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1.0

INTRODUCTION

1.1

PURPOSE OF ECOLOGICAL MODELING

The U.S. Army Corps of Engineers (USACE), Galveston District, and the Sabine Neches Navigation
District (SNND) are conducting a feasibility study and environmental impact assessment of navigation
improvements to the Sabine-Neches Waterway, Texas and Louisiana Channel Improvement Project
(SNWW CIP). As part of this study, ecological modeling was conducted to evaluate impacts and benefits
of navigation features and mitigation measures. A detailed description of the purpose and scope of
potential navigation improvements is provided in the Sabine-Neches Waterway Navigation Improvements
Final Feasibility Report (FFR) and Final Environmental Impact Statement (FEIS).
1.2

STRUCTURE OF REPORT

This report is structured as follows:
•

In the remainder of Section 1, the ecological modeling team is described (Section 1.3), protected and
sensitive habitats in the study area are summarized (Section 1.4), and environmental issues and
concerns identified during the scoping process are discussed (Section 1.6).

•

Section 2 presents a description of the ecological modeling process, including a discussion of
mitigation planning requirements and study objectives (Section 2.1), the rationale for selection of the
Wetland Value Assessment (WVA) models for this study (Section 2.2), an overview description of
the WVA models and assumptions (sections 2.3 and 2.4), and more-detailed descriptions of the WVA
models: (1) the Emergent Marsh Community Models (Section 2.6); (2) the Swamp Community
Model (Section 2.7); and (3) the Bottomland Hardwood Model (Section 2.8).

•

Section 3 describes the hydrodynamic-salinity (HS) modeling that was conducted to support the
WVA modeling effort. Section 3.1 describes the interagency HS Modeling Workgroup. Section 3.2
provides a summary description of the HS model. Section 3.3 describes relative sea-level rise (RSLR)
and freshwater inflow considerations incorporated into the HS model.

•

Section 4 describes how data were developed or collected for each variable in the SNWW application
of the WVA Emergent Marsh models. For example, in Section 4.1 methods used to prepare the
baseline data set for Variable V1 (Percent Emergent Vegetation) are described, and the land change
projection methodologies for future without-project (FWOP), future with-project (FWP), and
mitigated future-with project (MFWP) conditions are presented. Similarly, methods of data collection
and projections are presented for Variables V2 (Percent Submerged Aquatic Vegetation, V3 Marsh
Edge and Interspersion), V4 (Percent Open Water 1.5 feet Deep), V5 (Salinity), and V6 (Aquatic
Organism Access) in sections 4.2 through 4.6.

•

Section 5 describes methods used to develop data for the SNWW application of the Swamp model for
variables V1 (Stand Structure), V2 (Stand Maturity), V3 (Water Regime), and V4 (Mean High Salinity)
in sections 5.1 through 5.4.

•

Section 6 describes methods used to develop data for the SNWW application of the Bottomland
Hardwood model for variables V1 (Tree Species Composition), V2 (Stand Maturity), V3
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(Understory/Midstory), V4 (Hydrology), V5 (Size of Contiguous Forested Area), V6 (Surrounding
Land Uses), and V7 (Disturbance) in sections 6.1 through 6.7.
•

Section 7 provides the results of the modeling of FWOP and FWP conditions for each of the
hydrologic units (hydro-units) in the study area. Texas hydro-units are described in Section 7.1,
Louisiana hydro-units are described in Section 7.2, and hydro-units that cross the Louisiana-Texas
state boundary are described in Section 7.3.

•

Section 8 presents the results of WVA modeling conducted to evaluate the effectiveness of beneficial
use (BU) and mitigation measures. It includes a summary of the preliminary screening and
elimination of BU and mitigation measures (sections 8.1 and 8.2). Measures adopted to avoid impacts
(Dredged Material Management Plan [DMMP] Features) are described in Section 8.3. Section 8.4
summarizes the feasibility screening of mitigation measures, and Section 8.5 provides the results of
the final Cost Effectiveness/Incremental Cost Analysis (CE/ICA) of mitigation measures. Mitigation
measures included in the CE/ICA are categorized as marsh restoration and Gulf shore nourishment
and individually described in Section 8.5.1. Measures included in the Best Buy mitigation plan, which
is recommended for inclusion in the Locally Preferred Plan (LPP), are identified in Section 8.6.

•

Section 9 discusses risk and uncertainty in the use of these models to determine the recommended
mitigation plan.

•

Section 10 is a list of references cited in the report.

1.3

MODELING TEAM

An Interagency Coordination Team (ICT) comprised of the following Federal and State resource agency
representatives from Louisiana and Texas was established to (1) involve agencies in scoping and
identifying environmental issues and concerns; (2) evaluate the significance of fish and wildlife resources
and select resources to be evaluated; (3) recommend and review necessary environmental studies; (4)
evaluate anticipated impacts; and (5) recommend and evaluate potential mitigation measures.
SNWW ICT Members
U.S. Fish and Wildlife Service (USFWS)
National Marine Fisheries Service (NMFS)
Natural Resources Conservation Service (NRCS)
Environmental Protection Agency (EPA)
Texas General Land Office (GLO)
Texas Commission on Environmental Quality (TCEQ)
Texas Parks and Wildlife Department (TPWD)
Texas Water Development Board (TWDB)
Sabine River Authority of Texas (SRA-TX)
Louisiana Department of Natural Resources (LDNR)
Louisiana Department of Environmental Quality (LDEQ)
Louisiana Department of Wildlife and Fisheries (LDWF)
SNND
USACE, Galveston District
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Representatives from other local and State agencies or governments also participated in the ICT in an
advisory capacity: Jefferson and Orange counties, Texas, and Cameron and Calcasieu parishes, Louisiana.
The SNWW ICT established the Habitat Workgroup to apply the WVA model; representatives from 14
agencies regularly attended and agreed upon data used as inputs for the model. Over 30 ICT and
workgroup meetings were conducted from 2001 to 2006, and 1 meeting was held in 2009. USFWSLouisiana Ecological Services Field Office provided assistance to ensure that WVA methodology
(USFWS, 2002a, 2002b, 2002c, 2002d) was followed properly and that WVA model Excel worksheets
were being used appropriately. USACE conducted an in-house quality check for worksheet accuracy. In
2009, changes in the proposed project and HS modeling necessitated a revision of the WVA modeling.
Due to schedule constraints, USACE performed the modeling without ICT involvement, basing it as
closely as possible on methods and assumptions used by the ICT in the original modeling. The results of
this remodeling were coordinated with the ICT. A quality check was also performed for the revised
worksheets.
1.4

DEFINITION OF THE STUDY AREA

The study area was defined by the ICT so as to include all areas that could be affected by potential project
impacts in Texas and Louisiana (Figure 1). A brief characterization of habitats in the study is provided in
Section 1.6.2. Navigation improvements are being proposed for the existing 64-mile-long deep-draft
channel from the Gulf of Mexico through a jettied channel at Sabine Pass, the Port Arthur Canal, the
Sabine-Neches Canal, and Neches River Channel to the Port of Beaumont. No improvements are
proposed for the Channel to Orange portion of the SNWW. Environmental effects have been analyzed for
coastal wetlands in the study area, which includes Sabine Lake and adjacent marshes in Texas and
Louisiana, the Neches River channel up to the new Neches River Saltwater Barrier, the Sabine River
Channel to the Sabine Island Wildlife Management Area (WMA), the Gulf Intracoastal Waterway
(GIWW) west to Star Bayou, the GIWW east to Gum Cove Ridge, the Gulf shoreline extending to 10
miles either side of Sabine Pass, and offshore in the Gulf of Mexico to 13 miles beyond the end of the
current channel.
USACE evaluation of possible deepening and widening alternatives identified a 48-foot deepening project
as the LPP and the Recommended Plan. The LPP, referred to as the SNWW 48-Foot Project, consists of
deepening the SNWW to Beaumont to 48 feet and extending the Sabine Bank Channel an additional
13.2 miles into the Gulf of Mexico, tapering the Sabine Bank Channel from 800 feet wide (Station
23+300) to 700 feet wide (Station 25+800) through the end of the Sabine Bank Channel extension,
deepening and widening Taylor Bayou channels and turning basins, and constructing new anchorage/
turning basins on the Neches River. In order to quantify baseline and FWOP conditions, project impacts,
and mitigation, the ICT applied the WVA model.
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1.5

PROTECTED AND SENSITIVE HABITATS IN THE STUDY AREA

The SNWW study area contains a high concentration of significant coastal wetlands. The ICT identified
108,897 acres (170 square miles) in Texas and 197,530 acres (309 square miles) in Louisiana of coastal
marsh, bottomland hardwood, and cypress-tupelo swamp habitats that are addressed in this impact
evaluation. Definitions of these habitat types are provided in Section 1.6.1. A summary of habitat acreage
by State is provided in Table 1. Hydro-units are subdivisions of the study area that are used to facilitate
discussion and impact evaluation. They are planning units that can be isolated by topography and
hydrology from surrounding areas. Section 3.1.1 describes the basis for the designation of these hydrounits and explains how they were used in this study. An index of these units is provided in Table 2, and
the distribution of these habitats is presented on Figure 2. Figure 3 is an area map that contains
geographic place names referred to in the following descriptions.
Table 1: Summary of Habitat Acreages by State (2004)
Fresh

Intermediate

Brackish

Saline

Total
Marsh

Bottomland
Hardwood

Swamp

Total
Wetlands

Texas
Acreage

13,580

30,336

24,047

4,898

72,861

5,458

10,157

88,476

Water

2,117

9,240

8,254

810

20,421

0

0

20,421

Totals

15,697

39,576

32,301

5,708

93,282

5,458

10,157

108,897

20,336

101,405

23,112

3,551

148,404

3,206

6,641

158,251

Louisiana
Acreage
Water

4,772

31,872

2,049

586

39,279

0

0

39,279

Totals

25,108

133,277

25,161

4,137

187,683

3,206

6,641

197,530

33,916

131,741

47,159

8,449

221,265

8,664

16,798

246,727

Water

6,889

41,112

10,303

1,396

59,700

0

0

59,700

Totals

40,805

172,853

57,462

9,845

280,965

8,664

16,798

306,427

Total
Acreage
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Table 2: Index of SNWW Hydrologic Units
Texas

Louisiana

Unit #s
TX 1

North Neches River

LA 1

Perry Ridge

TX 2

Neches-Lake Bayou

LA 2

Willow Bayou

TX 3

Rose City

LA 3

Black Bayou

TX 4

West of Rose City

LA 4

West Johnson’s Bayou

TX 5

Bessie Heights

Sabine Lake Ridges

TX 6

Old River Cove

LA 5
LA 6

Johnson’s Bayou Ridge

GIWW North

LA 7

Southeast Sabine

Texas Point

LA 8

Southwest Gum Cove

Cow Bayou

LA 9

East Johnson’s Bayou

Adams Bayou

LA/TX 1

Sabine Island

TX 12

Blue Elbow South

LA/TX 2

Blue Elbow

TX 13

Groves

LA/TX 1

Sabine Island

LA/TX 2

Blue Elbow

TX 7
TX 8
TX 10
TX 11

1.5.1

Names

Unit #s

Names

Texas Portion of the Study Area

In Texas, beginning at the coast and working inland, the following protected and sensitive habitat areas
are present within the study area:
•

Approximately 10,000 acres of fresh to salt marsh in the chenier plain west of Sabine Pass, the
majority of which consists of the Texas Point National Wildlife Refuge (NWR). This NWR is part of
the Texas Chenier Plain NWR complex (USFWS, 2005a). A chenier plain is characterized by relict
beach fronts that form high ridges that parallel the Gulf shore. The term derives from the French
name for live oak trees (chenier), which typically are found growing atop these ridges (Loyola
University, 2006). This area is indicated as hydrologic unit (hydro-unit) TX 8 on Figure 2.

•

Approximately 55,700 acres of fresh to salt marsh is located west of the Sabine River between Texas
Point and the mouth of the Neches River (TX 7 and 9). Much of this area is protected by the J.D.
Murphree WMA and the McFaddin NWR. Managed by the TPWD, the J.D. Murphree WMA totals
24,250 acres of fresh, intermediate, and brackish water wetlands in the Texas Chenier Plain (TPWD,
2005a). It is located just inland of the Texas Point WMA and extends north of the GIWW. The
eastern half (approximately 23,000 acres) of the McFaddin NWR is part of the study area. This NWR
is also part of the Texas Chenier Plain NWR complex. The McFaddin NWR protects one of the
largest remaining freshwater marshes on the Texas coast and thousands of acres of intermediate to
brackish marsh (USFWS, 2005a). It is located adjacent to and just west of Texas Point WMA.
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•

Approximately 22,000 acres of fresh, intermediate, and brackish marshes and 2,850 acres of cypresstupelo swamp and bottomland hardwoods on the Neches River from the mouth of the river where it
empties into Sabine Lake to the City of Beaumont (TX 3 through 6). Approximately 9,500 of these
acres consist of open-water areas resulting from breaking and eroding marsh in the marshes at Rose
City, Bessie Heights, and Old River Cove. The Nelda Stark Unit and Old River Unit of the Lower
Neches River WMA (TPWD, 2005b) are located in this area.

•

Approximately 6,500 acres of Neches River cypress-tupelo swamp and bottomland hardwoods and
2,000 acres of fresh marsh between the City of Beaumont and the new Neches River Saltwater Barrier
near Pine Island Bayou (TX 1 and 2). A USACE-approved, privately operated, wetlands mitigation
bank (the Neches River Cypress Swamp Preserve) is located within this area (USACE, 2005a).

•

Approximately 4,750 acres of cypress-tupelo swamps, bottomland hardwood, and fresh and
intermediate marshes on Cow and Adams bayous (TX 10 and 11). The Adams Bayou Unit of the
Lower Neches River WMA (TPWD, 2005b) is located in this area.

•

Approximately 700 acres of cypress-tupelo swamp west of the Sabine River and south of Interstate 10
(TX 12).

•

Approximately 2,700 acres of cypress-tupelo swamp and bottomland hardwoods in the Blue Elbow
Swamp (LA/TX 2). Located north of Interstate 10 and west of the Sabine River, this area is owned by
the Texas Department of Transportation (TxDOT) and managed as the USACE-approved Blue Elbow
Swamp Mitigation Bank (USACE, 2005b). The area includes the Tony Houseman WMA, managed
as a cooperative effort between the TxDOT and TPWD (2005c).

•

Approximately 2,300 acres of cypress-tupelo swamp and bottomland hardwoods west of the Sabine
River, across from the Sabine Island WMA in Louisiana (LA/TX 1).

•

Approximately 6,000 acres of cypress-tupelo swamp, bottomland hardwood forest, and freshwater
marsh below the Saltwater Barrier, on Big Thicket National Preserve lands in Texas (TX 1 and 2).

1.5.2

Louisiana Portion of the Study Area

In Louisiana, beginning at the coast and working inland, the following protected and sensitive habitat
areas are present within the study area (Louisiana Coastal Wetlands Conservation and Restoration Task
Force and the Wetlands Conservation and Restoration Authority [LCWCR/WCRA], 1998; U.S.
Geological Survey [USGS]-National Wetlands Research Center [NWRC], 2004):
•

Approximately 71,500 acres of saline, brackish and intermediate marshes in the Louisiana chenier
plain habitat at Louisiana Point, Blue Buck Point and Johnson’s Bayou areas (LA 4, 5, 6, and 9).
Sensitive areas include Sabine Lake Ridges (about 33,500 acres of chenier ridge, and saline, brackish
and intermediate marsh), Johnson’s Bayou Ridge (about 4,000 acres of saline and brackish marshes,
and chenier ridges), West Johnson’s Bayou (about 13,000 acres of brackish and intermediate marsh),
and East Johnson’s Bayou (about 26,700 acres of chenier ridge, and fresh, intermediate, and brackish
marsh).

•

Approximately 44,000 acres of brackish, intermediate, and fresh coastal marsh in the western half of
the Sabine NWR (LA 3 and 7). The Sabine NWR, as a whole, contains about 124,500 acres of fresh,
intermediate, and brackish marsh between Calcasieu and Sabine lakes in southwest Louisiana
(USFWS, 2005b). Approximately 13,750 acres of marsh within this study area has degraded to open
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water. This sensitive area contains the Willow Bayou mapping unit (about 36,300 acres) and 8,000
acres in the west section of the Southeast Sabine mapping unit.
•

Approximately 46,500 acres of brackish, intermediate, and fresh marsh in an area north of Willow
Bayou and south of the GIWW (LA 2 and 8). This sensitive area contains the Black Bayou mapping
unit (about 36,300 acres) and 10,200 acres of fresh and intermediate marsh in the Southwest Gum
Cove mapping unit.

•

Approximately 25,700 acres of fresh and intermediate marsh and bottomland hardwood habitat in the
Perry Ridge mapping unit, north of the GIWW and east of the Sabine River (LA 1).

•

About 650 acres of cypress-tupelo swamp and bottomland hardwoods in the Blue Elbow Swamp, east
of the Sabine River and north of Interstate Highway (IH) 10 (LA/TX 2).

•

Approximately 7,000 acres of cypress-tupelo swamp and bottomland hardwoods in the Sabine Island
WMA, north of the Blue Elbow Swamp and east of the Sabine River (LA/TX 1).

1.6

ENVIRONMENTAL ISSUES AND CONCERNS

1.6.1

Existing Conditions

1.6.1.1

Wetland Vegetation Communities

In the SNWW study area, coastal marshes occur in four distinct types. These wetland communities are
differentiated by salinity, elevation, and soil regimes. Information on indicator species, salinity regime,
and lists of vegetation community species provided by marsh type below was completed from references
cited here (LDNR, 2002; The Nature Conservancy, 2006; USFWS, 1998; Visser and Sasser, 1998; White
et al., 1987).
Salt marsh is located along the Gulf shoreline and the shores of Sabine Pass. Subjected to regular tidal
inundation, low saline marsh is dominated by smooth cordgrass/oystergrass (Spartina alterniflora) and
often accompanied by seashore saltgrass (Distichlis spicata), blackrush (Juncus romerianus), saline
marsh aster (Aster tenuifolius), and marshhay cordgrass/wiregrass (S. patens). The dominant species in
high salt marsh, which is subject to less-frequent tidal inundation, is glasswort (Salicornia spp.). Relative
to other marsh types, salt marsh typically supports fewer terrestrial vertebrates although some shorebird
species are common. Salinity typically averages 16 parts per thousand (ppt).
Brackish marshes in the study area grade inland from salt marsh along the Gulf shoreline and in the
Sabine Pass area, line the Salt Bayou-Keith Lake watershed south of the GIWW, and fringe the northern
and eastern shores of Sabine Lake. The dominant species in low brackish marsh is saltmarsh bulrush
(Scirpus robustus); seashore saltgrass and marshhay cordgrass are co-dominant species in high brackish
marsh. These species are often accompanied by marsh pea (Vigna luteola), waterhemp (Amaranthus
tamariscinus), and dwarf spikerush (Eleocharis parvula). Brackish marshes are extremely important as
nurseries for fish and shellfish. Other characteristic species include fur-bearers and shorebirds. The
average salinity in the brackish marshes is 8 ppt.
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Intermediate marshes are subjected to periodic pulses of salt water and maintain a year-round salinity in
the range of 3 to 4 ppt. In the SNWW study area, they grade inland from brackish marshes in the Salt
Bayou/Keith Lake watershed, are the major marsh type along the lower Neches River, and dominate the
interior marshes east of Sabine Lake. The diversity and density of plant species are relatively high with
marshhay cordgrass the most dominant species in high marsh. Co-dominant species in low marsh are
seashore paspalum (Paspalum vaginatum), Olney bulrush (S. americanus), California bulrush/giant
bulrush (S. californicus), and common reedgrass/roseau cane (Phragmites australis); bulltongue
(Sagittari lancifolia) and sand spikerush (E. montevidensis) are also frequent. Intermediate marshes are
considered extremely important for many wildlife species, such as alligators and wading birds, and serve
as important nursery areas for larval marine organisms.
Freshwater marshes are heterogeneous, with local species composition governed by frequency and
duration of flooding, topography, substrate, hydrology, and salinity. A large expanse of tidal fresh marsh
is located between the GIWW and the Neches River, and in the riparian zone of the Neches and Sabine
rivers. Tidal freshwater marsh is also present in the most interior portions of the marshes east of Sabine
Lake. Co-dominant species in low marsh are maidencane (P. hemitomen), giant cutgrass (Zizaniopsis
milacea), and bulltongue. Co-dominant species in high marsh are squarestem spikerush (E.
quadrangulata) and marshhay cordgrass. Other characteristic species include American lotus (Nelumbo
lutea), watershield (Brasenia screben), duckweed (Lemna spp.), and fanwort (Cabomba caroliniana).
Salinity rarely increases above 2 ppt, with a year-round average of approximately 0.5 to 1 ppt. Tidal fresh
marshes support extremely high densities of wildlife, such as migratory waterfowl.
Upstream of the coastal marshes in Sabine Lake estuary, the study area is dominated by dense bottomland
hardwood forests and cypress-tupelo swamps. These wetland forests cover an intricate network of sloughs
and sandy ridges formed within the rivers’ relict meander belts. Bald cypress (Taxodium distichum) –
tupelo-gum (Nyssa aquatica) swamps grow in the inundated areas between the ridges, and floodplain
hardwood forest of oaks (Quercus nigra, Q. phellos, Q. alba, Q. lyrata), sweetgum (Liquidambar
styraciflua), hickories (Carya spp.), American elm (Ulmus americanus), maple (Acer rubrum), green ash
(Fraxinus pennsylvanica), American holly (Ilex opaca), and loblolly pine (Pinus taeda) grow atop the
sandier ridges. In general, these are healthy, stable habitats. The hardwoods, and especially the cypress
trees, have been logged repeatedly since the turn of the century and as recently, perhaps, as the 1950s
(USACE, 1998). Though much of the forest is secondary growth, the swamp and bottomland hardwood
habitats have medium to high value for food and cover to resident and migratory fish and wildlife.
1.6.1.2

Loss of Interior Marsh

Marshes in the study area are severely threatened, with the conversion of numerous large marshes to open
water documented by various mapping studies (Barras et al., 2004). In Louisiana, a net land loss of 21
percent between 1978 and 2000 has been reported in the Chenier Plain subregion of coastal Louisiana,
which includes the Louisiana portion of the Sabine estuary (USACE, 2004:MR 2-24; Appendix B). In
Texas, the most-extensive losses of interior coastal wetlands in the state (12,632 acres between 1930 and
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1978) have occurred in the Neches River delta. In total, over 90 percent of the emergent marshes in the
Lower Neches River delta have been converted to open water (White et al., 1987; Morton and Paine,
1990), which is more than half of the total wetland loss in the State of Texas (Sutherlin, 1997). The
breakup of previously intact interior marshes is apparent, and shoreline erosion is occurring around larger
lakes. In the conversion of marsh to open water, topsoils and nutrients have eroded, leaving dense clay
substrates that do not support marsh vegetation.
More recently, however, the rate of land loss in the Chenier Plain region appears to have ameliorated and
interior marshes appear to have stabilized. Over the last 20 years, rates of loss have declined and marshes
do not appear to be undergoing rapid conversion of large areas to open-water like areas to the east in
Louisiana (LCWCR/WCRA, 1998; TPWD, 2003; USACE, 2004). For example, 61 percent of the total
land loss in the Chenier Plain region occurred between 1978 and 1990 as compared to 39 percent between
1990 and 2000 (Barras et al., 2004)
1.6.1.3

Gulf Shoreline Recession

Shoreline recession due to gradual submergence associated with RSLR is also a major threat to marshes
in the study area. National Oceanic and Atmospheric Administration (NOAA) has documented a trend of
mean sea level rise at Sabine Pass of 5.66 millimeters (mm)/year from 1958 through 2006 (NOAA-U.S.
Department of Commerce [USDC], 2009), one of the highest on the Gulf Coast. RSLR combines the
relative effects of eustatic (or global) sea level changes and regional subsidence. Serious scientific debate
continues regarding the historical rate of subsidence in this region, and its underlying causes (Berman,
2005; Morton, 2003; Morton et al., 2005; Shinkle and Dokka, 2004; Titus and Narayanan, 1995).
However, there is evidence that the subsidence rate may be decreasing as the average rate of RSLR at
Sabine Pass was 6.54 mm/year for period 1958 through 1999 (NOAA-USDC, 2006) as compared to the
5.66 mm/year rate through 2006 discussed above.
In the SNWW study area, prevailing winds and wave approach are from the southeast; however, lowpressure weather systems (northers) frequently move across the upper coast from the north during winter
months (Anderson, 2007). The portions of the study area most affected by these prevailing wind patterns
are the Gulf shoreline and the eastern shore of Sabine Lake. In Sabine Lake, fetch and wave attack
associated with prevailing southeasterly winds primarily affect the western shore; an area that is protected
from erosion by riprapped levees around Placement Areas (PAs) 8 and 11. These levees are quite large
and sufficiently high such that the rates of RSLR predicted here will have little to no effect. Winter
northers, however, do affect the unprotected eastern shore of Sabine Lake where shoreline recession
averaged from 4.0 to 5.6 feet/year between 1978 and 2004 (Greco and Clark, 2005; Parchure et al., 2005).
Rates of existing historical Gulf shoreline change were obtained from several recent studies Most of the
Texas shoreline in the study area experienced very high rates of shoreline retreat from the 1950s through
2002, ranging from –5 to –51 feet/year (USACE, 2004; Bureau of Economic Geology [BEG], 2009).
However, small reaches near the SNWW west jetty and near Sea Rim State Park are stable or accreting.
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1.6.1.4

Effects of Recent Hurricanes

While this study was in preparation, three large hurricanes occurred in and near the study area. In 2005,
Hurricane Katrina devastated areas to the east but did not affect this area. The same year, Hurricane Rita’s
storm surge at Louisiana Point was 10.6 feet as recorded by USGS sensors (Farris et al., 2007). The
surged deposited 3.3 feet of new sediment on the Hackberry Beach chenier ridge and inundated thousands
of acres of coastal marsh. Bar welding of nearshore sediments to the lower shore face was also evident
(Guidroz et al., 2006). Immediately after the storm, hundreds of acres of marshhay cordgrass marsh in
Cameron Parish appeared to have been severely impacted by extensive flooding of high-salinity waters.
When the water finally subsided, the vegetation in some areas appeared dead, and the marsh had areas
that were 30 to 50 percent devegetated. Over time, porewater salinity levels should decline as rainwater
flushes salinity from the system (Farris et al., 2007).
In 2008, Hurricane Ike struck the north Texas Gulf Coast, with the eye passing over the city of Galveston,
approximately 60 miles southwest of the study area. Ike’s hurricane-force winds, record-breaking levels
of storm surge, and extensive coastal and inland flooding had a direct impact on the coastal wetlands,
including significant marsh loss, scouring, and compression (Federal Emergency Management Agency
[FEMA], 2008). The secondary effects of saltwater intrusion, in which freshwater habitats and species are
stressed by elevated soil salinities from the surge overwash and sediments, may not be fully realized for
years to come.
The Chenier Plain marshes surrounding Sabine Lake will most likely experience significant long-term
impacts. Under normal conditions, these marshes do not drain rapidly, and normal drainage is impaired by
numerous hydrologic modifications such as the GIWW, the SNWW, roads, and other infrastructure. This
infrastructure, along with the natural topography, resulted in the slow drainage of Ike’s surge waters.
Furthermore, it appears that drought conditions in the year following the storm exacerbated the immediate
effects of the storm surge, extending the time that higher-saline waters remained on the marshes.
The marshes of Sabine Lake comprise primarily brackish and intermediate vegetation communities,
which are not tolerant of the higher salinity of Ike’s storm surge. The high-salinity water was either lethal
to these plants or will have sublethal effects ranging from reduced seed production, vegetative stress, and
increased vulnerability to disease. Hurricane Ike also further eroded the beach ridge at the McFaddin
NWR, which protects the interior marshes from exposure to full-strength seawater. Other serious effects
that could have lasting impacts for decades include the covering of oyster beds and fishing grounds by
sediment from the retreating storm surge. Increased marsh loss could also have devastating long-term
impacts on fisheries production in terms of species like red drum, white shrimp, and blue crab, as well as
on use of these marshes by migrating waterfowl and wading birds.
Marshes on the west side of Cameron Parish in the SNWW study area suffered fewer adverse effects from
hurricanes Rita and Katrina than did marshes farther to the east. Marsh recovery was underway when the
region was hit by Hurricane Ike. For modeling purposes, it was assumed that the marshes would rebound
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to existing conditions applied in the model. Marshes in the SNWW study area are located on relatively
stable landforms and thus are able to recover from the short-term effects of tropical storms and
hurricanes.
1.6.2

Future Without-Project Conditions

The present 40-foot channel has been in existence since the early 1970s and has had adequate time for the
dense clay sediments to stabilize. Deepening will be performed by making a box cut in the bottom of the
existing channel. Some slumping of the side slope at the base of the channel may occur as the deeper
channel stabilizes, but no slumping is expected at the top of cut. No emergent marsh or shallow bottom is
present adjacent to the top of cut. Seagrasses and other types of submerged aquatic vegetation are not
found along the margins of the SNWW channel because conditions conducive for submerged aquatic
vegetation (SAV) growth (i.e., calm waters and low turbidity) are not present.
Future rates of freshwater inflow and RSLR are likely to result in significant changes in the FWOP
condition for the SNWW study area (National Research Council [NRC], 1987; Intergovernmental Panel
on Climate Change [IPCC], 2007; Milliken et al., 2008a). FWOP forecasts of salinity, shoreline
recession, interior marsh loss, and related impacts to plant and animal communities in the study area are
important in establishing the baseline condition against which FWP impacts are measured.
1.6.2.1

Relative Sea Level Rise

The projected rate of RSLR at the Sabine-Neches estuary is very uncertain. The uncertainty inherent in
the rates of eustatic sea level rise is evident in the wide range of various estimates from the NRC (1987)
and the IPCC (2007). The confidence that any estimate will match actual future sea levels decreases over
time, and significant deviations are possible, including amelioration in the rate of rise. However, it must
be noted that the IPCC (2007) estimates assume that thermal expansion contributes 70 to 75 percent of the
rise. Faster melting of the Greenland and Antarctica ice sheets would increase their contributions to
twenty-first-century sea level rise and raise levels above those currently projected. Indeed, some recent
studies of geologic terrestrial and marine records support the plausibility of higher projections of sea level
rise, on the order 1.0±0.5 meters by A.D. 2100 (Rahmstorf, 2007; Carlson et al., 2008; Rohling et al.,
2008).
The 2009 HS modeling for the SNWW study included an estimate of RSLR for the period of analysis,
which ends in 2069. The estimated amount of RSLR applied in this study is 1.1 feet. Assumptions and
methods used to obtain this estimate are presented in Section 3.3.
1.6.2.2

Freshwater Inflows

Future projections of freshwater inflows for the study area are also highly uncertain. These flows would
be influenced by changes in the timing and amount of precipitation, temperature, water demand, and
water supply strategies. The Texas State Climatologist has recently concluded that it is impossible to
predict with confidence what precipitation trends will be in Texas over the next half century (Nielsen-

100007609/060033

17

Gammon, 2009). Unlike precipitation, there is more consensus for a predicted temperature increase in
Texas of close to 4 degrees Fahrenheit (°F) by 2060. Projections of future water demand and supply
strategies are also very difficult to make and often involve controversial subjects such as interbasin
transfer. Freshwater inflows applied in the 2009 HS modeling were based upon the 2007 Texas State
Water Plan and the associated regional plan for the study area (TWDB, 2007). The 2007 State Water Plan
takes into consideration existing flows in the Sabine River that are dedicated to the State of Louisiana as
prescribed by the Sabine River Compact. The states of Texas and Louisiana are apportioned equal shares
of the total Sabine River flow, and therefore freshwater inflows for Louisiana in the HS modeling were
equivalent to Texas inflows. The plans were based upon evaluations of population projections, water
demand projections, and existing water supplies available during drought. By 2060, population in the
region encompassing the study area is projected to grow 36 percent. Water demands are projected to
increase 41 percent. The region has surplus water available beyond its projected demands. However, the
Texas Water Code requires that flow quantities adequate to support a sound ecological environment and
to maintain the productivity, extent, and persistence of key aquatic habitats be maintained. Work on
setting target inflows is ongoing, and therefore specific future projections of inflow cannot be made at this
time. It is reasonable to assume that this law will result in the maintenance of flows similar to existing
conditions.
The State of Louisiana has no statewide water plan or comprehensive water resources management
program. The most recent state legislation (Act 49 of 2003) restricts planning to groundwater
management, and does not include comprehensive water resource planning. The groundwater
management program is just beginning, working toward the development of a statewide plan.
1.6.2.3

Gulf Shoreline Recession

Extensive shoreline retreat is projected for the Texas Gulf shoreline in the study area, based upon the
historical rate of changes in sea level and local subsidence (BEG, 2009). The rate of recession of the north
Texas Gulf shoreline is likely to increase with accelerated RSLR. For the Louisiana Gulf shoreline in the
study area, no change is projected through the year 2050 (Barras et al., 2004). The segment of the Chenier
Plain shoreline between Sabine Pass and Ocean View Beach (located 6 miles beyond the 10-mile SNWW
study boundary) prograded seaward at an average rate of +12.9 feet/year between 1883 and 1994
(USACE, 2004). However, progradation has slowed in recent years to +1.2 feet/year. The shoreline in the
study area is dominated primarily by the effect of the Sabine Pass jetties, which intercept the westwardmoving littoral drift and tend to trap sediment along the shoreline east of the jetties.
1.6.2.4

Interior Marsh Loss

Large areas of marsh at Texas Point and Salt Bayou in the Sabine Pass area, in the Neches River reach
between Sabine Lake and IH 10, and in the extensive marshes east of Sabine Lake are already severely
stressed. Marshes have been dying, due in large part to subsidence and salt-induced stress, and highly
organic marsh soils have then eroded, leading to ever-increasing areas of open water in former marsh
systems. This process is well illustrated by Rose City and Bessie Heights on the Neches River in Texas
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and the Sabine NWR and Black Bayou marshes in Louisiana, where extensive former marshes have
nearly disappeared.
The effects of the projected rate of RSLR on coastal marshes are very difficult to predict. Biomass
accumulation would be expected to offset much if not all of the RSLR change in water surface elevation.
“Primary productivity of salt marsh vegetation is regulated by changes in sea level, and the vegetation, in
turn, constantly modifies the elevation of its habitat toward an equilibrium with sea level” (Morris et al.,
2002:2876). A rise in relative sea level (RSL) brings an increase in production and biomass density that
enhances sediment deposition by increasing the efficiency of sediment trapping. This can lead to an
absolute increase in the elevation of the marsh platform and result in a landward migration of the marsh
(Gardner et al., 1992; Gardner and Porter, 2001). This may change total wetland area, depending upon
local geomorphology and anthropogenic barriers to migration, such as bulkheads, canals, etc.
FWOP projections of coastal land loss in the Louisiana portion of the SNWW study area forecast
relatively stable landforms and shorelines through 2050 (Barras et al., 2004), not accounting for the
effects of tropical storms and hurricanes. Similar large-scale FWOP land loss projections are not available
for the Texas portion of the study area. However, a Geographic Information System (GIS) study of aerial
photographs of the Salt Bayou-Keith Lake system confirmed that the open-water trend has slowed and
possibly reversed itself in that area in recent years (TPWD, 2003). Texas interior marshes most at risk to
the effects of RSLR are located just outside and to the west of the SNWW study area in the McFaddin
NWR.
If RSLR accelerates to the extent that the coastal plant community cannot sustain an elevation within its
range of tolerance, rates of primary production would decrease, resulting in an unstable and rapidly
deteriorating marsh community (Morris et al., 2002). In addition, if shoreline recession cuts existing fore
dune formations, large areas of interior marsh could quickly be exposed to higher-salinity Gulf waters and
wave attack. In this case, large marsh areas could quickly be lost to the Gulf.
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2.0

ECOLOGICAL MODELING

2.1

USACE MITIGATION PLANNING

2.1.1

USACE Mitigation Guidance

In accordance with USACE guidance (ER 1105-2-100), mitigation may include avoiding and minimizing
project impacts to ecological resources, rectifying impacts by restoring the affected environment, and
reducing or eliminating impacts by preservation or maintenance operations during the life of the project.
After all possible actions are taken to avoid and minimize impacts to significant ecological resources,
impacts are to be compensated by replacing or substituting significant resources or environments.
Replacements of fish and wildlife resources will be made “in-kind.” Substitutions, or replacements “outof-kind,” are also acceptable mitigation if they are at least equal in value and significance as the resources
lost. Impacts to wetlands must be fully mitigated and meet the goal of no net loss to wetlands. Mitigation
for bottomland hardwoods should be made in-kind to the extent possible. However, the availability of
existing restorable forests and the cost and feasibility of accomplishing in-kind replacement often make
this impractical. Compensation for bottomland hardwoods can also include increased management of
existing forests to compensate for the loss of biological productivity. After identifying measures to avoid
or minimize impacts to the greatest extent possible, the recommended plan and the LPP plan must contain
sufficient mitigation to ensure that there will be no more than negligible adverse impacts on significant
ecological resources (Section 906(d), Water Resources Development Act [WRDA] 86).
2.1.2

SNWW Mitigation Objectives

The following mitigation planning objectives were established by the ICT for the SNWW study.
•

Minimize salinity impacts to the SNWW affected area

•

Maximize the use of dredged material in marsh restoration measures

•

Meet goal of no net loss of wetlands

•

Replace lost habitat quality on a one-to-one basis as measured by Average Annualized Habitat Units
(AAHUs)

•

Replace habitats in-kind to the extent practicable

•

Mitigate losses in the state where they occur to the extent practicable

•

Share dredged material from Sabine Pass equally between Louisiana and Texas

2.2

SELECTION OF WETLAND VALUE ASSESSMENT MODEL

In order to comply with USACE guidance that requires that compensation be evaluated using a habitat
unit that quantifies the value of habitat quality and quantity over time, the ICT selected the WVA model
to identify and evaluate significant ecological resources that may be affected by SNWW navigation
improvements.
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The WVA was chosen as the most appropriate ecological model for the SNWW project based on a
number of factors. The WVA model is a suite of ecological, habitat-based, community models known
primarily from its use by a multiagency team of Federal and State agencies in Louisiana (the
Environmental Work Group [EnvWG]) that prioritizes proposals for coastal restoration projects under the
Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA). The WVA methodology
employs a community approach that assumes that optimal conditions for all fish and wildlife within a
specific type of coastal wetland habitat can be characterized by a group of significant variables, and that
existing or future conditions can be compared to that optimum, providing an index of habitat quality.
Using this methodology, several habitat-specific community models have been developed by the EnvWG,
and three have been selected for use in this study: the Emergent Marsh Community Model (EMCM), the
Swamp Community Model (SCM), and the Bottomland Hardwoods Model (BHM). The EMCM can be
applied to four coastal marsh communities – fresh, intermediate, brackish, and saline marsh. Hereafter in
this report, the term “WVA model” applies to the three components of the WVA model suite (EMCM,
SCM, and BHM) that are used in this study.
Although WVA was developed specifically to apply to habitat types present along the Louisiana coast,
the same types of coastal habitat (chenier plain, emergent coastal marsh, bottomland hardwoods, and
cypress-tupelo swamp) extend into the Sabine-Neches coastal watershed in Texas. In addition, the areas
contain the same fish and wildlife communities, similar soils, and topography, and the Sabine-Calcasieu
basins share an interconnected hydrology. Furthermore, the types of variables measured by the WVA
community models are sensitive to the types of changes that have been identified as the highest concerns
by resource agencies and the general public for the SNWW project. Specifically, these are potential
changes in salinity, stress and death of marsh vegetation, and further loss or degradation of already
stressed coastal marshes. The variables measured by WVA are also recognized scientifically and
technically as important in characterizing overall habitat quality. Variables utilized in the WVA were
selected from existing, widely accepted Habitat Evaluation Procedures (HEP) models, and the model
outputs were combinable across the different habitat types. A final factor is that variables were
established such that data were easily estimated or collected from existing data sources. This was
especially important because the study area is exceptionally large, and therefore extensive field data
collection efforts were not practical. The size and habitat diversity of the study area made application of
other ecological models very difficult. Other ecological models, such as the Hydrogeomorphic Approach
and HEP models, were considered and rejected because extensive field data collection efforts required by
these models were not feasible given time and budget constraints.
USACE regulation ER 1105-2-407 and draft EC 1105-2-14 require that a planning model be approved for
use by the appropriate Planning Center of Expertise (PCX). The USACE, Galveston District’s (SWG)
application of the WVA model (USFWS, 2002a, 2002b, 2002c, 2002e) to the quantification of
environmental impacts and mitigation for the proposed SNWW deepening and widening project was
approved by a model assessment conducted in 2008 (Louis Berger Group [LBG] and Toxicological and
Environmental Associates [TEA], 2008) and approved for use by the PCX for Deep Draft Navigation, in
consultation with the PCX for Ecosystem Restoration by memo dated 30 June 2009 (Attachment 1). The
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WVA modules that were submitted for the assessment are identical to those that were used in the revised
modeling for the SNWW deepening-only project.
2.3

MODEL DESCRIPTION

WVA is a modification of the widely used HEP developed by USFWS (1980). It was developed by the
EnvWG of the Planning and Evaluation Subcommittee of Louisiana’s CWPPRA Technical Committee
(USFWS, 2002a). The EnvWG reviews candidate CWPPRA projects, suggests recommended measures
to achieve wetland benefits, and determines the estimated annualized benefits for those projects. USFWS
chairs the EnvWG and developed the WVA model in consultation with other EnvWG agencies for the
purpose of evaluating the benefits of proposed projects. While HEP models use a species-oriented
approach, WVA employs a community approach that assumes that optimal conditions for all fish and
wildlife within a specific type of coastal wetland habitat can be characterized by a group of significant
variables, and that existing or future conditions can be compared to that optimum, providing an index of
habitat quality similar to those developed under HEP.
The WVA community models were developed for the following habitat types: fresh marsh, intermediate
marsh, brackish marsh, saline marsh, fresh swamp, barrier islands, and barrier headlands. A WVA
Procedural Manual was prepared by the EnvWG to provide guidance in the use of these models (USFWS,
2002b). A separate procedural manual has also been prepared for the four marsh habitat models,
collectively called the WVA Emergent Marsh Community Models (USFWS, 2002c). Two other habitat
assessment models for bottomland hardwoods (LDNR, 1993) and coastal chenier/ridge habitat were
developed outside of the CWPPRA arena and are periodically used by the EnvWG for CWPPRA project
evaluation. The SNWW Habitat Workgroup chose to apply the WVA models as formulated by the
EnvWG because the habitats and environmental stressors in the SNWW study area are the same as those
for which the WVA models were developed.
Each model consists of (1) variables considered important to each habitat type, (2) a Suitability Index (SI)
graph for each variable, and (3) a mathematical formula that combines the SIs for each variable into a
single value for habitat quality (Habitat Suitability Index or HSI). HSIs are then established for the
baseline (existing) condition, for FWOP, FWP conditions, and for the MFWP condition for selected target
years (TY) throughout the life of the project. Habitat units are calculated by multiplying these HSIs by the
affected acreage at each target year. The habitat units for the FWOP, FWP, and MFWP conditions are
annualized over the project life to determine AAHUs. The impacts or benefits of the project are then
quantified by comparing AAHUs between FWP and FWOP, and between MFWP and FWOP conditions.
This procedure fulfills the USACE requirement that compensation be evaluated using a unit of
comparison that measures quality and quantity of habitat values over time.
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2.4

MODELING PROCESS

The SNWW ICT established the Habitat Workgroup to apply the ecological model. Any ICT agency
interested in participating was invited to attend. Representatives from the following agencies participated
in workgroup meetings, making all technical decisions regarding data collection and variable input.
SNWW Habitat Workgroup
USFWS – Clear Lake (Texas) Ecological Field Office
USFWS – Louisiana Ecological Field Office
USFWS – Chenier Plain NWR complex
USFWS – Sabine NWR
NMFS – Galveston, Texas
NMFS – Baton Rouge, Louisiana
EPA, Region 6
GLO
TPWD – Federal Projects Review
TPWD – J.D. Murphree WMA
LDNR – Coastal Restoration Division
LDWF
SRA – TX
USACE
Meetings were held at Galveston District headquarters in Galveston, Texas, at the J.D. Murphree WMA
in Port Arthur, Texas, and at the USFWS – Lafayette Ecological Services Field Office. The following
WVA community models were selected for use based upon baseline habitat mapping of the study area:
EMCM (saline, brackish, and intermediate/fresh), the SCM, and BHM. They are individually described in
sections 2.6 to 2.8.
Members of the Habitat Workgroup divided sensitive habitats into hydro-units (see Figure 2), provided
GIS assistance for habitat mapping, reviewed habitat delineations, conducted field work to collect data,
developed historical land loss rates, and determined values for model variables. USACE provided
hydrodynamic salinity modeling results, provided GIS assistance for habitat mapping, and provided
conceptual plans for FWP and MFWP navigation features and mitigation measures. In addition, USACE
provided data input for the WVA worksheets based upon workgroup contributions and provided draft
worksheets to workgroup members for review. USFWS-Louisiana provided assistance to ensure that
WVA procedures (USFWS, 2002b) were followed properly and that WVA worksheets were being used
appropriately. USACE conducted in-house quality assurance of worksheet accuracy and an independent
technical review of this appendix.
2.5

PERIOD OF ANALYSIS

The estimated date of project completion is 2019, as the dredging of the Sabine Pass and Sabine Pass
Jetty channels (the controlling channels for increased salinity intrusion) are currently scheduled for
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completion that year. The year 2004 is TY 0 for the ecological modeling because field observations that
support many of the WVA variables were made in that year. Since the typical USACE period of analysis
for projects of this type is 50 years long, the period of analysis extends to the year 2069. FWP impacts are
evaluated for the period beginning in the year 2019 (TY 15) and ending in year 2069 (TY 65).
2.6

WVA EMERGENT MARSH COMMUNITY MODELS

The emergent marsh models were initially developed in the early 1990s by the EnvWG for use in the
Louisiana CWPPRA program. They have undergone several revisions since that time, and the 2002
version was employed in this study (USFWS, 2002c). The EMCM is used to evaluate saline, brackish,
intermediate, and fresh marsh habitats in the study area as defined and described in Section 1.6.1 above.
Variables included in the models were selected by the EnvWG based upon their importance in
characterizing fish and wildlife habitat in coastal marsh ecosystems. As part of the variable selection
process, species-specific HSI models for a variety of fish and shellfish, freshwater fish, birds, reptiles and
amphibians, and mammals were reviewed by the EnvWG during initial model development (Table 3).
The following six variables represent wetland habitat quality in the model:
V1 percent of the wetland covered by emergent vegetation
V2 percent of the open water covered by submerged aquatic vegetation
V3 marsh edge and interspersion
V4 percent of the open-water area less than or equal to 1.5 feet deep
V5 salinity
V6 aquatic organism access
2.6.1

Modeling Assumptions for Suitability Indices

2.6.1.1

V1 Percent of the Wetland Covered by Emergent Vegetation

Persistent emergent vegetation provides foraging, resting, and breeding habitat for a variety of coastal fish
and wildlife species. Detritus from coastal marshes also provides a source of mineral and organic
nourishment for organisms at the base of the food chain. In this model, an area that is 100 percent shallow
water is assumed to have minimal habitat suitability (SI = 0.1). For all marsh types, optimal vegetative
coverage is assumed to be 100 percent (SI = 1.0). This assumption diverges from the general biological
understanding that optimum cover falls in the 60 to 80 percent range. Selection of 100 percent marsh
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Table 3: Species Representative of and Dependent on the Habitats Considered in the WVA
Common name

Scientific Name

Estuarine Fish and Shellfish
pink shrimp

Penaeus duorarum

white shrimp

Penaeus setiferus

brown shrimp

Penaeus aztecus

spotted seatrout

Cynoscion nebulosus

Gulf flounder

Paralichthys albagutta

southern flounder

Paralichthys lethostigma

Gulf menhaden

Brevoortia patronus

juvenile spot

Leiostomus xanthurus

red ear sunfish

Lepomis microlophus

juvenile Atlantic croaker

Micropoqonias undulatus

red drum

Sciaenops ocellatus

Reptiles and Amphibians
bullfrog

Rana catesbeiana

red-eared slider

Pseudemys scripta

American alligator

Alligator mississippiensis

Birds
great egret

Ardea alba

northern pintail

Anas acuta

mottled duck

Anas fulvigula

American coot

Fulica americana

marsh wren

Cistothorus palustris

snow goose

Chen caerulescens

clapper rail

Rallus longirostris

great blue heron

Ardea herodias

red-winged blackbird

Agelaius phoeniceus

roseate spoonbill

Ajaia ajaja

white-fronted goose

Anser albifrons

laughing gull

Larus atricilla

Mammals
mink

Neovison vison

muskrat

Ondatra zibethicus

swamp rabbit
Sylvilagus aquaticus
Allen (1984, 1985a, 1985b); Allen and Hoffman (1984); Buckley (1984); Chapman and
Howard (1984); Christmas et al. (1982); Diaz and Onuf (1985); Enge and Mulholland
(1985); Graves and Anderson (1987); Gutzwiller and Anderson (1987); Kaminski (1986);
Kostecki (1984); Leslie and Zwank (1985); Lewis (1983); Lewis and Garrison (1983);
Morreale and Gibbons (1986); Mulholland (1984); Newsom et al. (1987); Rorabaugh and
Zwank (1983); Short (1985); Short and Cooper (1985); Stickney and Cuenco (1982);
Suchy and Anderson (1987); Turner and Brody (1983); Twomey et al. (1984); Zale and
Mulholland (1985).
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cover as the optimal habitat condition is based upon several factors. Loss of emergent coastal marsh is a
serious existing condition in the study area, and it is assumed that this loss will continue due to RSLR
(NOAA-USDC, 2006). Salinity was one of the driving subvariables for V1 because increased salinity is a
cause of land loss in coastal Louisiana and Texas (Visser et al., 2004). Increasing salinities even within
the optimal range for some species may be outside of the optimal range for other species. Existing and
potentially accelerated marsh loss associated with channel deepening has been identified as one of the
highest concerns by resource agencies and the general public. Mitigation measures should therefore
maximize emergent marsh creation, maintenance, and protection.
V1 Line Formula
All marsh types
SI = (0.009 x % V1) + 0.1
2.6.1.2

V2 Percent of the Open Water Covered by Submerged Aquatic Vegetation

For the purpose of this model, SAV is defined as any of the diverse array of floating-leaved and
submerged aquatic plants that are typically found in the SNWW study area. Seagrasses, included in the
SAV designation, are flowering plants that grow entirely underwater. SAV coverage is included as an
important marsh variable because it provides important food and cover to a wide variety of fish and
wildlife (Virnstein, 1987; Thomas et al., 1990; Castellanos and Rozas, 2001; Raz-Guzman and Huidobro,
2002; Wyda et al., 2002; Lazzari and Stone, 2006). SAVs provides a refuge from predation, and because
of this protection, densities of many invertebrates (infaunal and epifaunal) and small fishes are greater in
SAV than in nearby unvegetated areas. SAV (including seagrasses) provide additional benefits by
stabilizing sediments and filtering water. SAV (including seagrasses) tolerate or require a wide range of
salinities.
The species composition and primary productivity of SAV communities corresponds to the salinity
regime (Haller et al., 1974; Longstreth et al., 1984; Dunton, 1990; Bonis et al., 1993; Bortone, 2002; La
Peyre and Rowe, 2003; Singh and Arora, 2003; Paresh and Freedman, 2006). Fresh and intermediate
marshes, in particular, often support diverse communities of submerged and floating-leaved vegetation.
Open water with no aquatics within a fresh or intermediate marsh is assumed to have low suitability (SI =
0.1). Optimal conditions are assumed when 100 percent of the open water is dominated by aquatic
vegetation (SI = 1.0). Brackish marshes can also support aquatic plants that provide food and cover for
several species of fish and wildlife. Although amounts are generally less than that which occurs in fresh
or intermediate marshes, certain species such as widgeon-grass, coontail, and milfoil, can be abundant
under some conditions, and widgeon grass, in particular, is an important food source for waterfowl. The
SI graph for brackish marsh is identical to the fresh/intermediate model.
Low-salinity saline marshes may also contain beds of widgeongrass, which is able to tolerate a wide
range of salinities. However, open-water areas in saline marshes generally contain sparse aquatic
vegetation and are primarily important as nursery areas for marine organisms. In order to reflect the
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importance of saline open-water areas to marine organisms, a saline marsh with no aquatic vegetation is
assigned an SI = 0.3. Optimal coverage by aquatic plants is assumed to be 100 percent.
V2 Line Formulas
Fresh/intermediate and brackish marsh
SI = (0.009 x % V2) + 0.1
Saline marsh
SI = (0.007 x % V2) + 0.3

2.6.1.3

V3 Marsh Edge and Interspersion

This variable takes into account the relative amount of marsh to open water, and the degree to which open
water is dispersed throughout the marsh. Interspersion is an important characteristic for freshwater and
estuarine fish and shellfish nursery and foraging habitat in all marsh types (Rakocinski et al., 1992; Baltz
et al., 1993, 1998; Rozas and Reed, 1993; Minello et al., 1994; Peterson and Turner, 1994; Rozas and
Zimmerman, 2000; Minello and Rozas, 2002; Whaley and Minello, 2002; Rozas and Minello, 2007). The
marsh/open-water edge provides cover for postlarval and juvenile organisms. Smaller, isolated ponds are
less turbid and contain more aquatic vegetation, thereby providing more suitable waterfowl habitat.
Conversely, a large degree of interspersion is assumed indicative of marsh degradation, as solid marsh
converts to ever-larger areas of open water. If the entire area is solid marsh, or marsh with natural stream
courses and tidal channels, Class 1 interspersion is assigned (SI = 1.0). If the entire area is open water,
Class 5 interspersion is assigned (SI = 0.1).
The SI for V3 is not calculated with a line formula. Classes 1 through 5
are assigned by comparing marsh edge and interspersion to photographic
examples for each class provided in Appendix A of the EMCM
(USFWS, 2002c).
Inclusion of a table or index for V3 (Marsh Edge and Interspersion) variable is not possible because the
classification is made by comparison to photographic examples of each class. Percentage marsh coverages
for each class are not provided by model documentation. The FEIS description of the model was not
intended to fully replicate the model documentation. The reader is encouraged to refer to the model
documentation for a more complete understanding of model application methodology.
2.6.1.4

V4 Percent of Open-Water Areas Less than or Equal to 1.5 feet deep

Deeper water is assumed to be less biologically productive than shallow water because sunlight, oxygen,
and temperature are reduced as depth increases. Shallow water also provides better bottom access for
waterfowl, better foraging habitat for wading birds, and more-favorable conditions for the growth of
aquatic vegetation. Certain species typically use shallow water for spawning, feeding, and/or shelter
during various life stages (e.g., white/brown shrimp, Gulf flounder, red drum, roseate spoonbill, and
mottled duck). SIs for shallow water are calculated differently for fresh/intermediate, brackish and saline
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marshes. Optimal shallow-water conditions in fresh/intermediate marsh are assumed when 80 to 90
percent of the open water is equal to or less than 1.5 feet deep. It is assumed that brackish marshes
generally contain deeper open-water areas because of tidal scouring, and therefore lower percentages of
shallow water receive a higher SI than in fresh/intermediate marsh. The SI for saline marsh is similar to
that of brackish marsh, with one difference. The SI for 100 percent shallow water is slightly less than that
for brackish marsh, reflecting the importance of deeper tidal channels for estuarine organism access into
saline marshes.
V4 Line Formulas
Fresh/intermediate marsh
If 0 ≤ % <80, then SI = (0.01125 x % V4) + 0.1
If 80 ≤ % ≤90, then SI = 1.0
If % >90, then SI = (–0.04 x % V4) + 4.6
Brackish marsh
If 0 ≤ % <70, then SI = (0.01286 x % V4) + 0.1
If 70 ≤ % ≤80, then SI = 1.0
If % >80, then SI = (–0.02 x % V4) + 2.6
Saline marsh
If 0 ≤ % <70, then SI = (0.01286 x % V4) + 0.1
If 70 ≤ % ≤80, then SI = 1.0
If % >80, then SI = (–0.025 x % V4) + 3.0

2.6.1.5

V5 Salinity

This variable may appear to duplicate or overlap with V1 (emergent marsh cover) because the
functionality and potential land loss of the marsh vegetation are related to salinity. However, this variable
was included as a separate variable in order to account for salinity impacts to fish and wildlife as well as
to vegetation.
Salinity is one of the most important factors affecting coastal land loss. Salinity projections affect all of
the other WVA variables with the exception of aquatic organism access. Small increases in mean salinity
can adversely affect aquatic systems by reducing overall biological productivity. A recent extensive
literature review (Visser et al., 2004) compiled information on the effect of salinity on the productivity of
emergent tidal marsh. Productivity algorithms, based upon measurements of total biomass, stem/leaf
elongation, and photosynthesis, were developed that predict changes in primary productivity for every
part per thousand change in salinity. Salinity and primary productivity were found to be inversely related,
as salinity increases, primary productivity decreases by different amounts dependent upon the salinity
tolerance of the vegetation community.
For fresh/intermediate marshes, the mean high salinity (calculated as a roaming mean of the highest
33 percent consecutive salinity readings) during the growing season is used to assess impacts. For
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brackish and saline marshes, average annual salinity is used. Optimum salinity ranges assumed by the
model for the various habitat types are as follows: swamp and bottomland hardwood (≤1 ppt), fresh marsh
(≤2 ppt), intermediate marsh (≤4 ppt), brackish marsh (≤10 ppt), and saline marsh (≥9 and ≤ 1 ppt). For
V5, salinity changes within the optimal salinity ranges of each marsh type are not considered an impact,
and are assigned a maximum suitability index score of “1.” But even a small salinity change outside of
these optimal ranges, as shown in the formulas for the salinity variable, reduce the suitability index scores
below “1.”
V5 Line Formulas
Fresh marsh
If 0 ≤ ppt ≤2, then SI = 1.0
If 2 < ppt ≤4, then SI = (–0.4 x ppt) + 1.8
If 4 < ppt ≤5, then SI = (–0.1 x ppt) + 0.6
Intermediate marsh
If 0 ≤ ppt ≤ 4, then SI = 1.0
If 4 < ppt ≤8, then SI = (–0.2 x ppt) + 1.8
Brackish marsh
If 0 ≤ ppt ≤10, then SI = 1.0
If ppt > 10, then SI = (–0.15 x ppt) + 2.5
Saline marsh
If 9 ≤ ppt ≤21, then SI =1.0
If ppt >21, then SI = (–0.067 x ppt) + 2.4
2.6.1.6

V6 Aquatic Organism Access

Access by estuarine-dependent fishes and shellfishes, as well as other aquatic organisms, is important in
assessing the quality of marsh systems. It is assumed that a high degree of surface hydrologic connectivity
with adjacent systems provides high organism access, as well as providing greater nutrient exchange. The
SI is calculated by determining an Access Value that is based on an interaction between the wetland area
accessible to aquatic organisms during normal tidal fluctuations and the type of man-made structures (if
any) blocking access channels (USFWS, 2002c: Appendix B). Access ratings for specific structures,
developed by the Louisiana EnvWG, were adopted for the SNWW application. The installation and
operation of water control structures has been shown to significantly impact marine fishery access to, use
of, and production on wetlands behind those structures (Rogers and Herke, 1985; Herke et al., 1992;
Rogers et al., 1992; Sanzone and McElroy, 1998); therefore, optimal conditions are assumed when the
entire wetland area is accessible and access points are unobstructed. Brackish and saline marshes are
assumed to be more important than fresh/intermediate marshes as habitat for estuarine-dependent fish and
shellfish.
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V6 Line Formulas
Fresh marsh
SI= (0.7 x Access Value) + 0.3
Intermediate marsh
SI= (0.8 x Access Value) + 0.2
Brackish and saline marsh
SI= (0.9 x Access Value) + 0.1
The Structure Rating Table for V6 (Aquatic Organism Access) was not included because the appropriate
application of these ratings requires additional considerations that are described in detail in the model
documentation. The FEIS description of the model was not intended to fully replicate the model
documentation. The reader is encouraged to refer to the model documentation for a more complete
understanding of model application methodology.
2.6.2

Habitat Suitability Index Formulas

All of the variable suitability indices (SIV) for a specific marsh type (i.e., fresh/intermediate, brackish, or
saline) are combined in a mathematical formula, the HSI, which represents the composite habitat quality
of the wetland being evaluated. Within each HSI formula, specific variables can be weighted to increase
the relative importance of that variable over others in the formula. The HSI formulae were the same as
those used by the CWPPRA EnvWG.
The primary focus of the SNWW application of the WVA model is the preservation of vegetated
wetlands, but it is also recognized that some marsh restoration or protection strategies could have an
adverse effect on the access of aquatic organisms. Therefore, variables V1 (Percent Emergent Vegetation),
V2 (Percent SAV), and V6 (Aquatic Organism Access) are grouped together and weighted greater than the
remaining variables. For all marsh models, V1 receives the greatest weighting; however, the relative
weights of V1, V2, and V6 vary by marsh model to reflect different levels of importance between the
marsh types.
WVA emergent marsh models employ a split model format to account for the value of both marsh and
open-water habitats. Two HSI formulas are calculated for each marsh type—one for emergent marsh
habitat and one for open-water habitat. The HSI formula for emergent marsh contains only those variables
that are important for evaluating its habitat quality (V1, V3, V5, and V6). The HSI formula for open-water
habitat contains only those variables important to that habitat component (V2, V3, V4, V5, and V6).
Fresh/Intermediate Marsh HSI
(3.5 x (SIV1 5 x SIV6 1)(1/6)) + (SIV3 + SIV5)
Emergent Marsh HSI =
4.5
(3.5 x (SIV2 3 x SIV6 1)(1/4) )+ (SIV3 + SIV4+ SIV5)
Open Water HSI =
4.5
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Brackish Marsh HSI
(3.5 x (SIV1 5 x SIV6 1.5)(1/6.5)) + (SIV3 + SIV5)
Emergent Marsh HSI =
4.5
(3.5 x (SIV2 3 x SIV6 2)(1/5)) + (SIV3 + SIV4+ SIV5)
Open Water HSI =
4.5
Saline Marsh HSI
(3.5 x (SIV1 3 x SIV6 1)(1/4)) + (SIV3 + SIV5)
Emergent Marsh HSI =
4.5

Open Water HSI =

(3.5 x (SIV2 1 x SIV6 2.5)(1/3.5)) + (SIV3 + SIV4+ SIV5)
3
4.5

Since the marsh models are split into emergent marsh and open-water components, an HSI is calculated
for both. Net AAHUs, determined for both components, must be combined to determine total net benefits.
In the weighted formulas for determining net AAHUs for each marsh type (below), AAHUs for emergent
marsh are weighted higher than open-water AAHUs to reflect the ICT emphasis on marsh
restoration/protection over open-water habitat.

Fresh/Intermediate Marsh:

2.1 (Emergent Marsh AAHUs) + Open-water AAHUs
3.1

Brackish Marsh:

2.6 (Emergent Marsh AAHUs) + Open-water AAHUs
3.6

Saline Marsh:

3.5 (Emergent Marsh AAHUs) + Open-water AAHUs
4.5

2.7

SWAMP COMMUNITY MODEL (SCM)

In 2001, the EnvWG developed the swamp community model for use in the Louisiana CWPPRA program
by modifying a recent LDNR model (USFWS, 2002d). Variables included in the model were selected
based upon their ability to evaluate the suitability of swamp habitat in providing resting, foraging, and
nesting habitat for a wide variety of wildlife species. In general, the swamp model can be applied if
woody canopy cover is at least 33 percent of the surface area, and at least 60 percent of the canopy
consists of any combination of bald cypress, tupelo-gum, red maple, buttonbush (Cephalanthus
occidentalis), and/or planertree (Planera aquatica). Variable selection for the original swamp model
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developed by LDNR was based upon a review of USFWS HSI models for various bird and small
mammal species and a USFWS community model for forest birds. Other variables were added by the
EnvWG to reflect different aspects of habitat quality, landscape function, and salinity.
The following four variables represent swamp habitat quality in the model:
V1 stand structure
V2 stand maturity
V3 water regime
V4 mean high salinity during the growing season
2.7.1

Modeling Assumptions for Suitability Indices

2.7.1.1

V1 Stand Structure

Wildlife foods in swamp habitats consist predominantly of soft mast, other edible seeds, invertebrates,
and vegetation. Since most swamp tree species produce soft mast or edible seeds, the actual tree species
composition is not considered a limiting factor. However, a variety of stand structure should be present to
provide appropriate habitat for resting, foraging, breeding, nesting, and nursery activities. Three structures
are evaluated: (1) overstory closure, (2) scrub-shrub midstory cover, and (3) herbaceous cover. The
variable assigns the lowest suitability to sites with a limited amount of all three stand structures, and the
highest suitability to sites with significant amounts of all three stand structures.
V1 SI Classes
The SI for V1 is not calculated with a line formula. Classes and associated SI are assigned according to
the relative percentages of structure classes as shown below.

Overstory
Closure (%)

Shrub/Scrub
Midstory Cover
(%)

Herbaceous
Cover (%)

Suitability
Index (SI)

Class 1

<33

n/a

n/a

0.1

Class 2

33 <50

and

<33

and

<33

0.2

Class 3

33 <50

and

>33

or

>33

0.4

Class 4

50–75

and

>33

or

>33

0.6

Class 5

33–<50

and

>33

and

>33

0.8

Class 6

≥50

and

>33

and

>33

1.0

or

>33

1.0

OR
≥75
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2.7.1.2

V2 Stand Maturity

Swamps with mature sizable trees are considered to be rare and ecologically important because of the
historical loss of swamp habitat from timber harvesting, saltwater intrusion, and a reduced growth rate in
the subsiding coastal zone. Two components, stand age and stand density, are combined in the SI for this
variable. Stand age is included because older trees provide important wildlife requisites such as snags,
nesting cavities, and the medium for invertebrate production. Additionally, as the older, stronger trees
establish themselves in the canopy, weaker trees die and form additional snags that would not be present
in younger stands. Stand age is determined by average trunk diameter measured at breast height (dbh).
The optimal size for canopy-dominant and canopy co-dominant bald cypress is greater than 16 inches,
and greater than 12 inches for tupelo-gum and other species. Stand density allows evaluation of mature
swamp ecosystems that contain an overstory of a few widely scattered, mature bald cypresses but in
which other stand characteristics important for nesting, foraging, and other habitat functions are absent.
Basal area is used as a measure of stand density; it measures how much of the forest floor is covered by
the area of standing tree trunks. Stand age and density are evaluated separately for cypress and tupelogum.
V2 SI Line Formulas for bald cypress
If dbh = 0 then SI = 0
If 0 < dbh <1 then SI = 0.01 x dbh
If 1 < dbh ≤4 then SI = (0.013 x dbh) - 0.002
If 4 < dbh ≤7 then SI = (0.017 x dbh) - 0.019
If 7 < dbh ≤9 then SI = (0.1 x dbh) - 0.6
If 9 < dbh <11 then SI = (0.15 x dbh) - 1.05
If 11 < dbh ≤13 then SI = (0.1 x dbh) - 0.5
If 13 < dbh ≤16 then SI= (0.067 x dbh) - 0.071
If dbh >16 then SI = 1.0.
V2 SI Line Formulas for tupelo-gum et al.
If dbh = 0 then SI = 0
If 0 < dbh ≤1 then SI = 0.01 x dbh
If 1 < dbh ≤2 then SI = (0.04 x dbh) - 0.03
If 2 < dbh ≤4 then SI = 0.025 x dbh
If 4 < dbh ≤6 then SI = (0.1 x dbh) - 0.3
If 6 < dbh ≤8 then SI = (0.15 x dbh) - 0.6
If 8 < dbh ≤12 then SI = (0.1 x dbh) - 0.2
If dbh >12 then SI = 1.0.
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V2 SI Line Formulas for Basal Area (BA)
If open (BA <40 ft2), then SI = 0.2 x BA
If moderately open (40 ft2 ≤ BA ≤80 ft2), then SI = 0.4 x BA
If moderate (81 ft2 ≤ BA ≤120 ft2), then SI = 0.6 x BA
If moderately dense (121 ft2 ≤ BA ≤ 60 ft2), then SI = 0.8 x BA
If dense (>160 ft2), then SI = 1.0 x BA

2.7.1.3

V3 Water Regime

Seasonal flooding with periodic drying cycles increases nutrient cycling, vertical structure complexity,
and recruitment of dominant overstory trees. The optimal water regime is assumed to be seasonal flooding
with abundant and consistent riverine/tidal input and water flow-through. Optimal flow-through is
assumed to be an abundant and consistent input, allowing maximum use as fish and wildlife habitat.
Temporary or seasonal flooding is optimal because permanent flooding produces poor water quality
during warm weather and reduces fish and invertebrate production.
The SI for V3 is not calculated with a line formula. Classes and associated SI are assigned according to
the various combinations of four flow/exchange and four flooding duration categories as shown below.
V3 Categories
Flow/Exchange

Flooding
Duration

2.7.1.4

High

Moderate

Low

None

Seasonal

1.00

0.85

0.70

0.50

Temporary

0.90

0.75

0.65

0.40

Semipermanent

0.75

0.65

0.45

0.25

Permanent

0.65

0.45

0.30

0.10

V4 Mean High Salinity During the Growing Season

Many swamp species, especially tupelo-gum and many herbaceous species, are salinity sensitive (Conner
et al., 1997; Pezeshki et al., 1989). Swamp systems may be acutely affected by the sudden addition of
only a few parts per thousand of salt during an intrusion event (Reid and Wood, 1976). Primary biological
productivity is lowered 8.4 percent for each 1 ppt increase in salinity, slowing growth rates for dominant
overstory species such as tupelo-gum (and, to a lesser degree, bald cypress since it is more salt tolerant),
reducing the overstory coverage, and reducing the percentage cover and variety of fresh, herbaceous
understory vegetation. These changes would result in lower wildlife values for forage, cover, and
reproduction (Palmisano, 1972).
Bald cypress is able to tolerate higher salinities than the other species. Optimal conditions are assumed to
occur at salinities less than 1 ppt, and habitat suitability is assumed to decrease rapidly as mean high
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salinities exceed that mark. Mean high salinity during the growing season (March 1 through October 31)
is defined as the average of the highest 33 percent consecutive salinity readings.
V4 SI Line Formulas
If 0 ≤ ppt ≤1.0, then SI = 1.0
If 1.0 < ppt <3.0, then SI = (–0.45 x ppt) +1.45
If ppt ≥3.0, then SI = 0.1
2.7.2

Habitat Suitability Index Formula

All of the variable SIV are combined in a mathematical formula, the HSI, which represents the composite
habitat quality. Variables V1 and V3 (stand structure and water regime) are considered the most important
variables in characterizing swamp habitat quality and therefore are weighted heavier than other variables.
Variable V4 (salinity) was considered to be least important.
Swamp HSI
HSI = (SI V1 x SI V22.5 x SI V33 x SI V41.5)1/10
3

2.8

BOTTOMLAND HARDWOOD MODEL

In 1993, the LDNR developed a BHM for use in quantifying impacts and mitigation for permitted
activities in the coastal zone (LDNR, 1993). This model was adopted by the Habitat Workgroup for use in
conjunction with ecological modeling for the SNWW Feasibility Study. It applies to forested wetlands
that support a canopy of woody vegetation of which more than 40 percent of tree species consist of oaks,
hickories, American elm, cedar elm (Ulmus crassifolia), green ash, sweetgum, sugarberry (Celtis
laevigata), boxelder (Acer negundo), common persimmon (Diospyros virginiana), honeylocust (Gleditsia
triacanthos), red mulberry (Morus rubra), eastern cottonwood (Populus deltoides), black willow (Salix
nigra), and American sycamore (Platanus occidentalis). Variable selection for the model was based upon
a review of various USFWS HSI models for bottomland hardwood wildlife.
The following variables represent bottomland hardwood habitat quality in the model:
V1 Tree Species Composition
V2 Stand Maturity
V3 Midstory/Understory
V4 Hydrology
V5 Size of Contiguous Forested Area
V6 Surrounding Land Uses
V7 Disturbance
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2.8.1

Modeling Assumptions for Suitability Indices

2.8.1.1

V1 Tree Species Composition

Bottomland hardwood wildlife depends heavily on mast, other edible seeds, and tree buds as primary
sources of food. The model assumes that more production of mast and other edible seeds is better than
less, and that hard mast is more critical than soft mast because it is available during late fall and winter
and has high energy content. Typical hard mast producers in the SNWW study area are oaks, pecan, and
other hickories. Soft mast and other edible seeds are produced by red maple, sugarberry, green ash,
boxelder, common persimmon, sweetgum, honeylocust, red mulberry, bald cypress, tupelo-gum,
American elm, and cedar elm. Nonmast/inedible seed producers are eastern cottonwood, black willow,
and American sycamore. The model defines five classes based upon the percentage of the overstory that
contains mast-producing trees, and the percentage of hard mast producers in the canopy.
The SI for V1 is not calculated with a line formula. Classes and associated SI are assigned according to
the various classes as shown below.
V1 Classes of Tree Species Composition
Description

2.8.1.2

SI

Class 1

<25% mast or other edible-seed-producing trees in overstory

0.2

Class 2

25% to 50% mast or other edible-seed-producing trees in
overstory; hard mast producers <10 percent of canopy

0.4

Class 3

25% to 50% mast or other edible-seed-producing trees in
overstory; hard mast producers >10 percent of canopy

0.6

Class 4

>50% mast or other edible-seed-producing trees in overstory;
hard mast producers <20 percent of canopy

0.8

Class 5

>50% mast or other edible-seed-producing trees in overstory;
hard mast producers >20 percent of canopy

1.0

V2 Stand Maturity

Mature stands of bottomland hardwood are rare in the study area and ecologically important. Historical
and ongoing timber harvesting has reduced the number of mature stands and increased the ecological
importance of those that remain. These stands provide more hard and soft mast, other edible seeds, and
buds than younger stands. They provide important wildlife requisites such as snags, nesting cavities, and
medium for invertebrate production. Older, stronger trees in the canopy outcompete understory trees and
stimulate the production of additional snags and downed treetops as younger trees die.
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V2 SI Line Formulas
If dbh = 0 then SI = 0
If 0 < dbh ≤5 then SI = 0.01 x dbh
If 5 < dbh ≤8 then SI = (0.017 x dbh) - 0.03
If 8 < dbh ≤11 then SI = (0.067 x dbh) - 0.43
If 11 < dbh ≤14 then SI = (0.1 x dbh) - 0.8
If 14 < dbh ≤20 then SI = (0.067 x dbh) - 0.33
If dbh >20 then SI = 1.0.

2.8.1.3

V3 Midstory/Understory

Midstory and understory plants also provide important food sources for bottomland hardwood wildlife.
Understory and midstory SIs are calculated separately and averaged for the variable SI. The model
assumes that the value of understory coverages increases as the percent of understory coverage increases
between 0 and 30 percent. Optimal understory coverage is assumed to be between 30 and 60 percent. The
SI decreases slowly when understory coverage exceeds 60 percent, based upon the assumptions that
denser understory inhibits access and is less preferable for breeding, nesting, and feeding activities.
V3 Understory Percent SI Line Formulas
If understory % = 0 then SI = 0.01
If 0 < understory % <30 then SI = (0.03 x understory %) + 0.1
If 30 < understory % <60 then SI = 1.0
If understory % >60 then SI = (–0.01 x understory %) + 1.6
The value of midstory coverage increases as the percent coverage increases between 0 and 20 percent.
Optimal midstory coverage is assumed to be between 20 and 50 percent. The SI decreases slowly when
midstory coverage exceeds 50 percent, based upon the assumptions that denser midstory inhibits
understory growth and provides less preferable habitat for breeding, nesting, and feeding activities.
V3 Midstory Percent SI Line Formulas
If midstory % = 0, then SI = 0.01
If 0 < midstory % ≤20 then SI = (0.045 x midstory %) + 0.1
If 20 < midstory % ≤50 then SI = 1.0
If midstory % >50 then SI = (–0.01 * midstory %) + 1.5
2.8.1.4

V4 Hydrology

The model assumes that the optimum hydrology for stands of bottomland hardwood is one that is
essentially unaltered from natural conditions, allowing natural wetting and drying cycles that are
beneficial to vegetation and associated fish and wildlife species. In addition to this unaltered class, three
other classes of altered water regimes are commonly found in the study area. For areas with efficient
forced drainage, the vegetation provides some habitat value, but water-dependent wildlife are excluded
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and there is no fisheries production. For areas with a moderately lowered water table, the vegetation
provides excellent habitat for many wildlife species and temporary habitat for water-dependent wildlife,
but fisheries production is still excluded. Areas with a raised water table provide habitat for fish and
water-dependent wildlife that is equivalent to an unaltered system, but vegetation and associated wildlife
are adversely affected.
The SI for V4 is not calculated with a line formula. Classes and associated SI are assigned according to
the various classes as shown below.
V4 Hydrology Classes
Description

2.8.1.5

SI

Class 1

Forced drainage system – efficiently removes water from
the surface year-round

0.1

Class 2

Water table lowered relative to ground level so as to
significantly reduce period of inundation
OR
Water table raised so as to cause extended inundation or
impoundment

0.5

Class 3

Hydrology essentially unaltered (with exception of small
levees and/or ditches that do not significantly affect water
regime)

1.0

V5 Size of Contiguous Forested Area

The model assumes that larger forested tracts are less common and offer higher-quality habitat than
smaller tracts, and that species in greatest need of conservation are specialists in habitat use requiring
large forested tracts. It is recognized that forest edge and diversity are important, but the model assumes
that species that thrive in edge habitat are highly mobile and occur in substantial numbers because of the
increase in forest fragmentation. Species found in “edge” habitat are generalists in habitat use but are
capable of existing in larger tracts. For this model, tracts greater than 500 acres in size are considered
optimal.
The SI for V5 is not calculated with a line formula. Classes and associated SI are assigned according to
the various classes as shown below.
V5 SI for Classes of Contiguous Forested Area
Description
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Class 1

0 to 5 acres

0.2

Class 2

5.1 to 20 acres

0.4

Class 3

20.1 to 100 acres

0.6

Class 4

100.1 to 500 acres

0.8

Class 5

>500 acres

1.0
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2.8.1.6

V6 Surrounding Land Uses

The model assumes that surrounding land uses affect the wildlife value of specific bottomland hardwood
tracts. Many wildlife species commonly use adjacent areas as temporary escape or resting cover, as
seasonal or diurnal food sources, or as connecting corridors to other desirable habitats. Surrounding areas
that meet these needs can make a specific bottomland hardwood area more valuable. Furthermore, some
types of surrounding land use are more valuable than others in providing food sources or encouraging
wildlife movement. The model defines five types of surrounding land use that are typically found in the
study area, and assigns weighting factors that reflect their estimated potential in meeting specific needs.
The effect of surrounding land use is measured within a 0.5-mile perimeter of the bottomland hardwood
tract. The percent of this area occupied by each of the land use types is calculated and summed. If 100
percent of the Surrounding Habitat is considered nonhabitat, SI equals 0.01.
The SI for V6 is not calculated with a line formula. The SI is calculated using the various classes and
weighting factors shown below.
V6 SI for Surrounding Land Use
Land Use

Percent of
0.5-mile
Circle

Weighting
Factor

Weighted
Percent

Bottomland hardwood, other forested
areas, marsh habitat, etc.

1.0

x

=

Abandoned agriculture, overgrown fields,
dense cover, etc.

0.6

x

=

Pasture, hayfields, etc.

0.4

x

=

Active agriculture

0.2

x

=

Nonhabitat: linear, residential,
commercial, industrial development, etc.

0.0

x

=
Total/100 = SI

2.8.1.7

V7 Disturbance

It is assumed that human-induced disturbance can displace individuals, modify home ranges, interfere
with reproduction, cause stress, and force animals to use important energy reserves. The model measures
the effect of disturbance using two components: (1) type of disturbance, and (2) distance from
disturbance. The magnitude of the effect of each type of disturbance is a factor of the distance to that
disturbance.
Separate suitability indices were developed for each of the type and distance factors as shown below.
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Distance Classes
Class 1
0 to 50 feet

SI
1

Class 1

Type Classes
Constant/Major (Major highways, industrial,
commercial, major navigation)
Frequent/Moderate (Residential development,
moderately used roads, waterways commonly
used by small to mid-sized boats)

SI
1

Class 2

50.1 to 500
feet

2

Class 2

Class 3

>500 feet

3

Class 3

Seasonal/Intermittent (Agriculture, aquaculture)

3

Class 4

Insignificant (Lightly used roads and
waterways, individual homes, levees, rights of
way)

4

2

The SI for V7 is not calculated with a line formula. A combined SI for disturbance is assigned in
accordance with various combinations of these factors as shown below.
V7 SI Disturbance
Type Class

Distance
Class

2.8.2

1

2

3

4

1

0.01

0.26

0.41

1.0

2

0.26

0.50

0.65

1.0

3

1.0

1.0

1.0

1.0

Habitat Suitability Index Formula

The model incorporates site-specific habitat quality features (tree species composition, forest stand
structure, stand maturity, and hydrology) and landscape parameters (forest size, surrounding land use, and
disturbance). Because the primary application of this model is to quantify the loss of ecological values
due to changes in the site-specific conditions, variables that are likely to be affected by these changes (V1,
V2, V3, and V4) are considered more important than the landscape variables. Of the site-specific variables,
V1 (Tree Species Composition) and V2 (Stand Maturity) are considered equal and of greater importance
than the other variables; they are weighted to the power of four. Variables V3 (Understory/Midstory) and
V4 (Hydrology) are weighted to the power of two. The “landscape” variables (V5, V6, V7) are not
weighted.
Additionally, the following factors influence the HSI formulas. The suitability index for V1 (Tree Species
Composition) and V3 (Understory/Midstory) are a function of hard and soft mast production. Until the
trees reach hard mast–bearing age (approximately 7 years of age), V1 and V3 do not affect the value of the
site. Therefore, V1 and V3 are not incorporated into HSI formulas until the trees reach approximately
7 years of age (dbh ≥5 inches). V5 (Forest Size) assigns a greater value to larger contiguous forested tracts
than to edge and diversity. In keeping with that approach, seedlings and saplings present at a forest
regeneration site are not yet part of the contiguous forested area. Therefore, V5 is not incorporated into
HSI formulas until dbh ≥5 inches.
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HSI formula for bottomland hardwood
If dbh <5 inch, then HSI = (SIV24 x SIV42 x SIV6 x SIV7)1/8
If dbh >5 inch, then HSI = (SIV14 x SIV24 x SIV32 x SIV42 x SIV5 x SIV6 x SIV7)1/15
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3.0

HS MODELING

Application of the WVA EMCM and SCM relied upon a 3-dimensional (3-D) numerical HS model to
provide values for salinity variables in both models. Information about the HS model, its development,
and application in the SNWW WVA modeling are described below.
3.1

SNWW MODELING WORKGROUP

At the beginning of the study, the ICT established a Modeling Workgroup to advise and assist in
development of the HS model for the SNWW study.
SNWW Modeling Workgroup
USFWS – Clear Lake (Texas) Ecological Field Office
USFWS – Louisiana Ecological Field Office
NMFS – Galveston, Texas
EPA, Region 6
GLO
TPWD – Federal Projects Review
TWDB
LDNR – Coastal Restoration Division
LDWF
USACE-Galveston District
Engineer Research and Design Center (ERDC)-Coastal Hydraulics
Laboratory (CHL)
Most of the agencies on the ICT were represented and several (TPWD, TWDB, and ERDC-CHL)
provided individuals with experience and expertise in HS modeling. The Modeling Workgroup assisted
and advised ERDC in the development of the original HS model, which was described in Brown et al.
(2006). Due to changes in the recommended plan of navigation improvements and technical review
recommendations, the HS model was revised in 2009 to incorporate the effects of RSLR and forecasts of
future freshwater inflows into the FWOP and FWP conditions (Brown and Stokes, 2009). Due to schedule
constraints, the Modeling Workgroup was not consulted during model development but the revised
modeling was presented for ICT review. The model described below is the revised HS model developed
in 2009.
3.2

DESCRIPTION OF THE HS MODEL

ERDC-CHL applied an established 3-D estuarine model (ERDC modified TABS MDS) to compute
hydrodynamics and salinity transport for the SNWW study. It includes forcing due to tides, freshwater
inflows, wind, Coriolis, and density gradients due to salinity variation, and accounts for precipitation and
evaporation. The code uses a finite-element formulation, which gives it great flexibility in matching
complex geometry. Over the last decade, the code has been extensively used for a variety of USACE field
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projects, including the Houston-Galveston Navigation Channels project; New York Harbor; St. Johns
River, Florida; and Atchafalaya Bay in Louisiana. Two of the special features of the code, wetting/drying
and “marsh porosity,” enable successful modeling of wetlands. A description of the model and its output
is summarized in a draft report by ERDC-CHL (Brown and Stokes, 2009). The reader is referred to this
report for a full technical explanation of the model. A description of assumptions and methods of HS
model application is provided here to facilitate interpretation of salinity values applied in the WVA
worksheets.
3.3

APPLICATION OF THE HS MODEL

The HS model was calibrated and verified using field observations collected by ERDC during a long-term
data collection effort at 16 locations (stations) in the study area from May 16, 2001, through January 10,
2002 (Fagerburg, 2003). The long-term data collection effort was intended to provide adequate coverage
to determine tidal velocity, magnitude, and direction, ranges of water level elevations, and changes in
salinity concentration. In addition to the long-term effort, additional velocity and salinity data were
collected during a short-term, intensive data collection effort at 10 transects over a 25-hour period during
a spring tide event.
The model salinities were verified against salinity data from June through December 2001. An index with
the location of all sampling locations and model nodes is provided in Table 4. For the baseline condition,
model outputs were provided for all original sampling locations. Model nodes, or specific locations in the
model mesh, were added later to obtain additional output for the FWP condition.
Future projections of freshwater inflow and accelerated rates of RSLR are likely to cause significant
changes in the FWOP condition for the SNWW study’s period of analysis (NRC, 1987; IPCC, 2007;
Milliken et al., 2008a). It is, therefore, important that the implications of FWOP RSLR and freshwater
inflows be explored relative to FWP salinity changes and related impacts to plant and animal
communities in the study area. A summary of the wide range of possible future scenarios and rapidly
changing scientific opinions on these issues is presented below, along with an explanation of assumptions
that were used to revise the HS model runs.
3.3.1

RSLR Considerations

Incorporation of RSLR into HS modeling for the SNWW study was initiated in the fall of 2008 in
consultation with Headquarters, USACE (HQUSACE). At that time, it was determined that the SNWW
HS modeling would use Curve II from NRC (1987) to determine project impacts as it appeared to be the
“most likely” eustatic sea level rise over the next 50 years. In the 1987 report, the NRC believed that the
three NRC scenarios of sea level rise (i.e., 0.5, 1.0, and 1.5 meters over 100 years) would provide a useful
range of possible future sea level changes for design calculations. The confidence that these scenarios will
encompass actual future sea levels decreases over time, and significant deviations outside the range of
these scenarios are possible, including an amelioration in the rate of rise. The NRC committee
recommended that these projections be updated approximately every decade to incorporate additional data

100007609/060033

43

and to provide an improved basis for planning and response to the rise. Since that time, new HQUSACE
guidance on incorporating considerations of RSLR into USACE programs (EC 1165-2-211) was issued
on July 1, 2009, to be effective immediately.
Table 4: SNWW HS Modeling Stations and
Nodes
H/S
Sampling
Station No.*
Name
Location
1A
Upper Beaumont
Pine Island Bayou
2
Beaumont
Neches River opposite Rose City
3
Rainbow Bridge
Neches River downstream of lower Bessie Heights
4
Lower Sabine River
Mouth of Sabine River on GIWW
5
Orange
Sabine River at Interstate 10
6
Port Arthur
Upstream of MLK bridge next to Pleasure Island
7
Sabine Pass
Texas Point
8
Sabine Offshore
Never deployed due to offshore conditions
9
Upper Sabine Lake
Mouth of East Pass/Black Bayou
10
Lower Sabine Lake
Blue Buck Point
11
Blacks Bayou
East of intersection with East Pass
12
GIWW East
Black Bayou at GIWW East
13
GIWW West
Star Lake at GIWW West
14
Johnson's Bayou
Inside mouth of Johnson's Bayou, southeast Sabine Lake shore
15
Keith Lake
West of Hwy 87 in Keith Lake Fish Pass
16
Willow Bayou
Inside mouth of Willow Bayou, east Sabine Lake shore
H/S Model
Nodes**
1B
Neches River Saltwater Barrier
New node just below saltwater barrier substituted for 1A
17
GIWW - Taylors Bayou
In GIWW near mouth of Taylor's Bayou diversion channel
18
Neches River near Beaumont
In meander south of Rose City Oil Field
19
Neches River at Port Neches
In mouth of Bessie Heights Canal
20
Upper Neches River
In mouth of Lake Bayou
21
Sabine River and Old River Confluence
Confluence of Sabine and Old River
22
Black Bayou at GIWW
At mouth of Black Bayou in GIWW East
23
Cow Bayou at Sabine River
In mouth of Cow Bayou
24
Adams Bayou at Sabine River
In mouth of Adams Bayou
25
Black Bayou at Sabine Lake
At mouth of Black Bayou at its intersection with East Pass
26
Between Black Bayou and Pines Ridge
In marsh
27
Black Bayou mid-point
In midpoint of Black Bayou
28
North of Black Bayou
In marsh between Black Bayou and GIWW East
29
Right Prong South of Black Bayou
In channel leading to NW corner of Pool 3
30
Greens Lake
In Greens Lake west of Pool 3
31
South of Pines Ridge
In marsh west of Greens Lake
32
Willow, Starks Central, Burton Sutton CanalAt SW corner of Pool 3
33
Willow Bayou at Deep Bayou Canal
On canal midway between Pool 3 and Sabine Lake
34
Willow Bayou near Sabine Lake
In mouth of Willow Bayou on east shore of Sabine Lake
35
Johnson's Bayou at Sabine Lake
In mouth of Johnson's Bayou on east shore of Sabine Lake
36
Johnson's Bayou Landing
In Johnson's Bayou in marsh inland from SE corner of Sabine Lake
37
Deep Bayou Canal at Starks South Canal
In marsh east of node 35
38
Starks South Canal at Burton Sutton Canal In marsh south of SW corner of Pool 3
* Stations are data location locations and model nodes.
** Nodes are specific locations in the model mesh for which model output was derived.
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This guidance requires that potential RSL change be considered in every USACE coastal activity.
Planning studies should evaluate alternatives using three specific rates of potential future sea level change
for both the FWOP and FWP conditions. The base, or low, level of potential RSL change should be the
long-term historic rate of RSL change at the closest tide gage station. The intermediate and high rates of
local sea level change should be evaluated using a modified NRC Curve I and Curve III, respectively. The
intermediate rate falls within the range of IPCC’s least and most extreme sea level rise scenarios. The
high rate exceeds the upper bounds of the 2007 IPCC estimates, accommodating the potential rapid loss
of ice from Antarctica and Greenland. Faster melting of these ice sheets would increase their
contributions to twenty-first-century sea level rise and raise levels above those currently projected.
Indeed, some recent studies of geologic terrestrial and marine records support the plausibility of higher
projections of sea level rise, on the order of 1.0 ± 0.5 meters by A.D. 2100 (Rahmstorf, 2007; Rohling et
al., 2007; Carlson, et al., 2008). A sensitivity analysis has been prepared to determine how sensitive the
SNWW alternatives would be to the three levels of change. This analysis is presented in Section 9 of this
report.
Table 5 gives the various computed future rates of RSLR in the SNWW study area that were prepared per
the most recent guidance (EC 1165-2-211, July 2009). According to this guidance, the subsidence rate
should be chosen based on the tidal record analysis. However, the regional scientific debate concerning
the validity of these tidal records with respect to projection of future subsidence rates indicate that the
basal peat rates should also be considered. The existing rate of eustatic sea level rise in the SNWW study
area, and various projections as delineated in the NRC (1987) and IPCC (2007, AR4 Working Group
1:820) reports. Among all of the emission scenarios, the IPCC’s A1B scenario provides the central
estimate of the rate of sea level rise during the period 2090 to 2099 at 3.8 mm per year. The range
provided in Table 5 for the IPCC scenarios gives the low, middle, and high ranges of the potential rise in
sea level between 1980 to 1999 and 2090 to 2099 as taken from Scenarios B1, A1B, and A1F1,
respectively.
Table 5: Predicted RSLR Rates for the SNWW Study Area
Predicted Rates
of Future RSLR
Low Rate (Historic)
Intermediate Rate (Modified
NRC Curve I)
High rate (Modified NRC Curve
III)

Observed Tide Gage
Values (rapid subsidence)

Observed Basal Peat Values
(moderate subsidence)

1.1 feet/year

0.3 foot/year

1.5 feet/year

0.7 foot/year

2.8 feet/year

2.2 feet/year

In Coastal Louisiana, the local subsidence component of RSLR is at a minimum on the same order of
magnitude as the eustatic component. To date, there is no scientific consensus on what this rate should be,
and the estimates vary by orders of magnitude. However, it should be noted that subsidence in the
Chenier Plain in western Louisiana and eastern Texas is much lower than rates found to the east. The
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Chenier Plain lies beyond the limits of downloading by the deep Holocene Mississippi Delta sediments
(Simms et al., 2007). Rather than hundreds of feet of silty sediment, the Pleistocene surface lies beneath
49 feet of sediment in the Chenier Plain (Penland and Ramsey, 1990). Table 6 gives several estimates of
this local subsidence component.
Table 6: Estimates of Local Subsidence
Researchers
Shinkle and Dokka (2004)

Primary Source of Data
National Geological Survey (NGS)
survey releveling/benchmark data

Morton et al. (2006) and others

Tide data

Törnqvist et al. (2006)

Sedimentary record

Subsidence Rate

Total Subsidence
(50 years)

10–15 mm/year

500–750 mm

2–5 mm/year

100–250 mm

0.4–0.6 mm/year

20–30 mm

The highest estimates of local subsidence are attributed to the research of Shinkle and Dokka (2004).
They conducted an analysis of the settling rates of established benchmarks and Global Positioning System
(GPS) observations, and verified these against rates obtained from water level data from the National
Ocean Service. They concluded that local subsidence at the Sabine-Neches estuary is on the order to 10 to
15 mm/year. These results are based on data representative of approximately 75 years. The authors note
that the rates of subsidence vary greatly both spatially and temporally, and any attempts to project these
rates forward in time should be done with this in mind.
Several other researchers have obtained values of subsidence that are much lower than those given by
Shinkle and Dokka (2004). For example, Morton et al. (2006) used data from tide gages and found a rate
of subsidence of 2 to 5 mm year. Törnqvist et al. (2006) conducted an analysis of basal peat layers in the
Mississippi Delta area to generate a proxy record of RSLR over approximately 10,000 years. The results
indicate a relative local subsidence rate of only 0.4 to 0.6 mm/year. This subsidence rate was confirmed
for the Sabine estuary by a recent field study of basal peat layers, in which it was determined that, during
the Holocene, sea level rose more or less continuously at rates less than 5.2 mm/year (Milliken et al.,
2008a).
Currently, there is no established consensus as to which rates are most appropriate for use in generating
projected rates of subsidence. Morton et al. (2006) assert that the higher rates observed by Shinkle and
Dokka (2004) are likely attributable to large-scale fluid extraction from the subsurface. Milliken et al.
(2008b) and Gonzalez and Törnqvist (2006) assert that these higher rates do not appear to correlate well
with trends observed in the basal peat data, and therefore are likely due to some temporary or
anthropogenically induced cause. However, Berman (2005) notes that the methods used by Shinkle and
Dokka (2004) are sound and follow accepted guidelines, and that the results should not therefore be
dismissed merely because they are anomalous. Although the Shinkle and Dokka (2004) data may indicate
that local subsidence is proceeding much more rapidly than previously thought, the SNWW deepening
study relied on the results of the basal peat analysis. These represent long-term trends in the subsidence
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rate and seem to be the closest approximation of consensus concerning the local subsidence rate currently
available.
HS modeling and environmental analyses were updated to include the effects of RSLR on the project
impacts. These impacts were included by analyzing both the with- and without-project conditions for a
single “most likely” future sea level rise condition that was based on NRC Curve II. Adding subsidence
rates estimated using the basal peat analysis to the NRC II projections for eustatic sea level rise, the value
for the RSLR in the SNWW study area over 50 years would be 245 to 255 mm (4.9 to 5.1 mm/year). The
average of this range (250 mm/year) has been used for modeling purposes. Hence, the “most likely” value
of RSLR to be used for the SNWW deepening study’s 50-year period of analysis is 250 mm or 0.82 feet.
Adjusting this to account for the period of analysis beginning in 2019 and ending in 2069, the “most
likely” amount of RSLR by the year 2069 is 1.1 feet. The new guidance was released subsequent to the
completion of this reanalysis. The modeled “most likely” rate is between the intermediate and high rates
for the moderate subsidence case, and close to the low rate for the high subsidence case. Hence, the “most
likely” rate is within the range of the rates recommended for consideration in the most recent guidance.
Inclusion of RSLR in the WVA modeling required the development of new estimates of FWOP shoreline
recession rates and adjustment of FWOP land loss rates for interior marsh areas. The forecasted 1.1 feet
of RSLR was used to identify shoreline areas expected to be submerged during the revised period of
analysis (2019 to 2069). Project effects of RSLR to interior marsh areas are expected to be limited to an
increase in salinity, and are modeled with the WVA. Assumptions and methodologies used to estimate
shoreline recession and land loss rates over the period of analysis are presented below.
3.3.1.1

RSLR-related Shoreline Recession

The forecasted rate of RSLR would result in the recession of Gulf and Sabine Lake shorelines in the
SNWW study area. Potential problems associated with sea level change can be categorized into two
classes: those of the open coast and large waterbodies where both water level and wave action are
concerns, and those of inland tidal waters where wave action is usually much less severe (NRC, 1987).
The NRC report discusses different approaches that can be used to model the change in shoreline
configuration associated with RSLR. Two of those techniques were applied to project shoreline recession
in the SNWW study area over the period of analysis (2019 thru 2069).
The first technique is recommended for areas of active wave attack and erosion and was applied to the
Texas Gulf of Mexico shoreline and the eastern shoreline of Sabine Lake. It is a historical trend analysis
that includes an adjustment for higher future rates of RSLR. The second method was applied to the
shorelines of interior lakes and inland waterways where the wave climate is subdued, and the stable or
accreting Louisiana Gulf shoreline (as described below). This method involves applying the projected
change in sea level over the period of analysis to preexisting topography.
Two major factors influencing erosion and eventual shoreline profiles are fetch and exposure to
predominant directions of wave approach (Wilson and Allison, 2008). In the SNWW study area,
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prevailing winds and wave approach are from the southeast but northers frequently occur during winter
months (Anderson, 2007). The portions of the study area most affected by these prevailing wind patterns
are the Gulf shoreline and the eastern shore of Sabine Lake. In Sabine Lake, fetch and wave attack
associated with prevailing southeasterly winds primarily affect the western shore; an area that is protected
from erosion by riprapped levees around PAs 8 and 11. These levees are quite large and sufficiently high
such that the rates of RSLR predicted here would have little to no effect. Winter northers, however, do
affect the unprotected eastern shore of Sabine Lake (Greco and Clark, 2005; Parchure et al., 2005).
For the Gulf and east Sabine Lake shorelines, the historical trend analysis, modified by the projected
RSLR over the period of analysis, was used to project shoreline recession (NRC, 1987:51). Historical
rates of change incorporate the inherent variability of the shoreline response based upon local coastal
processes, local subsidence rates, coastline exposure, the local sedimentary environment, and eustatic sea
level changes. This method assumes that the amount of recession during the historical record is directly
correlated with the rate of sea level rise. Therefore, an accelerated rate of RSLR is assumed to result in a
commensurate accelerated increase in shoreline recession. For example, a projected fourfold rise in the
rate of RSLR in the study area would result in a fourfold increase in the recession rate. For the SNWW
study area, the future rate of eustatic sea level was forecast to be roughly 3.8 times the existing rate
(existing 1.2 mm/year compared to the forecasted 4.5 mm/year in year 2069). With the addition of the
local subsidence rate (0.4 to 0.6 mm/yr), RSLR in 2069 was forecast to be roughly 4.2 times the existing
rate.
Rates of existing historical Gulf shoreline change were obtained from several recent studies (Barras et al.,
2004; USACE, 2004; BEG, 2009). Most of the Texas shoreline in the study area experienced very high
rates of shoreline retreat from the 1950s through 2002, ranging from –5 to –51 feet/year. However, small
reaches near the SNWW west jetty and near Sea Rim State Park are stable or accreting. The BEG (2009)
has developed a projected shoreline for the upper Texas coast for the year 2056, based upon historical
Gulf shoreline changes. The historical rate of change includes historic rates of RSLR but not the
accelerated rates expected in the future. The projected shoreline retreat was adjusted to account for the
accelerated rate of future RSLR by multiplying the width of the BEG shoreline retreat by 4.2 (the
projected increase in the rate of RSLR) and mapping a revised shoreline. Acreage that would be lost with
the revised shoreline was then calculated with GIS.
A similar method was followed for Sabine Lake; however, in this case an existing rate of feet lost per year
was calculated with a GIS analysis of aerial photographs taken between 1978 and 2004 (Greco and Clark,
2005). This analysis estimated an average shoreline retreat rate of 4.5 feet/year for the Sabine Lake
shoreline between the Sabine River and Willow Bayou. For the purposes of this analysis, the 4.5 feet/year
rate was applied to the entire east Sabine Lake shoreline as shoreline retreat is also a problem along the
Sabine Lake shoreline between Willow Bayou and Blue Buck Point (LCWCR/WCRA, 1998). The
4.5 feet/year rate was increased by a factor of 4.2 to account for the accelerated rate of RSLR, resulting in
an estimated 1,230 feet of shoreline retreat by the year 2069. The current shoreline was recessed by this
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width, except where other controlling features such as levees or roadways would block retreat, and the
lost acreage was calculated by GIS.
For the Louisiana Gulf shoreline in the study area, no change is projected through the year 2050 (Barras
et al., 2004). The history of shoreline change for this area, developed in conjunction with the Louisiana
Coastal Areas Ecosystem Restoration Report (USACE, 2004), documented that the segment of the
Chenier Plain shoreline between Sabine Pass and Ocean View Beach (located 6 miles beyond the 10-mile
SNWW study boundary) prograded seaward at an average rate of +12.9 feet/year between 1883 and 1994.
Between 1985 and 1995, the average rate of progradation slowed to +1.2 feet/year. The shoreline in the
study area is dominated primarily by the effect of the Sabine Pass jetties, which intercept the westwardmoving littoral drift and tend to trap sediment, creating a more stable shoreline than that nearer to Ocean
View Beach. This study assumed a stable shoreline through the period of analysis and applied the
projected RSLR at the Gulf shoreline (1.1 feet in year 2069) to the preexisting topography using the GIS
method described below.
For the Louisiana Gulf shoreline and the shorelines of all other major waterways and waterbodies in the
study area, the second method was applied. Preexisting topography along shorelines was assumed to be
fixed; current shoreline elevations were combined with the projected increase in sea level to project a new
shoreline. The increase in sea level at the end of the period of analysis (year 2069) was projected by HS
model to be +1.1 feet throughout the study area. Slope is a major controlling variable in the determination
of shoreline changes using this method. Steep slopes would experience little shoreline displacement,
while gentle slopes would show a much larger lateral change. It is assumed that man-made features such
as jetties, roads and highways, dikes and levees, and bulkheads and fill would continue to be maintained
at a sufficient elevation that they would block shoreline retreat, and that current beneficial use projects
that use dredged material to isolate interior wetlands from large waterways would be continued.
In the WVA EMCM, hydrologic unit acreages were adjusted to remove acres lost to RSLR-related
shoreline recession for the FWOP land loss projection in the WVA model. This adjustment was made in
the WVA land loss tables. The rate of acreage lost due to shoreline recession was assumed to be linear.
The acres lost per year were subtracted from the base acreage before the revised land loss rate for the
interior marsh was applied. This adjustment results in the removal of an equivalent amount of acres (lost
due to RSLR only) from both the FWOP and FWP conditions. FWOP and FWP interior land loss rates
were then applied to the remaining acreage, as described below, to determine the effect of salinity
changes over the period of analysis in both the FWOP and FWP conditions.
3.3.1.2

RSLR-related Interior Land Loss

Land loss rates for interior marsh areas were adjusted to account for increasing salinity due to RSLR over
the period of analysis using the land loss methodology of the WVA. FWOP and FWP land loss rates over
the period of analysis were projected using a productivity-based land loss projection methodology that is
described later in this document. Year 2069 FWOP and FWP interior land loss rates were calculated by
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incorporating FWOP and FWP RSLR salinities into the respective land loss projection. Salinity increases
were projected by the HS model and a linear rate of change was assumed over the period of analysis.
The deepening project would result in a minimal increase in water elevation over the majority of the
project area (averaging less than half an inch). Thus, no FWP impacts due to water elevation increases are
anticipated. It is, however, assumed that all tidally influenced habitats would see a gradual increase in
water elevation associated with an RSLR of 13.2 inches by 2069.
The effects of the projected rate of RSLR on coastal marshes are very difficult to predict. Biomass
accumulation would be expected to offset much if not all of the RSLR change in water surface elevation.
However, many different climatic, physical, and biological processes could affect the rate of
accumulation. Recent experimental evidence suggests that increasing atmospheric carbon dioxide
concentrations could stimulate biogenic mechanisms of elevation gain in a brackish marsh, and further,
that this effect could be enhanced under salinity and flooding conditions expected with future RSLR
(Langley et al., 2009). Although it is recognized that changes in precipitation and temperature could also
affect vegetation growth rates, there is as yet no consensus on the amount, timing, and distribution of
future precipitation. Changes in climate would affect the timing and quantity of freshwater delivery to the
coastal estuaries, and this would affect sediment delivery to the coastal marshes. Uncertainties related to
all of these processes could result in very different predictions of future marsh conditions.
“Primary productivity of salt marsh vegetation is regulated by changes in sea level, and the vegetation, in
turn, constantly modifies the elevation of its habitat toward an equilibrium with sea level” (Morris et al.,
2002:2876). A rise in RSL brings an increase in production and biomass density that enhances sediment
deposition by increasing the efficiency of sediment trapping. This can lead to an absolute increase in the
elevation of the marsh platform and result in a landward migration of the marsh (Gardner et al., 1992;
Gardner and Porter, 2001). This may change total wetland area, depending upon local geomorphology
and anthropogenic barriers to migration, such as bulkheads, canals, etc.
This response is further complicated by variations in sediment supply from river discharges and variations
in primary production due to changes in nutrient loading, precipitation, temperature, and other factors
(Morris et al., 2002). Gulf shoreline erosion associated with accelerated rates of RSLR may increase the
amount of nearshore sediment. Wilson and Allison (2008) have shown that material released by Gulf
shoreline erosion remains nearshore rather than being dispersed into offshore waters, therefore remaining
available for redeposition by tidal flooding or storm surge overwash. In addition to RSLR, future changes
in climate would influence the quantity and timing of freshwater delivery to the coastal estuaries. At this
time there is no consensus in the direction or amount of changes in precipitation in the study area
(Nielsen-Gammon, 2009). Whatever the net effect of climate change on basin runoff, most climate
change projections agree that more-frequent high-intensity rainfall events are likely. In most drainages,
this type of event would most likely produce increased sediment runoff, and thus periodically increase
sediment delivery to the coastal marshes.
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Existing coastal marshes appear to have adapted to historical ranges of mean sea level and gradual
changes in RSLR. FWOP projections of coastal land loss in the Louisiana portion of the SNWW study
area forecast relatively stable landforms and shorelines through 2050 (Barras et al., 2004), not accounting
for the effects of tropical storms and hurricanes. In general, the interior marshes in the Louisiana portion
of the SNWW study area appear to have stabilized and are not undergoing rapid conversion of large areas
to open-water like areas to the east in Louisiana (LCWCR/WCRA, 1998; USACE, 2004). Recent
Louisiana LIDAR data show that existing marsh is higher than the projected RSLR for the period of
analysis and thus should be able to withstand the gradual rise in elevation (Louisiana State University
[LSU], 2009). Similar large-scale FWOP land loss projections are not available for the Texas portion of
the study area. However, this study assumed that the Texas portion would also remain relatively stable
with respect to the effects of RSLR because the same chenier landforms, marshes, and sediments are
present throughout the study area. A GIS study of aerial photographs of the Salt Bayou/Keith Lake
system confirmed that the open-water trend has slowed and possibly reversed itself in that area in recent
years (TPWD, 2003). Texas interior marshes most at risk to the effects of RSLR are located just outside
and to the west of the SNWW study area in the McFaddin NWR.
It must be recognized that large areas of interior marsh could quickly convert to open water under certain
extraordinary events. If RSLR accelerates to the extent that the coastal plant community cannot sustain an
elevation within its range of tolerance, rates of primary production would decrease, resulting in an
unstable and rapidly deteriorating marsh community (Morris et al., 2002). In addition, if shoreline
recession cuts existing fore dune formations, large areas of interior marsh could quickly be exposed to
higher-salinity Gulf waters and wave attack. In this case, large marsh areas could quickly be lost to the
Gulf.
3.3.2

Freshwater Inflows

Freshwater inflows for the SNWW HS model’s future conditions were developed using model outputs
from Run 8 of the TCEQ Water Availability Models (WAMs) for the lower Sabine and Neches rivers. For
existing conditions, “Run 8 uses modified diversion amounts (maximum use for the last 10 years), year
2000 area-capacity parameters for major reservoirs, and assumed return flows. It also includes term water
rights and provides the most realistic assessment of current streamflow conditions” (TWDB, 2007:363).
The TWDB has projected flows for the year 2060 by modifying Run 8 “to include projected increased
demand from existing water rights, expected change to return flows, projected new strategies to come
online before 2060, and estimated year 2060 storage capacities for major reservoirs” (TWDB, 2007:363).
For the Neches River, the flow appears to increase over existing conditions as a result of projected
releases from new reservoirs to diversion points downstream during periods of dry weather.
The 2060 WAMs run was selected for use in the SNWW HS modeling because it was developed by the
State’s lead water planning agency, and it includes future water supply strategies approved by the 2007
Texas State Water Plan (TWDB, 2007). The SNWW study area is included in Regional Plan I for the East
Texas Region. The Region I water plan takes into consideration existing flows that are dedicated to the
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State of Louisiana as prescribed by the Sabine River Compact. All existing and proposed future strategies
for meeting Texas’s demand must be met by the Texas firm-yield share (750,000 acre-feet) of the total
Sabine River flow, as appropriated under the use provision of Certificate of Adjudication No. 05-4658
(March 5, 1958). The WAMs 2060 model does not attempt to predict future demand in the Louisiana
portion of the Sabine basin. This should not significantly affect future projections because the majority of
the Sabine River watershed in the study area is located in Texas, and large increases in water use are not
expected, given the large amount of undeveloped, coastal wetlands in the Louisiana portion of the
watershed.
By 2060, the Region I population is projected to grow 36 percent, and water demands are projected to
increase by 41 percent. The greatest increase (48 percent) is expected in the demand for manufacturing
water. Municipal demand is expected to grow 24 percent. The existing water supply is projected to
decrease slightly by 2060, due primarily to reservoir sedimentation and a small decline in groundwater
supply. Although the region as a whole appears to have enough supply to meet demands through 2060,
the total water supply is not readily available to all users.
The regional plan recommends the following strategies to provide the additional water supply projected to
be needed by 2060: (1) the construction of the Lake Columbia reservoir in the Neches River watershed;
(2) cooperation with Region C, which includes the Dallas-Fort Worth metropolitan area, in the use of
surface water from Toledo Bend Reservoir and proposed Lake Fastrill; (3) expanded groundwater use by
smaller communities; and (4) municipal conservation throughout the region.
The WAMs Run 8 for the year 2060 was developed using current patterns of precipitation and
evaporation. USACE did not modify the WAMs model to use future projections of precipitation or
evaporation for SNWW future conditions because the Texas State Climatologist has recently concluded
that it is impossible to predict with confidence what precipitation trends will be in Texas over the next
half century (Nielsen-Gammon, 2009). Unlike precipitation, there is more consensus for a predicted
temperature increase in Texas of close to 4°F by 2060. No attempt was made to change future
temperatures in the 2060 WAMs model because resulting changes in evapotranspiration would be so
small as to result in a negligible change in the modeling results.
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4.0

APPLICATION OF THE EMERGENT MARSH COMMUNITY MODELS

4.1

V1 PERCENT EMERGENT VEGETATION

4.1.1

Preparation of Baseline Data Set

Since salinity and inundation are major forces in the distribution of habitats across the coastal landscape
(Mitsch and Gosselink, 2000), units used to evaluate impacts were defined to the greatest extent possible
on hydrologic characteristics. USGS orthophoto quadrangle maps (1995, 2000, 2005) were reviewed by
the Habitat Workgroup, and all sensitive habitats hydrologically connected to waterways influenced by
the proposed channel improvements were divided into hydro-units. Hydro-unit boundaries were based
upon small watershed divides, or on the basis of other topographic features that serve as hydrologic
separators. Uplands and developed areas were excluded from the analysis. These upland and developed
areas possess no sensitive resources or habitats that could be impacted by the proposed project and are not
addressed further. Care was taken to ensure that the hydro-units were scaled so that all significant
environmental effects of the proposed project would be captured.
Habitat classification definitions were derived from Cowardin et al. (1979). National Wetlands Inventory
(NWI) classifications and USFWS habitat maps of coastal Louisiana were collapsed into 15 land cover
classifications in accordance with a protocol developed by the USGS National Wetlands Research Center
and LDNR, Coastal Management Division (USGS-NWRC and LDNR, 2004) and used by the CWPPRA
EnvWG in Louisiana. Cover classes were aggregated because this study did not require the level of detail
inherent in the NWI classifications. Baseline habitat types within each hydro-unit were classified as
marsh (fresh, intermediate, brackish, or saline), cypress-tupelo swamp, or bottomland hardwood. Habitat
acreages for each habitat type were measured from satellite imagery using GIS software, and field truthed
by the Habitat Workgroup during field visits on August 24 and 25 and October 13 and 21, 2004.
Acreages for baseline habitats in the Texas hydro-units were classified and mapped with the assistance of
the Habitat Workgroup. TPWD provided habitat mapping for the Keith Lake/Salt Bayou hydro-unit
(USFWS, 2001a; TPWD, 2004), the Lower Neches WMA (TPWD, 1992), and Cow Bayou (TPWD,
2002). USFWS (2001a, 2001b) provided habitat maps of the McFaddin and Texas Point NWRs, and also
mapped habitat types on the Neches River using the NWI data (USFWS and GLO, 1992; USFWS, 2004),
supplemented and revised as necessary on the basis of expert knowledge and field visits. All other Texas
hydro-units were mapped by PBS&J specifically for this study, using collapsed NWI (USFWS and GLO,
1992) data, and revised as necessary by the Habitat Workgroup. Water acreages were taken from a GIS
data layer provided by TxDOT (2002).
Hydro-units and habitat types for Louisiana marsh habitats were drawn directly from mapping units
developed for the Louisiana CWPPRA program (Chabreck and Linscombe, 1978; Linscombe, 2001;
USGS, 2002; USGS-NWRC, 2004). Nonmarsh habitats on the Sabine River were mapped by PBS&J for
this study using NWI data (USFWS and GLO, 1992), reviewed and revised by the Habitat Workgroup.
Water acreages were taken from a GIS data layer provided by USGS (2002).
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Because habitat acreages were initially calculated using images from different years, acreages were
adjusted, as described below, to reflect a common base year of 2004. All acreages that were originally
measured from images predating 2004 were adjusted by applying the base land loss rate to the acreage
and subtracting acres of emergent marsh lost for each year between the imagery date and 2004. An index
map of all HUs is provided on Figure 2, and overview habitat maps are provided as figures 4 through 9.
Tables 7 and 8 provide a breakdown of habitat acreages within each hydro-unit for Texas and Louisiana,
respectively. The acreages presented in these tables present acreages that have been adjusted, as
necessary, to the 2004 base year.
4.1.2

Land Change Projection Methodology

Variable V1 (Percent Emergent Marsh) of the WVA Emergent Marsh models requires a projection of
FWOP and FWP acres of emergent marsh. To make this projection, a methodology that has been applied
in numerous Louisiana CWPPRA projects was utilized in this study, with some modifications, as
described below.
A number of factors currently contribute to existing land loss in the study area, and the Habitat
Workgroup assumed that the same trends will continue in the FWOP condition. FWOP projections of
land loss were developed as a baseline against which project-induced changes could be measured. The
Habitat Workgroup employed historical data to assess recent trends in land loss or land gain, and then
used these historical rates to project changes into the future. Base land loss rates were determined by
measuring changes of emergent marsh and open-water areas using GIS software between images from 2
or more years. The time between images generally spanned the most recent 15- to 20-year time period for
which reliable data were available. This time period generally fell between the years 1978 and 2001.
The time span over which base land loss rates were calculated postdates the mid-twentieth-century
decades in which the greatest volumes of oil and gas were extracted in this region. These base rates thus
exclude subsidence related to the most extensive period of oil and gas extraction, which has waned
significantly in recent decades. The base land loss rates do include chronic, regional effects of subsidence,
altered sediment delivery, sea level rise, and tropical storms or hurricanes that occurred during the period
of observation.
The Habitat Workgroup applied the most recent reliable data available for each hydro-unit. For Louisiana
marshes, the Habitat Workgroup generally applied land loss rates between 1983 and 1990 (Dunbar et al.,
1992; Britsch and Dunbar, 1993) and 1978–1990 (USGS-LDNR, 1993). In Texas, a land loss rate
developed for 1987 to 2001 (TPWD, 2004) was applied to all marshes adjacent to the GIWW and south
through Texas Point. On the Neches River, a land loss rate for the period from 1978 to 1994, measured
for a BEG study, was applied to the Old River Cove marshes (White et al., 1996). For Bessie Heights
marsh, the most recent data available were from a period between 1956 and 1978 (White et al., 1987).
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Table 7: Texas Hydrologic Unit Habitat Acreage (2004)
TX 1 - North Neches River

Acreage
Water
Totals

Swamp
2,760
n/a
2,760

Fresh
Intermediate
384
0
52
0
436
0

Shrub/
Brackish Scrub
0
53
0
0
0
53

Bottomland
hardwood
Saline
0
412
0
n/a
0
412

0
0
0

Total Hydro
Unit
Acreage
Other
407
4,016
75
127
482
4,143

0
0
0

Total Hydro
Unit
Acreage
Other
684
5,379
63
329
747
5,707

0
0
0

Total Hydro
Unit
Acreage
Other
152
4,714
87
1,091
239
5,805

0
0
0

Total Hydro
Unit
Acreage
Other
1
396
0
97
1
493

Total
Wetlands
4,303
5,187
9,490

Placement
Areas
769
0
769

Total Hydro
Unit
Acreage
Other
743
5,815
361
5,548
1,104
11,363

Total
Marsh
5,470
3,290
8,760

Total
Wetlands
5,667
3,290
8,957

Placement
Areas
399
0
399

Total Hydro
Unit
Acreage
Other
2,165
8,231
330
3,620
2,495
11,851

Total
Marsh
5,258
195
5,453

Total
Wetlands
5,258
195
5,453

Placement
Areas

Total
Marsh
384
52
436

Total
Wetlands
3,609
52
3,661

Placement
Areas

Total
Marsh
1,270
266
1,535

Total
Wetlands
4,695
266
4,960

Placement
Areas

Total
Marsh
2,323
1,004
3,327

Total
Wetlands
4,562
1,004
5,566

Placement
Areas

Total
Marsh
395
97
492

Total
Wetlands
395
97
492

Placement
Areas

Total
Marsh
3,970
5,110
9,080

TX 2 - Neches River/Lake Bayou

Acreage
Water
Totals

Swamp
2,277
n/a
2,277

Fresh
Intermediate
1,270
0
266
0
1,535
0

Shrub/
Brackish Scrub
0
108
0
0
0
108

Bottomland
hardwood
Saline
0
1,040
0
n/a
0
1,040
TX 3 - Rose City

Acreage
Water
Totals

Swamp
464
n/a
464

Fresh
Intermediate
2,323
0
1,004
0
3,327
0

Shrub/
Brackish Scrub
0
0
0
0
0
0

Bottomland
hardwood
Saline
0
1,775
0
n/a
0
1,775

TX 4 - West of Rose City

Swamp
Acreage
Water
Totals

0
n/a
0

Fresh
Intermediate
395
0
97
0
492
0

Shrub/
Brackish Scrub
0
0
0
0
0
0

Bottomland
hardwood
Saline
0
0
0
n/a
0
0

TX 5 - Bessie Heights

Swamp
Acreage
Water
Totals

0
n/a
0

Fresh
Intermediate
2,018
1,932
129
4,981
2,147
6,913

Shrub/
Brackish Scrub
20
40
0
77
20
117

Bottomland
hardwood
Saline
293
0
0
n/a
0
293

TX 6 - Old River Cove

Swamp
Acreage
Water
Totals

0
n/a
0

Fresh
31
0
31

Intermediate
199
0
199

Shrub/
Brackish Scrub
5,240
0
3,290
0
8,530
0

Bottomland
hardwood
Saline
0
197
0
n/a
0
197

TX 7 - GIWW North

Swamp
Acreage
Water
Totals
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0
n/a
0

Fresh
Intermediate
4,541
129
136
0
4,677
129

Shrub/
Brackish Scrub
588
0
59
0
647
0

Bottomland
hardwood
Saline
0
0
0
n/a
0
0
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0
0
0

Total Hydro
Unit
Acreage
Other
454
5,712
0
195
454
5,907

Table 7 (Cont’d)
TX 8 - Texas Point

Swamp
Acreage
Water
Totals

0
n/a
0

Fresh
Intermediate
100
1,605
11
26
111
1,631

Shrub/
Brackish Scrub
2,398
0
148
0
2,546
0

Bottomland
hardwood
Saline
4,898
0
810
n/a
5,708
0

0
0
0

Total Hydro
Unit
Acreage
Other
1,413
10,414
13
1,008
1,426
11,422

0
0
0

Total Hydro
Unit
Acreage
Other
4,392
45,702
404
9,342
4,796
55,044

Total
Wetlands
3,078
339
3,417

Placement
Areas
173
0
173

Total Hydro
Unit
Acreage
Other
1,060
4,311
340
679
1,400
4,990

Total
Marsh
516
83
599

Total
Wetlands
1,271
83
1,354

Placement
Areas

Total
Marsh

Placement
Areas

0
0
0

Total
Wetlands
689
0
689

Total
Marsh
385
52
437

Total
Wetlands
385
52
437

Placement
Areas

Placement
Areas

0
0
0

Total
Wetlands
1,718
0
1,718

Placement
Areas

0
0
0

Total
Wetlands
2,737
0
2,737

73,062
20,498
93,560

88,677
20,498
109,175

Total
Marsh
9,001
995
9,996

Total
Wetlands
9,001
995
9,996

Placement
Areas

Total
Marsh
41,310
8,938
50,248

Total
Wetlands
41,310
8,938
50,248

Placement
Areas

Total
Marsh
2,580
339
2,919

TX 9 - Salt Bayou

Swamp
Acreage
Water
Totals

0
n/a
0

Fresh
Intermediate
567
24,942
0
4,181
567
29,123

Shrub/
Brackish Scrub
15,801
0
4,757
0
20,558
0

Bottomland
hardwood
Saline
0
0
0
n/a
0
0

TX 10 - Cow Bayou

Acreage
Water
Totals

Swamp
110
n/a
110

Fresh
Intermediate
1,436
1,144
339
0
1,775
1,144

Shrub/
Brackish Scrub
0
0
0
0
0
0

Bottomland
hardwood
Saline
0
388
0
n/a
0
388

TX 11 - Adams Bayou

Acreage
Water
Totals

Swamp
115
n/a
115

Fresh
Intermediate
516
0
83
0
599
0

Shrub/
Brackish Scrub
0
0
0
0
0
0

Bottomland
hardwood
Saline
640
0
0
n/a
0
640

6
0
6

Total Hydro
Unit
Acreage
Other
316
1,593
3
86
319
1,679

0
0
0

Total Hydro
Unit
Acreage
Other
0
689
0
0
0
689

0
0
0

Total Hydro
Unit
Acreage
Other
0
385
0
52
0
437

0
0
0

Total Hydro
Unit
Acreage
Other
559
2,277
0
0
559
2,277

0
0
0

Total Hydro
Unit
Acreage
Other
0
2,737
0
0
0
2,737

TX 12 - South of Blue Elbow

Acreage
Water
Totals

Swamp
689
n/a
689

Fresh
0
0
0

Intermediate
0
0
0

Shrub/
Brackish Scrub
0
0
0
0
0
0

Bottomland
hardwood
Saline
0
0
0
0
0
0
TX 13 - Groves

Swamp
Acreage
Water
Totals

Fresh
0
0

0
0

Intermediate
385
52
437

Shrub/
Brackish Scrub
0
0
0
0

Bottomland
hardwood
Saline
0
0
0
0

LA-TX 1 - SABINE ISLAND (TEXAS PORTION)

Acreage
Water
Totals

Swamp
1,194
n/a
1,194

Fresh
0
0
0

Intermediate
0
0
0

Shrub/
Brackish Scrub
0
0
0
0
0
0

Bottomland
hardwood
Saline
524
0
0
0
0
524

Total
Marsh

LA-TX 2 - BLUE ELBOW (TEXAS PORTION)

Acreage
Water
Totals
Acreage
Water
TOTAL

Swamp
2,548
n/a
2,548
10,157
0
10,157
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Fresh
0
0
0

Intermediate
0
0
0

13,580
2,117
15,697

30,336
9,240
39,576

Shrub/
Brackish Scrub
0
0
0
0
0
0
24,047
8,254
32,301

201
77
278

Bottomland
hardwood
Saline
189
0
0
0
0
189
4,898
810
5,708

62

5,458
0
5,458

Total
Marsh

1,347
0
1,347

12,346
1,676
14,022

102,370
22,174
124,544

Table 8: Louisiana Hydrologic Unit Habitat Acreage (2004)
LA 1 - PERRY RIDGE

Swamp
Acreage
Water
Totals

Fresh
Intermediate Brackish
14,810
3,074
4,049
1,630
0
18,859
4,704
0

n/a

Shrub/
Scrub
0
0
0

Saline
0
0
0

Total
PlaceHydro Unit
ment
Other
Bottomland
Total
Acreage
areas
Upland
hardwood
Total Marsh Wetlands
0
2,158
17,884
20,042
0
2,373
22,415
0 n/a
5,679
5,679
0
0
5,679
0
2,158
23,563
25,721
0
2,373
28,094

LA 2 - WILLOW BAYOU

Swamp
Acreage
Water
Totals

Fresh
0

0
0
0

n/a
0

Intermediate Brackish
22,470
1,133
12,639
49
35,109
1,182

Shrub/
Scrub

Saline
0
0
0

Placement
Other
Bottomland
Total
areas
Upland
hardwood
Total Marsh Wetlands
0
0
23,603
23,603
0
0 n/a
12,688
12,688
0
0
0
36,291
36,291
0

Total
Hydro Unit
Acreage
0
23,603
0
12,688
0
36,291

LA 3 - BLACK BAYOU

Swamp
Acreage
Water
Totals

Fresh
0

0
0
0

n/a
0

Intermediate Brackish
24,633
2,964
10,308
231
34,941
3,195

Shrub/
Scrub

Saline
0
0
0

Total
PlaceHydro Unit
ment
Other
Bottomland
Total
Acreage
areas
Upland
hardwood
Total Marsh Wetlands
0
0
27,597
27,597
0
1,717
29,314
0 n/a
10,539
10,539
0
0
10,539
0
0
38,136
38,136
0
1,717
39,853

LA 4 - WEST JOHNSON'S BAYOU

Swamp
Acreage
Water
Totals

Fresh
0

0
0
0

n/a
0

Intermediate Brackish
10,031
1,837
1,079
241
11,110
2,078

Shrub/
Scrub

Saline
0
0
0

Placement
Other
Bottomland
Total
areas
Upland
hardwood
Total Marsh Wetlands
0
0
11,868
11,868
0
0 n/a
1,320
1,320
0
0
0
13,188
13,188
0

Total
Hydro Unit
Acreage
2
11,870
0
1,320
2
13,190

LA 5 - SABINE LAKE RIDGES

Swamp
Acreage
Water
Totals

Fresh
0

0
0
0

n/a
0

Intermediate Brackish
8,232
14,673
1,038
1,289
9,270
15,962

Shrub/
Scrub

Total
PlaceHydro Unit
ment
Other
Bottomland
Total
Acreage
areas
Upland
hardwood
Total Marsh Wetlands
Saline
0
3,198
0
26,103
26,103
0
4,473
30,576
0
569 n/a
2,896
2,896
0
0
2,896
0
3,767
0
28,999
28,999
0
4,473
33,472

LA 6 - JOHNSON'S BAYOU RIDGES

Swamp
Acreage
Water
Totals

Fresh
0

Intermediate
0
0
0

n/a
0

0
0
0

Brackish
2,505
239
2,744

Shrub/
Scrub

Total
PlaceHydro Unit
ment
Other
Bottomland
Total
Acreage
areas
Upland
hardwood
Total Marsh Wetlands
Saline
0
353
0
2,858
2,858
0
975
3,833
0
17 n/a
256
256
0
0
256
0
370
0
3,114
3,114
0
975
4,089

LA 7 - SOUTHEAST SABINE

Swamp
Acreage
Water
Totals

Fresh
0

n/a
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0

2,023
611
2,634

Intermediate Brackish
4,925
475
5,400

Shrub/
Scrub
0
0
0

Saline
0
0
0

63

Placement
Other
Bottomland
Total
areas
Upland
hardwood
Total Marsh Wetlands
0
0
6,948
6,948
0
0 n/a
1,086
1,086
0
0
0
8,034
8,034
0

Total
Hydro Unit
Acreage
0
6,948
0
1,086
0
8,034

Table 8 (Cont’d)
LA 8 - SOUTHWEST GUM COVE

Swamp
Acreage
Water
Totals

0
n/a
0

Fresh
Intermediate
3,503
5,346
112
1,259
3,615
6,605

Shrub/
Scrub
Brackish
0
0
0
0
0
0

Bottomland
hardwood Total Marsh
Saline
0
0
8,849
0
n/a
1,371
0
0
10,220

Total
Wetlands
8,849
1,371
10,220

Placement
areas
0
0
0

Total
Other
Hydro Unit
Upland
Acreage
1,166
10,015
0
1,371
1,166
11,386

0
0
0

Total
Other
Hydro Unit
Upland
Acreage
581
23,275
0
3,444
581
26,719

0
0
0

Total
Hydro Unit
Acreage
Other
21
7,060
0
0
21
7,060

0
0
0

Total
Hydro Unit
Acreage
Other
0
650
0
0
0
650

LA 9 - EAST JOHNSON'S BAYOU

Swamp
Acreage
Water
Totals

Fresh

0
n/a
0

0
0
0

Intermediate
22,694
3,444
26,138

Shrub/
Scrub
Brackish
0
0
0
0
0
0

Bottomland
hardwood Total Marsh
Saline
0
0
22,694
0
n/a
3,444
0
0
26,138

Total
Wetlands
22,694
3,444
26,138

Placement
areas

LA-TX 1 - SABINE ISLAND (LOUISIANA PORTION)

Acreage
Water
Totals

Swamp
5,998
n/a
5,998

Fresh
0
0
0

Intermediate
0
0
0

Shrub/
Scrub
Brackish
0
0
0
0
0
0

Bottomland
hardwood Total Marsh
Saline
1,041
0
0
0
0
0
0
1,041
0

Total
Wetlands
7,039
0
7,039

Placement
areas

LA-TX 2 - BLUE ELBOW (LOUISIANA PORTION)

Acreage
Water
Totals

Swamp
643
n/a
643

Acreage
Water
TOTAL

6,641
0
6,641

Fresh
0
0
0

Intermediate
0
0
0

20,336
4,772
25,108

101,405
31,872
133,277

Shrub/
Scrub
Brackish
0
0
0
0
0
0
23,112
2,049
25,161

0
0
0

Bottomland
hardwood Total Marsh
Saline
7
0
0
0
0
0
0
7
0
3,551
586
4,137

3,206
0
3,206

148,404
39,279
187,683

Total
Wetlands
650
0
650
158,251
39,279
197,530

Placement
areas

0
0
0

11,308
0
11,308

169,559
39,279
208,838

The Habitat Workgroup believed this rate was preferable since it reflects a higher rate of change than has
occurred in recent years, and it is difficult to measure land loss in an area in which most marsh has
already been lost. The Habitat Workgroup applied land loss rates from adjacent areas to the marshes in
the Rose City and Lake Bayou areas on the Neches River, adjusting them for local conditions. The loss
rate from the adjacent Black Bayou marsh was applied to marshes along Cow and Adams bayous.
After changes in acreages were calculated, the amount of emergent marsh that converted to open water
was expressed as a percentage loss per year. Adjustments to FWOP land loss projections were made to
account for shoreline recession, constructed or funded CWPPRA projects in the east Sabine Lake marshes
(Clark et al., 2000; USFWS and NRCS, 2003), at Black Bayou (LDNR, 1993), and at Perry Ridge
(USGS-NWRC, 2002a, 2002b) and RSLR. FWP projections added projected increases to coastal shore
erosion (Gravens and King, 2003) and interior marsh loss. A spreadsheet that calculates land loss
annually was used for all projections. It was assumed that TY 0 was 2004 (the WVA planning year), that
TY 1 was 2019 (the year project construction would be completed), and TY 51 was 2069 (the end of the
period of analysis).
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4.1.2.1

Productivity-based Land Loss Projection

In order to provide a systematic evaluation of future land loss changes for the SNWW WVA application,
the Habitat Workgroup developed a productivity-based method of land loss projection based upon a
salinity-productivity relationship developed for the Habitat Switching Module in the Louisiana Coastal
Areas Ecosystem Restoration Study (Visser et al., 2004). For V1, any change in salinity is reflected in the
projected land loss rate through the productivity-based method described below. Even small changes
within the optimal salinity range of a marsh type result in a small change to the land loss rate, either
positive or negative. This is intended to capture effects to fish and wildlife species that are sensitive to
even small changes in salinity.
In the Louisiana Coastal Area study, productivity algorithms were developed for all herbaceous and
forested wetlands based on available published and unpublished data. Supporting references for salinityrelated productivity changes in vegetation include:
•

Swamp – co-dominant species bald cypress (Taxodium distichum) (Conner et al., 1997; Megonigal et
al., 1997; Mitsch et al., 1991; Pezeshki et al., 1987a, 1990)

•

Fresh marsh – co-dominant species maidencane (Panicum hemitomon) and bulltongue (Sagittaria
lancifolia) (Greiner LaPeyre et al., 2001; Hester et al., 2001; Howard and Mendelssohn, 1999; McKee
and Mendelssohn, 1989; Pezeshki et al., 1987b, 1987c; Willis and Hester, 2004; Spalding and Hester,
2007)

•

Intermediate marsh – co-dominant species bulltongue and marshhay cordgrass (Spartina patens)
(Baldwin and Mendelssohn, 1998; Greiner La Peyre et al., 2001; Howard and Mendelssohn, 1999,
2000; Pezeshki et al., 1987b; Spalding and Hester, 2007; Webb and Mendelssohn, 1996)

•

Brackish marsh – co-dominant species marshhay cordgrass and seashore saltgrass (Distichlis
spicata) (Bertness et al., 1992; Broome et al., 1995; Ewing et al., 1995; Greiner LaPeyre et al., 2001;
Hester et al., 2001; Kemp and Cunningham, 1981; Parrondo et al., 1978; Warren and Brockelman,
1989)

•

Saline marsh – Smooth cordgrass (Spartina alterniflora) and blackrush (Juncus romerianus)
(Bradley and Morris, 1992; Eleuterius, 1989; Gosselink, 1970; Linthurst and Seneca, 1981; Parrondo
et al., 1978; Pezeshki and DeLaune, 1995)

These studies used various measurements of productivity including total biomass, stem/leaf elongation,
and photosynthesis, which were gathered using greenhouse experiments on saturated soils. To better
illustrate the relationship of salinity and productivity, linear regression equations were fitted to these data.
The equations can be used to predict percentage changes in habitat productivity per 1 ppt salinity for each
major coastal habitat type, regardless of inundation. Table 9 relates the predicted changes in primary
productivity for every 1 ppt increase in salinity (Visser et al., 2004) to land loss rate changes applied in
the current study.
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Table 9: Productivity-based Land Loss Projection
Habitat Type

Percent Productivity Lowered and Land Loss
Rates Increased per ppt Increase in Salinity

Swamp

8.4

Fresh marsh

11.1
11.4 (Sagittaria)
2.3 (Spartina patens)
mean = 6.8

Intermediate marsh
Brackish marsh

2.6

Saline marsh

2.1

Relating changes in salinity to specific amounts of land loss is problematic. While extensive literature
relates increases in salinity to decreased productivity, vegetation stress, and eventual wetland loss (see list
above), USACE and the ICT are not aware of any studies that have documented specifically how much
land loss is associated with specific increases in salinity. Similarly, no data are currently available that
relate salinity reduction with a reduction in land loss (Visser et al., 2004). Therefore, the Habitat
Workgroup assumed a direct linear correlation between decreased primary productivity due to salinity
increases and increased land loss rates due to the project. The Habitat Workgroup considered increasing
land loss rates for salinities that changed from optimal to suboptimal conditions and, conversely, also
considered decreasing land loss rates in target years 20 to 50. The latter consideration is based upon
historical observations that land loss rates generally stabilize and lessen a few decades after channeldeepening projects are completed. Since the effects of these considerations would generally offset one
another, the Habitat Workgroup opted for the simpler 1:1 relationship.
The relationship between productivity decreases and land loss rate increases is assumed to be linear, thus
a 1 percent decrease in productivity translates to a 1 percent increase in the land loss rate. For example, in
Table 9, the productivity of fresh marsh decreases by 11.1 percent with every salinity increase of 1 ppt for
fresh marshes. This translates to an 11.1 percent increase in the land loss rate for every 1 ppt increase in
salinity. The following standard formula was applied to calculate FWP rates used in the land loss
spreadsheets.
FWP land loss rate = (((FWP salinity ppt – FWOP salinity ppt) x % productivity decrease per habitat
type) + 1) x baseline land loss rate)

4.1.2.2

FWOP Land Loss

4.1.2.2.1

Consideration of RSLR in Interior Marsh Loss

To make the interior land loss projection for the FWOP conditions, the baseline land loss rates adopted by
the ICT were applied as the baseline rate (TY 0). The baseline rates include chronic, regional effects of
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subsidence, altered sediment delivery, historical rates of sea level rise, and tropical storms or hurricanes
that occurred during the period of observation. FWOP effects of RSLR to interior marsh areas are
expected to be limited to an increase in salinity. It is assumed that interior marshes throughout the tidally
influenced portions of the study area would see a gradual increase in water elevation associated with an
RSLR of 1.1 feet by 2069 and that biomass accumulation would offset much, if not all, of this RSLR
effect. The SNWW HS model predicts that RSLR would result in higher salinity levels throughout the
tidally influenced areas by 2069. Gradually rising salinities resulted in gradually increasing land loss
rates, as rates were adjusted for the higher with-RSLR salinity using the productivity-based land loss
projection methodology. Resulting changes in the biological productivity were forecast with the WVA
worksheets.
4.1.2.2.2

Shoreline Recession Due to RSLR

The predicted FWOP acres lost to RSLR-related shoreline recession in each affected hydro-unit through
TY 65 are presented in Table 10. The total acres of marsh lost for each marsh type was divided by 65
years, and the acres lost per year were subtracted from the FWOP marsh (acres) columns in the Land Loss
Spreadsheets of the affected hydro-units for TYs 1 to 65.
4.1.2.2.3

Adjustments for CWPPRA Restoration Projects

FWOP adjustments to acreages for constructed CWPPRA projects in the east Sabine Lake marshes (Clark
et al., 2000; USFWS and NRCS, 2003), at Black Bayou (LDNR and NRCS, 1993), and at Perry Ridge
(USGS-NWRC, 2002a, 2002b) were applied in the WVA Land Loss Spreadsheets. Acres of restored
marsh were added in the FWOP marsh (acres) column in the target year in which they were completed.
4.1.2.3

FWP Land Change Projection

FWP projections address the changes that would be expected to occur as a result of channel deepening.
Although the SNWW channel is located primarily in Texas, large indirect impacts may occur in both
Texas and Louisiana due to small increases in salinity levels causing an increase in wetland loss rates and
a decrease in biological productivity in aquatic habitats of the study area. Only a negligible increase in
water surface elevation is expected, but a small increase in coastal shore erosion is forecast for up to
4 miles from each jetty. Beneficial use features and mitigation measures would reduce FWP land loss by
restoring marshes on the Neches River and in the marshes east of Sabine Lake, respectively, and with
periodic Gulf shoreline nourishment.
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Table 10: Projected Acres Lost to Shoreline Recession

HU #
Louisiana
LA 2
LA 3
LA 4
LA 5

HU name
Willow Bayou
Black Bayou
West Johnsons Bayou
Sabine Lake Ridges

Marsh Type

GIWW North

TX 8

Texas Point

TX 9

Salt Bayou

Water

Total

Brackish
Brackish
Brackish
Brackish
Saline

627.4
621.4
956.5
685.1
105.7
2996.1

20.2
8.7
130
48.8
32.5
240.2

647.6
630.1
1086.5
733.9
138.2
3236.3

Fresh
Intermediate
Fresh
Intermediate
Brackish
Saline
Fresh
Brackish

7.9
3.6
0.6
67.8
812.5
2043.1
0.1
26.6
2962.2

0
0
0
1.9
39.8
150.6
0
3.4
195.7

7.9
3.6
0.6
69.7
852.3
2193.7
0.1
30
3157.9

LA Subtotal
Texas
TX 7

Marsh

TX Subtotal

FWP land changes are applied to the net FWOP acreage after all FWOP land loss adjustments have been
made. The same productivity-based land loss formula applied for the FWOP land loss projection is used
for the FWP land change projection. HS Model salinity outputs are used in the land loss formula to
forecast FWP land loss rates.
4.1.2.3.1

Productivity-based Interior Marsh Loss

An increase in interior marsh loss would likely result when increased FWP salinities interact with FWOP
submergence, causing a marginally higher land loss rate. Associating higher land loss rates in marsh
interiors with salinity increases is based upon documented biological responses of inundated vegetation to
salinity. Salinity predominantly drives the change among marsh habitats, and extreme salinities may lead
to the conversion of marsh to open water, but small changes in salinity can also affect the primary
productivity of marsh grasses, and this stress is worsened with inundation stress (Baldwin and
Mendelssohn, 1998; Broome et al., 1995; Ewing et al., 1995; Flynn et al., 1995; Hester et al., 2001;
Howard and Mendelssohn, 1999, 2000; Kemp and Cunningham, 1981; McKee and Mendelssohn, 1989;
Pezeshki and DeLaune, 1995; Pezeshki et al., 1987a, 1987b; Spalding and Hester, 2007; Willis and
Hester, 2004).
RSLR would increase tidal flows, water surface elevations, and salinities in all areas affected by tidal
influence. Decreased plant productivity has been demonstrated to result from the interaction of excessive
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submergence and salinity. This interaction leads to a decrease in organic matter accumulation, which, in
turn, results in greater submergence because the rate of increase in marsh elevation cannot keep up with
the rate of submergence due to RSLR (Mendelssohn and McKee, 1988; Day and Templet, 1989; Koch
and Mendelssohn, 1989; Koch et al., 1990; Nyman et al., 1993; DeLaune et al., 1994; Day et al., 1995;
Webb et al., 1995; Spalding and Hester, 2007). The death of wetland vegetation often results, followed by
peat collapse, erosion, and wetland loss (Salinas et al., 1986; DeLaune et al., 1994; Webb and
Mendelssohn, 1996; Gough and Grace, 1999; Visser et al., 1999).
Impacts to primary productivity resulting from this process have been well documented for maidencane
and marshhay cordgrass, two widespread species in the study area (Pezeshki et al., 1987c; Ewing et al.,
1995; Hester et al., 1996, 2001, 2002; Baldwin and Mendelssohn, 1998; Willis and Hester, 2004).
Marshhay cordgrass is the most prevalent marsh grass throughout the large intermediate marshes around
Sabine Lake, and it is also common in brackish and fresh marsh communities. Maindencane is a codominant marsh plant in the area’s freshwater marshes. Freshwater marshes are much more sensitive to
sudden changes in hydrology like those predicted in the with-project condition than are saline marshes,
which have no negative response to occasional freshets and are not sensitive to salinities in the predicted
range. Fresh systems are less able to respond to sudden and permanent increases in salinity and/or water
depth (i.e., subsidence/RSLR), especially if those changes cross a critical threshold. Saltwater intrusion
and related sulfide formation kill fresh and intermediate vegetation, and exposes bare soils to increased
erosion. Substrate elevation is reduced to the point that open-water areas form before the succession to
salt-tolerant vegetation can take place. In some cases, fresh and intermediate grasses are replaced by
more-salt-tolerant brackish vegetation, but this can only occur in areas with the firm substrate required by
these grasses and where hydrologic forces are not eroding those substrates. This is the same process that
was documented by the Louisiana Coastal Areas Ecosystem study for coastal habitats, which includes the
Sabine-Neches estuarine system (USACE, 2004).
4.1.2.3.2

SNWW Channel Extension Effects to Gulf Shoreline

FWP Gulf shoreline erosion impacts that could be caused by the proposed offshore channel extension
were included in the FWP land loss calculations as follows. The Gravens and King study (2003) predicted
a loss of 0.42 feet/year in the first 4 miles of shoreline from each jetty. This loss was converted to acres
for each affected marsh type, the total acres were divided by 51 years (years of FWP impacts), and the
acres lost-per-year were subtracted from the FWP Marsh (acres) column in the land loss spreadsheets of
the affected hydro-units for TYs 15–65
4.1.2.3.3

Land Change Projections for BU Features

The SNWW LPP includes the Neches River and Gulf Shoreline BU Features. The benefits of these BU
features were calculated in land loss spreadsheets and WVA worksheets following conventions described
for other land change processes, with the exception that acres of restored marsh or shore nourishment
were added in the FWP Marsh columns.
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4.1.2.3.4

Land Change Projections for Mitigation Measures

WVA modeling was conducted only for mitigation measures that were advanced for final screening:
marsh restoration in the Willow and Black Bayou areas, and Gulf shoreline nourishment at Texas and
Louisiana Points. In the Willow and Black Bayou areas, mitigation measures would add new mineral soils
to degraded areas of former marsh. The land loss rate for the WVA modeling of the restored marsh areas
was reduced by 50 percent when dedicated dredging would be used to add denser, mineral soils and the
increase in marsh elevation would create a more stable landform. Marsh restoration measures employing
in situ marsh terracing and shoreline nourishment measures were modeled using a land loss rate
equivalent to the FWP rate. Acreages in the land loss spreadsheets of each mitigation measure were
adjusted to add acres of restored, emergent marsh, or acres were adjusted to account for effect of
shoreline nourishment, which stopped or slowed existing shoreline retreat. For measures constructed with
maintenance material, dredging cycles were estimated using historical information available in the
Galveston District dredging database.
It was assumed that mitigation measures would be constructed and vegetated by TY 14, and therefore
credit for marsh acreage was taken in TY 15. Recent experience with CWPPRA and other marsh
restoration projects in the lower Sabine and Neches watersheds has shown that marsh plantings and
natural vegetation rebound quickly and robustly to create a stable marsh landscape. It is recognized that
the created marsh does not become functionally equivalent to natural marsh systems in such a short time
(Minello and Webb, 1993, 1997; Minello, 2000) but the constructed marshes would begin providing
cover and possibly food for some species soon after marsh vegetation is established (Minello and
Zimmerman, 1992).
4.1.3

Limitations and Uncertainties

Several limitations and uncertainties are associated with this approach to land loss projections.
•

•

•
•

•

Since the historical land loss rates reflect observed changes over specific time periods, they
include effects of actual hurricanes, tropical storms, and droughts that occurred during the period
of observation, rather than the average probability of these events.
Uncertainties associated with future rates of RSLR are large. Future estimates of eustatic sea level
rise and regional subsidence have a large range of potential outcomes. Impact evaluations have
been made with best estimates of the “most likely” future scenario, while the range of possible
impacts has been evaluated with a sensitivity analysis.
Changes in land loss rates predicted for CWPPRA projects are assumed to be 100 percent
effective, since all are too early in their project lives to assess actual performance.
All of the rates are based on time periods after heaviest oil/gas extraction and after canal/levee
construction. They capture the lingering effects of these activities, but not the localized high
subsidence rates that occurred earlier.
The direct, linear relationship between productivity decreases and land loss rate increases is based
upon relationships between salinity and primary productivity that have been reported by a large
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number of peer-reviewed studies. Most of these studies were conducted in controlled
environments (i.e., greenhouse experiments) and thus can be considered only an approximation of
field relationships. The salinity/productivity relationship is the underlying basis for projections of
land loss impacts of this project. It is assumed that abrupt and continuing salinity increases would
stress existing marsh vegetation, which would in turn cause the death of a small percentage of
that vegetation, the subsequent erosion of marsh soils, and the creation of large areas of open
water within formerly healthy marsh communities.
4.2

V2 PERCENT SUBMERGED AQUATIC VEGETATION

Baseline values for this variable were based largely upon previous observations by Habitat Workgroup
members in the hydro-units that they manage or regulate, and data collected for existing CWPPRA or
other restoration projects in or near the areas under evaluation. SAV species that have been reported in the
SNWW hydro-units and their salinity tolerance ranges are presented in Table 11. Information on SAV
species presented here is limited to presence/absence and does not include information on relative
abundance. SAV species present in each hydro-unit are listed in the notes of each WVA worksheet. In
hydro-units where observational data were not available, SAV species were assumed to be similar to
those reported in nearby vegetation communities of the same type.
SAV species diversity is highest in the swamps and fresh-intermediate marshes of the study area. All of
the SAV species reported in the SNWW study area occur in these areas (Alternanthera philoxoides,
Ceratophyllum demersum, Chara spp., Eichhornia crassipes, Lemna sp., Myrophyllum spicatum, Najas
guadalupensis, Nymphaea odorata, Nymphaea mexicana, Ottelia alismoides, Pistia stratiotes,
Potamogeton pectinatus, Potamogeton pusillus, Ruppia maritima, Salvinia minima, Utricularia sp.
unspecified, and Vallisneria americana). This list includes several noxious, invasive plants. Species
reported in the fresh and intermediate marshes range in salinity tolerance from 0 to 0.5 ppt to 2 to 16 ppt.
In brackish and saline marshes, far fewer SAV species occur, and cover is generally dominated by Ruppia
maritima, a species that tolerates salinities from 2.0 to 25+ ppt.
SAV cover and species can change rapidly in response to a complex interaction of environmental
conditions. Future conditions that could affect SAV growth include changes in salinity, freshwater
introduction, nutrient input, turbidity, water depth, and fetch (Longstreth et al., 1984; Dunton, 1990;
Livingston et al., 1998; Koch, 2001; Singh and Arora, 2003; Frazer et al., 2006; Paresh and Freedman,
2006). However, the FWP effects on SAV are limited to changes in salinity, and so comparisons of the
FWOP and FWP conditions were limited to predicted salinity changes for this impact evaluation.
Potential changes in the percentage of SAV cover in both the FWOP and FWP conditions were evaluated
by comparing the salinity tolerance range of SAV species observed or expected in each hydro-unit to
predicted TY 65 salinities.
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Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range
Scientific Name

Common Name

Salinity
Range*

Salinity
Tolerance

SNWW
Occurrence

Vegetation Community

North Neches &
Cypress-Tupelo Swamp
Lake Bayou

Alternanthera
philoxoides

Ceratophyllum
demersum

alligatorweed

fresh to
mesohaline (0
to 8 ppt)

fresh and
coontail, common
oligohaline (0
hornwort
to 5.0 ppt)

low

low

72
Chara spp.

Eichhornia crassipes

chara, stonewort,
muskgrass

water hyacinth

fresh and
oligohaline (0
to 4.0 ppt)

fresh and
oligohaline (0
to 0.5 ppt)

low

low

Observations

References

Emergent or floating-rooted invasive and noxious weed that
Observed during SNWW Habitat Workgroup field forms thick mats that displaces native vegetation, retards
investigation (2004)
water flow, lowers dissolved oxygen levels, and increases
sedimentation; tolerates salinity of up to 10% by volume
(Texas Invasive Org [TIO], 2009). Salinity tolerance is low
Observed during SNWW Habitat Workgroup field (USDA, 2009). Common in slightly brackish and tidal fresh
waters (Tiner, 1993). Chabreck (1972) reports it comprising
investigation (2004)
2.5% of intermediate and 5.3% of fresh Louisiana coastal
marshes, with salinity range of 2 to 7.7 ppt. Stutzenbaker
Reported by Chenier Plain NWR Comprehensive (1999) limits the salinity range to ~0 ppt. Provides excellent,
good, and poor food value for crawfish, furbearers, and
Conservation Plan (USFWS, 2008b)
geese and ducks, respectively (Chabreck, 1972).

Sabine Island &
Blue Elbow

Cypress-Tupelo Swamp

Salt Bayou and
Texas Point

Fresh Marsh

Perry Ridge

Fresh and Intermediate
Marsh

Rose City

Fresh Marsh

Willow Bayou

Intermediate Marsh

Perry Ridge

Fresh and Intermediate
Marsh

Black Bayou

Intermediate Marsh

Observed in postconstruction monitoring of Black
Bayou Project CS-27 (Castellanos and Juneau,
2007)

Willow Bayou

Intermediate Marsh

SAV and terrace study in Sabine NWR terraces
(Caldwell, 2003)

Bessie Heights

Fresh and Intermediate
Marsh

Rose City

Fresh marsh

Salt Bayou and
Texas Point

Fresh and Intermediate
Marsh

Observed in pre- and postconstruction monitoring
of Perry Ridge CS-30 (Mouledous and Guidry,
2007a)
Project Goal Summary, CEPRA Cycle 2 (GLO,
2000a)
Observed during SAV and terrace study in Sabine
NWR terraces (Caldwell, 2003). Reported by
Sabine NWR Comprehensive Conservation Plan
(USFWS, 2008a).
Observed in pre- and postconstruction monitoring
of Perry Ridge CS-30 (Mouledous and Guidry,
2007a)

Brittle, rootless, and entirely submerged aquatic plant
(Wildflower Center [WC], 2009). Finely divided leaves
arranged in whorled pattern around stem; similar to chara
but bushier and softer (Center for Aquatic and Invasive
Plants [CAIP], 2009). Fresh to slightly brackish waters
(Flora of North America Editorial Committee [FNAEC],
1993+). Occurs in slightly brackish to tidal fresh waters
(Tiner, 1993). Fair food value for ducks and crawfish
(Chabreck, 1972).

Branched multicellular algae that is entirely submerged and
has a grainy texture; prefers hard or alkaline waters (Texas
A&M University [TAMU], 2009). Chabreck (1972) gives
salinity tolerance for Chara vulgaris as 0.15 to 3.9 ppt. Fair
and poor food value for ducks and geese, respectively
(Chabreck, 1972; TAMU, 2009).

Floating aquatic plant with thick leaves and conspicuous
Observed during SNWW Habitat Workgroup field flowers extending above water surface; nonnative, invasive
investigation (2004).
plant that alters native vegetation and fish communities by
lowering light penetration and dissolved oxygen levels;
grows in a wide variety of aquatic habitat and tolerates
Observed during SNWW Habitat Workgroup field
drastic fluctuations in water level, flow, acidity, and
investigation (2004)
nutrients (TIO, 2009). Dominant in tidal fresh waters (Tiner,
1993). Stutzenbaker (1999) salinity range is 0 to 0.5 ppt.
Reported by Chenier Plain NWR Comprehensive Chabreck (1972) reports it comprising 1.4% of fresh
Louisiana coastal marshes, with salinity range of 0.3 to 0.5
Conservation Plan (USFWS, 2008b)
ppt; provides poor food value for crawfish.

Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range
Scientific Name

Lemna L.

Myriophyllum
spicatum L.

Common Name

common duck
weed

Eurasian
watermilfoil

Salinity
Range*

fresh and
oligohaline (0
to 2.0 ppt)

fresh to
mesohaline (0
to 16 ppt)

Salinity
Tolerance

Southern
waternymph,
Southern naiad

fresh to
mesohaline (0
to 15 ppt)

Vegetation Community

Observations

Cypress-Tupelo Swamp

Salt Bayou and
Texas Point

Fresh Marsh

Perry Ridge

Fresh and Intermediate
Marsh

Black Bayou

Intermediate Marsh

Willow Bayou

Intermediate Marsh

Rose City

Fresh Marsh

Perry Ridge

Fresh and Intermediate
Marsh

Observed in postconstruction monitoring of Perry
Ridge CS-30 (Mouledous and Guidry, 2007a)

Black Bayou

Intermediate Marsh

Observed in pre- and postconstruction monitoring
of Black Bayou Project CS-27 (Castellanos and
Juneau, 2007)

Willow Bayou

Intermediate Marsh

Rose City

Fresh Marsh

Salt Bayou and
Texas Point

Fresh and Intermediate
Marsh

medium

medium

References

Perennial floating plant with tiny leaves that forms a carpetObserved during SNWW Habitat Workgroup field like cover on water surface (WC, 2009). Salinity tolerance is
low (USDA, 2009). Occurs in slightly brackish to tidal fresh
investigation (2004)
waters (Tiner, 1993). Chabreck (1972) reports it comprising
0.2% of brackish, 0.16% of intermediate and 3.3% of fresh
Louisiana coastal marshes, with salinity range of 0.4 to 1.9
Reported by Chenier Plain NWR Comprehensive ppt. Stutzenbaker (1999) salinity range is 0 to 0.5 ppt.
Provides good and fair food value for ducks and crawfish,
Conservation Plan (USFWS, 2008b)
respectively (Chabreck, 1972; WC, 2009).

North Neches
River
low

73
Najas guadalupensis

SNWW
Occurrence

Observed in pre- and postconstruction monitoring
of Perry Ridge CS-30 (Mouledous and Guidry,
2007a)
Observed in pre- and postconstruction monitoring
of Black Bayou Project CS-27 (Castellanos and
Juneau, 2007)

Submerged perennial plant with finely dissected featherlike
leaves; nonnative, invasive that can form large, floating
mats that prevent light penetration for native aquatic plants;
thrives in areas subjected to natural and man-made
disturbances; tolerates salinities up to 15 ppt (TIO, 2009).
Invasive, noxious weed (USDA, 2009). Salinity range is 0 to
Observed in pre- and postconstruction monitoring
10 ppt (Urbatsch, 2009). Present at 0 thru 16 ppt (USGS,
of Willow Bayou reference area for Black Bayou
1997). A brackish aquatic bed plant (Tiner, 1993).
Project CS-27 (Castellanos and Juneau, 2007).
Stutzenbaker (1999) salinity range is 0 to 20 ppt. Chabreck
Observed during SAV and terraces study (Caldwell,
(1972) reports it comprising 0.15% of brackish, 0.44% of
2003). Reported by Sabine NWR Comprehensive
intermediate and 1.56% of fresh Louisiana coastal marshes,
Conservation Plan (USFWS, 2008a).
and provides good and fair food value for ducks and
crawfish, respectively.
Project Goal Summary, CEPRA Cycle 2 (GLO,
2000)

Annual, submerged aquatic plant with very long branches
and short, narrow leaves (CAIP, 2009). Salinity range is 0 to
15 ppt (Urbatsch, 2009); medium salinity tolerance is
reported by USDA (2009). Reported at mouth of Trinity Bay
in areas where monthly mean salinities ranged from 3.0 to
Observed in pre- and postconstruction monitoring 18.9 ppt and 1.7 to 14.4 ppt, with overall means of 9.2 ppt
of Willow Bayou reference area for Black Bayou and 6.0 ppt. Found in fresh and sometimes brackish water
Project CS-27 (Castellanos and Juneau, 2007).
(Correll and Correll, 1972). A brackish aquatic bed plant
Observed during SAV and terraces study (Caldwell, (Tiner, 1993). Stutzenbaker (1999) salinity range is 0–0.5
2003). Reported by Sabine NWR Comprehensive ppt. Chabreck (1972) reports it comprising 1.03% of
Conservation Plan (USFWS, 2008a).
intermediate and 1.07% of fresh Louisiana coastal marshes,
with salinity range of 0.23 to 1.1 ppt, and provides excellent,
Project Goal Summary, CEPRA Cycle 2 (GLO,
good, and fair food value for ducks, geese, and crawfish,
2000)
respectively.
Reported by Chenier Plain NWR Comprehensive
Conservation Plan (USFWS, 2008b)

Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range
Scientific Name

Nymphaea odorata

Nymphaea mexicana

Ottelia alismoides

Common Name

American white
water lily

Potamogeton
pectinatus

Potamogeton pusillus

fresh (0 to 0.5
ppt)

yellow water lily, fresh to
sun lotus, banana oligohaline (0
to 3.5 ppt)
water lily

duck lettuce
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Pistia stratiotes

Salinity
Range*

water lettuce

fresh and
oligohaline (0
to 5.0 ppt)

fresh to
oligohaline (0
to 5.0 ppt)

fresh to
sago or fennelleaf
mesohaline (0
pondweed
to 16 ppt)

lesser or baby
pondweed

fresh to
mesohaline (0
to 16 ppt)

Salinity
Tolerance

low

low

low

low

SNWW
Occurrence

Blue Elbow &
Rose City

Vegetation Community

Observations

Fresh Marsh

Project Goal Summary, CEPRA Cycle 2 (GLO,
2000)

Rose City

Fresh Marsh

A nonnative, perennial, floating aquatic plant with bright
yellow flowers and floating leaves (WC, 2009). Salinity
tolerance is low (USDA, 2009). Found in alkaline lakes,
Rose City Project Goal Summary, CEPRA Cycle 2
ponds, pools in marshes, sloughs, etc. (FNAEC, 1993+).
(GLO, 2000)
Dominant in fresh tidal waters (Tiner, 1993). Stutzenbaker
(1999) salinity range 0 to 3.5 ppt. Excellent food value for
ducks (Chabreck, 1972).

Perry Ridge

Fresh and Intermediate
Marsh

Observed in preconstruction monitoring of Perry
Ridge CS-30 (Mouledous and Guidry, 2007a)

Black Bayou

Intermediate Marsh

Observed in postconstruction monitoring of Black
Bayou Project CS-27 (Castellanos and Juneau,
2007)

Willow Bayou

Intermediate Marsh

Reported by Sabine NWR Comprehensive
Conservation Plan (USFWS, 2008a)

Fresh Marsh

Reported by Chenier Plain NWR Comprehensive
Conservation Plan (USFWS, 2008b)

Perry Ridge

Fresh and Intermediate
Marsh

Observed in pre- and postconstruction monitoring
of Perry Ridge CS-30 (Mouledous and Guidry,
2007a)

Salt Bayou and
Texas Point

Fresh, Intermediate and
Brackish Marsh

Reported by Chenier Plain NWR Comprehensive
Conservation Plan (USFWS, 2008b)

Willow Bayou

Intermediate Marsh

Chabreck (1972) reports it comprising 0.24% of
Observed during SAV and terraces study (Caldwell, intermediate and 0.62% of fresh Louisiana coastal marshes.
Good and fair food value for ducks and crawfish,
2003)
respectively (Chabreck, 1972).

Salt Bayou and
Texas Point

medium

medium

References
Native, perennial floating aquatic plant with large, fragrant,
white or pink flowers and flat, round, floating leaves;
waterfowl and mammals eat the buoyant seeds and other
parts of the plant (WC, 2009). Stutzenbaker (1999) salinity
range 0–0.5 ppt. Good food value for ducks (Chabreck,
1972).

Invasive, annual, submerged aquatic plant native to the rice
fields of southeast Asia that has naturalized in Louisiana
(CAIP, 2009). Nonnative invasive (FNAEC, 1993+).

Floating perennial aquatic plant that resembles an open head
of lettuce (CAIP, 2009). Native and invasive with heavy
worldwide distribution (TIO, 2009). Aggressive plant that
rapidly covers vast expanses of open waters in southern
wetlands, especially cypress swamps (WC, 2009).
Perennial submerged aquatic with long, flattened, branching
stems; tolerates wide range of soil types and ph; prefers
brackish water (USDA, 2009); alkaline waters for flowering
(FNAEC, 1993+). Salinity range is 0 to 9 ppt (Urbatsch,
2009). Present at 0 thru 16 ppt (USGS, 1997). Grows in
alkaline, brackish, or saline water of ponds, marshes, and
ocean shores (Correll and Correll, 1972). Occurs in
brackish, slightly brackish, and tidal fresh waters (Tiner,
1993). Stutzenbaker (1999) salinity range 0 to 3.5 ppt.
Excellent and fair food value for ducks and crawfish,
respectively (Chabreck, 1972).

Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range
Scientific Name

Common Name

Salinity
Range*

Salinity
Tolerance

SNWW
Occurrence
Perry Ridge

Black Bayou

Ruppia maritima

widgeongrass

oligohaline
thru polyhaline
(2.0 to 25.0+
ppt)

high

Willow Bayou

Old River Cove
Salt Bayou and
Texas Point

Salvinia minima

salvinia minor

fresh (0 to 2
ppt)

common
bladderwort

freshwater
American
Vallisneria americana
eelgrass; wild
celery

fresh to
oligohaline (0
to 3.0 ppt)

fresh thru
mesohaline (0
to 16 ppt)

Observations

Stalkless seagrass with leaves arising directly from rhizome;
tolerant of wide range of salinities; generally found in
waters of 25.0 ppt or less (Dineen, 2001). Salinity range is 2
to 70 ppt (Urbatsch, 2009). Adapted to brackish marsh
community (Penfound and Hathaway, 1938; FNAEC,
1993+); present at 0 thru 16 ppt (USGS, 1997). Reported at
mouth of Trinity Bay in areas where monthly mean salinities
ranged from 3.0 to 18.9 ppt and 1.7 to 14.4 ppt, with overall
means of 9.2 ppt and 6.0 ppt. Stutzenbaker (1999) salinity
Observed during SNWW Habitat Workgroup field
range 0 to 10 ppt. Chabreck (1972) reported it comprised
Intermediate and Brackish
investigation (2004)
3.84% of brackish and 0.64% of intermediate Louisiana
Marsh
coastal marshes, with salinity range of 2.6 to 15.3 ppt;
100% rupia most years (Personal communication excellent and good food value for ducks and geese,
Pat Walthers, USFWS, Texas Point NWR, 4/9/09).
Intermediate, Brackish
respectively .
Reported by Chenier Plain NWR Comprehensive
and Saline marsh
Conservation Plan (USFWS, 2008a)

Bessie Heights

Fresh and Intermediate
Marsh

Rose City

Fresh marsh

Observed during SNWW Habitat Workgroup field Rootless aquatic fern, long considered native but likely
introduced in 1920s; invasive, noxious plant, forms dense
investigation (2004)
mats that can shade out native aquatic species and reduce
Observed during SNWW Habitat Workgroup field dissolved oxygen levels; low tolerance to salinity (TIO,
2009). Stutzenbaker (1999) salinity range 0 to 0.5 ppt.
investigation (2004)

Perry Ridge

Fresh and Intermediate
Marsh

Observed in postconstruction monitoring for CS30, Perry Ridge West Bank Stabilization
(Mouledous and Guidry, 2007a)

Willow Bayou

Intermediate Marsh

Reported by Sabine NWR Comprehensive
Conservation Plan (USFWS, 2008a)

low

medium

Perry Ridge

References

Observed in pre- and postconstruction monitoring
Fresh and Intermediate
of Perry Ridge CS-30 but frequency of occurrence
Marsh
dropped dramatically post-monitoring (Mouledous
and Guidry, 2007a)
Observed in pre- and postconstruction monitoring
Intermediate Marsh
of Black Bayou Project CS-27 (Castellanos and
Juneau, 2007)
Reported by Sabine NWR Comprehensive
Intermediate and Brackish
Conservation Plan (USFWS, 2008a). Observed
Marsh
during SAV and terraces study (Caldwell, 2003)

low

75
Utricularia sp.
unspecified

Vegetation Community

Fresh and Intermediate
Marsh

Observed in pre- and postconstruction monitoring
of Perry Ridge CS-30 (Mouledous and Guidry,
2007a)

Native, rootless, submerged aquatic plants with lacy,
complex leaves and tiny carnivorous bladders and erect
flower stalks that extend above the water (CAIP, 2009).
Possible species include Utricularia gibba and Utricularia
sp. macrorhiza . Normally found in quiet, shallow, acidic
waters (TAMU, 2009). Observed in fresh/intermediate
habitats (1 to 3 ppt) in southeast Louisiana (Penfound and
Hathaway, 1938). Stutzenbaker (1999) limits the salinity
range to 0–0.5 ppt. Dominant in fresh tidal waters (Tiner,
1993). Chabreck (1972) provided a salinity range of 0.0 to
1.3 ppt for horned bladderwort (Utricularia cornuta ); fair
and poor food value for crawfish and ducks, respectively.
Submerged plant that forms tall underwater meadows and is
commonly found growing in lakes and streams; leaves arise
in clusters from their roots and can be several feet long
(CAIP, 2009). Salinity range is 0 to 9 ppt (Urbatsch, 2009).
Present at 0 thru 16 ppt (USGS, 1997). Grows in fresh to
brackish waters (FNAEC, 1993+). Reported at mouth of
Trinity Bay in areas where monthly mean salinities ranged
from 3.0 to 18.9 ppt and 1.7 to 14.4 ppt, with overall means
of 9.2 ppt and 6.0 ppt, respectively (Zimmerman et al.,
1990). Occurs in slightly brackish to tidal fresh waters
(Tiner, 1993). Stutzenbaker (1999) salinity range 0 to 3.5
ppt. Chabreck (1972) reports that it provides excellent food
value for ducks.

Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range
Scientific Name

Utricularia sp.
unspecified

Vallisneria americana

Common Name

common
bladderwort

freshwater
American
eelgrass; wild
celery

Salinity
Range*

fresh to
oligohaline (0
to 3.0 ppt)

fresh thru
mesohaline (0
to 16 ppt)

Salinity
Tolerance

SNWW
Occurrence

Vegetation Community

Observations

Perry Ridge

Fresh and Intermediate
Marsh

Observed in postconstruction monitoring for CS30, Perry Ridge West Bank Stabilization
(Mouledous and Guidry, 2007a)

Willow Bayou

Intermediate Marsh

Reported by Sabine NWR Comprehensive
Conservation Plan (USFWS, 2008a)

low

medium

Perry Ridge

Fresh and Intermediate
Marsh

Observed in pre- and postconstruction monitoring
of Perry Ridge CS-30 (Mouledous and Guidry,
2007a)
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* After Cowardin et al. (1979): polyhaline 18 to 30 ppt; mesohaline 5 to 18 ppt; and oligohaline 0.5 to 5 ppt. Salinity ranges based on areas of occurrence,
and refined when more-specific salinity range data were available (see reference column).

References
Native, rootless, submerged aquatic plants with lacy,
complex leaves and tiny carnivorous bladders and erect
flower stalks that extend above the water (CAIP, 2009).
Possible species include Utricularia gibba and Utricularia
sp. macrorhiza. Normally found in quiet shallow, acidic
waters (TAMU, 2009). Observed in fresh/ intermediate
habitats (1 to 3 ppt) in southeast Louisiana (Penfound &
Hathaway, 1937). Stutzenbaker (1999) limits the salinity
range to 0 to 0.5 ppt. Dominant in fresh tidal waters (Tiner,
1993). Chabreck (1972) provided a salinity range of 0.0 to
1.3 ppt for horned bladderwort (Utricularia cornuta ); fair
and poor food value for crawfish and ducks, respectively.
Submerged plant that forms tall underwater meadows and is
commonly found growing in lakes and streams; leaves arise
in clusters from their roots and can be several feet long
(CAIP, 2009). Salinity range is 0 to 9 ppt (Urbatsch, 2009).
Present at 0 thru 16 ppt (USGS, 1997). Grows in fresh to
brackish waters (FNAEC, 1993+). Reported at mouth of
Trinity Bay in areas where monthly mean salinities ranged
from 3.0 to 18.9 ppt and 1.7 to 14.4 ppt, with overall means
of 9.2 and 6.0 ppt, respectively (Zimmerman et al., 1990).
Occurs in slightly brackish to tidal fresh waters (Tiner,
1993). Stutzenbaker (1999) salinity range 0 to 3.5 ppt.
Chabreck (1972) reports that it provides excellent food
value for ducks.

4.2.1

FWOP and FWP Changes in SAV Coverage

In the majority of cases, the FWOP and FWP salinity changes to the percentage of SAV cover were
similar. Table 12 presents a graphical summary of SAV salinity impacts in both future conditions. In 7
out of 11 fresh marsh communities, predicted FWOP and FWP salinity changes by TY 65 would not
exceed the salinity tolerance range of SAV species reported in the units. At TX 7 (GIWW North), salinity
tolerances would be exceeded for two (Lemna sp. and Eichhornia crassipes) of six species in both the
FWOP and FWP conditions. At TX 10 (Cow Bayou) and TX 11 (Adams Bayou), the salinity tolerance of
one (Chara spp.) of five SAV species would be exceeded in the FWP condition. At TX 3 (Rose City), the
salinity tolerances of one (Nymphaea odorata) of eight species would be exceeded in the FWP condition.
The highest impacts would occur in the intermediate marsh communities. In only 4 of 12 hydro-units,
predicted FWOP and FWP salinity changes did not exceed the SAV salinity tolerance ranges. However,
once again, the FWOP and FWP salinity changes would be similar for the majority of hydro-units. FWOP
and FWP salinities in LA 3 (Black Bayou), LA 4 (Johnson’s Bayou), and TX 5 (Bessie Heights), and
TX 13 (Groves) would exceed the tolerance range of one or two of five species in each hydro-unit. The
species affected were Chara spp., Ottelia alismoides, and Salvinia minima. FWOP and FWP salinities in
LA 2 (Willow Bayou) would exceed the tolerance range of three of six species in each hydro-unit. SAV
species affected in these units were Utricularia sp. unspecified, Ceratophyllum demersum, Ottelia
alismoides, Salvinia minima, and Eichhornia crassipes. At LA 1 (Perry Ridge), LA 9, (East Johnson’s
Bayou), and TX 10 (Cow Bayou), SAV salinity tolerances would only be exceeded in the FWP condition.
In LA 1, two (Ceratophyllum demersum and Ottelia alismoides) of nine SAV species would be impacted.
In LA 9 and TX 10, one (Chara spp.) of five SAV species would be impacted.
In the brackish and saline marsh communities, the vast majority of hydro-units were dominated by
Ruppia maritima; the large salinity tolerance range of this species would not be exceeded by salinity
changes in either the FWOP or FWP condition. At LA 4 (Johnson’s Bayou), the salinity tolerance range
of two (Chara spp. and Ottelia alismoides) of five species would be exceeded in both the FWOP and
FWP conditions. In LA 3 (Black Bayou), the salinity tolerance of one (Ottelia alismoides) of four SAVs
would be exceeded in the FWP condition.
4.2.2

FWOP and FWP SAV Impacts

In the WVA worksheets, the FWOP and FWP salinity impacts to specific SAV species were identified. In
no case was all SAV species in a specific marsh community predicted to be adversely affected by the
projected salinity increase; the greatest impacts would occur in the LA 2 (Willow Bayou) intermediate
marsh community where the salinity tolerances of three of six species would be exceeded in both the
FWOP and FWP conditions. SAV salinity impacts would be limited to the FWP condition in seven
hydro-units; three in fresh marsh (TX 3, Rose City; TX 10, Cow Bayou; and TX 11 Adam Bayou), three
in intermediate marsh (LA 1, Perry Ridge; LA 9, East Johnson’s Bayou; and TX 10, Cow Bayou), and
one in the brackish marsh community (LA 3, Black Bayou).
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Table 12: SNWW 48-ft Project SAV Wildlife Impacts
Alligator
Weed2

HydroUnit (HU)
#

3

Bladderwort

Chara

Coontail

Duck Lettuce

Duck Weed

Eurasian
Watermilfoil

Freshwater
Eelgrass

Pickerelweed

Pondweed

Salvinia
minor

Southern
Naiad

Water
Hyacinth

Water Lettuce

White Water
Lily

Widgeon
Grass

Yellow Water
Lily

0 to 5.0 ppt

0 to 2.0 ppt

0 to 16 ppt

0 to 16 ppt

0 to 3 ppt

0 to 16 ppt

0 to 2.0 ppt

0 to 15 ppt

0 to 0.5 ppt

0 to 5.0 ppt

0 to 0.5 ppt

2 to 25 ppt

0 to 3.5 ppt

D, c

D, c

D

d, f

D, c

D, G, c

c

D

D, G

D

Future Salinity
Range in HU (ppt)1

0 to 8 ppt

0 to 3.0 ppt

0 to 4.0 ppt

0 to 5.0 ppt

g, F, C4

d, c

d, g

d, c

FWOP

1.3–1.7

NI5

NI

NA

NI

NI

NA

NI

NI

NA

NI

NA

NI

NA

NA

NA

NI

NA

FWP

1.3–2.3

NI

NI

NA

NI

NI

NA

NI

NI

NA

NI

NA

NI

NA

NA

NA

NI

NA

FWOP

1.7–2.1

NA

NI

NA

NI

NA

NI

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

1.7–2.4

NA

NI

NA

NI

NA

NI

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

1.2–1.4

NA

NI

NA

NI

NI

NA

NI

NI

NA

NI

NA

NI

NA

NA

NA

NI

NA

FWP

1.2–2.0

NA

NI

NA

NI

NI

NA

NI

NI

NA

NI

NA

NI

NA

NA

NA

NI

NA

HU Name

Fresh Marsh
LA 1

LA 7

LA 8

TX 1

TX 2

TX 3
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TX 4

TX 5

TX 7

TX 10

TX 11

Perry Ridge

SE Sabine

SW Gum Cove

North Neches
River
FWOP

0.0–0.0

NI

NA

NA

NA

NA

NI

NA

NA

NI

NA

NA

NA

NA

NA

NA

NA

NA

FWP
Neches - Lake
Bayou

0.0–0.0

NI

NA

NA

NA

NA

NI

NA

NA

NI

NA

NA

NA

NA

NA

NA

NA

NA

FWOP

0.0–0.0

NI

NA

NA

NA

NA

NI

NA

NA

NI

NA

NA

NA

NA

NA

NA

NA

NA

FWP

0.0–0.1

NI

NA

NA

NA

NA

NI

NA

NA

NI

NA

NA

NA

NA

NA

NA

NA

NA

Rose City
FWOP

0.1–0.3

NA

NA

NA

NI

NA

NA

NI

NA

NI

NA

NI

NI

NI

NA

NI

NA

NI

FWP

0.1–0.6

NA

NA

NA

NI

NA

NA

NI

NA

NI

NA

NI

NI

NI

NA

I

NA

NI

FWOP

0.1–0.3

NA

NA

NA

NI

NA

NA

NI

NA

NI

NA

NI

NI

NI

NA

NA

NA

NA

FWP

0.1–0.6

NA

NA

NA

NI

NA

NA

NI

NA

NI

NA

NI

NI

NI

NA

NA

NA

NA

West of Rose City

Bessie Heights
FWOP

1.0–1.5

NA

NA

NA

NI

NA

NA

NI

NA

NI

NA

NI

NI

NI

NA

NA

NA

NA

FWP

1.5–2.0

NA

NA

NA

NI

NA

NA

NI

NA

NI

NA

NI

NI

NI

NA

NA

NA

NA

GIWW North
FWOP

0.7–2.5

NI

NA

NA

NA

NA

I

NA

NA

NA

NI

NA

NI

I

NI

NA

NI

NA

FWP

0.7–4.1

NI

NA

NA

NA

NA

I

NA

NA

NA

NI

NA

NI

I

NI

NA

NI

NA

FWOP

3.5–4.0

NA

NA

NI

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

3.5–5.0

NA

NA

I

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

2.5–3.5

NA

NA

NI

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

2.5–5.0

NA

NA

I

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

3.8–4.5

NI

I

NA

NI

NI

NA

NI

NI

NA

NI

NA

NI

NA

NA

NA

NI

NA

FWP

3.8–5.6

NI

I

NA

I

I

NA

NI

NI

NA

NI

NA

NI

NA

NA

NA

NI

NA

FWOP

6.3–6.8

NA

I

NA

I

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

6.3–7.7

NA

I

NA

I

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

4.7–5.1

NA

NA

I

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

4.7–6.5

NA

NA

I

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

4.4–5.5

NA

NA

I

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

4.4–7.3

NA

NA

I

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

4.5–5.5

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

4.5–7.3

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

Cow Bayou

Adams Bayou

Intermediate Marsh
LA 1

LA 2

LA 3

LA 4

LA 5

Perry Ridge

Willow Bayou

Black Bayou

Johnson's Bayou

Sabine Lake
Ridges
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HydroUnit (HU)
#
LA 7

LA 8

LA 9

TX 5

TX 8

TX 10

TX 13

Alligator
Weed2
3

Bladderwort

Chara

Coontail

Duck Lettuce

Duck Weed

Eurasian
Watermilfoil

Freshwater
Eelgrass

Pickerelweed

Pondweed

Salvinia
minor

Southern
Naiad

Water
Hyacinth

Water Lettuce

White Water
Lily

Widgeon
Grass

Yellow Water
Lily

0 to 5.0 ppt

0 to 2.0 ppt

0 to 16 ppt

0 to 16 ppt

0 to 3 ppt

0 to 16 ppt

0 to 2.0 ppt

0 to 15 ppt

0 to 0.5 ppt

0 to 5.0 ppt

0 to 0.5 ppt

2 to 25 ppt

0 to 3.5 ppt

D, c

D, c

D

d, f

D, c

D, G, c

c

D

D, G

D
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Future Salinity
Range in HU (ppt)1

0 to 8 ppt

0 to 3.0 ppt

0 to 4.0 ppt

0 to 5.0 ppt

g, F, C4

d, c

d, g

d, c

FWOP

1.7–2.1

NA

NI

NA

NI

NA

NI

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

1.7–2.4

NA

NI

NA

NI

NA

NI

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

2.4–2.8

NA

NA

NI

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP
East Johnson's
Bayou

2.4–3.9

NA

NA

NI

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

3.3–3.8

NA

NA

NI

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

3.3–4.8

NA

NA

I

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

4.2–4.4

NA

NA

NA

NI

NA

NA

NI

NA

I

NA

I

NI

NA

NA

NA

NA

NA

FWP

4.2–4.7

NA

NA

NA

NI

NA

NA

NI

NA

I

NA

I

NI

NA

NA

NA

NA

NA

FWOP

5.8–7.0

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

5.8–7.8

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

3.5–4.0

NA

NA

NI

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

3.5–5.0

NA

NA

I

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

3.0–4.0

NA

NA

NA

NI

NA

NA

NI

NA

I

NA

I

NI

I

NA

NA

NA

NA

FWP

3.0–5.0

NA

NA

NA

NI

NA

NA

NI

NA

I

NA

I

NI

I

NA

NA

NA

NA

FWOP

6.3–7.2

NA

NA

NA

NA

NA

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

6.3–7.7

NA

NA

NA

NA

NA

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

3.8–4.2

NA

NA

NA

NA

NI

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

3.8–5.3

NA

NA

NA

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

4.4–5.3

NA

NA

I

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWP

4.4–7.0

NA

NA

I

NA

I

NA

NI

NA

NA

NA

NA

NI

NA

NA

NA

NI

NA

FWOP

6.2–7.1

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP
Johnson's Bayou
Ridge

6.2–8.3

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

4.4–5.3

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

4.4–7.0

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

10.0–11.2

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

10.0–13.0

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

9.0–10.8

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

9.0–12.4

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

8.5–9.8

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

8.5–10.6

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

15.8–16.6

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

15.8–17.3

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

HU Name
SE Sabine

SW Gum Cove

Bessie Heights

Texas Point

Cow Bayou

Groves

Brackish Marsh
LA 2

LA 3

LA 4

LA 5

LA 6

TX 6

TX 7

TX 8

Willow Bayou

Black Bayou

Johnson's Bayou

Sabine Lake
Ridges

Old River Cove

GIWW North

Texas Point

Saline Marsh
Sabine Lake
Ridges
LA 5

Table 12: SNWW 48-ft Project SAV Wildlife Impacts

HydroUnit (HU)
#
LA 6

TX 8

Alligator
Weed2
3

Bladderwort

Chara

Coontail

Duck Lettuce

Duck Weed

Eurasian
Watermilfoil

Freshwater
Eelgrass

Pickerelweed

Pondweed

Salvinia
minor

Southern
Naiad

Water
Hyacinth

Water Lettuce

White Water
Lily

Widgeon
Grass

Yellow Water
Lily

0 to 5.0 ppt

0 to 2.0 ppt

0 to 16 ppt

0 to 16 ppt

0 to 3 ppt

0 to 16 ppt

0 to 2.0 ppt

0 to 15 ppt

0 to 0.5 ppt

0 to 5.0 ppt

0 to 0.5 ppt

2 to 25 ppt

0 to 3.5 ppt

D, c

D, c

D

d, f

D, c

D, G, c

c

D

D, G

D

Future Salinity
Range in HU (ppt)1

0 to 8 ppt

0 to 3.0 ppt

0 to 4.0 ppt

0 to 5.0 ppt

g, F, C4

d, c

d, g

d, c

FWOP

15.8–16.6

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

15.8–17.3

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWOP

12.5–13.8

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

FWP

12.5–14.6

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NI

NA

HU Name
Johnson's Bayou
Ridge

Texas Point

1

Predicted by ERDC Hydrodynamic-salinity model (Brown and Stokes, 2009)

2

Italicized - noxious and invasive aquatic plants

3

See table "Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range"

4

SAVs food value for wildlife, after Chabreck (1972): D (excellent or good for ducks), d (fair or poor for ducks); G (excellent or good for geese), g (fair or poor for geese);

5

NI - No Salinity Impact (salinity remains within tolerance range); I - Impact (salinity extends beyond tolerance range); NA - Not Applicable (not known or observed in HU)

F (excellent or good for furbearers); f ( fair or poor for furbearers); C (excellent or good for crawfish); c (fair or poor for crawfish)

80

The salinity change occurring with RSLR in the FWOP condition through TY 65 would be very gradual;
the SAV community structure in the majority of intermediate marshes would likely change to include
more salinity-tolerant species, such as Ruppia maritima, Potamogeton pectinatus, Myrophyllum spicatum
and Vallisneria americana (USGS, 1997). It is expected that any SAV cover lost as a result of this change
would be replaced by the salinity-tolerant SAVs continuing to grow within their tolerance range. As a
result, no change in percent SAV cover was predicted for the FWOP condition through TY 65.
In the FWP condition, the project-related change in salinity would occur in TY 15 with dredging of the
Sabine Pass and Sabine Pass Jetty channels. The HS model projects that the incremental salinity increase
(e.g., the difference between the FWOP with RSLR salinity and the FWP with RSLR salinity) would
average 1.3 ppt near the mouths of Sabine and Keith lakes, 0.8 ppt in the east Sabine Lake marshes,
0.7 ppt on the lower Neches and Sabine rivers, and less than 0.15 ppt on the upper Neches and Sabine
rivers. Since salinity change is a function of the total dredging template, the time required to reach a new
FWP equilibrium would likely be considerable, ranging from a conservative minimum of several months
to even a year, because each wetland would be responding to salinity inputs from multiple sources (Gary
Brown personal communication, 2009). The most-rapid change (on the order of 2 to 3 months) would
likely occur in marshes immediately adjacent and open to tidal exchange with the navigation channel that
has just been dredged. Because of the salinity effect of the existing navigation channel, wetlands adjacent
to the channel are likely to contain SAVs with greater salinity tolerances, and thus would be able to adapt
to the FWP change more easily. Similar to expected changes in the FWOP condition, the SAV
community structure in the majority of intermediate marshes would likely change to include more
salinity-tolerant species, such as Ruppia maritima, Potamogeton pectinatus, Myrophyllum spicatum, and
Vallisneria americana (USGS, 1997). It is expected that any SAV cover lost as a result of this gradual
change would be replaced by the salinity-tolerant SAVs continuing to grow within their tolerance range.
As a result, no change in percent SAV cover was predicted for the FWP condition through TY 65.
4.2.3

SAV Impacts from BU Features and Mitigation Measures

Marsh restoration BU features and the mitigation measures would likely cause SAV impacts because of
temporary but greatly increased turbidity associated with the hydraulic placement of dredged material for
marsh restoration. It was assumed that construction would result in the die-off of SAVs in the vicinity of
placement activities during the year of construction, followed by quick rebounds associated with
increased nutrient input, and the creation of shallow, protected ponds within the restored marsh.
Rebounds in the percentage of SAV cover were applied in the year following construction. Increases in
SAV cover were predicted based upon the collective professional judgment of the Habitat Workgroup and
experience with similar restoration projects in the study area.
4.3

V3 MARSH EDGE AND INTERSPERSION

The Habitat Workgroup carefully examined enlarged orthophoto quadrangle maps for each hydro-unit
and assigned interspersion classes by comparing them to the photographic examples in Appendix 1 of the
emergent marsh model methodology. In most cases, the hydro-units contain more than one interspersion
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class and are therefore divided into more than one class by percentage of acreage covered by each type.
FWP projections were made on the basis of collective professional judgment and were generally
associated with salinity changes. Significant increases in salinity, especially if salinities were passing
from an optimal to suboptimal range, were assumed to stress existing marsh vegetation and lead to
increasing amounts of open water or greater interspersion.
4.3.1

FWOP and FWP Projections

Salinity changes occurring in both the FWOP and FWP conditions would result in increases to the land
loss rate for both conditions. The majority of land loss over the period of analysis would occur in the
FWOP condition as a result of the baseline land loss rate, increased as described above to account for the
salinity effects of RSLR. As a general rule, no change in interspersion class was predicted for minor
FWOP changes in interior land loss amounting to less than 3 or 4 percent. For FWOP interior land loss
totaling 5 percent or higher, at least half of the percentage loss was assumed to convert from the highest
class to the next highest class.
No change in interspersion would be expected to result from water elevation increases associated with
RSLR; it was assumed that biomass accumulation would offset much if not all of the RSLR change in
water surface elevation (Morris et al., 2002). However, significant changes in interspersion class would
occur in conjunction with shoreline recession due to RSLR. In shoreline marsh communities so affected,
the percentage of marsh and water lost due to shoreline recession would convert to Class 4 in both the
FWOP and FWP conditions. The incremental FWP interior land loss would be less than 1.5 percent in all
cases. Because of this insignificant change between the FWOP and FWP conditions, no change in
interspersion class through TY 65 would be expected for the FWP condition.
4.3.2

Effects of BU Features and Mitigation Measures

The restoration or protection of marshes resulting from the construction of the BU features and mitigation
measures would improve the interspersion class based upon the increase in marsh edge and stable marsh
elevation that would result from the construction of these measures.
4.4

V4 PERCENT OPEN WATER ≤1.5 FEET DEEP

Baseline values for this variable were based largely upon previous observations by Habitat Workgroup
members during average summer tidal conditions in the hydro-units that they manage or regulate. Values
were also obtained from previous CWPPRA or other restoration projects in or near the areas under
evaluation. Projections of the FWP condition considered trends in marsh loss and changes in interspersion
predicted for V1 and V3, both of which were related to changes in salinity. It was assumed that shoreline
retreat would convert an area equivalent to the land lost to water deeper than 1.5 feet. Other factors that
could affect water depths, such as changes in water surface elevations, sedimentation rates, or RSLR,
were not considered since they would not be affected by construction of the SNWW LPP.
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4.4.1

FWOP and FWP Projections

No conversions of shallow water to deep water in the interior marsh would be expected from FWOP
water surface elevation increases associated with RSLR; it was assumed that biomass accumulation
would offset much if not all of the RSLR change in water surface elevation (Morris et al., 2002).
However, shallow water would be lost in conjunction with FWOP shoreline recession due to RSLR. In
Gulf and Sabine Lake shoreline marsh communities affected by shoreline recession, a narrow nearshore
zone (estimated at 50 feet wide) would remain shallow thru TY 65, and the remainder of new water
created from the loss of marsh would convert to deep water in both the FWOP and FWP conditions.
FWP trends in marsh loss and changes in interspersion predicted for V1 and V3, both of which are related
to changes in salinity, would also affect the FWP percent of shallow water. However, since incremental
FWP interior land loss would be generally less than 1.5 percent, no FWP changes in shallow water were
assumed through TY 65.
4.4.2

Effects of BU Features and Mitigation Measures

FWP mitigation measures and BU features would slow shoreline retreat or restore marsh and associated
shallow-water habitat. Projected increases in the percent of shallow water reflect assumptions that marsh
restoration in mitigation and BU areas would convert some deep water to shallow water with the settling
of fine sediment in remaining open-water areas. For in situ terracing mitigation measures, shallow-water
acreage was decreased commensurate with the size of borrow areas needed for terrace construction. In
situ terraces are constructed in open-water areas of degraded marshes, using in situ inundated sediments.
Emergent, linear berms are constructed with these in situ sediments, but borrow trenches located parallel
to the emergent berms result from the removal of in situ soils.
4.5

V5 SALINITY

4.5.1

FWOP Salinity Projections

Baseline salinity values for V5 in the WVA worksheets were based upon HS model output or empirical
data provided by resource agencies, if available. Model values were obtained from the nearest station or
averaged over a group of stations, and salinity values were adjusted by the Habitat Workgroup for the
observed salinity gradient in interior marshes. The HS model incorporates the most likely effects of
RSLR and future freshwater inflows for the period of analysis. On average, FWOP salinities with RSLR
would be about 1.0 to 1.5 ppt higher in the southern part of Sabine Lake and the Port Arthur/SabineNeches canals; about 0.3 to 0.5 ppt higher around the northern edge of Sabine Lake and the Sabine and
Neches rivers south of IH 10, and only negligibly higher (0.0 to 0.1 ppt) north of IH 10 on both rivers.
4.5.2

FWP Salinity Projections

The HS model median-flow run was used to evaluate the effects of FWP salinity changes for all
vegetative communities. In accordance with the 2002 WVA procedural manuals (USFWS, 2002c, 2002d),
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mean salinities were applied in saline and brackish marsh communities, and the mean high 33 percent
continuous salinity was utilized for fresh and intermediate marsh communities and cypress-tupelo
swamps. On average, FWP salinities with RSLR would be about 1.5 ppt higher in the southern part of
Sabine Lake and the Port Arthur-Sabine-Neches canals; about 0.5 to 1.0 ppt higher around the northern
edge of Sabine Lake and the Sabine and Neches rivers south of IH 10, and only negligibly higher (0.02 to
0.03 ppt) north of IH 10 on both rivers.
To facilitate evaluation of salinity impacts, the Habitat Workgroup requested that model output be
obtained for numerous additional model nodes (specific locations in the model mesh). Values from the
original modeling station or node nearest to specific hydro-units were employed. Values were often
averaged from two or more nodes that surrounded the hydro-unit in order to obtain a salinity
representative of the entire unit. If no nodes were located near a hydro-unit, isohaline maps of average
salinity differences were employed to estimate salinity changes in that area.
HS modeling also provided a low-flow run to be used in a sensitivity analysis (presented in Chapter 8)
that evaluates potential FWP impacts of occasional extreme drought events on the sensitive swamps and
bottomland hardwood forests in the study area. The low-flow run is a hypothetical flow that was defined
as the 10th percentile of historical monthly flows for 57 years of inflow data for the Neches and Sabine
rivers. It actually represents an event that would have much less than a 10 percent chance of occurrence,
because it simulates the effect flows remaining at 10 percent of historical levels for several months in a
row.
4.5.3

Salinity Projections for BU and Mitigation Measures

For the preliminary screening of BU and mitigation measures, a previous version of the HS model was
used to evaluate measures that could have large-scale effects on the system, and desktop models were
used to evaluate effects of water control structures that would have only localized effects (Brown et al.,
2006). Some measures were excluded from the modeling effort since they had no hydrologic effect or
they completely blocked salinity intrusion. Measures with potential to affect the entire system included
combinations of BU features on the Neches River, various designs of a submerged hard sill at the mouth
of Sabine Lake, and combinations of salinity control structures. The effects of individual salinity control
structures were evaluated with desktop models that used tidal amplitude from the HS model, rainfall
estimates, and reductions in tidal cross sections to predict salinity and velocity changes resulting from
specific control structures.
No salinity benefits were predicted for BU or mitigation measures retained for final screening. When
selecting salinity values for the WVA worksheets, USACE followed the same process and assumptions
that were used by the Habitat Workgroup in the initial WVA; however, in all cases mitigation and BU
measure salinities were assumed to be the same as the FWP.
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4.6

V6 AQUATIC ORGANISM ACCESS

4.6.1

FWOP and FWP Projections

Baseline values for this variable were based largely upon previous observations by Habitat Workgroup
members in the hydro-units that they manage or regulate, and an inventory of constructed or funded
CWPPRA or other restoration projects in the areas under evaluation.
The Habitat Workgroup compared specific structures affecting aquatic organism access routes in each
hydro-unit to the list of structures and associated structure ratings in Appendix B of the WVA emergent
marsh model manual (USFWS, 2002c). The structure ratings were multiplied by the acreage affected by
them to calculate the Access Value that was entered into the WVA worksheets. FWP values were
generally the same as FWOP values because most construction features of the LPP did not include
structures that would inhibit aquatic organism access.
4.6.2

Effects of BU Features and Mitigation Measures

During the preliminary screening of water control structures, the same process described for the FWP
condition was followed to calculate access values for those structures. No water control structures
provided sufficient benefits to overcome aquatic organism access impacts, and thus none advanced into
the final screening of mitigation measures. Containment levees constructed in conjunction with BU marsh
restoration projects were rated as solid plugs for the year of construction and then rated as an open system
the following year when they were breached to reestablish circulation and access.
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5.0

APPLICATION OF THE SCM

5.1

V1 STAND STRUCTURE

5.1.1

FWOP Projections

Baseline values for this variable were based upon field investigations and previous observations by
Habitat Workgroup members in the hydro-units that they manage or regulate. A field investigation,
conducted by the Habitat Workgroup on August 24 and 25 and October 21, 2004, collected baseline data
required by the WVA in each hydro-unit that contained swamp habitat. FWOP changes in stand structure
were projected based upon changes in stand maturity, which in turn were associated with RSLR-related
changes in salinity (V4) or changes in tidal flooding duration and depth (V3). Steady maturation was
projected for all hydro-units; the increase in overstory coverage was generally associated with a decrease
in midstory trees and shrubs and herbaceous vegetation.
5.1.2

FWP Projections

FWP effects to stand structure would be expected in swamp communities near the GIWW East, where a
FWP increase in salinity is projected. The magnitude of projected structure changes was based upon the
magnitude of the salinity increase and the amount of change in relation to the optimal range. In the
Adams Bayou and Blue Elbow South swamps, a projected increase in salinity could slow the growth of
all structure components, with tupelo-gum and herbaceous understory considered the most sensitive to
increased salinities. Growth rates for cypress and tupelo, expressed as dbh, could be slightly lower than
FWOP conditions, averaging 0.03 inch less per year. The Neches River BU Feature would restore the
marsh buffer and protect an existing swamp community on the fringe of Rose City; mitigation measures
would have no effect on swamp communities in the study area.
5.2

V2 STAND MATURITY

5.2.1

FWOP Projections

Baseline values for this variable were based upon the same field investigations reported above, and
previous observations by Habitat Workgroup members in the hydro-units that they manage or regulate.
The dbh measurements were taken from randomly selected canopy dominant and co-dominant trees in the
hydro-unit sample sites, and averages were calculated for the cypress and tupelo-gum et al. subgroups.
Basal area was estimated using the density ranges provided in category descriptions. FWOP rates of tree
growth were based on data for relevant species from the USDA Silvics of North America (USDA, 1990),
and other forest research literature (USDA, 1983; Brown and Montz, 1986) that generally reflect optimum
growth conditions on managed lands. Growth rates were adjusted for the effects of gradually rising
salinity due to RSLR, and were distributed evenly across the project life.
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5.2.2

FWP Projections

FWP effects would be related solely to incremental changes in salinity that could occur as a result of the
deepened channel. Effects of the salinity increases were related to their magnitude and changes in relation
to the optimal range. In the Adams Bayou and Blue Elbow South swamps, higher salinity would be
expected to slow the growth of both tupelo-gum and bald cypress, with greater effects on tupelo-gum
because of its greater salinity sensitivity. The magnitude of projected structure changes was based upon
the magnitude of the salinity increase and the amount of change in relation to the optimal range.
5.3

V3 WATER REGIME

5.3.1

FWOP Projections

Baseline values for this variable were based upon the same field investigations reported above, and
previous observations by Habitat Workgroup members in the hydro-units that they manage or regulate.
Knowledge of conditions outside of the specific area was also considered in this determination. For
example, hydrology may have been altered by nearby navigation channels and highway roadbeds or
placement area levees that block through-flow.
The FWOP values consider the effects of gradual RSLR on water surface elevation and tidal circulation.
The increase in water surface elevation was forecast by the HS model, which in addition to RSLR, also
incorporated forecasted changes in freshwater inflow. The effects of higher FWOP water surface
elevations on hydrologic conditions were estimated by comparing FWOP water surface elevations over
the period of analysis to existing land elevations within the swamp and bottomland hardwood areas. The
range of existing water surface elevations in the Sabine and Neches rivers adjacent to these communities
was determined by field sampling in 2001 (Fagerburg, 2003). Water surface elevations associated with
diurnal tides and extremes associated with normal seasonal wind variations were measured at that time.
The 1.1-foot increase in water surface elevation predicted by the HS model was added to existing average
and extreme water surface elevations, and then compared to the land surface elevations taken from recent
LIDAR survey data (CADGIS, 2009; NOAA Coastal Service Center, 2009). While some of the lowerlying areas could see a marginal increase in the depth and duration of tidal flooding by the end of the
period of analysis, the gradual change in water surface elevation due to RSLR would not permanently
inundate swamp substrate throughout the year. Ultimately, FWOP increases in the duration and depth of
tidal flooding associated with RSLR would adversely affect these communities, but this is most likely to
occur after the period of analysis of this study.
5.3.2

FWP Projections

FWP effects to the water regime would be related to projected changes in velocity and water surface
elevations that could be associated with a larger tidal inflow through the deeper channel. The HS model
determined that both would be slightly higher under FWP conditions, but these minor increases would not
be sufficient to cause changes in flooding duration or water exchange (Brown and Stokes, 2009). No
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landscape or structural changes are planned for the project that would affect flow/exchange or flooding
duration in the swamps or their general vicinity.
5.4

V4 MEAN HIGH SALINITY DURING THE GROWING SEASON

5.4.1

FWOP Projections

Baseline salinity values were based upon HS model output or empirical data provided by resource
agencies, if available. Model values were obtained from the nearest station or averaged over a group of
stations, and salinity values were adjusted by the Habitat Workgroup for the observed salinity gradient in
interior marshes. The HS model incorporates the most likely effects of RSLR and future freshwater
inflows for the period of analysis. On average, FWOP salinities with RSLR would be only negligibly
higher (0.0 to 0.1 ppt) north of IH 10 on both rivers, where the majority of the swamp communities are
located. However, FWOP salinities would be expected to increase an average of 0.5 ppt in the swamp
communities near the GIWW East.
5.4.2

FWP Projections

The HS model median-flow run was used to evaluate the effects of FWP salinity changes for all
vegetative communities. In accordance with the 2002 WVA procedural manuals (USFWS, 2002c, 2002d),
the mean high of 33 percent continuous salinity was utilized for fresh and intermediate marsh
communities and cypress-tupelo swamps. On average, FWP salinities with RSLR would be only
negligibly higher (0.02 to 0.03 ppt) north of IH 10 on both rivers, but about 1.0 to 1.4 ppt higher in the
swamp communities near the GIWW East. The Neches River BU Feature would restore the marsh buffer
and help protect an existing swamp community on the fringe of Rose City from FWP increases in salinity;
mitigation measures would have no effect on swamp communities in the study area.
A sensitivity analysis is presented in Chapter 8 that evaluates potential FWP impacts of occasional
extreme drought events on swamp communities in the study area. The analysis considers potential
impacts associated with a rare low-flow event that simulates the effect flows remaining at 10 percent of
historical levels for several months in a row.
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6.0

APPLICATION OF THE BHM

6.1

V1 TREE SPECIES COMPOSITION

6.1.1

FWOP Projections

Baseline values for this variable were based upon field investigations and previous observations by
Workgroup members in the hydro-units that they manage or regulate. A field investigation, conducted by
the Habitat Workgroup on August 24 and 25 and October 21, 2004, collected baseline data required by
the WVA in each of the hydro-units that contained bottomland hardwood habitat. Changes in tree species
composition were projected based upon changes in stand maturity, which in turn were associated with
RSLR-related changes in hydrology (V4). With steady maturation, an increase in mast producers in the
overstory was generally associated with a decrease in midstory trees and shrubs and a decrease in
understory vegetation.
6.1.2

FWP Projections

FWP effects to tree species composition would be related solely to projected changes in salinity.
However, the bottomland hardwood communities are located on upland terrace margins or higher ridges
in the floodplain, and are protected from salinity increases by their elevation or buffering marsh.
Therefore, no changes to tree species class association would be expected to occur. The Neches River BU
Feature would restore marsh buffers for existing bottomland hardwood communities on the upland
margins; mitigation measures would have no effect on bottomland hardwood communities in the study
area.
6.2

V2 STAND MATURITY

6.2.1

FWOP Projections

Baseline values for this variable were based upon the same field investigations reported above and
previous observations by Habitat Workgroup members in the hydro-units that they manage or regulate.
The dbh measurements were taken from randomly selected canopy trees in the hydro-unit sample sites,
and averages were calculated for the variable. FWOP rates of tree growth were based on data for relevant
species from the USDA’s Silvics of North America (1990), and other forest research literature (USDA,
1983; Brown and Montz, 1986) that generally reflect optimum growth conditions on managed lands.
Growth rates were adjusted for the effects of gradually rising salinity due to RSLR and were distributed
evenly across the project life.
6.2.2

FWP Projections

FWP effects would be related solely to incremental changes in salinity that could occur as a result of the
deepened channel. Effects of the salinity increases were related to their magnitude and changes in relation
to the optimal range. In the Adams Bayou community, salinity increasing further into the sub optimal
range would be expected to slow the growth of all tree species. The magnitude of projected structure
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changes was based upon the magnitude of the salinity increase and the amount of change in relation to the
optimal range.
6.3

V3 UNDERSTORY/MIDSTORY

6.3.1

FWOP Projections

Baseline values for this variable were based upon the same field investigations reported above, and
previous observations by Habitat Workgroup members in the hydro-units that they manage or regulate.
Percentage coverage of understory and midstory was estimated by visual observation. FWOP changes
were associated with projected growth and maturation of the overstory canopy, taking into account the
effects of gradual RSLR. No conditions were forecast to interfere with steady growth, and therefore the
projected increase in overstory coverage was generally associated with a decrease in midstory trees and
shrubs and a decrease in herbaceous understory.
6.3.2

FWP Projections

FWP effects would be related solely to projected increases in salinity. However, projected reductions in
understory/midstory growth were small to nonexistent because the magnitude of the salinity increase was
small.
6.4

V4 HYDROLOGY

6.4.1

FWOP Projections

Baseline values for this variable were based upon the same field investigations reported above.
Conditions outside of the specific hydro-unit were also considered, especially highway roadbeds or
placement area levees that block through-flow and result in an elevated water table. Potential effects
related to changes in the duration or depth of tidal flooding resulting from RSLR were considered as is
described for the SCM.
6.4.2

FWP Projections

FWP effects to hydrology would be related to projected changes in water surface elevations, but the
minor increase predicted by the HS model was not sufficient to cause changes in the water table or
drainage efficiency (Brown and Stokes, 2009). No landscape or structural changes are planned in
conjunction with navigation improvements or mitigation that would affect drainage or water table
elevations in the hydro-units or their general vicinities.
6.5

V5 SIZE OF CONTIGUOUS FORESTED AREA

Baseline values for this variable were taken from GIS measurements. The size of bottomland hardwood
stands and other contiguous forests was used to determine which class of forest size was applicable.
Navigation improvements do not require the removal of any bottomland hardwoods, and salinity changes
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would not be expected to affect the size of these forested wetlands. Therefore, there are no FWP impacts,
and no mitigation measures were designed to increase bottomland forest acreage.
6.6

V6 SURROUNDING LAND USES

A GIS analysis of USGS orthophoto quadrangle maps was used to determine baseline acreages of
surrounding land use classes. A 0.5-mile-wide buffer zone was established around each hydro-unit, the
different land use types were classified within this buffer zone, and the percent occupied by each of the
land use types was calculated. FWOP changes were predicted for the nonhabitat class (residential,
commercial, and industrial development) and the relative percentage of adjacent classes most likely to be
lost to development was reduced proportionately. FWOP increases in the nonhabitat classes were
estimated based upon the 2000 U.S. Census projected population growth rate of the surrounding county.
No FWP changes in this variable would be expected.
6.7

V7 DISTURBANCE

GIS measurements and observations from USGS orthophoto quadrangle maps were used to measure
distances and determine appropriate disturbance classes for this variable. Distance to disturbance was
measured from the perimeter of major stands of bottomland hardwood, and the shortest distance to
disturbance was applied. No FWOP change in disturbance class was projected based upon assumption
that most upland perimeters amenable to development are already developed. No FWP changes in this
variable would be expected.
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7.0

HYDRO-UNITS SUMMARY

7.1

TEXAS HYDRO-UNITS

Table 13 summarizes the results of the WVA modeling of the comparison of the FWOP and FWP
condition for Texas. In Texas, negative impacts occur over approximately 39,000 acres with a projected
total loss of 412 AAHUs. The majority of these impacts (380 AAHUs) are indirect impacts occurring to
approximately 33,500 acres of intertidal marsh and swamp due to small increases in salinity from the
proposed channel deepening. Direct impacts (32 AAHUs) are associated with the conversion of 86 acres
of fresh marsh to upland PA 24A. After benefits of proposed DMMP BU features are taken into account,
the net change in Texas is an increase in 656 AAHUs. A brief verbal summary of baseline, FWOP and
FWP conditions is presented below for each hydro-unit. Salinity levels referenced in the hydro-unit
descriptions were taken from the HS modeling report (Brown and Stokes, 2009).
7.1.1

TX 1 – North Neches River

This 4,143-acre hydro-unit contains 67 percent (2,760 acres) cypress-tupelo swamp, 9 percent (384 acres)
fresh marsh, 10 percent (412 acres) bottomland hardwood forest, 1 percent (53 acres) shrub/scrub, and
10 percent (407 acres) other upland habitat. Open water covers only 3 percent (127 acres) of the unit.
Although dominated by cypress-tupelo swamp, the swamp is interspersed with a series of relict meander
riverbanks that are dry except during floods and that support bottomland hardwood forest. In addition to
bald cypress and tupelo-gum, the swamp supports a diverse assortment of aquatic vegetation, including
pickerelweed, alligator weed, duckweed, spider lilies, crinum, and several species of fern along the
water’s edge. Most of the open water in the wetland forests consists of deeper streams and bayous; SAVs
cover less than half of open-water area. The relict riverbank ridges support a relatively mature growth of
bottomland hardwoods composed of several species of oaks, hickory, hackberry, sweet gum, maple, and
willow, with greater than 50 percent of the overstory canopy consisting of hard mast or other edible seedproducing trees. Because of the thick canopy cover, understory coverage of palmetto, yaupon, lizard’s
tail, smartweed, and invading tallow trees is generally 50 percent or less. The relatively scarce (on a
regional and national scale) swamp and bottomland hardwood habitats have medium to high wildlife
values. Mammals adapted to the area’s wetland habitats include opossum, armadillo, raccoon, swamp and
cottontail rabbit, gray and red fox, coyote, bobcat, and white-tailed deer. Reptiles and amphibians,
including the American alligator, are abundant. A prolific and wide array of resident and migratory birds
utilizes the area because of the quality and diversity of habitat and its location in the Central Flyway. The
influence of the salinity wedge in the navigation channel extends into the adjacent reach of the Neches
River, raising salinities during times of low freshwater inflow. However, there is relatively little mixing,
and salinity stratification within the river remains strong in this reach, resulting in predominantly fresh
water in the upper layer and backwater areas (Academy of Natural Sciences, 1998).
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Table 13: Texas SNWW CIP - Net Impacts and Benefits
by Acres and AAHUs

Offset Impacts by Acres and Habitat
Type (acres)

HU #

Hydrologic Unit (HU) Name

No Effect

Impacts
Offset by BU
Plan

Total Impacts/Benefits by Habitat Type
(AAHUs)

Acres
Impacted

Offsetting
Benefits of BU
Plan

Total
Loss

Net FWP
Benefit

Bottomland Hardwood
Neches River Watershed
TX 1
North Neches River
TX 2
Neches-Lake Bayou
TX 3
Rose City
TX 5
Bessie Heights
TX 6
Old River Cove
Subtotal - Neches River
Sabine River Watershed
TX 10
Cow Bayou
TX 11
Adams Bayou
LA/TX 1
Sabine Island
Subtotal - Sabine River
Total Bottomland Hardwood
Neches River Watershed
TX 1
North Neches River
TX 2
Neches-Lake Bayou
TX 3
Rose City
Subtotal - Neches River
Sabine River Watershed
TX 10
Cow Bayou
TX 11
Adams Bayou
TX 12
Blue Elbow South
LA/TX 1
Sabine Island
LA/TX 2
Blue Elbow
Subtotal - Sabine River
Total Cypress/Tupelo Swamp
Neches River Watershed
TX 1
North Neches River
TX 2
Neches-Lake Bayou
TX 3
Rose City PA24A*
TX 3
Rose City
TX 4
West of Rose City
TX 5
Bessie Heights
TX 7
GIWW North
Subtotal - Neches River

412
1,040
1,775
293
197
3,717

0

388
640
524
1,552
0
5,269
0
Cypress/Tupelo Swamp
2,760
2,277
464
5,501

0

0

0
0
0
0
0
0

0
0

0
0
0
0
0

0

0
0
0
0

110
115
689
1,194
2,737
4,041
9,542
Fresh Marsh

0
0

804
804

436
1,535
86
3,241
492
2,147
4,610

0

93

4,806
8,133

0
-4
-18
0
0
-22
-22

0
0
-32
-1
0
0
-140
-173

0

0
0
0
0
0
0

0
0

0
0
0
0
0

0

0
0
0
0

0
0

0
-4
-18
0
0
-22
-22

178

178

0
0
-32
177
0
0
-140
5

Table 13 (Cont'd)
Offset Impacts by Acres and Habitat

HU #

Hydrologic Unit (HU) Name

Impacts
Offset by BU
Plan

No Effect

Total Impacts/Benefits by Habitat Type

Acres
Impacted

Offsetting
Benefits of BU
Plan

Total
Loss

Net FWP
Benefit

Fresh Marsh (Cont'd)
Sabine River Watershed
TX 10
Cow Bayou
TX 11
Adams Bayou
Subtotal - Sabine River
Total Fresh Marsh

1,775
599
2,374
10,507

-18
-15
-33
-206

6,933
1,742
437
9,112

-14
-19
-3
-36

1,144
1,144
10,256

-12
-12
-48

0
0

8,760
2,546
647
11,953
11,953

-116
-7
-8
-131
-131

235
235

119
-7
-8
104
104

0
0

5,708
5,708
5,708

0
0

-5
-5
-5

222
222
222

217
217
217

Total Neches River Impacts

13,828

5,708

29,198

-345

1,068

723

Total Sabine River Impacts

5,593

0

4,322

-67

0

-67

Total - All Habitats
19,421
5,708
* Direct impact associated with conversion of wetland to upland PA 24A.

33,520

-412

1,068

656

Neches River Watershed
TX 5
Bessie Heights
TX 8
Texas Point
TX 13
Groves
Subtotal - Neches River
Sabine River Watershed
TX 10
Cow Bayou
Subtotal - Sabine River
Total Intermediate Marsh
Neches River Watershed
TX 6
Old River Cove
TX 8
Texas Point
TX 7
GIWW North
Subtotal - Neches River
Total Brackish Marsh
Neches River Watershed
TX 8
Texas Point
Subtotal - Neches River
Total Saline Marsh

0
0
4,610
0
Intermediate Marsh

0

0

0
0
0
0
Brackish Marsh

0
0
Saline Marsh

94

0
178

433

-18
-15
-33
-28

433

419
-19
-3
397

0
433

-12
-12
385

235

The fresh marsh, restricted primarily to an area in the southeast corner of the hydro-unit, is in good
condition. Extensive wetland floodplain forests on both sides of the Neches River are generally buffered
from encroaching development by their low elevation. Development is, however, beginning to encroach
upon the area from the City of Beaumont to the southwest, and commercial sandpits are located in the
floodplain.
Minimal FWOP changes over the 65-year period of analysis would be expected. FWOP RSLR would
gradually increase tidal flooding duration, but the gradual change in the depth of tidal flooding is not
expected to permanently inundate swamp substrate throughout each year. It is assumed that gradual
RSLR would result in an increase in primary production, biomass density, and sediment deposition such
that marsh elevation will remain in equilibrium with sea level. A small change in salinity is expected
accompanied by a loss of 24 acres of fresh marsh. A new, permanent saltwater barrier has been
constructed on the Neches River at Pine Island Bayou, at the upstream limit of the SNWW study area. A
loss of only 8 acres of fresh marsh would be expected. The Habitat Workgroup estimated that a small
percentage (5.0 percent) of the surrounding land would convert from pasture to development due to
population growth and the hydro-unit’s proximity to uplands along its southwestern margin. No changes
in the acreages of the bottomland hardwood and swamp areas would be expected, and it is assumed that
all wetland forests would continue to mature with no disturbance.
The HS model indicates that FWP salinities under the most likely flow conditions would remain
predominantly fresh. Abundant riverine through-flows and seasonal flooding would continue in the FWP
condition, and only a negligible increase in water surface elevation would be expected. No FWP salinity
impacts and no loss of marsh, bottomland hardwood, or swamp acreage would be expected. No FWP
AAHU losses are predicted for the hydro-unit.
7.1.2

TX 2 – Neches Lake Bayou

Located immediately downstream of TX 1, this 5,707-acre hydro-unit contains 40 percent (2,277 acres)
cypress-tupelo swamp, 22 percent (1,270 acres) fresh marsh, 18 percent (1,040 acres) bottomland
hardwood forest, 2 percent (108 acres) shrub/scrub and 12 percent (684 acres) other upland habitat.
Approximately 6 percent (329 acres) of the unit is open water. Swamp and bottomland hardwood forests
are present on both sides of the Neches River, and fresh marsh is restricted primarily to a central corridor
along the river. Interspersed among the cypress-tupelo swamp is a series of relict meander riverbanks that
are dry except during floods. Species of bottomland hardwoods, understory, SAVs, fish, and wildlife are
similar to those present in TX 1. However, tupelo-gum is more abundant than bald cypress in this hydrounit, and the percentage of hard mast or other edible seed-producing trees is somewhat lower, between 25
and 50 percent. Like TX 1, the relatively scarce (on a regional and national scale) swamp and bottomland
hardwood habitats have medium to high wildlife values. The influence of the salinity wedge extending up
the navigation channel is greater here than upstream. The hydrology of the area is essentially unaltered,
with abundant riverine through-flows. Semipermanent flooding is associated with IH 10, which forms the
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southern border of the hydro-unit and serves to block overland flow to the south. The fresh marsh, located
primarily on the east bank of the Neches River, is in good condition and is experiencing a low rate of land
loss.
Minimal FWOP changes over the 65-year period of analysis would be expected. FWOP RSLR would
gradually increase tidal flooding duration, but the gradual change in the depth of tidal flooding is not
expected to permanently inundate swamp substrate throughout each year. It is assumed that gradual
RSLR would result in an increase in primary production, biomass density, and sediment deposition such
that marsh elevation will remain in equilibrium with sea level. Essentially no change in salinity and no
marsh loss would be expected. The Habitat Workgroup estimated that 10 percent of the bottomland forest
would be lost to development over the project life due to population growth and the area’s proximity to
existing development. A part of the City of Beaumont lies along the western boundary, and development
is also encroaching from the east. No changes in swamp acreage were forecast because of its location in
the lower, flood-prone floodplain. Swamp species would continue to mature with no disturbance.
The HS model indicates that FWP salinities under the most likely flow conditions would remain fresh.
Abundant riverine through-flows and seasonal flooding would continue in the FWP condition, and only a
negligible increase in water surface elevation would be expected. No FWP salinity impacts and no loss of
marsh, bottomland hardwood, or swamp acreage would be expected. No FWP AAHU losses are predicted
for the hydro-unit.
7.1.3

TX 3 – Rose City

Located on the east bank of the Neches River downstream of IH 10, this 5,805-acre hydro-unit contains
40 percent (2,323 acres) fresh marsh, 31 percent (1,775 acres) bottomland hardwood forest, 8 percent
(464 acres) cypress-tupelo swamp, and 2 percent (152 acres) other upland habitat. The unit is 19 percent
(1,091 acres) open water. A centrally located expanse of tidally influenced mud flats is the site of eroded
wetlands that were formerly fresh marsh and cypress/tupelo swamp (GLO, 2000a). This change is
associated with a combination of factors, including subsidence linked to subsurface fluid extraction,
timber cutting, reduced sediment supply, and exposure to higher salinities introduced through the adjacent
ship channel and internal oil field canals. The hydro-unit contains the Rose City Oil and Gas Field, which
ceased production in 2003. Cypress-tupelo swamp is largely confined to the Tiger Creek watershed,
which drains a rapidly developing upland area into the northern portion of the hydro-unit. Vestiges of
swamp vegetation are also present along the Neches River perimeter and along levees bordering canals.
Bottomland hardwoods, largely confined to the southern half of the hydro-unit, grade into developed
uplands along the eastern margin. The bottomland hardwoods, comprised primarily of various oaks,
maple, honey locust, pecan, and tallow, occupy relict meander ridges, interspersed with fingers of fresh
marsh. A 1,000-acre area in the center of the hydro-unit that was formerly marsh and wetland forest has
subsided and eroded into a tidally influenced, clay-pan dotted with cypress stumps (Figure 10).
Remaining fresh marsh around the rim of the eroded area is gradually being lost. Natural streams and
areas that are partially confined by oil field roads and levees are covered with water averaging 2 to 3 feet
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in depth. These areas support a lush growth of aquatic vegetation including coontail, southern naiad,
Eurasian milfoil, common salvinia, water hyacinth, smartweed, cattails, bulrush, and pickerelweed.
Baseline salinities are essentially predominantly fresh, but the hydrology of the area has been altered by
oil field canals and levees, subsidence, with run-off from developed uplands to the northeast. Parts of the
area are completely open to tidal flow, while other areas are restricted by levees and roads to the extent
that water is permanently impounded. Access for marine organisms is unrestricted for most of the area;
however, access to a 200-acre impounded area is maintained only through culverts.

Figure 10: Existing condition of Rose City East
It is expected that FWOP changes would be limited to the fresh marsh with the loss of 93 acres
(4.2 percent) of fresh marsh over the period of analysis. The FWOP salinity would remain fresh, and no
impacts would be expected for the swamp and bottomland hardwood communities. It is assumed that
gradual RSLR would result in an increase in primary production, biomass density, and sediment
deposition such that marsh elevation will remain in equilibrium with sea level. The Habitat Workgroup
estimated that 10 percent of pasturelands currently buffering the hydro-unit would be lost to development
due to population growth in Vidor and the area’s proximity to existing development.
FWP project impacts would be limited to those associated with about a 0.5 ppt increase in salinity. The
productivity-based land loss projection indicates that this increase would result in the loss of 3 additional
acres of fresh marsh (–1 AAHUs), but no losses in bottomland hardwood or swamp acreage. The small
increase in salinity will cause no reduction in the general health and productivity of the cypress-tupelo
swamp and bottomland hardwood habitats. The SNWW DMMP proposes the expansion of existing
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PA 24, which is located at the southern tip of the unit. New PA 24A would convert 85 acres of fresh
marsh and 1 acre of open water to a confined, upland placement area, resulting in a loss of –32 AAHUs.
The footprint of the acreage converted to PA 24A was coordinated with the Habitat Workgroup to
minimize impacts to adjacent bottomland hardwood forest and higher quality fresh marsh. One
component of the Neches River BU Feature (Rose City East) would be constructed in this hydro-unit,
resulting in a net increase of 249 acres of fresh marsh and a net benefit of 177 AAHUs.
7.1.4

TX 4 – West of Rose City

This 493-acre hydro-unit consists of two separate areas, totaling 80 percent (395 acres) fresh marsh and
20 percent (97 acres) associated open-water areas on the west bank of the Neches River, opposite the
Rose City marsh area. The marshes are remnants interspersed among industrial facilities and USACE
PAs. The largest remnant marsh lies along the southern and southwestern edge of PA 25. It lies on both
sides of a natural drainage and an industrial canal that extends from the Neches River to developed
uplands in the City of Beaumont. The southern area is bordered by a large docking slip on the north and
the Neches River on the east and is surrounded by industrial facilities. Salinity in the Neches River
adjacent to these sites is predominantly fresh.
FWOP land loss of 24 acres (6.4 percent) would be expected over the 65-year period of analysis. FWP
project impacts would be associated with a minimal change in salinity (approximately 0.5 ppt) and the
loss of 1 acre of fresh marsh (0 AAHUs). It is assumed that gradual RSLR would result in an increase in
primary production, biomass density, and sediment deposition such that marsh elevation will remain in
equilibrium with sea level.
7.1.5

TX 5 – Bessie Heights

The 11,363-acre Bessie Heights hydro-unit is the site of the most extensive, contiguous coastal marsh loss
in Texas (GLO, 2000b). Located on the east bank of the Neches River downstream from the Rose City
marsh, this unit contains 18 percent (2,018 acres) fresh marsh, 17 percent (1,932 acres) intermediate
marsh, 2 percent (293 acres) bottomland hardwood, less than 1 percent combined (60 acres) brackish
marsh and shrub/scrub, and 13 percent (1,512 acres) PAs and other upland habitat. It is dominated by
5,548 acres (49 percent) of open water that was historically a large, mostly emergent, intermediate marsh.
Existing fresh marsh rims the edge of the large submerged wetland area, grading into developed uplands
to the north and east. Pockets of bottomland hardwood are present in the fresh marsh and at the upland
edge. The submerged wetland, now a vast open-water area averaging 2 to 3 feet in depth, is the site of the
large Port Neches oil and gas field. This field is still active; however, production levels have been low and
steady over the last 25 years. The oil field is connected to the Neches River by the Bessie Heights canal,
and a grid of low levees protects active and closed well locations (Figure 11). Wetland loss in this area
began during the 1930s, and the most significant losses occurred between 1956 and 1978 (White et al,
1996). The rate of marsh loss dropped during the last 25 years, averaging 0.03 percent per year. This
slowing in the land loss rate appears to be due in part to changes in oil production rates and practices.
Factors believed to contribute to this marsh loss include subsidence related to the removal of
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groundwater, oil, and gas reserves, salt water intrusion, petroleum production brine disposal, altered
hydrology, and altered sediment deposition patterns. PAs for the SNWW navigation channel line the
Neches River and form the western boundary of the marsh system. They serve as artificial levees that
prevent overbank flows and sediment deposition. The Nelda Stark Unit of the Lower Neches WMA is
located in the northeast quadrant of the hydro-unit. TPWD data indicate that salinity in the Nelda Stark
Unit intermediate marsh averages 4.2 ppt during the growing season. The HS model indicates a
predominant baseline salinity of about 1.0 ppt in the fresh marsh.

Figure 11: Bessie Heights Oil Field
A FWOP land loss in the fresh marsh of 40 acres (2.0 percent) and 31 acres (1.6 percent) of intermediate
marsh would be expected over the period of analysis. No change in bottomland forest acreage is forecast.
The salinity increase associated with RSLR would be about 0.25 to 0.5 ppt. It is assumed that gradual
RSLR would result in an increase in primary production, biomass density, and sediment deposition such
that marsh elevation will remain in equilibrium with sea level.
FWP project impacts would be associated with a small increase in salinity of about 0.5 ppt and the loss of
about 2 additional acres of fresh marsh (0 AAHUs), and about 1 acre of intermediate marsh
(−14 AAHUs). The small increase in salinity would cause no reduction in the general health and
productivity of the bottomland hardwood habitats. One component of the Neches River BU feature
(Bessie Heights East) would be constructed in this hydro-unit, resulting in a net increase of 1,189 acres of
intermediate marsh and 679 acres of brackish marsh, and a net benefit of 419 AAHUs.

100007609/060033

99

7.1.6

TX 6 – Old River Cove

The 11,851-acre Old River Cove hydro-unit is located on the east bank of the Neches River where its
mouth opens onto Sabine Lake. It contains 44 percent (5,240 acres) brackish marsh with minor pockets of
fresh and intermediate marsh (2 percent; 230 acres) on its periphery. One 197-acre (2 percent) area of
bottomland hardwood is preserved in the northwest corner of the unit. Approximately 30 percent
(3,620 acres) of the unit is open water. The submerged brackish wetland is primarily located in the
western half, west of Highway 87. Much of this area is managed by TPWD as the Old River Unit of the
Neches River WMA. The hydro-unit also contains 2,564 acres (22 percent) that were excluded from the
analysis because they are the location of three small PAs and a 2,500-acre area of controlled, isolated
wetlands that is owned and managed by a hunt club as intermediate marsh. The intake and outfall canals
for a large power plant draw higher-saline waters from Old River Cove and discharge them into the
Neches River just upstream of the Rainbow Bridge. Salinities west of the outfall canal tend to be lower
because this area is buffered by the bank of the canal and receives lower-salinity overland flow from the
Bessie Heights area. TPWD sampling indicates baseline salinities average 10.0 ppt. The Old River Cove
area has lost a large amount of marsh due to subsidence, faulting (White et al., 1996), and saltwater
intrusion. The most significant losses occurred between 1956 and 1978 when the rate of marsh loss
averaged 27.5 acres/year. The rate of marsh loss dropped during the last 25 years, when it averaged
4.8 acres/year. Widgeon grass is abundant in shallow waters west of Highway 87, but SAVs are not
common east of the highway. Access for marine organisms is fully open through roadside ditches and the
utility canals. Wildlife diversity is high, and it is a key nesting and brooding area for several species of
ducks. It is also an important stopover and staging area for waterfowl in the Central Flyway, and it
provides high-quality winter waterfowl habitat.
A FWOP land loss of 1,518 acres (28 percent) of brackish marsh would be expected given the high
background land loss rate documented in the area (White et al., 1996). Salinity would increase from about
10.0 ppt to about 11.0 ppt over the period of analysis, moving further into the suboptimal range. Gradual
RSLR would result in an increase in primary production, biomass density, and sediment deposition such
that marsh elevation will remain in equilibrium with sea level. It was estimated that 10 percent of the
bottomland hardwoods will be lost to development over the project life due to population growth in
Bridge City and the area’s proximity to existing development.
FWP project impacts would be associated with an increase in salinity to about 13.0 ppt and the loss of
46 acres (1 percent) of brackish marsh (–116 AAHUs). The bottomland hardwood community is buffered
from salinity increases by marsh and development; no impacts would be expected. One component of the
Neches River BU Feature (Old River Cove) would be constructed in this hydro-unit, resulting in a net
increase of 593 acres of brackish marsh, and a net benefit of 119 AAHUs.
7.1.7

TX 7 – GIWW North

The 5,907-acre GIWW North hydro-unit comprises three separate areas on the north side of the GIWW.
All are located within the largest remaining coastal freshwater marsh in Texas (USFWS, 2005a). The unit
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consists of 77 percent (4,541 acres) fresh marsh, 10 percent (588 acres) brackish marsh, 2 percent (129
acres) intermediate marsh, and 8 percent (454 acres) of PAs and upland areas. Approximately 3 percent
(195 acres) of the unit is open water. Most of this area is not hydrologically connected to the waterways
that form its southern and eastern boundary, the GIWW and the Taylor Bayou Diversion Channel,
respectively. TPWD data indicate that baseline salinities in the fresh and brackish marshes average 0.7
and 9.0 ppt, respectively, during the growing season. PAs along the GIWW and levees, created when the
waterways were originally dredged, serve as barriers along the banks of the waterways that protect the
marshes from bank overwash. Areas selected for inclusion in the hydro-unit are likely to be affected by
salinity increases associated with SNWW channel improvements. They are influenced by breaks in the
levees and PAs, or through natural bayous that allow higher-salinity waters to enter the marsh system.
The easternmost area is 647 acres of brackish marsh on the west bank of the Taylor Bayou Diversion
Channel. The central area is 2,533 acres of fresh marsh located within the McFaddin NWR’s North Unit
and bordered on the south by the GIWW. The westernmost area is 2,273 acres of fresh and intermediate
marsh centered on the drowned valley of Salt Bayou where it is cut by the GIWW. Wildlife diversity is
high, and the general locale serves as a key nesting and brooding area for several species of ducks. It is
also an important stopover and staging area for waterfowl in the Central Flyway and it provides highquality winter waterfowl habitat. SAVs are abundant in the small, shallow, open-water ponds in the unit.
Fisheries access is restricted by box culverts and fixed-crest weirs in the eastern and central areas, but
unrestricted through Salt Bayou in the westernmost area.
FWOP land loss of 539 acres (11.6 percent) of fresh marsh and 62 acres (10.6 percent) of brackish marsh
would be expected over the 65-year period of analysis. Included in this land loss are estimated losses due
to RSLR-related shoreline recession along the GIWW (about 8 acres of fresh and 3.5 acres of
intermediate marsh). It is assumed that gradual RSLR would result in an increase in primary production,
biomass density, and sediment deposition such that interior marsh elevation would remain in equilibrium
with sea level. Salinities would be expected to increase to about 2.5 ppt in the fresh marsh and about
11 ppt in the brackish marsh. In both marsh communities, the FWOP salinity would rise into the
suboptimal range. No other changes in land use or hydrology would be expected.
FWP project impacts would be associated with an increase in salinity to about 4.0 ppt and 12.5 ppt in the
fresh and brackish marshes, respectively, and land loss of 63 acres (1.5 percent) of fresh and 2 acres
(0.4 percent) of brackish marsh for a total loss of 148 AAHUs. In both cases, salinity would be moving
further into the suboptimal range. No other changes in land use, hydrology, or marine organism access are
attributable to the project.
7.1.8

TX 8 – Texas Point

This 11,422-acre hydro-unit is located adjacent to the SNWW waterway at Sabine Pass; its southern
boundary extends for 13.5 miles along the Gulf of Mexico. The unit encompasses the entire 8,950-acre
Texas Point NWR (USFWS, 2005a). Located within the Chenier Plain Complex of southwestern
Louisiana and southeast Texas, the unit contains 4,898 acres (43 percent) of saline marsh, 2,398 acres
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(21 percent) brackish marsh, 1,605 acres (14 percent) intermediate marsh, 100 acres (1 percent) fresh
marsh, and 1,413 acres (12 percent) of other upland areas. Approximately 9 percent (1,008 acres) of the
unit is open water. Chenier ridges along the northern margin of the hydro-unit were omitted from the
analysis because they will not be affected by hydrologic changes associated with the LPP. Marshes in the
hydro-unit are hydrologically connected to the SNWW through Texas Bayou and a large, adjoining manmade canal. Saltwater averaging 24 ppt also accesses the area by overwashing a subsided portion of the
west jetty near the Gulf shoreline. The hydro-unit is crisscrossed with numerous small bayous that feed
waters from the SNWW waterway into the interior, following long finger swales between ridges. The
majority of the area is covered by saline marsh (5,708 acres), which front the SNWW waterway and the
Gulf of Mexico. Saline marsh grades to brackish marsh (2,654 acres) toward the west, and this in turn
grades into intermediate marsh and small pockets of fresh marsh (totalling 1,742 acres). USFWS
sampling indicates that baseline salinities average 5.75 ppt, 8.5 ppt, and 12.5 ppt in the intermediate,
brackish, and saline marshes, respectively. Salinities regularly exceed the optimal ranges for fresh and
intermediate marsh. The marsh buffers inland habitats and the city of Sabine Pass from tropical storm–
generated tidal surges and is biologically diverse and extremely productive (TPWD, 2005d). Systematic
surveys of fish, wildlife, and plant resources have documented over 250 avian species and over 400 plant
species in the NWR. The hydro-unit provides an important wintering and migration stopover for
migratory birds including Central Flyway waterfowl, shorebirds, wading birds, marsh birds, and
neotropical/neoarctic and temperate landbirds, in addition to providing year-round habitat for the mottled
duck. The coastal marsh serves as a nursery area for many important commercial and recreational fish and
shellfish species, including white and brown shrimp, blue crab, red drum, flounder, and speckled sea
trout. SAVs cover half to three-quarters of open-water areas within the brackish and fresh/intermediate
marshes, but are sparse in the saline marsh. Fisheries access is restricted in the intermediate and brackish
marshes by low rock weirs on several channels; unrestricted access to the saline marsh is provided
through Texas Bayou.
FWOP land loss of 245 acres (14.4 percent), 252 acres (10.6 percent), and 2,446 acres (50.2 percent)
would be expected in the intermediate, brackish, and saline marshes. These losses include estimated
losses due to RSLR-related shoreline recession of the Gulf shoreline of about 70 acres of
fresh/intermediate, 852 acres of brackish, and 2,194 acres of saline marsh over the 65-year period of
analysis. Land loss effects are also reflected in change in interspersion; areas converted to open Gulf
waters were expected to convert to Class 4. It is assumed that gradual RSLR would result in an increase in
primary production, biomass density, and sediment deposition such that interior marsh elevation would
remain in equilibrium with sea level. Salinities would be expected to increase to about 7.0 ppt, 13.0 ppt,
and 13.8 ppt in the intermediate, brackish, and saline marshes, respectively, over the period of analysis.
Intermediate and brackish marshes would be impacted by salinities reaching further into the suboptimal
range. No other changes in land use or hydrology would be expected.
FWP project impacts would be associated with salinity, interior land loss, and shoreline retreat increases
totaling 31 AAHUs. Salinities would be expected to increase to about 7.8 ppt, 10.6 ppt, and 14.6 ppt in
the intermediate, brackish, and saline marshes, respectively. Salinity in the intermediate marshes would

100007609/060033

102

be expected to approach the upper limit for this community, increasing the potential for the conversion of
large areas to brackish marsh. FWP land loss of 6 acres (0.4 percent), 5 acres (0.2 percent), and 17 acres
(0.3 percent) of intermediate, brackish, and saline marshes, respectively, would be expected. FWP land
loss trends include additional Gulf shoreline retreat of 0.42 foot/year between 0.5 and 3.5 miles from the
jetty. The shoreline erosion results from increased wave heights and decreased sediment transport caused
by deepening of the entrance channel (Gravens and King, 2003). No other changes in land use, hydrology,
or marine organism access are attributable to the project.
7.1.9

TX 9 – Salt Bayou

This 55,044-acre hydro-unit is located adjacent to the SNWW waterway between TX 8 and the GIWW.
The western boundary is the Perkins Levee, which forms a barrier for hydrologic influences from the
SNWW. The majority of the unit is located within the J.D. Murphree WMA and the McFaddin NWR.
The hydrology of this Chenier Plain wetland is dominated by the Salt Bayou watershed and a chain of
lakes along this bayou, which include Shell Lake, Johnson Lake, Keith Lake, and Salt Lake. Saltwater
intrusion from the GIWW is controlled by water control structures at Perkins Levee and the opening of
Salt Bayou to the GIWW (USACE, 1992), but the marshes remain open to the salinity influence of the
SNWW through the Keith Lake Fish Pass. The unit contains 15,801 acres (29 percent) brackish marsh,
24,942 acres (45 percent) intermediate marsh, 567 acres (1 percent) fresh marsh, and 4,392 acres
(8 percent) of uplands and ponded compartments that are leveed and hydrologically isolated.
Approximately 17 percent (9,342 acres) of the unit is open water. The brackish marsh is located in areas
most affected by salinity influence from the SNWW, along Salt Bayou, Johnson and Keith lakes, and the
SNWW channel. According to TPWD salinity data, baseline salinities in the intermediate marsh average
4.7 ppt in the growing season and 6.9 ppt in the brackish marsh. The area supports a diversity of wildlife,
including over 20 mammal, 80 bird, at least 11 reptile and amphibian species, and over 80 species of
fishes and shellfishes (TPWD-GLO, 2001). Lying within the Central Flyway, the Salt Bayou marsh is a
major component of the coastal wetland habitat utilized year-round by the mottled duck, and it provides
an important wintering and migration stopover for other migratory waterfowl, shorebirds, wading birds,
marsh birds, and neotropical/neoarctic and temperate landbirds. Fisheries access is unrestricted through
the Keith Lake Fish Pass, but access to approximately 15 percent of the intermediate marsh is restricted
by a flap-gate salinity control structure.
The Salt Bayou unit has been extensively impacted by human activities including oil exploration, cattle
grazing, the construction of levees and ditches to facilitate waterfowl hunting and commercial fur
trapping, and changes in hydrology caused by construction of the SNWW, the GIWW, and the Keith
Lake Fish Pass. These have led to increases in the extent of open water at the expense of emergent marsh,
with the most likely causative factors being saltwater intrusion, sulfide toxicity, and increased soil erosion
associated with submergence associated with subsidence related to oil/gas withdrawal (Morton et al,
2001) and the loss of marsh vegetation (TPWD-USFWS, 1990). TPWD conducted a GIS study of historic
patterns of the distribution of emergent marsh communities and changes in open-water areas (TPWD,
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2003, 2004). This study documented a 6.15 percent decline in emergent marsh between 1967 and 2001.
The rate of decline appears to have slowed between 1987 and 2001, with a loss of 2.36 percent.
FWOP changes for the 65-year period of analysis would be associated with RSLR-related land loss and
salinity increases. The FWOP land loss rate assumed that the land loss trend measured between 1987 and
2001 would continue; 2,765 acres (10.8 percent) of existing fresh and intermediate marsh, and 1,697 acres
(10.7 percent) of brackish marsh in the Salt Bayou hydro-unit would be lost. Land loss projections are
also reflected in a change in interspersion, with 5 percent of Class 1 and 2 converting to Class 4. It is
assumed that gradual RSLR would result in an increase in primary production, biomass density, and
sediment deposition such that interior marsh elevation would remain in equilibrium with sea level. In the
brackish marsh, FWOP salinity would be expected to increase from 6.9 ppt to 8.2 ppt, within the optimum
range for the brackish marsh community. However, within the intermediate marsh, baseline salinity
already exceeds the optimal range, averaging 4.7 ppt in the growing season. RSLR would be expected to
raise salinity to 6 ppt by the end of the period of analysis, extending salinity levels further into the
suboptimal range. No other changes in land use, hydrology, or salinity are expected.
FWP project impacts, totaling 658 AAHUs, would be associated with salinity and land loss increases
primarily within the intermediate marsh system. Within the brackish marsh, salinity would increase from
6.9 ppt to 9.6 ppt, still within the optimum range for that community. For the intermediate marsh,
however, salinity would be expected to increase to about 7.4 ppt, pushing near the upper limit of salinity
tolerance for this vegetation community. Land loss of 49 acres (0.3 percent) of brackish marsh and
202 acres (0.8 percent) of intermediate marsh would be expected by 2069. Potential changes in water
velocity due to a 48-foot deepening alternative were investigated with the 2009 HS model (Brown and
Stokes, 2009). In the Keith Lake Fish Pass, the mean peak velocity would be slightly less than FWOP and
there would be no change in mean velocity. Velocities in the Salt Bayou/Keith Lake marshes were not
determined. However, a significant decrease in velocity would result when moving from the confined fish
pass to the adjacent open marsh system. Little change in velocity is expected in the marsh system with the
LPP. The deepening-only alternative does not include widening, but FWP velocities would be expected to
be similar to the deepening and widening alternative.
It is important to note that the impacts presented here do not include all impacts of the Preferred
Alternative in Texas as FWP impacts in Texas’s Salt Bayou (TX 9) hydro-unit are not included. Jefferson
County, Texas, and USACE, with support from the TPWD, GLO, and TWDB, have been studying ways
to reduce the amount of saltwater intrusion, decrease high-energy inflows, and minimize impacts to larval
fish access in an ongoing Section 1135 Continuing Authorities Project (CAP) study for the Salt Bayou
hydrologic unit. When the Keith Lake Section 1135 CAP study was begun in 2003, it seemed likely that
the CAP study and construction would be completed before the SNWW CIP could be authorized and
constructed. The Keith Lake Section 1135 study was therefore considered separable from the SNWW CIP
and for planning purposes, it was assumed that a water control structure at the Fish Pass would be part of
the future without-project condition for the SNWW CIP. Incremental impacts of the SNWW CIP will be
calculated for the Salt Bayou unit of the SNWW study area when WVA modeling is completed for the
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Keith Lake Section 1135 study. It is possible that the excess DMMP benefits (316 AAHUs) of the
SNWW CIP will cover all incremental project impacts. However, if it is determined that additional
mitigation is needed, then USACE and the non-Federal sponsor of the SNWW CIP will initiate
consultation with resource agencies, identify and incrementally justify additional compensatory
mitigation for the Salt Bayou unit, and prepare a supplemental environmental impact statement.
7.1.10

TX 10 – Cow Bayou

The mouth of Cow Bayou flows into the Sabine River approximately 3 miles north of its confluence with
Sabine Lake. The 4,990-acre hydro-unit comprises a narrow riparian corridor ranging from 1 mile wide at
its mouth to 0.3 mile wide at its upstream extent that extends approximately 10 miles from the Sabine
River. The riparian corridor is confined along most of its length by development in Bridge City, Texas. In
1946, the formerly shallow, meandering bayou was channelized and deepened to 13 x 100 feet by the
USACE to provide shallow-draft access to the Orange Oil Field (Rivers and Harbors Act of July 24,
1946a). Dredged material from original construction was side cast into low mounds along the length of
the channelized bayou. Two large, upland confined PAs (1,233 acres; 25 percent of the total hydro-unit
acreage) are located on both sides of the bayou mouth at the Sabine River. These are used for
maintenance dredging of the Channel to Orange, a segment of the SNWW waterway that is not part of
this study of navigation improvements. Upstream of the PAs lie 1,436 acres (29 percent) of fresh marsh
and 144 acres (23 percent) of intermediate marsh. Cypress-tupelo swamp (110 acres; 2 percent) is largely
confined to the upper 3 miles. The marsh and swamp are interspersed with small pockets of bottomland
hardwood (388 acres; 8 percent), which become larger along the upper bayou. Baseline salinities range
from fresh in the uppermost reaches to about 3.5 ppt near the mouth. The hydrology of the hydro-unit has
been altered by adjacent development. Roads and subdivisions have artificially lowered the water table in
some areas and impounded water in others. TCEQ has identified water quality problems in Cow Bayou,
citing impairments due to low dissolved oxygen and high fecal coliform (TCEQ, 2004a).
FWOP land losses of 75 acres (5.2 percent) and 59 acres (5.2 percent) of fresh and intermediate marsh,
respectively, would be expected over the period of analysis. It is assumed that gradual RSLR would result
in an increase in primary production, biomass density, and sediment deposition such that interior marsh
elevation would remain in equilibrium with sea level. Salinities would remain fresh in the upper reaches
and rise to 4.0 ppt near the mouth of the bayou. RSLR would result in an increase in both the depth and
duration of tidal flooding. However, the swamp substrate would be exposed during average low tides and
for longer durations seasonally. No other changes in land use or hydrology would be expected.
FWP project impacts would be expected due to an increase in salinities to about 1 ppt in the swamps and
fresh marshes in the upper reaches, and 5.0 ppt in the fresh and intermediate marshes in the lower reach,
moving into the suboptimal range in marshes closest to the Sabine River. Land losses of 6 acres
(0.4 percent) and 3 acres (0.3 percent) in fresh and intermediate marsh, respectively, would be expected.
Impacts would total 30 AAHUs. No loss of swamp or bottomland hardwood acreage is predicted. No
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other changes in marsh edge, SAV coverage, land use, hydrology, or marine organism access are
attributable to the project.
7.1.11

TX 11 – Adams Bayou

The mouth of Adams Bayou flows into the Sabine River approximately 5 miles north of Sabine Lake. The
1,679-acre hydro-unit comprises a narrow riparian corridor ranging from 0.5 mile wide at its mouth to
0.25 mile wide at its upstream extent, approximately 6 miles from the Sabine River. The riparian corridor
is confined along most of its length by development in Orange, Texas. In 1946, the formerly shallow,
meandering bayou was channelized and deepened to 12 x 100 feet by the USACE to provide shallowdraft access to the interior of Orange County (Rivers and Harbors Act of July 24, 1946b). Dredged
material from original construction was side cast into low mounds along the length of the channelized
bayou. One large, upland confined PA (322 acres; 19 percent of total hydro-unit acreage) is located on the
west side of the bayou, near its mouth at the Sabine River. It is used for maintenance dredging of the
Channel to Orange portion of the SNWW. Fresh marsh (516 acres; 31 percent) is interspersed with
bottomland hardwood (640 acres; 38 percent) throughout the hydro-unit. Cypress-tupelo swamp
(115 acres; 7 percent) is confined to the upper 2 miles. Open water composes 5 percent (86 acres) of the
unit. Baseline salinity averages about 2.5 ppt, already edging into the suboptimal range. The hydrology of
the hydro-unit has been altered by adjacent development. Roads and subdivisions have artificially
lowered the water table in some areas and impounded water in others. TCEQ has identified water quality
problems in Adams Bayou, citing impairments due to low dissolved oxygen and high fecal coliform
(TCEQ, 2004b). The Adams Bayou Unit of the Lower Neches WMA is located in the lower 3 miles of the
hydro-unit.
FWOP land loss of 28 acres (5.3 percent) of fresh marsh would be expected in conjunction with an
increase in salinity to about 3.0 to 3.5 ppt, extending further into the suboptimal range for both fresh
marsh and swamp communities. It is assumed that gradual RSLR would result in an increase in primary
production, biomass density, and sediment deposition such that interior marsh elevation would remain in
equilibrium with sea level. No changes in swamp or bottomland hardwood acreage are predicted. RSLR
would result in an increase in both the depth and duration of tidal flooding. However, the swamp substrate
would be exposed during average low tides and for longer durations seasonally. No other changes in land
use or hydrology would be expected.
FWP project impacts associated with increases in salinity and land loss would total 19 AAHUs for the
hydro-unit as a whole. Salinity would be expected to increase to about 3.9 ppt in the swamp community
and to about 5.0 ppt in the fresh marshes, pushing at the upper limit of salinity tolerance for cypresstupelo swamps and further into the suboptimal range for fresh marsh. The loss of 4 AAHUs in the swamp
system is a conservatively high estimate of impacts since baseline growth rates were conservatively
estimated assuming maximum growth in optimum conditions. Bottomland hardwoods would be buffered
from the effects of most of this salinity increase by their elevation. Land loss of 3 acres (0.6 percent) of
fresh marsh would be expected. No loss of swamp or bottomland hardwood acreage would be expected,
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but the increased salinity would affect the general health and productivity of the cypress-tupelo swamp by
slowing the rates of herbaceous coverage and tree trunk diameter growth by an average of 0.03 inch per
year. This small reduction in the growth rate is a conservatively high estimate that assumes maximum
growth under optimum conditions, and thus can be considered a negligible impact. Similar reductions in
tree growth rates and mid/understory coverage would be expected for bottomland hardwood, but no
overall reduction in habitat productivity was reflected in AAHUs. No other changes in marsh edge, SAV
coverage, land use, hydrology, or marine organism access were attributable to the project.
7.1.12

TX 12 – South of Blue Elbow

This 689-acre hydro-unit is located on the west bank of the Sabine River, south of IH 10. The City of
Orange occupies the uplands to the west. A long east-to-west canal, dug in conjunction with power line
construction, passes through the hydro-unit from the upland to the Sabine River. The remnants of a radial
star canal system remain from past logging operations in the northeast quadrant of the area. The hydrounit is composed entirely of cypress-tupelo swamp in good condition. Baseline salinity in the river
averages about 0.7 ppt. Overland flow and exchange with the Sabine River is high, and flooding in the
area is semipermanent.
FWOP changes would be associated with the continued maturation of existing overstory and rising
salinity due to RSLR. The Habitat Workgroup projected that overstory coverage would increase from 50
to 70 percent, and that understory would decrease from 70 to 50 percent due to decreased sunlight on the
forest floor. Salinity would be expected to increase to about 1.1 ppt by the end of the period of analysis.
RSLR would also result in an increase in both the depth and duration of tidal flooding. However, the
swamp substrate would be exposed during average low tides and for longer durations seasonally. None of
the area would be expected to be lost to development.
FWP project impacts, totaling 18 AAHUs, would be expected with an increase in salinity to 1.7 ppt,
moving further into the suboptimal salinity range for cypress-tupelo swamp. Although no loss in swamp
acreage would be expected, the increased salinity would cause a reduction in the general health and
productivity of the cypress-tupelo swamp by reducing overstory coverage and slowing the rate of trunk
diameter growth by an average of 0.05 inch per year. This small reduction in the growth rate is a
conservatively high estimate that assumes maximum growth under optimum conditions, and thus can be
considered a negligible impact.
7.1.13

TX 13 – Groves

This 437-acre hydro-unit is located west of the Neches River between PA 16 and the Star Lake Canal.
The City of Groves and industrial development occupy the terrace margin just south of this unit. It
comprises 88 percent (385 acres) intermediate marsh and 12 percent (52 acres) open water. Shallow,
meandering streams cross the marsh and drain into the Star Lake Canal and Neches River. Baseline
salinities are approximately 3.0 ppt.
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FWOP impacts would result in land loss of 68 acres (18.3 percent) and an increase in salinity to 4.0 ppt
over the period of analysis. It is assumed that the gradual rate of RSLR would result in an increase in
primary production, biomass density, and sediment deposition such that marsh elevation will remain in
equilibrium with sea level. No changes in aquatic organism access would be expected.
FWP project impacts would be associated with an increase in land loss and salinity, resulting in a total
loss of 3 AAHUs. It is expected that 3 acres (0.8 percent) of intermediate marsh would be lost and that
salinity would increase to about 5.0 ppt, moving into the suboptimal range. No other changes in land use,
hydrology, or marine organism access would be attributable to the project.
7.2

LOUISIANA HYDRO-UNITS

Table 14 summarizes the results of the WVA modeling of the comparison of the FWOP and FWP
condition for Louisiana. In Louisiana, negative indirect impacts occur to approximately 182,000 acres of
intertidal marsh due to small increases in salinities from the proposed channel deepening. The resulting
total loss is 1,709 AAHUs. After benefits of a proposed DMMP BU feature are taken into account, the net
Louisiana loss is 1,499 AAHUs. A brief verbal summary of baseline, FWOP, and FWP conditions is
presented below for each hydro-unit. Salinity levels referenced in the hydro-unit descriptions were taken
from the hydro-dynamic salinity modeling report (Brown and Stokes, 2009).
7.2.1

LA 1 – Perry Ridge

The 28,094-acre Perry Ridge hydro-unit is bordered on the east by the Sabine River and on the south by
the GIWW. Its north and east borders are uplands that form the Coastal Zone Boundary. It contains
53 percent (14,810 acres) fresh marsh with 11 percent (3,074 acres) intermediate marsh in smaller areas
affected by the Vinton and Gray drainage ditches and the Sabine River. The north-south-trending Perry
Ridge that bisects the hydro-unit is covered by 2,158 acres (8 percent) bottomland hardwood forest and
2,373 acre (8 percent) of other upland habitat. Approximately 19 percent (5,679 acres) of the unit is
covered by open water.
Marsh losses in the area have been caused by water level fluctuations, saltwater intrusion, and tidal scour
from the GIWW as a result of breaches in the northern bank. CWPPRA Project No. CS-24, Perry Ridge
Shore Protection, completed in 1999, and Project No. CS-30, completed in 2001, are intended to prevent
further erosion of the GIWW shore along a 4.3-mile reach of the north bank near the Vinton drainage
ditch, a 1.8-mile reach of the GIWW from Perry Ridge to the Sabine River, and a 0.4-mile reach of the
Sabine River north from its intersection with the GIWW, and reduce the salinity intrusion from the
GIWW (USGS-NWRC, 2002a, 2002b). The GIWW is the dominant hydrologic influence in the area,
connecting the Sabine and Calcasieu estuaries and allowing salt water to encroach into traditionally
freshwater areas. The goal is to prevent impacts to fragile marsh habitats in the interior of the area. HS
modeling indicates that baseline salinities during the growing season average about 1.3 ppt in the fresh
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Table 14: Louisiana SNWW CIP - Net Impacts
by Acres and AAHUs

HU #
Hydrologic Unit (HU) Name
All HUs in Sabine River Watershed
LA 1
Perry Ridge
LA/TX 1 Sabine Island
Subtotal
LA/TX 1
LA/TX 2

Sabine Island
Blue Elbow
Subtotal

LA 1
LA 7
LA 8

Perry Ridge
Southeast Sabine
Southwest Gum Cove
Subtotal

LA 1
LA 2
LA 3
LA 4
LA 5
LA 7
LA 8
LA 9

Perry Ridge
Willow Bayou
Black Bayou
West Johnson's Bayou
Sabine Lake Ridges
Southeast Sabine
Southwest Gum Cove
East Johnson's Bayou
Subtotal

LA 2
LA 3
LA 4
LA 5
LA 6

Willow Bayou
Black Bayou
West Johnson's Bayou
Sabine Lake Ridges
Johnson's Bayou Ridge
Subtotal

LA 5
LA 6

Sabine Lake Ridges
Johnson's Bayou Ridge
Subtotal

Louisiana Impacts Total

Offset Impacts by Acres and
Total Impacts/Benefits by Habitat
Habitat Type (acres)
Type (AAHUs)
Impacts
Offsetting
Offset by
Acres
Benefits of Net FWP
No Impact BU Plan Impacted Total Loss BU Plan
Impact
Bottomland Hardwood
2,158
0
1,041
0
3,199
0
Cypress/Tupelo Swamp
5,998
0
650
0
6,648
0
Fresh Marsh
0
0
0
0
0
0
0
0
Intermediate Marsh
0
0
0
0
0
0
0
0
0
0
5,400
0
0
0
0
0
5,400
0
Brackish Marsh
0
0
0
0
0
0
0
0
0
0
0
0
Saline Marsh
0
3,767
0
370
4,137
15,247

4,137

109

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

18,859
2,634
3,615
25,108

-65
-11
-2
-78

0
0
0
0

-65
-11
-2
-78

4,704
35,109
34,941
11,110
9,270
6,605
26,138
127,877

-53
-328
-509
-269
-218
0
-4
-190
-1,571

0
0
0
0
0
0
0
0
0

-53
-328
-509
-269
-218
0
-4
-190
-1,571

1,182
3,195
2,078
15,962
2,744
25,161

-1
-1
-1
-14
-6
-23

0
0
0
0
0
0

-1
-1
-1
-14
-6
-23

0
0
0

-35
-2
-37

210

173

210

173

178,146

-1,709

210

-1,499

marsh and 3.8 ppt in the intermediate marsh (Brown and Stokes, 2009). SAVs are abundant in the shallow
open-water areas, and access for marine organisms is fully open along the Sabine River and through the
Vinton Drainage Ditch.
FWOP RSLR would be expected to increase salinities in the fresh and intermediate marshes to 1.7 ppt
and 4.5 ppt, respectively, by the end of the 65-year period of analysis. FWOP changes would push salinity
in the intermediate marsh into the suboptimal range. Interior land loss of 921 acres (6.2 percent) in the
fresh marsh and 191 acres (6.3 percent) in the intermediate marsh would be expected as a result of the
higher salinities. However, RSLR would not be expected to result in marsh submergence or shoreline
recession. It is assumed that gradual RSLR would result in an increase in primary production, biomass
density, and sediment deposition such that interior marsh elevation would remain in equilibrium with sea
level. CWPPRA Projects CS-24 and CS-30 would be expected to prevent the shoreline erosion and
recession associated with RSLR (Mouledous and Guidry, 2005a, 2005b, 2007a, 2007b). FWOP RSLR
would gradually increase tidal flooding depth and duration, but the higher water surface elevations would
not be expected to inundate the majority of Perry Ridge. Lower areas of the ridge, however, could be
inundated during occasional, extreme high-tide events. The brief insults of salinities between 1.0 and
2.0 ppt would not be expected to significantly impact the bottomland hardwood community that grows on
the ridge. It was predicted that population growth in the upland margins would result in the conversion of
5 percent of existing bottomland hardwood to development by 2069.
FWP project losses, totaling 188 AAHUs, would be expected with an increase in interior marsh loss and
salinity. Salinity would be expected to increase to 2.3 ppt in the fresh marsh and 5.6 ppt in the
intermediate marsh by the end of the period of analysis. These salinities would edge into the suboptimal
range in the fresh marsh, but push further into the suboptimal range for the intermediate. Interior marsh
loss of 50 acres (0.3 percent) of fresh marsh (–131 AAHUs) and 12 acres (0.4 percent) of intermediate
marsh would be expected. The bottomland hardwoods would be protected by the ridge’s elevation and
buffered from salinity increases by the surrounding marsh. No other changes in land use, hydrology, or
marine organism access are attributable to the project.
7.2.2

LA 2 – Willow Bayou

The 36,291-acre Willow Bayou hydro-unit is bordered on the west by Sabine Lake, on the north by the
Sabine NWR boundary, on the east by the Burton-Sutton Canal, and on the south by Starks South Canal,
which forms the Sabine NWR boundary. Gray’s Ditch parallels a raised cattle walkway that runs along
most of the Sabine Lake shoreline south of Pines Ridge Bayou. Access to Sabine Lake is provided by
Willow Bayou Canal, Three Bayou, and Johnson’s Bayou. Black Bayou influences the eastern half of the
area through connections via Greens Bayou and the Right Prong of Black Bayou. The majority of the
hydro-unit is located within the western half of the Sabine NWR. Except for a narrow margin of 3 percent
(49 acres) brackish marsh along the lakeshore, the unit is composed primarily of 62 percent (22,470 acres)
intermediate marsh. Large interior areas, especially in the vicinity of Greens Lake and the intersection of
the Deep Bayou and Willow Bayou canals, are converting to shallow open water due to elevated salinity
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and subsidence. In total, approximately 34 percent (12,688 acres) of the unit is open water. Marsh loss
caused by wave action is also occurring along the shoreline at an average rate of 4.7 feet/year (Greco and
Clark, 2005). Baseline salinities, based on data provided by the USFWS during ICT meetings, average
about 6.3 ppt in the hydro-unit. Access for marine organisms is fully open through Willow, Three, and
Black bayous.
The East Sabine Lake Hydrologic Restoration Project (CWPPRA Project No. CS-32) has been
constructed with the intent of countering this deterioration (USGS-NWRC, 2005). Project goals include
the reduction of salinities within interior marshes, encouragement of SAV development, hydrologic
restoration of historic flows, reduction of turbidity in open-water areas, and the restoration and protection
of marsh through earthen vegetative terraces. Construction Unit 1, completed in 2006, includes a rock
weir at Pines Ridge Bayou, two flap-gate culverts at Bridge Bayou, a rock weir at Double Island Gully, a
3,000-foot-long foreshore rock dike along the Sabine Lake shore north of Willow Bayou, and
approximately 45 miles of vegetated earthen terraces in large, shallow, open-water areas south of Greens
Lake and south of Willow Bayou Canal (USFWS-LDNR, 2008a). Hydrodynamic modeling of proposed
Construction Unit II water control structures (fixed-crest weirs with boat bays) at Right Prong, Greens,
Three, and Willow bayous was completed in 2004 (USFWS-LDNR, 2008b). The modeling predicted that
the proposed structures would have very little effect on reducing project area salinities, and therefore
Construction Unit 2 components were deleted from the restoration plan in 2006. The Pines Bayou weir
was rehabilitated in 2007 due to heavy damage from Hurricane Rita. Four 50-foot-wide gaps were also
installed in 2007 in the breakwater near Willow Bayou.
The FWOP condition includes all elements of Construction Unit 1 of CWPPRA Project CS-32. Marsh
acreage in both the brackish and intermediate marshes has been adjusted to add marsh protected or
restored by that project. FWOP salinities would be expected to increase to 6.8 ppt and 7.2 ppt in the
intermediate and brackish marshes, respectively. Higher salinity would be expected to result in the loss of
2,116 acres of intermediate marsh as new open-water areas develop within healthy marsh. Marsh loss of
695 acres would be expected in the brackish marsh, which includes 627 acres expected to be lost with
recession of the East Sabine Lake shoreline due to RSLR. However, RSLR would not be expected to
result in marsh submergence. It is assumed that gradual RSLR would result in an increase in primary
production, biomass density, and sediment deposition such that interior marsh elevation would remain in
equilibrium with sea level.
FWP losses totaling 329 AAHUs would be expected with increases in salinity and interior marsh loss,
with nearly all of this loss occurring in the intermediate marsh. Salinities would be expected to increase to
7.7 ppt and 8.6 ppt in the intermediate and brackish marshes, respectively, increasing the potential for the
conversion of large areas to brackish marsh. Interior marsh loss of 102 acres (0.5 percent) in intermediate
marsh and 2 acres (0.2 percent) in brackish marsh would be expected. Open-water areas would be
expected to enlarge slightly as salinity nears the maximum tolerance of the intermediate community. No
other changes in land use, hydrology, or marine organism access are attributable to the project.
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7.2.3

LA 3 – Black Bayou

The 39,853-acre Black Bayou hydro-unit is bordered on the west by Sabine Lake and the Sabine River,
on the north by the GIWW, on the east by Gum Cove Ridge, and on the south by the Willow Bayou
hydro-unit. Black Bayou meanders through the unit, entering at the intersection of the GIWW and the
Black Bayou Cut-off Canal and eventually flowing into the Sabine River near its mouth. A small
triangular area on the western margin of the unit is part of the Sabine NWR. The unit is composed
primarily of intermediate marsh, with brackish marsh along the Sabine Lake shore and shrub-scrub forest
on the southern end of Perry Ridge. Large interior areas, especially in the Black Bayou Cut-off Canal
area, are converting to shallow open water due to elevated salinity and subsidence. Intermediate marsh
composes 62 percent (24,633 acres), brackish marsh 8 percent (2,964 acres), and other upland 4 percent
(1,717 acres). In total, 28 percent (10,539 acres) of the unit is open water. Baseline salinity averages
between 3.8 and 4.7 ppt throughout the hydro-unit. Access for marine organisms is fully open through the
Black Bayou Cut-off Canal and Black Bayou at the Sabine River and Sabine Lake.
The Black Bayou Hydrologic Restoration Project (CWPPRA Project No. CS-27) was constructed in
December 2001 for the purpose of restoring coastal marsh habitat and slowing the conversion of wetlands
to shallow open water. The project limits the amount of saltwater intrusion into the surrounding marsh
and canals from Black Bayou and the GIWW and reduces erosion caused by wave action from nearby
boats and tides (USGS-NWRC, 2002c). These elements are (1) approximately 4.3 miles of rock foreshore
dike along the south shore of the GIWW; (2) the Black Bayou Cut-off Canal rock weir with boat bay; (3)
the Burton Canal weir with boat bay; (4) the Block’s Creek rock weir with boat bay; and (5) a selfregulating tide gate for the NO-13 unit wetlands. Terracing and vegetative plantings are also planned as
part of the CWPPRA project.
The FWOP condition assumes that all elements of CWPPRA Project CS-27 are in place and fully
functioning. The land loss rate of 0.08 percent/year, predicted as the FWP condition for the CS-27 project,
was adopted through TY 16. Beginning in TY 16, it was assumed that 50 percent of the CWPPRA project
structures would not be functioning, raising the land loss rate by 50 percent to 0.12 percent/year through
TY 65. FWOP salinities would be expected to increase to about 4.2 to 5.1 ppt throughout the unit,
resulting in the loss of 1,713 acres (7.0 percent) of intermediate marsh as new open-water areas develop
within healthy marsh. Marsh loss of 803 acres (27.3 percent) would be expected in the brackish marsh,
which includes 621 acres expected to be lost with recession of the East Sabine Lake shoreline due to
RSLR. However, RSLR would not be expected to result in marsh submergence. It is assumed that gradual
RSLR would result in an increase in primary production, biomass density, and sediment deposition such
that interior marsh elevation would remain in equilibrium with sea level.
FWP losses totaling 510 AAHUs would be expected with increases in salinity and interior marsh loss,
with nearly all of this loss occurring in the intermediate marsh. Salinities would be expected to increase to
between 5.3 and 6.5 ppt, pushing further into the suboptimal range for intermediate marsh. Interior marsh
loss of 130 acres (0.5 percent) in intermediate marsh and 4 acres (0.1 percent) in brackish marsh would be
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expected. Open-water areas would be expected to enlarge slightly as salinity rises further into the
suboptimal range. No other changes in land use, hydrology, or marine organism access are attributable to
the project.
7.2.4

LA 4 – West Johnson’s Bayou

The 13,190-acre West Johnson’s Bayou hydro-unit is bordered on the west by Sabine Lake, on the north
by the Sabine NWR and Willow Bayou hydro-unit, on the east by Deep Bayou, and on the south by Buck
Ridge. Johnson’s Bayou flows from the southeast to the northwest through the unit, eventually flowing
into Sabine Lake. The unit is composed of 76 percent intermediate marsh (10,031 acres), with 14 percent
brackish marsh (1,837 acres) along the Sabine Lake shore. Located just north of the Johnson’s Bayou
Chenier Plain, the interior of the unit is fairly stable but the shoreline is affected by wave erosion. In total,
10 percent (1,320 acres) of the unit is open water. Access for marine organisms is fully open through
Johnson’s Bayou. Baseline salinity averages about 4.5 ppt throughout the hydro-unit. No CWPPRA
projects have been constructed in this area.
FWOP salinities would be expected to increase to between 5.3 and 5.5 ppt throughout the unit, resulting
in the loss of 1,703 acres (17.1 percent) of intermediate marsh as new open-water areas develop within
healthy marsh. Marsh loss of 1,189 acres (65.4 percent) would be expected in the brackish marsh, which
includes about 957 acres expected to be lost with recession of the East Sabine Lake shoreline due to
RSLR. However, RSLR would not be expected to result in marsh submergence. It is assumed that gradual
RSLR would result in an increase in primary production, biomass density, and sediment deposition such
that interior marsh elevation would remain in equilibrium with sea level.
FWP losses totaling 270 AAHUs would be expected with increases in salinity and interior marsh loss,
with nearly all of this loss occurring in the intermediate marsh. Salinities would be expected to increase to
7.0 to 7.3 ppt, pushing further into the suboptimal range for intermediate marsh and increasing the
possibility for conversion to brackish marsh. Interior marsh loss of 142 acres (1.4 percent) in intermediate
marsh and 6 acres (0.3 percent) in brackish marsh would be expected. Open-water areas would be
expected to enlarge slightly as salinity rises further into the suboptimal range. No other changes in land
use, hydrology, or marine organism access are attributable to the project.
7.2.5

LA 5 – Sabine Lake Ridges

The triangular, 33,472-acre, Sabine Lake Ridges hydro-unit is bordered on the west by Sabine Lake and
Sabine Pass, on the north by Buck Ridge, and on the south by the Gulf of Mexico and Hackberry Ridge.
Greens Bayou drains the northern part of the unit, emptying into Sabine Lake. The lower reach of
Lighthouse Bayou parallels the beach and empties into Sabine Pass. Several chenier ridges run parallel to
the Gulf Coast, the most prominent of which are Buck Ridge, Blue Buck Ridge, and Hackberry Ridge.
The unit comprises 44 percent brackish marsh (14,673 acres), 24 percent (8,232 acres) intermediate
marsh, 10 percent (3,198 acres) saline marsh, and 13 percent (4,473 acres) of upland ridges. Located
within the Chenier Plain, the interior of the unit is fairly stable but the shoreline is affected by wave
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erosion along Sabine Pass. In total, 9 percent (2,896 acres) of the unit is open water. Average baseline
salinities range between 4.5 and 6.2 ppt in the intermediate and brackish marshes, and about 15.8 ppt in
the saline marshes near the coast. The Gulf of Mexico shoreline is stable and appears to be accreting at a
rate of 1.2 feet/year (USACE, 2004:Appendix D). Access for marine organisms is fully open through
Greens and Lighthouse bayous.
FWOP salinities would be expected to increase to between 5.5 and 7.1 ppt in the intermediate and
brackish marshes, resulting in the loss of 1,103 acres (13.5 percent) of intermediate marsh as new openwater areas develop within healthy marsh. Marsh loss of 2,567 acres (17.6 percent) would be expected in
the brackish marsh, which includes about 685 acres expected to be lost with recession of the East Sabine
Lake and Sabine Pass shorelines due to RSLR. FWOP salinity in the saline marsh would increase to 16.6
ppt, resulting in a net loss of 398 acres (12.6 percent). This also reflects the addition of about 22 acres by
2069 due to shoreline accretion; no shoreline recession would be expected because of the relatively high
and stable Gulf shoreline in this area. RSLR would not be expected to result in the submergence of
interior marsh. It is assumed that gradual RSLR would result in an increase in primary production,
biomass density, and sediment deposition such that interior marsh elevation would remain in equilibrium
with sea level. No CWPPRA projects have been constructed or were assumed as a FWOP condition for
this hydro-unit.
FWP losses totaling 267 AAHUs would be expected with increases in salinity and interior marsh loss,
with about 82 percent of this loss occurring in the intermediate marsh. Salinities would be expected to
increase to between 7.0 to 7.3 ppt in the intermediate and brackish marshes, pushing further into the
suboptimal range for intermediate marsh and increasing the possibility for conversion to brackish marsh.
Interior marsh loss of 142 acres (1.4 percent) in intermediate marsh and 6 acres (0.3 percent) in brackish
marsh would be expected. Open-water areas in the intermediate marsh would be expected to enlarge
slightly as salinity rises further into the suboptimal range. In the saline marsh, salinity would increase to
about 17.3 ppt and about 10 acres of marsh would be lost. FWP saline marsh loss includes about 6.0 acres
resulting from erosion of 0.42 foot/year along the 2.3-mile Gulf shoreline that would be caused by the
offshore channel extension (Gravens and King, 2003). No other changes in land use, hydrology, or marine
organism access are attributable to the project.
7.2.6

LA 6 – Johnson’s Bayou Ridge

The wedge-shaped, 4,089-acre, Johnson’s Bayou Ridge hydro-unit is bordered on the north by Hackberry
Ridge, on the south by the Gulf of Mexico, and on the east by Johnson’s Bayou. Lighthouse Bayou
parallels Hackberry Ridge through much of the unit. The unit is composed of 61 percent brackish marsh
(2,505 acres), 9 percent (353 acres) saline marsh, and 24 percent (975 acres) uplands located at Johnson’s
Bayou on the eastern edge. Only 6 percent (251 acres) of the unit is open water. The Gulf of Mexico
shoreline is stable and appears to be accreting at a rate of 1.2 feet/year (USACE, 2004:Appendix D). The
Coast 2050 report noted that 25 percent of the chenier ridge has eroded to marsh elevations since 1968

100007609/060033

114

(LCWCR/WCRA, 1998). The baseline salinity within the brackish marsh averages 4.4 ppt and in the
saline marsh is 15.8 ppt. Access for marine organisms is fully open through Lighthouse Bayou.
FWOP salinities would be expected to increase to 5.3 ppt in the brackish marsh and 16.6 ppt in the saline
marshes, resulting in the loss of 707 acres (28.9 percent) of brackish marsh and 93 acres (27 percent) of
saline marsh. The change in saline marsh acreage reflects the addition of about 18 acres by 2069 due to
shoreline accretion; no shoreline recession would be expected because of the relatively high and stable
Gulf shoreline in this area. RSLR would not be expected to result in the submergence of interior marsh. It
is assumed that gradual RSLR would result in an increase in primary production, biomass density, and
sediment deposition such that interior marsh elevation would remain in equilibrium with sea level. No
CWPPRA projects have been constructed or were assumed as a FWOP condition for this hydro-unit.
FWP losses totaling 8 AAHUs would be expected with increases in salinity and interior marsh loss. The
majority of this loss would occur in the brackish marsh, which is linked directly to the SNWW through
Lighthouse Bayou. Salinities would be expected to increase to 7.0 ppt and 17.3 ppt in the brackish
marshes and salinity marshes, respectively, remaining within the optimal range for both. Interior marsh
loss of 22 acres (0.9 percent) in brackish marsh and 5 acres (1.4 percent) in saline marsh would be
expected. Nearly all of the saline marsh loss (about 4.9 acres) is due to predicted erosion of 0.42 foot/year
along the 1.9-mile Gulf shoreline that would be caused by the offshore channel extension (Gravens and
King, 2003). No other changes in land use, hydrology, or marine organism access are attributable to the
project.
7.2.7

LA 7 – Southeast Sabine (West)

The 8,034-acre Southeast Sabine (West) hydro-unit is located in the East Sabine Lake marshes, bordered
on the west by the Burton-Sutton Canal, on the north by the Starks-Central Canal, on the south by the
Starks South Canal, and on the east by a line extending north from the Starks Canal. This eastern
boundary arbitrarily divides the CWPPRA Southeast Sabine mapping unit roughly in half. The Habitat
Workgroup concluded that only the western section was influenced by the SNWW project. Old North
Bayou flows from the northeast to the southwest through the unit, but the primary hydrologic connections
to Sabine Lake are through the extensive canal system. The unit is composed of 61 percent intermediate
marsh (4,925 acres) and 25 percent fresh marsh (2,023 acres). In total, 14 percent (1,086 acres) of the unit
is open water. Marsh loss in this unit has stabilized and there is now a low rate of land loss. Access for
marine organisms is fully open through the canal system. The Sabine Structures Replacement project
(CWPPRA Project CS-23) has replaced salinity control structures on Hog Island Gully, West Cove, and
Headquarters canals. These structures are controlling salinity intrusion to the eastern section of the
original CWPPRA unit, while the west segment remains open to the influence of the SNWW through the
South, Starks-Central, and Burton-Sutton canals. Baseline salinities in the fresh and intermediate marshes
average 1.7 ppt in the growing season.
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FWOP salinities would be expected to increase to about 2.1 throughout the unit, edging slightly into the
suboptimal range for fresh marsh. Interior land loss of 40 acres (2.0 percent) of fresh and 96 acres of
intermediate marsh (2.0 percent) would be expected. The unit has no Sabine Lake shoreline, and therefore
none of the land loss is attributable to shoreline recession. RSLR would not be expected to result in marsh
submergence. It is assumed that gradual RSLR would result in an increase in primary production, biomass
density, and sediment deposition such that interior marsh elevation would remain in equilibrium with sea
level.
FWP losses totaling 11 AAHUs would be expected due to small increases in salinity and interior marsh
loss, with all of this loss occurring in the fresh marsh. Salinities would be expected to increase to about
2.4 ppt, edging further into the suboptimal range for fresh marsh. Interior marsh loss of about 1 acre
would be expected. No other changes in land use, hydrology, or marine organism access are attributable
to the project.
7.2.8

LA 8 – Southwest Gum Cove

The 11,386-acre Southwest Gum Cove (West) hydro-unit is a revised version of the CWPPRA mapping
unit. A 3,865-acre area of marsh south of Gum Cove Ridge was not included in the SNWW hydro-unit
because it extends into the Calcasieu watershed. Southwest Gum Cove is an interior marshland unit
bordered on the north by the Bankcroft Canal, on the south by the Starks North Canal, on the west by
Black Bayou and the Right Prong of Black Bayou, and on the east by Gum Cove Ridge and the watershed
divide. The unit is composed of 47 percent (5,346 acres) intermediate marsh, 31 percent (3,503 acres)
fresh marsh, 10 percent (1,166 acres) upland, and 12 percent (1,371 acres) open water. The majority of
marsh loss in this area occurred between 1956 and 1974, and the rate of loss has been much lower in
recent years (LCWCR/WCRA, 1998). Baseline salinities average 1.2 ppt and 2.4 ppt during the growing
season in the fresh and intermediate marshes, respectively. Hydrology has been altered by numerous oil
field canals and levees. Access for marine organisms into fresh marsh in the southeast corner of the unit is
partially blocked by levees that border oil field canals; culverts provide approximately 50 percent of
normal access to this area. Access to intermediate marsh in the remainder of the area is unrestricted
through Black Bayou. No CWPPRA projects have been constructed within this unit.
The FWOP land loss rate was based upon the trend observed between 1983 and 1990, which is much
lower than that observed earlier in this century. FWOP salinities would be expected to increase to about
1.4 ppt in the fresh marsh and 2.8 ppt in the intermediate marsh, remaining in the optimal range for both
marsh types. Interior land loss of 152 acres (4.4 percent) of fresh and 233 acres (4.4 percent) of
intermediate marsh would be expected. The unit has no Sabine Lake shoreline, and therefore none of the
land loss is attributable to shoreline recession. RSLR would not be expected to result in marsh
submergence. It is assumed that gradual RSLR would result in an increase in primary production, biomass
density, and sediment deposition such that interior marsh elevation would remain in equilibrium with sea
level.
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FWP losses totaling 6 AAHUs would be expected due to small increases in salinity and interior marsh
loss, with the majority of this loss occurring in the fresh marsh. Salinities would be expected to increase
to about 2.0 ppt and 3.9 ppt in the fresh and intermediate marshes, respectively, reaching the high end of
the optimal range for each marsh type. Low interior marsh loss of about 8 acres (0.2 percent) of fresh
marsh and 15 acres (2.8 percent) of intermediate marsh would be expected, with no large areas of open
water developing. No other changes in land use, hydrology, or marine organism access are attributable to
the project.
7.2.9

LA 9 – East Johnson’s Bayou

The 26,719-acre East Johnson’s Bayou hydro-unit is bordered on the west by Deep Bayou, on the north
by the Sabine NWR and the South Line Canal, on the east by Second Bayou, and on the south by Buck
Ridge. The interior unit is 85 percent intermediate marsh (22,694 acres), 2 percent (581 acres) upland, and
13 percent open water. Baseline salinity averages 3.3 ppt during the growing season. Access for marine
organisms is partially blocked by levees and roads that border oil field canals. The Habitat Workgroup
estimated that culverts provide approximately 50 percent of normal marine organism access. Natural
bayous have been channelized to provide oil field access. No CWPPRA projects have been constructed or
were assumed as a FWOP condition for this hydro-unit.
The FWOP land loss rate was based upon the trend observed between 1983 and 1990, which is much
lower than that observed earlier in this century. FWOP salinities would be expected to increase to about
3.8 ppt in the intermediate marsh, remaining within the optimal range. Interior land loss of 895 acres
(3.9 percent) would be expected. The unit has no Sabine Lake shoreline and therefore none of the land
loss is attributable to shoreline recession. RSLR would not be expected to result in marsh submergence. It
is assumed that gradual RSLR would result in an increase in primary production, biomass density, and
sediment deposition such that interior marsh elevation would remain in equilibrium with sea level.
FWP losses totaling 190 AAHUs would be expected due to increases in salinity and interior marsh loss.
Salinity would be expected to increase to about 4.8 ppt, extending into the suboptimal range for
intermediate marsh. Interior marsh loss of about 46 acres (0.2 percent) would be expected with expansion
of existing areas of open water. No other changes in land use, hydrology, or marine organism access are
attributable to the project.
7.3

LOUISIANA/TEXAS HYDRO-UNITS

7.3.1

LA/TX 1 – Sabine Island

This 8,756-acre hydro-unit straddles the border between Louisiana and Texas. The Sabine River and Old
River flow from north to south through the unit and intersect in the southern third, placing approximately
76 percent of the acreage in Louisiana, where the southern half of Louisiana’s Sabine Island WMA is
located. The unit is bordered on the south by the Blue Elbow bend in the Sabine River, and on the east
and west by the upland terrace margins. The northern extent of the unit coincides with the terminus of

100007609/060033

117

tidal influence on the Sabine (Morgan Bluff) and Old (Nibletts Bluff) rivers. It comprises 82 percent
(7,192 acres) cypress-tupelo swamp and 18 percent (1,564 acres) bottomland hardwood forest. Although
dominated by cypress-tupelo swamp, the unit is interspersed with a series of relict meander riverbank
ridges that are dry except during floods and that support the bottomland hardwood forest. These ridges
support a relatively mature growth of bottomland hardwoods composed of several species of oaks,
hickory, hackberry, sweet gum, maple, and willow, with greater than 20 percent of the overstory canopy
consisting of hard mast or other edible seed-producing trees. Canopy cover is approximately 55 percent,
and midstory/understory coverage of palmetto, yaupon, lizard’s tail, smartweed, greenbriar, blackberries,
and invading tallow trees averages 50 to 65 percent. The relatively scarce (on a regional and national
scale) swamp and bottomland hardwood habitats have medium to high wildlife values. Extensive wetland
floodplain forests on both sides of the Sabine River are generally buffered from encroaching development
by their low elevation. Development is, however, beginning to encroach upon the area from the city of
Orange to the southwest. The hydrology of this fresh wetland system is essentially unaltered, with
abundant riverine through-flows and seasonal flooding providing full access to aquatic organisms.
FWOP changes would be associated with the continued maturation of existing overstory and rising
salinity and tidal flooding due to RSLR. A negligible increase in salinity would be expected (about
0.1 ppt) by the year 2069. Both the duration and depth of tidal flooding would be expected to increase, but
the swamp substrate would continue to be exposed at average low tides and for longer periods seasonally.
The Habitat Workgroup estimated that a small percentage (5.0 percent) of the bottomland forest would be
converted to development due to population growth and the hydro-unit’s proximity to uplands along its
southwestern margin. No changes in the acreages of the bottomland hardwood and swamp areas would be
expected, and wetland forests would continue to mature with no disturbance.
No FWP project impacts would be expected. The area would be beyond the influence of the LPP; no
changes in salinity or tidal flows would be expected.
7.3.2

LA/TX 2 – Blue Elbow

This 3,387-acre hydro-unit straddles the border between Louisiana and Texas. The Sabine River bisects
the unit, placing approximately 81 percent of the acreage in Texas. The unit is bordered on the north by
the Blue Elbow bend in the Sabine River, on the east and west by the upland terrace margins, and on the
south by IH 10. TxDOT’s Blue Elbow Mitigation Bank (2,606 acres) and the Tony Houseman WMA, a
viewing site along the Great Texas Coastal Birding Trail, are located within the unit. Cypress-tupelo
swamp makes up the majority of the hydro-unit (82 percent; 7,192 acres), with bottomland hardwood
forest composing the remainder (18 percent; 1,564 acres). The hardwoods are restricted to a gallery along
the bank of the Sabine River and a northeast-southwest-trending ridge in the center of the Texas swamp.
The Habitat Workgroup chose to lump the hardwoods with the swamp for the WVA analysis. Canopy
cover within the swamp is approximately 20 percent, with a dense midstory/understory coverage of
palmetto, yaupon, lizard’s tail, smartweed, greenbriar, blackberries, and invading tallow trees averaging
60 to 70 percent. The relatively scarce (on a regional and national scale) swamp and bottomland
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hardwood habitats have medium to high wildlife values. The area is utilized by the same suite of fish and
wildlife described for the Sabine Island unit. Baseline salinity averages 0.3 ppt during the growing season.
This fresh wetland forest system experiences high annual flows with abundant riverine through-flows;
semipermanent flooding occurs upstream of the IH 10 embankment.
FWOP changes would be associated with the continued maturation of existing overstory and rising
salinity and tidal flooding due to RSLR. A small increase in salinity would be expected (to about 0.6 ppt)
by the year 2069. Both the duration and depth of tidal flooding would be expected to increase, but the
swamp substrate would continue to be exposed at average low tides and for longer periods seasonally.
TxDOT and TPWD management of a majority of the area would be expected to provide protection from
most disturbances, ensure no development, and encourage the continued maturation of the forested
wetland habitat. No changes in the acreages of the bottomland hardwood and swamp areas would be
expected, and wetland forests would continue to mature with no disturbance.
A small FWP increase in salinity (to 0.9 ppt) within the optimal range for the swamp community would
be expected. No bottomland hardwood or swamp acreage would be expected to convert to fresh marsh
with this salinity change, and no FWP changes in tidal flow would be expected. Growth of the wetland
forests would be expected without disturbance and no AAHU loss is projected.
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8.0

MODELING OF BENEFICIAL USE AND MITIGATION MEASURES

8.1

ECOLOGICAL MITIGATION PLAN

The FWP scenario, without consideration of BU feature benefits, would negatively impact approximately
39,000 acres in Texas and 182,000 acres in Louisiana primarily by causing a decrease in biological
productivity in tidally influenced areas. This reduction in productivity would be due to a small increase in
salinity causing an increase in wetland loss in aquatic habitats of the study area. The ecological value of
the lost productivity is represented by 2,121 AAHUs. Of those AAHUs, the majority of the productivity
losses occur in the intermediate (76 percent) and fresh (13.9 percent) marsh communities. The remaining
10 percent would occur in the brackish (7 percent) and saline (2 percent) marshes and the cypress-tupelo
swamp (1 percent).
8.2

PRELIMINARY SCREENING OF AVOIDANCE, BENEFICIAL USE, AND
MITIGATION MEASURES

Planning for the avoidance, minimization, or mitigation of channel improvement impacts began with the
identification and screening of a wide array of potential measures that could reduce, avoid, or minimize
salinity or land loss impacts and provide compensation for unavoidable impacts. Early in the study
scoping process, the SNWW ICT created the Restoration Workgroup to develop ideas for restoration or
mitigation and opportunities for the beneficial use of dredged material throughout the study area. A series
of public workshops was held with environmental organizations and commercial and recreational groups
in Texas and Louisiana with the goal of obtaining extensive public input and identifying a wide array of
ideas that could be used in the SNWW Feasibility Study planning process. A complete list of these ideas
can be found in the report that summarizes this effort (Gulf Engineers and Consultants, Inc. [GEC],
2002). The SNWW Habitat Restoration Workgroup relied heavily upon this effort in developing a
preliminary list of measures. Hydrologic measures that were considered ranged from large-scale measures
with the potential to affect salinities throughout the estuary to small-scale measures that would have
principally localized effects. Emphasis was also placed on identifying measures that could make
beneficial use of dredged new work and maintenance material. Potential BU or mitigation measures that
were evaluated by the SNWW ICT and eliminated during preliminary screening are summarized in Table
15.
8.3

DREDGED MATERIAL MANAGEMENT PLAN FEATURES

DMMP features described below use dredged material beneficially to significantly offset predicted LPP
impacts and are least-cost alternatives for dredged material placement. They are included in the base plan
for navigation improvements. The benefits of each of the DMMP features were evaluated and quantified
using the WVA model, and these benefits were used to offset project impacts. Table 16 provides
descriptions of all DMMP features that were adopted for the project. Cost estimates, developed by
USACE based upon conceptual designs described below, established that these features were more cost
effective than traditional upland confined placement areas. Incremental analysis was not required because
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Table 15: BU and Mitigation Measures Eliminated During Preliminary Screening
Measure Description

Reason for Elimination

Hydrologic Restoration

Lock and dam at Sabine Pass

Reduced or eliminated navigation benefits
Caused backwater flooding
High flows and velocities through Sabine Pass increase
engineering design risks
Excessive cost

Purchasing water from Sabine River Authority and
Neches River Authority during times of low flow

Fresh water availability likely restricted during low
flows when needed most
Excessive cost

Marsh islands isolating Sabine-Neches Canal B from
Sabine Lake

Increased salinities in Black Bayou and the Sabine River

Marshes constricting flow at mouth of Sabine Lake
(north and south of bridge on Highway 82)

Ineffective at reducing salinities
Increases velocities through mouth of Sabine Lake

Marshes constricting flow along the Port Arthur Canal

Ineffective at reducing salinities

Construction of channel islands blocking flow from
bayous emptying Neches River marshes at Rose City
and Bessie Heights

Caused backwater flooding
Obstructed water access for private landowners
Safety concerns – too close to navigation channel

Habitat Restoration

Swamp replacement on Neches River

Excessive cost
FWP salinities on Neches River would slow growth and
lessen biological productivity
Long maturation period – delayed benefits

Marsh restoration using new work material from Neches
River Channel to restore marsh in Rose City West

Area is being developed as a mitigation bank; no longer
available for restoration

Marsh restoration using new work material from Neches
River Channel to restore marsh in Bessie Heights West

Would be feasible but cost exceeds Traditional
Placement Plan; preliminary estimate of incremental
cost – $581K; sponsor has not been identified

Marshes restoration along the east shores of PAs 8 and
11 at Pleasure Island

Unacceptable location
Interferes with levee maintenance

Creation of confined saline marsh along Gulf shoreline
at Texas Point

Excessive cost compared to benefits
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Table 16: DMMP Restoration and Nourishment Features
Beneficial Use
Features

No.

Description

Size of
Influence
Area

Rose City East
(component of
Neches River BU
Measure)

TX 3-1
East

Restores 345 acres of fresh marsh, 72 acres of shallow water, and
nourishing 151 acres of existing marsh in two construction
events. New work material from Neches River Channel would be
used to restore 225-acre marsh, construct hydraulic containment
levees and higher-elevation features. Maintenance material from
the first maintenance cycle would be used to restore an additional
120 acres of marsh.

Influence
area – 568
acres

Bessie Heights East
(component of
Neches River BU
Measure)

TX 5-2

Restores 679 acres of brackish and 1,190 acres of intermediate
marsh and 660 acres of shallow-water habitat, and nourishes 651
acres of existing marsh. Marsh would be constructed with
maintenance material from Neches River Channel for 28 years.
New work material would be used to build hydraulic
containment levees.

Influence
area – 3,180
acres

Old River Cove
(component of
Neches River BU
Measure)

TX 6-1

Restores 639 acres of brackish marsh and 139 acres of shallowwater habitat, and nourishes 432 acres of existing marsh with
new work material from Neches River Channel. New work
material would be used to construct hydraulic containment
levees.

Influence
area – 1,210
acres

Gulf Shore BU
Feature (Texas and
Louisiana Points)

TX 8-11
LA 5-2/
6-2

Nourishes 3 miles of Gulf shoreline on both sides of Sabine Pass,
from 0.5 to 3.5 miles from east and west jetties, using
maintenance material from Sabine Pass Channel. Unconfined
placement of maintenance material along shoreline every 3 years
for 50-year period of analysis (8 placement episodes). Assumes
50:50 split of material between Texas and Louisiana
accomplished by alternating placement in Texas and Louisiana.

Affected
shoreline
6.0 miles
total
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they were determined to be the least-cost plans. Maps of the DMMP features are provided on
figures 12 through 14.
8.3.1

DMMP Features in Texas

BU features included in the DMMP provide benefits that offset and minimize all indirect and direct
impacts (–412 AAHUs) of the Preferred Alternative in Texas and partially offset impacts in Louisiana
(Table 17). An evaluation of placement alternatives presented in the FEIS includes all of the features
listed in Table 16 as part of the DMMP. They have been determined to be the least-cost alternatives for
dredged material placement and are part of the SNWW LPP. In Texas, construction of the Neches River
BU Feature and the Texas portion of the Gulf Shore BU Feature will produce benefits totaling
1,068 AAHUs. There would be a net gain of 656 AAHUs in Texas, which would more than offsets all
negative impacts that could occur in that state. Impacts that would be offset include the direct loss of
32 AAHUs for the conversion of fresh marsh to upland PA 24A. The majority of the offset Texas impacts
are in the Neches River watershed, but approximately 16 percent are losses that could occur to cypresstupelo swamp (–22 AAHUs) and fresh and intermediate marsh (–45 AAHUs) in the Sabine River
watershed. In Louisiana, the Gulf Shore BU Feature provides benefits totaling 210 AAHUs. Given total
Louisiana impacts of 1,709 AAHUs, there is a net loss of 1,499 AAHUs remaining in Louisiana after
offsetting benefits of the Louisiana portion of the Gulf Shore BU Feature are applied.
Table 17: AAHU Summary of DMMP BU Feature Benefits

Texas Impacts

Swamp

Bottomland
Hardwood

Fresh
Marsh

–22

0

–206

TX 3 Rose City East

Intermediate
Marsh

Brackish
Marsh

Saline
Marsh

Totals

–48

–131

–5

–412

305

128

178

TX 5-2 Bessie Heights East
TX 6-1 Old River Cove

235

TX 8-11 Texas Point Shoreline
Nourishment
Louisiana Impacts

222
0

0

–78

–1,571

–23

LA5-2/6-2 Louisiana Point Shoreline
Nourishment

–37
210

1,278

Total DMMP BU Benefits
Net Benefits of DMMP Features
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–1,709

–22

0
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–106

–1,314

209

390

–843
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8.3.1.1

Neches River BU Feature

Three former marsh areas on the Neches River have been combined into one large management feature,
called the Neches River BU Feature, to provide flexibility in the use of new work and maintenance
material from the several construction reaches of the Neches River Channel. The primary objective of this
combination feature would be to beneficially utilize dredged material to restore emergent marsh in an area
that has suffered dramatic, widespread loss of marsh. The BU feature would utilize new work and
maintenance material that would otherwise be removed from the sediment system and stored in upland,
confined placement areas.
The Neches River BU Feature would offset all indirect salinity impacts to Texas wetland habitats on the
Neches and Sabine rivers (TX 3 through TX 8, and TX 10 through TX 13) by restoring 2,853 acres of
emergent marsh; improving 871 acres of shallow water by creating shallower ponds and interconnecting
channels; and nourishing 1,234 acres of existing fringing marsh by winnowing fine-grained material from
unconfined flows of dredged material effluent (Table 18). The BU feature thus provides benefits to a total
of 4,958 acres of degraded marsh on the lower Neches River, or 53 percent of the restoration target set by
the Coastal Erosion Planning and Response Act (CEPRA) 2004 plan update for the lower Neches River
(GLO, 2005). The BU feature also offsets the direct impact of converting 86 acres of freshwater wetland
to a confined placement area (PA 24A). The size of the Neches River BU Feature components and the
magnitude of their ecological benefits are made possible by the large amounts of dredged material that
will be generated by the proposed project and extensive opportunities for beneficial use in the project
area.
Table 18: Acreage Restored by Each Component of Neches River BU Feature
Components of
the Neches River BU
Feature

Restored
Emergent
Marsh

Improved
Shallow-water
Habitat

Nourished
Existing
Marsh

Total
Influence
Area

345

72

151

568

1,869

660

651

3,180

639

139

432

1,210

2,853

871

1,234

4,958

Rose City East
Bessie Heights East
Old River Cove
Total

8.3.1.1.1

TX 3-1 Rose City East

Benefits of the Neches River DMMP features in the Rose City (TX 3) hydro-unit are associated with
marsh restoration measures within the footprint of this unit. A total of 225 acres of emergent fresh marsh
would be constructed with new work by TY 15, and 120 more acres would be added with maintenance
material from the first maintenance dredging cycle following construction. Benefits earned with this
restoration total 178 AAHUs. The hydraulic placement of dredged material would restore 18 inches of
topsoil over eroded mudflats and open water, creating 345 acres of emergent fresh marsh, improve 72
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acres of shallow-water habitat by reducing water depths, fetch, and turbidity, and renourish 151 acres of
existing fringe marsh by winnowing fine-grained suspended solids during placement. Marsh edge and
interspersion would be improved significantly, with 80 percent projected as Class 1. Conditions for SAV
are expected to improve dramatically with an increase in shallow water and the creation of still-water
conditions, which favor their growth. Although planned ridges of various elevations within the
reconstructed marsh could, in the long run, support bottomland hardwood forest and cypress-tupelo
swamp, no benefits for these habitats are being claimed because long-term management required to
ensure their growth is not included in the plan.
8.3.1.1.2

TX 5-2 Bessie Heights East

Benefits of the Neches River DMMP features in the Bessie Heights East (TX 5-2) hydro-unit would
accrue from marsh restoration of a total of 1,190 acres of emergent intermediate and 679 acres of
emergent brackish marsh. New work material would be used to build a containment levee along the
southern end of the BU area, and the marsh would be constructed incrementally over seven maintenance
cycles. Benefits earned with this marsh restoration total 433 AAHUs. The hydraulic placement of dredged
material would restore a total of 1,869 acres of emergent marsh, improve 660 acres of shallow-water
habitat by reducing water depths, fetch, and turbidity, and renourish 651 acres of existing fringe marsh by
winnowing fine-grained suspended solids during placement. Marsh edge and interspersion would be
improved significantly from primarily Class 3 and Class 4 to 100 percent Class 1. Channels would be
constructed to allow inner marshes to drain through reconstructed stream channels into the Neches River,
providing flushing to maintain moderate soil salinities, access to more of the marsh for fishery organisms,
and facilitating the escape of organisms from the marsh. Conditions for SAV are expected to improve
throughout the marsh restoration area, with the restoration of shallow water and the creation of still-water
conditions, which favor SAV growth. Fisheries access would be fully restricted in the first construction
year while containment and training levees are constructed, but access would be incrementally restored
with each marsh creation episode by the placement of breaches or culverts in training and containment
levees.
8.3.1.1.3

TX 6 Old River Cove

Benefits of the Neches River DMMP features in the Old River Cove West (TX 6-1) hydro-unit would
result from marsh restoration of a total of 639 acres of emergent brackish marsh with new work material.
A containment levee would be constructed along the power plant outfall canal on the western boundary of
the unit. Benefits earned with this restoration total 235 AAHUs. The hydraulic placement of dredged
material would restore 639 acres of emergent marsh, improve 139 acres of shallow-water habitat, and
renourish 432 acres existing fringe marsh by winnowing fine-grained suspended solids during placement.
Marsh edge and interspersion would be improved significantly from 85 percent Class 2 and Class 3 to
75 percent Class 1. Channels would be constructed within the marsh to allow full circulation with the
outfall canal, providing flushing to maintain moderate soil salinities and ameliorate salinities in the canal,
access to more of the marsh for fishery organisms, and facilitating the escape of organisms from the
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marsh. Conditions for SAV are expected to improve throughout the marsh restoration area with an
increase in shallow water and the creation of still-water conditions, which favor SAV growth. Full access
for marine organisms would be maintained by breaches in the containment levee. No benefits to the
fringing bottomland hardwoods are projected with the hydrologic and marsh restoration plan.
8.3.1.2

Gulf Shore BU Feature

The use of dredged material was also evaluated for Gulf shoreline nourishment at Texas and Louisiana
Points (see figures 13 and 14). The most cost effective plan would hydraulically pump maintenance
material from Section 5 of the adjacent Sabine Pass Channel onto a total of 6 miles of shoreline on both
sides of Sabine Pass. Some material would be expected to flow over existing marsh, while the remainder
would flow into nearshore waters. Material placement during each 3-year Sabine Pass Channel dredging
cycle would alternate between Texas and Louisiana, so that material would be placed on each state’s
shoreline every 6 years. This recurring action would nourish eroding marsh, minimize projected FWP
shoreline impacts, and potentially create new marsh.
Texas Point is undergoing severe beach erosion, with shoreline retreat of up to 1,150 feet between 1974
and 2000 (Morang, 2006; King, 2007). This is a Texas CEPRA “critical erosion area,” having the highest
rate of shoreline loss on the upper Texas coast and (GLO, 2005). In Louisiana, persistent erosion along
the shoreline between Ocean View and Holly Beach, on the order of –4.3 feet/year between 1985 and
1998, was recorded here prior to Hurricane Rita (USACE, 1971, 2004). Nearer to Louisiana Point,
significant accretion over the last 100 years has slowed to +1.2 feet/year, and the behavior of this
shoreline has become erratic, with some areas eroding and some aggrading (USACE, 2004).
Historic dredging records indicate that the maintenance material from Sabine Pass would average
51 percent silt, 31 percent clay, and 18 percent fine sand (USACE dredging database). This mix of
materials does not contain typical beach-quality sand, but the material types and composition are similar
to what is present on the shorelines today. Narrow beachfronts of silt or clay lie seaward of eroding
overwash marsh terraces (PBS&J, 2006). Given the unusual characteristics of this sand-starved system,
returning the material to the littoral system is likely to have a net beneficial effect, regardless of material
type. The longshore transport in this system contains primarily fine-grained sediments, but these
sediments have been shown to accumulate in the nearshore zone and result in shoreline accretion by as
yet poorly understood processes (Morang, 2006; King, 2007).
The Gulf Shore BU Feature would provide a regular source of predominantly fine-grained sediment that
should contribute to mudflat accretion and periodically move onshore to become shore-attached through a
process described by Pacific International Engineering (PIE, 2003). On the western Louisiana and east
Texas coasts, sediments accumulate as mudflats and underwater mudshoals (or “fluid mud”) in the
nearshore region. Nearshore, fluid mud can be trapped against the shoreline by prevailing south and
southwesterly winds, and storms carry the trapped muddy ooze onto the chenier shoreline. The northwest
Gulf is a microtidal, storm-dominated environment. In a typical year there are about 20 to 30 frontal
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passages generating waves, surges, and wind-driven currents, with most-frequent waves from the
southeast about 3 to 4.5 feet in height.
The presence of additional fine-grained sediments in the littoral system that would be regularly provided
by the BU Feature should reduce the current erosion rate and minimize the small increase in shore erosion
predicted with the project (Gravens and King, 2003). In systems that have an abundant supply of finegrained sediments, the nearshore seabed can be blanketed with fluid mud. The presence of additional
muddy sediment in the near shore environment may attenuate waves and lessen wave-induced erosion
(Tubman and Suhayda, 1976; Hsiao and Shemdin, 1980; Wells and Kemp, 1986). There are also
anecdotal reports of Gulf areas off Louisiana and Texas Points being safe havens for vessels during
storms due to the near-total attenuation of waves (Block, 1984; Wells and Kemp, 1986; King, 2007).
The BU dredged material is expected to be composed largely of unconsolidated muds. These fine-grained
sediments would be expected to be highly mobile initially, and some portion of the material will be
rapidly lost from the vicinity of the shoreline. As demonstrated by another BU project at Texas Point
(USACE, 2000), a significant percentage would also flow onshore and nourish existing marsh along the
eroding beachfront. Because of the prevailing wave climate, the mobile material within the surfzone
should generally migrate to the west at both Texas and Louisiana Points (Wamsley, 2008). Transport
processes identified by the Sabine Pass sediment budget (Morang, 2006) indicate that the material would
move toward the eroding shoreline at Texas Point. There, the additional fine-grained sediments could
lower erosion rates through the mudflat accretion and wave attenuation processes described above. A
small quantity of material may migrate to the east and contribute to the Sabine Fillet at the west jetty
(Morang, 2006; King, 2007).
In Louisiana, the sand bar formed by BU sediments from the Cheniere LNG project may shelter the
shoreline from wave energy sufficiently to allow fine-grained sediments to form a mudflat behind the
sandbar (Nairn and Willis, 2002). While a significant percentage would be rapidly carried offshore, some
is likely to move downcoast with the littoral current, enlarging the sand and mudflat already present at the
east jetty. Potential impacts of elevated levels of total suspended solids would be expected to be similar to
those that resulted from the Cheniere LNG BU project (PBS&J, 2004). A temporary increase in
suspended silt/clay was expected during the first 8 to 9 months following placement. After the termination
of placement activities, total suspended solids decreased gradually for about 18 months when
concentrations reached background levels. Modeling conducted for the Cheniere project indicated that it
would take 9 years before the silt and clay component of Cheniere BU material becomes totally
suspended and is removed from the littoral zone. Since the Gulf Shore BU Feature proposes a placement
episode every 6 years, all the fine-grained sediments would not have been removed before new material is
added. This should result in the retention of some portion of the fine-grained sediment, and thus facilitate
mudflat accretion through the processes described above. During and after each placement episode, most
of the resuspended silt and clay is expected to enter the Sabine Pass Jetty Channel through the shallow
boat cut, but deposition in the channel is not expected. It should remain in suspension and be transported
back into the Gulf.
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Although the BU sediments would be largely fine grained, approximately 18 percent of maintenance
material is expected to be sand. Sands that are deposited onshore will nourish and stabilize eroding
marshes; sand deposited in the nearshore zone should stay in the nearshore environment, moving back
and forth across the shore face (Wamsley, 2008). Sand placed at Louisiana Point should remain on the
shore face where it was deposited; no significant amounts of sand are expected to enter the Jetty Channel.
On erosive mud shorelines like those in the BU area, the sand percentage should increase and form sandy
lenses or a veneer over the mud shoreline substrate. As the sand lenses thicken, the sands help protect the
underlying mud from further erosion (Nairn, 1992). However, in smaller quantities, sand can also
accelerate erosion of a mud beach. If the consolidated mud is not covered by a sand veneer, any sand that
is mobilized by wave action could act as a scouring agent (King, 2007).
The behavior of the BU sediments within this complex littoral system cannot be predicted with certainty
over the period of analysis, especially given the potential for strong storms to affect the coastal
environment. However, there is sufficient knowledge of general processes and baseline conditions to
support evaluation of potential impacts and benefits. Furthermore, the engineering feasibility and
potential environmental benefits have been demonstrated by successful recent BU projects at Texas and
Louisiana Points (USACE, 2000; PBS&J, 2004). All of this information was used to establish explicit
assumptions about the expected behavior of the BU material in the quantification of project impacts and
benefits using the WVA model. The WVA model analysis assumed that 60 percent of the pumped
quantity would remain in the existing marsh and on the shallow nearshore slope in front of the existing
shorefront immediately after material placement. Since the material is unconsolidated and prone to
erosion, only 50 percent of that material was assumed to remain by the end of each 6-year cycle. It was
further assumed that the regular addition of material every 6 years would slow the resuspension of finegrained sediments and result in the accumulation of some new marsh by the end of the period of analysis.
No attempt was made to account for the effect of large storm systems. No long-term impacts to vegetation
or benthic sediments were assumed to result from nourishment episodes. NWR personnel reported that
the marsh vegetation at Texas Point rebounded quickly and with renewed vigor after being covered with
up to 1 foot of material by the Texas Point BU project (Walther, 2005). Potential impacts to Critical
Habitat for the wintering piping plover are expected to be beneficial in the long term, with short-term
displacement during disposal activities. Benthic invertebrate fauna residing in the intertidal and tidal
impact zones would be smothered, but studies have shown the impact to be similar to that resulting from
natural events such as storms and hurricanes (Saloman and Naughton, 1977; Simon and Dauer, 1977).
Following the burial, the resident species should recover quickly because of their short life cycle, high
reproductive potential, and the rapid recruitment of larvae and motile macrofauna from nearby unaffected
areas (Nelson and Pullen, 1988).
Benefits earned from the Gulf Shore BU Feature at Texas and Louisiana Points are shown in Table 18.
With adoption of the DMMP, all FWP impacts in Texas would be avoided or offset and no compensating
mitigation is proposed in conjunction with construction of the LPP. Included in the offset are negligible
impacts (–22 AAHUs) to 804 acres of cypress-tupelo swamp, where small increases in salinity may affect
the general health and productivity of the cypress-tupelo swamp system by slowing the trunk diameter
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growth rate by an average of 0.03 inch per year. No impacts from the LPP were identified for the majority
of cypress-tupelo swamps and all bottomland hardwoods in the study area.
Impacts in Louisiana are minimized to the greatest extent possible by the DMMP, but the unavoidable
loss of 1,499 AAHUs remains. When looking at the project as a whole (Texas and Louisiana combined),
the LPP would result in the loss of 843 AAHUs. However, because the ecological benefits of the DMMP
BU features are primarily in Texas, additional compensatory mitigation beyond the total project loss of
843 AAHUs is proposed so that impacts in Louisiana will be compensated in Louisiana, with the
exception of impacts that occur on Federal lands in Louisiana, specifically the Sabine NWR. Impacts on
Federal lands in Louisiana would be offset by the excess Texas BU feature benefits as shown in Table 19.
A mitigation plan, described in Section 8.6, has been developed to compensate for unavoidable impacts of
the LPP.
8.4

FEASIBILITY SCREENING OF MITIGATION MEASURES

Unavoidable impacts of the LPP in Louisiana would remain after all benefits of the DMMP BU features
have been applied. These impacts are related primarily to a decrease in the overall biological productivity
of approximately 182,000 acres (284 square miles) of intertidal marsh in Louisiana. The important
ecological functions of the wetlands in the affected area would decline as increases in salinity levels affect
emergent marsh communities and the fish and wildlife that depend upon this habitat. Indirect adverse
affects of increased salinity on marsh health and productivity could lead to the resultant loss of 691 acres
of marsh, associated SAV, and shallow-water habitat, as stressed emergent marsh converts to open water.
8.4.1.

Compensatory Mitigation Target for Louisiana

Since the Coastal Zone Management Act (CZMA) does not apply to Federal lands, then the need to
provide one-to-one mitigation for all AAHU losses in Louisiana (over and above full compensation
calculated for the project as a whole) can be reduced by the total number of AAHU losses to Federal
lands in Louisiana. The only Federal lands in Louisiana that would be affected by this exclusion are
located in the Sabine NWR. While the Texas Point and McFaddin NWRs in Texas would also be affected
by salinity increases associated with the project, two DMMP BU features (the Neches River and the Gulf
Shore BU features) provide benefits that offset all project impacts in Texas (including impacts to both
NWRs) and provide excess benefits of 656 AAHUs. The DMMP BU features fulfill Texas’s Coastal
Zone Management Plan (CZMP) requirements to avoid and minimize impacts to the coastal zone, such
that no compensatory mitigation for Texas state resources is needed.
Total SNWW project impacts to the Sabine NWR in Louisiana would be 340 AAHUs. When these are
removed from the net project impacts in Louisiana (–1,499 AAHUs), the mitigation target proposed for
compliance with Louisiana’s CZMP is –1,159 AAHUs. Table 19 illustrates this calculation. Since all
mitigation measures for the SNWW would be located in Louisiana, the new mitigation target would
compensate for total project losses of 843 AAHUs.
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8.4.2.

Preliminary Screening of Mitigation Measures

The Habitat Restoration Workgroup met or convened by teleconference four times between December
2004 and January 2006 to develop, model, and recommend potential BU and mitigation measures for the
SNWW LPP. The Habitat Workgroup and USACE developed concepts for hydrologic and marsh
restoration, shoreline protection, and Gulf shoreline nourishment measures, and applied the WVA model
to compute mitigation outputs. Conceptual designs and costs for these measures were completed by the
USACE, Galveston District. ERDC conducted HS modeling and developed a desk-top off-channel
wetlands salinity mitigation model (DOWSMM) to test the effectiveness of salinity control structures
proposed within the Willow and Black Bayou watersheds in Louisiana, and the Texas Bayou watershed in
Texas (Brown et al., 2006:Appendix B). These are the hydrologic restoration measures listed in Table 20.
Table 19: Compensatory Mitigation Target for Louisiana
Units (AAHUs)

Texas

Louisiana

Project

Total Impacts (negative)

–412

–1,709

–2,121

Total BU Benefits (positive)

1,068

210

1,278

656

–1,499

–843

–1,499

–843

Net FWP Benefits/Impacts

Net FWP Benefits (positive) or Impacts (negative)
Excess Texas Benefits Applied to Federal Lands
Excess Texas Benefits

656

Sabine NWR Impacts

–340

Net Excess Texas Benefits

316

Compensatory Mitigation Target
Net Impacts by State and Project
Federal Impacts Compensated with Texas Excess Benefits
FWP Compensatory Mitigation Target

340
–1,159

–843

Developing sufficient acceptable and effective mitigation measures to compensate for predicted impacts
proved to be quite a challenge. Measures developed specifically for salinity impacts in Louisiana marshes
and in the Texas Point NWR proved unsuccessful. All measures designed to directly address salinity
impacts in the Texas Point, Willow Bayou, and Black Bayou hydro-units were eliminated during
preliminary or feasibility level screenings. Reductions in salinity proved too small to overcome reduced
marine organism access in the WVA model.
Numerous measures explored by the Habitat Workgroup were eventually found not to be feasible or cost
effective. Table 20 summarizes measures that were not included in the final CE/ICA. Although not
discussed in detail in this report, WVA benefits were calculated for the majority of these measures.
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Table 20: Eliminated Mitigation Measures
Measure Description

Reason for Elimination

Hydrologic Restoration Measures
TX 8-1

Plug in old logging canal just west of Texas Bayou
at Sabine Pass with new work material from
Sabine Pass Channel

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)
Negligible marsh restoration benefits

TX 8-1A

Restriction of Texas Bayou cross section with
sheet pile wall at State Highway 82 bridge; armor
channel sides and bridge supports and provide
sloping bottom to transition between deeper
Sabine Pass and existing –6-foot bottom of Texas
Bayou

Ineffective at reducing salinities per HS
model (Brown et al., 2006)
Increases velocities through mouth of
Sabine Lake

TX 8-1B

Combination of rock weir in Texas Bayou and
plug in old logging canal; channel filling restores
13 acres of marsh

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)
Increases velocities through mouth of
Sabine Lake
Negligible marsh restoration benefits
Not cost effective

TX 8-2

Constructing dredged material berm inside west
jetty south of the Pilot House, and fill behind the
berm to construct 32 acres of marsh; assume that
subsided portion of west jetty has been repaired
and raised by O&M prior to construction of
mitigation measure

Negligible marsh restoration benefits
Not cost effective
Dependent upon operation and maintenance
(O&M) action

TX 12-1

Earthen plug in mouth of old logging access canal
on Sabine River; fill material mined from adjacent
Sabine River channel

Negligible AAHU benefits

Large adjustable salinity control structures at
Willow Bayou and Three Bayou with slide/flap
gates and boat bays (20 feet wide and 4 feet deep).
Assume managed by USFWS to maintain salinity
of 10 ppt

Impacts from severe restriction of marine
organism access did not offset salinity
reduction

Large adjustable salinity control structures at
Greens Bayou and Right Prong of Black Bayou
with slide/flap gates and boat bays (20 feet wide
and 4 feet deep); assume managed by USFWS to
maintain salinity of 5 ppt

Impacts from severe restriction of marine
organism access did not offset salinity
reduction

Two rock weirs with boat bays (20 feet wide and
4 feet deep) at mouth of Willow Bayou at Sabine
Lake and at mouth of Three Bayou at Sabine Lake

Reduction in aquatic organism access not
offset by small salinity reduction

LA 2-15

Rock weirs with boat bays (20 feet wide and 4 feet
deep) at Greens Bayou at Sabine NWR boundary
and on Right Prong of Black Bayou near refuge
boundary

Reduction in aquatic organism access not
offset by small salinity reduction

LA 3-1

Large, adjustable salinity control structure at
mouth of Black Bayou with slide/flap gates and
boat bay (20 feet wide and 4 feet deep); assumed
managed for specific salinity

Severe restriction of marine organism
access; does not offset salinity reduction

LA 2-7

LA 2-8

LA 2-14
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Table 20 (Cont’d)
Measure Description

Reason for Elimination

Hydrologic Restoration Measures
LA 3-2A

(1) Rock weir with boat bay at east end of
Raleigh’s ditch; (2) rock weir with boat bay at
small tributary opening on west Black Bayou; and
(3) a plug in Raleigh’s Ditch upstream of small
tributary on west Black Bayou

Reduction in aquatic organism access not
offset by small salinity reduction

LA 3-3

Rock liner at mouth of small stream leading south
from Black Bayou

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)

LA 3-4

Rock weir with boat bay on small stream leading
south from Black Bayou into Sterling Pond

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)

LA 3-5

Rock weir at mouth of stream leading north from
Black Bayou

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)

LA 3-6

Water control structures (two 36-inch sluice gates)
under cattlewalk between Perry Ridge and Isaacs
Ridge on the north side of Black Bayou

Reduction in aquatic organism access not
offset by small salinity reduction

LA 3-7

Rock liners at 4 large streams leading north from
Black Bayou

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)

LA 3-8

Rock weir at oil field canal opening on west side
of Black Bayou Cutoff Canal

Ineffective at reducing salinities per
DOWSMM (Brown et al., 2006)

LA/TX
1-1

Plugs in openings of pipeline ditches on Sabine
River and Big Bayou in Sabine Island WMA

Ineffective at reducing salinities

LA/TX
2-1

Plug of large logging canal leading into Blue
Elbow Swamp just upstream of IH 10

Canal is sole recreational access

Underwater sill at mouth of Sabine Lake

Ineffective at reducing salinities; maximum
average reduction of 0.5 ppt in southern
half of Sabine Lake (Brown et al., 2006)
Creates unacceptably high velocities
Creates higher water elevations during
floods upstream of sill

LA/TX
3-1

Marsh Restoration Measures
Unconfined placement new work material;
frequent movement of pipe to create mound field;
restores 267 acres of brackish marsh by TY 1; new
work material comes from Neches River Channel,
sections 11 and 12

Not cost effective

Filling logging canal at Texas Bayou with new
work material

Negligible marsh restoration benefits
Not cost effective

TX 8-4

Unconfined flow of maintenance material into
open-water areas west of TX 8-2, via pipeline
dredge

Use of pipeline dredge instead of hopper
dredge determined to be infeasible because
of safety and risk

LA 2-9

Duck-wing earthen terraces in south part of Greens
Lake with in situ material using amphibious
excavator; 5.9 miles total terrace length

Ineffective measure due to small size of
influence area and restored marsh

TX 6-1
East
TX 8-3
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Table 20 (Cont’d)
Measure Description

Reason for Elimination

Marsh Restoration Measures
LA 2-10

Duck-wing earthen terraces in north part of Greens
Lake with in situ material using amphibious
excavator; 2.1 miles total terrace length

Ineffective measure due to small size of
influence area and restored marsh

LA 2-11

Marsh restoration in Willow Bayou Unit 7 with
maintenance material from Sabine-Neches Canal
Section B or from the SNWW channel

Ineffective measure due to high pumping
cost and small size of influence area and
restored marsh

LA 2-12

Marsh restoration in Willow Bayou Unit 7 with
new work material from SNWW channel
construction

Ineffective measure due to high pumping
cost and small size of influence area and
restored marsh

LA 2-13

Marsh restoration in Willow Bayou Unit 7 with
material from dedicated dredging of Sabine Lake;
dredging of access canal may be required since
nearshore water depths are shallow; area
designated as oyster seed harvesting ground

Ineffective measure due to high pumping
cost and small size of influence area and
restored marsh

LA 39R

Marsh restoration into area north of Black Bayou
using maintenance material from another
navigation project (Channel to Orange in Sabine
River)

Benefits earned between TY 50 and TY 65
and longer pumping distance make it not
cost effective in average annual benefits

LA 3-11

Marsh restoration in area northwest of Rusty
Vincent Lake using maintenance material from the
Channel to Orange

Combined with LA 3-10

LA 3-16
A and B

Marsh restoration in small area east of Black
Bayou Cutoff Canal and south of GIWW using
dedicated dredging of adjacent GIWW

Ineffective measure due to small size of
influence area and restored marsh

LA 3-17

Marsh restoration in very large area east of LA 316 and south of GIWW using dedicated dredging
of adjacent GIWW

Area approved for marsh terracing project
under CWPPRA CS-27

Shoreline Protection Measures
TX 7-1/
7-2

Rock shoreline protection (Section 1) protects 2.4
miles of GIWW north shore between existing PAs,
reducing salinity intrusion in 2,534 acres. Section
2 protects 1.5 miles shoreline on west edge of TX
7 with rock breakwater

Measure is not cost effective for amount of
AAHUs earned

LA 21R

Rock foreshore dike located parallel to and 150
feet offshore of east Sabine Lake shoreline; 3-mile
segment from Willow Bayou to Three Bayou; 35
acres created behind dike

Measure is not cost effective for amount of
AAHUs earned; potential fisheries impacts
from armored shoreline

LA 22R

Rock foreshore dike located parallel to and 150
feet offshore of east Sabine Lake shoreline;
1.4-mile segment from Three Bayou to Pine Ridge
Canal; 16 acres created behind dike

Measure is not cost effective for amount of
AAHUs earned; potential fisheries impacts
from armored shoreline

LA 312R

Rock foreshore dike located parallel to and
150 feet offshore of east Sabine Lake shoreline;
4.2-mile segment from Pine Ridge Canal to Black
Bayou; 48 acres created behind dike

Measure is not cost effective for amount of
AAHUs earned; potential fisheries impacts
from armored shoreline
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Table 20 (Cont’d)
Measure Description

Reason for Elimination

Shoreline Protection Measures
LA 2-3

Earthen foreshore dike, east shore of Sabine Lake,
3 miles north from Willow Bayou

Less durable for 50-year project life than
rock structures; cost is equivalent to or
slightly higher than rock structures

LA 2-4

Earthen foreshore dike, east shore of Sabine Lake,
1.4 miles north from LA 2-3

Less durable for 50-year project life than
rock structures; cost is equivalent to or
slightly higher than rock structures

LA 2-5

Dedicated dredging to fill behind LA 2-1 or LA 23 and create marsh

Dedicated dredging not needed to fill
100 feet behind breakwater; access canal
dredging provided sufficient material

LA 2-6

Dedicated dredging to fill behind LA 2-2 or LA 24

Dedicated dredging not needed to fill
100 feet behind breakwater; access canal
dredging provided sufficient material

LA 2-20

Rock foreshore breakwater 3 miles north from
Willow Bayou, 1,000-foot segments, 50-foot
breaks between segments, located parallel to and
250 feet offshore; dedicated dredging of Sabine
Lake to fill behind breakwater and create marsh

Not cost effective

LA 2-21

Rock foreshore breakwater 3 miles north from
Willow Bayou, 1,000-foot segments, 50-foot
breaks, located parallel to and 500 feet offshore;
dedicated dredging of Sabine Lake to fill behind
breakwater and create marsh

Not cost effective

LA 2-22

Rock foreshore breakwater, 1.4 miles north from
LA 2-20 in 1,000-foot segments, with 50-foot
breaks, located parallel to and 250 feet offshore;
dedicated dredging of Sabine Lake to fill behind
breakwater and create marsh

Not cost effective

LA 2-23

Rock foreshore breakwater 1.4 miles north from
LA 2-21 in 1,000-foot segments, with 50-foot
breaks, located parallel to and 500 feet offshore;
dedicated dredging of Sabine Lake to fill behind
breakwater and create marsh

Not cost effective

LA 2-24

Rock foreshore breakwater 3 miles north from
Willow Bayou, 1,000-foot segments, 50-foot
breaks between segments, located parallel to and
250 feet offshore; new work material from SNWW
Section 10 used to fill behind breakwater and
create marsh

Not cost effective

LA 2-25

Rock foreshore breakwater 3 miles north from
Willow Bayou, 1,000-foot segments, 50-foot
breaks between segments, located parallel to and
500 feet offshore; new work material from SNWW
Section 10 used to fill behind breakwater and
create marsh

Not cost effective
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Table 20 (Cont’d)
Measure Description

Reason for Elimination

Shoreline Protection Measures

LA 2-26

Rock foreshore breakwater 1.4 miles north from
LA 2-24 in 1,000-foot segments, with 50-foot
breaks, located parallel to and 250 feet offshore;
new work material from SNWW Section 10 used
to fill behind breakwater and create marsh

Not cost effective

LA 2-27

Rock foreshore breakwater 1.4 miles north from
LA 2-25 in 1,000-foot segments, with 50-foot
breaks, located parallel to and 500 feet offshore;
new work material from SNWW Section 10 used
to fill behind breakwater and create marsh

Not cost effective

LA3-13

Earthen foreshore dike, east shore of Sabine Lake,
continuation of LA 2-3

Less durable for 50-year project life than
rock structures; cost is equivalent to or
slightly higher than rock structures

LA 3-14

Dedicated dredging to fill behind LA 3-12 or LA
3-13; assume marsh creation to shore behind all
levees

Dedicated dredging not needed to fill 100
feet behind breakwater; access canal
dredging provided sufficient material

LA 3-19

Rock foreshore breakwater, 4.2 miles north from
LA 2-20, in 1,000-foot segments, with 50-foot
breaks between segments located parallel to and
250 feet offshore; dedicated dredging of Sabine
Lake used to fill behind breakwater and create
marsh

Not cost effective

LA 3-20

Rock foreshore breakwater 4.2 miles north from
LA 2-21, in 1,000-foot segments, with 50-foot
breaks between segments located parallel to and
500 feet offshore; dedicated dredging of Sabine
Lake to fill behind breakwater and create marsh

Not cost effective

LA 3-21

Rock foreshore breakwater 4.2 miles north from
LA 2-25, in 1,000-foot segments, with 50-foot
breaks between segments located parallel to and
500 feet offshore; new work material from SNWW
Section 10 used to fill behind breakwater and
create marsh

Not cost effective and not supported by
LDWF

Gulf Shoreline Nourishment

TX 8-5

Confined cell on Gulf shoreline – new work and
maintenance material – 0.5 to 3.5 miles from west
jetty, no booster; levees built with new work
material, 1,750 feet offshore, with maintenance
material fill between the levee and the shore with 0
foot mean lower low water (MLLW) elevation

Measure is not cost effective for amount of
AAHUs earned

TX 8-6

Shoreline nourishment – unconfined new work
from Section 5; hydraulic pipeline placement of
new work material, 0.5 to 3.5 miles from west
jetty; assume 50:50 split of material between
Texas and Louisiana

Superseded by least-cost alternative –
optimized Gulf nourishment measure TX 811
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Table 20 (Cont’d)
Measure Description

Reason for Elimination

Gulf Shoreline Nourishment

TX 8-7

Shoreline nourishment – 0.5 to 3.5 miles from
west jetty – unconfined maintenance material from
sections 5 and 6; hydraulic pipeline placement of
maintenance material every 6 years for project life
(8 placement episodes); assume 50:50 split of
material between Texas and Louisiana

Superseded by least-cost alternative –
optimized Gulf nourishment measure TX 811

TX 8-8

Shoreline nourishment – unconfined placement of
new work material from Section 5 from 0.5 mile to
1 mile from west jetty; nourish 27 acres of
shoreline in accretion zone

Superseded by least-cost alternative –
optimized Gulf nourishment measure TX 811

TX 8-9

Shoreline nourishment – 0.5 to 2.5 miles from
west jetty – one-time hydraulic pipeline placement
of all maintenance material from one dredging
cycle from Section 5

Superseded by least-cost alternative –
optimized Gulf nourishment measure TX 811

TX 8-10

Shoreline nourishment – 0.5 to 3.5 miles from
west jetty – new work material from sections 5 and
6; placement using pipeline dredge; assume 50:50
split of material between Texas and Louisiana

Superseded by least-cost alternative –
optimized Gulf nourishment measure TX 811

LA 5-2
and 6-2

Shoreline nourishment – 0.5 to 3.5 miles from east
jetty – maintenance material from sections 5 and 6;
unconfined hydraulic pipeline placement every 6
years for project life (8 placement episodes);
assume 50:50 split of material between Texas and
Louisiana

Superseded by least-cost alternative –
optimized Gulf nourishment measure LA 56

LA 5-4

Shoreline nourishment – 0.5 to 2.5 miles from east
jetty – one time placement of all maintenance
material from one dredging cycle from Section 5;
unconfined hydraulic pipeline placement

Superseded by least-cost alternative –
optimized Gulf nourishment measure LA 51/6-1 that uses material only from Section 5
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8.5

FINAL COST EFFECTIVENESS/INCREMENTAL COST ANALYSIS SCREENING
OF MITIGATION MEASURES

Table 21 lists mitigation measures included in the final CE/ICA screening of the SNWW LPP; the
measures ultimately selected are shown in bold. These mitigation measures are required to compensate
for impacts that would remain after measures designed to avoid or minimize impacts have been applied.
A concerted effort was made to use new work and maintenance material beneficially in both minimizing
and mitigating environmental impacts. Mitigation measures in the Louisiana marshes would be located in
the Willow Bayou and Black Bayou hydro-units because they had the highest projected FWP losses in
terms of acreage and AAHUs. East and West Johnson’s Bayou hydro-units had the next highest projected
losses in both acreage and AAHUs, but measures were not located in these areas because no large, openwater areas existed or were expected to develop. Maps of all mitigation measures considered in the final
screening are provided on figures 15 and 16.
In 2009, changes in the proposed project and HS modeling necessitated that the WVA modeling of
mitigation measures retained for final screening be revised. Due to schedule constraints, USACE
performed the modeling without ICT involvement, basing it as closely as possible on methods and
assumptions used by the ICT in the original modeling. The results of this remodeling were coordinated
with the ICT. A quality check was also performed for the revised worksheets.
8.5.1

Description of Evaluated Mitigation Measures

LPP impacts in Louisiana are primarily indirect impacts related to a salinity increase associated with a
deeper SNWW navigation channel. As demonstrated above, extensive efforts were made to identify
feasible measures that could minimize or eliminate salinity increases in the estuary as a whole, or in
localized areas within the affected marsh. Since no feasible measures were identified that could minimize
salinity effects, the Habitat Workgroup evaluated an array of compensation measures that utilized marsh
restoration, shoreline protection, and Gulf shoreline nourishment measures. Marsh restoration measures
included in situ terracing and marsh restoration using several different sources of dredged material
(SNWW new work material, dedicated dredging, Channel to Orange maintenance material, and
accumulated material in the Lake Charles Deepwater Channel (GIWW-East). All of the measures
described below were evaluated using the CE/ICA in the USACE certified version of IWR-PLAN to
identify those measures that provide the most environmental benefits for the least incremental cost. The
reader is referred to FEIS Section 5.4.3 for a detailed description of the CE/ICA process.
8.5.1.1

Marsh Restoration

Five areas within the Willow Bayou hydro-unit were identified as high priority areas for marsh restoration
by USFWS. Different marsh restoration solutions are proposed within the same footprint of these units.
Figure 15 shows all measures that were evaluated within each specific area, with the labels for the
measures ultimately included in the recommended mitigation plan shown in bold.
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Table 21: Mitigation Measures, Final Screening
Marsh Restoration – In Situ Terracing
Description of Alternative
Duck-wing-shaped earthen terraces built with in situ material using amphibious excavator. Each terrace is
1,000 feet long; 100-foot gap between terraces; approximately 500 feet between each row of terraces.
Terraces should have 15-foot-wide tops at +2.0’ NAVD88 and 4:1 side slopes.
HydroUnit

No.

Size of Influence Area

Emergent
Marsh Created

LA 2-16(A)

Influence area – 1,831 acres in north part of Greens
Lake; located within the same footprint as LA 2-16(B)
and LA 2-16(C).

38 acres

LA 2-17(A)

Influence area – 2,297 acres in southern part of Greens
Lake; located within the same footprint as LA 2-17(B)
and LA 2-17(C).

45 acres

LA 2-18(A)

Influence area – 680 acres in area north of Willow
Bayou canal; located within the same footprint as LA 218(B) and LA 2-18(C).

11 acres

LA 2-19(A)

Influence area – 1,809 acres; in area west of Deep
Bayou; located within the same footprint as LA 2-19(B)
and LA 2-19(C).

28 acres

Willow
Bayou

Marsh Restoration – Sabine Lake Dedicated Dredging
Description of Alternative
Hydraulically dredged material from Sabine Lake (dedicated dredging) to restore marsh and shallowwater habitat in open-water areas of marsh. Borrow trench located 500 feet from shore, excavated
approximately 7.5 feet deep; width and length vary for each scale. Assume unconfined flow of
maintenance material, frequent movement of pipe, and few training or containment structures.
HydroUnit

Willow
Bayou

Size of Influence Area

LA 2-16(B)

Influence area – 1,831 acres in north part of Greens
Lake; borrow trench approximately 1,000 feet wide and
2 miles long

822 acres

LA 2-17(B)

Influence area – 2,297 acres in southern part of Greens
Lake area; borrow trench approximately 1,250 feet wide
and 2 miles long

1,035 acres

LA 2-18(B)

Influence area – 680 acres in area north of Willow
Bayou Canal; borrow trench approximately 700 feet
wide and 0.8 mile long

251 acres

LA 2-19(B)

Influence area – 1,809 acres in area west of Deep
Bayou; borrow trench approximately 1,200 feet wide
and 1.8 miles long

719 acres

Influence area – 1,285 acres in area north of Willow
Bayou Canal; borrow trench approximately 1,000
feet wide and 1.25 miles long

436 acres

LA 2-ADD B
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Emergent
Marsh Created

No.
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Table 21 (Cont’d)
Marsh Restoration -SNWW New Work Material
Description of Alternative
Use new work material from SNWW Section 10 to restore emergent marsh and shallow-water habitat in
open water in north part of Greens Lake area. Assume unconfined flow of new work material; frequent
movement of pipe; few training or containment structures.
HydroUnit

Willow
Bayou

No.

Size of Influence Area

Emergent
Marsh Created

LA 2-16(C)

Influence area – 1,831 acres in north part of Greens
Lake area; located within the same footprint as LA 216(A) and LA 2-16(B)

822 acres

LA 2-17(C)

Influence area – 2,297 acres in southern part of Greens
Lake area; located within the same footprint as LA 217(A) and LA 2-17(B)

1,035 acres

LA 2-18(C)

Influence area – 680 acres in area north of Willow
Bayou Canal; located within the same footprint as LA 218(A) and LA 2-18(B)

251 acres

LA 2-19(C)

Influence area – 1,809 acres in area west of Deep
Bayou; located within the same footprint as LA 2-19(A)
and LA 2-19(B)

719 acres

LA 2-ADD C

Influence area – 1,285 acres in area north of Willow
Bayou Canal; located within the same footprint as LA 2ADD B

436 acres

Marsh Restoration –Channel to Orange Maintenance Material
Description of Alternative
Hydraulically pump maintenance material from the Channel to Orange (Sabine River) between East Pass
and the GIWW into areas north of Black Bayou to restore emergent marsh in degraded marsh and openwater areas. Assume unconfined flow of maintenance material, frequent movement of pipe, and few
training or containment structures. Material would come from maintenance dredging of the Sabine River
Channel.
HydroUnit
Black
Bayou
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No.
LA 3-10R

Size of Influence Area
Influence area – 2,465 acres; restoring 132 acres
every 5 years, TY 5 thru TY 30 (total of 6 cycles,
ending TY 30)

142

Emergent
Marsh Created
792 acres

Table 21 (Cont’d)
Marsh Restoration – GIWW Dedicated Dredging
Description of Alternative
Dedicated dredging of adjacent GIWW to restore emergent marsh and shallow0water habitat; percent of
open water restored to emergent marsh is different in A and B scales. Assume unconfined flow of
hydraulically pumped material that has accumulated in GIWW (formerly the 30-foot Deepwater Channel
to Lake Charles), frequent movement of pipe, and few training or containment structures.
HydroUnit

No.

Size of Influence Area

Emergent
Marsh Created

LA 3-15(A)

Influence area – 1,788 acres in area west of Black
Bayou Cutoff Canal; assume 60 percent of open water
restored to emergent marsh

546 acres

LA 3-18(A)

Influence area – 1,877 acres in large area of open water
south of LA 3-15; assume 60 percent of open water
restored to emergent marsh

497 acres

LA 3-15(B)

Influence area – 1,788 acres area west of Black
Bayou Cutoff Canal; assume 75 percent of open
water restored to emergent marsh

683 acres

LA 3-18(B)

Influence area – 1,877 acres in large area of open
water south of LA 3-15; assume 75 percent of open
water restored to emergent marsh

621 acres

Black
Bayou

Gulf Shoreline Nourishment
Description of Alternative
Nourish Gulf shoreline at Louisiana Point; length of nourished shore and number of placement cycles
vary. Material pumped along shoreline using hydraulic pipeline dredge. Assume 50:50 split of material
between Texas and Louisiana. Assume 60 percent retention of material after initial placement; 50 percent
of newly added acres remain at end of 8 years.
HydroUnit

Sabine
Lake
Ridges
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Length of
Shoreline

No.

Size of Influence Area

LA 5-3

Nourish 0.5 to 1.0 mile from east jetty; assume one-time
unconfined placement of new work material from
SNWW Section 5; all added acres eroded away by TY
51

0.5 mile

LAs 5-1 and
6-1

Nourish 0.5 to 3.5 miles from east jetty; assume onetime unconfined placement of new work material from
SNWW Section 5; all added acres eroded away by TY
51

3.0 miles

LA 5-5

Nourish 0.5 to 3.5 miles from east jetty; assume onetime unconfined placement of new work material from
SNWW sections 5 and 6; all added acres eroded away
by TY 51

3.0 miles
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Prepared for: USACE
Job No.: 044198800
Prepared by: A.Christiansen

Scale: 1:65,000
Date: 5/01/2008
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Scale: 1:80,000
Date: 09/10/2009

8.5.1.1.1

Willow Bayou In Situ Terracing

Marsh terracing in the Willow Bayou hydro-unit has been identified as a mitigation measure. Four areas
in Sabine NWR units 5 and 7 are combined as one incrementally scaled measure in the CE/ICA. For
example, terracing would first be conducted in LA 2-16A, followed step-by-step by LA 2-17A, LA 219A, and LA 2-18A, forming four scales of potential terracing (Table 22). Targeted areas encompass
areas of disintegrating, or breaking, marsh that would benefit from a marsh restoration effort. Areas
affected by terracing projects south of Greens Lake and south of the Willow Bayou Canal (CWPPRA
Project No. CS-32, East Sabine Lake Hydrologic Restoration Project) are not included in the footprint of
this measure.
Table 22: Summary of Benefits, Willow Bayou Marsh Terracing Measure

AAHU

Influence
Area
(acres)

Existing
Marsh
(acres)

Open
Water
(acres)

Restored
Emergent
Marsh (acres)

LA 2-16A

17

1,831

803

1,028

38

LA 2-17A

20

2,297

1,003

1,294

45

LA 2-19A

12

1,809

910

899

28

LA 2-18A

4

681

367

314

11

Mitigation
Measure

Construction of the earthen terraces would follow specifications established by USFWS for nearby
terraces, with a height modification to accommodate predicted RSLR. Earthen terraces would be built
using an amphibious excavator in “duck-wing” shapes with in situ material from open-water areas of the
marsh. Each terrace would be 1,000 feet long, with 100-foot gaps between terraces and approximately
500 feet between each row of terraces. Marsh grass would be planted on the crowns and side slopes.
Acreage of restored emergent marsh was determined by estimating the total terrace length in each unit
and assuming a 22-foot-wide vegetated crown. The acreage restored by this measure is low compared to
other restoration methods.
Marsh restoration benefits are associated with the additional marsh acreage and the terracing’s effect on
hydrology and wind fetch. Terracing would be expected to reduce wind fetch and promote more stillwater conditions favorable for SAV growth. In addition, land loss rates would be expected to be lower
due to the reduction in fetch. Impacts associated with construction are limited to the excavation of
shallow open-water areas within the marsh. It is anticipated that these borrow areas would eventually fill
with degraded organic material from the vegetated terraces. Salinities are expected to remain the same as
FWP projections.
8.5.1.1.2

Willow Bayou Marsh Restoration – Dedicated Dredging or SNWW New Work Material

Marsh restoration using material from dedicated dredging of Sabine Lake (B) or SNWW new work
material (C) was also proposed within the Willow Bayou hydro-unit. In addition to LA 2-16 through LA
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2-19, a fifth area (LA 2-ADD) in Sabine NWR Unit 5 was added for the dedicated dredging solution. All
are combined in various incremental combinations in the CE/ICA according to the most cost effective
pumping distances and dredges proposed for use. For both solutions, marsh would be constructed by the
unconfined flow of dredged material from a hydraulic pipeline. Frequent pipe movement and careful
elevation control would be necessary to obtain the appropriate marsh elevation for intermediate marsh. If
needed, tidal creek channels could be constructed in the marsh creation area after the dredged material has
settled to return the area to normal tidal regime, facilitate marine organism access, and allow water and
nutrients to flow into the area.
The dedicated dredging alternative (B) would take material from a borrow area in Sabine Lake located at
least 1,000 feet from the Sabine NWR shore. The borrow area would average 1,100 feet wide and range
from 1.8 to 7.8 miles long, depending upon how many of the unit increments are adopted. The borrow
area would be 7.5 feet deep, as measured from the lake bottom; it would be continuous and parallel with
the common longshore circulation pattern present in Sabine Lake. This circulation is expected to prevent
the development of hypoxic conditions that would be detrimental to aquatic organisms. The borrow area
would eventually fill with Sabine River sediments. An access channel would also be needed for the
pipeline dredge to reach the proposed borrow area. The borrow area is located within an area designated
as an oyster seed harvesting ground by the State of Louisiana. However, commercial oyster species are
not present in the area. Oyster reefs are restricted to higher-salinity areas in the southern part of Sabine
Lake near Blue Buck Point. LDWF has stated that it would require that an oyster ground survey be
conducted prior to its approval for use in conjunction with this mitigation measure.
The SNWW new work material alternative (C) would pump dredged material from the deepening of the
navigation channel across Sabine Lake into the Willow Bayou marshes. The pumping distance is
approximately 11 miles and would require the use of a several booster dredges. An access canal would be
required for boosters to access the lakeshore.
Marsh restoration benefits (Table 23) are associated with the additional marsh acreage, and the restored
marshes’ affect on hydrology and wind fetch. Restoration of marsh in open-water areas would reduce
wind fetch and promote the still-water conditions favorable for SAV growth. In addition, land loss rates
would be expected to be lower due to a stable, higher marsh elevation. Salinities would be expected to
remain the same as FWP projections.
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Table 23: Summary of Benefits, Willow Bayou Marsh Restoration Measures B and C

8.5.1.1.3

AAHU

Influence
Area
(acres)

Existing
Marsh
(acres)

Open
Water
(acres)

Restored
Emergent
Marsh (acres)

LA 2-16B & C

445

1,831

803

1,028

822

LA 2-17B & C

492

2,297

1,003

1,294

1,035

LA 2-19B & C

419

1,809

910

899

719

LA 2-18B & C

152

681

367

314

251

LA 2-ADD B

214

1,285

745

540

436

Mitigation
Measure

Black Bayou Marsh Restoration – Channel to Orange Maintenance Material

Marsh restoration using material from maintenance dredging of the Channel to Orange has been proposed
in the vicinity of Rusty Vincent Lake (see Figure 16). The mitigation measure (LA 3-10R) would be
located in open-water areas west of Rusty Vincent Lake. Intermediate marsh restoration in LA 3-10R
would be accomplished in six cycles between TY 20 and TY 45, adding 132 acres each 5-year cycle for a
total of 792 acres.
The marsh would be constructed by the unconfined flow of dredged material from a hydraulic pipeline.
Frequent pipe movement and careful elevation control would be necessary to obtain the appropriate marsh
elevation for intermediate marsh. Tidal creek channels would be constructed in the marsh creation area
after the dredged material has settled to return the area to normal tidal regime, facilitate marine organism
access, and allow water and nutrients to flow into the area.
Marsh restoration benefits (Table 24) would be associated with the restoration of marsh acreage, and the
restored marshes’ affect on hydrology and wind fetch. Approximately 70 percent of the open water would
be restored to intermediate marsh, and existing fringe marsh would be nourish by winnowing fine-grained
suspended solids during placement. Marsh edge and interspersion would be improved from 100 percent
Class 3 and 4 to 100 percent Class 1 and 2 in both areas. Restoration of marsh in open-water areas would
reduce wind fetch and promote the still water conditions favorable for SAV growth. In addition, land loss
rates are expected to be lower due to a more stable, higher marsh elevation. Salinities are expected to
remain the same as FWP projections.
Table 24: Summary of Benefits, Black Bayou Marsh Restoration Measures,
Channel to Orange Maintenance Material
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Mitigation
Measure
LA 3-10R

AAHU

Influence
Area
(acres)

Existing
Marsh
(acres)

Open
Water
(acres)

Restored
Emergent
Marsh (acres)

198

2,465

1,317

1,148

792
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8.5.1.1.4

Black Bayou Marsh Restoration – Dedicated dredging of Lake Charles Deep Water
Channel/GIWW

Marsh restoration using dedicated dredging of accumulated material in the Lake Charles Deep Water
Channel/GIWW has been proposed for three areas in the vicinity of the Black Bayou Cut Off Canal (see
Figure 16). The Lake Charles Deep Water Channel coincides along its entire 24.9-mile length with the
GIWW between the Sabine River and Lake Charles. Constructed by local interests, the 30-foot channel
was authorized as a Federal channel by the River and Harbor Act of 1935 (USACE, 1998). It was
approved to provide a deep-water navigation channel to the Port of Lake Charles through the Sabine
River, Sabine-Neches Canal, Port Arthur Canal, and Sabine Pass to the Gulf of Mexico. It was last
maintained to 30 feet in 1940 because direct access to the Gulf was provided by the Calcasieu River and
Pass Project. Communications with the USACE, New Orleans District indicate that a considerable
amount of material has accumulated in the 30-foot channel, and it is this material that could be used to
restore marshes in the Black Bayou area.
Material would be pumped from a 13-mile stretch of the GIWW in two increments. The first increment
(LA 3-15) is located adjacent to the GIWW and has the shortest pumping distance; pumping would move
to LA 3-18 after LA 3-15 is complete. In addition, two different percentages are evaluated for marsh
restoration. LA 3-15A and LA 13-18A would fill 60 percent of open-water areas, and LA 3-15B and LA
13-18B would fill 75 percent of open-water areas. Marsh would be constructed through unconfined flow
of dredged material from a hydraulic pipeline. Frequent pipe movement and careful elevation control
would be necessary to obtain the appropriate marsh elevation for intermediate marsh. Tidal creek
channels would be constructed in the marsh creation area after the dredged material has settled to return
the area to normal tidal regime, facilitate marine organism access, and allow water and nutrients to flow
into the area.
Marsh restoration benefits (Table 25) are associated with the restoration of marsh acreage, and the
restored marshes’ affect on hydrology and wind fetch. Between 60 and 75 percent of the open water
would be restored to intermediate marsh, and existing fringe marsh would be nourish by winnowing finegrained suspended solids during placement. Marsh edge and interspersion would be improved from
100 percent Class 3 and Class 4 to at least 90 percent Class 1 in both areas. Restoration of marsh in openwater areas would reduce wind fetch and promote the still-water conditions favorable for SAV growth.
Land loss rates are expected to remain the same because the area is projected to have a low land loss rate
with construction of CWPPRA Project No. CS-27. Salinities are expected to remain the same as FWP
projections. Dedicated dredging would not establish a hydrologic connection to the deeper navigation
channels in the Sabine and Calcasieu rivers, and thus would not provide a channel for their salinity
wedges to enter the GIWW.

100007609/060033

149

Table 25: Summary of Benefits, Black Bayou Marsh Restoration Measures,
GIWW Dedicated Dredging
Existing
Marsh
(acres)

Open
Water
(acres)

Restored
Emergent
Marsh
(A)

Restored
Emergent
Marsh
(B)

AAHU
(A)

AAHU
(B)

Influence
Area
(acres)

LA 3-15

231

307

1,788

878

910

546

683

LA 3-18

239

310

1,876

1,048

828

497

621

Mitigation
Measure

8.5.1.1.5

Gulf Shore Nourishment

Gulf shoreline nourishment using the unconfined placement of new work material with a hydraulic
pipeline dredge was proposed as a mitigation measure for the LPP. If one of these measures were selected
by the CE/ICA, it would be constructed prior to the Louisiana Point (LA 5/6) DMMP measure, which
uses maintenance material. Three different scales of shoreline nourishment using new work material were
proposed (Table 26). The first scale (LA 5-3) would nourish 0.5 mile of shoreline and was intended
initially to provide minimum compensation for the FWP loss of 7.6 acres due to erosion. The second scale
(LA 5-1/6-1) was designed to use half of all material from Section 5, the nearest dredging reach. Only
half of the material could be used since it would be shared equally between the states of Texas and
Louisiana. The third scale (LA 5-5) was designed to use half of all material from sections 5 and 6, the
farthest pumping distance considered feasible. The location of these measures is shown on Figure 16.
Table 26: Summary of Benefits, Gulf Shore Nourishment Measures, Louisiana Point
New Work
Quantity
(mcy*)

Dredging Reach

AAHU

Nourished
Shoreline
(miles)

LA 5-3

0.78

Section 5

5

0.5

LA 5-1/6-1

2.5

Section 5

54

3.0

LA 5-5

4.3

Sections 5 and 6

90

3.0

Mitigation
Measure

mcy = million cubic yards

Core borings in Sabine Pass Channel (USACE, 1982) indicate new work material would originate from
the relict Sabine River channel. There is little stiff clay; core borings show mostly soft, high-plasticity
clay and some sand lensing. It would likely not stack but would spread in a mass, acting much like
SNWW maintenance material from these reaches. The material would be hydraulically pumped into the
nearshore zone, and some material would be expected to flow over existing marsh while the remainder
flows into the nearshore waters. Marsh plantings would occur as soon as possible on the inland half of the
emergent berm, to assist in stabilization. Recent experience with a similar Section 204 CAP project
constructed at Texas Point indicates that the dredged material would dissipate quickly during a placement
event, with 60 percent remaining and forming a shelf on the shallow nearshore slope in front of the
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existing marsh edge. Since the material is unconsolidated and prone to erosion, it is estimated that
50 percent of the material that remains after each placement episode would erode away by TY 25. It is
assumed that all of the new work material would erode by TY 65.
The Habitat Workgroup concluded that unconfined placement on the shoreline would have a net
beneficial effect on this environment. It could widen the marsh, create a shallow shelf in the nearshore
zone, and/or create sand bars just offshore, providing more storm protection for interior marsh. It would
inject additional sediment into the littoral drift and potentially benefit shorelines to the east during those
limited periods when the net drift is eastward. The placement event would impact shallow nearshore
waters and marsh, but benthic organisms in the nearshore zone would quickly rebound from the shortterm impacts, as would marsh areas that would be nourished with additional sediment. The potential for
the nourishment activity to affect threatened and endangered species was evaluated. USFWS has
designated the entire shoreline between Constance Beach and Sabine Pass (Unit LA 1, in part) as Critical
Habitat for the wintering piping plover; however, the shoreline in the proposed nourishment area is
eroding marsh shoreline with no, or only a narrow, beach. Therefore, minimal intertidal beaches, dunes,
or sand flats used by the plover as its wintering range would be affected by this measure. Should beach
nourishment occur when piping plovers are utilizing the proposed nourishment area, they would be
temporarily displaced to nearby habitat to the east, but would not be permanently excluded from using the
area as nourishment would only occur every 6 years. The piping plover and its Critical Habitat would
experience beneficial habitat enhancement (i.e., shoreline nourishment) from the proposed mitigation
measure. While it is unlikely that the creation of more beach on Louisiana Point would allow sea turtle
nesting, it would have no adverse impacts on potential nesting habitat.
8.6

RECOMMENDED MITIGATION PLAN

Best Buy Plan 6 appears to be an efficient mitigation plan since it reaches the mitigation target of
1,159 AAHUs by providing a total of 1,181 AAHUs. Best Buy Plan 6 consists of emergent marsh
restoration in two Willow Bayou areas (totaling 607 acres) and three areas in the Black Bayou area
(totaling 2,096 acres). All measures included in the recommended mitigation plan are identified in Table
27. Maps of the recommended measures are provided on figures 15 and 16. The mitigation plan consists
of restoring five degraded marsh areas east of Sabine Lake near Willow and Black bayous, Louisiana. The
plan will restore 2,783 acres of emergent marsh in existing open-water areas within the marsh, improve
957 acres of shallow-water habitat by creating shallower, smaller ponds and channels within the restored
marsh, and stabilize and nourish 4,355 acres of existing marsh located in and around the marsh restoration
zone. In total, these measures produce 1,181 AAHUs, providing full compensation for all Louisiana
impacts of the CIP. Given the Texas BU benefits net gain of 316 AAHUs, the mitigation plan would
result in a net gain of 338 AAHUs for the project as a whole. The FFR and FEIS provide details of the
CE/ICA process and a summary of all agency coordination regarding this plan.
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Table 27: Recommended Mitigation Measures, SNWW LPP
Recommended Mitigation Plan

AAHUs

Willow Bayou
LA 2-18B Marsh Restoration (Sabine Lake dredging )

152

LA 2A-DD B Marsh Restoration (Sabine Lake dredging)

214

Black Bayou West
LA 3-10R Marsh Restoration (Sabine River Channel
maintenance material)

198

Black Bayou East
LA 3-15B Marsh Restoration (GIWW dredging)

307

LA 3-18B Marsh Restoration (GIWW dredging)

310

Total Compensation

1,181

FWP Mitigation Target

–1,159

Net Benefits After Compensation

8.6.1

22

Willow Bayou Mitigation Measures

Recommended Willow Bayou mitigation measures (LA 2-18B and LA 2-ADD B) would be located
within the boundaries of the Sabine NWR. Material dredged from a borrow area in Sabine Lake would be
used to restore 687 acres of emergent marsh within open-water areas, improve 167 acres of shallow-water
habitat, and nourish 1,112 acres of existing marsh within the total influence area of 1,966 acres (Table
28). Small ponds and sinuous, interconnected channels would be created to maintain tidal connectivity,
increase marsh edge, and create protected areas for SAV. Approximately 1,966 acres of existing marsh in
the influence area would also be renourished by winnowing fine-grained suspended solids during
placement events. Marsh would be constructed by the unconfined flow of dredged material from a
hydraulic pipeline. Frequent pipe movement and careful elevation control would be necessary to obtain
the appropriate marsh elevations. In order to maximize edge in the marsh, topographic relief would be
created by varying the final elevation of material placement, and planting with appropriate native flora at
each elevation. The varied topography would allow for differences in duration of tidal inundation, create
different floral communities, and maximize biodiversity. Tidal creek channels would be constructed in the
marsh creation area after the dredged material has settled. These would be needed to return the area to
normal tidal regime, facilitate marine organism access, and allow water and nutrients to flow into the
area.
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Table 28: Recommended Mitigation Measures, Acreage Analysis

Mitigation Measure

AAHUs

Total
Influence
Area (acres)

Nourished
Existing Marsh
(acres)

Restored
Open Water
(acres)

Restored
Emergent
Marsh (acres)

Willow Bayou
LA 2-18B

152

681

367

63

251

LA 2-ADD B

214

1,285

745

104

436

366

1,966

1,112

167

687

1,317

356

792

Subtotal

Black Bayou West
LA 3-10R

198

2,465
Black Bayou East

LA 3-15B

307

1,788

878

227

683

LA 3-18B

310

1,876

1,048

207

621

617

3,664

1,926

434

1,304

1,181

8,095

4,355

957

2,783

Subtotal
Total Compensation

The dedicated dredging would take approximately 3.1 million cubic yards (mcy) of material from a 1.8mile-long borrow area in Sabine Lake. The borrow area would be located at least 1,000 feet from the
Sabine NWR shore, and would average 1,030 feet wide by 7.5 feet deep. The borrow area would be
continuous and parallel the current shoreline and the common longshore circulation pattern in Sabine
Lake. The circulation would prevent the development of hypoxic conditions that would be detrimental to
aquatic organisms. It is expected that the borrow area would eventually fill with Sabine River sediments.
An access channel, approximately 8 miles long, from the GIWW near the mouth of the Sabine River,
would be needed for the dredge to reach the proposed borrow trench area.
One-time impacts of the borrow area and access channel dredging include an increase in water column
turbidity during dredging activities; such effects would be temporary and local to nekton, phytoplankton,
and water quality. A hydraulic pipeline dredge would be used to minimize turbidity. No further effects to
water quality and related organisms would be expected. Benthic fauna would be removed due to
evacuation of sediment during dredging activities; however, benthic organisms can rapidly recolonize,
and no long-term effects would be anticipated. A study by T. Baker Smith, Inc. (2006) found no live
oyster reefs in this area. SAV cover is not likely to be found in this area due to low salinities and
turbidity.
8.6.2

Black Bayou Mitigation Measures

For the Black Bayou West (LA 3-10R) mitigation measure, material from maintenance dredging of the
Sabine River Channel between East Pass and the GIWW would be used to restore a large area of marsh
north of Black Bayou and west of Rusty Vincent Lake. Maintenance dredging of the Sabine River
Channel is routinely conducted for a separate deep-draft navigation project within the SNWW system; the
Channel to Orange has a different non-Federal sponsor. It is a FWOP condition for the SNWW CIP, and
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therefore only the incremental cost associated with placing the material in the marsh is included in the
cost estimate. Material removed during regularly scheduled maintenance dredging of this channel would
be hydraulically pumped into a large degraded marsh area west of Rusty Vincent Lake. This area is close
to the navigation channel, minimizing pumping distance and cost. Marsh restoration in LA 3-10R would
be accomplished in six 5-year dredging cycles beginning within 5 years of the completion of CIP
construction. Each dredging cycle would pump approximately 526,000 cubic yards of material and create
132 acres of emergent marsh, creating a total of 792 acres over 30 years. In addition, 356 acres of
shallow-water habitat would be improved and 1,317 acres of existing marsh would be nourished within
the total 2,465 acres influenced by the unconfined flow of dredged material.
For Black Bayou East (LA 3-15B and LA 3-18B) mitigation measures, marsh restoration would be
accomplished in two areas just west of the Black Bayou Cut-Off Canal using dedicated dredging of
accumulated material in the Lake Charles Deepwater Channel/GIWW East. Dedicated dredging of the
Lake Charles Deepwater Channel for Black Bayou mitigation efforts would remove and kill benthic
organisms; however, constant ship traffic in the shallow channel is an ongoing disturbance to benthic
organisms. Recovery of benthic organisms would be rapid (Sheridan, 1999). No impacts to salinity are
expected because the dredged section would not connect with the Sabine River Channel or the Calcasieu
Ship Channel; therefore, there would be no connection with the saltwater wedge in the Calcasieu Ship
Channel (there is no Sabine River wedge; Brown and Stokes, 2009). It is expected that sediment will
accumulate over time, refilling the channel to its current depth of approximately –12 feet.
Approximately 10.5 mcy of material would be pumped from a 13-mile stretch of the GIWW East into two
degraded marsh areas. The first (LA 3-15B) is located adjacent to the GIWW and has the shortest
pumping distance; the second is located south of LA 3-15B and pumping would move to it after the first
is complete. A total of 1,304 acres of emergent marsh would be restored, 434 acres of shallow-water
habitat would be improved, and 1,926 acres of existing marsh would be nourished within the total
3,664 acres influenced by the unconfined flow of dredged material.
Marsh would be constructed by the unconfined flow of dredged material from a hydraulic pipeline.
Frequent pipe movement and careful elevation control would be necessary to obtain the appropriate marsh
elevations. In order to maximize edge in the marsh, topographic relief would be created by varying the
final elevation of material placement, and planting with appropriate native flora at each elevation. The
varied topography would allow for differences in duration of tidal inundation, create different floral
communities, and maximize biodiversity. Tidal creek channels would be constructed in the marsh
creation area after the dredged material has settled. These would be needed to return the area to normal
tidal regime, facilitate marine organism access, and allow water and nutrients to flow into the area.
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9.0

UNCERTAINTIES ASSOCIATED WITH ECOLOGICAL MODELING FOR THE
SNWW CIP

9.1

ACTIONS FOR CHANGE DIRECTIVE

An analysis of risk and uncertainty associated with the WVA models’ application to the SNWW CIP has
been performed in consideration of recommendations contained in the Actions for Change directive
(USACE, 2006). This analysis will facilitate risk-informed decision-making regarding the levels of
ecological impacts and resulting recommended compensatory mitigation that was established using the
models. The analysis will allow decision-makers to evaluate uncertainties associated with impact
predictions, and understand how different predictable outcomes would affect the cost of the mitigation
plan.
9.2

TYPES OF RISK ASSOCIATED WITH PREDICTIVE ECOLOGICAL MODELING

Risks to human health and safety associated with ecological impacts evaluated by the model are small.
The primary impact of the Preferred Alternative is an indirect impact associated with a small increase in
salinity and an associated reduction in biological productivity over approximately 182,000 acres
(284 square miles) of intertidal marshes and swamps. The loss in productivity includes the loss of some
marsh within the area of tidal influence in the Sabine-Neches study area. The most likely loss of marsh
acreage is about 691 acres (about 2/5ths of 1 percent of the affected emergent marsh acreage) in the
interior of the large estuarine marshes east of Sabine Lake. This amount of additional marsh loss would
not affect the overall effectiveness of these coastal wetlands in buffering inland areas from storm surge
effects. The proposed compensatory mitigation plan would contribute to the long-term sustainability of
areas with the highest FWP impacts by adding stabilizing mineral sediments, increasing marsh elevations,
and decreasing the size of open-water areas within the marsh.
The primary risks associated with ecological modeling for the SNWW CIP relate to the accuracy of the
impact assessment and the cost of mitigation. Although the incremental impacts of the project as
quantified by the WVA models have been determined to be small, when applied to the unusually large
size of the affected area, the amount of net impacts as quantified in AAHUs is relatively high (1,511
AAHUs). An extensive evaluation of mitigation measure alternatives and a CE/ICA analysis, described in
FEIS Section 5.4, have identified the Best Buy combination of recommended mitigation measures. Most
of the measures included in the Best Buy mitigation plan involve the use of dedicated dredging to obtain
mineral soils for marsh restoration. Dredged material originating with construction or maintenance of the
Preferred Alternative cannot be used because of lengthy pumping distances, and therefore, dredging must
be conducted to provide sediment for some mitigation measures (hence the term “dedicated dredging”).
The entire cost of two dedicated dredging contracts (contracts 13 and 15) is thus included in the
mitigation cost. One of the mitigation measures does take advantage of the only close source of
maintenance material, i.e., regular maintenance dredging of the nearby Sabine River Channel (Contract
14). The Sabine River Channel is a separate deep-draft navigation project with a different non-Federal
sponsor. In this case, only the incremental cost of using the material to restore marsh elevation is included
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in the mitigation cost. The first cost of construction for the entire compensatory mitigation plan is
$77,491,000 (contracts 13, 14, and 15; August 2009 cost estimate). An evaluation of the risks and
uncertainties involved in application of the ecological model, on which the amount of proposed
compensatory mitigation is based, is necessary to support the recommended Federal investment in a
mitigation plan of this magnitude.
9.3

UNCERTAINTIES ASSOCIATED WITH PREDICTIVE ECOLOGICAL MODELING

There are two types of uncertainty that have been identified for the predictive ecological modeling
conducted in this study—uncertainty associated with model quality and performance, and uncertainty
associated with model predictions. Extensive review of both the WVA models and the HS model has been
conducted to ensure they are technically sound and defensible. Technical reviews of both models have
been completed as reported below. Uncertainty of model predictions is addressed with sensitivity analyses
of critical model assumptions and parameter quality.
The HS model is an established engineering model that has been used by ERDC’s CHL for computing
hydrodynamics, salinity, and sediment transport for numerous studies across the nation for nearly 20
years (Brown and Stokes, 2009). The SNWW application of the model underwent agency technical
review (ATR) by the Deep Draft Center for Expertise, and an Independent External Peer Review (IEPR)
(Battelle, 2010). These reviews affirmed the technical quality of the model and the computational
accuracy of its software and systems, as well as its application to the SNWW study.
Application of the WVA models was also evaluated by both an ATR at the Deep Draft Center of
Expertise, and an IEPR (Battelle, 2010). All ATR questions concerning the WVA models have been
resolved, and IEPR comments have been addressed with revised HS and WVA modeling that are reported
in this document. To further evaluate technical quality, an assessment of the suite of WVA models used in
this application has also been performed to determine if the models are technically sound and that they
satisfy general USACE guidelines for mitigation and specific mitigation objectives of the SNWW CIP
(LBG and TEA, 2008). This satisfies the requirements of EC 1105-2-407, as the WVA models were
developed by a Federal agency other than USACE, and are therefore subject to approval for use rather
than certification.
The WVA model assessment (LBG and TEA, 2008) determined that the theoretical approaches behind
the WVA Emergent Marsh Community Model, the Swamp Community Model, and the Bottomland
Hardwoods Model are valid. These community models use scientifically established structural surrogates
to evaluate wetland quality. The concept and application of the models are sound for planning efforts. The
models’ variables, calculated using established protocols, provide a reasonable description of the
emergent marsh, swamp, and bottomland hardwood habitats. The models identify habitat structural
components, evaluate habitat-related ecological functional processes that may be affected by the project,
and assess damages or losses attributable to the project. Model testing and validation was performed by
running the model using three test data sets from each community type and comparing the results. The
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model assessment confirmed that the assumptions of variables are appropriate and that the basic
mathematics and spreadsheet formulas have been appropriately computed.
As part of the WVA model assessment, a sensitivity analysis was employed to verify that the models
would behave as intended with incremental changes in input variables (Hamby, 1994; Jackson et al.,
2000). The value of each variable was tested at 10, 20, and 30 percent while holding the others constant.
Model outputs responded as expected to changes in model input, and in conformance with theoretical
assumptions expressed as model equations. Uncertainty in model behavior was found to be low; model
output did not react disproportionately to changes in variable values (LBG and TEA, 2008).
9.4

SENSITIVITY ANALYSES OF WVA MODEL PREDICTIONS

Uncertainty associated with WVA model predictions (e.g., how different predictable outcomes could
affect ecological impacts and costs) was evaluated with a different type of sensitivity analysis. The WVA
models do not include a direct way to measure risk, i.e., the model does not calculate a probability
distribution that provides a statistically significant confidence level for the model projections. However, it
is possible to conduct a sensitivity analysis of the model results by varying input values for the most
significant variables. In this case, a range of possible outcomes associated with variable V1 (percent of
emergent marsh) in the EMCM, and variables V4 and V5 (salinity) in the SCM and EMCM, respectively,
were evaluated to determine how uncertainties related to variable assumptions and values could affect
impact predictions and compensatory mitigation decisions. Since the analysis is being conducted to
evaluate uncertainties with the recommended level of compensatory mitigation, the analysis was
performed for the Louisiana hydro-units in which unavoidable impacts would occur.
While the WVA modeling was originally performed by the ICT Habitat Workgroup, the sensitivity
analyses presented below were performed solely by USACE. For the salinity sensitivity study, changes to
salinity variable values were determined by statistical analysis. ERDC-CHL was consulted for advice in
calculating some of the statistics used in the analysis. For the percent emergent marsh sensitivity analysis,
the USFWS Louisiana Ecological Services Field Office provided a revised equation for the V1 (percent of
emergent marsh) variable. In the salinity sensitivity analysis, changes in the salinity variable induced
changes in other variables. In adjusting these other variables, care was taken to ensure that the direction
and magnitude of the adjustments were consistent with the original application of the WVA models by the
ICT.
9.4.1

Salinity Sensitivity Analysis

9.4.1.1

Methodology

Salinity is the driving force influencing ecological model predictions for the SNWW CIP. The WVA
EMCM and SCM were specifically chosen to evaluate impacts of the SNWW CIP because changes in
salinity are the primary project impact and these models directly measure the impact of salinity changes
on various aspects of habitat quality and quantity. Salinity affects five of the six variables in the EMCM
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(V1, percent of the wetland covered by emergent vegetation; V2, percent of the open water covered by
SAV; V3, marsh edge and interspersion; V4, percent of the open-water area less than or equal to 1.5 feet
deep; and V5, salinity). In the SCM, three of the four variables are influenced by salinity (V1, stand
structure, V2, stand maturity, and V4, mean high salinity during the growing season). The BHM does not
contain a variable that measures salinity directly, but the effects of salinity were captured indirectly by its
effect on growth rates, as reflected in three of the model’s seven variables (V1, tree species composition,
V2, stand maturity, and V3, midstory/understory coverage). Because of uncertainties associated with HS
model predictions of salinity impacts, and the wide range of salinity variability in the SNWW estuarine
system, a sensitivity analysis was performed to evaluate the full range of potential project effects.
Salinity changes predicted with implementation of the Preferred Alternative were provided by the HS
model. HS model output includes a statistical analysis of the salinity differences between existing and
FWP conditions at 13 salinity sampling stations used for the calibration and verification of the model.
This analysis includes standard deviations of the differences between existing and FWP mean salinity
values that can be used to calculate the range of potential impacts for brackish and saline marshes. For
intermediate and fresh marshes, and swamps and bottomland hardwoods, mean high salinity during the
growing season was used to evaluate impacts. Standard deviations for mean high salinity values at model
nodes were generated from a salinity exceedance analysis produced in conjunction with the HS model.
The range of these mean high salinity values was used to calculate the range of potential impacts for these
communities. More information on the biological assumptions related to these statistics is provided in
Section FEIS 4.6.3.
High- and low-salinity values bracketing the 95 percent confidence level were entered into WVA model
land loss spreadsheets and worksheets for all habitats in Louisiana hydro-units. The high and low range of
salinities and associated AAHU impacts for all Louisiana hydro-units are presented in Table 29. For
comparative purposes, the FWP salinity and AAHU impacts are shown in the middle columns. Table 30
shows the high and low land loss predictions that are associated with the range of salinity values.
9.4.1.2

Analysis

For brackish and saline marshes, a range equal to the mean salinity ± 2 standard deviations provides
impact predictions at the 95 percent confidence level. For saline marshes, the sensitivity analysis yielded
a maximum salinity range of 15.3 to 19.2 ppt, as compared to the FWP salinity of about 17.3 ppt. For
brackish marshes, the sensitivity analysis predicts a maximum range of 3.7 to 10.6 ppt, as compared to the
FWP range of 5.3 to 8.6 ppt. With the exception of brackish marsh in the Sabine Lake Ridges hydro-unit,
salinity for the full 95 percent confidence range was forecast to remain within the optimal range as
defined by the WVA model. For salinities at the high end of the range, brackish marsh would be
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Table 29: WVA Salinity Sensitivity Analysis
95 Percent Confidence Range*
Low Range

HydroUnit #

Hydro-Unit Name

Low
Salinity
(ppt)

Habitat Type

High Range

Most Likely

Lower Limit
of Impacts
or Benefits
FWP
High
Upper Limit
(– or +
Salinity FWP Impacts Salinity of Impacts
AAHUs)
(ppt)
(ppt)
(– AAHUs)
(– AAHUs)

Bottomland Hardwoods (optimal salinity range ≤1 ppt)
LA/TX 1

Sabine Island

Bottomland Hardwood

0.0

0–

0.1

0.0

0.2

0.0

LA 1

Perry Ridge

Bottomland Hardwood

1.4

0.0

2.3

0.0

3.1

0.0

Cypress–Tupelo Swamp (optimal salinity range ≤1 ppt)
LA/TX 1

Sabine Island

Cypress/Tupelo Swamp

0.0

0.0

0.1

0

0.2

0

LA/TX 2

Blue Elbow

Cypress/Tupelo Swamp (BH lumped)

0.3

0.0

0.9

0

1.5

–9

3.1

–412

Fresh Marsh (optimal salinity range ≤2 ppt)
LA 1

Perry Ridge

Fresh Marsh

1.4

–5

2.3

–65

LA 7
LA 8

Southeast Sabine

Fresh Marsh

2.2

–3

2.4

–11

2.6

–23

Southwest Gum Cove

Fresh Marsh

1.5

0

2.0

–2

2.5

–42

Intermediate Marsh (optimal salinity range ≤4 ppt)
LA 1

Perry Ridge

Intermediate Marsh

4.5

0

5.6

–53

6.7

–107

LA 2

Willow Bayou

Intermediate Marsh

7.0

–93

7.7

–328

8.0

–317

LA 3

Black Bayou

Intermediate Marsh

5.4

–113

6.5

–509

7.6

–927

LA 4

West Johnson's Bayou

Intermediate Marsh

5.9

–60

7.3

–269

8.0

–275

LA 5

Sabine Lake Ridges

Intermediate Marsh

5.9

–43

7.3

–218

8.0

–269

LA 7

Southeast Sabine

Intermediate (Brackish lumped)

2.2

–1

2.4

0

2.6

–1

LA 8

Southwest Gum Cove

Intermediate (Brackish lumped)

2.9

0

3.9

–4

4.9

–62

LA 9

East Johnson's Bayou

Intermediate Marsh

4.0

–2

4.8

–190

5.6

–449

8.9

–29

Brackish Marsh (optimal salinity range ≤10 ppt)
LA 2

Willow Bayou

Brackish Marsh (shifts from intermediate)

LA 2

Willow Bayou

Brackish Marsh

6.3

1

8.6

–1

9.3

–1

LA 3

Black Bayou

Brackish Marsh

3.7

0

5.3

–1

6.6

–3

LA 4

West Johnson's Bayou

Brackish Marsh (shifts from intermediate)

7.7

–46

LA 4

West Johnson's Bayou

Brackish Marsh

7.9

–2

LA 5

Sabine Lake Ridges

Brackish Marsh (shifts from intermediate)

7.7

–26

LA 5

Sabine Lake Ridges

Brackish Marsh

6.0

13

8.3

–14

10.6

–77

LA 6

Johnson's Bayou Ridge

Brackish Marsh

5.5

–2

7.0

–6

7.9

–9

NA

NA

NA

NA

NA
5.1

NA

NA

NA
0

NA

NA
7.0

NA

–1
NA

Saline Marsh (optimal salinity range ≥9 ≤21 ppt)
LA 5

Sabine Lake Ridges

Saline Marsh

15.3

–31

17.3

–35

19.2

–40

LA 6

Johnson's Bayou Ridge

Saline Marsh

15.3

–1

17.3

–2

19.2

–20

Range of AAHUs (95 Percent Confidence Range)

14

0

0

*95 percent confidence range for saline and brackish marshes is equivalent to mean salinity ± 2 standard deviations; for swamps, fresh, and intermediate marshes, it
is equivalent to mean high 33 percent continuous salinity ± 1 standard deviation.
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Table 30: Land Loss Impacts (95 Percent Confidence Range)
FWP Incremental Land Loss - 95 Percentage Confidence Range

Hydro-Unit
#

Hydro-Unit Name

FWOP Land Loss
Low Range Salinity
Most Likely Salinity
High Range Salinity
Land loss Hydro-Unit Land loss Hydro-Unit FWP land Hydro-Unit Land loss Hydro-Unit
acres
%
acres
%
loss
%
acres
%

Habitat Type

Fresh Marsh
LA 1

Perry Ridge

Fresh Marsh

–921

–6.2

–21

–0.1

–50

–0.3

–106

–0.7

LA 7

Southeast Sabine

Fresh Marsh

–40

–2.0

–1

0.0

0

0.0

–2

–0.1

LA 8

Southwest Gum Cove

Fresh Marsh

–153

–4.4

–1

0.0

–8

–0.2

–15

–0.4

Intermediate Marsh

160

LA 1

Perry Ridge

Intermediate Marsh

–191

–6.3

0

0.0

–11

–0.4

–22

–0.7

LA 2

Willow Bayou

Intermediate Marsh

–2,117

–1.9

–1

0.0

–102

–0.5

–4

–0.0

LA 3

Black Bayou

Intermediate Marsh

–1,713

–7.0

–19

–0.1

–131

–0.5

–121

–0.5

LA 4

West Johnson's Bayou

Intermediate Marsh

–1,703

–4.4

–1

0.0

–142

–1.4

–12

–0.1

LA 5

Sabine Lake Ridges

Intermediate Marsh

–1,103

–13.5

–4

–0.3

–93

–1.1

–29

–0.4

LA 7

Southeast Sabine

Intermediate (Brackish lumped)

–96

–2.0

–2

–0.1

–1

0.0

–2

–0.1

LA 8

Southwest Gum Cove

Intermediate (Brackish lumped)

–234

–4.4

–1

0.0

–15

–0.3

–25

–0.5

LA 9

East Johnson's Bayou

Intermediate Marsh

–895

–4.0

–6

0.0

–46

–0.2

–84

–0.4

NA

NA

NA

NA

NA

NA

–87

–0.4

Brackish Marsh
LA 2

Willow Bayou

Brackish Marsh (shifts from intermediate)

LA 2

Willow Bayou

Brackish Marsh

–695

–61.7

1

0.1

–2

–0.2

–4

–0.3

LA 3

Black Bayou

Brackish Marsh

–803

–27.2

–1

0.0

–5

–0.2

–10

–0.3

LA 4

West Johnson's Bayou

Brackish Marsh (shifts from intermediate)

NA

NA

NA

NA

NA

NA

–113

–1.2

LA 4

West Johnson's Bayou

Brackish Marsh

–1,188

–65.4

0

0.0

–6

–0.4

–10

–0.6

LA 5

Sabine Lake Ridges

Brackish Marsh (shifts from intermediate)

NA

NA

NA

NA

NA

NA

–67

–0.9

LA 5

Sabine Lake Ridges

Brackish Marsh

–2,567

–17.6

40

0.3

–43

–0.3

–124

–0.9

LA 6

Johnson's Bayou Ridge

Brackish Marsh

–707

–28.9

–5

–0.2

–22

–0.9

–36

–1.5

Saline Marsh
LA 5

Sabine Lake Ridges

Saline Marsh

–399

–12.6

–3

–0.1

–10

–0.3

–22

–0.7

LA 6

Johnson's Bayou Ridge

Saline Marsh

–93

–26.9

–2

–0.6

–5

–1.5

–8

–2.3

–15,618

–10.5

–27

0.0

–692

–0.5

–903

–0.6

Range of Land Loss

Total Acres and Percentage of Total Emergent
Acres

expected to expand at the expense of intermediate marsh, as described below. The highest impacts would
be seen in the Sabine Lake Ridges brackish marsh where the highest potential salinity is predicted to be
10.6 ppt, only marginally suboptimal as defined by the WVA model.
For saline and brackish marshes combined, AAHU losses could range from 20 to 253 AAHUs, as
compared to the FWP loss of 60 AAHUs. Overall, impacts at the highest potential salinity would not
threaten the sustainability of any of the brackish and saline marshes in the study area over the period of
analysis. Salinities remain within or close to the optimal range for each vegetation community, and
incremental land loss is small. Land loss could range from 40 to 481 acres, and the maximum percentage
loss in a single hydro-unit could be 2.3 percent in the saline marsh of Johnson’s Bayou Ridge. When
compared to the total acres of brackish and saline emergent marsh in the Louisiana portion of the study
area, the highest potential loss of 481 acres would represent a loss of 1.8 percent. For salinities at the low
end of the range, small benefits (positive AAHUs) were predicted by the WVA model.
Salinity impacts to fresh and intermediate marshes, cypress-tupelo swamps, and bottomland hardwoods
were evaluated using a different statistic required by the WVA model – the mean high salinity. The HS
model generated this statistic in accordance with the definition provided in the WVA Models Procedural
Manual (USFWS, 2002b). It measures the mean of the highest continuous 33 percent of salinity values
(mean high salinity) during a specific period of record. This statistic captures the effect of periodic pulses
of higher salinity associated with reduced freshwater inflow or tidal surge. Standard deviations of mean
high salinity values were calculated by the Galveston District with the assistance of ERDC-CHL, using
output from an exceedance analysis performed as part of the HS modeling study. For the mean high
salinity, a range equal to ± 1 standard deviation provides impact predictions at the 95 percent confidence
level. The mean high statistic is generally equivalent to the high range of the 68 percent confidence level,
and therefore application of ± 1 standard deviation broadens the range to the 95 percent confidence range
(Steel and Torrie, 1976).
The largest range of potential impacts would occur within the intermediate marsh community. These
marshes are located east of Sabine Lake and are buffered by a band of brackish marsh along the lakefront.
Salinity impact predictions for the fresh and intermediate vegetation communities are associated with
periods of higher salinity, which generally occur in late summer and early fall, when lower rainfall
reduces freshwater inflow from the Sabine and Neches rivers. These pulses change salinities in upper
Sabine Lake from almost fresh to brackish, and can remain at high levels for several weeks to months.
Similar conditions can occur in association with high tides and storm surges associated with tropical
storms and hurricanes. FWOP pulses of higher salinity for the majority of intermediate marsh habitats are
expected to be suboptimal; only hydro-units with no frontage on Sabine Lake would remain within the
optimal range.
The sensitivity analysis yielded a maximum salinity range of 1.0 to 8.0 ppt within intermediate marshes
that remain intermediate, as compared to the FWP predicted range of 2.4 to 7.7 ppt. However, three large
areas of intermediate marsh adjacent to the southern part of Sabine Lake (Willow Bayou, 35,109 acres;
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West Johnson’s Bayou, 11,110 acres; and Sabine Lake Ridges, 9,270 acres) would be expected to convert
to brackish marsh about 20 years after project construction. High-range salinities in all but one of the
remaining intermediate marshes would push the marshes further into suboptimal range. Salinity in only
one hydro-unit (Southeast Sabine) would remain within the optimal range.
Impacts to intermediate marshes represent 92 percent of total FWP impacts. AAHU losses for the
intermediate marshes could range from 312 to 2,407 AAHUs, as compared to the FWP loss of 1,571
AAHUs. Overall, impacts at the highest potential salinity would likely result in the conversion of large
areas of intermediate marsh to brackish marsh, especially in the marshes east of Sabine Lake. Land loss
could range from 34 to 541 acres, and the maximum percentage loss in a single hydro-unit could be
1.4 percent in West Johnson’s Bayou. When compared to the total acres of intermediate emergent marsh
in the Louisiana portion of the study area, the highest potential loss of 541 acres would represent a loss of
0.5 percent. While the highest range of potential impacts would not be expected to threaten the long-term
sustainability of the overall marsh community, the diversity of habitats and the fish and wildlife species
they support would be reduced with the conversion of large areas of formerly intermediate marsh to
brackish marsh.
For the fresh marsh communities, the sensitivity analysis yielded a maximum salinity range of 1.4 to
3.1 ppt, as compared to the most likely salinity range of 2.0 to 2.4 ppt. AAHU losses could range from 8
to 477, as compared to the mostly likely loss of 78 AAHUs. Periodic pulses of higher salinities in all of
the fresh marsh communities would be suboptimal for most of the salinity range, but not to the extent that
conversion to intermediate marsh would likely result. The percentage incremental increase in land loss
within fresh marsh is less than predicted for the intermediate marshes, ranging between 0 and 0.7 percent
for any individual hydro-unit. The total number of acres predicted to be lost ranges from 23 to 123, or a
maximum of 0.6 percent of total emergent fresh marsh in the Louisiana portion of the study area. The
highest potential salinity would not threaten the sustainability of the fresh marsh communities, and
incremental land loss is small.
For cypress-tupelo swamps, the sensitivity analysis yielded a potential salinity range of 0.0 to 1.5 ppt,
compared to the most likely range of 0.0 to 0.9 ppt. In the uppermost reaches of the Sabine River, only a
minimal increase in salinity over normal fresh conditions (0.2 ppt) is predicted even at the high end of the
range. The Blue Elbow swamp could experience salinities ranging from 0.3 to 1.5 ppt, with the highest
potential salinity extending into the suboptimal range. AAHU losses could range from 0.0 to 9.0, with no
impact predicted to be most likely. Even at the maximum salinity, salinity levels would not be suboptimal
to the extent that sustainability of the swamp forest would be threatened. Studies indicate that mean
salinities must exceed 4 ppt before swamp forest converts to marsh habitat (Visser et al., 2004).
No impacts would be expected in the bottomland hardwood habitats at the maximum range of salinity
predicted by the sensitivity analysis (3.1 ppt at Perry Ridge). Located on higher ridges or terrace margins
and buffered by intervening swamp and marsh, this community would only occasionally be exposed to
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the higher salinities present in the surrounding marshes. No loss of bottomland hardwood acreage is
predicted.
9.4.1.3

Conclusions

The salinity sensitivity analysis of the WVA models demonstrated that there is a wide range of potential
outcomes in AAHU losses attributable to uncertainties in salinity predictions. These outcomes range from
a loss of 340 to 3,146 AAHUs within the 95 percent confidence range of salinity, the primary driver in the
EMCM and SCM. After adjustments for the Gulf Shore BU Feature benefits (210 AAHUs) and the BU
offset of impacts to Federal lands (340 AAHUs), losses could range from zero to 2,596 AAHUs. Based
on the cost per AAHU of the recommended mitigation plan ($77.5 million; 1,181 AAHUs), the cost of
compensatory mitigation could range from $0 to about $170 million. The total predicted FWP loss of
1,499 AAHUs in Louisiana is based upon forecasts of the most likely salinity levels and takes into
account the potential FWOP effects of RSLR and changes in future freshwater inflows. The
recommended mitigation plan contains sufficient mitigation to ensure that the selected plan will not have
more than negligible impacts on the ecological resources of the project area.
However, in light of the uncertainties in the projection of salinity change due to the project, it is
recommended that salinities before, during, and after construction of the SNWW CIP be monitored by
USACE for evidence that the salinity levels associated with implementation of the Preferred Alternative
are significantly different than predicted. Salinity data, routinely collected throughout the study area by
several State and Federal agencies, can be gathered and applied for this purpose.
9.4.2

Percent Emergent Marsh Sensitivity Analysis

9.4.2.1

Methods

One hundred percent of Louisiana impacts predicted by the ecological model were made using the WVA
EMCM. The most highly weighted variable in this model is V1 (percent emergent marsh). This parameter
is considered most significant because persistent emergent vegetation provides foraging, resting, and
breeding habitat for a variety of coastal fish and wildlife species. Detritus from coastal marshes also
provides a source of mineral and organic nourishment for organisms at the base of the food chain.
Without the structure provided by the emergent marsh, the majority of the ecological benefits provided by
these systems disappear. Changes in the value of this parameter were predicted by relating changes in
salinity to changes in marsh loss using a process that is described in FEIS Section 4.10. The salinity
sensitivity analysis, above, includes an analysis of the effect of different salinities in land loss projections
and productivity impacts.
This sensitivity analysis explores the effects of an assumption that underlies the valuation of emergent
marsh in this variable. The SNWW application of this model uses the same assumptions adopted by the
EnvWG in its application of the model to CWPPRA restoration projects (USFWS, 2002b). In this model,
optimal vegetative coverage is assumed to be 100 percent (SI = 1.0) for all marsh types (V1-Original).
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This assumption diverges from the general biological understanding that optimum cover falls in the 60–
80 percent range, but it was adopted by the EnvWG to reflect CWPPRA’s objective of long-term marsh
creation and restoration. Questions have arisen as to whether maximizing the value of marsh coverage is
appropriate for the SNWW application in which the primary purpose is the identification of project
impacts and compensatory mitigation.
Selection of 100 percent marsh cover as the optimal habitat condition (V1-Original) for the SNWW
application was based upon several factors. Loss of emergent coastal marsh is a serious existing condition
in the study area, and it is assumed that this loss would continue and most likely accelerate due to an
increased rate of RSLR (NOAA-USDC, 2006; IPCC, 2007). Existing and potentially increased marsh loss
associated with channel deepening has been identified as one of the highest concerns by resource agencies
and the general public. The V1-Original model assumption maximizes the value of emergent marsh when
measuring impacts or determining compensatory mitigation. Maximizing the value of emergent marsh
over associated shallow-water habitat is based upon the important ecological concept of long-term
sustainability. With the SNWW project, marshes would continue to degrade over the 65-year period of
analysis due to the effects of RSLR. Without the associated marshes, the small open-water areas would
lose their value as nursery habitat, becoming open bay or open Gulf habitat. When marshes are restored to
levels that will ensure sustainability for a minimum of 50 years postconstruction, small channels and
ponds would be created naturally because of the ongoing effects of RSLR and salinity increases.
Restoration or mitigation projects generally need to maximize the creation of emergent marsh, so as to
ensure the sustainability of the land itself.
To evaluate the effect of this assumption on the SNWW application, the EMCM was rerun using a revised
formula for the variable in which optimal vegetative coverage (SI = 1.0) is assumed for a marsh coverage
of 60 to 80 percent (V1-Revised). At the request of USACE, USFWS provided the revised formulas,
suitability index graph (Figure 17), and revised worksheets specifically for this sensitivity analysis. The
graph illustrates the assumption that underlies V1-Revised. The value of the percentage of emergent
marsh (versus the percentage of open water) is assumed to rise linearly from an SI value of 0.1 at zero
percent emergent marsh to an SI of 1.0 for marsh coverage between 60 and 80 percent. The SI value of
marsh above 80 percent then drops linearly to an SI of 0.6 at 100 percent marsh coverage. The graph for
the V1-Original (not illustrated) rises linearly from an SI value of 0.1 at zero percent emergent marsh to
an SI of 1.0 for marsh coverage of 100 percent.
Using the V1-Revised assumption, the model was rerun to calculate impacts to marsh communities in all
of the Louisiana hydro-units and for the proposed compensatory mitigation measures. No adjustments
were necessary to any of the parameter values, as they were not affected by the change in SI formula. In
addition, there was no need to rerun the land loss spreadsheets since none of the assumptions that underlie
that impact prediction were affected by the SI formula change.
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Figure 17: Revised Suitability Index Graph for V1 Percent Emergent Marsh
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V1-Revised Line Formula (all marsh types)
If 0 < % <60, then SI = (0.015 * %) + 0.1
If 60 < % <80, then SI = 1.0
If % > 80, then SI = (–0.02 * %) + 2.6
9.4.2.2

Analysis

The results of the percent emergent marsh sensitivity analysis on project impacts are shown in Table 31.
Overall, impacts dropped 3 percent when V1-Revised was used. WVA worksheets were reviewed to
determine which hydro-units were affected most by the revised formula. As would be expected, the
smallest percentage changes would occur in marshes where the percent emergent marsh remained
between 60 and 80 percent for both the FWOP and FWP conditions.
If the V1-Revised formula were used to calculate the mitigation target for the SNWW CIP, it would be
1,078 AAHUs. A comparison of the V1-Original and V1-Revised mitigation targets is presented in Table
32. To calculate the mitigation target, it was necessary to recompute compensation that would be earned
by recommended mitigation measures and the Louisiana Gulf Shore BU Feature. WVA EMCM
worksheets for these measures were rerun using the V1-Revised formula shown above. A comparison of
the compensation earned using both formulae is shown in Table 33.
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Table 31: V1-Revised Sensitivity Analysis – Comparison of Impact Predictions

HU #

Habitat Type

Hydrologic Unit

FWP
Impacts
(AAHUs)

V1
Sensitivity
Impacts
(AAHUs)

LA 1

Perry Ridge

Bottomland Hardwood

0

NA

LA/TX 1

Sabine Island

Bottomland Hardwood

0

NA

LA/TX 1

Sabine Island

Cypress/Tupelo Swamp

0

NA

LA/TX 2

Blue Elbow

Cypress/Tupelo Swamp (Bottomland
Hardwood lumped)

0

NA

LA 1

Perry Ridge

Fresh Marsh

–65

–61

LA 7

Southeast Sabine

Fresh Marsh

–11

–11

LA 8

Southwest Gum Cove

Fresh Marsh

–2

–2

LA 1

Perry Ridge

Intermediate Marsh

–53

–53

LA 2

Willow Bayou

Intermediate (Brackish lumped)

–328

–339

LA 3

Black Bayou

Intermediate Marsh

–509

–502

LA 4

West Johnson’s Bayou

Intermediate Marsh

–269

–254

LA 5

Sabine Lake Ridges

Intermediate Marsh

–218

–208

LA 7

Southeast Sabine

Intermediate (Brackish lumped)

0

0

LA 8

Southwest Gum Cove

Intermediate (Brackish lumped)

–4

–3

LA 9

East Johnson’s Bayou

Intermediate Marsh

–190

–173

LA 2

Willow Bayou

Brackish Marsh

–1

–1

LA 3

Black Bayou

Brackish Marsh

–1

–1

LA 4

West Johnson’s Bayou

Brackish Marsh

–1

–2

LA 5

Sabine Lake Ridges

Brackish Marsh

–14

–9

LA 6

Johnson’s Bayou Ridge

Brackish Marsh

–6

–2

LA 5

Sabine Lake Ridges

Saline Marsh

–35

–34

LA 6

Johnson’s Bayou Ridge

Saline Marsh

–2

–1

–1,709

–1,656

Total
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Table 32: Comparison of Louisiana Impacts with V1-Sensitivity
Net FWP Impacts for Project (AAHUs)

(444)
Original V1 (AAHUs)

Total FWP Impacts in Louisiana
Benefits of Gulf Shore BU Feature
Net FWP Louisiana Impacts
Reduced by Sabine NWR Impacts
FWP Mitigation Target for Louisiana (Total
State Impacts less Sabine NWR Impacts)

Revised V1 (AAHUs)

–1,709

–1,656

210

235

–1,499

–1,421

340

343

–1,159

–1,078

Table 33: V1-Sensitivity Analysis – Comparison of Compensatory Mitigation Computation

Best Buy
Plan #6
(AAHUs)

Mitigation Measures

V1 Sensitivity
of Best Buy
Plan #6
(AAHUs)

V1 Sensitivity
of Modified
Best Buy Plan
#6 (AAHUs)

Willow Bayou
LA 2-18B Marsh Restoration (Sabine Lake Dredging)

152

98

108

LA 2-ADD B Marsh Restoration (Sabine Lake Dredging)

214

168

167

198

177

185

LA 3-15B Marsh Restoration (GIWW Dredging)

307

223

248

LA 3-18B Marsh Restoration (GIWW Dredging)

310

164

203

Total

1,181

830

911

Mitigation Target

1,159

1,078

1,078

22

–248

–167

Black Bayou West
LA 3-10R Marsh Restoration (Sabine River Channel
Maintenance Material)
Black Bayou East

Net Excess or Deficit
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The amount of credit (in AAHUs) earned by the proposed marsh mitigation measures would decrease by
about 30 percent with the V1-Revised formula. This is to be expected since no additional credit is earned
by any marsh fill that exceeds 80 percent. The percentage of emergent marsh relative to open water
ranges from 81.0 to 86.4 percent in the five recommended mitigation areas. Filling above 80 percent was
considered desirable by the Louisiana agencies because of the significant existing rate of RSLR and the
uncertainties associated with an unknown increase in the rate of RSLR due to climate change. It was
decided that the mitigation features should maximize the creation of emergent marsh, so as to ensure the
sustainability of the land itself. In addition to the creation of small channels during construction, it is
expected that small channels and ponds would establish themselves naturally with the gradual increase in
RSLR. It also appears that filling above 80 percent would be more cost effective because greater benefits
are earned over the same area, as costs for longer pumping distances and additional pipe movement that
would be needed to fill a lower percentage over a greater area were avoided.
If V1-Revised were used to compute compensatory mitigation as it is currently designed, mitigation costs
would increase by at least 42 percent to meet the V1-Revised mitigation target. The V1-Revised mitigation
plan would need to provide an additional 248 AAHUs (see Table 33). Based upon the cost per acre of the
recommended mitigation plan, the additional cost would at least equal that of the last two added
increments of mitigation (LA 2-18B and LA 2-ADD B). Together, these mitigation measures would
provide 266 AAHUs at a first cost of construction of $33.5 million (October 2009 price level). Costs
would likely be higher, however, as the incremental cost of each AAHU would be more than the
measures already selected.
If the same five mitigation measures were redesigned so that marsh fill would never exceed 80 percent
(see V1-Sensitivity Modified Best Buy Plan #6 in Table 33), the amount of restored acres would drop
from 2,696 to 2,215 acres. However, compensation as measured with the V1-Revised formula would
increase from 830 to 911 AAHUs, and the number of additional AAHUs needed to meet the V1-Revised
mitigation target would be 167 AAHUs. Based upon the cost of the recommended mitigation plan, it is
estimated that the total mitigation cost would be about 3 percent greater than the recommended mitigation
plan. More significantly, the modified plan would restore about 18 percent fewer acres and do less to
ensure the long-term sustainability of the marsh than the recommended mitigation plan.
9.4.2.3

Conclusions

It is obvious, therefore, that the V1-Original assumption is most advantageous for the computation of
mitigation. The WVA model assessment (LBG and TEA, 2008) confirmed that the original model
assumption applied for variable V1 (e.g., optimal vegetative coverage is assumed to be 100 percent) is
appropriate for the SNWW application in computing both impacts and mitigation, as it reflects the
importance of emergent vegetation as habitat for this study area.
Given serious existing rates of marsh loss, the predicted increase in marsh loss in the FWP condition, and
uncertainties related to salinity and land loss impacts due to the project, it is reasonable and appropriate to
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utilize the assumption that maximizes the value of emergent marsh to the sustainability of the marsh
system. Without the structure provided by the emergent marsh, the majority of the ecological benefits
provided by these systems disappear. In addition, use of the V1-Original assumption provides a larger
margin of protection for the mitigation that is being proposed.
9.5

RECOMMENDATIONS RESULTING FROM THE WVA SENSITIVITY ANALYSES

The recommended compensatory mitigation plan is based upon the most likely range of salinity change as
established by the HS model, scientifically based projections of changes in habitat resulting from the
predicted salinity change, and the professional judgment and knowledge of the area by the large team of
natural resource and engineering professionals who applied the HS and WVA models to the SNWW CIP.
The HS model was developed and applied by experts at ERDC-CHL, with oversight from engineers and
HS modeling experts from the TWDB, TPWD, and LDNR. The ICT Habitat Workgroup contained
professionals with expertise in wetland impact evaluation, marsh restoration, wetland forest management,
aquatic habitat evaluation, freshwater and marine fisheries, terrestrial and avian wildlife biology, as well
as natural resource management personnel from all of the protected lands in the study area.
In addition, the recommended mitigation plan maximizes the value of emergent marsh when measuring
impacts and determining compensatory mitigation for project-related losses to this nationally significant,
endangered resource. It uses the V1-Original assumption (e.g., optimal vegetative coverage is assumed to
be 100 percent) to predict project impacts and compute compensatory mitigation. For these reasons, no
changes to the recommended mitigation plan are proposed as a result of this sensitivity analysis. It is
recommended that Best Buy Plan #6 mitigation plan (described in FEIS Section 5) be selected as it
incorporates the level of compensation needed to address the most likely impacts of the SNWW CIP.
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