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Project Location/Area
The 616-acre project area is divided between two cells (north and south) located in Region 4, Calcasieu-Sabine Basin and in the Cameron-Creole Watershed.  The two cells are in open water areas north of Grand Bayou within the Cameron Prairie National Wildlife Refuge (NWR) and Miami Corporation property in Cameron Parish, LA.  
Problem
Former brackish marshes in the southwest portion of the Cameron Creole Watershed have converted to open water due to subsidence and saltwater intrusion from the Calcasieu Ship Channel.  The Cameron-Creole Watershed Management Project was implemented in 1989 to relieve the saltwater intrusion problem and had succeeded in vegetating part of the northeastern area prior to Hurricane Rita.  In September 2005, Hurricane Rita cut four breaches in the Cameron-Creole Watershed levee allowing higher salinities from Calcasieu Lake to enter the watershed.  Salinity levels and the scouring of marsh were exacerbated by Hurricane Ike in 2008.  Prior to Hurricanes Rita and Ike water level draw-downs could have possibly restored existing open water areas to marsh; however, the scouring of the marsh removed the remaining marsh vegetation.  The open water areas grew larger and elevations subsided to a level that will not support marsh vegetation.  Sediment from an outside source is now necessary to restore open water areas to marsh elevations.
The Cameron-Creole Watershed Management project (Public Law 566) protects approximately 64,000 acres in the watershed.  It includes a 16.5 mile levee along Calcasieu Lake and five large concrete water control structures to manage the unit and prevent the effects of saltwater intrusion, by managing salinity, tidal exchange, water levels, and estuarine organism movement into and out of the watershed.  Natural marsh loss rates in the area were approximately - 0.45% per year from 1974-1990, a considerable reduction from the - 1.3% per year from 1956-1974.  
Goal

tc "Goals"The project goal is to create and nourish approximately 616 acres (ac) of marsh (218 ac northern cell, 398 ac southern cell) via dedicated dredged material from the Calcasieu Lake.  

Historic Land Change Data
The Cameron-Creole Watershed unit, comprised of 51,684 acres, had 45,460 acres of marsh in 1932 and lost 14,390 acres (32 %) of emergent marsh from 1932-1990.  Most of this loss (10,095 acres) occurred from 1956 to 1974, due to Hurricane Audrey (1957) and the enlargement of the Calcasieu Ship Channel (1951).  The Calcasieu Ship Channel caused saltwater intrusion which has been cited as the primary cause of marsh loss in the watershed.  Fresh and intermediate marsh in the northern, central, and eastern portions of the unit began to deteriorate from 1956 to 1974 and continued to deteriorate from 1974 to 1990.  Those areas contained extensive stands of sawgrass marshes and other fresh and intermediate vegetation unable to tolerate the increased salinity.   By 1968 and 1978, there was a natural gradation of brackish marsh along Calcasieu Lake to fresh marsh along Louisiana Highway 27.  In 1988, the unit was classified as 35% brackish marsh (17,890 acres) and 25% intermediate marsh (13,170 acres) with the remaining acreage classified as open water. Today, fresh marsh vegetation appears in the northern to eastern parts of the unit (Coast 2050 Appendix F, Region 4 1999).
Records indicate that since installation of the water control structures in 1989, marsh loss rates have decreased even further.  Aside from storm-induced impacts, marsh loss continues in this unit primarily as marsh edges adjacent to large open water areas continue to erode from wind-generated waves.  Also, in some areas, marshhay cordgrass appears to be stressed and dying from high water levels.  Periodic salinity spikes during drought years continue to impact fresh and intermediate vegetation, causing interior marsh break-up (Coast 2050 Appendix F, Region 4 1999). 
In 2005 and 2008, Hurricanes Rita and Ike, respectively, breached the watershed levee scouring the marsh and allowing higher Calcasieu Lake salinities to enter the watershed exacerbating land loss.  Since Hurricane Rita the Cameron-Creole Watershed Management Project has not been in operation.  In 2009, the Cameron Creole Advisory Committee recommended moving forward with implementing Phase II, or the maintenance phase, of the Cameron Creole Watershed 

Plan (personal communication with Glenn Harris, Southwest Louisiana Refuge Complex).  That phase primarily emphasizes curtailing marsh erosion with secondary emphasis on improving fisheries habitat, maintaining and improving wildlife habitat, and increasing species diversity in emergent marsh plants.  The crests of all structures will be set at 0.5 ft (0.15 m) below marsh level (marsh elevation is 1.36 NAVD 88 at CRMS 1738; south of Grand Bayou) with all slots and the boat bay at Grand Bayou open.  Temporary closures of the boat bay and slots are dependent on maintaining salinities below the 5 parts per thousand (ppt) limit at the east end of East Prong (LDNR 1998).  
The 2012 State Master Plan estimates a subsidence rate between 1-15 mm/yr for the Chenier Plain and 3.8 mm/yr for the Cameron Creole Watershed.  The project is expected to experience a total subsidence of 0.25 feet throughout the project life.   

The USGS conducted a regression analysis for a 3,604 acre extended project area for the 1984-2010 time period.  That analysis determined a loss rate of 1.66 percent/year or 55 acres/year for the 3,604 extended project area (Figure 1).
Figure 1.  USGS Percent Land Change for the Extended Boundary.
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Project Features

The proposed project will use dedicated dredged material from Calcasieu Lake to create marsh in two areas north of Grand Bayou.  Approximately 2.6 million cubic yards of dredged material would be transported to two shallow open water areas damaged by Hurricanes Rita and Ike (Figure 2).  Approximately 177 acres of marsh would be created and 41 acres nourished in the northern cell, and approximately 376 acres of marsh would be created and 22 acres of marsh nourished in the southern cell.  Water depths were measured throughout the extended project area (Figure 3) in 2009.  The two cells were configured to take advantage of shallower open water areas.  The northern cell configuration is also intended to reduce wave fetch by breaking up a large area of open water, while the southern cell configuration is intended to maintain the integrity of Grand Bayou and North Prong.   Measured water depths within the two cells were referenced to LDNR water gage data at EC-6 for the Cameron-Creole Watershed Project.  Average bottom elevations for both cells are approximately -0.6 feet North American Vertical Datum of 1988 (NAVD 88), and average healthy marsh elevations for the area are +1.1 NAVD 88 (CRMS 0650). 
The retention dikes and weirs will be degraded to marsh level after 6 months to 1 year post construction to allow tidal flow and estuarine organism access into the marsh restoration areas.  

Figure 2.  Proposed Marsh Creation and Nourishment Areas Northern Cell-Miami Corp. Property and Southern Cell- Cameron Prairie NWR.
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Monitoring Information 

Table 1 shows the results of former CWPPRA marsh creation project monitoring information.  Successful CWPPRA beneficial use and dedicated dredging marsh creation projects show that placement of dredged material in shallow open water areas can restore vegetated marsh within a few years post construction.  Limited monitoring data indicates that natural revegetation and revegetation due to vegetative plantings may range from 0% to 40% cover after one growing season (Bayou Grand Liard WVA 2006).  

Table 1.  CWPPRA Marsh Creation Project Monitoring Results.

	Project
	Vegetation Results
	Comments

	Queen Bess Island MC (BA-05B)
	28%/18 months
	15.3 acres with 152,000 cuyds; average 9,335 cuyds/acre.

	Barataria Bay WaterWay Wetland Creation (BA-19)
	0%/2 yrs; due to low elevation of marsh creation area
	9 acres

	Lake Chapeau MC and HR (TE-26)
	0%/1st year; 40%/1st year after planting; 80% cover in areas above mean water level.
	168 acres

	West Belle Pass Headland Restoration
	20-30% cover/1st season
	

	
	
	

	Project
	Vegetation Results
	Comments

	Bayou Labranche Wetland Restoration (PO-17)
	70%/2 yrs post construction; 78%/3 yrs.
	

	Sabine Refuge Marsh Creation Cycle 1
	52% vegetated 2 years post construction (compared to reference area which was 78% covered)
	125 acres/800,000 cuyds; 6,400 cuyds/acre

Slurry 5.0 ft high; 3.7 NAVD 88

	Sabine Refuge Marsh Creation Cycle 3
	
	230 acres/ 800,000 cuyds; 4,950 cuyds/acre


Sabine Refuge Marsh Creation Cycle 1 Monitoring Results
Monitoring results for the Sabine Refuge Marsh Creation project indicated that densely vegetated marsh appeared more quickly than anticipated, one year post construction.  The interior marsh quickly revegetated with marshhay cordgrass (Spartina patens).  The perimeter plantings were installed one year post construction and along the edges of the interior canals.  

The southern levee of the Cycle 1 area was degraded one year post construction.  During the marsh creation construction process, several gaps were cut in the southern dike to drain the site.  This allowed some new sediment to exit the marsh creation area and create shallow water mud flats (less than 0.5’ deep) south of the project area over about 200 acres (personal communication Roy Walters, Sabine NWR) (LDNR 2004).  

V1 - Emergent Vegetation

Historical and Present Vegetative Communities

Historically, the Cameron-Creole Watershed unit was primarily a brackish, three-cornered grass marsh with intermediate, sawgrass marshes located in the eastern and northeastern portions of along Louisiana Highway 27.  In 1988, prior to construction of the Cameron-Creole Watershed Project, the project area was predominately brackish marsh.  After construction of the watershed project, areas began to freshen and transition into intermediate marsh; the 2010 habitat analysis by USGS indicates that 23% (846 ac) of the extended project area was classified as intermediate marsh in 2000 (Table 2).  Hurricanes Rita (2005) and Ike (2008) brought increased salinities and resulted in several breaches in the watershed levee.  The watershed project has not been operated to maintain salinities, and marshes that have survived the recent hurricanes have reverted back to a brackish marsh community.  The project area has been predominately classified as brackish marsh since 2007 characterized by marshhay cordgrass (Spartina patens), three-cornered grass (Schoenoplectus americanus) and oyster grass (S. alternaflora).   
Table 2.  2000 and 2007 Extended Boundary Habitat Type Analysis.

	Habitat
	Area (acres) in 2000
	Area (acres) in 2007

	Intermediate Marsh
	   846 (23%)
	       0

	Brackish Marsh
	1,830
	   641

	Subtotal Marsh
	2,676 (74%)
	   641 (18%)

	Intermediate Marsh Water
	   181
	       0

	Brackish Marsh Water
	   746
	2,963

	     Subtotal Open Water
	   927 (26%)
	2,963 (82%)

	Scrub/Shrub
	       1
	       0

	Total All Habitats
	 3,604
	3,604


Soil Types
According to the Cameron Parish Soils Survey, the soils in the project area are equally composed of the Bancker and Clovelly series.  The Bancker series is found along the historic Calcasieu Lake rim while the Clovelly series is found in the interior marshes of the project area.  Both series are very fluid, organic soils typically found in brackish marsh that is poorly drained and ponded most of the time.  Both soils support native vegetation and are considered well suited for wildlife habitat (USDA 1995).
Project Area Land Change Data

Marsh loss and land change data for the project area was obtained from the USGS land change analysis and rates were derived from the extended project area boundary (Appendix A).  The USGS conducted a regression analysis for a 3,604 acre extended project area for the 1984-2010 time period.  That analysis determined a loss rate of -1.7 percent/year or 55 acres/year for the 3,604 extended project area (Figure 1).  Those loss rates were applied to the 2012 habitat data to determine TY 0 (2013) habitat acreages.
According to the USGS habitat data analysis, in 2012 the project area included 64 acres of brackish marsh and 548 acres of brackish water and 4 acres of aquatic vegetation.  

Table 3.  Historic Land Change Data for the Project Area (USGS 2010).

	Habitat (2006) *pre-H. Ike
	North Cell (acres) 
	South Cell (acres) 

	Brackish Marsh
	160 (73%)
	152 (38%)

	Water
	  58 (27%)
	246 (62%)

	Total Area
	218
	398


	Habitat (2008) *high water levels
	North Cell (acres) 
	South Cell (acres) 

	Brackish Marsh
	    0 (0%)
	  10 (3%)

	Water
	218 (100%)
	388 (97%)

	Total Area
	218
	398


	Habitat (2009) *high water levels
	North Cell (acres) 
	South Cell (acres) 

	Brackish Marsh
	    0 (0%)
	    7 (2%)

	Water
	218 (100%)
	391 (98%)

	Total Area
	218
	398


Total Area (both sites) = 616 ac

Total Project Area Marsh 

FWOP

TY0

(10%)

Marsh:

  63 ac



Water:

553 ac

Total:

616 ac

TY1

(10%)

Marsh:

  62 ac



Water:

554 ac

Total:

616 ac

TY20

(7 %)

Marsh: 
  45 ac



Water:

571 ac

Total:

616 ac

FWP

TY1

(14 %)

Marsh: 
  86 ac

(adjusted functional marsh acreage)
Water:

    5 ac

Total:

616 ac

TY3

(36 %)

Marsh: 
223 ac

(adjusted functional marsh acreage) 

Water:

  15 ac

Total:

616 ac

TY5

(96 %)

Marsh: 
591 ac



Water:

  25 ac

Total:

616 ac

TY20

(85 %)

Marsh: 
521 ac



Water:

  95 ac

Total:

616 ac

V2 - Submerged Aquatic Vegetation (SAV)
The project area’s shallow open water supports SAV habitat including widgeon grass (Ruppia maritima) which was observed during recent field investigations.  During the May 12, 2009, WVA field trip, SAV was observed throughout the two project areas.  Percent coverage was estimated between 0 and 60 % at 22 data sampling points with an average of 11% SAV coverage.  It is likely that under the FWOP conditions, SAV habitat will increase within the project area should the Cameron Creole Watershed Project be operated as intended.  Also the construction of the Ducks Unlimited, Inc. terracing project will offer additional benefits by reducing turbidity.
FWOP (Assumptions determined during PPL 19 EnvWG Meeting)
TY0
11%

TY1
20%

TY20
50%

FWP

TY1
  0%

TY3
30% (revised TY 3 to reflect EnvWG assumptions for PPL 20: TY 3, ½ of TY 5 value)
TY5
60%

TY20
60%

V3 – Interspersion

The USGS Interspersion tool determined that the northern cell, containing 19% marsh in 2012, is a Class 4 marsh.  The southern cell is a Class 5. Applying background loss rates, the northern cell contains 14% marsh by TY20.  Applying a weighted average FWOP assumptions are as follows:
FWOP 
TY0-20- 35% Class 4, 65% Class 5

FWP

TY1   
100% Class 5 

TY3
100% Class 3
TY5
100% Class 1 (96% marsh)
TY20   100% Class 1 (85% marsh)

V4 - Shallow Open Water Habitat (percent open water <1.5 ft)
To facilitate design of the fill area, water level elevations were calculated by using the water level data from the National Oceanic and Atmospheric Administration (NOAA) Station at Calcasieu Pass (Station #8768094) and the Coastal Reference Monitoring Station (CRMS1743) set up as part of the Coastwide Reference Monitoring Systems Project.  The period of record for the NOAA Station lasted from 1/1/1993 to 12/31/2012.  Daily recordings of high and low water were measured from Mean Lower Low Water (MLLW).  These readings were converted so as to measure from +0.00 NAVD88.   The CRMS 1743 Station is located within Cameron-Creole Watershed just west of the Northern Cell.  It recorded continuous hydrologic readings from January 2008 to December 2012.  Its close proximity to the project area makes it a good indicator of the conditions being experienced there (CPRA 2013).  
In addition to the CRMS 1743 site, which acted as the subordinate station, additional measurements containing a 19-year tidal epoch were required.  The NOAA Station located at Calcasieu Pass was used as the control station. The observation period applied to both the control and subordinate station lasted from Jan 1st, 2011 through December 31st, 2012.  Using these two sites, the calculated values for the water level condition in the project area are listed in Table 4 below (CPRA 2013). 
Table 4:  Water Level Elevation Calculation

	 CALCULATED VARIABLES
	ELEV (FT NAVD88)

	MHWs  = 19 YEAR MEAN HIGH WATER AT SUBORDINATE STATION 
	+0.71

	MTLs  = 19 YEAR MEAN TIDE LEVEL AT SUBORDINATE STATION 
	+0.61

	MLWs  = 19 YEAR MEAN LOW WATER  AT SUBORDINATE STATION 
	+0.52

	MRs  = 19 YEAR MEAN TIDE RANGE AT SUBORDINATE STATION 
	0.19


Bottom elevations collected by C&C Technologies within the proposed fill sites were compared to the average water elevations to determine the percent of the area that is considered shallow open water.  It is estimated that 86 % of the data points are equal to or less than 1.5 ft.  The area is expected to continue to subside and experience marsh loss resulting in existing shallow open water areas becoming deeper and areas of marsh converting to shallow open water.  The 2012 State Master Plan estimates a subsidence rate between 1-15 mm/yr for the Chenier Plain and 3.8 mm/yr for the Cameron Creole Watershed.  A total subsidence value of 0.25 feet was applied to the FWOP water depths at TY20.  
Table 5:  Shallow Open Water Calculations 
TY0
	No. of data points
	1433

	No. SOW
	1234

	TY0 Percent SOW
	86%

	TY20
	

	No. of data points
	1433

	No. SOW
	1113

	TY20 Percent SOW
	78%


FWOP
TY0
86%
TY1
86%
TY20
78% 
FWP settlement curves indicate that targeted healthy marsh elevations of +1.1 ft NAVD88 will be achieved in TY20 for the northern and southern cells.  Comparing that to the less optimistic RSLR scenario, the TY20 target elevation of +1.1 ftNAVD88 will be right at or below MLW elevations.  With areas likely to settle at different elevations (e.g., borrow canal) the Phase 0 assumption of 20% being greater than 1.5 ft is applied.
FWP

TY1
100% 

TY3
100% 

TY5
 100%

TY20
   80%

Figure 3.  Total Settlement Curves for the Dredged Fill within the Northern and Southern Cells

[image: image4.png]Time (years)

0 2 4 3 8 10 12 4 16 18 20
0.00 3.70

050 || ——Dredged Fill Settiement s
—— Subsurface Material Setfiement

——Total Settiement

100 4 Elevation NAVD 88 at Top of Dredged Fill 270

= MHW Elevation NAVD 88

_ 150 - MLW Elevation NAVD 88 220
g 1 T
£ | 1 1
£ 200 - 170
s I NS
3
250 1.20
Ea '3
300 L T 070
350 020
400 %

SETTLEMENT OF DREDGED FILL AND SUBSURFACE SOILS (EVALUATED USING CONSETTLE)
NORTH AREA PROFILE 1 (BORINGS B-1 AND B-2)
TARGET SURFACE ELEVATION OF +1.1 FT
FILL THICKNESS = 3.9 FT
ASSUMED MUDLINE ELEVATION USED IN THE ANALYSES = -02 FT

Elevation NAVD 88 (ft)






[image: image5.png]Settlement (ft)

000

050

1.00

1.50

200

250

300

350

4.00

450

Time (years)
2 4 6 8 10 12 14 16 18

20

—— Dredged Fill Settiement
—— Subsurface Materials Settiement
Total Settlement

4 Elevation NAVD 88 at Top of Dredged Fill
~ MHW Elevation NAVD 88

= MLW Elevation NAVD 88

3.90

3.40

2.90

2.40

190

140

0.90

0.40

0.10

060

Elevation NAVD 88 (ft)

SETTLEMENT OF DREDGED FILL AND SUBSURFACE SOILS (EVALUATED USING CONSETTLE)
SOUTH AREA (BORINGS B-6 THROUGH B-12)
TARGET SURFACE ELEVATION OF +1.1 FT
FILL THICKNESS = 4.3 FT
ASSUMED MUDLINE ELEVATION USED IN THE ANALYSES = -0.4 FT





V5 – Average Annual Salinity

Figure 4.  CRMS Locations within the Cameron-Creole Watershed Project.

[image: image6.jpg]Coastwide Reference Monitoring System

Layers Menu

=
[s]
8
B
o
(sl
8





Table 6 shows yearly average salinities for CRMS sites within the Cameron Creole Watershed provided by the CPRA, Lafayette Regional Office.  According to their records the 2011 year was a very dry year with large salinity spikes.   CPRA recently took over operations of the Cameron Creole Watershed project and anticipates future structure operations and real time hydro data to deter these salinity extremes.  The structures are operated as per the 1987 Cameron Creole Water/Management plan. The plan calls for the structures to be operated by salinity triggers at the 5 ppt (Monitoring Station EC-6) and 12 ppt (Monitoring Station EC-7) lines within the watershed along with water levels that are maintained at 2 inches above to 6 inches below marsh elevation.  To allow for ingress/egress of marine organism the structures are operated on each lunar cycle when conditions allow.  The structures are also operated during cold fronts when conditions are favorable to allow for the egress of marine organisms.
Table 6.  Mean Annual Salinity (ppt) at CRMS Sites within the Cameron Creole Watershed
	
	Mean Annual Salinity (ppt)

	Station_ID
	2007
	2008
	2009
	2010
	2011
	2012
	2013

	
	
	
	
	
	
	
	

	CRMS0644-H01
	 
	 
	 
	 
	28.3741
	17.3897
	12.427

	CRMS0645-H01
	10.5467
	11.9484
	11.341
	15.3716
	22.7377
	11.8217
	5.07962

	CRMS0648-H01
	 
	 
	 
	 
	30.6645
	8.69878
	3.15984

	CRMS0650-H01
	 
	 
	 
	 
	 
	 
	1.86001

	CRMS1738-H01
	12.266
	12.2596
	12.775
	16.0301
	24.2532
	12.8467
	8.33697

	CRMS1743-H01
	 
	11.1
	15.139
	16.3514
	22.2554
	11.8231
	7.53805

	CRMS2418-H01
	5.22883
	8.78664
	8.2317
	16.1118
	23.5052
	9.02318
	1.51005


Figure 5.  Mean Annual Salinity (ppt) at CRMS Sites within the Cameron Creole Watershed
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Average annual salinity was determined averaging mean annual salinity data from three CRMS locations (CRMS1738, 1743, and 0645) within the immediate area.  Data from 2007 through 2013, was used; however 2011 due to the extreme drought conditions.  Average annual salinity over this 6-year period was determined to be 11.9 ppt.
North and South Cells
FW & FWOP
TY0
 11.9 ppt

TY20
 11.9 ppt
V6 – Estuarine Organism Access
Access in the project area is influenced by two control structures, Grand Bayou (4 gated bays and one boat bay) and Mangrove Bayou (4 fixed crest weirs with one having fish slots).  Access value for a slotted fixed crest weir is 0.4, which was used for the East Cove MC WVA (PPL 17).  A weir with boat bay has a structure rating of 0.5; however the Grand Bayou structure also have flapgates that when down only allows water out.  The crest of all structures is set at 0.5 feet below marsh level with all slots, flapgates and boat bays open for fisheries access, however, this is dependent on maintaining salinities at the 5 and 12 ppt isohaline lines. Since Hurricane Rita structures have not been operated according to the permitted plan.  The Cameron-Creole Watershed Project is expected to resume operation according to that plan in the very near future.  Since the structures have not been operated to facilitate fisheries access according to the Phase II plan, the Grand Bayou structure rating is reduced to 0.45.
Access Value = ([P1*R1] + [P2 *R2])/(P1+P2)

Mangrove Structure and Northern Cell = (P1)(R1) = (218ac/616ac)(0.4) = (.35)(0.40) = 0.14

Grand Bayou Structure and Southern Cell = (P2)(R2) = (398ac/616ac)(0.5) = (.65)(0.45) = 0.29
Access Value = 0.14 + 0.29 = 0.43
FWOP 

TY0- TY20   0.43
FWP:

TY1
0.0001 
(plug value based on containment dikes)

TY3
0.43 
(containment dikes degraded @ TY 1)
TY5
0.43
TY20
0.43
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