabilized The arrow sign on the SW side of the structure is missing and will need to

be replaced. Navigational lights and signs are inspected quarterly by contra¢Ritotos:
AppendixA, Photo 2)

Black Bayou CutOff Canal

Scouring around the structure has occurred here as Wilter depths were 33.5 feet deep on

the GIWW side and 23 feet deep on the inside. Sill depth is 10.5 feet. Navigational lights and
signs are inspected quarterly by contractGoast Guat signs on the inside of the structure
were missing at the time of this inspectidi?hotos: Appendid, Photo 3)

Self Requlating Tide Gate (SRT)

The structure is in very good condition. Pillow blocks, signage, railings, wingwalls, etc.
remain in exceint condition. The railing along the top of the gate continues to rust and will
have to be monitored. The seams at the sheet piles are rusting also, however there is no need
for maintenance at this time. Colonies of oysters were noticed on the rotks outside of

the structure and none on the insigeéhotos: AppendiA, Photos4-6)

Rock Plug
The rock dike is functioning as designed. Concrete sacks are solidnsTaee stable. No

maintenance required(Photos: Appendid, Photo?)

GIWW rock dike

Tie-ins on both the east and west end of the dike are stable. The first and second gaps from
the east are solid. The third has a connection through the marsh on the west side that is
approximately six feet wide and appears to be fairly deep vgthfsiant flow noticed. There

is also now a small breach near the fourth plug. As mentioned in previous inspections, the
warning signs at both the Vinton and Black Bayou closures have been stolen. The spoill
placed behind the rock dike at the Black Baytanal has washed away on the western end.
Several small gaps along the dike were noticed, however rock is still at the base providing
shoreline protection but allowing some exchange to take place. There are a few low spots on
the rest of the main dikepparently caused by barges but these areas are still functioning and
not in need of repair. The repair to the dike across from the Vinton Canal with concrete sacks
continues to work extremely well. Significant buig of sediment continues and hasdiae

even more apparent between the dike and the shoreline. Emergent vegetation has exploded in
large areas behind the dike between the dike and the shor@®hetos: AppendipA, Photos

8-12)
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Culvert 1/Culvert 2:

These culverts were inspected dune 26, 2015. Hey appearto be in very good, post
construction condition and in no need of repaNo concerns have been expressed by the
landowners.(Photos: AppendiA, Photosl3-16)

C. Maintenance Recommendations

i. Immediate/ Emergency Repairs
None

ii. Programmatic/ Routine Repairs
The following items were identified in the 2015 Annual Inspection:

1. Replace stolen warning signs at both the Vinton and Black Bayou closures.

2. Task an engineering firm to evaluate the extent of scouring around the three weir
structures and estimate a repair cost.

d. Maintenance History
General Maintenance: Below is a summary of completed maintenance projects and

operation tasks performed since December 2003, the construction completion date of the
Black Bayou Hydrologic Restation Project.

December 2003 Construction Adjustments: Although construction of the original project
components was completed in December 4, 2001, it was determined that leaks along the
GIWW rock dike would have detrimental effects on the project. rbio& dike along the

Gl W was removed at four separate | ocations
constructed at Awatero connections between t
north to reduce or eliminate tidal flow through these locatidrise original signs installed at

the Black Bayou CuOff Structure on timber pilings were either leaning or missing. Signage

was relocated on concrete bases on top of the rock weir. Also, at the SRT gate, a railing was
constructed on the sheet pile capr¢duce the chance of persons falling into the water in the

area around the structure. This work was completed in December 2003 and construction was
considered to have been complete after these adjustments.

July 2003 - Navigational Aid Light Repairs: A letter was receivedrom the US Coast
Guard in July 2003eporting problems with the navigational lights at the Black Bayou Cut
Off Canal weir. The problem was investigated and repaired in Octoberd300&tTech
Energy, Incat a total cost of $1,2510.

During March 2006, DNR/CED/LFE, via a Purchase Order employed WET TECH Energy,
Inc. to inspect and report thereon on damages caused by Hurricane Rita to any of the
Navigation Lights and support structures of the Black Bayou Project that were inaglace

7
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appurtenant parts of the various structure features of the Project. The cost of the
inspection/report was $2,000.00.

The damages reported were as follows:

(1) The Black Bayou CutOff Channel west Light needed a new battery box and the
replacement ofwo batteries. The east Light of this siiel not needvas o.k. and needed
no repair.

(2) The Block's Creek Structure Lights and suppditisnot needheeded no repair work.

(3) The Burton Canal Structure Light experienced major damage and the entire Light
Assembly, Solar Cell, and battery system needed to be replaced.

Later, during May 2006, the damages reported above were all corrected on each respective
Structure of the Project by WET TECH Energy, Inc. by a separate Purchase Order for
Hurricane Rita Regrs for a total of $3,842.00. The sum of the costs for the
Inspection/Report and thence the repair efforts was $5,842.00. This entire sum was
reimbursed by FEMA for reason of the storm damage.

July 2005- SRT Gate modification and culvert installation: In the spring of 2005, it was
determined that water was fAstacking upo on t
to correct the situatiorithe cross sectional area of the SRT Geds increasebtly attaching a

flap to the railing. Also,two3 00 f |l apgated culverts on the so
will relieve excess waters. A Notice to Proceed dated July 20, 2005 was issued to Duphil, Inc.

of Orange, Tx. Construction was accepted as complete on January 4, 2006 at a total
constructioncost of$84,976.87 Engineering & design, construction oversight, andak

drawings were provided by C. H. Fenstermaker & Associates at a total cost of $39,856.77.

Navigational Light Maintenance:
Automatic Power, Incinspects, and if needed, régathe navigational aid lights at Burton

Canal , Bl ockd6s Cr e eff Cana anda qukatteslycbiasis.B @ogt® incurt€du t
include

2007 TOTAL $8,000.00

2008 TOTAL $6,625.00

2009 TOTAL $6,375.00

2010 TOTAL $7,34000

2011 TOTAL $7,740.00

2012 TOTAL $3,075.00

2013 TOTAL $6,427.25

2014 TOTAL $1,851.75

2015 TOTAL $2,150.00 (As of 2/26/15)

2009 Maintenance Event:

8
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This maintenance event consisted of general repairs to the flap on the SRT Gate, installation

of new, different signs at Burton Canal, and repairs to the closures behind the rock dike as

well as a repair to the GIWW dike near Vinton Canal. The work was accomplished by
Reeveds Devel opment, Il nc. at a t odeaidn,andontr ac
construction oversight was provided by Acadian Engineers & Environmental Consultants, Inc.

at a cost of $46,292.90.

2012 Landowner Event:
In early 2012, the landowners in the area, under their own construction contract, repaired
breaches thdtad occurred around two of the four plugs behind the rock dike.

[l Operation Activity
a. Operation Plan

There are no water control structures associated with this prisjattrequire manual
operation therefore no Structur@peration Plan is required.

b. Actual Operations
There are no active structural operations associated with this project.
V. Monitoring Activity

Pursuant to a CWPPRA Task Force decision on August 14, 2003 to adopt the Coastwide
Reference Monitoring SystelVetlands(CRMS) for CWPPRA, updates were made to the
CS27 Monitoring Plan to merge it with CRMS and provide more useful information for
modeling efforts and future project planning while maintaining the monitoring mandates of
the Breaux Act. There arefour CRMS sites located in the project area (CRMSS,
CRMS0662, CRMS0663, afdRMS2166, and three located outside the project area used as
referencdocationsin similar marsh habitaGRMS660,CRMS®%65,and CRM2189).

a. Monitori ng Goals
The objectives of the Black Bayou Hydrologic Restoration project are:
Increase freshwater retention that reduces salt water intrusion in the project area.
Establish emergent wetland vegetation in shallow open water areas.

Protect emergnt marsh in project area by reducing erosion along GIWW.
Increase occurrence of SAV in project area.

PwpnPR
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The following goals will contribute to the evaluation of the above objectives:

Reduce mean salinities within the project area.

Increase théand to water ratio within the project area.

Reduce mean erosion rate of protected shoreline along GIWW.
Increase SAV in interior ponds within the project area.

e

b. Monitoring Elements

Aerial Photography

Nearvertical colorinfrared aerial photography1:24,000 scale) was used to measure
vegetated and newegetated areas fqgoroject specificproject and reference areas. The
photography was obtained in November 2000 prior to project construction and post
construction in November 20Ghd 2010 The orignal photography was checked for flight
accuracy, color correctness, and clarity and was subsequently archived. Aerial photography
was scanned, mosaicked, and georectified by U.S. Geological Survey at the National
Wetlands Research Center (USGS/NWRC) qamel according to standard operating
procedures to develop land:water analyses (Steyer et al. 1995, revised R#t¥rences in
percent land over time within the project and between the project and reference areas are
calculatedrom the land anevateranalyses.

Aerial photography(color infrared, CIR)and satellite imageryLandsat Thematic Mapper,

TM) have been collected for the entire coast throu@dRMS. The aerial photographis
analyzed for CRMS stationast one meter resolutionThe satellite imagry is analyzed to
determine land and water areas for the entire coast. This imagery wifiuiset and used to
evaluate changes in land and water areas withirlCt&7 project area at a coarse (30m)
resolution The CRMS spatial viewer provided histodata for land water quantification in

the project area starting in 1956. The years analyzed for land water quantities through the
CRMS viewer were 1956, 1978, 1988, 2004, 2006, and 2008. The data provided by this tool
is at a large spatial scale anddessigned to show trends in land loss, not exact acreages
locations

Salinity

Salinity datafrom both discrete (YSI 30) and continuous recorder (sonde) stations were
monitoredto characterize the spatial variation in salinity throughout the projectaack#o
determine if salinitywasreducedn the project areaDiscrete salinities were monitore@h)
monthly from June 1999 (preconstruction) througMarch 2004 (post construction)at
designated stations throughout the project and reference(figeae 2) and (B) during
submerged aquatic vegetation surveys in the fall of 1999, 2003, 200%, 2012 and 2014

In addition,two discrete surface water salinisyations are providing dataside and outside

of project structures duringonde servicingbegnning in March 2012 through present
Discrete porevater from the soil salinity at 10 and 30 cm was collected at all of the vegetation
plots duing vegetation sampling. Pavater was extracted with a sipper tube assembly (rigid

1C
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aquarium tubing, flexible re®, and syringe), and salinity was measured using a hand held
salinity meter (YSI 30 Salinity, Conductivity, Temperature Meter).

Hourly salinityandwater levelqft, NAVD88) weremonitored witha continous recordem

the impoundment side of the SKate (station CS225) from May 2000 to presenGalinity

data is also currently being monitored hourly utilizithgee CRMS-Wetlandsstations(658,

662 and 663 within the project areand selected reference sites (660, 665, and 2189
Continuous datavere used to characterize average annual salinities throughout the project and
reference areasalinity data collection from the discrete stations and a continuous recorder
(station CS2722) was discontinued in March 2004 to be replaced by CRWé8ands
stations. Continuous recorders wedeployedwithin the project areatartingin February
2008(CRMS0658 replaced CS2R2).

Vegetation Plantings

Schoenoplectus californicy€alifornia bullwhip) plantings were installed in 20@&d 2003

to establish emegent wetland vegetation in shallow open water avégtsn the project area
These plantings took place in two phad#sse | was completed in May 2002 in the east side
of the project area (~ 7 acres), d@fthse Il was completed in May 2003 in the wadé of the
project (~ 6 acres).The percent survival of vegetative plantingsphase | wasletermined
after one growing season post constructfd@03 in approximately3% of the vegetation
plantings(53 saampling plot3. Each sampling plotonsisted ofLl6 plantings from one row
with the sampling location determined by a random numbers table and marked with a labeled
post. Planting survivavas determined as a percentage of the number of live plants to the
number initially planted (percent survival(mo. live plants/no. plantédx 100) (Mendelssohn

and Hester 1988Mendelssohn et al. 1991)No further monitoring of the plantings is
scheduled.

Shoreline Change

To documenthe effectiveness of the foreshore rock dike to reduce erosion and protect the
emergent vegetation in the breached areatheimpoundment along the GIWWshoreline
surveys wereonductedusing asubmeterdifferentially corrected Global Positioning System
(dGPS)to map the vegetated edgé&urveys were conductedl.66 yearspreconstration in

March 2000,immediately (4 months) poesbnstruction in Marct2002 and 2.75years post
construction in Augus004. Analyss of shoreline changeere performedby digitally
overlaying mapping clearine features for each dataset in ao@raphicnformationSystem

(GIS, ArcGIS) Polygon features were then created for all areas within closed intersections of
the two polyline datasets. The generated polygon features represent the total change in land
area as defined by the difference in shorefiosition during the sampling interval. The total

area for all polygons between the line features was calculated and each polygon feature was
defined as gain or loss. The total land area in acres of gain and loss was then cal€ukated.
reference area shaine was compromised because of another rock dike construction during
the time between &12000 and 2002 GPS surveys #merefore, we evaluatexhly the project
shoreline change over time. Tdata is presented in two increments,-fdoeimmediately
post-construction (2002002) and post construction (202@04). No additional shoreline
surveys are scheduled.

11
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SubmergedAquatic Vegetation (SAV)

To document changes in the occurrence of SpYdject areas (6) anda reference area were
monitoredover time using themodified rake method (Chabreck and Hoffpauir 19@2pure
3). Three tansect®oriented northeast to southwestre establishedcrossopen watein each
area Submergeaquatic vegetationvassampledrepeatedlyalong each transebly dragjing

a rake on the pond bottom for one seconthe presencer absenceof vegetationwas
recordedfor each sampléo determine th@ercentoccurrenceon a transecf% occurrences
(number ofsamples with SA¥humber of samples) 100). When vegetatiomvaspresent, the
species presenvas recorded in order to determine the frequencies of individual species
(Nyman and Chabreck 1996). SAV was monitdoetbre construction in fall 1999 and after
constructionin fall 2003 2005 2007, 2010, 2012and2014. SAV monitoring will continuein
fall of 2017.

Emergent Vegetation:

Vegetation composition and cover was estimated from 10 permanent 2x2 m plots that are
randomly distributed along a transect in the emergent marsh within each of tieCRMS-
Wetlandssites. Data was collected dbur CRMS stations located within tHeS-27 project

area 658, 662, 663, and166)andthreeselected reference site860, 665, and 2189n the
reference areaEmergent vegetation parameters will be evaluated at each CRMSisge us
techniques described in Steyer et al. (1995) to describe species composition, richness, and
relative abundance; in addition, overall percent cover and height of the dominant species will
be monitored. Annually at each site, data will be collected amedaged from ten,-?

sample plots randomly established alor2ga.8 m transect thatasses diagonally through a
200m x 20@n vegetation plot in middle of the CRMS site. The percent cover of the plot and
of each species was fed into a floristic qualitglex based on the marsh type the data was
collected. Floristic Quality Indices (FQJ)shave been developed faeveral regions to
determine the quality of a wetland based on its species composition (Cohen et al., 2004;
Bourbaghs et al., 2006)This FQI was developed by Jenneke Visser and an expert panel
Louisianacoastalvegetatioras part of CRM%nalytical working group in 2007evised 2011
(Cretini et al., 2011) The paneprovided an agreed up@core (Coefficient of Conservatism

or CC Score)from 0 to 10for each speciefn a list of ~500 plant speciesoccurring in
Loui si anads dabke 4)t GClscoresdrel weighdiby percent vegetative cover

and summed to determine the FQI for the CRMS site.

Table 1. Coefficient of ConservatisnCC) scores of different plant species used to develop
of a Floristic Quality Index.

CcC General Description Coastal Louisiana Description

Score

0 Alien taxa or native invasive species Invasive or nomative plans

1-3 Wide spread taxa found in sites kit Opportunisticplantsof disturbed
different levels of disturbance ares

4-6 Taxa that display fidelity to a community bi Occur primarily in less vigorous
can tolerate moderate disturbance coastal wetland communities

7-8 Taxa that are typical of commities which  Commonplantsin vigorous coastal
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have sustained only minor disturbance wetland communities
9-10 Taxa that exhibit a high degree of fidelity tt Dominantplantsin vigorous coasta
a narrow set of ecological conditions wetland communities

Hydrologic Index

The Hydrologic Index (HI) assesses theatieinship between the combined effect of mean
salinity and percent time flooded ~megetaion primary productivity for5 different marsh
classifications in coastal Louisiana (swamp, fresh, intermeditckish, and saline). The
index score ranges from-@00, representing the percent of maximum vegetation productivity
expected to occur if the separate effects of salinity and inundation on productivity interact in a
multiplicative fashion.

Soil Properties

Soil cores were colleetl to describe major soil properties suchakk densityand percent
organic matter T h r e e-gcm) diatnetdr dofes vtefe collected to a depth of 24 cm and
divided into 6, 4cm sections at each site. The soil was pmegdy the Department of
Agronomy and Environmental Management at Louisiana State University. Soil cores were
only collected at th@roject and referenc€ERMS sites during station establishment in 2005
2007 and the second series of samples has not yet ta@kected. Cores were collected at

four sites inside the project area, and suitable cores (quality or same marsh type) were
collected fromtwo sites outside the project area.

Soil Surface Elevation Change

Soil surface elevation change utilizing a conaltion of sediment elevation tables (RSET) and
vertical accretion from feldspar horizon markers are being measured twice a year @t each
the project and reference CRM#es. These data will be used to describegeneralrends

in elevation change anestablish accretion/subsidence rates. The RSET was surveyed to a
known elevation datum (ft, NAVD 88) so it could be directly compared to other elevation
variables ach as water level. Datallected over at least 5 years was usedalculaterates

for the project and reference area; therefore the displaj@dition changeatesare an
estimation of that temporal trend
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Btl;‘tbn-Stltt()lr Canal’s,

Data Source:

Coastal Protection and Restoration L

Au[h()ri[y of Louisiana ® CRMS Monitoring Station

Lafayette Field Office @ Hydro. Monitoring Station (Discrete)
From 2008 Color-Infrared DOQQ imagery m Hydro. Monitoring Station (Continuous)
Original Scale: 1:40,000 C/S-27 Reference Area Boundary

Map produced April 30, 2012 C/S-27 Project Area Boundary

Map ID: 2012-LFO-010

0 1 2 4 Miles Scale

I T T SN NN SR SR S| 1:124,309

o 1 2 4 Kilometers 1 1inch =1.961947 miles
L

Figure 2. CS27 continuous recorder statiodiscrete salinity stationgnd CRMS sites
located wihin andthe projectand referencarea.
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Authority of Louisiana C/S-27 Reference Area Boundary
Lafayette Field Office C/S-27 Project Area Boundary

From 2008 Color-Infrared DOQQ imagery
Original Scale: 1:40,000

Map produced May 3, 2012

Map ID: 2012-LFO-012
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Figure 3. Location ofthe submerged aquatic vegetati®®\{/) samplingtransectsn theCS

27 project and reference areas.
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V. Monitoring Activity (continued)
C. Monitoring Results and Discussion

Aerial Photography

Land andwater aerial photographwas acquired and analyed before construction in
November 2000 and after construction in November 280 November 2010y the U.S.
Geological SurveyHRigures 4ac). The project areagained153 acres (.6%) of land from
2000 to 2004(1 year preconstruction to 3 years pestnstruction)(Table 2). During this
same time, the reference agained384 acres (&) The difference in the 2000 to 2004 time
period suggests the entire area was becoming more vegetated andhénedtig of land gain
in the reference area suggests this change was not due to project features.

From 2004 to 201QGhe project aredost 163 acres of land 010.6% while the reference area
lost 11 acresor -6%. Landloss from 2004 to 2010 was almosttainly due to Hurricaes

Rita (2005) and lke (2008Hurricane Ritawas more associated with sediment deposition in
the CS27 project and reference areas, adl \@e the surrounding regioft is believed that
Hurricane Rita did not significantly redutaend area in either the project or reference area due
to the deposition of sediment removed from areas further sGotivergly, Hurricane lke
was associated with large areas of marsh scour, resulting in shallow oper{Riqies 5).

Field observationsfeer Hurricane Ikein the CS-27 reference areshowed areas of marsh
scoured by the stormandlatermarsh dieoff in fresher areas due the influxand retentiorof

high salinity water from the storm surgk similar effect was not seen in the @3% propct
area If most of the landoss in the reference area was due to storm surge $aour
Hurricane Ike the difference in the project area may be due to the greater distance from the
Gulf of Mexicoand the presence of the GIWW lewekich, judging by thdocation of wrack
fallout, appears to havgreatly reduced the energy of the storm surge, thus reducing scour and
sediment displacemerferoject features may also have played a ipatthe months following

the stormsas the rduction of rapid water exchgemay have allowed for greater recovery of
affected vegetatiomnd the deposition of suspended sedimente reduction inexchange
may have allowed vegetation to recov@rerall, from 2002010, marsh loss was less in the
project area than the referenarea (Tabl®). The larger scale CRMS coastaltallite TM

land water analysis strongtpncurwith the project specific percentages of land water and the
overall stability of the project area percent land (Figure 6). These values feartteetime
frame as described at the project scale were wenysistento those in table Between 6%

and 65%and for thedecade between 2000 ab@10with a small positive slope
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,',USGS Black Bayou Hydrologic Restoration (CS-27) £\
@l Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA)

2000 Land-Water Analysis

162473
117008
279481

. Lomana Map 10 USGE NWRC 2000020088

Figure 4a. Preconstruction langvater analysis oCS-27 project and referemcareas from
photography taken November 20, 2000.
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= USGS Black Bayou Hydrologic Restoration (CS-27)
[~ = Coastal Wetlands Planning, Protection and Restoration Act
felach I cheneio Wi 2004 Land-Water Analysis

: Project | Reference
Class Area Area
Land | 16400 | 11,394
Water 1| 11 .5_45 8,159

Total 27,945 | 19,553
ProjectArea [
‘Reference Area

Data Source:

The land-water data were derived from 1:24,000 scale,
mmwmmmi’&

Federal Sponsor:
National Marine Fisheries Service

Propared by: Scale = 1:109,000 o,
U.S. Department of the Interior 1 o 1 2 3 4 N [“ l %
USS. Geologecal Survey .. I gAY
Lofayetts, Lovitiens i . & 4 2 & & § @ A LI e
and = e = e = e e [ i
L lana Depastment of R - _Ig
Coastal Restorabon Division
Lafayette Field Office Map ID: USGS-NWRC 2006-02-0031

Figure 4b. Postconstruction landvater analysis 0€S-27 project and reference areas from
photography taken Novembes, 2004
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~ USGS Black Bayou Hydrologic Restoration (CS-27)
d Coastal Wetlands Planning, Protection and Restoration Act
o< i X et 2010Land-Water Classification

Cumnd Prmccion wd
L T

Sabine Lake

Cieatiuod
Cuana Padshas

Data Information

The land-water dats were derived from 1:24 000 scale,
caolorinfrared photography obtsined on November 5, 2010.
All sreas charscterzed by emergent vegetston, wetland
forest, scrub-ghrub, and upland were classified ss land,
whike open water, mud fists, and squstic beds were

classified ss water
Prepared By: Scale= 1102000 Federal Sp onsor:
US. Departmentof the Intenor . ° s 2 3 Nations! Marine Fishenes Service
US. Gealogical Suwey S
Nstonal Wetlands Resesrch Center
Lafayette, Lousians 1 o 1 2 3 < 5 &
and [=—=__" — J— J— s
Cosstsl Protecton and Restor ston Authorty of Louisians
Lafayette Feid Office .

Map D: USGS-NWRC 2012-02-0020

Figure 4c. Postconstruction landvater analysis 0€S-27 project and refeence areas from
photography taken Novembgr2010.
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Figure 5. Area of marsh converted to open wabgrhurricane scouin the CalcasieuSabne
basinnear CS27.
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Table 2. Land area and change rates compiled from high resolution imag&4;000)
collected by the USGS8lational Wetlands Research Center-g&900) and postonstruction
(2004, 2010) of CS-27. Initial construction was completed November 2001Hurricane Lili

occurred in October 2002Hurricane Rita occurred in September 208&d Hurricane lke
occurred in September 2008

Project Area
2000 2004 2010
acres % acres % acres %

Land 16247.3| 58.1 | 16400.0] 58.7 | 16,237.0| 58.1
Water | 11,700.8| 41.9 |11545.0f 41.3 |11,7080| 41.9
Total 27,948.1 27,945.0 27,9450

Reference Area
2000 2004 2010
acres % acres % acres %
Land 11,009.7| 56.3 |11394.0/ 58.3 |102260| 52.3
Water 8545.6 | 43.7 8,159.0 | 41.7 9,327.0 47.7
Total 19,555.3 19,553.0 19,553.0

Project Scale: CS27 - 1985 through 2010
120

= Percent Land

= Excluded Data
Regression = 0.16,

100 e :90.25

=== Confidence Interval

80—

-
———

60 ) e e e o e - B ———————————
o ===

Land (%)

40

20

1980 1987 1994 2001 2008 2015

Year

Figure 6. Projectscale percentahd analysis within th€S-27 project area (n=12) for years

1985 to 2010 with projeetl percent land estimatdrough 2015(CRMS spatial viewer
land/water, Barras et al. 2008).
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Salinity

Discrete salinity data wallected monthly throughout the projecitdareference areas for the
period ®99-2004. Data waslivided by region ¢astand westof Black Bayou Cutoff Canal
(BBCQ)) in the project area (Figur®. The eastandwestregions of the project areas were
similar in salinity during the collection perio@he reference area generally exhibited the
same dlinity pattern as the projecThe salinity spike during 1992000 was due to drought
conditions, reducing the influx of fresh water to the project and reference areas and allowing
saltwater entry from Blkk Bayou, the GIWW, and the Sabine River
(http://www.drought.noaa.gov/index.htnl Most discrete salinity stations showed this
salinity spike with the spike reachinghigher peak salinity in the s&rnproject area thaaf

the eas#rn project or reference areaBetween 200land 2003 salinitieswere very low
rangingfrom 0to 5 ppt in the project and reference amaongthe lowest span measured via
discrete or continuous methodsThere are cuantly two project specific discrete salinity
stations monitored when the project specific continuous recot&2#25 is serviced
approximately monthly. These are locasdCS2714 on the southern drof the project area

and at CS2-B on the northern enaf the project area. This data Heeen collected from 2012
2014 andis very similar to thecontinuous recordeERM30658 and CS2725 data over the
same periodAlso discrete salinity measurements are collected during SAV sampling and
offer an additional gportunity to examine salinity. These SAV discrete measurements
generally agree with othenethodof salinity data collection.

Continuous salinity within the northeast portion of the project area, which is mostly
influenced by the BBCC structyrthe self-regulating tide gateand foreshore dike along the
GIWW, was monitored from 2000 to 2004 inside (Station CG2&)7and outside (CS2722) of

the impoundment (Figur®. Weekly average salinityas not significantly different between
the inside and outsid®f the impoundment either preor postconstruction (xX°=2.85,
p=0.0927) Station CS2:22 was abandoned in March 2004 and was redldy CRM®658

in 2008 while sation CS2725 remains in placéhrough presentFor the period 2002014,
station CS2725 wascompared to CRMS station 658 to determine if a difference in salinity
occurred between the inside and outside of the impoundment byAmramalysis of the
continuous dataeterminedthat during the prolonged droug2011 was significantly more
saline tlan any other yeaneasuredFs 74=120.4 p=<.000)} (Figure9). The weekly mean
difference in salinity inside and outside of ihgpoundment wasnly marginallydifferent in
2011 and was not different in any other yémeekly means n=52¢=3.25 p=<0713). But
under normal conditions the inside of the impoundment is very simildretoutsideof the
impoundment suggesting that consistent hydrologic separation is not maintaiater
exchanges via the overtopping of the SRT gate and through the lenuttgk plugs in the
GIWW spoil bank and the rock plug near the SRT gahés exchange isxtremelylimited
compared to the pregroject conditions and the exchange rates of water and organic material is
substantiallyreduced. However thealinity similarity inside and outsidef the freshwater
impoundment shows enough exchange takes place to keep sabmiyarablein both
locations.

The pojectarea (CRMS0658, CRMS0662, and CRMS06&38)tinuous salinity stationsave
generally recorded lower average rtioy salinity valuessinceinstallation in2008 than the
22
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referencestations(CRMS0660, CRMS0665, and CRMS218%gure 10). This effect was
specifically evidentluring several salinity spikdsghlightedaroundHurricane Ikewhenthe

project areasalinity was on averagehalf that of the referenceareafor more than two years.

This salinity gradient between the project and reference area homogenized as a result of the
2011 drought and the project area did notibeg experience fresher conditioocsmparedo

the reference araantil the end of 2013hrough 2014 This indicateghe effectiveness of the
project features in preventing saltwater intrusioto the project area even under tropical
storm conditionsThe projects effectiveness was mubgdthe draight during 2011 likely due

to the lack of a fresh water head to the north and the extreme salinity experienced in the
Cal/Sab basin which was nearly twice the average of salinity spikes brought on shore by
Hurricanes Ike and Rita theprojectarea Onepurpose othe hydrologic management in this
project is to maintain low salinities in order to allow marsh vegetatioestablish and
flourish. Porgvater collected from the soil at CRMS sites provide a direct measurement of the
salinities that the plambots are exposed to at 10 and 30 cm (~ 4 and 12 inbbksv the soil
surface. Poreater salinities were very similar in theoprct and reference areas. Roager
salinities tracked the surface water salinity data very closely peaking in 2011 andhglropp
precipitouslyin 2012through 2014

CS-27 Discrete and Continuous Salinity Data
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Figure 7. Discrete open water salinity measurements collected in the project (east and west)
and referencarea during the period 1992004 and north and south 202014, and during
SAV samplingwith CS27%25 continues monthly means
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CS-27 Monthly Mean Salinity (ppt) Inside and Outside of the Freshwater Impoundment
” Construction Hurricane Rita Hurricane lke Prolonged
Completed Drought
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Figure 8. Monthly means of continuous salinitpllected at station€S27%22 andCRMS0658(outside thempoundmentand CS2725

(insidetheimpoundment) within the projectea from 2002014. Construction of structures to control water flow into the project area
and to create the impoundment was completed in November 2001.
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CS-27 Salinity Inside and Outside of the Impoundment
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Figure 9. Yearly means and standard errors of continuous salinityotetiextprojectstations
CRMSO0658 (outside impoundment) and C&5/(inside impoundment) from 202®14.
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CS-27 Monthly Mean Salinity (ppt) Project and Reference Areas
25
Project Construction Hurricane Rita Hurricane lke Prolonged
Completed Drought
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Figure 10. Monthly means of continuous salinitgllected at stations in the proj¢@S27%25, 658, 662, 663nd réerence(660, 665
and 2189%areas from 200@014. Construction of structures to control water flow into the project area and to create the impoundment

was completed in November 2001.
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VegetationPlantings

Schoenoplectus californicusullwhip) plantngs were installe@dn the east side (Phasd |

2002 andonthe west side (Phaseill2003) of the project areavionitoring was conaicted in
September approximately 1 year after Phase | planting. Sample plots had varying survival
success. Individual phings were recorded as alive, absent, or dead. Except for a few, most
plants counted as absent or dead were absent. A total of 53 plots containing 848 p&ants we
sampled. The mean percenirvivalwas 68% ranging from 100% to 6% survidapending

on location Some plots had robust, healthy plathiat werealmost indistinguishablérom

one another, whereather plots had plants with few stems in deteriorated condition (LDNR
2004). Similar observations were noted about the Phase Il plantingrig 8008.

Shoreline change

A foreshore rock dike was completed in November of 2001 along the southern shoreline of
the GIWW on thenortheastern side of the project area between the Black Bayotpf€ut
Canal and Gum Cove Ridge. To evaluate the effectsgenéthe dike effect on decreasing
erosion, shorelinsurveys (dGPS)f the breachegortion of the GIWW shorelinalongthe
northernboundaryof the impoundmenivere conductedbefore constructionin March 2000

soon after the rock ke was constructedni March 2002, and abouhree years after
construction in August 2004. Overall, the dike has been successful as this area gained land
more than twice as fast during thesp@onstruction period than theconstruction period
(Table 3; Figres11 a and h. Sediments are trapped and settling in the low energy area
behind the dike and forming mud flats which are colonized by veget&igur¢ 12).

Table 3. Net land gain and rates along the GIWW shoreline/northern impoundment boundary
protected by thedireshore dike

Time Period Net Land Gain Land Gain Rate

20002002 (mainly preconstruction’ 0.125 acres 0.063 acres/yr

20022004 (post construction) 0.317 acres 0.131 acresl/yr
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4 Data Source:
>4 Louisiana Department of Natural Resources |
3 ' Coastal Restoration Division
§ 7 Lafayette Field Office
\ From 2005 Color Infrared DOQQ imagery.
P < Map produced September 25, 2008
e J{T‘« Original Photography Scale: 1:40000
.. Map ID: 2008-LFO-017
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Figure 11a. Shoreline change from surveysnclucted in March 2000 and March 2002.
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Data Source:

:) Louisiana Department of Natural Resources o
] 4 Coastal Restoration Division KEY ) .
j [ LafayereField OMic | 2002-2004 Shoreline Gain
\ From 2005 Color Infrared DOQQ imagery. | M 2002-2004 Shoreline Loss
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Figure 11b. Shoreline change from surveys conducted in March 2002 and August 2004.
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Figure'ELZ. Sedmentation and vegetativegrowth betweka GIW rok dike anddredge
material levee aing the north side of the impoundment

SubmergedAquatic Vegetation (SAV)

Submergedaquatic vegetain transects were sampled pondsthroughout the project and
reference areaom 1999 through 2014Figure 3). Overall, SAV coveragehas remained
high (>50% occurrencen the project areés,s= 26.74; p = 0.0001) with asharpreduction
in occurrence in 2005 following Hurricane Raad 2012 following the prolonged drought in
2011 (Figure B). This trend is not evident in the reference area as ti&hdn SAV after
Hurricane Ritehas notrecovered to pre hurricane levels even aftarly a decaddnstead of
a rebound as seen in the project areaSAW& percentoccurrencein the reference area
continued to fall through 2012 to less that 5% post 2@xblight.Both the project and the
reference area have seen a modest incraaSAV from 2012 to 2014 awey weregenerally
wetter fresher years.

In 2010, frequency of occurrence of SAV was more than 90% of ¢he areas west of the
Black Bayou Cutfi Canal (Areas 26) and less than 15% in the reference area and in the
impoundment, Area 1. After Hurricane Rita, SAV was present in all areas although frequency
of occurrence was only 12% in Area 6 which may have been due to the close proximity of this
area to the Sabine Lake/River, a conduit for high salinity water during the storm.
Collectively, frequency of occurrence of SAV in the project areas has been high except for
immediately after Hurricane Rita and the drought in 2011, while it has goeatlged in the
reference area and project impoundnwrdr the course of the study periothis observation

is the main cause d significant interactiorbetweenarea and yediFs 7,= 2.75;, p = 00001)

(Figure 14) whereArea l1and the referase area detle more than expectea 2010.
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SAV has been diverse in the project areas throughout the project life and assemblages have
shifted, beginning relatively fresifrom 1999 to 2003, saltier in 2008nd 2012 and
intermediate ir2007 and 201@s salinity reduton took placeln 2003 a decrease iRuppia
maritima (widgeongrass)an indcator of more saline conditionsccurredand Nymphaea
odorata (American white waterlily)and Potamogeton pasillugsmall pondweex (fresher
specieswereprevalentFigure 15). Salinity data also showed a freshening of the project area
from 2000- 2003 Chara spp.occurrence began in 28@ollowing projectconstructionn all
areasputdid notremainin the reference aresdter 2003 Species composition shiftea 2005

as Ruppa maritima increased except in the referencarea concurrent with an increase in
salinity levels due to the surge of Hurricane Rita 2007 and 2010, gecies composition
againshifted wth theabsence oRuppiamaritimaandthe presencef Potamogetorpusillus

and Ceratophyllum demersuih ¢ 0 o n 6Myriophgllunh gpicatum(Eurasian watermilfoil)
was also absent in the reference ateang this time Salinity levels during 2007 and 2010
appeared to have returnedpee-hurricane levelgrior to the dought of 2011 which again
heavily disturbed the project impoundment and the reference S#®da assemblages
Following the drought of 201Rupia maritima was dominant in Area 1 and the Reference
area but almost absent in the rest of the project areacduid indicate that these areas are
experiencing higher salinities that the rest of the project dre@014Ruppia maritima was
very abundant on most sampling transects indicating that the salinity spike of 2011 thought
absent in the surface water byriag of 2012 is still impacting the SAV community three
growing seasons post drought occurrence
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Frequency of SAV Occurrence
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Figure 13. Mean and standared errors for SAV frequencyaufuorence in the prog and reference
areas from preproject in 1990 present
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Frequency of SAV Occurrence by Area
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Figure 14. Total percent occurrence of SAV sampled by aed yeaiin late summer. Values are

means of three transects (n=3) per area for each year except for area 2 in 2003 (n=1), 2005 (n=2), and
2007 (n=1)
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CS-27 Frequency of SAV Occurrence by Area and Year
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Figure 15. Percenbccurrencef SAV species by sample areallectedin 1999 2003,2005, 20072010 2012, and 2014Values are the
mean of transect valu¢s=3) per area for each year except for area 2 in 2608 ,(2005 (n=2), and 2007 (n=1)
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Vegetation
The CS27 projectand referencarea are heavily dominated bypartina patas (saltmeadow

cordgrasy and to a lesser extertuncus roemerianugblack needlaush) and Ipomoea
sagittata (saltmarsh morninglory) which areall native perennial speciemmon tothis
marsh typgFigure 1§. As such any conditions that are not favorable to the continued growth
of Spartina @mtenswill adversely affect large areas of both the project and reference areas.
The CRMS vegation surveys in the project and reference dreganafter the area lh
already recovered from Hurricane Rita but the effects of Hurricane ke are fully evident in the
2009 and 2010 percent cover and FQI scores. This effect is especially evidemetgrénee

site CRMS0660 as it was completelgnudedof vegetation and neveecoveredthus was
eventually moved to a new location in 20Mnother eference site CRMS0665 also was
significantly affected droppig below 50% cover and FQI score during thesaguent season.
Theproject areasitesCRM0663 and CRMS2166 were also damaged by Hurricane lke but to
a lesser extenA slight to moderatéeclinein percent cover and FQ@ktorein the project and
reference areatarted in 2012 and has persisted throQ@h4, as the coverage 8partina
patenswas reduced without being replaced by another species. This could be attributed to
higher water levels in the yeaialowing 2011as high local and upland raifreshened the
system(Southern Regional Climate Cent But it is more likely due to the overall stress and
damage to the plant communities due to the extreme salinities of 281fhe droughts full
effect on percent cover and FQI reduction where not realized until subsequent growing
seasons

An investigation into the project and reference are@sh salinity typeshowsthe project

area having a slightly more saline cohort of speitian the reference areBhe marsh salinity

type displayghe aggregation of all species containagimilar salinity regme for emergent

marsh species in the given locati@ffigure 7). The overall trend in marsh salinity type is

that the project area is supporting less of the fresh through intermediate marsh types while
maintaining a small but stable brackish saline sgsecontingent annually. This may still be a
remrantof hurricane and drought disturbance that is still being expressed in the marsh salinity
type and vegetation aswhole. Project sites CRMS0688dCRMS0663 show a reduction in

the amount of brackish vetation present in 2014 but show a decrease in the other mash types
as well highlighting the overall vegetation reduction in 2014 not a habitat transition. The
reference area sites, excluding CRMS 2189 which is unchanged, show a similar loss of the
freshe vegetation cohorts. Reference area CRMS0665 behaves very similar to the patterns of
the project area leading to the conclusion that the overall loss of fresher habitat and general
vegetation reduction is indicative of this am@ad of the CatasieuSabne basin as a whole

and is not due to project features.
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Figure 16. The percent coveragmd FQI scores in tharojectandreferenceareavegetation data collectdcbm 20062014 Reference
site CRMS0660 shows a comfaddoss of vegetation posiurricane lke and was reestablished in 2011 in a vegetated location idifigr fa
to recover for two years.
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Figure 17. The percent coverage of emergent vegetation by marsh salinity type in thé @nojeeference area vegetation data collected
from 20062014. Reference site CRMS0660 showsmapete loss of vegetation postiicane lke and was reestablished in 2014 i
vegetated location after faig to recover for two years.
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Hydrologic Index

High Hydrologic Index (HI) scoresdicate that flooding and salinity conditions are ideal for
vegetation growth in a given marsh type. 20i.0the HI scores were higheat CRMS sites

within the CS27 project (CRMS658, CRMS0662,and CRMS®%63) than at CRIS sites
outside C&7 in the same basin and marsh tyrgure 18). In most years théll scoresin

the projectareawere similar to other sitas the regionexceptCRMS0662which was much

higher in 2013 and 2014 thafi othercomparable locationsAt all sites,low scoresn 2011

and 2012 were due teery high average annual salinity for the given marsh spehigher
salinity combined with moderatBooding respectively This pattern of HI is not well
supported in the emergent vegetation data gieaierally shows a peak or stability in 2011
cover and FQI. Most of the project and reference CRMS sites show a continual decline
beginning in 2012 and persisting through 2014 except CRMD2189 which displays the inverse
likely due to its higher elevatiofhe HI and emergent marsh temporal pattern shift is likely
due to a vegetation time lag as the ndsponds immediatelio physical stimuli while the
emergent marsh vegetation takes multiple growing seasomstessand respond to large
events such as hutenes anaxtremedroughts. However the SAV sampled as part of the
project specific data temporally matched the surface water HI much more favorable as the
2010 HI peak corresponds well with hifflequencyof occurrenceof SAV in the project area

and notin the reference area. Also thhew HI in 2012 was also linked with low SAV
occurrence in both areas with the 2014 rebound in SAV also tracking well with the HI. This
closetemporalrelationship between the HI and SA¢currenceand not emergent marshay
simple be due to the physical proximity of SAV and the water column and the lack of
buffering potentialsuch assoil pore water thatould causea time lag in emergent marsh
vegetation
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Project Scale: CS27 - 2007 through 2014
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Figure 18. Hydrologic Index scores for CRMS sites in #8&-27 project areashown over
time relative to all other CRMS site€\VPPRA project and referenceithin similar marsh
types withn the Calcasieu/Sabine Basi@S27 project area site CRMS2166 was excluded
from the HI analysidecause it is anarsh wellsite aaxd not comparable to thether sites

surface water locations.

Soils

Physi cal soi l

properties

were anal yzéd from

CRMS sitesinside the project area and two outside the project afidee soil from theop

four to eight cm of all the coresastypical for an intermediate to brackish marsh witiv to
moderate bulk density ((60 0.15 g/cr) (Figure 20). Soil from manysites were noted upon
collection has having many roots throughthécore Soil coresamples began to diverge

12 cm and below, with CRMS0658 and CRMS0660 being more dense relative to the other
sites There doesnot appear to be any project effect in the bulk density data just local spatial
variation. The bottom halfand last samplef the project sitesCRMS0658and CRMS0662

respectivelywerevery dense (> 0.2 g/

and had low organic content (< 30%) relative to

the other sites (Figurel®, and upon collection the soil was noted to be very silty with few
roots. CRMS0658is positioned lng the GIWW and may be perched on dredged material
but it does not differ from CRMS0662 in bulk density or percent organic matter at the lowest
segments of the carélhis indicates a very mineral and stable subsurface platform though the
northern portia of the project aredVhereas the rest of the project and reference CRMS sites
where fairly uniform from the top to the bottom depth of 24 cm suggesting these sites have a
thicker peat like subsurface and the clay platform lays deeper in these areas.
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CS-27 Bulk Density of Project and Reference Areas
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Figure 20. Soil bulk density collectecit CRMS sites irthe project and reference areas.
Values are means and standard errors (n=3).
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Figure 21. Soil percent organic matteollectedat CRMS sites in the project and esdnce
areas. Values are means and standard errors (n=3).

Elevation Change

Subsidence and accretion data collecethe CS-27 project CRMS sites0658 0662 0663,

and 2166along with the reference CRMS site660, 0665, and 2188§enerally show the
proect areahada slight to moderate rates of elevation I¢g311 t0-0.57 cm/yr)while the
reference arewas highly variablg+0.29 to-1.58 cm/yr)(Figure 22). Project CRMS0663

and CRM2166 are likely experiencing slight to moderate increases in intiodawhen
comparedo Sabine Pass NOAA tide gaugea level risestimateof 0.6 centimeters per year
(Zervas 2009)The relative stability and consistency of the project aresis likely a result

from the project faturesthatreducethe tidal exportof sediments ahorganic materials from

the project aredl he reference area is more variable with CRMS2189 gaining elevation due to
its proximity to Sabine Lake and the occasional deposition of storm driven sediments
Reference site CRMS0660 however isihg elevation at an alarming rate -G£58 cm/yr.

This area is highly fragmentesinking,andappers on the trajectory faontinued land loss.
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