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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. USFWS-
Louisiana 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 hydro-
units 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 
Inter- 

mediate 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 

Louisiana 
Acreage 20,336 101,405 23,112 3,551 148,404 3,206 6,641 158,251 
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 

Total 
Acreage 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 
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Table 2: Index of SNWW Hydrologic Units 

Texas   Louisiana 
Unit #s Names   Unit #s Names 

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   LA 5 Sabine Lake Ridges 
TX 6 Old River Cove   LA 6 Johnson’s Bayou Ridge  
TX 7 GIWW North   LA 7 Southeast Sabine 
TX 8 Texas Point   LA 8 Southwest Gum Cove 
TX 10 Cow Bayou   LA 9 East Johnson’s Bayou 
TX 11 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       
 

1.5.1 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 cypress-
tupelo 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, low-
pressure 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-
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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 westward-
moving 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 “out-
of-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). 



 

100007609/060033 26 

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  
 
    (3.5 x (SIV2

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

Open Water HSI =        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    
 ≥75 and >33 or >33 1.0 
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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 tupelo-
gum.  

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 

  High Moderate Low None 

Flooding 
Duration 

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 

2.7.1.4 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

3 x SI V2
2.5 x SI V3

3 x SI V4
1.5)1/10 

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 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 

 

2.8.1.2 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 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 

2.8.1.5 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 SI 
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 Weighting 
Factor  

Percent of 
0.5-mile 
Circle 

 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 SI Type Classes SI 
Class 1 0 to 50 feet 1 Class 1 Constant/Major (Major highways, industrial, 

commercial, major navigation) 1 

Class 2 50.1 to 500 
feet 2 Class 2 

Frequent/Moderate (Residential development, 
moderately used roads, waterways commonly 
used by small to mid-sized boats) 

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 

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 

 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 
 

2.8.2 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 = (SIV2

4 x SIV4
2 x SIV6 x SIV7)1/8 

If dbh >5 inch, then HSI = (SIV1
4 x SIV2

4 x SIV3
2 x SIV4

2 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 
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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 

Observed Tide Gage 
Values (rapid subsidence) 

Observed Basal Peat Values 
(moderate subsidence) 

Low Rate (Historic) 1.1 feet/year 0.3 foot/year 

Intermediate Rate (Modified 
NRC Curve I) 1.5 feet/year 0.7 foot/year 

High rate (Modified NRC Curve 
III) 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 Primary Source of Data Subsidence Rate 
Total Subsidence 

(50 years) 

Shinkle and Dokka (2004) 
National Geological Survey (NGS) 
survey releveling/benchmark data 

10–15 mm/year 500–750 mm 

Morton et al. (2006) and others Tide data 2–5 mm/year 100–250 mm 

Törnqvist et al. (2006) Sedimentary record 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 westward-
moving 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) 

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 2,760 384 0 0 53 0 412 384 3,609 0 407 4,016
Water n/a 52 0 0 0 0 n/a 52 52 0 75 127
Totals 2,760 436 0 0 53 0 412 436 3,661 0 482 4,143

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 2,277 1,270 0 0 108 0 1,040 1,270 4,695 0 684 5,379
Water n/a 266 0 0 0 0 n/a 266 266 0 63 329
Totals 2,277 1,535 0 0 108 0 1,040 1,535 4,960 0 747 5,707

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 464 2,323 0 0 0 0 1,775 2,323 4,562 0 152 4,714
Water n/a 1,004 0 0 0 0 n/a 1,004 1,004 0 87 1,091
Totals 464 3,327 0 0 0 0 1,775 3,327 5,566 0 239 5,805

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 395 0 0 0 0 0 395 395 0 1 396
Water n/a 97 0 0 0 0 n/a 97 97 0 0 97
Totals 0 492 0 0 0 0 0 492 492 0 1 493

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 2,018 1,932 20 40 0 293 3,970 4,303 769 743 5,815
Water n/a 129 4,981 0 77 0 n/a 5,110 5,187 0 361 5,548
Totals 0 2,147 6,913 20 117 0 293 9,080 9,490 769 1,104 11,363

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 31 199 5,240 0 0 197 5,470 5,667 399 2,165 8,231
Water n/a 0 0 3,290 0 0 n/a 3,290 3,290 0 330 3,620
Totals 0 31 199 8,530 0 0 197 8,760 8,957 399 2,495 11,851

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 4,541 129 588 0 0 0 5,258 5,258 0 454 5,712
Water n/a 136 0 59 0 0 n/a 195 195 0 0 195
Totals 0 4,677 129 647 0 0 0 5,453 5,453 0 454 5,907

TX 3 - Rose City

TX 4 - West of Rose City

TX 5 - Bessie Heights

TX 6 - Old River Cove

TX 1 - North Neches River

TX 2 - Neches River/Lake Bayou

TX 7 - GIWW North
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Table 7 (Cont’d) 

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 100 1,605 2,398 0 4,898 0 9,001 9,001 0 1,413 10,414
Water n/a 11 26 148 0 810 n/a 995 995 0 13 1,008
Totals 0 111 1,631 2,546 0 5,708 0 9,996 9,996 0 1,426 11,422

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 567 24,942 15,801 0 0 0 41,310 41,310 0 4,392 45,702
Water n/a 0 4,181 4,757 0 0 n/a 8,938 8,938 0 404 9,342
Totals 0 567 29,123 20,558 0 0 0 50,248 50,248 0 4,796 55,044

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 110 1,436 1,144 0 0 0 388 2,580 3,078 173 1,060 4,311
Water n/a 339 0 0 0 0 n/a 339 339 0 340 679
Totals 110 1,775 1,144 0 0 0 388 2,919 3,417 173 1,400 4,990

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 115 516 0 0 0 0 640 516 1,271 6 316 1,593
Water n/a 83 0 0 0 0 n/a 83 83 0 3 86
Totals 115 599 0 0 0 0 640 599 1,354 6 319 1,679

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 689 0 0 0 0 0 0 0 689 0 0 689
Water n/a 0 0 0 0 0 0 0 0 0 0 0
Totals 689 0 0 0 0 0 0 0 689 0 0 689

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 0 0 385 0 0 0 0 385 385 0 0 385
Water 0 0 52 0 0 0 0 52 52 0 0 52
Totals 437 437 437 0 0 437

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 1,194 0 0 0 0 0 524 0 1,718 0 559 2,277
Water n/a 0 0 0 0 0 0 0 0 0 0 0
Totals 1,194 0 0 0 0 0 524 0 1,718 0 559 2,277

Swamp Fresh Intermediate Brackish
Shrub/
Scrub Saline

Bottomland 
hardwood

Total 
Marsh

Total 
Wetlands

Placement 
Areas Other

Total Hydro 
Unit 

Acreage
Acreage 2,548 0 0 0 0 0 189 0 2,737 0 0 2,737
Water n/a 0 0 0 0 0 0 0 0 0 0 0
Totals 2,548 0 0 0 0 0 189 0 2,737 0 0 2,737

Acreage 10,157 13,580 30,336 24,047 201 4,898 5,458 73,062 88,677 1,347 12,346 102,370
Water 0 2,117 9,240 8,254 77 810 0 20,498 20,498 0 1,676 22,174
TOTAL 10,157 15,697 39,576 32,301 278 5,708 5,458 93,560 109,175 1,347 14,022 124,544

LA-TX 2 - BLUE ELBOW (TEXAS PORTION)

TX 11   - Adams Bayou

TX 12 - South of Blue Elbow

TX 13 - Groves

LA-TX 1 - SABINE ISLAND (TEXAS PORTION)

TX 8 - Texas Point

TX 9   - Salt Bayou

TX 10  - Cow Bayou  
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Table 8: Louisiana Hydrologic Unit Habitat Acreage (2004)  

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 14,810 3,074 0 0 0 2,158 17,884 20,042 0 2,373 22,415
Water n/a 4,049 1,630 0 0 0 n/a 5,679 5,679 0 0 5,679
Totals 0 18,859 4,704 0 0 0 2,158 23,563 25,721 0 2,373 28,094

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 0 22,470 1,133 0 0 0 23,603 23,603 0 0 23,603
Water n/a 0 12,639 49 0 0 n/a 12,688 12,688 0 0 12,688
Totals 0 0 35,109 1,182 0 0 0 36,291 36,291 0 0 36,291

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 0 24,633 2,964 0 0 0 27,597 27,597 0 1,717 29,314
Water n/a 0 10,308 231 0 0 n/a 10,539 10,539 0 0 10,539
Totals 0 0 34,941 3,195 0 0 0 38,136 38,136 0 1,717 39,853

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 0 10,031 1,837 0 0 0 11,868 11,868 0 2 11,870
Water n/a 0 1,079 241 0 0 n/a 1,320 1,320 0 0 1,320
Totals 0 0 11,110 2,078 0 0 0 13,188 13,188 0 2 13,190

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 0 8,232 14,673 0 3,198 0 26,103 26,103 0 4,473 30,576
Water n/a 0 1,038 1,289 0 569 n/a 2,896 2,896 0 0 2,896
Totals 0 0 9,270 15,962 0 3,767 0 28,999 28,999 0 4,473 33,472

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 0 0 2,505 0 353 0 2,858 2,858 0 975 3,833
Water n/a 0 0 239 0 17 n/a 256 256 0 0 256
Totals 0 0 0 2,744 0 370 0 3,114 3,114 0 975 4,089

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 
Acreage

Acreage 0 2,023 4,925 0 0 0 0 6,948 6,948 0 0 6,948
Water n/a 611 475 0 0 0 n/a 1,086 1,086 0 0 1,086
Totals 0 2,634 5,400 0 0 0 0 8,034 8,034 0 0 8,034

LA 7 - SOUTHEAST SABINE

LA 1 - PERRY RIDGE

LA 2 - WILLOW BAYOU

LA 3 - BLACK BAYOU

LA 4 - WEST JOHNSON'S BAYOU

LA 5 - SABINE LAKE RIDGES

LA 6 - JOHNSON'S BAYOU RIDGES
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Table 8 (Cont’d) 

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 

Acreage
Acreage 0 3,503 5,346 0 0 0 0 8,849 8,849 0 1,166 10,015
Water n/a 112 1,259 0 0 0 n/a 1,371 1,371 0 0 1,371
Totals 0 3,615 6,605 0 0 0 0 10,220 10,220 0 1,166 11,386

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas

Other 
Upland

Total 
Hydro Unit 

Acreage
Acreage 0 0 22,694 0 0 0 0 22,694 22,694 0 581 23,275
Water n/a 0 3,444 0 0 0 n/a 3,444 3,444 0 0 3,444
Totals 0 0 26,138 0 0 0 0 26,138 26,138 0 581 26,719

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas Other

Total 
Hydro Unit 

Acreage
Acreage 5,998 0 0 0 0 0 1,041 0 7,039 0 21 7,060
Water n/a 0 0 0 0 0 0 0 0 0 0 0
Totals 5,998 0 0 0 0 0 1,041 0 7,039 0 21 7,060

Swamp Fresh Intermediate Brackish
Shrub/ 
Scrub Saline

Bottomland 
hardwood Total Marsh

Total 
Wetlands

Place-
ment 
areas Other

Total 
Hydro Unit 

Acreage
Acreage 643 0 0 0 0 0 7 0 650 0 0 650
Water n/a 0 0 0 0 0 0 0 0 0 0 0
Totals 643 0 0 0 0 0 7 0 650 0 0 650

Acreage 6,641 20,336 101,405 23,112 0 3,551 3,206 148,404 158,251 0 11,308 169,559
Water 0 4,772 31,872 2,049 0 586 0 39,279 39,279 0 0 39,279
TOTAL 6,641 25,108 133,277 25,161 0 4,137 3,206 187,683 197,530 0 11,308 208,838

LA-TX 2 - BLUE ELBOW (LOUISIANA PORTION)

LA 8 - SOUTHWEST GUM COVE

LA 9 - EAST JOHNSON'S BAYOU

LA-TX 1 - SABINE ISLAND (LOUISIANA PORTION)

 

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 salinity-
related 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 

Intermediate marsh 
11.4 (Sagittaria)  

2.3 (Spartina patens) 
mean = 6.8 

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 channel-
deepening 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 # HU name Marsh Type Marsh Water Total
Louisiana
LA 2 Willow Bayou Brackish 627.4 20.2 647.6
LA 3 Black Bayou Brackish 621.4 8.7 630.1
LA 4 West Johnsons Bayou Brackish 956.5 130 1086.5
LA 5 Sabine Lake Ridges Brackish 685.1 48.8 733.9

Saline 105.7 32.5 138.2
LA Subtotal 2996.1 240.2 3236.3

Texas
TX 7 GIWW North Fresh 7.9 0 7.9

Intermediate 3.6 0 3.6
TX 8 Texas Point Fresh 0.6 0 0.6

Intermediate 67.8 1.9 69.7
Brackish 812.5 39.8 852.3
Saline 2043.1 150.6 2193.7

TX 9 Salt Bayou Fresh 0.1 0 0.1
Brackish 26.6 3.4 30

TX Subtotal 2962.2 195.7 3157.9  
 

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 co-
dominant 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.  



Scientific Name Common Name Salinity 
Range*

Salinity 
Tolerance

SNWW 
Occurrence

Vegetation Community Observations References

North Neches & 
Lake Bayou Cypress-Tupelo Swamp Observed during SNWW Habitat Workgroup field 

investigation (2004) 

Sabine Island & 
Blue Elbow Cypress-Tupelo Swamp Observed during SNWW Habitat Workgroup field 

investigation (2004)

Salt Bayou and 
Texas Point 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) 

Rose City Fresh Marsh Project Goal Summary, CEPRA Cycle 2 (GLO, 
2000a)

72 Willow Bayou Intermediate Marsh

Observed during SAV and terrace study in Sabine 
NWR terraces (Caldwell, 2003). Reported by 
Sabine NWR Comprehensive Conservation Plan 
(USFWS, 2008a).

Perry Ridge Fresh and Intermediate 
Marsh

Observed in pre- and postconstruction 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 SAV and terrace study in Sabine NWR terraces 
(Caldwell, 2003)

Bessie Heights Fresh and Intermediate 
Marsh

Observed during SNWW Habitat Workgroup field 
investigation (2004). 

Rose City Fresh marsh Observed during SNWW Habitat Workgroup field 
investigation (2004) 

Salt Bayou and 
Texas Point

Fresh and Intermediate 
Marsh

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

Emergent or floating-rooted invasive and noxious weed that 
forms thick mats that displaces native vegetation, retards 
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 
(USDA, 2009). Common in slightly brackish and tidal fresh 
waters (Tiner, 1993). Chabreck (1972) reports it comprising 
2.5% of intermediate and 5.3% of fresh Louisiana coastal 
marshes, with salinity range of 2 to 7.7 ppt. Stutzenbaker 
(1999) limits the salinity range to ~0 ppt. Provides excellent, 
good, and poor food value for crawfish, furbearers, and 
geese and ducks, respectively (Chabreck, 1972). 
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 
flowers extending above water surface; nonnative, invasive 
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 
drastic fluctuations in water level, flow, acidity, and 
nutrients (TIO, 2009). Dominant in tidal fresh waters (Tiner, 
1993). Stutzenbaker (1999) salinity range is 0 to 0.5 ppt. 
Chabreck (1972) reports it comprising 1.4% of fresh 
Louisiana coastal marshes, with salinity range of 0.3 to 0.5 
ppt; provides poor food value for crawfish. 

fresh and 
oligohaline (0 
to 0.5 ppt)

low

fresh to 
mesohaline (0 
to 8 ppt)

low

Ceratophyllum 
demersum

coontail, common 
hornwort

fresh and 
oligohaline (0 
to 5.0 ppt)

low

Alternanthera 
philoxoides alligatorweed

Eichhornia crassipes water hyacinth

Chara  spp. chara, stonewort, 
muskgrass

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

fresh and 
oligohaline (0 
to 4.0 ppt)

low



Scientific Name Common Name Salinity 
Range*

Salinity 
Tolerance

SNWW 
Occurrence

Vegetation Community Observations References

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

North Neches 
River Cypress-Tupelo Swamp Observed during SNWW Habitat Workgroup field 

investigation (2004)

Salt Bayou and 
Texas Point 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) 

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

73 Willow Bayou Intermediate Marsh

Observed in pre- and postconstruction monitoring 
of Willow Bayou reference area for Black Bayou 
Project CS-27 (Castellanos and Juneau, 2007). 
Observed during SAV and terraces study (Caldwell, 
2003). Reported by Sabine NWR Comprehensive 
Conservation Plan (USFWS, 2008a).

Rose City Fresh Marsh Project Goal Summary, CEPRA Cycle 2 (GLO, 
2000)

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

Observed in pre- and postconstruction monitoring 
of Willow Bayou reference area for Black Bayou 
Project CS-27 (Castellanos and Juneau, 2007). 
Observed during SAV and terraces study (Caldwell, 
2003). Reported by Sabine NWR Comprehensive 
Conservation Plan (USFWS, 2008a).

Rose City Fresh Marsh Project Goal Summary, CEPRA Cycle 2 (GLO, 
2000)

Salt Bayou and 
Texas Point

Fresh and Intermediate 
Marsh

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

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 
10 ppt (Urbatsch, 2009). Present at 0 thru 16 ppt (USGS, 
1997). A brackish aquatic bed plant (Tiner, 1993). 
Stutzenbaker (1999) salinity range is 0 to 20 ppt. Chabreck 
(1972) reports it comprising 0.15% of brackish, 0.44% of 
intermediate and 1.56% of fresh Louisiana coastal marshes, 
and provides good and fair food value for ducks and 
crawfish, respectively. 

Perennial floating plant with tiny leaves that forms a carpet-
like cover on water surface (WC, 2009). Salinity tolerance is 
low (USDA, 2009). Occurs in slightly brackish to tidal fresh 
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 
ppt. Stutzenbaker (1999) salinity range is 0 to 0.5 ppt. 
Provides good and fair food value for ducks and crawfish, 
respectively (Chabreck, 1972; WC, 2009).

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 
18.9 ppt and 1.7 to 14.4 ppt, with overall means of 9.2 ppt 
and 6.0 ppt. Found in fresh and sometimes brackish water 
(Correll and Correll, 1972). A brackish aquatic bed plant 
(Tiner, 1993). Stutzenbaker (1999) salinity range is 0–0.5 
ppt. Chabreck (1972) reports it comprising 1.03% of 
intermediate and 1.07% of fresh Louisiana coastal marshes, 
with salinity range of 0.23 to 1.1 ppt, and provides excellent, 
good, and fair food value for ducks, geese, and crawfish, 
respectively. 

Myriophyllum 
spicatum L.

Eurasian 
watermilfoil

fresh to 
mesohaline (0 
to 16 ppt)

medium

lowcommon duck 
weed

fresh and 
oligohaline (0 
to 2.0 ppt)

Najas guadalupensis
Southern 
waternymph, 
Southern naiad

fresh to 
mesohaline (0 
to 15 ppt)

medium

Lemna L. 
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Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range

Nymphaea odorata American white 
water lily

fresh (0 to 0.5 
ppt) low Blue Elbow & 

Rose City Fresh Marsh Project Goal Summary, CEPRA Cycle 2 (GLO, 
2000) 

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). 

Nymphaea mexicana
yellow water lily, 
sun lotus, banana 
water lily

fresh to 
oligohaline (0 
to 3.5 ppt)

low Rose City Fresh Marsh Rose City Project Goal Summary, CEPRA Cycle 2 
(GLO, 2000) 

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, 
ponds, pools in marshes, sloughs, etc. (FNAEC, 1993+). 
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) 

74 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)

Pistia stratiotes water lettuce
fresh to 
oligohaline (0 
to 5.0 ppt)

low Salt Bayou and 
Texas Point Fresh Marsh Reported by Chenier Plain NWR Comprehensive 

Conservation Plan (USFWS, 2008b)

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).

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)

Potamogeton pusillus lesser or baby 
pondweed

fresh to 
mesohaline (0 
to 16 ppt)

medium Willow Bayou Intermediate Marsh Observed during SAV and terraces study (Caldwell, 
2003)

Chabreck (1972) reports it comprising 0.24% of 
intermediate and 0.62% of fresh Louisiana coastal marshes. 
Good and fair food value for ducks and crawfish, 
respectively (Chabreck, 1972). 

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). 

Potamogeton 
pectinatus

sago or fennelleaf 
pondweed

fresh to 
mesohaline (0 
to 16 ppt)

medium

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

duck lettuce
fresh and 
oligohaline (0 
to 5.0 ppt)

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

Perry Ridge Fresh and Intermediate 
Marsh

Observed in pre- and postconstruction monitoring 
of Perry Ridge CS-30 but frequency of occurrence 
dropped dramatically post-monitoring (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 and Brackish 
Marsh

Reported by Sabine NWR Comprehensive 
Conservation Plan (USFWS, 2008a). Observed 
during SAV and terraces study (Caldwell, 2003)

Old River Cove
Intermediate and Brackish 
Marsh

Observed during SNWW Habitat Workgroup field 
investigation (2004) 

Salt Bayou and 
Texas Point

Intermediate, Brackish 
and Saline marsh

100% rupia most years (Personal communication - 
Pat Walthers, USFWS, Texas Point NWR, 4/9/09). 
Reported by Chenier Plain NWR Comprehensive 
Conservation Plan (USFWS, 2008a)

Bessie Heights Fresh and Intermediate 
Marsh

Observed during SNWW Habitat Workgroup field 
investigation (2004) 

75 Rose City Fresh marsh Observed during SNWW Habitat Workgroup field 
investigation (2004) 

Perry Ridge Fresh and Intermediate 
Marsh

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

Willow Bayou Intermediate Marsh Reported by Sabine NWR Comprehensive 
Conservation Plan (USFWS, 2008a)

Vallisneria americana

freshwater 
American 
eelgrass; wild 
celery

fresh thru 
mesohaline (0 
to 16 ppt)

medium Perry Ridge Fresh and Intermediate 
Marsh

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

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. 

salvinia minor fresh (0 to 2 
ppt) low

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

Utricularia sp. 
unspecified 

common 
bladderwort

fresh to 
oligohaline (0 
to 3.0 ppt)

low 

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.

Salvinia minima

Ruppia maritima widgeongrass

oligohaline 
thru polyhaline 
(2.0 to 25.0+ 
ppt)

high

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 
range 0 to 10 ppt. Chabreck (1972) reported it comprised 
3.84% of brackish and 0.64% of intermediate Louisiana 
coastal marshes, with salinity range of 2.6 to 15.3 ppt; 
excellent and good food value for ducks and geese, 
respectively . 
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Table 11: Submerged Aquatic Vegetation in the SNWW Study Area - Species and Salinity Range

Perry Ridge Fresh and Intermediate 
Marsh

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

Willow Bayou Intermediate Marsh Reported by Sabine NWR Comprehensive 
Conservation Plan (USFWS, 2008a)
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Vallisneria americana

freshwater 
American 
eelgrass; wild 
celery

fresh thru 
mesohaline (0 
to 16 ppt)

medium Perry Ridge Fresh and Intermediate 
Marsh

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

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. 

* 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). 

 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.

Utricularia sp. 
unspecified 

common 
bladderwort

fresh to 
oligohaline (0 
to 3.0 ppt)

low 
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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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Fresh Marsh
LA 1 Perry Ridge

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

LA 7 SE Sabine
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
LA 8 SW Gum Cove

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

TX 1
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 0.0–0.0 NI NA NA NA NA NI NA NA NI NA NA NA NA NA NA NA NA

TX 2
Neches - Lake 
Bayou

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

TX 3 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 NI78 TX 4 West of Rose City
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
TX 5 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

TX 7 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
TX 10 Cow Bayou

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

TX 11 Adams Bayou
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
Intermediate Marsh
LA 1 Perry Ridge

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

LA 2 Willow Bayou
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 
LA 3 Black Bayou

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

LA 4 Johnson's Bayou
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

LA 5
Sabine Lake 
Ridges

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

Table 12:  SNWW 48-ft Project SAV Wildlife Impacts

Hydro-
Unit (HU) 

# HU Name
Future Salinity 

Range in HU (ppt)1
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Table 12:  SNWW 48-ft Project SAV Wildlife Impacts

Hydro-
Unit (HU) 

# HU Name
Future Salinity 

Range in HU (ppt)1

LA 7 SE Sabine
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
LA 8 SW Gum Cove

FWOP 2.4–2.8 NA NA NI NA NI NA NI NA NA NA NA NI NA NA NA NI NA
FWP 2.4–3.9 NA NA NI NA NI NA NI NA NA NA NA NI NA NA NA NI NA

LA 9
East Johnson's 
Bayou

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

TX 5 Bessie Heights
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
TX 8 Texas Point

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

TX 10 Cow Bayou
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
TX 13 Groves

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

Brackish Marsh
LA 2 Willow Bayou

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

LA 3 Black Bayou
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
LA 4 Johnson's Bayou

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

LA 5
Sabine Lake 
Ridges

FWOP 6.2–7.1 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NI NA
FWP 6.2–8.3 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NI NA

LA 6
Johnson's Bayou 
Ridge

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

TX 6 Old River Cove
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
TX 7 GIWW North

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

TX 8 Texas Point
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
Saline Marsh

LA 5
Sabine Lake 
Ridges

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
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Table 12:  SNWW 48-ft Project SAV Wildlife Impacts

Hydro-
Unit (HU) 

# HU Name
Future Salinity 

Range in HU (ppt)1

LA 6
Johnson's Bayou 
Ridge

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

TX 8 Texas Point
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
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); 

     F (excellent or good for furbearers); f ( fair or poor for furbearers); C (excellent or good for crawfish); c (fair or poor for crawfish)
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)
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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/Sabine-
Neches 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 lower-
lying 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 seed-
producing 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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Neches River Watershed
TX 1 North Neches River 412 0 0
TX 2 Neches-Lake Bayou 1,040 0 0
TX 3 Rose City 1,775 0 0
TX 5 Bessie Heights 293 0 0
TX 6 Old River Cove 197 0 0
     Subtotal - Neches River  3,717 0 0 0 0 0
Sabine River Watershed
TX 10 Cow Bayou 388 0 0
TX 11 Adams Bayou 640 0 0
LA/TX 1 Sabine Island 524 0 0
     Subtotal - Sabine River  1,552 0 0 0 0 0
Total Bottomland Hardwood 5,269 0 0 0 0 0

Neches River Watershed
TX 1 North Neches River 2,760 0 0
TX 2 Neches-Lake Bayou 2,277 0 0
TX 3 Rose City 464 0 0
     Subtotal - Neches River  5,501 0 0 0 0 0
Sabine River Watershed
TX 10 Cow Bayou 110 0 0
TX 11 Adams Bayou 115 -4 -4
TX 12 Blue Elbow South 689 -18 -18
LA/TX 1 Sabine Island 1,194 0 0
LA/TX 2 Blue Elbow 2,737 0 0
     Subtotal - Sabine River  4,041 0 804 -22 0 -22
Total Cypress/Tupelo Swamp 9,542 0 804 -22 0 -22

Neches River Watershed
TX 1 North Neches River 436 0 0
TX 2 Neches-Lake Bayou 1,535 0 0
TX 3 Rose City PA24A* 86 -32 -32
TX 3 Rose City 3,241 -1 178 177
TX 4 West of Rose City 492 0 0
TX 5 Bessie Heights 2,147 0 0
TX 7 GIWW North 4,806 -140 -140
     Subtotal - Neches River  4,610 0 8,133 -173 178 5

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

Total  Impacts/Benefits by Habitat Type 
(AAHUs)

Bottomland Hardwood

Fresh Marsh

Cypress/Tupelo Swamp
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No Effect

Impacts 
Offset by BU 

Plan
Acres 

Impacted
Total  
Loss

Offsetting 
Benefits of BU 

Plan
Net FWP 
Benefit

Sabine River Watershed
TX 10 Cow Bayou 1,775 -18 -18
TX 11 Adams Bayou 599 -15 -15
     Subtotal - Sabine River  0 0 2,374 -33 0 -33
Total Fresh Marsh 4,610 0 10,507 -206 178 -28

Neches River Watershed
TX 5 Bessie Heights 6,933 -14 433 419
TX 8 Texas Point 1,742 -19 -19
TX 13 Groves 437 -3 -3
     Subtotal - Neches River  0 0 9,112 -36 433 397
Sabine River Watershed
TX 10 Cow Bayou 1,144 -12 -12
     Subtotal - Sabine River  0 0 1,144 -12 0 -12
Total Intermediate Marsh 0 0 10,256 -48 433 385

Neches River Watershed
TX 6 Old River Cove 8,760 -116 235 119
TX 8 Texas Point 2,546 -7 -7
TX 7 GIWW North 647 -8 -8
     Subtotal - Neches River  0 0 11,953 -131 235 104
Total Brackish Marsh 0 0 11,953 -131 235 104

Neches River Watershed
TX 8 Texas Point 5,708 -5 222 217
     Subtotal - Neches River  0 5,708 0 -5 222 217
Total Saline Marsh 0 5,708 0 -5 222 217

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 33,520 -412 1,068 656
* Direct impact  associated with conversion of wetland to upland PA 24A.

 Offset Impacts by Acres and Habitat Total  Impacts/Benefits by Habitat Type 

Fresh Marsh (Cont'd)

Brackish Marsh

Saline Marsh

Intermediate Marsh

Table 13 (Cont'd)

HU #  Hydrologic Unit (HU) Name
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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 hydro-
unit, 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.  
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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 high-
quality 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 man-
made 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 
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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 shallow-
draft 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 cypress-
tupelo 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, 



 

100007609/060033 107 

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 hydro-
unit 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. 



 

100007609/060033 108 

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   



No Impact

Impacts 
Offset by 
BU Plan

Acres 
Impacted Total  Loss

Offsetting 
Benefits of 
BU Plan

Net FWP 
Impact

All HUs in Sabine River Watershed

LA 1 Perry Ridge 2,158 0 0 0 0 0
LA/TX 1 Sabine Island 1,041 0 0 0 0 0

Subtotal 3,199 0 0 0 0 0

LA/TX 1 Sabine Island 5,998 0 0 0 0 0
LA/TX 2 Blue Elbow 650 0 0 0 0 0

Subtotal 6,648 0 0 0 0 0

LA 1 Perry Ridge 0 0 18,859 -65 0 -65
LA 7 Southeast Sabine 0 0 2,634 -11 0 -11
LA 8 Southwest Gum Cove 0 0 3,615 -2 0 -2

Subtotal 0 0 25,108 -78 0 -78

LA 1 Perry Ridge 0 0 4,704 -53 0 -53
LA 2 Willow Bayou 0 0 35,109 -328 0 -328
LA 3 Black Bayou 0 0 34,941 -509 0 -509
LA 4 West Johnson's Bayou 0 0 11,110 -269 0 -269
LA 5 Sabine Lake Ridges 0 0 9,270 -218 0 -218
LA 7 Southeast Sabine 5,400 0 0 0 0
LA 8 Southwest Gum Cove 0 0 6,605 -4 0 -4
LA 9 East Johnson's Bayou 0 0 26,138 -190 0 -190

Subtotal 5,400 0 127,877 -1,571 0 -1,571

LA 2 Willow Bayou 0 0 1,182 -1 0 -1
LA 3 Black Bayou 0 0 3,195 -1 0 -1
LA 4 West Johnson's Bayou 0 0 2,078 -1 0 -1
LA 5 Sabine Lake Ridges 0 0 15,962 -14 0 -14
LA 6 Johnson's Bayou Ridge 0 0 2,744 -6 0 -6

Subtotal 0 0 25,161 -23 0 -23

LA 5 Sabine Lake Ridges 0 3,767 0 -35
LA 6 Johnson's Bayou Ridge 0 370 0 -2

Subtotal 4,137 0 -37 210 173

Louisiana Impacts Total 15,247 4,137 178,146 -1,709 210 -1,499

Table 14:  Louisiana  SNWW  CIP  - Net Impacts
by Acres and AAHUs

HU #  Hydrologic Unit (HU) Name

Total  Impacts/Benefits by Habitat 
Type (AAHUs)

 Offset Impacts by Acres and 
Habitat Type (acres)

210 173

Bottomland Hardwood

Saline Marsh

Cypress/Tupelo Swamp

Fresh Marsh

Intermediate Marsh

Brackish Marsh

109
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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 self-
regulating 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 open-
water 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 
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(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 
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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.  

 



 

100007609/060033 120 

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 shallow-
water 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 cypress-
tupelo 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 

 Swamp 
Bottomland 
Hardwood 

Fresh 
Marsh 

Intermediate 
Marsh 

Brackish 
Marsh 

Saline 
Marsh Totals 

Texas Impacts –22 0 –206 –48 –131 –5 –412 

TX 3 Rose City East    178     

TX 5-2 Bessie Heights East    305 128   

TX 6-1 Old River Cove      235   

TX 8-11 Texas Point Shoreline 
Nourishment      222  

Louisiana Impacts 0 0 –78 –1,571 –23 –37 –1,709 

LA5-2/6-2 Louisiana Point Shoreline 
Nourishment      210  

Total DMMP BU Benefits        1,278 

Net Benefits of DMMP Features –22 0 –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 

Rose City East 345 72 151 568 

Bessie Heights East 1,869 660 651 3,180 

Old River Cove  639 139 432 1,210 

Total 2,853 871 1,234 4,958 

 

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 fine-
grained 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 fine-
grained 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 

Net FWP Benefits/Impacts    

Total Impacts (negative)   –412  –1,709  –2,121 

Total BU Benefits (positive)  1,068  210  1,278 

Net FWP Benefits (positive) or Impacts (negative)  656  –1,499  –843 

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   –1,499  –843 

Federal Impacts Compensated with Texas Excess Benefits   340  

FWP Compensatory Mitigation Target   –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 8-1-
A 

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 8-1-
B 

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 

LA 2-7 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 

LA 2-8 

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 

LA 2-14 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 
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Table 20 (Cont’d) 

 Measure Description Reason for Elimination 
 Hydrologic Restoration Measures  

LA 3-2-
A 

(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  

LA/TX 
3-1 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  

 Marsh Restoration Measures  

TX 6-1 
East 

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 

TX 8-3 
 

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 
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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 3-
9R 

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 3-
16 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 2-
1R 

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 2-
2R 

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 3-
12R 

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 2-
3 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 2-
4  

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 8-
11 
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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 8-
11 

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 8-
11 

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 8-
11 

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 8-
11 

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 5-
6 

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 5-
1/6-1 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, open-
water 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.  

Hydro-
Unit No. Size of Influence Area 

Emergent 
Marsh Created 

Willow 
Bayou 

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 2-
18(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 

Marsh Restoration – Sabine Lake Dedicated Dredging 

Description of Alternative 

Hydraulically dredged material from Sabine Lake (dedicated dredging) to restore marsh and shallow-
water 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.  

Hydro-
Unit No. Size of Influence Area 

Emergent 
Marsh Created 

Willow 
Bayou 

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 

LA 2-ADD B 
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 
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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. 

Hydro-
Unit No. Size of Influence Area 

Emergent 
Marsh Created 

Willow 
Bayou 

LA 2-16(C) 
Influence area – 1,831 acres in north part of Greens 
Lake area; located within the same footprint as LA 2-
16(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 2-
17(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 2-
18(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 2-
ADD 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 open-
water 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.  

Hydro-
Unit No. Size of Influence Area 

Emergent 
Marsh Created 

Black 
Bayou LA 3-10R 

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

792 acres 
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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.  

Hydro-
Unit No. Size of Influence Area 

Emergent 
Marsh Created 

Black 
Bayou 

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 

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.  

Hydro-
Unit No. Size of Influence Area 

Length of 
Shoreline 

Sabine 
Lake 

Ridges 

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 one-
time 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 one-
time 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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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 2-

19A, 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 

Mitigation 

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 

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 still-

water 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 

Mitigation 

Measure 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 

 

8.5.1.1.3 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 

Mitigation 

Measure AAHU 

Influence 

Area  

(acres) 

Existing 

Marsh 

(acres) 

Open 

Water 

(acres) 

Restored 

Emergent 

Marsh (acres) 

LA 3-10R 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 fine-

grained 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 open-

water 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 150 

Table 25: Summary of Benefits, Black Bayou Marsh Restoration Measures, 

GIWW Dedicated Dredging 

Mitigation 

Measure 

AAHU 

(A) 

AAHU 

(B) 

Influence 

Area 

(acres) 

Existing 

Marsh 

(acres) 

Open 

Water 

(acres) 

Restored 

Emergent 

Marsh 

(A) 

Restored 

Emergent 

Marsh 

(B) 

LA 3-15 231 307 1,788 878 910 546 683 

LA 3-18 239 310 1,876 1,048 828 497 621 

 

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 

Mitigation 

Measure 

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 

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 short-
term 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 22 

 

8.6.1 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 

 Subtotal 366 1,966 1,112 167 687 

Black Bayou West 
LA 3-10R 198 2,465 1,317 356 792 

Black Bayou East 
LA 3-15B 307 1,788 878 227 683 

LA 3-18B 310 1,876 1,048 207 621 

 Subtotal 617 3,664 1,926 434 1,304 

Total Compensation 1,181 8,095 4,355 957 2,783 

The dedicated dredging would take approximately 3.1 million cubic yards (mcy) of material from a 1.8-
mile-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  



Table 29:  WVA Salinity Sensitivity Analysis

 Low 
Salinity 

(ppt) 

Lower Limit 
of Impacts 
or Benefits   

(– or + 
AAHUs)

FWP 
Salinity 

(ppt) 
FWP Impacts 
(– AAHUs)

High 
Salinity 

(ppt) 

Upper Limit 
of Impacts   
(– AAHUs)

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

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

LA 1 Perry Ridge Fresh Marsh 1.4 –5 2.3 –65 3.1 –412

LA 7 Southeast Sabine Fresh Marsh 2.2 –3 2.4 –11 2.6 –23

LA 8 Southwest Gum Cove Fresh Marsh 1.5 0 2.0 –2 2.5 –42

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

LA 2 Willow Bayou Brackish Marsh (shifts from intermediate) NA NA NA NA 8.9 –29

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) NA NA NA NA 7.7 –46

LA 4 West Johnson's Bayou Brackish Marsh 5.1 0 7.0 –1 7.9 –2

LA 5 Sabine Lake Ridges Brackish Marsh (shifts from intermediate) NA NA NA NA 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

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*

Low Range Most Likely

*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.  

Hydro-
Unit #

Intermediate Marsh (optimal salinity range ≤4 ppt)

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

Fresh Marsh (optimal salinity range ≤2 ppt)

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

Brackish Marsh (optimal salinity range ≤10 ppt)

 Hydro-Unit Name Habitat Type

Bottomland Hardwoods  (optimal salinity range ≤1 ppt)

High Range
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Table 30:  Land Loss Impacts (95 Percent Confidence Range)

Land loss 
acres

Hydro-Unit 
%

Land loss 
acres 

Hydro-Unit 
%

FWP land 
loss  

Hydro-Unit 
%

Land loss 
acres 

Hydro-Unit 
%

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

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

LA 2 Willow Bayou Brackish Marsh (shifts from intermediate) NA NA NA NA NA NA –87 –0.4

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

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

Range of Land Loss
Total Acres and Percentage of Total Emergent 
Acres –15,618 –10.5 –27 0.0 –692 –0.5 –903 –0.6

160

Saline Marsh 

FWP Incremental Land Loss - 95 Percentage Confidence Range

 Low Range Salinity  Most Likely Salinity  High Range Salinity 
Hydro-Unit 

#  Hydro-Unit Name Habitat Type

Fresh Marsh

FWOP Land Loss 

Intermediate Marsh

Brackish Marsh 
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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  

 

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 # Hydrologic Unit Habitat Type 

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 

Total     –1,709 –1,656 
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Table 32: Comparison of Louisiana Impacts with V1-Sensitivity  

Net FWP Impacts for Project (AAHUs) (444) 

 Original V1 (AAHUs) Revised V1 (AAHUs) 

Total FWP Impacts in Louisiana  –1,709  –1,656 

Benefits of Gulf Shore BU Feature  210  235 

Net FWP Louisiana Impacts  –1,499  –1,421 

Reduced by Sabine NWR Impacts  340  343 

FWP Mitigation Target for Louisiana (Total 

State Impacts less Sabine NWR Impacts) 

 –1,159  –1,078 

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

Mitigation Measures 

Best Buy 

Plan #6 

(AAHUs) 

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 

Black Bayou West   

LA 3-10R Marsh Restoration (Sabine River Channel 

Maintenance Material) 

198 177 185 

Black Bayou East   

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 

Net Excess or Deficit  22 –248 –167 
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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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1.0 PURPOSE 
 
The purpose of the Dredged Material Management Plan (DMMP) is to guide the Federal and non-Federal 
sponsors in the placement of material to be dredged from the Sabine-Neches Waterway Channel 
Improvement Project (SNWW CIP) for the 50-year period of analysis. This DMMP would apply to both 
construction (new work) and maintenance dredging.  
 
The DMMP was developed by the U.S. Army Corps of Engineers (USACE), Galveston District, the 
Sabine Neches Navigation District (SNND), and the SNWW Interagency Coordination Team (ICT). The 
DMMP includes the use of construction and maintenance material for marsh restoration and Gulf shore 
nourishment, and modification of existing practices for the remaining construction and maintenance 
material.  
 
2.0 DESCRIPTION OF EXISTING AND CIP 
 
2.1 EXISTING SNWW PROJECT 
 
The existing Sabine-Neches Waterway (SNWW) extends from the Gulf of Mexico through a jettied 
entrance at the mouth of Sabine Pass through Port Arthur, and up the Neches River into Beaumont, Texas 
(Drawing G-01 in Appendix 1 of the Final Feasibility Report [FFR]). It is 63.8 miles in length and has a 
40-foot authorized depth. Channel dimensions for the 40-foot project are shown in Table 2-1.  

 
Table 2-1: Existing 40-Foot Authorized Channel Dimensions 

Reach Station to Station 

Bottom 
Width 
(feet) 

Project 
Depth 
(feet 

MLT) 

Channel 
Depth 
(feet 

MLT) 

Allowable 
Overdepth

(feet) 
Side 

Slope 
Sabine Bank Channel 95+734   18+000 800 42 44 2 1V/2H 
Sabine Pass Outer Bar 18+000   0+000 800 42 44 2 1V/10H 
Sabine Pass Jetty 
Channel –214+88   0+00 800–500 40 42 2 1V/2H 
Sabine Pass Channel 0+00   296+24 500 40 42 2 1V/2H 
Port Arthur Canal 0+00   326+24 500 40 42 1 1V/2H 
Sabine-Neches Canal 0+00   593+69 400 40 42 1 1V/2H 
Neches River Channel 0+00   978+60 400 40 42 2 1V/2H 
Taylor Bayou         
Entrance Channel  0+00   19+05 275–678 40 42 1 1V/2H 
East Turning Basin  0+00   17+65 420 40 42 1 1V/2H 
West Turning Basin  19+05   31+10 600 40 42 1 1V/2H 
Connecting Channel 31+10   61+30 200–250 40 42 1 1V/2H 
Taylor Bayou Turning 
Basin 61+30   96+00 1000 40 42 1 1V/2H 
Channel Depth includes Advance Maintenance depth – there is a constant 2 feet for the entire waterway. 
Existing stationing applies to this table. 
^Entrance Channel and East and West Turning Basins are also called “Port Arthur Turning Basins.” 
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2.2  PROPOSED SNWW CIP 
 
The SNWW CIP would deepen the navigation channel to 48 feet and extend the channel an additional 
13.2 miles into the Gulf of Mexico (Drawing G-02 in Appendix 1 of the FFR), resulting in a total SNWW 
CIP length of 77 miles (Table 2-2). Proposed project channel reaches are illustrated in drawings C-01 
through C-12 in Appendix 1 of the FFR. The Channel to Orange is considered part of the SNWW system 
but it is not a part of this study.  
 

Table 2-2: Proposed SNWW CIP 48-Foot Project Dimensions 

Reach Station to Station 

Bottom 
Width 
(feet) 

Project 
Depth 
(feet) 

Side 
Slope 

Extension Channel 165+443  95+734 700 50 1V/2H 

Sabine Bank Channel 
95+734  25+800 700 50 1V/2H 
25+800  23+300 700–800 50 1V/2H 
23+300  18+000 800 50 1V/2H 

Sabine Pass Outer Bar  18+000  0+000 800 50 1V/10H 
Sabine Pass Jetty Channel –214+88  0+00 500–800 48 1V/2H 
Sabine Pass Channel  0+00  296+25 1355–500 48 1V/2H 
Port Arthur Canal  0+00  325+84 1660–500 48 1V/2H 
Sabine-Neches Canal  0+00  592+94 1050–400 48 1V/2H 
Neches River Channel  0+00  980+00 400–1413 48 1V/2H 
Taylor Bayou  
Entrance Channel  0+00  25+27 406–764 48 1V/2H 
East Turning Basin 0+00  17+65 532–354 48 1V/2H 
West Turning Basin 25+27  41+30 776 48 1V/2H 
Connecting Channel 41+30  71+50 470–250 48 1V/2H 
Taylor Bayou Turning Basin  71+50  106+25 1000 48 1V/2H 

 
 
3.0 GEOTECHNICAL INVESTIGATIONS 
 
The level of geotechnical engineering performed for this report is fully sufficient to substantiate the 
recommended plan. Additional investigations and analyses, briefly outlined in Section 6.0 in accordance 
with ER 1110-2-1150, Appendix C-4, would be performed during both the Preconstruction Engineering 
and Design (PED) and Construction General (CG) phases of the project, and documented in a Design 
Documentation Report before each feature is constructed.  
 
3.1 REGIONAL AND SITE GEOLOGY 
 
3.1.1 Regional Geology 
 
The project site, as shown on Drawing G-01 in Appendix 1 of the FFR, is located in the Coastal Plain 
physiographic province of Texas. This region contains marine sediments, mainly younger Holocene 
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deposits overlay older Pleistocene deposits. More-recent riverine overwash deposits overlay the Holocene 
sediments in floodplains in the Neches and Sabine rivers. The subdivision of the Coastal Plain in which 
the project lies is called the Coastal Prairie. This area is characterized by low-lying flat land and has 
evolved to its present conditions by erosion, deposition, compaction, and subsidence, all of which are still 
active. Gradual faulting continues as Pleistocene and older Gulf basin sediments continue to compact.  
 
3.1.2 Site Geology 
 
The site geology is characterized by modern marine deposits overlaying recent Holocene deposits that in 
turn overlay the Beaumont and Lissie formations of the Pleistocene Series. The modern deposits are 
generally normally consolidated clays, silts, and fine sands that were deposited through natural overwash 
and sedimentation processes or through man-made depositional processes. The recent deposits of the 
Holocene consist of silts, clays, silty sands, clayey sands, and clayey silts that exhibit the characteristics 
of normally to lightly overconsolidated materials. These deposits are generally encountered to depths of 
30 to 40 feet. 
 
Beaumont Clay is the predominant Pleistocene formation whose eroded surface forms the upper limit of 
stiff to very stiff clay material. It is red, yellow, and brown calcareous stiff clay that weathers into black 
or gray soil at the surface. Lenses of fine-grained, poorly graded sand and silt and a few calcareous 
nodules are sometimes encountered in this formation. The clay fraction is composed of montmorillonite 
(generally with calcium as the exchangeable cation), kaolinite, illite, and finely ground quartz, in that 
order of prevalence. The high percentage of montmorillonite accounts for the high shrink-swell potential 
of the material. Previous desiccation of the clays results in significant overconsolidation to great depths, 
with preconsolidation pressure approaching 3 tons per square foot. In addition to preconsolidating the 
soil, the desiccation process, along with occasional rewetting, has resulted in a network of fissures and 
slickensides that are now closed but that represent potential planes of weakness within the stratum. The 
thicknesses of these clays range from 25 to 400 feet. The Lissie Formation underlies the Beaumont and 
consists primarily of sands and silty sands. 
 
3.2 FIELD EXPLORATION 
 
Limited field investigations were conducted for this project. Those conducted were limited to cone 
penetrometer testing along the proposed levee alignments at selected placement areas. In addition, 
probings were taken at selected environmental features to evaluate near-surface foundation issues. The 
majority of the subsurface data for the project was compiled from existing data – data from the channel 
that were collected for the 40-foot project and data from placement areas that have been collected during 
periodic levee-raising projects. Site subsurface data are presented on drawings F-1 through F-6 in 
Appendix 1 of the FFR. Recommendations for additional geotechnical investigation, both project channel 
and placement areas along with associated laboratory testing are provided in Section 6.0. 
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3.2.1 Core Borings and Laboratory Testing 
 
Where noted on the plans, core borings were previously drilled to explore the subsurface conditions along 
the channel and at some placement areas. Unless otherwise indicated, the borings were drilled to obtain 3-
inch-diameter undisturbed continuous samples of cohesive materials and split-spoon, disturbed samples 
of cohesionless materials. Consistencies of cohesive materials were determined in the field using a pocket 
penetrometer or a Torvane Shear test apparatus. Where cohesionless materials were encountered, 
disturbed samples were taken at approximately 5-foot depth intervals during the performance of standard 
penetration tests.  
 
Laboratory testing was generally conducted on representative samples. Tests on cohesive materials 
consisted of determining moisture content, unit dry weight, sieve analyses, liquid limit, and plastic limit. 
Sieve analyses were performed on typical samples of cohesionless materials. The results of these tests 
were used to classify the various material layers. Unconsolidated undrained shear strengths of typical 
samples of cohesive materials were determined in the laboratory by performing unconfined compression 
tests, single point Unconsolidated Undrained “Q” Triaxial compression tests, and Torvane Shear tests.  
 
3.2.2 Off-channel Probings 
 
Probings, using a 1.5-inch-diameter, capped PVC pipe, were conducted off channel in selected areas 
intended for restoration features. These probings were used to evaluate the open-water foundation 
conditions. These data were used to estimate the thickness of soft bay-bottom mud and determine how 
much displacement may occur during hydraulic fill construction. This information was incorporated into 
the conceptual level design of these features.  
 
3.2.3 Cone Penetrometer Testing 
 
Cone penetrometer testing (CPT) was conducted at selected placement areas (PAs) in 2002 to evaluate 
levee and levee foundation conditions. PAs 5, 8, 9, 11, 12, 13, 14, 23, 24, 25, and 27B were evaluated. 
Except at PA 25, the CPTs were conducted by the USACE Vicksburg District using their in-house, truck-
mounted electric cone penetrometer. At PA 25, CPTs were conducted by Fugro, Inc. under subcontract to 
URS Corporation (URS). URS also reviewed the data and prepared soil profile drawings. These data were 
used to develop embankment design recommendations and to provide recommendations for additional 
exploratory studies. 
 
At PA 9, in addition to taking CPTs along the perimeter levees, URS performed in situ vane shear tests at 
selected locations in PA 9 to confirm the Nk value selected for analysis of the CPT field data. 
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3.3 DESIGN CONSIDERATIONS 
 
3.3.1 Selection of Preliminary Design Parameters 
 
The geotechnical design parameters used to develop the features presented in this feasibility study are 
varied and range from the traditional geotechnical parameters for shear strength and consolidation to 
hydraulic dredging parameters for bulking, retention, and shrinkage. These preliminary design parameters 
were developed from a variety of sources. These sources include contractor work by URS, recent in-
house experience with the construction of hydraulic levees, historic in-house data associated with dredged 
material placement, and local knowledge based on the historic performance of foundation soils at specific 
placement areas. 
 
3.3.2 Shoaling Rate 
 
Shoaling rates for the new channel were developed by the USACE’s Coastal and Hydraulics Laboratory 
at the Engineer Research and Development Center (ERDC) in Vicksburg, Mississippi (Reference 1). The 
study evaluated the existing reaches and calculated a combined shoaling factor. Initially this study was 
developed for a 50-foot-deep channel. Subsequently, the model was revised to reflect the 48-foot channel. 
The conclusion of this report states that annual dredging quantity in the SNWW would increase from an 
average of 8.1 million cubic yards (mcy) per year (407 mcy over 50 years) for the current 40-foot project 
to 13.0 mcy per year (650 mcy over 50 years) for the proposed 48-foot project. Three of the reaches 
evaluated are located offshore of the jetties. On average, the shoaling increased by 12 percent through the 
offshore portion of the waterway due primarily to the increased length of the offshore channel. These new 
shoaling rates have been used to develop the DMMP. 
 
3.3.3 Bulking Factor 
 
The bulking factor is a design parameter primarily used to develop levee height requirements. The factor 
is greater than 1 and generally ranges between 1.3 and 1.8. The bulking process is a result of the structural 
disruption of the dredged sediments and the entrainment of water into the sediments during dredging. 
This factor is traditionally defined as the ratio of the volume occupied by the dredged material in the 
placement area immediately after completion of dredging to the volume occupied by the same material in 
the channel before dredging. The amount of bulking varies with the type of sediments and the method of 
dredging (mechanical or hydraulic). Other factors that affect bulking include size of dredge, horsepower, 
and residence time in the pipeline. For dredged material placed in upland PAs or used in environmental 
features, dredging would be conducted hydraulically. Sediments include both new work clay and sand and 
maintenance materials. Some maintenance materials reportedly contain high sand contents. Generally, 
fine-grained sediments bulk more (exhibit a larger bulking factor) than coarse-grained sediments, and 
maintenance material bulks more than new work. Bulking occurs during dredging operations. Upon 
completion of pumping, the PA is dewatered, and shrinkage of the newly placed dredge sediments begins. 
The bulked volume in conjunction with freeboard and ponding requirements is calculated to develop the 
required levee crest elevations.  
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Bulking Factor = (Volume of Dredged Material in Placement Area) 
                      (Volume in Channel Prior to Dredging) 

 
Bulking factors for each reach of the SNWW were developed by URS using available geotechnical data 
from channel borings. These values ranged from 1.8 in the reaches where clay predominated to 1.2 where 
more coarse-grained materials were encountered.  
 
3.3.4 Retention Factor 
 
The retention factor is a parameter used in the design of hydraulically constructed levees. The design of 
hydraulic levees includes the evaluation of the dredge fill material, levee foundation, site conditions, and 
construction methods (type, size, and horsepower of dredge and pipeline distance). Typically, the design 
provides a final levee template that incorporates all of these components through the use of a retention 
factor. This factor quantifies the fact that not 100 percent of the actual dredged quantity would fall within 
the desired template while constructing a hydraulic levee. A retention factor is therefore calculated as the 
ratio of the apparent volume of retained fill divided by the actual dredged quantity: 

 
The retention factor is a single number that includes allowances for material degradation (i.e., clay ball 
degradation), displacement of the foundation, depth of water, amount and distribution of sand within the 
dredge cut, the dredging operation itself (type and size of dredge, number of booster pumps, type of 
cutterhead used, and control of the cutterhead), and relative difference between the design template and 
the natural angle of repose of the dredge fill. 
 
Hydraulic levees would be utilized on this project for restoration features. These marsh restoration 
features would be constructed in water depths ranging from 2 to 5 feet. Based on the District’s experience 
with similar construction projects on the Houston Ship Channel (Atkinson Island and Mid Bay Marsh), 
retention factors typically range from 0.35 to 0.45. These values have been incorporated into preliminary 
design for this plan. Additional design documentation for these features is located in Reference 2. During 
final design of these features, the retention factor along with other design parameters would be 
reevaluated using site-specific data. 
 
Hydraulic levees are also planned for new levee construction at new upland PAs. At these sites, the 
contractor is afforded more control over the dredge fill because the fill surface is emergent. The use of 
dredged material for construction can be maximized by building containment dikes (“potato rows”) on the 
inside of the PA and other specific construction methods. Similar projects have been constructed on the 
Houston Ship Channel (Spillman Island and Alexander Island). Retention factors ranging from 0.60 to 
0.70 are expected with these construction methods. 
 

Quantity) Dredging (Actual
Fill) Retained of (Volume=rFacto Retention  
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3.3.5 Shrinkage Factor 
 
The shrinkage factor is a design parameter used to evaluate the long-term storage capacity of a PA for use 
in developing the DMMP. It is defined as the ratio of the long-term volume occupied by a certain quantity 
of dredged material in a PA, to the volume it occupied in the channel prior to dredging. Generally, this 
parameter is associated with maintenance material, but may also be associated with new work material. 

 
This factor is a measure of volume change between dredging and the long-term condition. As with the 
retention factor, the shrinkage factor includes allowances for material type and degradation and the 
dredging operation (type and size of dredge, number of booster pumps, type of cutterhead used, and 
control of the cutterhead). Additional components that contribute to the shrinkage factor include 
consolidation of the dredged material due to self weight and desiccation, climatological conditions, and 
maintenance, including drainage and usage schedule of the PA. 
 
Determination of a precise shrinkage factor for a PA can be a complex task and includes modeling the 
consolidation and desiccation shrinkage based on laboratory test data, climatological data, drainage 
characteristics, and operational characteristics. Based on the District’s experience along the SNWW, 
shrinkage factors generally range from 0.55 to 0.75, with coarse-grained material exhibiting less 
shrinkage. Along this waterway, PAs usage varies from 2 to 6 years per cycle. In addition, very little 
maintenance (i.e., dewatering) is conducted on the PAs between cycles. 
 
3.3.6 Shear Strength 
 
Shear strength values have been considered for two conditions – channel slopes and placement area 
levee/embankment slopes. Where channel slopes would be excavated for the new template, long-term 
drained shear strengths are generally considered critical. Under these conditions, pore pressures increase 
with time as the excavated material is relieved of the overburden pressure. This increase in pore pressure 
reduces the shear strength of the soil. Where fill slopes are located such as the levee slopes of PAs, 
undrained shear strengths are generally considered critical. Under these conditions, pore pressures 
increase immediately as the foundation is surcharged with new fill. These elevated pore pressures reduce 
the shear strength of the soil. Overtime, pore pressures dissipate and some strength gain is realized. 
 
Shear strength values and associated design parameters for channel slopes were derived from available 
subsurface data including boring logs and laboratory test data. Reviewed data included borings along the 
project channels, borings taken in association with referenced bridges, and borings taken in association 
with the hurricane flood protection levee. 
 

Dredging) Before Channel-Occupied (Volume
)Area Disposal-Volume term-Long(=Factor Shrinkage  
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Shear strength values and associated design parameters for new levee and raised levee construction at the 
upland placement areas were developed by URS from newly taken CPTs. These data included undrained 
shear strengths of the cohesive soils. The undrained shear strength assigned to the weakest layers was 500 
pounds per square foot (psf). The shear strength of the dredged material was assumed to increase slightly 
with consolidation over time. An undrained shear strength of 700 psf was assigned to the partially 
consolidated dredged material. The shear strength of cohesionless soils was based on correlations between 
CPT data and angle of internal friction. 
 
Recommendations for additional investigation and laboratory testing to refine the design parameters are 
provided in Section 6.0. 
 
3.3.7 Consolidation 
 
Foundation settlement was evaluated where new levees are planned and where levee raisings are planned. 
Settlement characteristics of the founding soils were developed from existing subsurface data including 
soil borings and CPT. Laboratory consolidation tests were not available for review, and no additional 
testing was conducted for this study. Instead, empirical consolidation relationships were used based on the 
observed consistency of field samples taken from soil borings and CPT results. 
 
3.4 SLOPE STABILITY AND FOUNDATION CONCERNS 
 
3.4.1 Project Channels 
 
The project channels include three reaches offshore of the Sabine Pass jetties and five reaches onshore 
(Table 3-1). The existing slope angles for these channels would be maintained for the proposed 
deepening. Slope angles of 1V:2H are utilized on all channels except the Sabine Pass Outerbar where the 
slope angle is 1V:10H. The onshore reaches would be deepened to 48 feet while the offshore reaches 
would be deepened to 50 feet. The channel bottom width onshore is generally 400 feet, while the offshore 
is generally 700 feet. 
 

Table 3-1: Reaches of the SNWW 
Offshore Reaches Onshore Reaches 

Extension Channel Sabine Pass Channel 
Sabine Bank Channel Port Arthur Canal (including Taylor Bayou) 
Sabine Pass Outerbar Sabine-Neches Canal 
Sabine Pass Jetty Channel Neches River Channel 

 
Channel slope stability was generally evaluated by assessing the performance of the existing slopes 
through a review of the historic cross-section surveys. In addition, four typical channel cross sections 
were analyzed by URS for stability using the Modified Bishop analyses. Results indicated that adequate 
factors of safety were maintained with the deepened channel. 
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A more detailed analysis of channel slope stability was conducted at the Port Arthur Canal along the 
alignment of the hurricane flood protection levee as well as at the three bridge locations. This effort was 
conducted to determine the potential impact to these structures as a result of the channel deepening. These 
studies revealed potential impacts with corresponding resolutions (Table 3-2). 
 

Table 3-2: Channel Stability Analyses along the SNWW 
Location (owner) Potential Impacts Resolution 

Port Arthur Canal and Sabine-
Neches Canal – Hurricane Flood 
Protection Levee (JCND) 

Destabilize toe of hurricane flood 
protection levee 

Shift channel centerline away from 
the hurricane flood protection levee 

Sabine-Neches Canal – Martin 
Luther King Bridge (TxDOT) 

Undermine pile cap and expose tops 
of piles, destabilize pier protection 

Construction of a hardened structure 
to protect pile cap, piles, and piers 

Neches River Channel – Rainbow 
Bridge (TxDOT) 

Destabilize pier protection system Replace pier protection system 

Neches River Channel – Memorial 
Bridge (TxDOT) 

Destabilize pier protection system Replace pier protection system 

JCND = Jefferson County Navigation District 
TxDOT = Texas Department of Transportation 
 
3.4.2 Upland Placement Areas 
 
Both existing and new upland PAs would be used for this project. At the existing PAs, new work material 
would be hydraulically stockpiled on the interior of the levees. Conceptually, this footprint would extend 
100 feet into the interior and would ring the levee. It is expected that this stockpile would displace soft 
material at the interior toe of the levee and create a stable platform on which to build subsequent levees. 
At the new PAs, the new work material would be used to build hydraulic levees.  
 
After initial construction with new work material, the design of the final perimeter levee heights for the 
next 50 years was guided by the results of the slope stability analyses. Conceptual level slope stability 
analyses were conducted by URS on the levees using the Modified Bishop Method and Taylor’s Charts. 
Analyses were performed for each PA for the selected critical section using the least favorable subsurface 
conditions encountered at the PA as determined using the CPT data. The overall stability of the PAs (i.e., 
limit on the maximum height) was controlled by the strength of the partially consolidated dredged 
material. The levee setbacks were selected to provide an acceptable factor of safety with the anticipated 
relatively low strength of the partially consolidated dredged material. The minimum factor of safety was 
found to be 1.2 for slope heights not greater than 40 feet above the levee toe for the design slopes and 
assumed setbacks. Details of the conceptual level design by URS are included in references 7 and 8. 
More-detailed analyses of the various slope configurations would be required during subsequent levee-
raising efforts for specific PAs. 
 
3.4.3 Beneficial Use Features 
 
Preliminary design for the marsh restoration and nourishment sites was conducted in part by Turner 
Collie & Braden, Inc. (TCB) in the document Feasibility Site Concept Beneficial Use (BU) Development 
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(Reference 2). The preliminary design of other features was conducted in-house. These designs included 
hydraulic levees, foundations, consolidation of dredged material, and slope stability. More-detailed design 
would be conducted during subsequent PED phases. 
 
3.5 CONSTRUCTION ISSUES 
 
3.5.1 Excavatability 
 
The proposed deepening would entail dredging new work material. Based on a review of limited existing 
soil boring data taken during previous studies, the material would range from very soft to very stiff clay 
and loose to dense sand. No rock is anticipated, and blasting would not be required. 
 
The new work material within the offshore reaches (sections 4, 3, 2, 1, A, B, C, and D) and the adjacent 
onshore reaches (sections 5 and 6) is likely to consist of soft clay with pockets of stiff clay; some sand 
may also be encountered. These reaches are located within the historic delta region of the Sabine and 
Neches rivers where normally lightly consolidated materials are located. Materials in this area may vary 
as the rivers’ discharge meandered through the deltaic zone.  
 
New work material within the onshore reaches of the Port Arthur and Sabine-Neches canals (sections 7, 8, 
9, 10, and 11) would likely consist of stiff to very stiff clay. These canals are part of the land cut section 
of the waterway and were excavated early in the 1900s. The stiff consistency of this material can be 
attributed to the overconsolidation pressure of the material that was previously overlying the canals. 
 
The Neches River channel is located upstream of the Sabine-Neches canal. The new work material for 
this channel (sections 12 through 18) would vary from stiff clay to medium-dense sand. These variations 
can be attributed to the historic meanders of the Neches River, although sand was more abundant in the 
soil samples from sections 15, 16, 17, and 18. In addition, historically the maintenance dredging in these 
reaches has contained significant amounts of sand. 
 
Throughout the waterway, conventional dredging plants may be used to dredge the new work material. 
However, in order to achieve the intent of the new work plan (i.e., stockpiling new work material and 
building hydraulic levees), larger dredge plants may be required to minimize the degradation of the stiff 
new work clays (clayball material). Plant requirements should be clearly identified in developing the 
plans and specifications for this work,  
 
3.5.2 Dredging 
 
Channel deepening of the inshore reaches would require the use of pipeline dredges of sufficient size and 
power to pump the new work materials to the areas indicated. Hopper dredges would be required to utilize 
the offshore sites and be capable of precise location and discharge of loads. The dredging industry has 
sufficient plants and equipment available in this area as well as nationwide, which are capable of 
accomplishing this work.  
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3.5.3 Placement Areas 
 
Much of the material to be dredged would consist of new work material made up of stiff clays. The 
current New Work Plan (NWP) identifies this material to be used for levee building, where new levees 
are planned, or stockpiling, where existing levees are located. In stockpiled areas, the objective is to use 
the more dense new work material to displace soft foundation materials on the inside of the existing 
levees and thus provide a stable platform for future levee raisings. In addition, material may be borrowed 
from these stockpiles for future levee raisings. 
 
While the new work material is expected to “stack” and be well suited for the proposed construction, 
specific dredging practices may influence the degree to which this material would stack. These practices 
include pump distances, pump size, and handling of the pump discharge. Pipeline dredges of sufficient 
size and power would be required to excavate and pump new work dredged materials to and completely 
along the inside of the existing perimeter levees. This would require constant monitoring and moving of 
the dredge discharge pipeline to ensure that the new work clay balls are properly stacked and placed in the 
proper location along the existing levee side slopes. Stacking of materials in discharge corridors, other 
than along the inside slopes of existing levees, may be allowed, depending upon the final preparation of 
plans and specifications for each particular reach of channel. Care should be taken in developing the first 
contract, plans and specifications to dredge new work material, to ensure that the intent of the NWP is 
achieved. 
 
3.5.4 Beneficial Use Features 
 
The BU features have been identified to receive both new work and maintenance dredged materials and 
are further discussed in Section 5.3. With the exception of the shoreline nourishment features, these sites 
would generally consist of marsh restoration features. Difficult access (shallow water) would be 
encountered at each of the marsh restoration sites. These conditions would require the use of marsh 
buggies, marsh backhoes, and other pontoon-supported equipment, and airboats. In addition, the size of 
the sites may limit discharge capacity into the feature and may require the use of Y-valves for more-
efficient use of the dredge plant. 
 
4.0 DREDGED MATERIAL QUANTITIES 
 
4.1 NEW WORK MATERIAL 
 
The term “new work” refers to the material below the existing SNWW channel template, which is needed 
to be removed in order to increase to the new project depth. The new work material quantities were 
calculated using an overall surface *.dtm generated by the InRoads software program. The surface is a 3-
D representation of the existing SNWW conditions for year 2001. Each channel or canal had its own 
existing template and proposed template. The template is a trapezoidal shape, defined by bottom width 
and side slopes. The proposed new template also includes a standard advance maintenance and the 
allowable overdepth per reach (see tables 4-2 and 4-3). New work material volumes by reach and 
proposed PAs (the NWP) are presented in Table 4-1.  
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Table 4-1: Sabine-Neches Waterway New Work Dredging Volumes for 48-foot LPP Plan 

Channel 
Reach Channel Stations 

Water-
way 

Section 

New Work 
Material 

Designation 
(PA #) 

Estimated 
New Work 
Dredged 
Volume 
(cy)** 

New Work 
Material 

Construction 

New Work 
Material 
Used for 

Construction 
Volume (cy) 

New Work 
Material 
Surplus 
Volume 

(cy) 

Sabine Bank 
Extension 

165+443 to 150+500 D PA D 
(Offshore) 4,201,000 0 0 0 

150+500 to 132+000 C PA C 
(Offshore) 4,648,000 0 0 0 

132+000 to 114+000 B PA B 
(Offshore) 5,296,000 0 0 0 

114+000 to 95+734 A PA A 
(Offshore) 4,592,000 0 0 0 

Sabine Bank 
Channel 95+734 to 53+000 1 PA 1 

(Offshore) 8,307,000 0 0 0 

Sabine Bank 
Channel 53+000 to 18+000 2 PA 2 

(Offshore) 7,051,000 0 0 0 

Sabine Outer 
Bar 18+000 to 0+000 3 PA 3 

(Offshore) 5,923,000 0 0 0 

Sabine Pass 
Jetty Channel –214+88 to 0+00 4 PA 4 

(Offshore) 2,978,000 0 0 0 

Sabine Pass 
Channel 

0+00 to 186+00 5 PA 5 (N and 
S) 4,459,600 

New Hyd. 
levee; 400-
foot-wide 
stockpile 

3,104,137 

1,093,593 

186+00 - 296+25 6 
PA 5B 

2,263,600 

400-foot-wide 
stockpile 1,362,051 

PA 5C 400-foot-wide 
stockpile 1,163,419 

Port Arthur 
Canal 

0+00 –240+00 7 PA 8 5,026,000 
Stockpile in 
southwest 

corner 
5,026,000 0 

240+00 –325+84 8* 

PA 8 

6,671,200 

Stockpile in 
southwest 

corner 
3,691,462 0 

PA 9A 300-foot-wide 
stockpile 1,898,938 0 

PA 9B 300-foot-wide 
stockpile 1,080,800 0 

Sabine-Neches 
Canal 

0+00 –170+00 9 PA 8 3,092,000 
Stockpile in 

northeast 
corner 

3,092,000 0 

170+00 –592+91 10 PA 11 8,852,000 
Stockpile in 
north-south 

corners 
8,852,000 0 
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Table 4-1 Cont’d) 

Channel 
Reach Channel Stations 

Water-
way 

Section 

New Work 
Material 

Designation 
(PA #) 

Estimated 
New Work 
Dredged 
Volume 
(cy)** 

New Work 
Material 

Construction 

New Work 
Material 
Used for 

Construction 
Volume (cy) 

New Work 
Material 
Surplus 
Volume 

(cy) 

Neches River 
Channel 

0+00 –96+00 11 
PA 12 

1,628,000 

100-foot-wide 
stockpile 1,135,764 

74,029 
PA 13 100-foot-wide 

stockpile 418,207 

96+00 – 58+00 12 
PA 14 

698,000 

100-foot-wide 
stockpile 522,906 

–362,241 
PA 16 100-foot-wide 

stockpile 537,335 

158+00 –292+00 13 Old River 
Cove 4,882,000 Marsh BU 4,882,000 0 

292+00 –422+00 14 

PA 18 

2,213,000 

100-foot-wide 
stockpile 870,540 

49,295 PA 18A New Hyd. 
Levee 293,164 

Bessie 
Heights East 

Hyd. Levee 
System 1,000,000 

422+00 –522+00 15 
PA 21 

2,611,000 

100-foot-wide 
stockpile 397,094 

1,739,808 
PA 23A New Hyd. 

Levee 474,098 

522+00 –716+00 16 

PA 23 

4,106,000 

400-foot-wide 
stockpile 2,728,359 

–1,766,345 PA 24 400-foot-wide 
stockpile 2,624,786 

PA 24A New Hyd. 
Levee 519,200 

716+00 –776+00 17 

PA 25 

2,845,000 

200-foot-wide 
stockpile 2,263,932 

20,009 
PA 25A 

New Hyd.  
levee; 100-
foot-wide 
stockpile 

561,060 

776+00 –980+00 18 

PA 25 

6,031,000 

50-foot-wide 
stockpile 421,197 

96,456 

Rose City 
East 

Hyd. Levee 
System 2,100,000 

PA 26 400-foot-wide 
stockpile 1,773,504 

PA 27A 200-foot-wide 
stockpile 1,136,376 

PA 27C New Hyd. 
Levee 283,200 

PA 27D New Hyd. 
Levee 220,267 

TOTAL 98,374,400 54,433,796 944,604 
* Includes new material from Taylor Bayou (0+00 to 106+25). 
** New work volume includes additional advance maintenance and proposed allowable overdepth. 
cy = cubic yards 
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4.1.1 Allowable Overdepth 
 
An additional depth outside the required template is permitted to allow for inaccuracies in the dredging 
process. District commanders may dredge a maximum of 2 feet of Allowable Overdepth in coastal 
regions and in inland navigation channels (ER 1130-2-520, Navigation and Dredging Operations and 
Maintenance Policies). This additional dredging allowance is referred to as a dredging tolerance, or 
allowable overdepth (AO). AO for the existing channel varied between 1 to 2 feet AO. The proposed 
waterway would contain a constant 2 feet AO for the entire length (Table 4-2). 
 

Table 4-2: Allowable Overdepth 
Existing and Proposed Project 

Reach 

Allowable 
Overdepth 

(feet) 
Port Arthur Canal (0+00 to 290+00) 1 
Increase to Maximum Allowed 2 
**Port Arthur Junction 1 
Increase to Maximum Allowed 2 
Taylor Bayou (Old Sta. 31+10 to 106+25, East TB) 1 
Increase to Maximum Allowed 2 
Sabine-Neches Canal (40+00 to 592+91) 1 
Increase to Maximum Allowed 2 
Neches River Channel (0+00 to 320+00) 1 
Increase to Maximum Allowed 2 
Neches River Channel (320+00 to 440+00) 1 
Increase to Maximum Allowed 2 
Neches River Channel (440+00 to 978+00) 1 
Increase to Maximum Allowed 2 

 
 
4.1.2 Nonpay Dredging 
 
Nonpay dredging is dredging outside the paid AO that may occur due to such factors as unanticipated 
variations in substrate, incidental removal of submerged obstructions, or wind or wave conditions. There 
are no known conditions that would indicate that the contractor would require extensive dredging in order 
to cut the proposed channel template. Thus, the new work volumes do not include any estimate of nonpay 
dredging. 
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4.1.3 Non-Federal Dredging  
 
Non-Federal dredging quantities vary throughout the length of the waterway. The non-Federal dredging 
quantity is defined as a percentage of the channel shoaling by section and can be found in Table 4-4. The 
non-Federal dredge quantity is based on the presence of local facilities, the square foot of the facility, and 
the shoaling rate of the adjacent channel. The non-Federal quantities are placed within the same 
placement areas for each waterway section. 
 
4.2 ADVANCE MAINTENANCE 
 
Advance maintenance consists of dredging deeper than the authorized channel dimensions so as to 
provide for the accumulation and storage of sediment. In critical and fast-shoaling areas, it is required to 
avoid frequent redredging and to ensure the reliability and least overall cost for operating and maintaining 
the project authorized dimensions. The existing waterway has a constant 2-foot advance maintenance 
depth. This 2 feet was assumed to remain constant for the proposed waterway. During Detail Design 
phase, an analysis was performed to determine any changes in dredging frequencies and if additional 
advance maintenance would be required. Results are presented in Table 4-3. The proposed advance 
maintenance increase is the depth that is required to allow the proposed dredging frequency to remain the 
same as the existing operations and maintenance (O&M) dredging frequency. The additional advance 
maintenance depths were calculated in 1-foot increments. Channel sections with additional advance 
maintenance are indicated on project maps in the Final Feasibility Report (FFR) and Final Environmental 
Impact Statement (FEIS). 
 

Table 4-3: Advance Maintenance Increase 

Reach 

Proposed Advance 
Maintenance  

Increase (feet) 
Outer Bar Channel (0+000 to 18+000) 4 
Sabine Pass Channel (100+00 to 180+00) 3 
Sabine Pass Channel (230+00 to 295+61) 3 
Port Arthur Canal (0+00 to 290+00) 1 
Port Arthur Junction (as shown on Drawing C-21 in Appendix 1 of the FFR) 5 
Port Arthur Canal (285+00 to 326+37) 5 
Taylor Bayou (0+00 to 41+20) 5 
Taylor Bayou (31+10 to 106+25, East TB) 1 
Sabine-Neches Canal (0+00 to 40+00) 5 
Sabine-Neches Canal (31+10 to 592+91) 1 
Neches River Channel (440+00 to 978+00) 2 
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4.3 DREDGING FREQUENCY 
 
The dredging cycle of a channel is defined by the average number of years between the O&M dredging 
operations for a historical period. Each channel or canal has its own dredging frequency. The District’s 
Dredging Histories Database Management System contains this information and is the major source for 
the ERDC’s Sediment Study Report. It is assumed for the new project that the dredging frequency would 
not change and would remain identical to the existing waterway. Frequency can be seen in Table 4-4. 
 
4.4 PREDICTED SHOALING RATES 
 
The ERDC desktop study for sediment-related problems produced shoaling estimates based on entire 
reaches, and therefore, an adjustment was performed on the ERDC values to approximate the dredging 
sections. These dredging sections are defined as shown on the drawings and used for the construction 
contracts. Using the assumption that shoaling is linearly uniform along the width and length, the breakout 
for the following dredging sections can be seen in Table 4-4.  
 

Table 4-4: Predicted Shoaling by Dredging Sections 

Channel 
Dredging 
Section Channel Reach 

O&M Cycle 
Frequency 

(year) 
Shoaling 
cy/Cycle 

Extension Channel Section D Stations 165+443 to 150+500 4 647,000 
Extension Channel Section C Stations 150+500 to 132+000 4 801,000 
Extension Channel Section B Stations 132+000 to 114+000 4 779,000 
Extension Channel Section A Stations 114+000 to 95+734 4 791,000 
Sabine Bank Channel Section 1 Stations 95+734 to 53+000 4 1,508,000 
Sabine Bank Channel Section 2 Stations 53+000 to 18+000 2 3,131,000 
Sabine Pass Outer Bar 
Channel 

Section 3 Stations 18+000 to 0+000 1 4,473,000 

Sabine Pass Jetty Channel Section 4 Stations –214+88 to 0+00 5 1,352,700 
Sabine Pass Channel Section 5 Stations 0+00 to 186+00 3 977,900 
Sabine Pass Channel Section 6 Stations 186+00 to 296+25 3 1,195, 900 
Port Arthur Canal Section 7 Stations 0+00 to 240+00 3 2,148,600 
Port Arthur Canal Section 8* Stations 240+00 to 325+84 2 1,939,200 
Sabine-Neches Canal Section 9 Stations 0+00 to 170+00 2 1,317,000 
Sabine-Neches Canal Section 10 Stations 170+00 to 592+91 4 3,360,000 
Neches River Channel Section 11 Stations 0+00 to 96+00 3 669,000 
Neches River Channel Section 12 Stations 96+00 to 158+00 3 432,000 
Neches River Channel Section 13 Stations 158+00 to 292+00 3 934,000 
Neches River Channel Section 14 Stations 292+00 to 422+00 4 1,163,000 
Neches River Channel Section 15 Stations 422+00 to 522+00 6 965,000 
Neches River Channel Section 16 Stations 522+00 to 716+00 6 1,879,000 
Neches River Channel Section 17 Stations 716+00 to 776+00 6 581,000 
Neches River Channel Section 18 Stations 776+00 to 980+00 6 1,976, 100 

* Includes maintenance material from Taylor Bayou (0+00 to 106+25) 
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4.5 MAINTENANCE MATERIAL QUANTITIES 
 
The 50-year quantity of maintenance material from the existing 40-foot project (Base Plan) is shown in 
Table 4-5. The quantity was determined by reviewing maintenance dredging contracts within the project 
area and applying an incremental increase due to the widened and deepened channel. Shoaling rates for 
the new channel were developed by the USACE’s Coastal and Hydraulics Laboratory at ERDC in 
Vicksburg, Mississippi. Annual dredging quantity in the SNWW would increase from an average of 8.1 
mcy for the current 40-foot project to 13.0 mcy for the proposed 48-foot project. Material from four of the 
reaches (Extension Channel, Sabine Bank Channel, Sabine Pass Outerbar Channel, and Sabine Pass Jetty 
Channel) is placed in Ocean Dredged Material Disposal Sites (ODMDSs) as described in Appendix B of 
the FEIS. The Environmental Protection Agency (EPA) must formally designate the four new ODMDSs 
A–D located along the Extension Channel before they can be used. The Gulf Shore BU Feature (TX 8-11 
and LA 5-2/6-2), described in Section 5.3.5 below, was found to be a least-cost measure and it has been 
adopted for Section 5 of the Sabine Pass Channel as part of the Base Plan.  
 

Table 4-5: 50-Year Maintenance Material Base Plan * 
(SNWW FEASIBILITY STUDY – 40-FOOT PROJECT – 50-YEAR DMMP SUMMARY) 

Channel Reach Channel Stations W
at

er
w

ay
 

Se
ct

io
n 

Maintenance  Material 
Designation 

Dredge 
Quantity 
Per Cycle 

(cy) Y
ea

rs
 P

er
 

C
yc

le
 

T
ot

al
  #

 o
f 

C
yc

le
s 50-Year 

Maintenance 
Material 
Total (cy) 

Sabine Bank Channel 
95+734 to 53+000 1 PA 1 (Offshore) 2,512,800 4 12 30,153,600 
53+000 to 18+000 2 PA 2 (Offshore) 1,722,400 4 12 20,668,800 

Sabine Pass Outer 
Bar Jetty Channel 18+000 to 0+000 3 PA 3 (Offshore) 1,993,700 1 50 99,685,000 

Sabine Pass Jetty 
Channel -215+59 to 0+00 4 PA 4 (Offshore) 1,138,500 5 10 11,385,000 

Sabine Pass Channel 
0+00 to 186+00 5 TX 8-11/LA 5-1/6-1 860,100 3 16 13,761,600 

186+00 to 295+60 6 PAs 5N, 5S, 5B, and 5C 1,051,800 3 16 16,828,800 

Port Arthur Canal* 

0+00 to 240+00 7 PA 8 1,890,000 3 16 30,240,000 

240+00 to 326+24 8* PAs 8, 9, and 9A 2,320,350 2 25 58,008,750 

Sabine-Neches Canal 
0+00 to 170+00 9 PA 8 1,219,400 2 25 30,485,000 

170+00 to 592+91 10 PA 11 2,469,800 4 12 29,637,600 

Neches River 
Channel 

0+00 to 96+00 11 PAs 12 and 13 491,900 3 16 7,870,400 
96+00 to 158+00 12 PA 14 317,700 3 16 5,083,200 

158+00 to 292+00 13 PAs 16 and 17 686,600 3 16 10,985,600 
292+00 to 422+00 14 PAs 18 and 21 855,000 4 12 10,260,000 
422+00 to 522+00 15 PAs 23 and 23A 771,900 6 8 6,175,200 
522+00 to 716+00 16 PA 24  1,380,500 6 8 11,044,000 
716+00 to 776+00 17 PA 25 426,960 6 8 3,415,680 

776+00 to 980+00 18 PAs 25A, 26, 27A, 27C, 
and 27D 1,451,700 6 8 11,613,600 

       407,301,830
* Includes maintenance material from Taylor Bayou (0+00 to 106+25) 
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5.0 BORROW AND DISPOSAL 
 
5.1 PLANNING CONSIDERATIONS 
 
The utilization of borrow material and the handling of disposal material is a complex order for this project 
given the length of channel improvements. An ODMDS plan (Appendix B of the SNWW CIP FEIS) and 
this DMMP, which includes an NWP, have been developed to evaluate borrow and disposal requirements 
of specific areas of the SNWW. These reports contain detailed information pertaining to the utilization of 
specific existing and new PAs and BU sites for disposal of new work and maintenance dredged materials. 
The placement plan for both new work and maintenance material incorporates BU features developed by 
the ICT. Engineering criteria for the DMMP were developed in-house with preliminary reports provided 
by URS (Reference 7). The ODMDS was developed by PBS&J in consultation with the EPA (Reference 
3). These plans are summarized in the following paragraphs. Additional details can be found under the 
separate reports. 
 
The dredged material management along the waterway was evaluated based on 22 subdivided dredging 
sections. Eight of these sections were located offshore, with Section 4 located at the jetties; sections 3, 2, 
and 1 extending offshore, within the existing channel alignment; and sections A, B, C, and D extending 
farther offshore as the channel extension for the new alignment. Fourteen dredging sections were located 
inshore, with Section 5 located upstream of the jetties and Section 18 located at the terminus of the 
channel at the Beaumont turning basin on the Neches River. These dredging sections were developed for 
cost-estimating purposes for the feasibility report. Actual dredging sections for contracting and 
construction may vary from those identified herein. 
 
In developing the DMMP, a variety of uses, including BU, construction material, and general disposal, 
were identified for the dredged material, both new work and maintenance. Preliminary designs, including 
assumptions and quantity requirements, for these uses are presented in the DMMP and NWP and are 
briefly discussed in the following paragraphs. The following prioritization of use was established in 
developing these documents: 
 
 a. New hydraulic levee construction (highest priority for new work material) 
 b. Stockpile new work material along the interior of existing levees for future use 
 c. Feature construction with new work material for restoration and nourishment sites 
 d. Feature construction with maintenance material for restoration and nourishment sites 
 e. General disposal of new work and maintenance material in PAs 
 
The DMMP was used as a tool to distribute both the new work and maintenance dredged materials for the 
feasibility level design. It is anticipated that this plan would change over time as scope or priorities 
change and contracts are developed. These changes would be reflected during subsequent PED phases, 
and changes affecting restoration and nourishment sites would be coordinated with the SNWW ICT to 
ensure that obligations for offsetting impacts of the SNWW CIP are fulfilled.  
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5.2 UPLAND PLACEMENT AREA DESCRIPTIONS 
 
5.2.1 Overview 
 
Sixteen PAs would be used to manage the CIP’s new work and maintenance material over a 50-year 
period, as described below (Table 5-1). Twelve of these PAs are currently used on the existing project, 
while four PAs are currently not utilized. Two new cells to two existing PAs have been proposed. All of 
these PAs are confined with water discharged from the sites via controlled spillways to outfall canals and 
drainage ditches. For purposes of the DMMP and NWP, the levees are assumed to be at least 4 feet above 
the interior PA elevation. At some PAs, a stockpile of new work material would ring the perimeter levees 
as identified in the NWP. The stockpile would serve to displace soft material and provide a stable 
platform for future levee raising and also provide a material source for subsequent levee construction. 
Where new levees are required, hydraulic fill levees would be constructed using new work material. The 
design template provides a 100-foot crest width, 3:1 side slopes, and a 6-foot height. The locations of 
each PA are shown on drawings C-1 through C-12 in Appendix 1 of the FFR. 
 

Table 5-1: Upland PAs for the Preferred Alternative 
Placement 

Area Additional Cell(s) 
Size  

(acres) Associated Waterway Section 
5  N&S, B, C 957 Sabine Pass Channel (sections 5 and 6) 

8   3,570 
Port Arthur Canal (sections 7 and 8) 
Sabine-Neches Canal (Section 9) 

9A B  481 Port Arthur Canal (Section 8) 
11   2,170 Sabine-Neches Canal (Section 10) 
12   355 Neches River Channel (Section 11) 
13   140 Neches River Channel (Section 11) 
14   255 Neches River Channel (Section 12) 
16   288 Neches River Channel (Section 12) 
17  316 Not Used for New Work Material 
18 A* 432 Neches River Channel (Section 14) 
21  135 Neches River Channel (Section 15) 
23 A** 773 Neches River Channel (sections 15 and 16) 
24 A* 575 Neches River Channel (Section 16) 
25 A** 820 Neches River Channel (sections 17 and 18) 
26**  192 Neches River Channel (Section 18) 
27 A, C**D** 270 Neches River Channel (Section 18) 

* = New cells (PAs 18A and 24A), which enlarge existing PAs.  
** = Undeveloped cells. 

 
5.2.2 Levee Raisings 
 
The DMMP identifies periodic levee raisings to accommodate specific dredging cycles. A summary of 
the final levee design elevations as developed for this study is presented in Table 5-2. A 4-foot levee 
raising was assumed for each increment. A maximum levee height of 40 feet was assumed. In developing 
the DMMP, minimal interior dewatering was assumed. Current practice along the waterway does not 
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include the use of an active Disposal Area Management Plan (DAMP) in which trenching and dewatering 
methods are used to maximize shrinkage and thus maximize storage within upland PAs. Therefore, in 
developing the DMMP for the FFR, it was assumed that DAMPing would not be used. A shrinkage factor 
of 0.80 was assumed. A regular DAMPing program has been used at select PAs on the Houston Ship 
Channel, and shrinkage factors on the order of 0.45 have been achieved.  
 

Table 5-2: Summary of Placement Area Final Levee Design Elevations  

PA 

Assumed 
Initial 

Elevation 
Final 

Elevation 
Change in 

Height (feet) PA 

Assumed 
Initial 

Elevation 
Final 

Elevation 

Change in 
Height 
(feet) 

5 18 26 8 18A 8 16 8 
8 15 27 12 21 12.5 20.5 8 

9A 28 36 8 23 13.5 17.5 4 
9B 17 41 24 23A 8 12 4 
11 11.2 23.2 12 24 14 30 16 
12 24 28 4 24A 8 28 20 
13 19 31 12 25 10 12 4 
14 13 29 16 25A 8 20 12 
16 13.5 21.5 8 26 22 34 12 
17 12 20 8 27A 26 38 12 
18 16 20 4 27C, D 17 29 12 

 
5.2.3 LPP Placement Plans 
 
The new work material placement plan for the proposed 48-foot LPP is summarized in Table 4.1. The 50-
year plan for maintenance material is presented in Table 5-3. Plans for the utilization of each PA through 
the project life are provided below. The 16 existing PAs that would be used for the CIP are discussed 
first, followed by the two new PA cells that would be needed. The location of each PA is shown on 
drawings C-1 through C-12 in Appendix 1 of the FFR. 
 
5.2.3.1 Existing PAs 
 
Placement Area Nos. 5 (N&S), 5B, and 5C  
PAs 5 (N&S), 5B, and 5C are located on the east bank of the Sabine Pass Channel in Louisiana and 
bounded on the east by State Highway (SH) 82 and marshlands. The combined PA consists of 957 acres 
and is located as shown on Drawing C-09 in Appendix 1 of the FFR. The area would be used to place 
approximately 6.7 mcy of new work dredged materials from the sections 5 and 6 of the Sabine Pass 
Channel portion of the project. Prior to placement of new work material, the existing levees would be 
initially raised about 5.5 feet and new levee reaches raised to match raised existing levees, to 
accommodate estimated new work capacity needs beyond the capacity anticipated to be available from 
existing levee conditions. Three cells would have all the new work materials stockpiled, with berm widths 
approximately 400 feet placed around the existing levee perimeter. The PA would be used for 
management of maintenance material from Section 6. The maintenance material from Section 5 would be 
used for environmental features TX 8-11 and LA 5-2/6-2 – Shoreline Nourishment. 
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Table 5-3: SNWW Feasibility Study – 48-Foot Project – 50-Year DMMP Summary 

Channel 
Reach 

Channel 
Stations W

at
er

w
ay

 
Se

ct
io

n 

Maintenance 
Material 

Designation 

Dredge 
Quantity 
Per Cycle 

(cy) Y
ea

rs
 P

er
 

C
yc

le
T

ot
al

 #
 o

f 
C

yc
le

s

Dredging Cycle 
Schedule 

50-Year 
Maintenance 

Material 
Total (cy) 

Sabine 
Bank 
Extension 

165+443 to 
150+500 D PA D (Offshore) 647,000 4 12 Cycle 1 through 12 7,764,000 

150+500 to 
132+000 C PA C (Offshore) 801,000 4 12 Cycle 1 through 12 9,612,000 

132+000 to 
114+000 B PA B (Offshore) 779,000 4 12 Cycle 1 through 12 9,348,000 

114+000 to 
95+734 A PA A (Offshore) 791,000 4 12 Cycle 1 through 12 9,492,000 

Sabine 
Bank 
Channel 

95+734 to 
53+000 1 PA 1 (Offshore) 1,508,000 4 12 Cycle 1 through 12 18,096,000 

Sabine 
Bank 
Channel 

53+000 to 
18+000 2 PA 2 (Offshore) 3,131,000 2 25 Cycle 1 through 25 78,275,000 

Sabine 
Outer Bar 

18+000 to 
0+000 3 PA 3 (Offshore) 4,473,000 1 50 Cycle 1 through 50 223,650,000 

Sabine Pass 
Jetty 
Channel 

–214+88 to 
0+00 4 PA 4 (Offshore) 1,352,700 5 10 Cycle 1 through 10 13,527,000 

Sabine Pass 
Channel 

0+00 – 186+00 5 
TX 8-11, 

977,900 3 16 

LA 5-6: Cycle 1, 3, 
5, 7, 9, 11, 13, 15 

15,646,400 
LA 5-6 TX 8-11: Cycle 2, 4, 

6, 8, 10, 12, 14, 16 

186+00 – 
296+25 6 

PA 5 (N and S) 824,700 3 16 Cycle 1 through 16 13,195,200 
PA 5B 243,700 3 16 Cycle 1 through 16 3,899,200 
PA 5C 127,500 3 16 Cycle 1 through 16 2,040,000 

Port Arthur 
Canal 

0+00 – 240+00 7 PA 8 2,148,600 3 16 Cycle 1 through16 34,377,600 

240+00 – 
325+84 8* 

PA 8 1,317,000 2 25 Cycle 1 through 25 32,925,000 
PA 9A 311,100 2 25 Cycle 1 through 25 7,777,500 
PA 9B 311,100 2 25 Cycle 1 through 25 7,777,500 

Sabine-
Neches 
Canal 

0+00 – 170+00 9 PA 8 1,317,000 2 25 Cycle 1 through 25 32,925,000 
170+00 – 
592+91 10 PA 11 3,360,000 4 12 Cycle 1 through 12 40,320,000 
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Table 5-3 (Cont’d) 

Channel 
Reach 

Channel 
Stations W

at
er

w
ay

 
Se

ct
io

n 

Maintenance 
Material 

Designation 

Dredge 
Quantity 
Per Cycle 

(cy) Y
ea

rs
 P

er
 

C
yc

le
 

T
ot

al
 #

 o
f 

C
yc

le
s 

Dredging Cycle 
Schedule 

50-Year 
Maintenance 

Material 
Total (cy) 

Neches 
River 
Channel 

0+00 – 96+00 11 
PA 12 479,800 3 16 Cycle 1 through 16 7,676,800 
PA 13 189,200 3 16 Cycle 1 through 16 3,027,200 

96+00 – 
158+00 12 PA 14 432,000 3 16 Cycle 1 through 16 6,912,000 

158+00 – 
292+00 13 

PA 16, TX 5-2 445,400 3 16 TX 5-2: Cycle 1–9, 
PA 16: Cycle 10–16 7,126,400 

PA 17, TX 5-2 488,600 3 16 TX 5-2: Cycle 1–9, 
PA 17: Cycle 10–16 7,817,600 

292+00 – 
422+00 14 

PA 18, TX 5-2 740,500 4 12 TX 5-2: Cycle 1–7, 
PA 18: Cycle 8–12 8,886,000 

PA 18A, TX 5-2 145,600 4 12 TX 5-2: Cycle 1–7, 
PA 18A: Cycle 8–12 1,747,200 

PA 21, TX 5-2 276,900 4 12 TX 5-2: Cycle 1–7, 
PA 21: Cycle 8–12 3,322,800 

422+00 – 
522+00 15 

PA 23, TX 5-2 629,200 6 8 TX 5-2: Cycle 1–4, 
PA 23: Cycle 5–8 5,033,600 

PA 23A, TX 5-2 335,800 6 8 TX 5-2: Cycle 1–4, 
PA 23A: Cycle 5–8 2,686,400 

522+00 – 
716+00 16 

PA 24 1,267,900 6 8 Cycle 1 through 8 10,143,200 
PA 24A 611,100 6 8 Cycle 1 through 8 4,888,800 

716+00 – 
776+00 17 PA 25 581,000 6 8 Cycle 1 through 8 4,648,000 

776+00 – 
980+00 18 

PA 25A,  
TX 3-1E 542,900 6 8 TX 3-1E: Cycle 1,  

PA 25A: Cycle 2–8 4,343,200 

PA 26, TX 3-1E 595,600 6 8 TX 3-1E: Cycle 1,  
PA 26: Cycle 2–8 4,764,800 

PA 27A,  
TX 3-1E 397,100 6 8 TX 3-1E: Cycle 1, 

 PA 27A: Cycle 2–8 3,176,800 

PA 27C,  
TX 3-1E 269,900 6 8 TX 3-1E: Cycle 1, 

PA 27C: Cycle 2–8 2,159,200 

PA 27D,  
TX 3-1E 170,600 6 8 TX 3-1E: Cycle 1,  

PA 27D: Cycle 2–8 1,364,800 

*Includes maintenance material from Taylor Bayou (0+00 to 106+25)  50-Year Maintenance 
Material Total 650,372,200 

 
Placement Area No. 8  
PA 8 is located in Sabine Lake and is bounded by Sabine Lake to the east and Pleasure Island to the west. 
Reportedly, all but the far west side of this PA has been constructed of dredged material. The far west 
side of the PA was part of the original Sabine Lake shoreline before the waterway was dredged in the 
early 1900s. The PA is approximately 3,570 acres in size and is located as shown on drawings C-06, 07, 
and 08 in Appendix 1 of the FFR. Approximately 5.0 mcy of new work material from Section 7 would be 
dredged to this site. Approximately 3.7 mcy of new material would be dredged from a portion of Section 
8 of the Port Arthur Canal and 3.9 mcy from Section 9 of the Sabine-Neches Canal. Prior to placement of 
new work material, the existing levees would be initially raised 1 foot to accommodate estimated new 
work capacity needs beyond the capacity anticipated to be available from existing levee conditions. The 
new work material would be stockpiled within the southwest corner of the PA from Section 7 and Section 



 

23 

8 and the northeast corner from Section 9. The PA has also been designated to handle about 2.1 mcy of 
maintenance material from Section 7 on a 3-year cycle and about 2.6 mcy of maintenance material from 
sections 8 and 9 on a 2-year cycle. 
 
Placement Area No. 9A and 9B 
PA 9A is located on the west bank of the Port Arthur Turning Basin near the junction of the Gulf 
Intracoastal Waterway (GIWW) and Taylor Bayou. This placement area is approximately 318 acres in 
size and is located as shown on Drawing C-07 in Appendix 1 of the FFR. Placement Area No. 9B is 
located adjacent to and west of PA 9A at the intersection of the GIWW and Taylor Bayou. It is 
rectangular and encompasses about 163 acres with a perimeter of 8,200 linear feet as shown on Drawing 
C-07 in Appendix 1 of the FFR. Based on dated aerial photographs, the site appears to be ringed with a 
short levee. PA 9A, along with PA 9B, would be used to contain approximately 3.0 mcy of new work 
dredged material from predominantly from Taylor Bayou (Section 8). This material would be stockpiled 
(berm widths approximately 300 feet) around the existing levee along the entire perimeter of PAs 9A and 
9B. Prior to placement of new work material at 9B, the existing levees would be initially raised about 
2 feet to accommodate estimated new work capacity needs beyond the capacity anticipated to be available 
from existing levee conditions. PA 9A does not require a levee lift. Approximately 311,000 cy each of 
maintenance material would be placed in PAs 9A and 9B on a 2-year cycle. 
 
Placement Area No. 11  
PA 11 is located in Sabine Lake and is bound on the west by Pleasure Island. Like PA 8, PA 11 was 
apparently constructed of dredged material except along the west side of the island. The far west side of 
the PA was part of the original Sabine Lake shoreline before the waterway was dredged in the early 
1900s. The SNND has photographs illustrating this land cut and the original shoreline. This PA is about 
2,170 acres in size and is located as shown on drawings C-05 and C-06 in Appendix 1 of the FFR. It 
would be used to stockpile approximately 8.8 mcy of new work dredged material (at the north and south 
corners of the PA) from Section 10 and contain 3.4 mcy of maintenance dredged material from Section 10 
of the Sabine-Neches Canal portion of the project. Section 10 would be dredged on a 4-year cycle.  
 
Placement Area No. 12 
PA 12 is located on the west side of an abandoned section of the Sabine-Neches Canal. It is bounded to 
the west by SH 87, on the north by PA 13, and to the south by low-lying areas and marshes. This 
placement area is 355 acres in size and is located as shown on Drawing C-04 in Appendix 1 of the FFR. 
Approximately 1.1 mcy of new work dredged material would be stockpiled in PA 12 around the existing 
levee along the perimeter, using a berm width of 100 feet. PA 12 would be used to contain 480,000 cy of 
maintenance dredged material per 3-year cycle from Section 11. 
 
Placement Area No. 13  
PA 13 is located on the south bank of the Neches River. It is bounded on the south by PA 12, on the west 
by SH 87, and on the east by a county road and a waterfront development area. The placement area is 
140 acres in size and is located as shown on Drawing C-04 in Appendix 1 of the FFR. Approximately 
400,000 cy of new work dredged material would be stockpiled in PA 13. PA 13 would be used to contain 
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190,000 cy of maintenance dredged material per 3-year cycle from Section 11 of the Neches River 
Channel portion of the project. 
 
Placement Area No. 14  
PA 14, located on the south bank of the Neches River, is bounded by a refinery to the north, marshlands 
to the south, a wastewater effluent ditch and SH 87 to the east, and an outfall canal to the west. This 
placement area is 255 acres in size and is located as shown on Drawing C-04 in Appendix 1 of the FFR. 
Approximately 525,000 cy of new work dredged material from Section 12 would be stockpiled within PA 
14 around the existing levee along the perimeter, using a berm width of 100 feet. PA 14 would be used to 
contain 430,000 cy of maintenance dredged material per 3-year cycle from Section 12. The levee at PA 
14 would require an initial 2 feet levee lift. 
 
Placement Area No. 16  
PA 16 is on the south bank of the Neches River and is enclosed by marshlands to the east, south, and 
west. This placement area is 288 acres in size and is located as shown on Drawing C-04 in Appendix 1 of 
the FFR. Approximately 540,000 cy of new work dredged material will be stockpiled in PA 16. PA 16 
would be used to contain approximately 450,000 cy of maintenance dredged material per 3-year cycle 
from Section 13. However, the PA would not be utilized for maintenance material placement until year 30 
of the 50-year plan. Material from the first nine maintenance dredging cycles would be used for the 
Bessie Heights East Marsh Restoration feature (TX 5-2), including a large portion of available new work 
material from Section 14 during the initial deepening. The levee for PA 16 would require an initial 
2.5 feet levee lift. 
 
Placement Area No. 17  
PA 17 is located on the south bank of the Neches River and is bordered by marshlands on the south and 
east and by marsh and industrial development to the west. This placement area is 316 acres in size and is 
located as shown on Drawing C-03 in Appendix 1 of the FFR. Beginning in year 30, it would be used to 
contain approximately 490,000 cy of maintenance dredged material per 3-year cycle from Section 13. 
Material from the first nine dredging cycles would be used for the Bessie Heights East Marsh Restoration 
feature (TX 5-2). PA 17 is not planned to be used for new work material placement. 
 
Placement Area No. 18  
PA 18, located on the north bank of the Neches River, is bounded by the Neches River to the southwest 
and marshlands to the northeast. This placement area is 361 acres in size and is located as shown on 
Drawing C-03 in Appendix 1 of the FFR. Approximately 870,000 cy of new work dredged material from 
Section 14 would be stockpiled and placed in PA 18. Beginning in target year 32, PA 18 would be used to 
contain approximately 740,000 cy of maintenance dredged material per 4-year cycle from Section 14. 
Initial material (from the first seven dredging cycles) would be used for the Bessie Heights East Marsh 
Restoration feature (TX 5-2). New work material placed in PA 18 would be stockpiled, berm width of 
approximately 100 feet, around the existing levee along the perimeter. 
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Placement Area No. 21  
PA 21 is located on the north bank of the Neches River and is bounded by marsh areas to the east and 
north and an oxbow (abandoned portion of the river) to the west. This PA is 135 acres in size and is 
located as shown on Drawing C-02 in Appendix 1 of the FFR. PA 21 would be used to place 
approximately 400,000 cy of new work material to be dredged from Section 15. This material would be 
stockpiled, berm width of approximately 100 feet, around the existing levee along the perimeter. The 
levee would require an initial 2 feet of levee lift. Beginning in target year 32, PA 21 would be used to 
contain approximately 280,000 cy of maintenance dredged material from Section 14 on a 4-year cycle. 
Initial material (from the first seven dredging cycles) would be used for the Bessie Heights East Marsh 
Restoration feature (TX 5-2). 
 
Placement Area No. 23 
PA 23 is located on the south bank of the Neches River. It is bounded by the Neches River on the north, 
marshlands on the west, railroad tracks on the south, and Smith Bluff on the east. This PA is 504 acres in 
size and is located as shown on Drawing C-02 in Appendix 1 of the FFR. PA 23 would be used to place 
approximately 2.7 mcy of the new work material from Section 16. This material would be stockpiled, 
berm width of approximately 400 feet, around the existing levee along the perimeter. The levee would 
require an initial 2 feet of levee lift. Beginning in target year 30, PA 23 would be used to contain 
approximately 630,000 cy of maintenance dredged material from Section 15 on a 6-year cycle. Initial 
material (from the first four dredging cycles) would be used for the Bessie Heights East Marsh 
Restoration feature (TX 5-2). 
 
Placement Area No. 23A  
PA 23A is located adjacent to and south of PA 23. This site is about 269 acres in size as shown on 
Drawing C-02 in Appendix 1 of the FFR. A pipeline corridor is located at the junction between PA 23 
and PA 23A. PA 23A would be used to place approximately 470,000 cy of new work material from 
Section 15. Beginning in target year 30, PA 23A would be used to contain approximately 340,000 cy of 
maintenance dredged material from Section 15 on a 6-year cycle. Initial material (from the first four 
dredging cycles) would be used for the Bessie Heights East Marsh Restoration feature (TX 5-2). 
 
Placement Area No. 24  
PA 24 is located on the north bank of the Neches River and is bounded by the Neches River to the west, 
the MARAD Reserve Fleet Anchorage to the south, and marshlands to the northeast. This PA is 388 acres 
in size and is located as shown on Drawing C-02 in Appendix 1 of the FFR. Approximately 2.6 mcy of 
new work dredged material from Section 16 would be stockpiled in PA 24 around the existing levee along 
the perimeter, at a berm with of approximately 400 feet. PA 24 would be used to contain approximately 
1.3 mcy of maintenance dredged material from Section 16 on a 6-year cycle. 
 
Placement Area No. 25  
PA 25 is located on the west bank of the Neches River and is bounded by privately maintained canals on 
the north and south, and by a railroad on the west. This PA is 645 acres in size and is located as shown on 
Drawing C-01 in Appendix 1 of the FFR. Approximately 2.7 mcy of new work dredged material from 
sections 17 and 18 would be stockpiled in PA 25, around the existing levee along the perimeter at a berm 
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width of approximately 250 feet. The levee would require an initial 2 feet levee lift. It would be used to 
contain approximately 580,000 cy of maintenance dredged material from Section 17 on a 6-year cycle. 
 
Placement Area No. 25A  
PA 25A is located adjacent to and west of PA 25. The site is about 175 acres in size as shown on Drawing 
C-01 in Appendix 1 of the FFR. Approximately 560,000 cy of new work material from Section 18 would 
be placed and stockpiled in PA 25A at a berm width of approximately 100 feet. PA 25A would contain 
approximately 540,000 cy of maintenance dredged material from Section 18 on a 6-year cycle. Initial 
material from the first maintenance dredging cycle would be used for the Rose City East Marsh 
Restoration feature (TX 3-1E). 
 
Placement Area No. 26  
PA 26 is located on the north bank of the Neches River and is bounded on the northeast by Star Bayou 
and on the west by an oxbow. The Port Arthur Area office indicated that this PA was previously used and 
should be adequate for use on this project. Aerial photographs, supported by a site visit from district 
representatives, indicated that the levees are substantially adequate for the first filling. The site is about 
192 acres in size as shown on Drawing C-01 in Appendix 1 of the FFR. PA 26 would be used to place 
approximately 1.8 mcy of new work material from Section 18. This material would be stockpiled, berm 
width of approximately 400 feet, around the existing levee along the perimeter. The levee would require 
an initial 2 feet levee lift. Initial material from the first maintenance dredging cycle would be used for the 
Rose City East Marsh Restoration feature (TX 3-1E). Additionally, PA 26 would contain approximately 
600,000 cy of maintenance dredged material from Section 18 on a 6-year cycle. 
 
Placement Areas No. 27A, 27C, and 27D  
PAs 27A, 27C, and 27D are located on the north bank of the Neches River and are bounded on the east 
and west by marshland and on the west by industry. PA 27A is 128 acres, PA 27C is 87 acres, and 
PA 27D is 55 acres in size as shown on Drawing C-01 in Appendix 1 of the FFR. PAs 27A, 27C, and 27D 
would be used to place approximately 1.6 mcy of the new work material from Section 18. This material 
would be stockpiled, berm width of approximately 200 feet, around the existing levee perimeter of 
PA 27A. In addition, the levee would require an initial levee lift of 2 feet. PAs 27C and 27D would have 
hydraulic levees constructed. These three PAs would contain approximately 840,000 cy of maintenance 
dredged material from Section 18 on a 6-year cycle. Initial material from the first maintenance dredging 
cycle would be used for the Rose City East Marsh Restoration feature (TX 3-1E). 
 
5.2.3.2 New PAs 
 
The project utilizes two new upland confined sites to manage new work material from the deepening and 
maintenance material through the 50-year design period, as described in the following paragraphs. 
  
Placement Area No. 18A  
PA 18A is located adjacent to and east of PA 18, at the south end of PA 18. The area is about 71 acres in 
size as shown on Drawing C-03 in Appendix 1 of the FFR. A new dewatering structure with conveyance 
ditches would be constructed. In addition to providing additional capacity, this PA would allow more-
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efficient use of the existing PA 18. The existing ground appears to be flat. New hydraulic levees would be 
constructed at the site with a lift of 8 feet to a final elevation of 16 feet. PA 18A would receive 
approximately 300,000 cy of new work material from Section 14. This PA would contain approximately 
150,000 cy of maintenance dredged material from Section 14 on a 4-year cycle. Initial material (from the 
first seven dredging cycles) would be used for the Bessie Heights East Marsh Restoration feature (TX 
5-2). 
 
Placement Area No. 24A  
PA 24A is located adjacent to and north of PA 24. This PA is 187 acres in size and is located as shown on 
Drawing C-01 in Appendix 1 of the FFR. PA 24A would receive approximately 300,000 cy of new work 
material from Section 16. It would be used to contain approximately 610,000 cy of maintenance dredged 
material from Section 16 on a 6-year cycle. 
 
5.3 Beneficial Use Features 
 
5.3.1 Conceptual Design Development 
 
The feasibility/conceptual level designs of the marsh restoration and shoreline nourishment sites were 
developed in-house and through a contractor (Table 5-4). The designs for some components of the Neches 
River BU Feature (Rose City East, Bessie Heights East) and the Gulf Shore BU Feature were developed 
by TCB (Reference 2). These designs included discussions of specific feature and constructability issues 
such as adequacy of foundation materials, hydraulic levee construction, levee protection, pumping 
distances, interior filling, circulation development, and plantings. TCB designs were used as the general 
concept for marsh restoration and shoreline nourishment, but actual plans for the CIP are somewhat 
different. New work dredged material would be utilized at three BU features (Rose City East, Bessie 
Heights East, and Old River Cove). Maintenance dredged material would also be used at four features 
(Rose City East, Bessie Heights East, Texas Point shoreline nourishment, and Louisiana Point shoreline 
nourishment).  
 

Table 5-4: Summary of Environmental Restoration Sites 
 Feature # BU Feature Component 

N
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M
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l TX 3-1E 

Neches River BU Feature 

Rose City East Marsh Restoration 

TX 5-2 Bessie Heights East Marsh 
Restoration 

TX 6-1A Old River Cove Marsh 
Restoration 

M
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M
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TX 3-1E 
Neches River BU Feature 

Rose City East Marsh Restoration 

TX 5-2 Bessie Heights East Marsh 
Restoration 

TX 8-11 
Gulf Shore BU Feature 

Texas Point Shoreline 
Nourishment 

LA 5-1/6-1 Louisiana Point Shoreline 
Nourishment 
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Conceptual designs for the measures and BU features were done during the Plan Formulation Phase. The 
terms “minimization” and “mitigation” are used throughout this appendix to refer to measures that were 
studied to avoid or compensate impacts from the deepening project. Over 300 minimization and 
mitigation alternatives were evaluated. General assumptions were used. The least-cost methods were 
generally used in developing designs. It was assumed that no relocations would be necessary and that 
rights-of-way and rights-of-entry would be available. Specific field and design data were provided by the 
Environmental Section. During the Detailed Design phase, the selected mitigation and BU features were 
individually evaluated and updated. Final measures for mitigation measures can be seen as shown in the 
FFR, FEIS, and Engineering drawings in Appendix 1 of the FFR. The majority of the measures are for 
marsh restoration as BU sites and mitigation measures, and these sites are accessible by water. Swamp 
accessible machinery would be required during construction. Hydraulic levees would be built with the 
new work dredged material at several sites. The dredge pipeline routes are assumed to be the shortest 
distance to the middle of the site. Levee side slopes have some type of slope protection: riprap, concrete 
cellular mats, and/or vegetation. Marsh fill would occur with selective placement of dredged material 
within the marsh site boundary. Marsh fill can be new work or maintenance material, depending on the 
measure. Where plantings occur, it is assumed that abundant local species are available. During PED, 
each site would be analyzed for local drainage requirements, so as not to impede existing area drainage. 
Also during PED, final marsh designs would be optimized for constructability. The complete descriptions 
and details can be found in planning documents. Site locations can be found in drawings C-01 through 
C-28 in Appendix 1 of the FFR. 
 
5.3.2 Neches River BU Feature – Rose City  
 
The conceptual plan calls for restoration of 345 acres of fresh marsh, improvement of 72 acres of shallow 
water, and nourishment of 151 acres of existing marsh in two construction events (first construction and 
first maintenance cycle). New work material (approximately 2.1 mcy) from Section 18 would be used to 
restore 225-acres of marsh and to construct hydraulic containment levees and higher-elevation features. 
Maintenance material (approximately 540,000 cy) from the first maintenance cycle from Section 18 
would be used to restore an additional 120 acres of marsh. 
 
The Rose City East Marsh Restoration Feature is shown on Drawing C-01 in Appendix 1 of the FFR. 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 
elevations. Topographic relief would be created by varying the final elevation of material placement, and 
each elevation would subsequently be planted with appropriate native flora. Tidal creek channels would 
be constructed in the marsh creation area after the dredged material has settled.  
 
5.3.3 Neches River BU Feature – Bessie Heights East  
 
The conceptual plan is to restore 679 acres of brackish and 1,190 acres of intermediate marsh, improve 
660 acres of shallow-water habitat, and nourish 651 acres of existing marsh. The marsh would be 
constructed with maintenance material originating from Section 13 during the first nine maintenance 
cycles, Section 14 during the first seven maintenance cycles, and Section 15 during the first four 
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maintenance cycles. Approximately 1.0 mcy of new work material from Section 14 would be used to 
build the hydraulic containment levee. 
 
The Bessie Heights East site is located within the much larger Bessie Heights Marsh (Drawing C-24 in 
Appendix 1 of the FFR). This was a natural emergent marsh that over time has seen the majority of its 
marsh acreage convert to open water. The site is located on Texas Parks and Wildlife Department 
(TPWD) property and privately owned land. Bessie Heights East totals 3,180 acres. The revision to the 
feasibility study design caused Bessie Heights West to be deleted.  
 
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. Topographic relief would be created by varying the final elevation of material placement, and 
each elevation would subsequently be planted with appropriate native flora. Tidal creek channels would 
be constructed in the marsh creation area after the dredged material has settled. 
 
5.3.4 Neches River BU Feature – Old River Cove  
 
The Old River Cove site TX 6-1 is located north of the Neches River on property owned by TPWD 
(Drawing C-25 in Appendix 1 of the FFR). Approximately 5.0 mcy of new work material from Section 13 
would be used to construct hydraulic levees and restore 639 acres of brackish marsh, improve 139 acres 
of shallow-water habitat, and nourish 432 acres of existing marsh, as suspended fine-grained sediments 
disperse beyond restored emergent marsh areas. 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. Topographic relief would be created by varying 
the final elevation of material placement, and each elevation would subsequently be planted with 
appropriate native flora.  
 
5.3.5 Gulf Shore BU Feature (Texas and Louisiana Points) 
 
The shoreline nourishment sites (TX 8-11 and LA 5-2/6-2) are located on the east and west sides of the 
Sabine Pass jetties (Drawing C-27 in Appendix 1 of the FFR). Each area begins approximately 0.5 mile 
from the respective jetty and extends about 3.5 miles away. The land on the Texas side is part of the 
Texas Point National Wildlife Refuge, while the land on the Louisiana side is privately owned. The 
conceptual plan calls for placing maintenance material at the shoreline in an unconfined manner. The 
material would be placed using a pipeline dredge from Section 5 (approximately 1.0 mcy) of the Sabine 
Pass Channel. Placement would alternate between the Louisiana and Texas shorelines with each complete 
maintenance cycle, so that each side receives material every 6 years for the 50-year period of analysis, or 
eight placement episodes. The plan anticipates that much of the material would be redistributed into the 
littoral system. 
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5.4 OFFSHORE PLACEMENT AREAS 
 
The project would utilize existing offshore placement sites termed ODMDSs to manage materials from 
the CIP and maintenance dredging through the 50-year period of analysis. Four existing ODMDSs (1–4) 
and four new sites (A–D) would be used. New work and maintenance quantities for the 50-year project 
are provided in Appendix B to the ODMDS FEIS and the Site Management and Monitoring Plan, which 
is attached as an exhibit to Appendix B of the FEIS.  
 
6.0 ADDITIONAL BORINGS AND LABORATORY TESTING PROGRAM 
 
6.1 SUBSURFACE INVESTIGATIONS 
 
Limited subsurface data were used to develop the feasibility level designs for the project features. 
Additional explorations to obtain subsurface data would be required to verify and/or revise design 
assumptions for final design of these features subsequent to the authorization of the project during the 
PED phase. These explorations would include soil borings, CPTs, and probings. Initial recommendations 
for exploration and lab testing requirements were developed by URS for channel and placement area 
concerns and by TCB for environmental restoration concerns (see Reference 2). The initial 
recommendations were revised to reflect the final feasibility plan. A summary of these recommendations 
is presented in Table 6-1. 

 
Table 6-1: Summary of Additional Subsurface Explorations 

 
Soil Borings 

(number – LF) CPTs 
Channel 84 – 4,720 n/a 
Placement Areas 84 – 2,520 224, 11,208 
Environmental Features 60 – 1,200 n/a 

 
 
6.2 LABORATORY TESTING 
 
Laboratory testing would also be required during the PED phase to verify design assumptions regarding 
the behavior of the foundation and dredged materials. A summary of anticipated lab tests is provided in 
Table 6-2. While an estimated cost for additional laboratory testing was provided for the feasibility cost 
estimate, specific quantities of tests would be developed during subsequent exploration and design tasks. 
 
6.3 HAZARDOUS, TOXIC, AND RADIOACTIVE WASTE EVALUATION 
 
Information on hazardous, toxic, and radioactive waste (HTRW) sites in the project area was conducted 
by PBS&J in June 2002; this is summarized in the FEIS. Information from this report was used to 
determine the probability and severity of encountering HTRW problems at PAs and restoration sites. 
 
Based upon the HTRW assessment and additional in-house research, it has been determined that there are 
presently no known HTRW sites that would impact the SNWW CIP with the exception of sites of 
unknown significance in PA 17. Current regulatory agency investigations around PA 17 are being 
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monitored by USACE. If the Environmental Protection Agency investigations identify problems within 
PA 17, the affected area would be removed from the PA. In the event that investigations of identified sites 
within PA 17 do not provide sufficient information, waste identification and delineation investigations 
would have to be conducted by the non-Federal sponsor. If remediation is recommended, PA 17 would be 
resized to remove areas requiring remediation or abandoned.  
 

Table 6-2: Summary of Additional Laboratory Tests 
Moisture content 
Atterberg Limits 
Grain-size analysis 
Consolidation  
Triaxial shear 
Unconfined compression 
Density 
Column settling 
Self-weight consolidation 
Void ratio 

 
 
7.0 CONSTRUCTION 
 
7.1 CONTRACT SCHEDULE 
 
Fifteen construction contracts are planned. Contracts 1–5 would be constructed with hopper dredges and 
contracts 6–12 with hydraulic pipeline dredges. The dredging contracts would be accomplished over a 
period of about 6 years. The ecological mitigation contracts (13–15) would be accomplished early in the 
construction sequence. Dredging for the mitigation contracts does not involve the use of new work or 
maintenance material from the SNWW Preferred Alternative. Refer to the FEIS for a description of this 
work. The proposed sequence for dredge and construction is shown in Table 7-1. 
 
7.2 CONSTRUCTION METHOD 
 
The construction would utilize a combination of traditional and relatively new dredging techniques. 
Equipment used to dredge the channels would be those traditionally employed: hopper dredges in the 
offshore reaches and hydraulic pipeline dredges in the other reaches. Disposal of the new work material 
would be in conventional upland PAs and offshore PAs, as well as the innovative, nontraditional dredging 
technique of placement into marshes and adjacent shorelines. These techniques are mandated due to the 
requirements of the mitigation and DMMP restoration and nourishment features. Contracts would be 
written to not only emphasize the removal of material from the channel, but also emphasize successful 
completion of mitigation and restoration features so that they would perform to intended purposes.  
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Table 7-1: Construction Contract Schedule 

Contract 
No. Contract Schedule 

Construction Start 
(Month/FY) 

Construction 
Finish 

(Month/FY) 
 Hopper Dredging:   

1 
Sabine Bank Extension October 2012 January 2013 

Section D Station 165+000 to 165+443   
Section C Station 165+443 to 132+000   

2 Section B Station 132+000 to 114+000 February 2013 July 2014 
Section A Station 114+000 to 95+734   

3 Sabine Bank Channel October 2015 August 2015 
Section 1 Station 95+734 to 53+000   

4 
Sabine Pass Outer Bar & Bank Channels October 2016 March 2017 

Section 2 Station 53+000 to 18+000   
Section 3 Station 18+000 to 0+000   

5 Sabine Pass Jetty Channel April 2017 September 2017 
Section 4 Station -214+88 to 0+00   

 Pipeline Dredging:   

6 
Sabine Pass Channel October 2016 January 2018 

Section 5 Station 0+00 to 186+00   
Section 6 Station 186+00 to 296+25   

7 

Port Arthur Canal October 2012 July 2015 
Section 7 Station 0+00 to 240+00   
Section 8 Station 240+00 to 325+84   

Taylor Bayou Basin Area:   

8 Sabine-Neches Canal April 2017 September 2018 
Section 9 Station 0+00 to 170+00   

9 Section 10 Station 170+00 to 592+94 April 2014 May 2017 

10 

Neches River Channel October 2012 March 2014 
Section 11 Station 0+00 to 96+00   
Section 12 Station 95+00 to 158+00   
Section 13 Station 158+00 to 292+00   

11 
Section 14 Station 292+00 to 422+00 April 2015 July 2018 
Section 15 Station 422+00 to 522+00   
Section 16 Station 522+00 to 716+00   

12 Section 17 Station 716+00 to 776+00 October 2012 March 2015 
Section 18 Station 776+00 to 980+00   

13 Mitigation for Willow Bayou, Louisiana October 2015 May 2018 
14 Mitigation for West Black Bayou, Louisiana October 2012 February 2014 
15 Mitigation for East Black Bayou, Louisiana October 2014 May 2015 
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7.3 MATERIAL SOURCES AND MATERIAL INVESTIGATIONS 
 
Materials utilized for this project would consist primarily of dredged material, both new work and 
maintenance. These materials would be used to construct new levees, raise existing levees, create 
stockpiles, marsh restoration, and shoreline nourishment. In addition, minor amounts of riprap would be 
used for shoreline protection at selected PAs and for erosion control at outlet structures for all of the PAs. 
 
Dredged material sources were evaluated using existing subsurface data as previously discussed. These 
data were used to determine various parameters for designing hydraulic levees, filling marsh cell and 
placement areas, and other related hydraulic structures. Some assumptions were made, based on previous 
experience with similar materials, regarding degradation of material during dredging operations, material 
losses during construction, and consolidation of new work and maintenance materials. These assumptions 
are based on both material types and construction methods. Deviations from these assumptions may 
impact the quantity of available material for construction. As such, additional investigation of the dredged 
material sources would be required for final design as discussed in Section 4.3. Furthermore, the final 
design documents should identify specific construction methods and monitoring methods to ensure that 
the desired construction outcome is achieved. 
 
The structures and features presented herein are primarily associated with levees related to PAs and 
levees related to restoration features. These structures and features were sized to accommodate the 
proposed channel depth (48 feet). The specific types of dredged material would be confirmed during 
future evaluations as identified in Section 5.0. However, if the project is modified from the one identified 
in the report, the quantity of specific dredged material would change, and this change should be reflected 
in the specific design features of this study. That is, if a channel less than 48 feet is authorized, less 
material would be available for use, and thus the size of the associated features should be reduced 
accordingly. 
 
Neither soil borings nor laboratory testing were conducted to study the proposed deepening for this 
feasibility study. Instead, existing data from previous projects were used to evaluate the new work 
materials. Subsurface data were collected at specific existing placement areas as well as at proposed 
environmental restoration features. These data are provided in referenced reports. 
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APPENDIX E 
SABINE–NECHES WATERWAY CHANNEL 

IMPROVEMENT PROJECT, TEXAS 
SECTION 404(b)(1) EVALUATION 

 
I. Project Description 

 
a. Location 

The Sabine-Neches Waterway (SNWW) Channel Improvement Project (CIP) is located on the upper 
Texas Gulf Coast at the Texas-Louisiana state boundary. The existing 40-foot SNWW project is a 
federally authorized and maintained waterway located in Jefferson and Orange counties, Texas, and 
Cameron and Calcasieu parishes, Louisiana. All subsequent references to the SNWW in this report focus 
on the 77-mile-long channel flowing through Jefferson and Orange counties, Texas, and Cameron Parish, 
Louisiana (includes a 13.2-mile channel extension into the Gulf of Mexico [Gulf]). The SNWW begins 
offshore, follows the west side of Sabine Lake, and terminates just upstream of the Beaumont Turning 
Basin on the Neches River.  

The project area for the Preferred Alternative is defined as areas that would be directly affected by 
implementation of the CIP (i.e., the proposed dredging footprint, existing and proposed placement areas 
[PAs] identified in the Dredged Material Management Plan [DMMP], and mitigation areas).  

The study area includes a larger area for which environmental effects of alternatives have been analyzed. 
The study area encompasses 2,000 square miles, which contains the smaller project area, and includes the 
following water bodies and adjacent coastal wetlands: Sabine Lake and adjacent marshes in Texas and 
Louisiana, Neches River Channel up to the new Neches River Saltwater Barrier, 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 35 miles offshore into the Gulf. 

Further descriptions of the SNWW CIP can be found within chapters 1 and 3 and Figure 1.1-2 of the 
Final Environmental Impact Statement (FEIS). 

b. General Description 

This Section 404(b)1 evaluation addresses the discharge of dredged or fill material into the waters of the 
U.S. The objectives of the SNWW CIP include improvements to the efficiency of the deep-draft 
navigation system, and maintenance or enhancement of the quality of the area’s coastal and estuarine 
resources. Maintenance and enhancement of the area’s coastal and estuarine resources are associated with 
potential for reduced accidents and oil spills; beneficial use of dredged material; minimization of effects 
to oyster beds, seagrasses, and other valuable habitats; and avoiding areas of known cultural resources.  

To achieve navigation efficiency objectives, the following is proposed:  
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• Deepening the Sabine Pass Jetty Channel, the Sabine Pass Channel, the Port Arthur Canal, the 
Sabine-Neches Canal, and the Neches River Channel to the Port of Beaumont from 40 to 48 feet. 

• Deepening the existing SNWW Entrance Channel in the Gulf from 42 to 50 feet, plus advance 
maintenance and allowable overdepth, and constructing an extension of the offshore entrance 
channel (50 x 700 feet x 13.2 miles). Dredging would be conducted by hopper dredge. Additional 
details of this construction are provided below because of its potential to affected endangered sea 
turtles. 

• Dredging in the Sabine Pass Jetty Channel would be conducted by hopper dredge, while the 
remaining inshore channels would be constructed with hydraulic pipeline dredges. 

• Deepening the Taylor Bayou Channel and basins to 48 feet, and widening the entrance and 
connecting channels to improve vessel maneuverability. 

• Dredging one new anchorage basin and two turning and anchorage basins on the Neches River 
Channel.  

• Using 16 existing upland placement areas and two new expansions of existing placement areas 
for construction and maintenance of the Preferred Alternative. The quantity of maintenance 
material to be removed over the 50-year period of analysis is estimated to total approximately 650 
million cubic yards (mcy). 

To achieve coastal resource protection and ecological enhancement objectives, the following is proposed:  

• Avoidance and minimization of resource impacts through alternative analyses. 

• Avoidance of cultural and historical resources (e.g., Civil War–era shipwrecks). 

• Implementation of Beneficial Use (BU) features for resource protection and restoration. 
Appropriate dredged materials, as part of the DMMP, would be beneficially used to restore 2,853 
acres of emergent marsh, nourish 1,234 acres of existing marsh, and improve 871 acres of 
shallow-water habitat with the Neches River BU Feature (comprised of Rose City East, Bessie 
Heights East, and Old River Cove West), and regularly nourish approximately 6 miles of 
shoreline with the Gulf Shore BU Feature (Texas and Louisiana Points). Gulf shore nourishment, 
which affects piping plover Critical Habitat at Louisiana Point, is described in detail below. 

• Unavoidable impacts of the Preferred Alternative in Texas are offset through the DMMP; impacts 
in Louisiana, however, required compensatory mitigation. Therefore, the mitigation plan consists 
of restoring five degraded marsh areas east of Sabine Lake near Willow and Black bayous, 
Louisiana. The plan would 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. The amount of recommended mitigation 
is based upon the amount of marsh acreage that could be lost as a result of the project, and the 
additional amount that would need to be restored in order to fully compensate for adverse 
changes to biological function of the remaining marsh throughout the affected area over the 
period of analysis. 

The proposed plan is the least environmentally damaging practicable alternative.  
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c. Authority and Purpose 

The Senate Committee on Environment and Public Works Resolution, dated June 5, 1997, authorized the 
U.S. Army Corps of Engineers (USACE) to review previous USACE reports on the SNWW and other 
pertinent reports to determine the feasibility of modifying the channels serving the ports of Beaumont, 
Port Arthur, and Orange, Texas, in the interests of commercial navigation. These channels are collectively 
named the SNWW. The Sabine-Neches Navigation District (SNND), non-Federal sponsor of the existing 
channels to Beaumont and Port Arthur, requested that USACE initiate a reconnaissance study of potential 
channel improvements in September 1998. The reconnaissance investigation resulted in a finding that 
there was a Federal interest in the project and recommended that the study be continued into the 
feasibility phase. The SNND expressed its intent to act as the non-Federal sponsor for this phase of the 
study. The Final Feasibility Report (FFR) for the SNWW CIP would determine whether improvements to 
the existing Federal navigation project are justified, and provide documentation needed to request 
Congressional authorization and funding for construction of the project. The Sabine River Channel to 
Orange, Texas, was not included in this FFR due to expectations of continued low utilization of the 
existing 30-foot channel.  

In March 2000, the USACE and the SNND signed an agreement to conduct an FFR and prepare a Final 
Environmental Impact Statement (FEIS) for the proposed CIP. The lead agency for the FEIS is USACE, 
with the U.S. Environmental Protection Agency (EPA) as a cooperating agency. The cost of the FFR and 
FEIS is shared by the USACE and the SNND.  

d. General Description of Dredged or Fill Material 
 

(1) General Characteristics of Material 

Extensive core borings were taken and analyzed in conjunction with the 1982 feasibility report for the 
SNWW (USACE, 1982). Profiles of these borings are shown in cross sections of the project plans, 
included in that report. These borings support the general information presented below.  

Site Geology 

The site geology is characterized by modern marine deposits overlaying recent Holocene deposits that in 
turn overlay the Beaumont and Lissie formations of the Pleistocene Series. The modern deposits are 
generally normally consolidated clays, silts, and fine sands that were deposited through natural overwash 
and sedimentation processes or through man-made depositional processes. The recent deposits of the 
Holocene consist of silts, clays, silty sands, clayey sands, and clayey silts that exhibit the characteristics 
of normally to lightly overconsolidated materials. These deposits are generally encountered to depths of 
30 to 40 feet. 

Beaumont Clay is the predominant Pleistocene formation whose eroded surface forms the upper limit of 
stiff to very stiff clay material. It is red, yellow, and brown calcareous stiff clay that weathers into black 
or gray soil at the surface. Lenses of fine-grained, poorly graded sand and silt, and a few calcareous 
nodules are sometimes encountered in this formation. The clay fraction is composed of montmorillonite 
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(generally with calcium as the exchangeable cation), kaolinite, illite, and finely ground quartz, in that 
order of prevalence. The high percentage of montmorillonite accounts for the high shrink-swell potential 
of the material. Previous desiccation of the clays results in significant overconsolidation to great depths, 
with preconsolidation pressure approaching 3 tons per square foot. In addition to preconsolidating the 
soil, the desiccation process, along with occasional rewetting, has resulted in a network of fissures and 
slickensides that are now closed but that represent potential planes of weakness within the stratum. The 
thicknesses of these clays range from 25 to 400 feet. The Lissie Formation underlies the Beaumont and 
consists primarily of sands and silty sands. 

Field Exploration 

Limited field investigations were conducted for this project. Those conducted were limited to cone 
penetrometer testing along the proposed levee alignments at selected placement areas. In addition, 
probings were taken at selected restoration and minimization features to evaluate near surface foundation 
issues. The majority of the subsurface data for the project was compiled from existing data—data from 
the channel that was collected for the 40-foot project and data from placement areas that have been 
collected during periodic levee raising projects.  

Excavatability 

The proposed deepening will entail dredging new work material. Based on a review of limited existing 
soil boring data taken during previous studies, the material will range from very soft to very stiff clay and 
loose to dense sand. No rock is anticipated and blasting will not be required. 

The new work material within the offshore reaches (sections 4, 3, 2, 1, A, B, C, and D) and the adjacent 
onshore reaches (sections 5 and 6) is likely to consist of soft clay with pockets of stiff clay; some sand 
may also be encountered. These reaches are located within the historic delta region of the Sabine and 
Neches rivers where normally to lightly consolidated materials are located. Materials in this area may 
vary as the rivers’ discharge meandered through the deltaic zone.  

New work material within the onshore reaches of the Port Arthur and Sabine-Neches canals (sections 7, 8, 
9, 10, and 11) will likely consist of stiff to very stiff clay. These canals are part of the land cut section of 
the waterway and were excavated early in the 1900s. The stiff consistency of this material can be 
attributed to the overconsolidation pressure of the material that was previously overlying the canals. 

The Neches River Channel is located upstream of the Sabine-Neches Canal. The new work material for 
this channel (sections 12 through 18) will vary from stiff clay to medium-dense sand. These variations 
can be attributed to the historic meanders of the Neches River, although sand was more abundant in the 
soil samples from sections 15, 16, 17, and 18. In addition, historically the maintenance dredging in these 
reaches has contained significant amounts of sand. 
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(2) Quantity of Material 
 

New Work Material 

Construction of the Preferred Alternative would require the development of significantly more PA 

capacity than currently exists for the SNWW project. The existing project uses 16 upland PAs. 

Construction of the Preferred Alternative would generate 98 mcy of new work material. The term “new 

work” refers to the material below the existing Waterway channel template, which is needed to be 

removed in order to increase to the new project depth. The following table depicts the volume in cubic 

yards (cy) of new work material from all reaches of the Preferred Alternative: 

Section Station To Station 

Estimated 

New Work 

(cy) 

Total Per 

Reach (cy) 

D 165+443 150+500 4,201,000 
 

C 150+500 132+000 4,648,000 
 

B 132+000 114+000 5,296,000 
 

A 114+000 95+734 4,592,000 18,737,000 

1 95+734 53+000 8,307,000 8,307,000 

2 53+000 18+000 7,051,000 
 

3 18+000 0+000 5,923,000 12,974,000 

4 0+00 –126 2,978,000 2,978,000 

5 0+00 186+00 4,459,600 
 

6 186+00 296+25 2,263,600 6,723,200 

7 0+00 240+00 5,026,000 
 

8 240+00 325+84 3,281,900 
 

8TB 0+00 106+24 3,893,000 11,697,200 

9 0+00 170+00 3,092,000 
 

10 170+00 592+93 8,852,000 11,944,000 

11 0+00 96+00 1,628,000 
 

12 96+00 158+00 698,000 
 

13 158+00 292+00 4,882,000 
 

14 292+00 420+00 2,213,000 
 

15 420+00 522+00 2,611,000 
 

16 522+00 716+00 4,106,000 
 

17 716+00 776+00 2,845,000 
 

18 776+00 980+00 6,031,000 25,014,000 

Total 98,374,400 

 

Maintenance Material 

Shoaling is projected to increase with the Preferred Alternative for several reasons. The Entrance Channel 

would extend an additional 13.2 miles into the Gulf, and this would result in higher offshore dredging 

quantities. The deeper channel would have a greater cross-sectional area, making it function as a larger 

sediment trap, and higher salinities would increase flocculation and the deposition of suspended sediment. 

Section 2.5.2 in the FEIS describes, in detail, the SNWW sediment system and the existing project 
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shoaling and sediment transport conditions. Shoaling and sediment transport conditions for the existing 
SNWW include all segments of the existing SNWW navigation system that are discussed in detail in the 
FEIS. The discussion in the FEIS begins with the upstream end of the SNWW (the Neches River 
Channel), and moves downstream through the confined Sabine-Neches and Port Arthur canals, the Sabine 
Pass Channel, and then offshore into the Sabine Pass Jetty Channel, the Sabine Pass Outer Bar Channel, 
and the Sabine Bank Channel. Finally, the interaction of the channel and adjacent shoreline sections is 
described (refer to Section 2.5.2 in the FEIS). 

The existing shoaling quantities for the 40-foot project are summarized in the following table (these 
quantities were summarized from Section 2.5.2.7 of the FEIS and the sediment study by Parchure 
[2005]): 

Channel Material Types cy/year 
Sabine Bank Channel 76% silt/clay, 24% clay 4,235.2 
Sabine Pass Outer Bar Channel 96% silt/clay, 4% sand 1,993.7 
Sabine Pass Jetty Channel 89% silt/clay, 11% sand 1,138.5 
Sabine Pass Channel 70% silt/clay, 30% sand 1,911.9 
Port Arthur Canal 84% silt/clay, 16% sand 4,210.4 
Sabine-Neches Canal 78% silt/clay, 22% sand 3,689.2 
Neches River Channel 62% silt/clay, 38% sand 6,382.3 

It is expected that the material types for the projected maintenance dredging would be similar to the 
existing. The predicted shoaling quantities for the 48-foot project are summarized in the following table: 

Channel cy/year 
Extension 3,018.0 
Sabine Bank Channel 4,639.0 
Sabine Pass Outer Bar Channel 4,473.0 
Sabine Pass Jetty Channel 1,352.7 
Sabine Pass Channel 2,173.8 
Port Arthur Canal 4,087.8 
Sabine-Neches Canal 4,677.0 
Neches River Channel 8,599.1 

The predicted shoaling by dredging sections are presented in the following table: 

Channel 
Dredging 
Section Channel Reach 

O&M Cycle 
Freq (Year) 

Shoaling 
cy/Cycle 

EXT D Station 165+443 to 150+500 4 647,000 
EXT C Station 150+500 to 132+000 4 801,000 
EXT B Station 132+000 to 114+000 4 779,000 
EXT A Station 114+000 to 95+734 4 791,000 
ENT 1 Station 95+734 to 53+000 4 1,508,000 
ENT 2 Station 53+000 to 18+000 4 3,131,000 
SPOB 3 Station 18+000 to 0+000 1 4,473,000 
SPJ 4 Station -214+88 to 0+00 5 1,352,700 
SPC 5 Station 0+00 to 186+00 3 977,900 



100007609/060033 7 

Channel 
Dredging 
Section Channel Reach 

O&M Cycle 
Freq (Year) 

Shoaling 
cy/Cycle 

SPC 6 Station 186+00 to 295+60 3 1,195,800 
PAC 7 Station 0+00 to 240+00 3 2,148,600 
PAC 8 Station 240+00 to 326+24 2 2,340,000 
   TB 0+00 to 106+25 2 1,327,000 
SNC 9 Station 0+00 to 170+00 2 1,317,000 
SNC 10 Station 170+00 to 592+91 4 3,360,000 
NRC 11 Station 0+00 to 96+00 3 669,000 
NRC 12 Station 96+00 to 158+00 3 432,000 
NRC 13 Station 158+00 to 292+00 3 934,000 
NRC 14 Station 292+00 to 422+00 4 1,163,000 
NRC 15 Station 422+00 to 522+00 6 965,000 
NRC 16 Station 522+00 to 716+00 6 1,879,000 
NRC 17 Station 716+00 to 776+00 6 581,000 
NRC 18 Station 776+00 to 980+00 6 1,976,000 
NOTE: This table only shows the predicted shoaling per section estimate

Because of this predicted shoaling, maintenance dredging is projected to increase for the entire channel, 
from 407 mcy to 650 mcy over the 50-year period of analysis. Expressed as average annual quantities, 
quantities will increase from 8.1 mcy per year to 13.0 mcy per year (an increase of approximately 
60 percent). Fifty-seven percent of the maintenance quantities for the Preferred Alternative would 
originate from the offshore channels, and 43 percent from the inshore channels. As would be expected 
with the offshore channel extension, maintenance dredging volumes for the offshore channel would 
increase more than the inshore reaches, with an increase from 162 mcy to 370 mcy and 251 mcy to 
281 mcy, respectively.  

Finding areas suitable for the development of new upland PAs along the inshore reaches was difficult. 
The majority of land adjacent to the SNWW is either covered by residential and industrial development 
and existing PAs, or is coastal wetland. For this reason, considerable effort was directed toward 
evaluating alternatives for the placement of dredged material. Maintenance material would be used to the 
greatest extent possible in the resulting DMMP. A discussion of the process used to evaluate these 
alternatives, and a description of alternatives considered, is provided in Section 2.5 of the FEIS. 

e. Description of the Proposed Discharge  
 

(1) Location 

Sixteen PAs would be used to manage the CIP’s new work and maintenance material over a 50-year 
period (see tables below and refer to figures 2.4-1c–g of the FEIS). Twelve of these PAs are currently 
used on the existing project, while four PAs are currently not utilized. Two new cells to two existing PAs 
have been proposed. All of these PAs are confined with water discharged from the sites via controlled 
spillways to outfall canals and drainage ditches.  

New work material volumes by reach and proposed PAs (the new work plan) are presented in the 
following table: 
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Channel 
Reach Channel Stations 

Water-
way 

Section 

New Work 
Material 

Designation 

New 
Work 

Dredged 
Volume 
(cy)** 

New Work 
Material 

Construction 

New Work 
Material 
Used for 

Construction 
Volume (cy) 

New Work 
Material 
Surplus 
Volume 

(cy) 

Sabine Bank 
Extension 

165+443 to 150+500 D PA D 
(Offshore) 4,201,000 0 0 0 

150+500 to 132+000 C PA C 
(Offshore) 4,648,000 0 0 0 

132+000 to 114+000 B PA B 
(Offshore) 5,296,000 0 0 0 

114+000 to 95+734 A PA A 
(Offshore) 4,592,000 0 0 0 

Sabine Bank 
Channel 95+734 to 53+000 1 PA 1 

(Offshore) 8,307,000 0 0 0 

Sabine Bank 
Channel 53+000 to 18+000 2 PA 2 

(Offshore) 7,051,000 0 0 0 

Sabine Outer 
Bar 18+000 to 0+000 3 PA 3 

(Offshore) 5,923,000 0 0 0 

Sabine Pass 
Jetty 
Channel 

–214+88 to 0+00 4 PA 4 
(Offshore) 2,978,000 0 0 0 

Sabine Pass 
Channel 

0+00 to 186+00 5 PA 5 (N and 
S) 4,459,600 

New Hyd. levee; 
400-foot-wide 

stockpile 
3,104,137 

1,093,593 

186+00 – 296+25 6 
PA 5B 

2,263,600 

400-foot-wide 
stockpile 1,362,051 

PA 5C 400-foot-wide 
stockpile 1,163,419 

Port Arthur 
Canal  

0+00 –240+00 7 PA 8 5,026,000 Stockpile in 
southwest corner 5,026,000 0 

240+00 –325+84 8* 

PA 8 

6,671,200 

Stockpile in 
southwest corner 3,691,462 0 

PA 9A 300 foot-wide 
stockpile 1,898,938 0 

PA 9B 300-foot-wide 
stockpile 1,080,800 0 

Sabine-
Neches 
Canal  

0+00 – 170+00 9 PA 8 3,092,000 Stockpile in 
northeast corner 3,092,000 0 

170+00 – 592+91 10 PA 11 8,852,000 Stockpile in north-
south corners 8,852,000 0 
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Channel 
Reach Channel Stations 

Water-
way 

Section 

New Work 
Material 

Designation 

New 
Work 

Dredged 
Volume 
(cy)** 

New Work 
Material 

Construction 

New Work 
Material 
Used for 

Construction 
Volume (cy) 

New Work 
Material 
Surplus 
Volume 

(cy) 

Neches 
River 
Channel 

0+00 – 96+00 11 
PA 12 

1,628,000 

100-foot-wide 
stockpile 1,135,764 

74,029 
PA 13 100-foot-wide 

stockpile 418,207 

96+00 – 158+00 12 
PA 14 

698,000 

100-foot-wide 
stockpile 522,906 

–362,241 
PA 16 100-foot-wide 

stockpile 537,335 

158+00 – 292+00 13 Old River 
Cove 4,882,000 Marsh BU 4,882,000 0 

292+00 – 422+00 14 

PA 18 

2,213,000 

100-foot-wide 
stockpile 870,540 

49,295 PA 18A New Hyd. Levee 293,164 
Bessie 
Heights 

East 

Hyd. Levee 
System 1,000,000 

422+00  – 522+00 15 PA 21 2,611,000 
100-foot-wide 

stockpile 397,094 1,739,808 
PA 23A New Hyd. Levee 474,098 

522+00  – 716+00 16 

PA 23 

4,106,000 

400-foot-wide 
stockpile 2,728,359 

–1,766,345 PA 24 400-foot-wide 
stockpile 2,624,786 

PA 24A New Hyd. levee 519,200 

716+00 – 776+00 17 

PA 25 

2,845,000 

200-foot-wide 
stockpile 2,263,932 

20,009 
PA 25A 

New Hyd. levee; 
100-foot-wide 

stockpile 
561,060 

776+00 – 980+00 18 

PA 25 

6,031,000 

50-foot-wide 
stockpile 421,197 

96,456 

Rose City 
East 

Hyd. Levee 
System 2,100,000 

PA 26 400-foot-wide 
stockpile 1,773,504 

PA 27A 200-foot-wide 
stockpile 1,136,376 

PA 27C New Hyd. Levee 283,200 
PA 27D New Hyd. Levee 220,267 

          Total 54,433,796 944,604 
* Includes new material from Taylor Bayou (0+00 to 106+25). 
** New work volume includes additional advance maintenance and proposed allowable overdepth. 
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The 50-year plan for maintenance material is presented in the following table: 

Chan. 
Reach 

Channel 
Stations 

Water-
way 

Section 

Maintenance 
Material 

Designation 

Dredge 
Quantity 

Per 
Cycle 
(cy) 

Years 
Per 

Cycle 

Total 
# of 

Cycles 
Dredging Cycle 

Schedule 

50-Year 
Maint- 
enance 

Material 
Total (CY) 

Sabine Bank 
Extension 

165+443 to 
150+500 D PA D 

(Offshore) 647,000 4 12 Cycle 1 through 12 7,764,000 

150+500 to 
132+000 C PA C 

(Offshore) 801,000 4 12 Cycle 1 through 12 9,612,000 

132+000 to 
114+000 B PA B 

(Offshore) 779,000 4 12 Cycle 1 through 12 9,348,000 

114+000 to 
95+734 A PA A 

(Offshore) 791,000 4 12 Cycle 1 through 12 9,492,000 

Sabine Bank 
Channel 

95+734 to 
53+000 1 PA 1 

(Offshore) 1,508,000 4 12 Cycle 1 through 12 18,096,000 

Sabine Bank 
Channel 

53+000 to 
18+000 2 PA 2 

(Offshore) 3,131,000 2 25 Cycle 1 through 25 78,275,000 

Sabine Outer 
Bar 

18+000 to 
0+000 3 PA 3 

(Offshore) 4,473,000 1 50 Cycle 1 through 50 223,650,000 

Sabine Pass 
Jetty 
Channel 

–214+88 to 
0+00 4 PA 4 

(Offshore) 1,352,700 5 10 Cycle 1 through 10 13,527,000 

Sabine Pass 
Channel 

0+00 –186+00 5 
TX 8-11, 

977,900 3 16 

LA 5-6: Cycle 1, 3, 5, 
7, 9, 11, 13, 15 

15,646,400 
LA 5-6 TX8-11: Cycle 2, 4, 

6, 8, 10, 12, 14, 16 

186+00 – 
296+25 6 

PA 5 (N and 
S) 824,700 3 16 Cycle 1 through 16 13,195,200 

PA 5B 243,700 3 16 Cycle 1 through 16 3,899,200 
PA 5C 127,500 3 16 Cycle 1 through 16 2,040,000 

Port Arthur 
Canal  

0+00 – 240+00 7 PA 8 2,148,600 3 16 Cycle 1 through 16 34,377,600 

240+00 – 
325+84 8* 

PA 8 1,317,000 2 25 Cycle 1 through 25 32,925,000 
PA 9A 311,100 2 25 Cycle 1 through 25 7,777,500 
PA 9B 311,100 2 25 Cycle 1 through 25 7,777,500 

Sabine-
Neches 
Canal  

0+00 – 170+00 9 PA 8 1,317,000 2 25 Cycle 1 through 25 32,925,000 
170+00 – 
592+91 10 PA 11 3,360,000 4 12 Cycle 1 through 12 40,320,000 

Neches 
River 
Channel 

0+00 – 96+00 11 
PA 12 479,800 3 16 Cycle 1 through 16 7,676,800 
PA 13 189,200 3 16 Cycle 1 through 16 3,027,200 

96+00 – 
158+00 12 PA 14 432,000 3 16 Cycle 1 through 16 6,912,000 

158+00 – 
292+00 13 

PA 16, TX 5-
2 445,400 3 16 TX 5-2: Cycle 1–9, 

PA 16: Cycle 10–16 7,126,400 

PA 17, TX 5-
2 488,600 3 16 TX 5-2: Cycle 1–9, 

PA 17: Cycle 10–16 7,817,600 

292+00 – 
422+00 14 

PA 18, TX 5-
2 740,500 4 12 TX 5-2: Cycle 1–7, 

PA 18: Cycle 8–12 8,886,000 

PA 18A, TX 
5-2 145,600 4 12 TX 5-2: Cycle 1–7, 

PA 18A: Cycle 8–12 1,747,200 
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Chan. 
Reach 

Channel 
Stations 

Water-
way 

Section 

Maintenance 
Material 

Designation 

Dredge 
Quantity 

Per 
Cycle 
(cy) 

Years 
Per 

Cycle 

Total 
# of 

Cycles 
Dredging Cycle 

Schedule 

50-Year 
Maint- 
enance 

Material 
Total (CY) 

PA 21, TX 5-
2 276,900 4 12 TX 5-2: Cycle 1–7, 

PA 21: Cycle 8–12 3,322,800 

422+00 – 
522+00 15 

PA 23, TX 5-
2 629,200 6 8 TX 5-2: Cycle 1–4, 

PA 23: Cycle 5–8 5,033,600 

PA 23A, TX 
5-2 335,800 6 8 TX 5-2: Cycle 1–4, 

PA 23A: Cycle 5–8 2,686,400 

522+00 – 
716+00 16 

PA 24 1,267,900 6 8 Cycle 1 through 8 10,143,200 
PA 24A 611,100 6 8 Cycle 1 through 8 4,888,800 

716+00 – 
776+00 17 PA 25 581,000 6 8 Cycle 1 through 8 4,648,000 

776+00 – 
980+00 18 

PA 25A, TX 
3-1E 542,900 6 8 TX 3-1E: Cycle 1,  

PA 25A: Cycle 2–8 4,343,200 

PA 26, TX 3-
1E 595,600 6 8 TX 3-1E: Cycle 1,  

PA 26: Cycle 2–8 4,764,800 

PA 27A, TX 
3-1E 397,100 6 8 TX 3-1E: Cycle 1,  

PA 27A: Cycle 2–8 3,176,800 

PA 27C, TX 
3-1E 269,900 6 8 TX 3-1E: Cycle 1,  

PA 27C: Cycle 2–8 2,159,200 

PA 27D, TX 
3-1E 170,600 6 8 TX 3-1E: Cycle 1,  

PA 27D: Cycle 2–8 1,364,800 

50-Year Maintenance Material Total 650,372,200 
* Includes maintenance material from Taylor Bayou (0+00 to 106+25) 

The CIP would also incorporate BU areas as part of the DMMP; the Preferred Alternative includes two 
BU features: Neches River BU Feature (includes Rose City East, Bessie Heights East, and Old River 
Cove West Marsh Restoration sites) and the Gulf Shore BU Feature (Texas and Louisiana Point Shoreline 
Nourishment). For detailed information, refer to the DMMP (Appendix D of the FEIS, tables 4-1 and 5-
3), which depicts all discharge locations which include all PAs, and BU features. 

(2) Size 

Discharges within the 16 PAs would cover approximately 11,730 acres. BU features include restoration of 
2,853 acres of emergent marsh, nourish 1,234 acres of existing marsh, and improve 871 acres of shallow 
water habitat (Neches River BU Feature), and regularly renourish approximately 6 miles of shoreline 
(Gulf Shore BU Feature). Detailed information can be found in the DMMP (Appendix D of the FEIS, 
tables 5-1 and 5-3). 

(3) Type of Site and Habitat 

Placement would occur on subsided marsh (BU feature and mitigation), eroding beach shoreline along 
Texas and Louisiana Points (BU feature), and existing and confined PAs. 
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(4) Time and Duration of Discharge 

Fifteen construction contracts are planned for dredging and discharging. Contracts 1–5 would be 
constructed with hopper dredges and contracts 6–12 with hydraulic pipeline dredges. The dredging 
contracts would be accomplished over a period of about 6 years. The ecological mitigation contracts (13–
15) would be accomplished throughout the construction sequence. Dredging for the mitigation contracts 
does not involve the use of new work or maintenance material from the SNWW CIP. Refer to the FEIS 
for a description of this work. The proposed sequence for dredge and construction is shown in the 
following table. 

Contract 
Number Contract Schedule 

Construction Start 
(month/fiscal year) 

Construction 
Finish 

(month/fiscal year) 
 Hopper Dredging:   

1 
Sabine Bank Extension October 2012 January 2013 

Section D Station 165+000 to 165+443   
Section C Station 165+443 to 132+000   

2 Section B Station 132+000 to 114+000 February 2013 July 2014 
Section A Station 114+000 to 95+734   

3 Sabine Bank Channel October 2015 August 2015 
Section 1 Station 95+734 to 53+000   

4 
Sabine Pass Outer Bar & Bank Channels October 2016 March 2017 

Section 2 Station 53+000 to 18+000   
Section 3 Station 18+000 to 0+000   

5 Sabine Pass Jetty Channel April 2017 September 2017 
Section 4 Station -214+88 to 0+00   

 Pipeline Dredging:   

6 
Sabine Pass Channel October 2016 January 2018 

Section 5 Station 0+00 to 186+00   
Section 6 Station 186+00 to 296+25   

7 
Port Arthur Canal October 2012 August 2015 

Section 7 Station 0+00 to 240+00   
Section 8 Station 240+00 to 325+84   

 Taylor Bayou Basin Area:   

8 Sabine-Neches Canal April 2017 September 2018 
Section 9 Station 0+00 to 170+00   

9 Section 10 Station 170+00 to 592+94 April 2014 May 2017 

10 

Neches River Channel October 2012 March 2014 
Section 11 Station 0+00 to 96+00   
Section 12 Station 95+00 to 158+00   
Section 13 Station 158+00 to 292+00   

11 
Section 14 Station 292+00 to 422+00 April 2015 July 2018 
Section 15 Station 422+00 to 522+00   
Section 16 Station 522+00 to 716+00   

12 Section 17 Station 716+00 to 776+00 October 2012 March 2015 
Section 18 Sta. 776+00 to 980+00   

13 Mitigation for Willow Bayou, Louisiana October 2015 May 2018 
14 Mitigation for West Black Bayou, Louisiana October 2012 February 2014 
15 Mitigation for East Black Bayou, Louisiana October 2014 May 2015 

 
f. Description of Disposal Method  

The construction would utilize a combination of traditional and relatively new dredging techniques. 
Equipment used to dredge the channels would be those traditionally employed: hopper dredges in the 
offshore reaches, and hydraulic pipeline dredges in the other reaches. Disposal of the new work material 
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would be in conventional upland PAs and offshore PAs, as well as innovative, nontraditional dredging 
techniques of placement into marshes and adjacent shorelines. These techniques are mandated due to the 
requirements of the mitigation and DMMP restoration and nourishment features. Contracts would be 
written to not only emphasize the removal of material from the channel, but also emphasize successful 
completion of mitigation and restoration features so that they would perform to intended purposes. Best 
Management Practices (BMPs), such as silt curtains, may be implemented where appropriate to control 
and reduce turbidity during dredging and placement. BMPs would also be employed during construction 
of temporary containment levees and spill boxes for restoration sites. The DMMP (Appendix D of the 
FEIS) provides more information. 

II. Factual Determinations 
 
a. Physical Substrate Determinations 
 

(1) Substrate Elevation and Slope 

Substrate elevations in BU features and mitigation areas would be approximately mean sea level. In PAs 
where new levees are required, hydraulic fill levees would be constructed using new work material. The 
design template provides a 100-foot crest width, 3:1 side slopes, and a 6-foot height.  

(2) Sediment Type 

From historical dredging records of the SNWW, dredged materials are expected to be composed of 51 
percent silt, 31 percent clay, and 18 percent sand. Recent sediment tests for the Entrance Channel 
Extension, which consisted of grab samples from about the top foot of shore sediments, revealed 
predominantly sand: 26 percent of the samples contained >90 percent sand, 41 percent contained >80 
percent sand, and only two samples had a sand content less than 50 percent. The maximum sand content 
was 99.1 percent. Section 3.4 of the FEIS discusses sediments further. 

(3) Dredged/Fill Material Movement  

Upland PAs would have containment levees to control fill movement after deposition; minor amounts of 
suspended solids may occur during construction, placement within BU features, or during mitigation 
efforts. BU marsh restoration areas would be protected from erosion by low levees, and BMPs may be 
implemented to control and reduce turbidity during discharge. The restored marshes would be stabilized 
initially by the planting of estuarine plants species (e.g., Spartina spp.); rapid natural colonization of 
marsh vegetation would also be expected based upon previous experience in the area. BU features 
targeting shoreline stabilization at Texas and Louisiana Points would include regular, unconfined 
discharge by hydraulic pipeline dredge. Section 2.5.3.2.2 of the FEIS describes predicted movement.  

(4) Physical Effects on Benthos 

Temporary and localized impacts to benthic organisms and their Gulf, estuarine and riverine water-
bottom habitats would occur; however, benthic organisms are expected to quickly rebound from the short-
term impacts from marsh restoration and shoreline nourishment. BMPs would be used where appropriate 
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to contain and control sediment and dredged material movement. Effects on aquatic organisms are 
discussed in Section 4.11 of the FEIS. 

(5) Other Effects  

None known.  

(6) Actions Taken to Minimize Impacts 

This project was fully coordinated with State and Federal resource agencies. Their recommendations were 
considered, incorporated, and described in the DMMP. Any unavoidable losses were mitigated. The BU 
features and mitigation sites are expected to lead to an overall increase in the diversity and productivity of 
estuarine and benthic habitat in the project area. 

b. Water Circulation, Fluctuation, and Salinity Determinations 
 

(1) Water 

The dredging and placement operations are expected to have only minor, short-term impacts on water 
quality in the area. Impacts to water quality are discussed more fully in Section 4.4 of the FEIS. BMPs 
would be implemented where appropriate. 

(a) Salinity 

The Preferred Alternative would provide a deeper navigation channel that would allow a greater amount 
of tidal circulation and exchange with the Gulf than is currently the case. Changes in salinities over the 
SNWW estuarine system were projected with the hydrodynamic salinity (HS) model (Brown and Stokes, 
2009) described in sections 4.1 and 4.2 of the FEIS, where the modeling efforts included mitigation 
measures, relative sea level rise, and alternatives. The HS model determined that approximately 
211,500 acres will be impacted by the slight increase in salinity in Texas and Louisiana. The average 
water surface elevation through most of the study area would largely be unaffected by the 48-foot 
channel. However, both the amplitude and average elevation of the tide on the upper Neches River near 
the saltwater barrier could exhibit a measurable increase, on the order of an average increase in water 
surface elevation of 0.8 inch. 

(b) Water Chemistry 

Aside from a temporary increase in local suspended solids, no impacts are expected (Section 4.4 of the 
FEIS describes water quality impacts). 

(c) Clarity 

There may be a local and temporary increase in turbidity during dredging and placement operations. 
BMPs such as temporary containment levees and spill boxes would be implemented where appropriate to 
control and reduce turbidity during dredging and discharges into confined PAs, BU features, and 
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mitigation areas during construction. Water clarity is expected to return to normal background levels 
shortly after operations are completed. 

(d) Color 

Water immediately surrounding the construction area may become discolored temporarily due to 
disturbance of the sediment. BMPs would be implemented to reduce and control turbidity. 

(e) Odor 

The new work material is not expected to be anoxic, so there should be no odors associated with dredging 
and placement.  

(f) Taste 

No detectable impacts in the estuarine environment. 

(g) Dissolved Gas Levels 

No dissolved gas levels except, perhaps, minor amounts of hydrogen sulfide are expected. 

(h) Nutrients 

Nutrient levels may be elevated near the PAs during discharge but these increases would be local and 
temporary.  

(i) Eutrophication 

Nutrients are not expected to reach levels high enough for periods long enough to lead to eutrophication 
of the surrounding waters. 

(j) Others as Appropriate 

None known. 

(2) Current Patterns and Circulation 

Components of the Preferred Alternative (e.g., shoreline nourishment, marsh nourishment, and 
restoration) were not shown to significantly affect currents or circulation patterns (sections 4.4 and 4.6 of 
the FEIS describe currents and flows).  

(a) Current Patterns and Flow 

The Preferred Alternative would not have an effect on freshwater inflows to the system. The 48-foot 
project would not change large-scale circulation estuarine patterns, but it would cause the leading edge of 
the salinity wedge to intrude farther upstream. 
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(b) Velocity 

The channel deepening would result in general increases in velocity along the entire channel; however, 
magnitudes are relatively minor, with less than 0.5 foot/second in most cases (Parchure et al., 2005). The 
largest changes would occur in the Sabine-Neches Channel, but the absolute magnitude is small. 

(c) Stratification 

No increase in stratification would be expected with the Preferred Alternative. The SNWW navigation 
channels would remain highly stratified with channel deepening. 

(d) Hydrologic Regime 

Although the Preferred Alternative would increase tidal exchange and slightly increase salinity levels, 
hydrologic and tidal regimes would not be altered on a large scale.  

(3) Normal Water Level Fluctuations 

The average water surface elevation through most of the study area would largely be unaffected by the 
48-foot channel, and no significant increase in tidal amplitude would be expected. 

(4) Salinity Gradients 

The Preferred Alternative would provide a deeper navigation channel that would allow a greater amount 
of tidal circulation and exchange with the Gulf than is currently the case. Changes in salinities over the 
SNWW estuarine system were projected with the HS model (Brown and Stokes, 2009) described in 
sections 4.1 and 4.2 of the FEIS, where the modeling efforts included mitigation measures, relative sea 
level rise, and alternatives. During median flows, the transition would shift to near Bessie Heights on the 
Neches River, to Keith Lake on the Sabine-Neches Canal, and Johnson’s Bayou on Sabine Lake. During 
low flows, the transition would shift to near Rose City on the Neches River, the Sabine River near 
Orange, Texas, and Willow Bayou on Sabine Lake. The 48-foot project would cause the leading edge of 
the salinity wedge to intrude further upstream. 

(5) Actions That Will Be Taken to Minimize Impacts  

The following objectives were established to offset or minimize impacts from the SNWW CIP. The 
objectives were developed by USACE in consultation with the Interagency Coordination Team (ICT). 

• 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 1:1 ratio  

• Replace habitats in-kind to the extent practicable 

• offset or minimize losses in the state where they occur 
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• Share dredged material from Sabine Pass equally between Louisiana and Texas 

Ultimately, unavoidable impacts of the Preferred Alternative in Texas are more than offset by benefits of 
the DMMP (which includes BU features); impacts in Louisiana, however, required compensatory 
mitigation. Therefore, the mitigation plan consists of restoring five degraded marsh areas east of Sabine 
Lake near Willow and Black bayous, Louisiana. The plan would 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. The amount of impacts avoidance, 
minimization, or mitigation is based upon the amount of marsh acreage that could be lost as a result of the 
project, and the additional amount that would need to be restored in order to fully compensate for adverse 
changes to biological function of the remaining marsh throughout the affected area over the 50-year 
period of analysis. Mitigation is fully described in Chapter 5 of the FEIS. 

The Neches River BU Feature would offset or minimize impacts to Texas wetlands on the Sabine and 
Neches rivers by restoring 2,853 acres of emergent marsh, improve 871 acres of shallow-water habitat, 
and nourish 1,234 acres of existing marsh. The BU feature also offsets direct impacts from connecting 86 
acres of freshwater marsh to a confined PA.  

c. Suspended Particulate/Turbidity Determination 
 

(1) Expected Changes in Suspended Particulates and Turbidity Levels in Vicinity of 
Disposal Site 

A temporary and localized increase in suspended particulates and turbidity levels is expected during 
dredging and placement operations of new work and maintenance material. BMPs would be implemented 
where appropriate. 

(2) Effects on Chemical and Physical Properties of the Water Column 
 

(a) Light Penetration 

Turbidity levels would be temporarily increased during dredging and placement operations of new work 
and maintenance material. 

(b) Dissolved Oxygen 

No adverse impacts to dissolved oxygen (DO) are expected; a reduction in DO may occur at localized and 
temporary events during placement. 

(c) Toxic metals and organics  

Suspended particles resulting from placement would not result in detrimental effects to chemical and 
physical properties of the water column. Extensive chemical analyses, bioassays, and bioaccumulation 
studies of offshore sediment material were conducted in accordance with EPA Regulations and the Ocean 
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Testing Manual. Results indicate that there are no causes for concern related to chemical contaminants 
and that these sediments are suitable for ocean placement. Similar testing was performed numerous times 
on maintenance material dredged from the 22-mile existing SNWW Entrance Channel, and these 
sediments were always found to be acceptable for ocean placement. Section 4.5 of the FEIS discusses 
sediment testing results.  

An examination of the sediment data presented in PBS&J (2004) and sediment data recently collected in 
March 2008 and April 2009 indicates no cause for concern, with the possible exception of elevated 
polycyclic aromatic hydrocarbons (PAHs) in one reach of the Neches River. There are nine sites listed in 
Table 3.3-1 in the FEIS that are considered to be priority Hazardous, Toxic, and Radioactive Waste 
(HTRW) sites, and there is a reach of the Neches River (stations 750 + 000 to 950 + 000, Figure 2.4-1g in 
the FEIS) that has higher sediment PAH concentrations than other reaches of the SNWW, but the location 
of the sites in Table 3.3-1 in the FEIS do not correlate to the higher-PAH reach of the Neches River. 
Additionally, none of those PAHs are found in the elutriate samples from the higher-PAH reach of the 
Neches River (Section 3.3 in the FEIS), so there is no indication that those PAHs would be released 
during dredging and/or placement. Taking all of this information into account, there appear to be no 
reaches of the SNWW that exhibit a cause for concern. 

(d) Pathogens 

None expected or found. 

(e) Aesthetics 

The PAs, BU features, and mitigation areas have been designed and selected with coordination between 
necessary and interested resource agencies to minimize environmental impacts and reduce or eliminate 
adverse aesthetic qualities.  

(f) Others as Appropriate 

None known. 

(3) Effects on Biota 

No impacts are expected on photosynthesis, suspension/filter feeders, and sight feeders, except for 
temporary and localized impacts from placement operations (e.g., burial of benthos or temporary increase 
of local turbidity levels). 

Creating benefits for estuarine biota (species depend on estuaries at some time in their life cycle for 
protection, food, and as a nursery site), the Neches River BU Feature (comprised of Rose City East, 
Bessie Heights East, and Old River Cove West) would restore 2,853 acres of emergent marsh, nourish 
1,234 acres of existing marsh, and improve 871 acres of shallow-water habitat. The Gulf Shore BU 
Feature (Texas and Louisiana Points) involve regular nourishment of approximately 6 miles of shoreline. 
Additionally, the mitigation plan consists of restoring five degraded marsh areas east of Sabine Lake near 
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Willow and Black bayous, Louisiana. This mitigation measure would 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. Chapter 5 of the FEIS 
discusses mitigation for habitats. 

(4) Actions Taken to Minimize Impacts 

Construction and placement plans for the dredged materials have been closely coordinated with the 
resource agencies to assure minimal impacts to aquatic habitats. Additionally, a Wetland Value 
Assessment was performed for SNWW CIP impacts to ensure proper mitigation or replacement of 
estuarine vegetation communities. Dredged material has been used beneficially to the maximum extent 
possible, resulting in the offsetting of all project impacts in Texas, and offsetting of some impacts in 
Louisiana. In addition, new upland PAs were sited to avoid impacts to wetlands to the greatest extent 
possible. BMPs would include construction of temporary containment levees/spill boxes for restoration 
sites and could include silt curtains during discharges in BU features. 

d. Contaminant Determinations  

The USACE has collected and archived a significant amount of water and sediment chemistry data as 
well as elutriate data that provide information on those constituents that are dissolved into the water 
column during dredging and placement. The water and elutriate study results are summarized by channel 
station in Section 3.3.1 of the FEIS. Based on available data, there is no indication of current water or 
elutriate contaminant problems along the SNWW. In consideration of Louisiana Department of 
Environmental Quality (LDEQ) requirements, Sabine Pass sediment was compared to Louisiana’s 
RECAP non-industrial Screening Standards. All detected analytes were below the lowest value for the 
respective standard.  PBS&J also compared water and elutriate results to the Louisiana Surface Water 
Quality Standard (LWQS), and found no exceedances. 

An examination of the sediment data presented in PBS&J (2004), and sediment data recently collected in 
March 2008 and April 2009, indicates no cause for concern, with the possible exception of elevated PAHs 
in one reach of the Neches River. There are nine sites listed in Table 3.3-1 in the FEIS that are considered 
to be priority HTRW sites, and there is a reach of the Neches River (stations 750 + 000 to 950 + 000, 
Figure 2.4-1g in the FEIS) that has higher sediment PAH concentrations than other reaches of the 
SNWW, but the location of the sites in Table 3.3-1 in the FEIS do not correlate to the higher-PAH reach 
of the Neches River. Additionally, none of those PAHs are found in the elutriate samples from the higher-
PAH reach of the Neches River (Section 3.3 in the FEIS), so there is no indication that those PAHs would 
be released during dredging and/or placement. Taking all of this information into account, there appear to 
be no reaches of the SNWW that exhibit a cause for concern. 
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e. Aquatic Ecosystem and Organism Determinations 
 

(1) Effects on Plankton 

Construction and placement operations are expected to have only minor temporary, local impacts on 
plankton from increased turbidity levels. 

(2) Effects on Benthos 

Temporary and localized impacts to benthic organisms and their Gulf, estuarine, and riverine water-
bottom habitats would occur; however, benthic organisms are expected to quickly rebound from the short-
term impacts from marsh restoration and shoreline nourishment.  

(3) Effects on Nekton 

Wright (1978) indicates that nekton is not directly affected by dredged material placement for marsh 
restoration in shallow, open-water areas and shoreline nourishment since they can avoid areas of high 
turbidity. The benthos within BU features, which would have been used as a food source, may be 
temporarily and detrimentally affected, but the restored marshes would ultimately improve habitat for 
benthic organisms. The elutriate analyses and bioassessments with undisturbed virgin sediment yielded no 
expectation of short-term water column or benthic toxicity from dredging or placement operations, except 
from increased turbidity. Therefore, no significant impacts to the nekton of the area from the proposed 
dredging and placement operations are expected. 

(4) Effects on Aquatic Food Web 

The estuarine and Gulf food web would benefit from greater productivity associated with marsh 
restoration in shallow, open-water areas and shoreline nourishment. Reductions in primary productivity 
from turbidity would be localized around the immediate area of the construction and maintenance dredge 
operations and would be limited to the duration of the plume at a given site.  

(5) Effects on Special Aquatic Sites 

The Preferred Alternative is not expected to have detrimental effects on special aquatic sites (i.e., 
sanctuaries and refuges, wetlands, mudflats, vegetated shallows, coral reefs, and riffle and pool 
complexes) in the study area. The Neches River BU Feature would offset impacts to Texas wetlands on 
the Sabine and Neches rivers by restoring 2,853 acres of emergent marsh, improving 871 acres of 
shallow-water habitat, and nourishing 1,234 acres of existing marsh. The BU feature also offsets direct 
impacts from connecting 86 acres of freshwater marsh to a confined PA. In addition, new upland PAs 
were sited to avoid impacts to wetlands to the greatest extent possible. 

The mitigation plan consists of restoring five degraded marsh areas east of Sabine Lake near Willow and 
Black bayous, Louisiana. The plan would 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 
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and around the marsh restoration zone. The amount of recommended mitigation is based upon the amount 
of marsh acreage that could be lost as a result of the project, and the additional amount that would need to 
be restored in order to fully compensate for adverse changes to biological function of the remaining marsh 
throughout the affected area over the 50-year period of analysis. Chapter 5 of the FEIS discusses 
mitigation for estuarine habitats. 

f. Proposed Disposal Site Determinations 
 

(1) Mixing Zone Determination 

Preferred Alternative PAs would not require mixing zones as they include levees and dewatering designs. 
Mixing zones would occur during marsh restoration or shoreline nourishment; however, testing of 
elutriates prepared with maintenance material has not demonstrated contaminants or other causes for 
concern. 

(2) Determination of Compliance with Applicable Water Quality Standards 

Sediment analyses of new work material have been performed, and testing of elutriates prepared with 
maintenance material has not demonstrated any violation of applicable water quality standards. The State 
of Texas has issued a water quality certificate for current maintenance dredging of the SNWW, indicating 
that water quality standards are being met. 

(3) Potential Effects on Human Use Characteristics 
 

(a) Municipal and Private Water Supply 

The proposed project would not impact any municipal or private water supplies. On the Neches River, 
water intakes are located upstream of the Neches River Saltwater Barrier; on the Sabine River, water 
intakes are located well upstream of the projected saltwater intrusion.  

(b) Recreational and Commercial Fisheries 

Recreational and commercial fishing in Sabine Pass areas and the immediate Gulf may benefit as a result 
of the marsh restoration efforts, which would increase estuarine habitats that are critical to the marine 
food web. 

(c) Water-related Recreation 

The project would improve navigation, which may improve water-related recreation. 

(d) Aesthetics 

The project is designed to minimize any adverse impacts to the environment and aesthetic qualities in the 
area.  
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(e) Parks, National and Historic Monuments, National Seashores, Wilderness Areas, 
Research Sites, and Similar Preserves 

No special sites would be negatively impacted by the project. 

g. Determination of Cumulative Effects on the Aquatic Ecosystem 

The project is expected to result in net benefits to the environment without adding to negative cumulative 
impacts in the aquatic ecosystem. A Wetland Value Assessment was performed to ensure adequate 
replacement of wetlands and ecological functions.  

h. Determination of Secondary Effects on the Aquatic Ecosystem 

No adverse significant secondary effects on the aquatic ecosystem should occur as a result of the 
recommended project, but secondary beneficial effects are expected from marsh restoration and shoreline 
nourishment efforts. 
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1.0 INTRODUCTION 

The U.S. Army Corps of Engineers (USACE) has joined in an agreement with the Sabine Neches 
Navigation District to prepare a Final Feasibility Report and a Final Environmental Impact Statement 
(FEIS) for proposed improvements to the Sabine-Neches Waterway (SNWW). The proposed SNWW 
Channel Improvement Project (CIP) is intended to improve the efficiency of the deep-draft navigation 
system while protecting the area’s coastal and estuarine resources. As authorized by the Senate 
Committee on Environment and Public Works Resolution, dated June 5, 1997, the USACE has reviewed 
previous USACE reports on the SNWW and other pertinent reports to determine the feasibility of 
modifying the channels serving the Port of Beaumont and the Port of Port Arthur, Texas, in the interests 
of commercial navigation. These channels are collectively named the SNWW. The lead agency for the 
FEIS is the USACE, with several cooperating agencies. An FEIS was prepared as required by the 
National Environmental Policy Act (NEPA) to present an evaluation of potential impacts associated with 
the proposed CIP. 

The proposed SNWW CIP will be located on the upper Texas Gulf Coast at the Texas-Louisiana state 
boundary within Jefferson and Orange counties in Texas and Cameron and Calcasieu parishes in 
Louisiana. Sabine Pass, Sabine Lake, and the Sabine River together form the southern boundary between 
the two states. The area surrounding the waterway is generally referred to as the “Golden Triangle,” 
which refers to the metropolitan area’s three major cities and their ports—Beaumont, Port Arthur, and 
Orange, Texas. The project area is defined as those areas that would be directly affected by construction 
of the CIP as detailed in the FEIS. 

The counties of Jefferson and Orange are within an area designated as the Beaumont-Port Arthur (BPA) 
Air Quality Control Region (AQCR). Ozone is the only criteria pollutant from which the BPA fails to 
meet the National Ambient Air Quality Standards (NAAQS). The U.S. Environmental Protection Agency 
(EPA) has classified the BPA area as a “serious” nonattainment area under the 1-hour NAAQS for ozone 
and a “moderate” nonattainment area with regard to the 8-hour NAAQS for ozone. Under the current 
attainment classification, the BPA has until June 15, 2010, to attain the 8-hour NAAQS for ozone. 
However, 8-hour ozone data for 2005, 2006, and 2007 indicate that the BPA area is monitoring 
attainment of the standard. As a result, the Texas Commission on Environmental Quality (TCEQ) adopted 
a Texas State Implementation Plan (SIP) revision that includes a Redesignation Request and a 
Maintenance Plan under Section 175A of the Federal Clean Air Act (CAA) Amendments of 1990 for the 
BPA area (TCEQ, 2008). This maintenance plan is currently pending review by the EPA. 

Calcasieu Parish is in the Lake Charles AQCR and Cameron Parish is in the Southern Louisiana-
Southeast Texas AQCR. These parishes are currently classified as being in attainment with the NAAQS 
for all criteria pollutants. 
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For a nonattainment area, a General Conformity Determination is required when the total air contaminant 
emissions caused by the proposed project would equal or exceed a specific threshold for nitrogen oxides 
(NOx) or volatile organic compounds (VOCs). Based on an evaluation of air contaminant emissions from 
the construction activities associated with the proposed SNWW CIP Preferred Alternative, it has been 
determined that a General Conformity Determination for NOx emissions is required. Emissions of VOC 
for the project are exempt from a General Conformity Determination because they are below the 
emissions threshold requiring such an analysis. 

This document represents the Final General Conformity Determination prepared on behalf of the USACE, 
Galveston District, pursuant to the CAA to document that emissions that would result from the USACE 
action in approving the proposed SNWW CIP Project are in conformity with the SIP for the BPA ozone 
nonattainment area. 
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2.0 REGULATORY BACKGROUND – GENERAL CONFORMITY 

General conformity refers to the process of evaluating plans, programs, and projects to determine and 
demonstrate they meet the requirements of the CAA and the SIP. The General Conformity Rule requires 
conformity in coordination with and as part of the NEPA process. The proposed CIP project, as a Federal 
action, is subject to the General Conformity Rule (40 CFR Part 51, Subpart W). This rule implements the 
Federal CAA conformity provision in Title I, Section 176(c)(1), “Limitation on Certain Federal 
Assistance,” which mandates that the Federal government not engage, support, or provide financial 
assistance for licensing or permitting, or approving any activity not conforming to an approved CAA 
implementation plan. In Texas, the applicable implementation plan is the Texas SIP, an EPA-approved 
plan for the regulation and enforcement of the NAAQS in each air quality region within the state. The 
General Conformity Rule is designed to ensure that Federal actions do not cause or contribute to 
degradation in air quality in an area that is designated as being a “nonattainment” area or a “maintenance” 
area with regard to meeting the NAAQS, thus supporting the achievement of State and Federal air quality 
goals. The General Conformity Rule is codified at Title 40 Code of Federal Regulations (CFR) Part 51, 
Subpart W, “Determining Conformity of Federal Actions to State or Federal Implementation Plans.”  

The TCEQ has promulgated a corresponding General Conformity Rule in 30 Texas Administrative Code 
(TAC) §101.30, “Conformity of General Federal Actions to State Implementation Plans.” This rule 
applies to all Federal actions except programs and projects requiring funding or approval from the U.S. 
Department of Transportation (DOT), the Federal Highway Administration, the Federal Transit 
Administration, or the Metropolitan Planning Organization. These types of programs and projects must 
instead comply with the conformity provisions implemented in the Transportation Conformity Rule 
issued by the DOT on November 24, 1993.  

The CAA defines conformity to the SIP as the upholding of “an implementation plan’s purpose of 
eliminating or reducing the severity and number of violations of the NAAQS and achieving expeditious 
attainment of such standards.” Conforming activities or actions should not, through additional air 
pollutant emissions, result in the following: 

• Cause or contribute to new violations of any NAAQS in any area; 

• Increase the frequency or severity of any existing violation of any NAAQS in any area; or  

• Delay timely attainment of any NAAQS or interim emission reductions or other milestones in any 
area. 

Pursuant to the General Conformity Rule, a Federal agency must make a General Conformity 
Determination for all Federal actions in nonattainment or maintenance areas where the total of direct and 
indirect emissions of a nonattainment pollutant or its precursors exceeds levels established by this rule. 
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3.0 APPLICABILITY 

Consistent with Section 176(c)(1) of the CAA, a Federal action is generally defined as any activity 
engaged in or supported in any way by any department, agency, or instrumentality of the Federal 
government (40 CFR § 51.852). Federal actions include providing Federal financial assistance or issuing 
a Federal license, permit, or approval. Where the Federal action is a permit, license, or other approval for 
some aspect of a non-Federal undertaking, the relevant activity is the part, portion, or phase of the non-
Federal undertaking that requires the Federal permit, license, or approval. 

The proposed SNWW CIP requires approval from the USACE, as the lead agency, for dredge and fill 
activities related to the project. Only project activities subject to the jurisdiction of the USACE and within 
the boundaries of Texas would be subject to this conformity determination. Because the project 
alternatives are subject to the approval of the USACE, it constitutes a Federal action, and therefore, air 
contaminant emissions resulting from the Preferred Alternative must be evaluated under the General 
Conformity rules. 

The BPA ozone nonattainment area is classified as “moderate” in terms of its degree of compliance with 
the current 8-hour ozone standard. This area is in attainment with all other criteria pollutants. Pursuant to 
the General Conformity rules, a General Conformity Determination is required for each year when the 
total of direct or indirect emissions caused by the CIP would equal or exceed 100 tons per year (tpy) of 
NOx or 100 tpy of VOC (40 CFR §51.853). The rule does not apply (i.e., a General Conformity 
Determination is not required) to actions where the total of direct or indirect emissions is below these 
emissions levels. In addition, even if the total of direct and indirect emissions of VOC or NOx do not 
exceed the 100 tpy threshold levels, when the total of direct and indirect emissions of any pollutant from 
the Federal action represents 10 percent or more of a nonattainment or maintenance area’s total emissions 
of those pollutants, then the action is defined as a regionally significant action and a conformity 
determination would be still be applicable. 

For purposes of the General Conformity Determination, the relevant direct and indirect emissions are 
those associated with the construction of the widening and deepening of the Sabine-Neches channel 
including emissions from dredging activities, construction equipment, and temporary employee vehicles. 
The General Conformity analysis would include only air emissions from project activities occurring 
within the Texas state line out to the boundary considered the natural resources limit, i.e., 9 miles out into 
the Gulf of Mexico. 

 



 

100007609/070057 3-2 

  TBPE REG. #F-474 

(This page left blank intentionally.) 



 

100007609/070057 4-1  

  TBPE REG. #F-474 

4.0 AIR EMISSIONS INVENTORY 

The evaluation of an air emissions inventory associated with the proposed SNWW CIP was based on the 
identification of air contaminants and estimated emission rates for the Preferred Alternative. For purposes 
of this Draft General Conformity Determination, an air emissions inventory was prepared for project-
related construction based on the construction schedule and other assumptions as developed for this 
project. Air emissions estimates were calculated using techniques appropriate for a specific emissions-
generating activity or source. The basis, emission factors, and summary of emissions are provided in 
Appendix A. 

4.1 Project Emissions 

Project emissions were estimated for the projected years of construction, 2011 through 2018. The 
estimated emissions were based on projected equipment use and scheduling for offshore and onshore 
construction activities. The construction emissions inventory included emissions associated with dredging 
vessels and equipment, nonroad construction equipment, and on-road mobile sources, as follows: 

• Dredging vessels and equipment – included dredges and support marine vessels; 

• Nonroad construction equipment – included amphibious trackhoe, dozer, dragline, excavator, and 
rolligon; and 

• On-road mobile sources – included employee commuter vehicles 

4.1.1 Dredging Vessels and Equipment 

Dredging emissions included those that would be expected to result from the use of tugboats and 
miscellaneous marine vessels in support of the dredging activities. Air emissions directly related with the 
dredging equipment were calculated on an annual basis based on the anticipated type of engine, activity, 
horsepower, and anticipated hours of operation. Estimated emissions from the use of dredging equipment 
were based on the emission factor algorithms referenced in EPA’s technical report “Analysis of 
Commercial Marine Vessels Emissions and Fuel Consumption Data,” EPA 420-R-00-002, February 
2000. This technical report is a compilation of engine- and fuel-usage test data from various types of 
marine vessels including bulk carriers, container ships, dredges, tankers, and tugboats. This report was 
utilized to determine the load factors and emission factors for the various combustion engines that would 
be used in support of the dredging activities for the project. Emission factors were determined based on an 
emission factor algorithm that may be used to calculated air contaminant emission rates for these 
emission sources. The emission factor algorithm is applicable to all engine sizes since, according to the 
EPA’s document, the emissions data showed no statistically significant difference across engine sizes. 
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4.1.2 Nonroad Construction Equipment 

Air contaminant emissions from nonroad construction equipment used for onshore dredged material 
placement; i.e., filling, working, and compacting of dredged material, were calculated on an annual basis 
based on the anticipated type of equipment, activity, horsepower, and anticipated hours of operation. The 
operation of construction vehicles (e.g., amphibious trackhoe, dozer, dragline, excavator, and rolligon) 
will generate air emissions typical of vehicles powered by diesel-fueled internal combustion engines. The 
estimate of emissions for this equipment was based on emission factors generated using the EPA’s 
NONROAD2005. This computer model may be used to calculate emissions for many nonroad equipment 
types, categorizing them by horsepower rating and fuel type available for specific years, for a specific 
geographic area, state, or county. The NONROAD model was run for the amphibious trackhoe, dozer, 
dragline, and excavator equipment from the population that may be found in Jefferson and Orange 
counties for each year of anticipated construction. 

4.1.3 On-road Mobile Sources 

Mobile source emissions associated with the SNWW CIP construction will be generated from employee 
commuter vehicles. Mobile on-road emissions associated with employee vehicles were calculated using 
EPA MOBILE6, a mobile source emissions model. A mix of light-duty gasoline vehicles and light-duty 
gasoline trucks was assumed for the makeup of the employee vehicles. An average commute of 25 miles 
each way was assumed for each vehicle. The total number of miles traveled was estimated by multiplying 
the number of miles per trip by the total number of days of construction activity for each year times the 
number of vehicles. 

4.2 Summary of NOX and VOC Emissions 

For comparison with the thresholds defined in the General Conformity Rule, the average emissions of 
NOx and VOC are summarized in tables 1 and 2 for each year of the anticipated construction activities. 
Emissions of carbon monoxide, sulfur dioxide, and particulate matter are not considered in the General 
Conformity evaluation as the study area is in attainment with the NAAQS for each of those pollutants. 

As shown in Table 1, NOx emissions for activities subject to USACE responsibility show the project 
would exceed the conformity threshold, i.e., greater than 100 tpy. Therefore, a General Conformity 
Determination for NOx emissions would be required.  
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Table 1  
 

Summary of Estimated Project NOx Emissions (tpy) 

Year 
Dredge & Support 

Equipment 
Nonroad Construction 

Equipment 
On-road Mobile 

Emissions Total 
2011 217.77 34.05 0.29 252.11 
2012 1,106.59 126.17 1.25 1,234.01 
2013 1,120.03 120.72 1.29 1,242.05 
2014 1,222.80 116.52 1.27 1,340.59 
2015 1,208.15 104.22 1.28 1,313.65 
2016 1,212.23 90.55 1.26 1,304.05 
2017 1,312.36 87.97 1.32 1,401.65 
2018 467.93 34.07 0.45 502.45 

As shown in Table 2, VOC emissions for the activities subject to USACE responsibility are exempt from 
a General Conformity Determination because they are below the 100-tpy threshold. 

 Table 2  
 

Summary of Estimated Project VOC Emissions (tpy) 

Year 
Dredge & Support 

Equipment 
Nonroad Construction 

Equipment 
On-road Mobile 

Emissions Total 
2011 2.57 3.12 0.42 6.10 
2012 12.38 11.43 1.84 25.65 
2013 12.54 10.99 1.91 25.44 
2014 13.82 10.86 1.88 26.57 
2015 13.94 9.90 1.89 25.73 
2016 14.22 8.69 1.87 24.78 
2017 15.40 8.73 1.94 26.07 
2018 5.47 34.89 0.66 41.02 
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5.0 ISSUANCE OF DRAFT GENERAL CONFORMITY 
DETERMINATION AND AGENCY RESPONSE 

On December 16, 2009, the USACE, Galveston District issued a Draft General Conformity Determination 
concurrently with the Draft Environmental Impact Statement (EIS) for the proposed SNWW CIP. Copies 
of these documents were provided to various Federal and State agencies including the TCEQ and the 
EPA, Region VI. The USACE published the notice of availability of the Draft General Conformity 
Determination in newspapers of general circulation for the BPA and the Sulphur and Lake Charles, 
Louisiana, areas on January 21, 2010, in the Beaumont Enterprise, Beaumont, Texas; on January 20, 21, 
and 22, 2010, in the Port Arthur News, City of Port Arthur, Texas; on January 19, 20, 21, and 22, 2010, in 
the Southwest Daily News, Sulphur, Louisiana; and on January 21, 22, and 23, 2010, in the Lake Charles 
American Press, Lake Charles, Louisiana. Copies of these publications and publisher’s affidavits are 
provided in Appendix B. 

After the issuance of the Draft General Conformity Determination in December 2009, the TCEQ provided 
a General Conformity Concurrence letter dated April 15, 2010. A copy of this letter is provided in 
Appendix C. 

In its letter, the TCEQ provided its General Conformity concurrence for the proposed SNWW CIP and a 
determination that emissions from the project would not exceed the emissions from the applicable SIP, 
the BPA Rate-of-Progress, adopted by the TCEQ on October 27, 2004, and approved by the EPA on 
February 22, 2006. In addition, the TCEQ suggested that the USACE adopt pollution prevention and/or 
reduction measures in conjunction with this and future projects including the following: 

• Encourage construction contractors to apply for Texas Emission Reduction Plan grants; 

• Establish bidding conditions that give preference to clean contractors; 

• Direct construction contractors to exercise air quality best management practices; 

• Direct contractors that will use tugboats during construction to use clean fuels; 

• Direct operators of the assist tugboats used in maneuvering dredge vessels to use clean fuels; 

• Select assist tugs based on lowest NOx emissions instead of lowest price; or 

• Purchase and permanently retire surplus NOx offsets prior to commencement of operations. 

No additional comments related to the Draft General Conformity Determination were received by the 
USACE. 
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6.0 FINAL GENERAL CONFORMITY DETERMINATION 

Based on the evaluation of the proposed project description, estimated air quality emissions, and with 
consideration of the General Conformity concurrence letter from the TCEQ, the USACE has determined 
that its approval of the proposed SNWW CIP will meet the General Conformity requirements of TCEQ 
Chapter 101, §101.30(h)(1)(E)(i)(I). This section of the TCEQ’s General Conformity Rule applies to an 
ozone nonattainment area, where the EPA has approved a revision to an area’s attainment demonstration 
after 1990, and the TCEQ makes a determination that the estimated air contaminant emissions from a 
proposed Federal action will not exceed the emissions budget in the SIP. 

The emissions budget for General Conformity purposes is defined in the TCEQ General Air Quality 
Rules §101.30(8). The budget is established by the allowable emissions allocated to a subcategory of the 
emissions inventory in the applicable SIP revision. The applicable SIP for General Conformity purposes 
is the most recent revision of the SIP that has been approved by the EPA. For the BPA nonattainment 
area, the most recently approved SIP revision is entitled “Post 1996 Rate-of-Progress Demonstration for 
the Beaumont-Port Arthur Nonattainment Area” adopted by the TCEQ on October 27, 2004, and 
approved by the EPA on February 22, 2006. For the BPA nonattainment area, the attainment year used for 
analyses should be 2010. However, the emissions inventory budgets used in the development of the 1999 
Rate-of-Progress (ROP) SIP are based on the attainment year 2005, and therefore, emissions budgets for 
NOx and VOC are based on emissions inventories projected to 2005. 

The total inventory of emissions of NOx and VOC is summarized in information provided in support of 
the 1999 ROP SIP for four general categories of emission sources: stationary point, area, on-road mobile, 
and off-road (nonroad) mobile. The inventory of nonroad emissions of NOx and VOC includes five 
general categories of emission sources: aircraft, ground support equipment, commercial marine vessels, 
locomotives, and NONROAD Model categories. The SIP also provides a summary of the 2005 ROP 
Motor Vehicle Emissions Budget (MVEB) for the BPA nonattainment area. 

Based on information provided in the 1999 ROP SIP, the 2005 Nonroad Mobile emissions budget, 
inclusive of landside construction equipment and commercial marine vessels, is 27.43 tons per day (about 
10,011 tpy) of NOx. The 2005 MVEB in the 1999 ROP SIP for the BPA nonattainment area is 33.97 tons 
per day (12,399 tpy) of NOx. For comparison to these emission budgets, the highest annual NOx emission 
rates for the SNWW CIP Preferred Alternative are broken down as shown in Table 3. The basis, emission 
factors, and summary of emissions are provided in Appendix A. 
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 Table 3  

Project NOX Emissions Compared to 1999 ROP SIP Emissions Inventory Budgets (tpy) 

SIP 
Emissions 
Category Project Activity 

Maximum Annual NOx 
Emissions 

(tons/year of maximum 
occurrence) 

Maximum 
Daily NOx 
Emissions
(tons/day) 

SIP 
Emissions 

Budget 
(tons/day) 

% of SIP 
Emissions 

Budget 
Nonroad 
Mobile 

Dredging Vessel 
Equipment, Dredging 
Support Vessels, and 
Land-side Construction 
Equipment 

1400.33 
(2017) 

0.80 27.43 2.9 

On-road 
Mobile 

On-Road – Employee 
Commuter Vehicles 

1.32 
(2017) 

0.0008 33.97 0.002 

As shown in Table 3, NOx emissions from the project dredging activities during the project year 2017 
would represent about 2.9 percent of the 2005 BPA Nonroad Mobile emissions budget. Air emissions 
from employee commuter vehicles would represent about 0.002 percent of the SIP 2005 MVEB. 

Based on an evaluation of the proposed project emissions, the total emissions of NOx resulting from the 
SNWW CIP Preferred Alternative would result in a level of emissions that is within the 2005 Nonroad 
Mobile emissions budget and the 2005 MVEB as shown in the 1999 ROP SIP for the BPA nonattainment 
area. Considering the inventory of other emission sources in the BPA area, it is anticipated that emissions 
from each year of the project would be less than an increase of 10 percent of the VOC and NOx emissions 
inventories for the entire BPA nonattainment area. As such, emissions from the activities subject to the 
USACE action are not considered regionally significant for purposes of General Conformity. Therefore, it 
is expected that emissions from the project construction would not: 

• Cause or contribute to new violation of any NAAQS in any area; 

• Increase the frequency or severity of any existing violation of any NAAQS in any area; or  

• Delay timely attainment of any NAAQS or interim emission reductions or other milestones in any 
area. 

Based on a review of the Draft General Conformity Determination, the TCEQ has determined, pursuant to 
30 TAC §101.30(h)(1)(E)(i)(I), that emissions from the proposed project will not exceed the emissions 
from the applicable SIP, the BPA Rate-of-Progress, adopted by the TCEQ on October 27, 2004, and 
approved by the EPA on February 22, 2006. Therefore, the USACE has determined that the proposed 
project complies with the requirements of the General Conformity Rule; Section 176 of the CAA, and the 
State regulations promulgated pursuant to this rule, and is in conformity with the currently approved BPA 
SIP. 
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Summary of Estimated Air Emissions 



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 1,500.00 772.50 750.00 1,500.00 516.00 300.00 103.13 2,100.00 722.25 8,264
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 1,212.77 545.74 606.38 2,910.64 242.55 242.55 5,761
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 900.00 405.00 2,160.00 180.00 180.00 3,825
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 1,000.00 450.00 500.00 2,400.00 200.00 200.00 4,750
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 4,612.77 772.50 750.00 1,500.00 1,916.74 300.00 103.13 2,100.00 722.25 1,106.38 7,470.64 622.55 622.55 22,600

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 6,000.00 3,090.00 3,000.00 6,000.00 2,064.00 1,200.00 412.50 8,400.00 2,889.00 33,056
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 4,851.06 2,182.98 2,425.53 11,642.55 970.21 970.21 23,043
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 3,600.00 1,620.00 8,640.00 720.00 720.00 15,300
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 4,000.00 1,800.00 2,000.00 9,600.00 800.00 800.00 19,000
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 18,451.06 3,090.00 3,000.00 6,000.00 7,666.98 1,200.00 412.50 8,400.00 2,889.00 4,425.53 29,882.55 2,490.21 2,490.21 90,398

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 500.00 257.50 250.00 500.00 172.00 100.00 34.38 700.00 240.75 2,755
2 Sabine Bank 132-95+734 Large Hopper 5,500.00 2,832.50 2,750.00 5,500.00 1,892.00 1,100.00 378.28 7,700.00 2,648.56 30,301
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 4,851.06 2,182.98 2,425.53 11,642.55 970.21 970.21 23,043
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 3,600.00 1,620.00 8,640.00 720.00 720.00 15,300
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 4,000.00 1,800.00 2,000.00 9,600.00 800.00 800.00 19,000
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 225.00 101.25 112.50 225.00 210.00 210.00 1,084

YEAR 2013 TOTAL 18,676.06 3,090.00 3,000.00 6,000.00 7,768.23 1,200.00 412.65 8,400.00 2,889.31 4,538.03 30,107.55 2,700.21 2,700.21 91,482

TOTALOperating Hours
Survey Boat TrawlerDredge
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALOperating Hours

Survey Boat TrawlerDredge

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 3,500.00 1,802.50 1,750.00 3,500.00 1,204.00 700.00 240.72 4,900.00 1,685.44 19,283
3 Sabine Bank 95+734-53 Large Hopper 1,500.00 772.50 750.00 1,500.00 516.00 300.00 103.09 2,100.00 722.18 8,264
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 4,851.06 2,182.98 2,425.53 11,642.55 970.21 970.21 23,043
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 3,434.21 1,545.39 8,242.11 686.84 686.84 14,595

10 Neches River Channel 0-292 30" Cutter Suction 900.00 405.00 2,160.00 180.00 180.00 3,825
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 4,000.00 1,800.00 2,000.00 9,600.00 800.00 800.00 19,000
13 Sabine Lake 24" Cutter Suction 102.27 46.02 51.14 2,863.64 238.64 238.64 3,540
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 900.00 405.00 450.00 900.00 840.00 840.00 4,335

YEAR 2014 TOTAL 19,187.55 2,575.00 2,500.00 5,000.00 8,104.40 1,000.00 343.81 7,000.00 2,407.63 4,926.67 35,408.29 3,715.69 3,715.69 95,885

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 4,000.00 2,060.00 2,000.00 4,000.00 1,376.00 800.00 274.91 5,600.00 1,925.82 22,037
4 Sabine Pass Outer Bar 53-00 Large Hopper 1,500.00 772.50 750.00 1,500.00 516.00 300.00 103.17 2,100.00 722.33 8,264
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 964.29 433.93 2,314.29 192.86 192.86 4,098
7 Port Arthur Canal 0-240 30" Cutter Suction 3,234.04 1,455.32 1,617.02 7,761.70 646.81 646.81 15,362
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 4,578.95 2,060.53 10,989.47 915.79 915.79 19,461

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 3,118.05 1,403.12 1,559.02 7,483.32 623.61 623.61 14,811
12 Neches River Channel 716-980 30" Cutter Suction 1,000.00 450.00 500.00 2,400.00 200.00 200.00 4,750
13 Sabine Lake 24" Cutter Suction 409.09 184.09 204.55 11,454.55 954.55 954.55 14,161
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 375.00 168.75 187.50 375.00 350.00 350.00 1,806

YEAR 2015 TOTAL 19,179.42 2,832.50 2,750.00 5,500.00 8,047.74 1,100.00 378.08 7,700.00 2,648.15 4,068.09 42,778.33 3,883.61 3,883.61 104,750
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALOperating Hours

Survey Boat TrawlerDredge

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 6,000.00 3,090.00 3,000.00 6,000.00 2,064.00 1,200.00 412.67 8,400.00 2,889.33 33,056
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 3,857.14 1,735.71 9,257.14 771.43 771.43 16,393
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 4,578.95 2,060.53 10,989.47 915.79 915.79 19,461

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 4,157.40 1,870.83 2,078.70 9,977.76 831.48 831.48 19,748
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 409.09 184.09 204.55 11,454.55 954.55 954.55 14,161
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 19,002.58 3,090.00 3,000.00 6,000.00 7,915.16 1,200.00 412.67 8,400.00 2,889.33 2,283.25 41,678.92 3,473.24 3,473.24 102,818

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 1,500.00 772.50 750.00 1,500.00 516.00 300.00 103.17 2,100.00 722.33 8,264
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 3,000.00 1,545.00 1,500.00 3,000.00 1,032.00 600.00 206.00 4,200.00 1,444.00 16,527
6 Sabine Pass 0-295+60 30" Cutter Suction 3,857.14 1,735.71 9,257.14 771.43 771.43 16,393
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 3,256.03 1,465.21 7,814.47 651.21 651.21 13,838
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 1,907.89 858.55 4,578.95 381.58 381.58 8,109

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 4,157.40 1,870.83 2,078.70 9,977.76 831.48 831.48 19,748
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 409.09 184.09 204.55 11,454.55 954.55 954.55 14,161
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 18,087.56 2,317.50 2,250.00 4,500.00 7,662.40 900.00 309.17 6,300.00 2,166.33 2,283.25 43,082.87 3,590.24 3,590.24 97,040

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 321.43 144.64 771.43 64.29 64.29 1,366
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 3,243.97 1,459.79 7,785.53 648.79 648.79 13,787
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 2,067.15 930.22 1,033.58 4,961.16 413.43 413.43 9,819
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 170.45 76.70 85.23 4,772.73 397.73 397.73 5,901
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 5,803.00 2,611.35 1,118.80 18,290.85 1,524.24 1,524.24 30,872
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALOperating Hours

Survey Boat TrawlerDredge

TOTAL
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 9,000 4,635 4,500 9,000 3,096 1,800 619 12,600 4,334 49,584
2 Sabine Bank 132-95+734 Large Hopper 5,500 2,833 2,750 5,500 1,892 1,100 378 7,700 2,648 30,301
3 Sabine Bank 95+734-53 Large Hopper 9,000 4,635 4,500 9,000 3,096 1,800 619 12,600 4,334 49,584
4 Sabine Pass Outer Bar 53-00 Large Hopper 3,000 1,545 1,500 3,000 1,032 600 206 4,200 1,444 16,527
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 9,000 4,050 21,600 1,800 1,800 38,250
6 Sabine Pass 0-295+60 30" Cutter Suction 19,000 8,550 9,500 45,600 3,800 3,800 90,250
7 Port Arthur Canal 0-240 30" Cutter Suction 6,500 2,925 15,600 1,300 1,300 27,625
8 Sabine-Neches Canal 0-170 30" Cutter Suction 14,500 6,525 34,800 2,900 2,900 61,625
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 9,000 4,050 21,600 1,800 1,800 38,250

10 Neches River Channel 0-292 30" Cutter Suction 13,500 6,075 6,750 32,400 2,700 2,700 64,125
11 Neches River Channel 292-716 30" Cutter Suction 14,000 6,300 7,000 33,600 2,800 2,800 66,500
12 Neches River Channel 716-980 30" Cutter Suction 1,500 675 750 42,000 3,500 3,500 51,925
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none 1,500 675 750 1,500 1,400 1,400 7,225
15 GIWW E. Of Orange 24" Cutter Suction 123,000 17,768 17,250 34,500 51,693 6,900 2,372 48,300 16,612 24,750 248,700 22,000 22,000 635,845

TOTAL 238,000 31,415 30,500 61,000 100,634 12,200 4,194 85,400 29,372 49,500 497,400 44,000 44,000 1,227,615
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Marine Engine Emission Factors and Fuel Consumption Algorithms
(in g/kW-hr, for all marine engines)

Statistical Parameter Exponent (x) Intercept (b) Coefficient (a)

CO 1 0 0.8378
NOX 1.5 10.4496 0.1255

PM 1.5 0.2551 0.0059

PM2.5 1.5 0.2551 0.0059

PM10 1.5 0.2551 0.0059
SOX n/a 0 2.3735

VOC (HC) 1.5 0 0.0667

Notes:
1.) All regressions but SO2 are in the form of:
     Emissions Rate (g/hp-hr) = (a*(Fractional Load)-x + b) * 0.7457
     where the conversion factor of 0.7457 kW/hp is used to calculate the emission factor in g/hp-hr

2.) Fractional Load is equal to actual engine output divided by rated engine output.

3.) The SO2 regression is the form of:
     Emissions Rate (g/hp-hr) = a*(Fuel Sulfur Flow in g/hp-hr) + b
     where Fuel Sulfur Flow is the Fuel Consumption times the sulfur content of the fuel;
     The sulfur content for the fuel consumption regression was set to 3300 parts per million (0.33 wt%)

4.) Fuel Consumption (g/hp-hr) = (14.12 / (Fractional Load) + 205.717) * 0.7457

5.) n/a is not applicable, n/s is not statistically significant.

6.) All information shown above is detailed in Table 5-1 of the EPA technical report "Analysis of
    Commercial Marine Vessels Emissions and Fuel Consumption Data", EPA 420-R-00-002, 
    February 2000.
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Floating 
Booster Tug Spill 

Barge Crew Boat

Operating Mode Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main 
Engine Propelling

Load Factor 0.8 0.8 0.8 0.8 0.2 0.4 0.2 0.4 0.2 0.8 0.4 0.4 0.4
EF (Gram/hp-hr)

CO 0.780934 0.780934 0.780934 0.780934 3.123737 1.561869 3.123737 1.561869 3.123737 0.780934 1.561869 1.561869 1.561869
NOX 7.923056 7.923056 7.923056 7.923056 8.838583 8.162195 8.838583 8.162195 8.838583 7.923056 8.162195 8.162195 8.162195
PM 0.196377 0.196377 0.196377 0.196377 0.239417 0.207619 0.239417 0.207619 0.239417 0.196377 0.207619 0.207619 0.207619

PM2.5 0.178703 0.178703 0.178703 0.178703 0.217870 0.188933 0.217870 0.188933 0.217870 0.178703 0.188933 0.188933 0.188933
PM10 0.188522 0.188522 0.188522 0.188522 0.229841 0.199314 0.229841 0.199314 0.229841 0.188522 0.199314 0.199314 0.199314
SOX 1.304627 1.304627 1.304627 1.304627 1.613894 1.407716 1.613894 1.407716 1.613894 1.304627 1.407716 1.407716 1.407716

VOC (HC) 0.069511 0.069511 0.069511 0.069511 0.556090 0.196607 0.556090 0.196607 0.556090 0.069511 0.196607 0.196607 0.196607

Notes:
1.) The dredge type, engine type, horsepower, and fuel type were based on information provided by project sponsors.
2.) The engine load factors for the dredges and support equipment were determined from Table 5-2 of the EPA Report "Analysis of Commercial Marine Vessels  Emissions and Fuel 
     Consumption Data", February 2000.  

     
A.) The main engines on the dredges were assumed to operate at full power (e.g. 0.8 "cruise" load factor from Table 5-2 of EPA report) for all hours of operation.
B.) The generators on the dredges were assumed to operate at 0.2 load factor during idling.

4.) The Emission Rate in tons/hr is based on the following formula: Emission Rate = hp*LF*EF*(0.0022046 lbs/gram)*(1 ton/2000 lbs).

Crew Boat Trawler

C.) The main engines or propulsion engines on the support equipment were assumed to operate at intermittent times during the dredging operations and were also 
determined to operate at the 0.4 "slow cruise" load factor.

A survey of dredge engine sizes along with input from project sponsors was used to determine which operating mode and hence which load factor applied to each engine.  The following 
assumptions applied to the load factor determination:

D.) The auxiliary engines, if any, on the support equipment were assumed to operate sparingly during idling and were determined to operate at the 0.2 "maneuvering" 
load factor.

3.) The emission factors were calculated according to the algorithm table and formulas detailed on page 5-3 of the EPA report.  The emissions Rate formula and algorithm table are also 
shown on Table A-4, "Marine Engine Emission Factor and Fuel Consumption Data", February 2000.

Marine Equipment Load Factors and Emission Factors

Dredge
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 4.79 1.55 2.07 0.71 0.41 0.14 0.87 0.30 10.84
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.52 1.13 3.13 1.00 0.03 0.07 12.87
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.58 0.84 0.74 0.02 0.05 7.23
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 6.20 0.93 2.58 0.83 0.02 0.06 10.62
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 19.30 4.79 1.55 2.07 3.61 0.41 0.14 0.87 0.30 5.72 2.57 0.07 0.17 41.56

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 19.15 6.20 8.27 2.84 1.65 0.57 3.47 1.19 43.35
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 30.07 4.51 12.53 4.01 0.11 0.27 51.50
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 22.32 3.35 2.98 0.08 0.20 28.92
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 24.80 3.72 10.33 3.31 0.09 0.22 42.46
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 77.18 19.15 6.20 8.27 14.42 1.65 0.57 3.47 1.19 22.86 10.29 0.28 0.69 166.23

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 1.60 0.52 0.69 0.24 0.14 0.05 0.29 0.10 3.61
2 Sabine Bank 132-95+734 Large Hopper 17.56 5.68 7.58 2.61 1.52 0.52 3.18 1.09 39.74
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 30.07 4.51 12.53 4.01 0.11 0.27 51.50
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 22.32 3.35 2.98 0.08 0.20 28.92
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 24.80 3.72 10.33 3.31 0.09 0.22 42.46
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.53 0.08 0.58 0.08 0.24 0.06 1.57

YEAR 2013 TOTAL 77.71 19.15 6.20 8.27 14.50 1.65 0.57 3.47 1.19 23.44 10.37 0.52 0.74 167.80

TOTALCO (tpy)
Survey Boat TrawlerDredge
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALCO (tpy)

Survey Boat TrawlerDredge

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 11.17 3.62 4.82 1.66 0.96 0.33 2.02 0.70 25.29
3 Sabine Bank 95+734-53 Large Hopper 4.79 1.55 2.07 0.71 0.41 0.14 0.87 0.30 10.84
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 30.07 4.51 12.53 4.01 0.11 0.27 51.50
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 21.29 3.19 2.84 0.08 0.19 27.59

10 Neches River Channel 0-292 30" Cutter Suction 5.58 0.84 0.74 0.02 0.05 7.23
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 24.80 3.72 10.33 3.31 0.09 0.22 42.46
13 Sabine Lake 24" Cutter Suction 0.24 0.04 0.26 0.99 0.03 0.07 1.62
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 2.11 0.33 2.32 0.31 0.96 0.23 6.27

YEAR 2014 TOTAL 84.08 15.96 5.17 6.89 15.00 1.38 0.47 2.89 0.99 25.45 12.19 1.29 1.02 172.79

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 12.77 4.13 5.51 1.90 1.10 0.38 2.31 0.80 28.90
4 Sabine Pass Outer Bar 53-00 Large Hopper 4.79 1.55 2.07 0.71 0.41 0.14 0.87 0.30 10.84
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 5.98 0.90 0.80 0.02 0.05 7.75
7 Port Arthur Canal 0-240 30" Cutter Suction 20.05 3.01 8.35 2.67 0.07 0.18 34.33
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 28.38 4.26 3.78 0.10 0.25 36.78

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 19.33 2.90 8.05 2.58 0.07 0.17 33.10
12 Neches River Channel 716-980 30" Cutter Suction 6.20 0.93 2.58 0.83 0.02 0.06 10.62
13 Sabine Lake 24" Cutter Suction 0.96 0.15 1.06 3.94 0.11 0.26 6.48
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.88 0.14 0.97 0.13 0.40 0.10 2.61

YEAR 2015 TOTAL 81.77 17.56 5.68 7.58 14.89 1.52 0.52 3.18 1.09 21.01 14.73 0.80 1.07 171.41

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 19.15 6.20 8.27 2.84 1.65 0.57 3.47 1.19 43.35
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 23.91 3.59 3.19 0.09 0.21 30.98
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 28.38 4.26 3.78 0.10 0.25 36.78

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 25.77 3.87 10.74 3.44 0.09 0.23 44.13
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.96 0.15 1.06 3.94 0.11 0.26 6.48
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 79.02 19.15 6.20 8.27 14.70 1.65 0.57 3.47 1.19 11.79 14.35 0.39 0.96 161.73
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALCO (tpy)

Survey Boat TrawlerDredge

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 4.79 1.55 2.07 0.71 0.41 0.14 0.87 0.30 10.84
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 9.58 3.10 4.13 1.42 0.83 0.28 1.74 0.60 21.67
6 Sabine Pass 0-295+60 30" Cutter Suction 23.91 3.59 3.19 0.09 0.21 30.98
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 20.18 3.03 2.69 0.07 0.18 26.16
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 11.83 1.77 1.58 0.04 0.11 15.33

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 25.77 3.87 10.74 3.44 0.09 0.23 44.13
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.96 0.15 1.06 3.94 0.11 0.26 6.48
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 82.65 14.37 4.65 6.20 14.54 1.24 0.43 2.60 0.90 11.79 14.84 0.41 0.99 155.59

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 1.99 0.30 0.27 0.01 0.02 2.58
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 20.11 3.02 2.68 0.07 0.18 26.06
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 12.81 1.92 5.34 1.71 0.05 0.11 21.94
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.40 0.06 0.44 1.64 0.05 0.11 2.70
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 35.31 5.30 5.78 6.30 0.17 0.42 53.29

TOTAL
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 25.54 8.27 11.02 3.79 2.20 0.76 4.63 1.59 57.80
2 Sabine Bank 132-95+734 Large Hopper 28.73 9.30 12.40 4.26 2.48 0.85 5.21 1.79 65.02
3 Sabine Bank 95+734-53 Large Hopper 17.56 5.68 7.58 2.61 1.52 0.52 3.18 1.09 39.74
4 Sabine Pass Outer Bar 53-00 Large Hopper 28.73 9.30 12.40 4.26 2.48 0.85 5.21 1.79 65.02
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 9.58 3.10 4.13 1.42 0.83 0.28 1.74 0.60 21.67
6 Sabine Pass 0-295+60 30" Cutter Suction 55.79 8.37 7.44 0.20 0.50 72.30
7 Port Arthur Canal 0-240 30" Cutter Suction 117.78 17.67 49.07 15.70 0.43 1.05 201.70
8 Sabine-Neches Canal 0-170 30" Cutter Suction 40.29 6.04 5.37 0.15 0.36 52.21
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 89.88 13.48 11.98 0.33 0.80 116.48

10 Neches River Channel 0-292 30" Cutter Suction 55.79 8.37 7.44 0.20 0.50 72.30
11 Neches River Channel 292-716 30" Cutter Suction 83.68 12.55 34.87 11.16 0.31 0.74 143.31
12 Neches River Channel 716-980 30" Cutter Suction 86.78 13.02 36.16 11.57 0.32 0.77 148.62
13 Sabine Lake 24" Cutter Suction 3.51 0.56 3.87 14.46 0.40 0.96 23.77
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 3.51 0.56 3.87 0.52 1.61 0.39 10.45

PROJECT TOTAL 537.02 110.14 35.64 47.52 96.96 9.50 3.27 19.96 6.86 127.85 85.65 3.95 6.06 1,090
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 48.58 15.72 20.96 2.01 2.16 0.40 4.54 0.84 95.22
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 76.27 3.19 31.78 5.24 0.14 0.35 116.97
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 56.60 2.37 3.89 0.11 0.26 63.22
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 62.89 2.63 26.20 4.32 0.12 0.29 96.45
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 195.76 48.58 15.72 20.96 10.20 2.16 0.40 4.54 0.84 57.98 13.44 0.37 0.90 371.87

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 194.33 62.89 83.85 8.04 8.64 1.61 18.14 3.38 380.89
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 305.09 12.76 127.12 20.95 0.58 1.40 467.89
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 226.41 9.47 15.55 0.43 1.04 252.89
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 251.56 10.52 104.82 17.28 0.48 1.15 385.81
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 783.05 194.33 62.89 83.85 40.80 8.64 1.61 18.14 3.38 231.94 53.78 1.48 3.59 1,487.47

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 16.19 5.24 6.99 0.67 0.72 0.13 1.51 0.28 31.74
2 Sabine Bank 132-95+734 Large Hopper 178.14 57.65 76.87 7.37 7.92 1.47 16.63 3.10 349.15
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 305.09 12.76 127.12 20.95 0.58 1.40 467.89
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 226.41 9.47 15.55 0.43 1.04 252.89
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 251.56 10.52 104.82 17.28 0.48 1.15 385.81
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 5.35 0.24 5.90 0.40 1.26 0.30 13.44

YEAR 2013 TOTAL 788.40 194.33 62.89 83.85 41.04 8.64 1.61 18.14 3.38 237.83 54.18 2.74 3.89 1,500.92

TOTALNOx (tpy)
Dredge Survey Boat Trawler
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALNOx (tpy)

Dredge Survey Boat Trawler

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 113.36 36.69 48.91 4.69 5.04 0.94 10.58 1.97 222.18
3 Sabine Bank 95+734-53 Large Hopper 48.58 15.72 20.96 2.01 2.16 0.40 4.54 0.84 95.22
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 305.09 12.76 127.12 20.95 0.58 1.40 467.89
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 215.98 9.04 14.83 0.41 0.99 241.24

10 Neches River Channel 0-292 30" Cutter Suction 56.60 2.37 3.89 0.11 0.26 63.22
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 251.56 10.52 104.82 17.28 0.48 1.15 385.81
13 Sabine Lake 24" Cutter Suction 2.43 0.11 2.68 5.15 0.14 0.34 10.86
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 21.38 0.95 23.58 1.62 5.03 1.21 53.78

YEAR 2014 TOTAL 853.04 161.94 52.41 69.88 42.45 7.20 1.34 15.12 2.82 258.20 63.72 6.74 5.35 1,540.20

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 129.55 41.93 55.90 5.36 5.76 1.07 12.09 2.25 253.92
4 Sabine Pass Outer Bar 53-00 Large Hopper 48.58 15.72 20.96 2.01 2.16 0.40 4.54 0.84 95.22
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 60.64 2.54 4.16 0.11 0.28 67.74
7 Port Arthur Canal 0-240 30" Cutter Suction 203.39 8.51 84.75 13.97 0.38 0.93 311.93
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 287.97 12.05 19.78 0.54 1.32 321.66

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 196.10 8.20 81.71 13.47 0.37 0.90 300.74
12 Neches River Channel 716-980 30" Cutter Suction 62.89 2.63 26.20 4.32 0.12 0.29 96.45
13 Sabine Lake 24" Cutter Suction 9.72 0.43 10.72 20.61 0.57 1.37 43.43
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 8.91 0.39 9.83 0.67 2.10 0.50 22.41

YEAR 2015 TOTAL 829.62 178.14 57.65 76.87 42.13 7.92 1.47 16.63 3.10 213.20 76.99 4.20 5.59 1,513.49
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALNOx (tpy)

Dredge Survey Boat Trawler

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 194.33 62.89 83.85 8.04 8.64 1.61 18.14 3.38 380.89
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 242.58 10.15 16.66 0.46 1.11 270.95
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 287.97 12.05 19.78 0.54 1.32 321.66

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 261.46 10.94 108.94 17.96 0.49 1.20 400.99
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 9.72 0.43 10.72 20.61 0.57 1.37 43.43
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 801.73 194.33 62.89 83.85 41.61 8.64 1.61 18.14 3.38 119.66 75.01 2.06 5.00 1,417.91

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 48.58 15.72 20.96 2.01 2.16 0.40 4.54 0.84 95.22
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 97.17 31.45 41.93 4.02 4.32 0.80 9.07 1.69 190.44
6 Sabine Pass 0-295+60 30" Cutter Suction 242.58 10.15 16.66 0.46 1.11 270.95
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 204.77 8.57 14.06 0.39 0.94 228.73
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 119.99 5.02 8.24 0.23 0.55 134.02

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 261.46 10.94 108.94 17.96 0.49 1.20 400.99
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 9.72 0.43 10.72 20.61 0.57 1.37 43.43
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 838.52 145.75 47.17 62.89 41.14 6.48 1.21 13.61 2.53 119.66 77.54 2.13 5.17 1,363.78

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 20.21 0.85 1.39 0.04 0.09 22.58
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 204.01 8.53 14.01 0.39 0.93 227.88
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 130.00 5.44 54.17 8.93 0.25 0.60 199.38
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 4.05 0.18 4.47 8.59 0.24 0.57 18.09
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 358.28 15.00 58.63 32.92 0.91 2.19 467.93
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALNOx (tpy)

Dredge Survey Boat Trawler

TOTAL
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 259.11 83.85 111.81 10.73 11.52 2.14 24.19 4.50 507.85
2 Sabine Bank 132-95+734 Large Hopper 291.50 94.34 125.78 12.07 12.96 2.41 27.21 5.07 571.33
3 Sabine Bank 95+734-53 Large Hopper 178.14 57.65 76.87 7.37 7.92 1.47 16.63 3.10 349.14
4 Sabine Pass Outer Bar 53-00 Large Hopper 291.50 94.34 125.78 12.07 12.96 2.41 27.21 5.07 571.33
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 97.17 31.45 41.93 4.02 4.32 0.80 9.07 1.69 190.44
6 Sabine Pass 0-295+60 30" Cutter Suction 566.01 23.68 38.87 1.07 2.59 632.23
7 Port Arthur Canal 0-240 30" Cutter Suction 1,194.92 49.99 497.88 82.07 2.26 5.47 1,832.58
8 Sabine-Neches Canal 0-170 30" Cutter Suction 408.79 17.10 28.08 0.77 1.87 456.61
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 911.91 38.15 62.63 1.72 4.18 1,018.58

10 Neches River Channel 0-292 30" Cutter Suction 566.01 23.68 38.87 1.07 2.59 632.23
11 Neches River Channel 292-716 30" Cutter Suction 849.02 35.52 353.76 58.31 1.60 3.89 1,302.10
12 Neches River Channel 716-980 30" Cutter Suction 880.47 36.83 366.86 60.47 1.66 4.03 1,350.32
13 Sabine Lake 24" Cutter Suction 35.64 1.58 39.31 75.59 2.08 5.04 159.23
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 35.64 1.58 39.31 2.70 8.39 2.02 89.63

PROJECT TOTAL 5,448.40 1,117.40 361.62 482.16 274.36 49.67 9.25 104.31 19.42 1,297.11 447.58 20.62 31.67 9,664

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2010
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 1.20 0.39 0.52 0.05 0.05 0.01 0.12 0.02 2.37
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 1.89 0.09 0.79 0.13 0.00 0.01 2.91
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 1.40 0.06 0.10 0.00 0.01 1.58
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 1.56 0.07 0.65 0.11 0.00 0.01 2.40
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2010 TOTAL 4.85 1.20 0.39 0.52 0.28 0.05 0.01 0.12 0.02 1.44 0.34 0.01 0.02 9.26

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 4.82 1.56 2.08 0.22 0.22 0.04 0.46 0.09 9.49
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.56 0.35 3.15 0.53 0.01 0.04 11.64
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.61 0.26 0.40 0.01 0.03 6.30
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 6.24 0.29 2.60 0.44 0.01 0.03 9.60
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 19.41 4.82 1.56 2.08 1.11 0.22 0.04 0.46 0.09 5.75 1.37 0.04 0.09 37.03

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 0.40 0.13 0.17 0.02 0.02 0.00 0.04 0.01 0.79
2 Sabine Bank 132-95+734 Large Hopper 4.42 1.43 1.91 0.20 0.20 0.04 0.42 0.08 8.70
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.56 0.35 3.15 0.53 0.01 0.04 11.64
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.61 0.26 0.40 0.01 0.03 6.30
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 6.24 0.29 2.60 0.44 0.01 0.03 9.60
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.13 0.01 0.15 0.01 0.03 0.01 0.34

YEAR 2012 TOTAL 19.54 4.82 1.56 2.08 1.11 0.22 0.04 0.46 0.09 5.89 1.38 0.07 0.10 37.36

TOTALPM (tpy)
Survey Boat TrawlerDredge

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM (tpy)

Survey Boat TrawlerDredge

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 2.81 0.91 1.21 0.13 0.13 0.03 0.27 0.05 5.53
3 Sabine Bank 95+734-53 Large Hopper 1.20 0.39 0.52 0.05 0.05 0.01 0.12 0.02 2.37
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.56 0.35 3.15 0.53 0.01 0.04 11.64
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 5.35 0.24 0.38 0.01 0.03 6.01

10 Neches River Channel 0-292 30" Cutter Suction 1.40 0.06 0.10 0.00 0.01 1.58
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 6.24 0.29 2.60 0.44 0.01 0.03 9.60
13 Sabine Lake 24" Cutter Suction 0.06 0.00 0.07 0.13 0.00 0.01 0.27
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.53 0.03 0.58 0.04 0.13 0.03 1.34

YEAR 2013 TOTAL 21.14 4.01 1.30 1.73 1.15 0.18 0.04 0.38 0.08 6.40 1.62 0.17 0.14 38.35

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 3.21 1.04 1.39 0.15 0.15 0.03 0.31 0.06 6.33
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.20 0.39 0.52 0.05 0.05 0.01 0.12 0.02 2.37
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 1.50 0.07 0.11 0.00 0.01 1.69
7 Port Arthur Canal 0-240 30" Cutter Suction 5.04 0.23 2.10 0.36 0.01 0.02 7.76
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 7.14 0.33 0.50 0.01 0.03 8.01

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 4.86 0.22 2.03 0.34 0.01 0.02 7.48
12 Neches River Channel 716-980 30" Cutter Suction 1.56 0.07 0.65 0.11 0.00 0.01 2.40
13 Sabine Lake 24" Cutter Suction 0.24 0.01 0.27 0.52 0.01 0.03 1.09
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.22 0.01 0.24 0.02 0.05 0.01 0.56

YEAR 2014 TOTAL 20.56 4.42 1.43 1.91 1.14 0.20 0.04 0.42 0.08 5.28 1.96 0.11 0.14 37.69

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM (tpy)

Survey Boat TrawlerDredge

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 4.82 1.56 2.08 0.22 0.22 0.04 0.46 0.09 9.49
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 6.01 0.27 0.42 0.01 0.03 6.75
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 7.14 0.33 0.50 0.01 0.03 8.01

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 6.48 0.30 2.70 0.46 0.01 0.03 9.98
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.24 0.01 0.27 0.52 0.01 0.03 1.09
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2015 TOTAL 19.87 4.82 1.56 2.08 1.13 0.22 0.04 0.46 0.09 2.97 1.91 0.05 0.13 35.32

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.20 0.39 0.52 0.05 0.05 0.01 0.12 0.02 2.37
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 2.41 0.78 1.04 0.11 0.11 0.02 0.23 0.05 4.74
6 Sabine Pass 0-295+60 30" Cutter Suction 6.01 0.27 0.42 0.01 0.03 6.75
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 5.08 0.23 0.36 0.01 0.02 5.70
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 2.97 0.14 0.21 0.01 0.01 3.34

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 6.48 0.30 2.70 0.46 0.01 0.03 9.98
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.24 0.01 0.27 0.52 0.01 0.03 1.09
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 20.78 3.61 1.17 1.56 1.11 0.16 0.03 0.35 0.07 2.97 1.97 0.05 0.13 33.97

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 0.50 0.02 0.04 0.00 0.00 0.56
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 5.06 0.23 0.36 0.01 0.02 5.68
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 3.22 0.15 1.34 0.23 0.01 0.02 4.96
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.10 0.00 0.11 0.22 0.01 0.01 0.46
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 8.88 0.41 1.45 0.84 0.02 0.06 11.66

TOTAL

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM (tpy)

Survey Boat TrawlerDredge

Contract No. Location/Disposal Site Dredge
1 Sabine Bank 165-132 Large Hopper 6.42 2.08 2.77 0.29 0.29 0.06 0.62 0.12 12.65
2 Sabine Bank 132-95+734 Large Hopper 7.22 2.34 3.12 0.33 0.33 0.07 0.69 0.14 14.23
3 Sabine Bank 95+734-53 Large Hopper 4.42 1.43 1.91 0.20 0.20 0.04 0.42 0.08 8.70
4 Sabine Pass Outer Bar 53-00 Large Hopper 7.22 2.34 3.12 0.33 0.33 0.07 0.69 0.14 14.23
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 2.41 0.78 1.04 0.11 0.11 0.02 0.23 0.05 4.74
6 Sabine Pass 0-295+60 30" Cutter Suction 14.03 0.64 0.99 0.03 0.07 15.75
7 Port Arthur Canal 0-240 30" Cutter Suction 29.62 1.35 12.34 2.09 0.06 0.14 45.59
8 Sabine-Neches Canal 0-170 30" Cutter Suction 10.13 0.46 0.71 0.02 0.05 11.38
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 22.60 1.03 1.59 0.04 0.11 25.38

10 Neches River Channel 0-292 30" Cutter Suction 14.03 0.64 0.99 0.03 0.07 15.75
11 Neches River Channel 292-716 30" Cutter Suction 21.04 0.96 8.77 1.48 0.04 0.10 32.40
12 Neches River Channel 716-980 30" Cutter Suction 21.82 1.00 9.09 1.54 0.04 0.10 33.60
13 Sabine Lake 24" Cutter Suction 0.88 0.04 0.97 1.92 0.05 0.13 4.00
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.88 0.04 0.97 0.07 0.21 0.05 2.23

PROJECT TOTAL 135.04 27.70 8.96 11.95 7.43 1.26 0.25 2.65 0.53 32.15 11.38 0.52 0.81 241

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 1.10 0.35 0.47 0.05 0.05 0.01 0.10 0.02 2.16
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 1.72 0.08 0.72 0.12 0.00 0.01 2.65
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 1.28 0.06 0.09 0.00 0.01 1.43
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 1.42 0.06 0.59 0.10 0.00 0.01 2.18
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 4.42 1.10 0.35 0.47 0.25 0.05 0.01 0.10 0.02 1.31 0.31 0.01 0.02 8.42

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 4.38 1.42 1.89 0.20 0.20 0.04 0.42 0.08 8.63
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 6.88 0.31 2.87 0.49 0.01 0.03 10.59
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.11 0.23 0.36 0.01 0.02 5.73
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 5.67 0.26 2.36 0.40 0.01 0.03 8.74
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 17.66 4.38 1.42 1.89 1.01 0.20 0.04 0.42 0.08 5.23 1.24 0.03 0.08 33.70

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 0.37 0.12 0.16 0.02 0.02 0.00 0.03 0.01 0.72
2 Sabine Bank 132-95+734 Large Hopper 4.02 1.30 1.73 0.18 0.18 0.04 0.38 0.08 7.91
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 6.88 0.31 2.87 0.49 0.01 0.03 10.59
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.11 0.23 0.36 0.01 0.02 5.73
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 5.67 0.26 2.36 0.40 0.01 0.03 8.74
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.12 0.01 0.13 0.01 0.03 0.01 0.30

YEAR 2013 TOTAL 17.78 4.38 1.42 1.89 1.01 0.20 0.04 0.42 0.08 5.36 1.25 0.06 0.09 34.00

TOTALPM2.5 (tpy)
Survey Boat TrawlerDredge

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM2.5 (tpy)

Survey Boat TrawlerDredge

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 2.56 0.83 1.10 0.12 0.12 0.02 0.24 0.05 5.04
3 Sabine Bank 95+734-53 Large Hopper 1.10 0.35 0.47 0.05 0.05 0.01 0.10 0.02 2.16
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 6.88 0.31 2.87 0.49 0.01 0.03 10.59
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 4.87 0.22 0.34 0.01 0.02 5.47

10 Neches River Channel 0-292 30" Cutter Suction 1.28 0.06 0.09 0.00 0.01 1.43
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 5.67 0.26 2.36 0.40 0.01 0.03 8.74
13 Sabine Lake 24" Cutter Suction 0.05 0.00 0.06 0.12 0.00 0.01 0.25
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.48 0.02 0.53 0.04 0.12 0.03 1.22

YEAR 2014 TOTAL 19.24 3.65 1.18 1.58 1.05 0.17 0.03 0.35 0.07 5.82 1.48 0.16 0.12 34.89

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 2.92 0.95 1.26 0.13 0.13 0.03 0.28 0.06 5.76
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.10 0.35 0.47 0.05 0.05 0.01 0.10 0.02 2.16
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 1.37 0.06 0.10 0.00 0.01 1.54
7 Port Arthur Canal 0-240 30" Cutter Suction 4.59 0.21 1.91 0.32 0.01 0.02 7.06
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 6.50 0.30 0.46 0.01 0.03 7.29

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 4.42 0.20 1.84 0.31 0.01 0.02 6.81
12 Neches River Channel 716-980 30" Cutter Suction 1.42 0.06 0.59 0.10 0.00 0.01 2.18
13 Sabine Lake 24" Cutter Suction 0.22 0.01 0.24 0.48 0.01 0.03 0.99
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.20 0.01 0.22 0.02 0.05 0.01 0.51

YEAR 2015 TOTAL 18.71 4.02 1.30 1.73 1.04 0.18 0.04 0.38 0.08 4.81 1.78 0.10 0.13 34.30

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM2.5 (tpy)

Survey Boat TrawlerDredge

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 4.38 1.42 1.89 0.20 0.20 0.04 0.42 0.08 8.63
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 5.47 0.25 0.39 0.01 0.03 6.14
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 6.50 0.30 0.46 0.01 0.03 7.29

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 5.90 0.27 2.46 0.42 0.01 0.03 9.08
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.22 0.01 0.24 0.48 0.01 0.03 0.99
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 18.08 4.38 1.42 1.89 1.03 0.20 0.04 0.42 0.08 2.70 1.74 0.05 0.12 32.14

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.10 0.35 0.47 0.05 0.05 0.01 0.10 0.02 2.16
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 2.19 0.71 0.95 0.10 0.10 0.02 0.21 0.04 4.32
6 Sabine Pass 0-295+60 30" Cutter Suction 5.47 0.25 0.39 0.01 0.03 6.14
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 4.62 0.21 0.33 0.01 0.02 5.19
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 2.71 0.12 0.19 0.01 0.01 3.04

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 5.90 0.27 2.46 0.42 0.01 0.03 9.08
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.22 0.01 0.24 0.48 0.01 0.03 0.99
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 18.91 3.29 1.06 1.42 1.01 0.15 0.03 0.31 0.06 2.70 1.79 0.05 0.12 30.92

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 0.46 0.02 0.03 0.00 0.00 0.51
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 4.60 0.21 0.32 0.01 0.02 5.17
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 2.93 0.13 1.22 0.21 0.01 0.01 4.51
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.09 0.00 0.10 0.20 0.01 0.01 0.41
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 8.08 0.37 1.32 0.76 0.02 0.05 10.61

TOTAL

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM2.5 (tpy)

Survey Boat TrawlerDredge

Contract No. Location/Disposal Site Dredge
1 Sabine Bank 165-132 Large Hopper 5.84 1.89 2.52 0.26 0.27 0.05 0.56 0.11 11.51
2 Sabine Bank 132-95+734 Large Hopper 6.57 2.13 2.84 0.30 0.30 0.06 0.63 0.12 12.95
3 Sabine Bank 95+734-53 Large Hopper 4.02 1.30 1.73 0.18 0.18 0.04 0.38 0.08 7.91
4 Sabine Pass Outer Bar 53-00 Large Hopper 6.57 2.13 2.84 0.30 0.30 0.06 0.63 0.12 12.95
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 2.19 0.71 0.95 0.10 0.10 0.02 0.21 0.04 4.32
6 Sabine Pass 0-295+60 30" Cutter Suction 12.77 0.58 0.90 0.02 0.06 14.33
7 Port Arthur Canal 0-240 30" Cutter Suction 26.95 1.23 11.23 1.90 0.05 0.13 41.49
8 Sabine-Neches Canal 0-170 30" Cutter Suction 9.22 0.42 0.65 0.02 0.04 10.35
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 20.57 0.94 1.45 0.04 0.10 23.09

10 Neches River Channel 0-292 30" Cutter Suction 12.77 0.58 0.90 0.02 0.06 14.33
11 Neches River Channel 292-716 30" Cutter Suction 19.15 0.88 7.98 1.35 0.04 0.09 29.48
12 Neches River Channel 716-980 30" Cutter Suction 19.86 0.91 8.27 1.40 0.04 0.09 30.57
13 Sabine Lake 24" Cutter Suction 0.80 0.04 0.89 1.75 0.05 0.12 3.64
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.80 0.04 0.89 0.06 0.19 0.05 2.03

PROJECT TOTAL 122.89 25.20 8.16 10.88 6.76 1.15 0.23 2.41 0.48 29.26 10.36 0.48 0.73 219

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 1.16 0.37 0.50 0.05 0.05 0.01 0.11 0.02 2.28
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 1.81 0.08 0.76 0.13 0.00 0.01 2.79
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 1.35 0.06 0.09 0.00 0.01 1.51
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 1.50 0.07 0.62 0.11 0.00 0.01 2.30
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 4.66 1.16 0.37 0.50 0.27 0.05 0.01 0.11 0.02 1.38 0.33 0.01 0.02 8.89

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 4.62 1.50 2.00 0.21 0.21 0.04 0.44 0.09 9.11
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.26 0.33 3.02 0.51 0.01 0.03 11.18
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.39 0.25 0.38 0.01 0.03 6.05
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 5.99 0.27 2.49 0.42 0.01 0.03 9.21
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 18.63 4.62 1.50 2.00 1.06 0.21 0.04 0.44 0.09 5.52 1.31 0.04 0.09 35.55

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 0.39 0.12 0.17 0.02 0.02 0.00 0.04 0.01 0.76
2 Sabine Bank 132-95+734 Large Hopper 4.24 1.37 1.83 0.19 0.19 0.04 0.41 0.08 8.35
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.26 0.33 3.02 0.51 0.01 0.03 11.18
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 5.39 0.25 0.38 0.01 0.03 6.05
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 5.99 0.27 2.49 0.42 0.01 0.03 9.21
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.13 0.01 0.14 0.01 0.03 0.01 0.32

YEAR 2013 TOTAL 18.76 4.62 1.50 2.00 1.07 0.21 0.04 0.44 0.09 5.66 1.32 0.07 0.09 35.87

TOTALPM10 (tpy)
Survey Boat TrawlerDredge

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM10 (tpy)

Survey Boat TrawlerDredge

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 2.70 0.87 1.16 0.12 0.12 0.02 0.26 0.05 5.31
3 Sabine Bank 95+734-53 Large Hopper 1.16 0.37 0.50 0.05 0.05 0.01 0.11 0.02 2.28
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 7.26 0.33 3.02 0.51 0.01 0.03 11.18
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 5.14 0.23 0.36 0.01 0.02 5.77

10 Neches River Channel 0-292 30" Cutter Suction 1.35 0.06 0.09 0.00 0.01 1.51
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 5.99 0.27 2.49 0.42 0.01 0.03 9.21
13 Sabine Lake 24" Cutter Suction 0.06 0.00 0.06 0.13 0.00 0.01 0.26
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.51 0.02 0.56 0.04 0.12 0.03 1.29

YEAR 2014 TOTAL 20.30 3.85 1.25 1.66 1.10 0.18 0.03 0.37 0.07 6.14 1.56 0.16 0.13 36.81

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 3.08 1.00 1.33 0.14 0.14 0.03 0.30 0.06 6.07
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.16 0.37 0.50 0.05 0.05 0.01 0.11 0.02 2.28
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 1.44 0.07 0.10 0.00 0.01 1.62
7 Port Arthur Canal 0-240 30" Cutter Suction 4.84 0.22 2.02 0.34 0.01 0.02 7.45
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 6.85 0.31 0.48 0.01 0.03 7.69

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 4.67 0.21 1.94 0.33 0.01 0.02 7.18
12 Neches River Channel 716-980 30" Cutter Suction 1.50 0.07 0.62 0.11 0.00 0.01 2.30
13 Sabine Lake 24" Cutter Suction 0.23 0.01 0.26 0.50 0.01 0.03 1.05
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.21 0.01 0.23 0.02 0.05 0.01 0.54

YEAR 2015 TOTAL 19.74 4.24 1.37 1.83 1.10 0.19 0.04 0.41 0.08 5.07 1.88 0.10 0.14 36.18

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM10 (tpy)

Survey Boat TrawlerDredge

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 4.62 1.50 2.00 0.21 0.21 0.04 0.44 0.09 9.11
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 5.77 0.26 0.41 0.01 0.03 6.48
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 6.85 0.31 0.48 0.01 0.03 7.69

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 6.22 0.28 2.59 0.44 0.01 0.03 9.58
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.23 0.01 0.26 0.50 0.01 0.03 1.05
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 19.08 4.62 1.50 2.00 1.08 0.21 0.04 0.44 0.09 2.85 1.83 0.05 0.12 33.91

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.16 0.37 0.50 0.05 0.05 0.01 0.11 0.02 2.28
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 2.31 0.75 1.00 0.10 0.11 0.02 0.22 0.04 4.55
6 Sabine Pass 0-295+60 30" Cutter Suction 5.77 0.26 0.41 0.01 0.03 6.48
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 4.87 0.22 0.34 0.01 0.02 5.47
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 2.86 0.13 0.20 0.01 0.01 3.21

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 6.22 0.28 2.59 0.44 0.01 0.03 9.58
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.23 0.01 0.26 0.50 0.01 0.03 1.05
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 19.95 3.47 1.12 1.50 1.07 0.16 0.03 0.33 0.07 2.85 1.89 0.05 0.13 32.61

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 0.48 0.02 0.03 0.00 0.00 0.54
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 4.85 0.22 0.34 0.01 0.02 5.45
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 3.09 0.14 1.29 0.22 0.01 0.01 4.76
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.10 0.00 0.11 0.21 0.01 0.01 0.44
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 8.53 0.39 1.40 0.80 0.02 0.05 11.19

TOTAL

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALPM10 (tpy)

Survey Boat TrawlerDredge

Contract No. Location/Disposal Site Dredge
1 Sabine Bank 165-132 Large Hopper 6.17 2.00 2.66 0.28 0.28 0.06 0.59 0.12 12.14
2 Sabine Bank 132-95+734 Large Hopper 6.94 2.24 2.99 0.31 0.32 0.06 0.66 0.13 13.66
3 Sabine Bank 95+734-53 Large Hopper 4.24 1.37 1.83 0.19 0.19 0.04 0.41 0.08 8.35
4 Sabine Pass Outer Bar 53-00 Large Hopper 6.94 2.24 2.99 0.31 0.32 0.06 0.66 0.13 13.66
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 2.31 0.75 1.00 0.10 0.11 0.02 0.22 0.04 4.55
6 Sabine Pass 0-295+60 30" Cutter Suction 13.47 0.62 0.95 0.03 0.06 15.12
7 Port Arthur Canal 0-240 30" Cutter Suction 28.43 1.30 11.85 2.00 0.06 0.13 43.77
8 Sabine-Neches Canal 0-170 30" Cutter Suction 9.73 0.44 0.69 0.02 0.05 10.92
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 21.70 0.99 1.53 0.04 0.10 24.36

10 Neches River Channel 0-292 30" Cutter Suction 13.47 0.62 0.95 0.03 0.06 15.12
11 Neches River Channel 292-716 30" Cutter Suction 20.20 0.92 8.42 1.42 0.04 0.09 31.10
12 Neches River Channel 716-980 30" Cutter Suction 20.95 0.96 8.73 1.48 0.04 0.10 32.25
13 Sabine Lake 24" Cutter Suction 0.85 0.04 0.94 1.85 0.05 0.12 3.84
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.85 0.04 0.94 0.07 0.20 0.05 2.14

PROJECT TOTAL 129.64 26.59 8.60 11.47 7.13 1.21 0.24 2.55 0.51 30.86 10.93 0.50 0.77 231

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 8.00 2.59 3.45 0.37 0.37 0.07 0.78 0.15 15.79
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 12.56 0.58 5.23 0.90 0.02 0.06 19.36
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 9.32 0.43 0.67 0.02 0.04 10.49
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 10.36 0.48 4.31 0.74 0.02 0.05 15.97
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 32.23 8.00 2.59 3.45 1.86 0.37 0.07 0.78 0.15 9.55 2.32 0.06 0.15 61.61

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 32.00 10.36 13.81 1.47 1.49 0.29 3.13 0.62 63.16
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 50.24 2.33 20.93 3.61 0.10 0.24 77.45
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 37.28 1.73 2.68 0.07 0.18 41.94
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 41.42 1.92 17.26 2.98 0.08 0.20 63.86
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 128.94 32.00 10.36 13.81 7.45 1.49 0.29 3.13 0.62 38.19 9.28 0.26 0.62 246.42

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 2.67 0.86 1.15 0.12 0.12 0.02 0.26 0.05 5.26
2 Sabine Bank 132-95+734 Large Hopper 29.33 9.49 12.66 1.35 1.37 0.27 2.87 0.57 57.90
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 50.24 2.33 20.93 3.61 0.10 0.24 77.45
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 37.28 1.73 2.68 0.07 0.18 41.94
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 41.42 1.92 17.26 2.98 0.08 0.20 63.86
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.88 0.04 0.97 0.07 0.22 0.05 2.23

YEAR 2013 TOTAL 129.82 32.00 10.36 13.81 7.49 1.49 0.29 3.13 0.62 39.16 9.35 0.47 0.67 248.65

TOTALSO2 (tpy)
Survey Boat TrawlerDredge
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALSO2 (tpy)

Survey Boat TrawlerDredge

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 18.67 6.04 8.05 0.86 0.87 0.17 1.83 0.36 36.84
3 Sabine Bank 95+734-53 Large Hopper 8.00 2.59 3.45 0.37 0.37 0.07 0.78 0.15 15.79
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 50.24 2.33 20.93 3.61 0.10 0.24 77.45
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 35.56 1.65 2.56 0.07 0.17 40.01

10 Neches River Channel 0-292 30" Cutter Suction 9.32 0.43 0.67 0.02 0.04 10.49
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 41.42 1.92 17.26 2.98 0.08 0.20 63.86
13 Sabine Lake 24" Cutter Suction 0.40 0.02 0.44 0.89 0.02 0.06 1.83
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 3.52 0.17 3.88 0.28 0.87 0.21 8.93

YEAR 2014 TOTAL 140.46 26.67 8.63 11.51 7.75 1.24 0.24 2.61 0.51 42.52 10.99 1.16 0.92 255.21

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 21.33 6.90 9.21 0.98 0.99 0.20 2.09 0.41 42.11
4 Sabine Pass Outer Bar 53-00 Large Hopper 8.00 2.59 3.45 0.37 0.37 0.07 0.78 0.15 15.79
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 9.99 0.46 0.72 0.02 0.05 11.24
7 Port Arthur Canal 0-240 30" Cutter Suction 33.49 1.55 13.95 2.41 0.07 0.16 51.63
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 47.42 2.20 3.41 0.09 0.23 53.35

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 32.29 1.50 13.45 2.32 0.06 0.15 49.78
12 Neches River Channel 716-980 30" Cutter Suction 10.36 0.48 4.31 0.74 0.02 0.05 15.97
13 Sabine Lake 24" Cutter Suction 1.60 0.08 1.77 3.56 0.10 0.24 7.33
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 1.47 0.07 1.62 0.12 0.36 0.09 3.72

YEAR 2015 TOTAL 136.61 29.33 9.49 12.66 7.69 1.37 0.27 2.87 0.57 35.11 13.28 0.72 0.96 250.92

100007609



Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALSO2 (tpy)

Survey Boat TrawlerDredge

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 32.00 10.36 13.81 1.47 1.49 0.29 3.13 0.62 63.16
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 39.94 1.85 2.87 0.08 0.19 44.94
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 47.42 2.20 3.41 0.09 0.23 53.35

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 43.05 2.00 17.94 3.10 0.09 0.21 66.38
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 1.60 0.08 1.77 3.56 0.10 0.24 7.33
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 132.01 32.00 10.36 13.81 7.60 1.49 0.29 3.13 0.62 19.70 12.94 0.36 0.86 235.16

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 8.00 2.59 3.45 0.37 0.37 0.07 0.78 0.15 15.79
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 16.00 5.18 6.90 0.73 0.74 0.15 1.56 0.31 31.58
6 Sabine Pass 0-295+60 30" Cutter Suction 39.94 1.85 2.87 0.08 0.19 44.94
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 33.72 1.56 2.43 0.07 0.16 37.94
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 19.76 0.92 1.42 0.04 0.09 22.23

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 43.05 2.00 17.94 3.10 0.09 0.21 66.38
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 1.60 0.08 1.77 3.56 0.10 0.24 7.33
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 138.07 24.00 7.77 10.36 7.51 1.12 0.22 2.35 0.46 19.70 13.37 0.37 0.89 226.19

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 3.33 0.15 0.24 0.01 0.02 3.75
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 33.59 1.56 2.42 0.07 0.16 37.80
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 21.41 0.99 8.92 1.54 0.04 0.10 33.00
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.67 0.03 0.74 1.48 0.04 0.10 3.06
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 59.00 2.74 9.65 5.68 0.16 0.38 77.60

TOTAL
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALSO2 (tpy)

Survey Boat TrawlerDredge

Contract No. Location/Disposal Site Dredge
1 Sabine Bank 165-132 Large Hopper 42.67 13.81 18.41 1.96 1.99 0.39 4.17 0.82 84.21
2 Sabine Bank 132-95+734 Large Hopper 48.00 15.53 20.71 2.20 2.23 0.44 4.69 0.93 94.74
3 Sabine Bank 95+734-53 Large Hopper 29.33 9.49 12.66 1.35 1.37 0.27 2.87 0.57 57.90
4 Sabine Pass Outer Bar 53-00 Large Hopper 48.00 15.53 20.71 2.20 2.23 0.44 4.69 0.93 94.74
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 16.00 5.18 6.90 0.73 0.74 0.15 1.56 0.31 31.58
6 Sabine Pass 0-295+60 30" Cutter Suction 93.20 4.32 6.70 0.18 0.45 104.86
7 Port Arthur Canal 0-240 30" Cutter Suction 196.76 9.13 81.98 14.15 0.39 0.94 303.35
8 Sabine-Neches Canal 0-170 30" Cutter Suction 67.31 3.12 4.84 0.13 0.32 75.73
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 150.16 6.97 10.80 0.30 0.72 168.94

10 Neches River Channel 0-292 30" Cutter Suction 93.20 4.32 6.70 0.18 0.45 104.86
11 Neches River Channel 292-716 30" Cutter Suction 139.80 6.49 58.25 10.06 0.28 0.67 215.54
12 Neches River Channel 716-980 30" Cutter Suction 144.98 6.73 60.41 10.43 0.29 0.70 223.52
13 Sabine Lake 24" Cutter Suction 5.87 0.29 6.47 13.04 0.36 0.87 26.89
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 5.87 0.29 6.47 0.47 1.45 0.35 14.89

PROJECT TOTAL 897.15 183.99 59.55 79.39 50.10 8.57 1.69 17.99 3.55 213.59 77.19 3.56 5.46 1,602
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling

YEAR 2011
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 0.43 0.14 0.18 0.13 0.05 0.03 0.11 0.05 1.11
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 0.67 0.20 0.28 0.13 0.00 0.01 1.29
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 0.50 0.15 0.09 0.00 0.01 0.75
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 0.55 0.17 0.23 0.10 0.00 0.01 1.06
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 1.72 0.43 0.14 0.18 0.64 0.05 0.03 0.11 0.05 0.51 0.32 0.01 0.02 4.21

YEAR 2012
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 1.70 0.55 0.74 0.51 0.21 0.10 0.44 0.21 4.46
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 2.68 0.80 1.12 0.50 0.01 0.03 5.15
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 1.99 0.60 0.37 0.01 0.02 2.99
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 2.21 0.66 0.92 0.42 0.01 0.03 4.24
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 6.87 1.70 0.55 0.74 2.57 0.21 0.10 0.44 0.21 2.03 1.30 0.04 0.09 16.84

YEAR 2013
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper 0.14 0.05 0.06 0.04 0.02 0.01 0.04 0.02 0.37
2 Sabine Bank 132-95+734 Large Hopper 1.56 0.51 0.67 0.46 0.19 0.09 0.40 0.19 4.09
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 2.68 0.80 1.12 0.50 0.01 0.03 5.15
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 1.99 0.60 0.37 0.01 0.02 2.99
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 2.21 0.66 0.92 0.42 0.01 0.03 4.24
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.05 0.01 0.05 0.01 0.03 0.01 0.16

YEAR 2013 TOTAL 6.92 1.70 0.55 0.74 2.58 0.21 0.10 0.44 0.21 2.09 1.31 0.07 0.09 17.00

TOTALVOC (tpy)
Survey Boat TrawlerDredge
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALVOC (tpy)

Survey Boat TrawlerDredge

YEAR 2014
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 0.99 0.32 0.43 0.30 0.12 0.06 0.25 0.12 2.60
3 Sabine Bank 95+734-53 Large Hopper 0.43 0.14 0.18 0.13 0.05 0.03 0.11 0.05 1.11
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 2.68 0.80 1.12 0.50 0.01 0.03 5.15
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 1.89 0.57 0.36 0.01 0.02 2.85

10 Neches River Channel 0-292 30" Cutter Suction 0.50 0.15 0.09 0.00 0.01 0.75
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 2.21 0.66 0.92 0.42 0.01 0.03 4.24
13 Sabine Lake 24" Cutter Suction 0.02 0.01 0.02 0.12 0.00 0.01 0.19
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.19 0.06 0.21 0.04 0.12 0.03 0.64

YEAR 2014 TOTAL 7.48 1.42 0.46 0.61 2.67 0.17 0.08 0.36 0.18 2.27 1.53 0.16 0.13 17.54

YEAR 2015
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 1.14 0.37 0.49 0.34 0.14 0.07 0.29 0.14 2.97
4 Sabine Pass Outer Bar 53-00 Large Hopper 0.43 0.14 0.18 0.13 0.05 0.03 0.11 0.05 1.11
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 0.53 0.16 0.10 0.00 0.01 0.80
7 Port Arthur Canal 0-240 30" Cutter Suction 1.78 0.54 0.74 0.34 0.01 0.02 3.43
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 2.53 0.76 0.48 0.01 0.03 3.81

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 1.72 0.52 0.72 0.32 0.01 0.02 3.31
12 Neches River Channel 716-980 30" Cutter Suction 0.55 0.17 0.23 0.10 0.00 0.01 1.06
13 Sabine Lake 24" Cutter Suction 0.09 0.03 0.09 0.50 0.01 0.03 0.75
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.08 0.02 0.09 0.02 0.05 0.01 0.27

YEAR 2015 TOTAL 7.28 1.56 0.51 0.67 2.65 0.19 0.09 0.40 0.19 1.87 1.85 0.10 0.13 17.51
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALVOC (tpy)

Survey Boat TrawlerDredge

YEAR 2016
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 1.70 0.55 0.74 0.51 0.21 0.10 0.44 0.21 4.46
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 2.13 0.64 0.40 0.01 0.03 3.21
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 2.53 0.76 0.48 0.01 0.03 3.81

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 2.29 0.69 0.96 0.43 0.01 0.03 4.41
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.09 0.03 0.09 0.50 0.01 0.03 0.75
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 7.03 1.70 0.55 0.74 2.62 0.21 0.10 0.44 0.21 1.05 1.81 0.05 0.12 16.63

YEAR 2017
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 0.43 0.14 0.18 0.13 0.05 0.03 0.11 0.05 1.11
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 0.85 0.28 0.37 0.25 0.10 0.05 0.22 0.11 2.23
6 Sabine Pass 0-295+60 30" Cutter Suction 2.13 0.64 0.40 0.01 0.03 3.21
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 1.80 0.54 0.34 0.01 0.02 2.71
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 1.05 0.32 0.20 0.01 0.01 1.59

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 2.29 0.69 0.96 0.43 0.01 0.03 4.41
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.09 0.03 0.09 0.50 0.01 0.03 0.75
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 7.36 1.28 0.41 0.55 2.59 0.16 0.08 0.33 0.16 1.05 1.87 0.05 0.12 16.00

YEAR 2018
Contract No. Location/Disposal Site Dredge

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 0.18 0.05 0.03 0.00 0.00 0.27
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 1.79 0.54 0.34 0.01 0.02 2.70
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 1.14 0.34 0.48 0.22 0.01 0.01 2.19
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 0.04 0.01 0.04 0.21 0.01 0.01 0.31
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 3.14 0.94 0.51 0.79 0.02 0.05 5.47

TOTAL
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Floating Tug Spill Barge Crew Boat

Dredging Propelling Pumping Generating Idling Propelling Idling Propelling Idling Pumping Propelling Main Engine Propelling
TOTALVOC (tpy)

Survey Boat TrawlerDredge

Contract No. Location/Disposal Site Dredge
1 Sabine Bank 165-132 Large Hopper 2.27 0.74 0.98 0.67 0.28 0.13 0.58 0.28 5.94
2 Sabine Bank 132-95+734 Large Hopper 2.56 0.83 1.10 0.76 0.31 0.15 0.66 0.32 6.69
3 Sabine Bank 95+734-53 Large Hopper 1.56 0.51 0.67 0.46 0.19 0.09 0.40 0.19 4.09
4 Sabine Pass Outer Bar 53-00 Large Hopper 2.56 0.83 1.10 0.76 0.31 0.15 0.66 0.32 6.69
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 0.85 0.28 0.37 0.25 0.10 0.05 0.22 0.11 2.23
6 Sabine Pass 0-295+60 30" Cutter Suction 4.97 1.49 0.94 0.03 0.06 7.48
7 Port Arthur Canal 0-240 30" Cutter Suction 10.48 3.15 4.37 1.98 0.05 0.13 20.16
8 Sabine-Neches Canal 0-170 30" Cutter Suction 3.59 1.08 0.68 0.02 0.05 5.40
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 8.00 2.40 1.51 0.04 0.10 12.05

10 Neches River Channel 0-292 30" Cutter Suction 4.97 1.49 0.94 0.03 0.06 7.48
11 Neches River Channel 292-716 30" Cutter Suction 7.45 2.23 3.10 1.40 0.04 0.09 14.32
12 Neches River Channel 716-980 30" Cutter Suction 7.72 2.32 3.22 1.46 0.04 0.10 14.85
13 Sabine Lake 24" Cutter Suction 0.31 0.10 0.34 1.82 0.05 0.12 2.75
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 0.31 0.10 0.34 0.07 0.20 0.05 1.07

PROJECT TOTAL 47.80 9.80 3.17 4.23 17.26 1.20 0.58 2.51 1.22 11.38 10.78 0.50 0.76 111
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YEAR 2011
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper 10.8 95.2 2.4 2.2 2.3 15.8 1.1
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 12.9 117.0 2.9 2.6 2.8 19.4 1.3
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 7.2 63.2 1.6 1.4 1.5 10.5 0.7
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 10.6 96.5 2.4 2.2 2.3 16.0 1.1
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2011 TOTAL 41.6 371.9 9.3 8.4 8.9 61.6 4.2

YEAR 2012
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper 43.3 380.9 9.5 8.6 9.1 63.2 4.5
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 51.5 467.9 11.6 10.6 11.2 77.5 5.1
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 28.9 252.9 6.3 5.7 6.0 41.9 3.0
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 42.5 385.8 9.6 8.7 9.2 63.9 4.2
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2012 TOTAL 166.2 1,487.5 37.0 33.7 35.5 246.4 16.8

Summary of Dredge Emissions (tons per year)
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Summary of Dredge Emissions (tons per year)

YEAR 2013
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper 3.6 31.7 0.8 0.7 0.8 5.3 0.4
2 Sabine Bank 132-95+734 Large Hopper 39.7 349.1 8.7 7.9 8.3 57.9 4.1
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 51.5 467.9 11.6 10.6 11.2 77.5 5.1
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction 28.9 252.9 6.3 5.7 6.0 41.9 3.0
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 42.5 385.8 9.6 8.7 9.2 63.9 4.2
13 Sabine Lake 24" Cutter Suction
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 1.6 13.4 0.3 0.3 0.3 2.2 0.2

YEAR 2013 TOTAL 167.8 1,500.9 37.4 34.0 35.9 248.7 17.0

YEAR 2014
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper 25.3 222.2 5.5 5.0 5.3 36.8 2.6
3 Sabine Bank 95+734-53 Large Hopper 10.8 95.2 2.4 2.2 2.3 15.8 1.1
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction
7 Port Arthur Canal 0-240 30" Cutter Suction 51.5 467.9 11.6 10.6 11.2 77.5 5.1
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 27.6 241.2 6.0 5.5 5.8 40.0 2.9

10 Neches River Channel 0-292 30" Cutter Suction 7.2 63.2 1.6 1.4 1.5 10.5 0.7
11 Neches River Channel 292-716 30" Cutter Suction
12 Neches River Channel 716-980 30" Cutter Suction 42.5 385.8 9.6 8.7 9.2 63.9 4.2
13 Sabine Lake 24" Cutter Suction 1.6 10.9 0.3 0.2 0.3 1.8 0.2
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 6.3 53.8 1.3 1.2 1.3 8.9 0.6

YEAR 2014 TOTAL 172.8 1,540.2 38.3 34.9 36.8 255.2 17.5
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Summary of Dredge Emissions (tons per year)

YEAR 2015
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper 28.9 253.9 6.3 5.8 6.1 42.1 3.0
4 Sabine Pass Outer Bar 53-00 Large Hopper 10.8 95.2 2.4 2.2 2.3 15.8 1.1
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 7.7 67.7 1.7 1.5 1.6 11.2 0.8
7 Port Arthur Canal 0-240 30" Cutter Suction 34.3 311.9 7.8 7.1 7.5 51.6 3.4
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 36.8 321.7 8.0 7.3 7.7 53.3 3.8

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 33.1 300.7 7.5 6.8 7.2 49.8 3.3
12 Neches River Channel 716-980 30" Cutter Suction 10.6 96.5 2.4 2.2 2.3 16.0 1.1
13 Sabine Lake 24" Cutter Suction 6.5 43.4 1.1 1.0 1.0 7.3 0.7
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 2.6 22.4 0.6 0.5 0.5 3.7 0.3

YEAR 2015 TOTAL 171.4 1,513.5 37.7 34.3 36.2 250.9 17.5

YEAR 2016
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 43.3 380.9 9.5 8.6 9.1 63.2 4.5
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 31.0 271.0 6.8 6.1 6.5 44.9 3.2
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 36.8 321.7 8.0 7.3 7.7 53.3 3.8

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 44.1 401.0 10.0 9.1 9.6 66.4 4.4
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 6.5 43.4 1.1 1.0 1.0 7.3 0.7
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2016 TOTAL 161.7 1,417.9 35.3 32.1 33.9 235.2 16.6
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Summary of Dredge Emissions (tons per year)

YEAR 2017
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper 10.8 95.2 2.4 2.2 2.3 15.8 1.1
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 21.7 190.4 4.7 4.3 4.6 31.6 2.2
6 Sabine Pass 0-295+60 30" Cutter Suction 31.0 271.0 6.8 6.1 6.5 44.9 3.2
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 26.2 228.7 5.7 5.2 5.5 37.9 2.7
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 15.3 134.0 3.3 3.0 3.2 22.2 1.6

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 44.1 401.0 10.0 9.1 9.6 66.4 4.4
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 6.5 43.4 1.1 1.0 1.0 7.3 0.7
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2017 TOTAL 155.6 1,363.8 34.0 30.9 32.6 226.2 16.0

YEAR 2018
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper
2 Sabine Bank 132-95+734 Large Hopper
3 Sabine Bank 95+734-53 Large Hopper
4 Sabine Pass Outer Bar 53-00 Large Hopper
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper
6 Sabine Pass 0-295+60 30" Cutter Suction 2.6 22.6 0.6 0.5 0.5 3.7 0.3
7 Port Arthur Canal 0-240 30" Cutter Suction
8 Sabine-Neches Canal 0-170 30" Cutter Suction 26.1 227.9 5.7 5.2 5.5 37.8 2.7
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction

10 Neches River Channel 0-292 30" Cutter Suction
11 Neches River Channel 292-716 30" Cutter Suction 21.9 199.4 5.0 4.5 4.8 33.0 2.2
12 Neches River Channel 716-980 30" Cutter Suction
13 Sabine Lake 24" Cutter Suction 2.7 18.1 0.5 0.4 0.4 3.1 0.3
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction

YEAR 2018 TOTAL 53.3 467.9 11.7 10.6 11.2 77.6 5.5
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Summary of Dredge Emissions (tons per year)

TOTAL
Contract No. Location/Disposal Site Dredge CO NOx PM PM2.5 PM10 SO2 VOC

1 Sabine Bank 165-132 Large Hopper 57.8 507.8 12.7 11.5 12.1 84.2 5.9
2 Sabine Bank 132-95+734 Large Hopper 65.0 571.3 14.2 13.0 13.7 94.7 6.7
3 Sabine Bank 95+734-53 Large Hopper 39.7 349.1 8.7 7.9 8.3 57.9 4.1
4 Sabine Pass Outer Bar 53-00 Large Hopper 65.0 571.3 14.2 13.0 13.7 94.7 6.7
5 Sabine Pass Jetty Ch - 215+29-00 Large Hopper 21.7 190.4 4.7 4.3 4.6 31.6 2.2
6 Sabine Pass 0-295+60 30" Cutter Suction 72.3 632.2 15.8 14.3 15.1 104.9 7.5
7 Port Arthur Canal 0-240 30" Cutter Suction 201.7 1,832.6 45.6 41.5 43.8 303.4 20.2
8 Sabine-Neches Canal 0-170 30" Cutter Suction 52.2 456.6 11.4 10.4 10.9 75.7 5.4
9 Sabine-Neches Canal 170-592+91 30" Cutter Suction 116.5 1,018.6 25.4 23.1 24.4 168.9 12.1

10 Neches River Channel 0-292 30" Cutter Suction 72.3 632.2 15.8 14.3 15.1 104.9 7.5
11 Neches River Channel 292-716 30" Cutter Suction 143.3 1,302.1 32.4 29.5 31.1 215.5 14.3
12 Neches River Channel 716-980 30" Cutter Suction 148.6 1,350.3 33.6 30.6 32.3 223.5 14.9
13 Sabine Lake 24" Cutter Suction 23.8 159.2 4.0 3.6 3.8 26.9 2.7
14 Channel to Orange none
15 GIWW E. Of Orange 24" Cutter Suction 10.5 89.6 2.2 2.0 2.1 14.9 1.1

TOTAL 1,090.4 9,663.6 240.6 219.0 231.0 1,601.8 111.2
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CO NOX PM PM2.5 PM10 SO2 VOC

Year 2011 41.56 371.87 9.26 8.42 8.89 61.61 4.21

Year 2012 166.23 1,487.47 37.03 33.70 35.55 246.42 16.84

Year 2013 167.80 1,500.92 37.36 34.00 35.87 248.65 17.00

Year 2014 172.79 1,540.20 38.35 34.89 36.81 255.21 17.54

Year 2015 171.41 1,513.49 37.69 34.30 36.18 250.92 17.51

Year 2016 161.73 1,417.91 35.32 32.14 33.91 235.16 16.63

Year 2017 155.59 1,363.78 33.97 30.92 32.61 226.19 16.00

Year 2018 53.29 467.93 11.66 10.61 11.19 77.60 5.47

Annual Dredge Emission (tpy)
Sabine Neches Waterway
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1.0 INTRODUCTION 

1.1 PURPOSE OF THE BIOLOGICAL ASSESSMENT 

This revised Biological Assessment (BA) has been prepared in fulfillment of the U.S. Army Corps of 
Engineers’ (USACE) responsibilities under Section (7)(c) of the Endangered Species Act (ESA) of 1973, 
as amended. Originally, a proposed 48-foot deepening and widening project was coordinated with the 
U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS) by letters dated 
February 21, 2007. The 2007 BA concluded that the 48-foot deepening and widening project was not 
likely to adversely affect federally listed terrestrial species or designated terrestrial critical habitat. 
However, since it was determined that the project could affect federally listed marine species, USACE 
requested initiation of formal consultation pursuant to 50 Code of Federal Regulations (CFR) 402.14 to 
evaluate the effects of that project on threatened and endangered sea turtles. This consultation concluded 
with the NMFS’s issuance of a Biological Opinion, dated August 13, 2007 (Appendix G2).  

For the purposes of the BA, we define the “project area” as those areas that would be directly affected by 
construction of the Recommended Plan (Plan). This includes the proposed dredging footprint, existing 
and proposed placement areas identified in the Dredged Material Management Plan (DMMP), DMMP 
restoration and nourishment areas, and compensatory mitigation areas (Figure 1). 

The “study area” includes a larger area for which environmental effects of the Plan have been analyzed 
(see Figure 1). The study area encompasses a 2,000-square-mile area, which contains the smaller project 
area, and includes the following waterbodies and adjacent coastal wetlands: 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 35 miles offshore into the Gulf of Mexico.  

The “Project” refers to the Recommended Plan of navigation improvements for a 48-foot channel. Details 
of the Plan are provided in Section 1.4. 

The proposed Federal action (Project) requiring the assessment is the deepening of the Sabine-Neches 
Waterway (SNWW) in Texas and Louisiana. This BA evaluates the potential impacts the Project may 
have on federally listed endangered and listed species. The “Project” refers to the Recommended Plan of 
navigation improvements for a 48-foot channel. Details of the Plan are provided in Section 1.4 of the 
Final Environmental Impact Statement (FEIS).  

This update is being provided because the proposed plan of navigation improvements has been modified. 
The proposed depth and length of the navigation improvements remain the same, but proposed widening 
of the Sabine Pass Jetty Channel, Sabine Pass Channel, and Port Arthur Canal has been dropped from 
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proposed improvements. Potential effects to federally listed species remain essentially unchanged. 
Modifications to the formerly proposed plan are as follows: 

1. Widening the Sabine Pass Jetty Channel, the Sabine Pass Channel, and the Port Arthur 
Canal to 700 feet have been dropped from the plan. The current 500-foot-width and 
centerline of these channels would be maintained with proposed deepening. 

2. Turning/Anchorage Basins 2, 3, 5, 6, and 7 have been dropped from the recommended 
plan. However, the project sponsor may choose to construct them at a later date, so their 
impacts are still being addressed by this BA and Final Environmental Impact Statement 
(FEIS). 

3. Some components of the proposed Neches River Beneficial Use feature have been 
dropped or modified: Rose City West has been dropped, the size of Rose City East has 
been reduced, and Bessie Heights West has been dropped. There are no changes to the 
remaining components of the Neches River Beneficial Use Feature (Bessie Heights East 
and Old River Cove) or the Gulf Shore Beneficial Use Feature. 

4. There are no changes to proposed marsh mitigation measures in Louisiana. However, 
oyster reef mitigation is no longer proposed since there would be no widening impacts. 

5. There are no changes to offshore channels or Ocean Dredged Material Disposal Sites 
(ODMDS) disposal plans for these channels. However, the quantity of material from the 
Sabine Pass Jetty Channel has been reduced because widening has been dropped. 

An FEIS, to which this BA is attached as an appendix, has been prepared to address the impacts of the 
Project. 

1.2 PROJECT SETTING 

The existing project is a 65-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 the Neches River Channel to 
the Port of Beaumont. The Channel to Orange segment of the SNWW was not included in the feasibility 
study, and no improvements to this waterway segment are included in the Plan. The east jetty is 4.8 miles 
long, while the west jetty is 4.15 miles long. 

The study area (not to be confused with the project area) includes the SNWW and a much broader 
geographical range covering approximately 2,000 square miles inland. Due to potential additional 
saltwater intrusion into the Sabine Lake estuary resulting from the Project, hydrologic features associated 
with the SNWW and Sabine Lake are an important consideration for overall project impacts.  
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1.2.1 Study Area Habitat Description 

The study area is located in the Austroriparian biotic province (Blair, 1950), which extends from east 
Texas, along the Gulf coastal plain, to the Atlantic coast. The study area is characterized by a diversity of 
features that are a result of the natural transition between marine and freshwater environments and 
anthropogenic impacts. The study area is located within the Gulf Coast Prairies and Marshes and 
Pineywoods vegetation areas (Hatch et al., 1990). The vegetation communities include marshes, swamps, 
bottomland hardwood forests, upland forests, and upland grassland and rangeland. The study area 
includes an important ecosystem called the Chenier Plain, which is composed of paleo-beach ridges that 
parallel the shoreline (USFWS, 1998; White et al., 1987) fanning out where they are cut by river mouths. 
The upland habitat of the cheniers supports the Coastal Live Oak-Sugarberry Series (Quercus virginiana-
Celtis laevigata), a maritime woodland or forest of the Upper Gulf Coast that is unique to the Chenier 
Plain (USFWS, 1998). The Chenier Plain is separated from the Pleistocene Prairie Complex to the north 
by a broad low area, which is dominated by brackish marshes (Louisiana Coastal Wetlands Conservation 
and Restoration Task Force and the Wetlands Conservation and Restoration Authority [LCWCR/WCRA], 
1998). Wildlife native to the study area include those that inhabit the Austroriparian Biotic Province 
(Blair, 1950). Diversity in the study area is high with large numbers of vertebrate and invertebrate 
species. The Austroriparian Biotic Province is situated in the eastern portion of Texas and extends 
southward to the Gulf coast and east through Louisiana to the Atlantic Ocean. The vertebrate fauna of the 
Austroriparian Biotic Province in Texas and Louisiana, with few exceptions, is the typical vertebrate 
fauna of the Austroriparian Biotic Province eastward to the Atlantic seaboard. According to Blair (1950), 
at least 47 species of mammals, 29 species of snakes, 10 lizards, 2 land turtles, 17 anurans, and 18 
urodeles occur or have occurred there. Additional detail on project and study area habitats can be found in 
Section 3 of the FEIS to which this BA is appended. 

1.3 ALTERNATIVES CONSIDERED 

A lengthy array of alternatives was considered during plan formulation. The alternatives were developed 
from ideas provided by the public, resource agencies, USACE, and the non-Federal sponsor. Alternatives 
considered were the “no-action” plan, a nonstructural plan, an alternative commodity transport plan, and 
over 120 variations of channel depths and widths. 

All of the alternatives were evaluated in terms of whether they met planning objectives and produced a 
positive preliminary benefit to cost ratio. Planning objectives consisted of improving the navigational 
efficiency and safety of the waterway, and maintaining or restoring existing coastal and estuarine 
resources. 

1.3.1 No-Action Alternative 

The No-Action Alternative forms the basis against which all other alternative plans are measured. Under 
the No-Action Alternative, the Federal Government and the non-Federal sponsor would not implement 
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the Project and the objectives of improving the navigational efficiency and safety of the waterway, and 
restoring existing coastal and estuarine resources would not be met. 

The No-Action Alternative would retain the 40-x-500-foot SNWW navigation channel with no 
improvements. The current channel dimensions do not allow the existing fleet to use the channel 
efficiently. Ships are limited either by the current channel depth of 40 feet or by the narrow channel width 
and safety limitations, which cause the waterway to be operated with one-way and daylight-only sailing 
restrictions. The need to lighter products and/or light-load vessels increases overall vessel trips and 
shipping costs, and decreases the efficiency of the vessels using the waterway. Safety would continue to 
be good because of stringent pilot rules. Pilot rules would continue to limit the possibility of vessels 
meeting in the Sabine-Neches channel reach. Vessel and shallow-draft tow movements would be 
scheduled through both vessel traffic service (VTS) and communication between vessel pilots. 

1.3.2 Nonstructural Alternative  

Three Nonstructural Alternatives were evaluated: an alternative mode of commodity transport, a VTS, 
and modification of existing pilot rules. Offshore oil terminals were evaluated as an alternative mode of 
commodity transport. Economic analyses were conducted to determine if it would be more economical 
for the primary users of the waterway (crude oil tankers) to utilize existing or proposed deepwater ports 
like the Louisiana Offshore Oil Port (LOOP). The estimated cost of offshore ports has usually been so 
high that they are not typically considered beyond the initial planning stage. Their efficiency is 
diminished by their ability to serve only one commodity (i.e., crude oil) and high cost and complexity 
required to deal with various grades and blends of crude oil and multi-party usage. The offshore terminal 
alternative does not meet the efficiency objective for all waterway users and was eliminated from further 
consideration. 

The existing Port Arthur VTS was also evaluated as a nonstructural alternative. The VTS is designed to 
expedite vessel movements, increase efficiency of the transportation system, improve all-weather 
operating capability, and enhance vessel safety. It is a voluntary system operated in accordance with U.S. 
Coast Guard regulations. While the VTS would relieve congestion and improve safety to some degree, its 
role is limited to specific circumstances when the waterway is congested or experiencing hazardous 
conditions. The VTS assists vessel operators in making independent decisions regarding the safe 
navigation of their vessels, for which they retain complete responsibility. In this sense, VTS should be 
considered primarily a navigational aid, a tool for mariners to use along with other tools to facilitate safe 
navigation, and thus would not change deep-draft navigation inefficiencies created by the need for 
lightering and associated vessel delays. It was also eliminated from further consideration. 

Relaxation of the existing pilot rules for the waterway was considered as a nonstructural alternative. 
However, because of concerns about vessel handling and associated safety issues, and the fact that vessels 
utilizing the waterway are wider than those using the channel even 5 to 10 years ago, the Sabine Pilots 
Association would not consider relaxing the rules. The expectation for the with- and without-project 
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future is that pilot rules would continue to limit the possibility of vessel meetings in the Sabine-Neches 
Canal reach and that both vessel and shallow-draft tow movements would be scheduled through both VTS 
and communication between vessel pilots. 

1.4 RECOMMENDED PLAN 

Evaluation of various structural alternatives resulted in the selection of the 48-x-500-foot alternative as 
the Plan. The 48-x-500-foot alternative was recommended as the locally preferred plan as it was preferred 
by the project sponsor over the National Economic Development (NED) Plan (49-x-500-foot alternative). 
Structural modifications of the 48-x-500-foot alternative meet the planning objective for increased 
navigational efficiency, and DMMP restoration/nourishment features and compensatory mitigation 
measures have been developed, which effectively avoid and mitigate all environmental impacts. Details 
of the plan include (additional detail can be found in the Final Feasibility Report bound with the FEIS to 
which this BA is appended): 

• Deepening the Sabine Pass Jetty Channel, the Sabine Pass Channel, the Port Arthur Canal, the 
Sabine-Neches Canal, and the Neches River Channel to the Port of Beaumont from 40 to 48 feet, 
plus advance maintenance and allowable overdraft. Dredging in the Sabine Pass Jetty Channel 
would be conducted by hopper dredge, while the remaining inshore channels would be 
constructed with hydraulic pipeline dredges. 

• Deepening the existing SNWW Entrance Channel in the Gulf from 42 to 50 feet, plus advance 
maintenance and allowable overdepth, and constructing an extension of the offshore entrance 
channel (50 x 700 feet x 13.1 miles). Dredging would be conducted by hopper dredge. Additional 
details of this construction are provided below because of its potential to affected endangered sea 
turtles. 

• Bend easings in three areas on the Sabine-Neches Canal and three areas on the Neches River 
Channel. 

• Deepening the Taylor Bayou Navigation Channel and turning basins to 48 feet, and widening the 
entrance and connecting channels to improve vessel maneuverability. 

• Dredging a new anchorage basin (AB 8) and two turning and anchorage basins (TAB 1 and 4) on 
the Neches River Channel, and reducing the existing Sabine Pass anchorage basin in size by 
approximately 50 percent. 

• Beneficially using dredged material, as part of the DMMP, to restore three degraded marsh areas 
on the Neches River (Rose City East, Bessie Heights East, and Old River Cove) and nourish Gulf 
shorelines at Texas and Louisiana Points. Gulf shore nourishment, which affects piping plover 
Critical Habitat at Louisiana Point, is described in detail below. Construction of the Project would 
yield a total of approximately 98 million cubic yards (mcy) of new work material. 

• Restoring six degraded marsh areas near Willow and Black bayous, Louisiana, as mitigation for 
unavoidable salinity impacts from the Project. Dedicated dredging using a hydraulic pipeline 
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dredge of a 2.1 miles long by 1,100-foot-wide borrow trench in Sabine Lake would provide 
material for the marsh restoration near Willow Bayou. Material from hydraulic pipeline 
maintenance dredging of the Channel to Orange would be used to restore one marsh area north of 
Black Bayou. Material accumulated in the GIWW/Lake Charles Deepwater Channel would be 
hydraulically dredged and used to restore degraded marsh areas near the Black Bayou Cut-off 
Canal. 

• Adding four new ODMDS sites in the Gulf along the 13-mile channel extension. 

• Using 16 existing upland placement areas and 2 new expansions of existing placement areas for 
construction and maintenance of the Project. The quantity of maintenance material to be removed 
over the 50-year project life is estimated to total approximately 650 mcy. 

1.4.1 Hopper Dredging 

New work dredging in the Sabine Pass Jetty Channel, the Sabine Pass Outer Bar Channel, the Sabine 
Bank Channel, and the Extension Channel would be accomplished using a hopper dredge (Figure 2). The 
total length of the four channel reaches is approximately 35 miles. The new Sabine Pass Jetty Channel 
would begin and end at approximately the same location as the existing channel. The new Sabine Pass 
Outer Bar Channel and the Sabine Bank Channel would begin and end at the same location as the existing 
channel, but the bottom width of the latter would be reduced from 800 to 700 feet. The new Extension 
Channel would begin at the end of the Sabine Bank Channel with a bottom width of 700 feet. The 
alignment would remain the same as the existing and extend at the same bearing. 

With advance maintenance and allowable overdepth dredging, it is projected that construction of the 
Sabine Pass Jetty Channel, the Sabine Pass Outer Bar Channel, the Sabine Bank Channel, and the 
Extension Channel would require approximately 6 years to complete, with no contracts running 
simultaneously. Because of the length of the offshore channels, the contracts would average 15 months in 
length. 

Dredged material management for construction and maintenance material from the Sabine Pass Jetty 
Channel, the Sabine Pass Outer Bar Channel, the Sabine Bank Channel, and the Extension Channel would 
incorporate the use of four existing and four proposed ODMDSs. Existing ODMDSs 1 through 4 average 
approximately 3,535 acres in size and would accommodate 24.3 mcy of new work material over the 
approximately 14,000 acres. They are located between 4.8 and 18.4 miles from shore in water depths 
ranging from 16 to 43 feet. Maintenance dredging cycles for these sites would range from 1 to 5 years, 
with an average of 2.6 mcy deposited per cycle. Proposed ODMDSs A through D average approximately 
3,392 acres in size and would accommodate 18.7 mcy of new work material over the approximately 
13,500 acres. They would be located between 21 and 30 miles from shore in water depths ranging from 
44 to 46 feet. The maintenance dredging frequency for these sites is estimated to be 4 years, with an 
average of 0.75 mcy deposited per cycle. The existing and proposed ODMDSs are located in a dispersive  
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environment, and therefore no long-term accumulation of dredged material would be expected. No 
beneficial use sites are proposed for the offshore portion of the Project. 

1.4.2 Gulf Shoreline Nourishment  

The DMMP would include Gulf shoreline nourishment at Louisiana Point and Texas Point. Over the 
50-year period of analysis, beach nourishment activities using maintenance material from the adjacent 
Sabine Pass channel would result in the creation of new saline marsh along a 3-mile stretch of shore (mile 
0.5 to 3.5) at Louisiana Point and the same at Texas Point. The placement of material from each 3-year 
Sabine Pass dredging cycle would alternate between Texas and Louisiana Points, so that placement of 
materials at each shoreline would occur every 6 years. 

Historic dredging records indicate that the material from Sabine Pass would average 51 percent silt, 
31 percent clay, and 18 percent sand. The material would be hydraulically pumped into the nearshore 
zone, and some material is 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 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 existing marsh edge. Since 
the material would be unconsolidated and prone to erosion, it is estimated that 50 percent of the material 
that remains after each placement episode would erode away by the end of each 6-year cycle. New 
material added every 6 years would add to the remaining sediment, eventually accumulating to form new 
saline marsh by the end of the period of analysis at each Point. 
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2.0 STATUS OF THE LISTED SPECIES 

To assess the potential impacts of the proposed Project on endangered and threatened species, PBS&J 
personnel (1) conducted a literature review and searched for other scientific data to determine species 
distributions, habitat needs, and other biological requirements; (2) interviewed recognized experts on the 
listed species, including local and regional authorities and Federal (USFWS [Clear Lake and Lafayette 
Ecological Field Offices] and NMFS) and State (Texas Parks and Wildlife Department [TPWD] and 
Louisiana Natural Heritage Program [LNHP]) wildlife personnel; (3) conducted an on-site inspection of 
the biological resources of the project area; and (4) compiled lists of threatened and endangered species 
that were requested from USFWS and NMFS (Table 1).  

Significant literature sources consulted for this report include the USFWS series on endangered species of 
the seacoast of the U.S. (National Fish and Wildlife Laboratories [NFWL], 1980), Federal status reports 
and recovery plans, job reports of the TPWD, peer-reviewed journals, and other standard references, 
including USFWS and NMFS websites for listed species by county or parish. Habitat assessments were 
initially based on aerial photography and National Wetlands Inventory (NWI) mapping and then field-
verified. Field visits were conducted on various occasions by PBS&J ecologists and members of the 
Habitat Workgroup (HWG) of the Interagency Coordination Team (ICT). Input was also solicited from 
State and Federal resource agency personnel and from personnel from Federal National Wildlife Refuge 
(NWR) and State WMAs in the area. 

2.1 LOGGERHEAD SEA TURTLE 

2.1.1 Reasons for Status 

USFWS listed the loggerhead sea turtle (Caretta caretta) as threatened throughout its range on July 28, 
1978 (43 Federal Register [FR] 32808). The decline of the loggerhead, like that of most sea turtles, is the 
result of overexploitation by man, inadvertent mortality associated with fishing and trawling activities, 
and natural predation. The most significant threats to its population are coastal development, commercial 
fisheries, and pollution (NMFS, 2006a). 

2.1.2 Habitat 

The loggerhead occurs in the open seas as far as 500 miles from shore, but mainly over the continental 
shelf, and in bays, estuaries, lagoons, creeks, and mouths of rivers. It favors warm temperate and 
subtropical regions not far from shorelines. The adults occupy various habitats, from turbid bays to clear 
waters of reefs. Subadults occur mainly in nearshore and estuarine waters. Hatchlings move directly to 
sea after hatching, and often float in masses of sargassum. They may remain associated with sargassum 
for perhaps 3 to 5 years (NMFS and USFWS, 1991a). 
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TABLE 1 
 

FEDERALLY LISTED ENDANGERED AND THREATENED 
FISH AND WILDLIFE SPECIES OF POSSIBLE OCCURRENCE IN 

JEFFERSON AND ORANGE COUNTIES, TEXAS 
AND 

CALCASIEU AND CAMERON PARISHES, LOUISIANA1 

Common Name2 Scientific Name2 Status3 Jurisdiction 
REPTILES    
Leatherback sea turtle Dermochelys coriacea E NMFS 
Atlantic hawksbill sea turtle Eretmochelys imbricata imbricata E NMFS 
Kemp’s ridley sea turtle Lepidochelys kempii E NMFS 
Loggerhead sea turtle Caretta caretta T NMFS 
Green sea turtle Chelonia mydas T NMFS 
BIRDS    
Piping plover Charadrius melodus T w/CH FWS 
Red-cockaded woodpecker Picoides borealis E FWS 
MAMMALS    
Red wolf (Extirpated) Canis rufus E FWS 
Sei whale Balaenoptera borealis E FWS 
Blue whale Balaenoptera musculus E FWS 
Finback whale Balaenoptera physalus E FWS 
Humpback whale Megaptera novaeangliae E FWS 
Sperm whale Physeter macrocephalus E FWS 
West Indian manatee Trichechus manatus E FWS 
Louisiana black bear Ursus americanus luteolus E FWS 
Black bear Ursus americanus T/SA; NL FWS 
FISHES    
Gulf sturgeon Acipenser oxyrinchus desotoi T NMFS 
Dusky shark Carcharhinus obscurus SOC NMFS 
Sand tiger shark Carcharias taurus SOC NMFS 
Night shark Carcharhinus signatus SOC NMFS 
Saltmarsh topminnow Fundulus jenkinsi SOC NMFS 
Warsaw grouper Epinephelus nigritus SOC NMFS 
Speckled hind Epinephelus drummondhayi SOC NMFS 
Smalltooth sawfish Pristis pectinata E NMFS 
INVERTEBRATES    
Elkhorn coral Acropora palmata T NMFS 
Staghorn coral Acropora cervicornis T NMFS 
Ivory tree coral Oculina varicosa SOC NMFS 
1 According to Natural Diversity Database (NDD, 2005a, 2005b), NMFS (2009), USFWS (2009). 
2 Nomenclature follows American Ornithologist’s Union (AOU, 1998, 2000, 2002, 2003, 2004, 2005, 2006), Crother et al. (2000, 
2001, 2003), NDD (2005a, 2005b), and USFWS (2005, 2006). 
3 FWS – U.S. Fish and Wildlife Service; NMFS – National Marine Fisheries Service. 
E – Endangered; E w/CH – Endangered, with Critical Habitat; T – Threatened; DL – Federally delisted; NL – Not listed; T/SA – 
Threatened because of similarity of appearance to another threatened/endangered species; T w/CH - Threatened, with Critical 
Habitat; SOC – Species of Concern. 
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Commensurate with their use of varied habitats, loggerheads consume a wide variety of both benthic and 
pelagic food items, which they crush before swallowing. Conches, shellfish, horseshoe crabs, prawns and 
other crustacea, squid, sponges, jellyfish, basket stars, fish (carrion or slow-moving species), and even 
hatchling loggerheads have all been recorded as loggerhead prey (Hughes, 1974; Rebel, 1974; Mortimer, 
1982). Adults forage primarily on the bottom, but also take jellyfish from the surface. The young feed on 
prey concentrated at the surface, such as gastropods, fragments of crustaceans, and sargassum. 

Nesting occurs usually on open sandy beaches above the high-tide mark and seaward of well-developed 
dunes. They nest primarily on high-energy beaches on barrier islands adjacent to continental land masses 
in warm-temperate and subtropical regions. Steeply sloped beaches with gradually sloped offshore 
approaches are favored. In Florida, nesting on urban beaches was strongly correlated with the presence of 
tall objects (trees or buildings), which apparently shield the beach from city lights (Salmon et al., 1995). 

2.1.3 Range 

The loggerhead is widely distributed in tropical and subtropical seas, being found in the Atlantic Ocean 
from Nova Scotia to Argentina, Gulf of Mexico, Indian and Pacific oceans (although it is rare in the 
eastern and central Pacific), and the Mediterranean Sea (Rebel, 1974; Ross, 1982; Iverson, 1986). In the 
continental U.S., loggerheads nest along the Atlantic coast from Florida to as far north as New Jersey 
(Musick, 1979) and sporadically along the Gulf Coast. In recent years, a few have nested on barrier 
islands along the Texas coast. The loggerhead is the most abundant sea turtle species in U.S. coastal 
waters (NMFS, 2006a). 

2.1.4 Distribution in Texas and Louisiana 

The loggerhead is the most abundant turtle in Texas marine waters, preferring shallow inner continental 
shelf waters, and occurring only very infrequently in the bays. It often occurs near offshore oil rig 
platforms, reefs, and jetties. Loggerheads are probably present year-round but are most noticeable in the 
spring when a favored food item, the Portuguese man-of-war (Physalia physalis), is abundant. 
Loggerheads constitute a major portion of the dead or moribund turtles washed ashore (stranded) on the 
Texas coast each year. This species has also been stranded on the Louisiana coast (Sea Turtle Stranding 
and Salvage Network [STSSN], 2006). A large proportion of these deaths are the result of accidental 
capture by shrimp trawlers, where caught turtles drown and their bodies are dumped overboard. Before 
1977, no positive documentation of loggerhead nests in Texas existed (Hildebrand, 1982). Since that 
time, several nests have been recorded along the Texas coast. In 1999, two loggerhead nests were 
confirmed in Texas, while in 2000, five loggerhead nests were confirmed (Shaver, 2000). For the last 5 
years, up to five nests per year have been recorded from the Texas coast (Shaver, 2006). Like the 
worldwide population, the population of loggerheads in Texas has declined. Prior to World War I, the 
species was taken in Texas for local consumption and a few were marketed (Hildebrand, 1982). Today, 
even with protection, insufficient loggerheads exist to support a fishery. The loggerhead is the second 
most abundant sea turtle in Louisiana (Fuller et al., 1987). 



 

100007609/060201 2-4 

2.1.5 Presence in the Study Area 

There are no records of sea turtles nesting on Louisiana Point or anywhere in that area (Firmin, 2006), but 
documented records of loggerheads exist from Jefferson County, Texas (Dixon, 2000). It is of potential 
occurrence in the project area. 

2.2 KEMP’S RIDLEY SEA TURTLE 

2.2.1 Reasons for Status 

Kemp’s ridley sea turtle (Lepidochelys kempii) was listed as endangered throughout its range on 
December 2, 1970 (35 FR 18320). Populations of this species have declined since 1947, when an 
estimated 42,000 females nested in one day (Hildebrand, 1963), to a total nesting population of 
approximately 1,000 in the mid-1980s. The decline of this species was primarily due to human activities 
including collection of eggs, fishing for juveniles and adults, killing adults for meat and other products, 
and direct take for indigenous use. In addition to these sources of mortality, Kemp’s ridleys have been 
subject to high levels of incidental take by shrimp trawlers (USFWS and NMFS, 1992; NMFS, 2006a). 
The National Research Council’s (NRC) Committee on Sea Turtle Conservation estimated in 1990 that 
86 percent of the human-caused deaths of juvenile and adult loggerheads and Kemp’s ridleys resulted 
from shrimp trawling (Campbell, 1995). It is estimated that before the implementation of turtle excluder 
devices (TED) the commercial shrimp fleet killed between 500 and 5,000 Kemp’s ridleys each year 
(NMFS, 2006a). Kemp’s ridleys have also been taken by pound nets, gill nets, hook and line, crab traps, 
and longlines. 

Another problem shared by adult and juvenile sea turtles is the ingestion of man-made debris and 
garbage. Postmortem examinations of sea turtles found stranded on the south Texas coast from 1986 
through 1988 revealed 54 percent (60 of the 111 examined) of the sea turtles had eaten some type of 
marine debris. Plastic materials were most frequently ingested and included pieces of plastic bags, 
Styrofoam, plastic pellets, balloons, rope, and fishing line. Nonplastic debris such as glass, tar, and 
aluminum foil were also ingested by the sea turtles examined. Much of this debris comes from offshore 
oil rigs, cargo ships, commercial and recreational fishing boats, research vessels, naval ships, and other 
vessels operating in the Gulf. Laws enacted during the late 1980s to regulate this dumping are difficult to 
enforce over vast expanses of water. In addition to trash, pollution from heavy spills of oil or waste 
products pose additional threats (Campbell, 1995). 

Further threats to this species include collisions with boats, explosives used to remove oil rigs, and 
entrapment in coastal power plant intake pipes (Campbell, 1995). Dredging operations affect Kemp’s 
ridley turtles through incidental take and by degrading the habitat. Incidental take of ridleys has been 
documented with hopper dredges. In addition to direct take, channelization of the inshore and nearshore 
areas can degrade foraging and migratory habitat through dredged material placement, degraded water 
quality/clarity, and altered current flow (USFWS and NMFS, 1992).  
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Sea turtles are especially subject to human impacts during the time the females come ashore for nesting. 
Modifications to nesting areas can have a devastating effect on sea turtle populations. In many cases, 
prime sea turtle nesting sites are also prime real estate. If a nesting site has been disturbed or destroyed, 
female turtles may nest in inferior locations where the hatchlings are less likely to survive, or they may 
not lay any eggs at all. Artificial lighting from developed beachfront areas often disorients nesting 
females and hatchling sea turtles, causing them to head inland by mistake, often with fatal results. Adult 
females also may avoid brightly lit areas that would otherwise provide suitable nesting sites. 

Kemp’s ridley appears to be in the earliest stages of recovery. Approximately 6,000 Kemp’s ridley nests 
were recorded on Mexican beaches during the 2000 nesting season (Shaver, 2000); just over 10,000 nests 
were recorded there during the 2005 nesting season (Shaver, 2006). Similarly, increased nesting activity 
has been recorded on the Texas beaches in the last decade or so from four nests in 1995 to 51 nests in 
2005 (National Park Service [NPS], 2006; Shaver, 2006). Some of these nests were from headstarted 
ridleys. Of 46 Kemp’s ridley nests encountered in the continental U.S. during 2004, 42 were on Texas 
beaches (NPS, 2006). The increase likely can be attributed to two primary factors: full protection of 
nesting females and their nests in Mexico, and the requirement to use TEDs in shrimp trawls both in the 
U.S. and in Mexico (NMFS, 2006a). 

2.2.2 Habitat 

Kemp’s ridleys inhabit shallow coastal and estuarine waters, usually over sand or mud bottoms. Adults 
are primarily shallow-water benthic feeders that specialize on crabs, especially portunid crabs, while 
juveniles feed on sargassum (Sargassum sp.) and associated infauna, and other epipelagic species of the 
Gulf (USFWS and NMFS, 1992). In some regions the blue crab (Callinectes sapidus) is the most 
common food item of adults and juveniles. Other food items include shrimp, snails, bivalves, sea urchins, 
jellyfish, sea stars, fish, and occasional marine plants (Pritchard and Marquez, 1973; Shaver, 1991; 
Campbell, 1995). 

2.2.3 Range 

Adults are primarily restricted to the Gulf, although juveniles may range throughout the Atlantic Ocean 
since they have been observed as far north as Nova Scotia (Musick, 1979) and in coastal waters of Europe 
(Brongersma, 1972). Important foraging areas include Campeche Bay, Mexico, and Louisiana coastal 
waters. 

Almost the entire population of Kemp’s ridleys nests on an 11-mile stretch of coastline near Rancho 
Nuevo, Tamaulipas, Mexico, approximately 190 miles south of the Rio Grande. A secondary nesting area 
occurs at Tuxpan, Veracruz, and sporadic nesting has been reported from Mustang Island, Texas, 
southward to Isla Aquada, Campeche. Several scattered isolated nesting attempts have occurred from 
North Carolina to Colombia. 
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Because of the dangerous population decline at the time, a head-starting program was carried out from 
1978 to 1988. Eggs were collected from Rancho Nuevo and placed into polystyrene foam boxes 
containing Padre Island sand so that the eggs never touched the Ranch Nuevo sand. The eggs were flown 
to the U.S. and placed in a hatchery on Padre Island and incubated. The resulting hatchlings were allowed 
to crawl over the Padre Island beaches into the surf for imprinting purposes before being recovered from 
the surf and taken to Galveston for rearing. They were fed a diet of high-protein commercial floating 
pellets for 7 to 15 months before being released into Texas (mainly) or Florida waters (Caillouet et al., 
1995). This program has shown some results. The first nesting from one of these headstarted individuals 
occurred at Padre Island in 1996, and more nesting has occurred since (Shaver, 2000). 

2.2.4 Distribution in Texas and Louisiana 

Kemp’s ridley occurs in Texas in small numbers and in many cases may well be in transit between 
crustacean-rich feeding areas in the northern Gulf and breeding grounds in Mexico. It has nested 
sporadically in Texas in the last 50 years. Nests were found near Yarborough Pass in 1948 and 1950, and 
in 1960 a single nest was located at Port Aransas. The number of nestings, however, has increased in 
recent years: 1995 (4 nests); 1996 (6 nests); 1997 (9 nests); 1998 (13 nests); 1999 (16 nests); 2000 (12 
nests); 2001 (8 nests); 2002 (38 nests); 2003 (19 nests); 2004 (42 nests); and 2005 (51 nests) (Shaver, 
2000, 2006; NPS, 2006). As noted above, some of these nests were from headstarted ridleys. Of the 51 
Kemp’s ridley nests recorded for Texas in 2005, 28 were at the Padre Island National Seashore (Shaver, 
2006). Such nestings, together with the proximity of the Rancho Nuevo rookery, probably account for the 
occurrence of hatchlings and subadults in Texas. According to Hildebrand (1982, 1986, 1987), sporadic 
ridley nesting in Texas has always been the case. This is in direct contradiction, however, to Lund (1974), 
who believed that Padre Island historically supported large numbers of nesting Kemp’s ridleys, but that 
the population became extirpated because of excessive egg collection. Kemp’s ridley also occurs in small 
numbers in Louisiana; however, it is the most frequently reported sea turtle species (Fuller et al., 1987). 

2.2.5 Presence in the Study Area 

There are no records of sea turtles nesting on Louisiana Point or anywhere in that area (Firmin, 2006), but 
documented records of Kemp’s ridleys exist from Jefferson County, Texas (Dixon, 2000). Thus, it is of 
potential occurrence in the project area. 

2.3 HAWKSBILL SEA TURTLE 

2.3.1 Reasons for Status 

The hawksbill sea turtle (Eretmochelys imbricata) was federally listed as endangered on June 2, 1970 (35 
FR 8495) with Critical Habitat designated in Puerto Rico on May 24, 1978 (43 FR 22224). The greatest 
threat to this species is harvest to supply the market for tortoiseshell and stuffed turtle curios (Meylan and 
Donnelly, 1999). Hawksbill shell (bekko) commands high prices. Japanese imports of raw bekko between 
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1970 and 1989 totaled 713,850 kilograms, representing more than 670,000 turtles. The hawksbill is also 
used in the manufacture of leather, oil, perfume, and cosmetics (NMFS, 2006a). 

Other threats include destruction of breeding locations by beach development, incidental take in lobster 
and Caribbean reef fish fisheries, pollution by petroleum products (especially oil tanker discharges), 
entanglement in persistent marine debris (Meylan, 1992), and predation on eggs and hatchlings. See 
USFWS (1998) for detailed information on certain threats, including beach erosion, beach armoring, 
beach nourishment, sand mining, artificial lighting, beach cleaning, increased human presence, 
recreational beach equipment, predation, and poaching. 

In 1998, NMFS designated Critical Habitat near Isla Mona and Isla Monito, Puerto Rico, seaward to 
3.9 miles (63 FR 46693–46701). There is no Critical Habitat within the study area. 

2.3.2 Habitat 

Hawksbills generally inhabit coastal reefs, bays, rocky areas, passes, estuaries, and lagoons, where they 
occur at depths of less than 70 feet. Like some other sea turtle species, hatchlings are sometimes found 
floating in masses of marine plants (e.g., sargassum rafts) in the open ocean (NFWL, 1980). Hawksbills 
reenter coastal waters when they reach a carapace length of approximately 7.9 to 9.8 inches. Coral reefs 
are widely recognized as the resident foraging habitat of juveniles, subadults, and adults. This habitat 
association is undoubtedly related to their diet of sponges, which need solid substrate for attachment. 
Hawksbills also occur around rocky outcrops and high-energy shoals, which are also optimum sites for 
sponge growth. In Texas, juvenile hawksbills are associated with stone jetties (NMFS, 2006a). 

While this species is omnivorous, it prefers invertebrates, especially encrusting organisms, such as 
sponges, tunicates, bryozoans, mollusks, corals, barnacles, and sea urchins. Pelagic species consumed 
include jellyfish and fish, and plant material such as algae, sea grasses, and mangroves, have been 
reported as food items for this turtle (Carr, 1952; Rebel, 1974; Pritchard, 1977; Musick, 1979; Mortimer, 
1982). The young are reported to be somewhat more herbivorous than adults (Ernst and Barbour, 1972). 

Terrestrial habitat is typically limited to nesting activities. The hawksbill, which is typically a solitary 
nester, nests on undisturbed, deep-sand beaches, from high-energy ocean beaches to tiny pocket beaches 
about 10 feet wide bounded by crevices of cliff walls. Typically, the sand beaches are low energy, with 
woody vegetation, such as sea grape (Coccoloba uvifera), near the waterline (NRC, 1990).  

2.3.3 Range 

The hawksbill is circumtropical, occurring in tropical and subtropical seas of the Atlantic, Pacific, and 
Indian oceans (Witzell, 1983). This species is probably the most tropical of all marine turtles, although it 
does occur in many temperate regions. The hawksbill sea turtle is widely distributed in the Caribbean Sea 
and western Atlantic Ocean, with representatives of at least some life history stages regularly occurring in 
southern Florida and the northern Gulf (especially Texas), south to Brazil (NMFS, 2006a). In the 
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continental U.S., the hawksbill largely nests in Florida where it is sporadic at best (NFWL, 1980). 
However, a major nesting beach exists on Mona Island, Puerto Rico. Elsewhere in the western Atlantic, 
hawksbills nest in small numbers along the Gulf Coast of Mexico, the West Indies, and along the 
Caribbean coasts of Central and South America (Musick, 1979). 

2.3.4 Distribution in Texas and Louisiana 

Texas is the only state outside of Florida where hawksbills are sighted with any regularity. Most of these 
sightings involve posthatchlings and juveniles, and are primarily associated with stone jetties. These small 
turtles are believed to originate from nesting beaches in Mexico (NMFS, 2006a). On June 13, 1998, the 
first hawksbill nest recorded on the Texas coast was found at Padre Island National Seashore. This nest 
remains the only documented hawksbill nest on the Texas coast (NPS, 2006; Shaver, 2006). The 
hawksbill has been reported from Louisiana, but it is rare (Fuller et al., 1987). 

2.3.5 Presence in the Study Area 

There are no records of sea turtles nesting on Louisiana Point or anywhere in that area (Firmin, 2006), and 
no documented records of hawksbills exist from Jefferson or Orange counties, Texas (Dixon, 2000), and 
they are not expected to be present in the project area. 

2.4 GREEN SEA TURTLE 

2.4.1 Reasons for Status 

The green sea turtle (Chelonia mydas) was listed on July 28, 1978, as threatened except for Florida and 
the Pacific Coast of Mexico (including the Gulf of California) where it was listed as endangered (43 FR 
32808). The greatest cause of decline in green sea turtle populations is commercial harvest for eggs and 
food. Other turtle parts are used for leather and jewelry, and small turtles are sometimes stuffed for curios. 
Incidental catch during commercial shrimp trawling is a continued source of mortality that adversely 
affects recovery. It is estimated that before the implementation of TED requirements, the offshore 
commercial shrimp fleet captured about 925 green sea turtles a year, of which approximately 225 would 
die. Most turtles killed are juveniles and subadults. Various other fishing operations also negatively affect 
this species (NMFS, 2006a). Epidemic outbreaks of fibropapilloma or “tumor” infections recently have 
occurred on green sea turtles, especially in Hawaii and Florida, posing a severe threat. The cause of these 
outbreaks is largely unknown, but it could be caused by a viral infection (Barrett, 1996). This species is 
also subject to various negative impacts shared by sea turtles in general.  

2.4.2 Habitat 

The green sea turtle primarily utilizes shallow habitats such as lagoons, bays, inlets, shoals, estuaries, and 
other areas with an abundance of marine algae and seagrasses. Individuals observed in the open ocean are 
believed to be migrants en route to feeding grounds or nesting beaches (Meylan, 1982). Hatchlings often 
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float in masses of sea plants (e.g., rafts of sargassum) in convergence zones. Coral reefs and rocky 
outcrops near feeding pastures often are used as resting areas. The adults are primarily herbivorous, while 
the juveniles consume more invertebrates. Foods consumed include seagrasses, macroalgae, and other 
marine plants, mollusks, sponges, crustaceans, and jellyfish (Mortimer, 1982; Derek Green, unpubl. data). 

Terrestrial habitat is typically limited to nesting activities, although in some areas, such as Hawaii and the 
Galápagos Islands, they will bask on beaches (Balazs, 1980; Green, unpubl. data). They prefer high-
energy beaches with deep sand, which may be coarse to fine, with little organic content. At least in some 
regions, they generally nest consistently at the same beach, which is apparently their natal beach (Meylan 
et al., 1990; Allard et al., 1994), although an individual might switch to a different nesting beach within a 
single nesting season (Derek Green, unpubl. data). 

2.4.3 Range 

The green sea turtle is a circumglobal species in tropical and subtropical waters. In U.S. Atlantic waters, it 
occurs around the U.S. Virgin Islands, Puerto Rico, and continental U.S. from Massachusetts to Texas. 
Major nesting activity occurs on Ascension Island, Aves Island (Venezuela), Costa Rica, and in Surinam. 
Relatively small numbers nest in Florida, with even smaller numbers in Georgia, North Carolina, and 
Texas (NMFS and USFWS, 1991b; Hirth, 1997). 

2.4.4 Distribution in Texas and Louisiana 

The green sea turtle in Texas inhabits shallow bays and estuaries where its principal foods, the various 
marine grasses, grow (Bartlett and Bartlett, 1999). Its population in Texas has suffered a decline similar to 
that of its world population. In the mid to late nineteenth century, Texas waters supported a green sea 
turtle fishery. Most of the turtles were caught in Matagorda Bay, Aransas Bay, and the lower Laguna 
Madre, although a few also came from Galveston Bay. Many live turtles were shipped to places such as 
New Orleans or New York and from there to other areas. Others were processed into canned products 
such as meat or soup prior to shipment. By 1900, however, the fishery had virtually ceased to exist. 
Turtles continued to be hunted sporadically for a while, the last Texas turtler hanging up his nets in 1935. 
Incidental catches by anglers and shrimpers were sometimes marketed prior to 1963, when it became 
illegal to do so (Hildebrand, 1982). 

Green sea turtles still occur in these same bays today but in much-reduced numbers (Hildebrand, 1982). 
While green sea turtles prefer to inhabit bays with seagrass meadows, they may also be found in bays that 
are devoid of seagrasses. The green sea turtles in these Texas bays are mainly small juveniles. Adults, 
juveniles, and even hatchlings are occasionally caught on trotlines or by offshore shrimpers or are washed 
ashore in a moribund condition.  

Green sea turtle nests are rare in Texas. Five nests were recorded at the Padre Island National Seashore in 
1998, none in 1999, and one in 2000 (Shaver, 2000; NPS, 2006). For the last 5 years, up to five nests per 
year have been recorded from the Texas coast (Shaver, 2006). Green sea turtles, however, nest more in 
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Florida and in Mexico. Since long migrations of green sea turtles from their nesting beaches to distant 
feeding grounds are well documented (Meylan, 1982; Green, 1984), the adult green sea turtles occurring 
in Texas may be either at their feeding grounds or in the process of migrating to or from their nesting 
beaches. The juveniles frequenting the seagrass meadows of the bay areas may remain there until they 
move to other feeding grounds or, perhaps, once having attained sexual maturity, return to their natal 
beaches outside of Texas to nest. Green sea turtles are uncommon in Louisiana. Most of the reported 
sightings are of juveniles (Fuller et al., 1987). 

2.4.5 Presence in the Study Area 

There are no records of green sea turtles nesting on Louisiana Point or anywhere in that area (Firmin, 
2006), but documented records of green sea turtles exist from Jefferson County, Texas (Dixon, 2000). It is 
of potential occurrence in the project area. 

2.5 LEATHERBACK SEA TURTLE 

2.5.1 Reasons for Status 

The leatherback sea turtle (Dermochelys coriacea) was listed as endangered throughout its range on 
June 2, 1970 (35 FR 8495), with Critical Habitat designated in the U.S. Virgin Islands on September 26, 
1978 and March 23, 1979 (43 FR 43688–43689 and 44 FR 17710–17712, respectively). Its decline is 
attributable to overexploitation by man and incidental mortality associated with commercial shrimping 
and fishing activities. Use of turtle meat for fish bait and the consumption of litter by turtles are also 
causes of mortality, the latter phenomenon apparently occurring when plastic is mistaken for jellyfish 
(Rebel, 1974). Nesting populations of leatherback sea turtles are especially difficult to estimate because 
the females frequently change nesting beaches; however, Spotila et al. (1996) estimated the 1995 
worldwide population of nesting female leatherbacks at 26,000 to 42,000. The major threat is egg 
collecting, although they are jeopardized to some extent by destruction or degradation of nesting habitat 
(NatureServe, 2006). This species is probably more susceptible than other turtles to drowning in shrimp 
trawlers equipped with TEDs because adult leatherbacks are too large to pass through the TED exit 
opening. Because leatherbacks nest in the tropics during hurricane season, a potential exists for storm-
generated waves and wind to erode nesting beaches, resulting in nest loss (NMFS and USFWS, 1992). 

Critical Habitat for the leatherback sea turtle includes St. Croix, Virgin Islands; Santa Rosa NP., Costa 
Rica; and sites in Mexico. NMFS (FR, May 12, 1995) established a leatherback conservation zone 
extending from Cape Canaveral to the Virginia-North Carolina border and including all inshore and 
offshore waters; this zone is subject to shrimping closures when high abundance of leatherbacks is 
documented. Mortality associated with the swordfish gillnet fisheries in Peru and Chile represents the 
single largest source of mortality for East Pacific leatherbacks (Eckert and Sarti, 1997). 
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2.5.2 Habitat 

The leatherback sea turtle is mainly pelagic, inhabiting the open ocean, and seldom approaches land 
except for nesting (Eckert, 1992). It is most often found in coastal waters only when nesting or when 
following concentrations of jellyfish (TPWD, 2006), when it can be found in inshore waters, bays, and 
estuaries. It dives almost continuously, often to great depths. 

Despite their large size, the diet of leatherbacks consists largely of jellyfish and sea squirts. They also 
consume sea urchins, squid, crustaceans, fish, blue-green algae, and floating seaweed (NFWL, 1980). The 
leatherback typically nests on beaches with a deepwater approach (Pritchard, 1971). 

2.5.3 Range 

The leatherback is probably the most wide-ranging of all sea turtle species. It occurs in the Atlantic, 
Pacific, and Indian oceans; as far north as British Columbia, Newfoundland, Great Britain, and Norway; 
as far south as Australia, Cape of Good Hope, and Argentina; and in other water bodies such as the 
Mediterranean Sea (NFWL, 1980). Leatherbacks nest primarily in tropical regions; major nesting beaches 
include Malaysia, Mexico, French Guiana, Surinam, Costa Rica, and Trinidad (Ross, 1982). Leatherbacks 
nest only sporadically in some of the Atlantic and Gulf states of the continental U.S., with one nesting 
reported as far north as North Carolina (Schwartz, 1976). In the Atlantic and Caribbean, the largest 
nesting assemblages occur in the U.S. Virgin Islands, Puerto Rico, and Florida (NMFS, 2006a). 

The leatherback migrates farther and ventures into colder water than any other marine reptile. Adults 
appear to engage in routine migrations between boreal, temperate, and tropical waters, presumably to 
optimize both foraging and nesting opportunities. The longest-known movement is that of an adult female 
that traveled 3,666 miles to Ghana, West Africa, after nesting in Surinam (NMFS and USFWS, 1992). 
During the summer, leatherbacks tend to occur along the East Coast of the U.S. from the Gulf of Maine 
south to the middle of Florida. 

2.5.4 Distribution in Texas and Louisiana 

Apart from occasional feeding aggregations such as the large one of 100 animals reported by Leary 
(1957) off Port Aransas in December 1956, or possible concentrations in the Brownsville Eddy in winter 
(Hildebrand, 1983), leatherbacks are rare along the Texas coast, tending to keep to deeper offshore waters 
where their primary food source, jellyfish, occurs. In the Gulf, the leatherback is often associated with 
two species of jellyfish: the cabbagehead (Stomolophus sp.) and the moon jellyfish (Aurelia sp.) (NMFS 
and USFWS, 1992). According to USFWS (1981), leatherbacks never have been common in Texas 
waters. No nests of this species have been recorded in Texas for at least 70 years (NPS, 2006). The last 
two, one from the late 1920s and one from the mid-1930s, were both from Padre Island (Hildebrand, 
1982, 1986). Leatherbacks in Louisiana are rare and restricted to offshore waters (Fuller et al., 1987). 
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2.5.5 Presence in the Study Area 

There are no records of sea turtles nesting on Louisiana Point or anywhere in that area (Firmin, 2006), but 
documented records of leatherbacks exist from Jefferson County, Texas (Dixon, 2000); however, the 
species is unlikely to occur in the project area since only one has been captured by a relocation trawler 
(1.5 miles offshore of Aransas Pass), and there is no record of a take by a hopper dredge (NMFS, 2003). 

2.6 RED-COCKADED WOODPECKER 

2.6.1 Reason for Status 

USFWS listed the red-cockaded woodpecker (Picoides borealis) as endangered on October 13, 1970 (35 
FR 16047–16048). Reasons for listing included its perceived rarity, documented declines in local 
populations, and reductions in available nesting habitat (USFWS, 1985). The primary impacts of human 
activity include cavity tree and foraging habitat loss resulting from short-rotation, even-aged forest 
management, conversion of forest (i.e., conversion from forest to nonforest and conversion from longleaf 
pine to slash pine), and suppression of fires (Jackson, 1994). 

Logging is the primary reason for the initial decline in suitable habitat. Subsequently, fire suppression and 
silvicultural practices resulted in further declines of remnant habitat. These have led to hardwood 
encroachment and increases in suboptimal pine species within the species range. The overall lack of 
suitable habitat has now resulted in insufficient numbers of cavities and cavity trees; habitat 
fragmentation and a subsequent reduction in genetic variation, dispersal, and demography; lack of 
foraging habitat; and increased vulnerability to random demographic, environmental, genetic, and 
catastrophic events (USFWS, 2003). 

2.6.2 Habitat 

Red-cockaded woodpeckers require mature open pine forest naturally maintained by periodic wildfire, a 
habitat that has declined over much of the species’ range. Common species occurring in suitable habitat 
include longleaf pine (Pinus palustris), loblolly pine (Pinus taeda), slash pine (Pinus elliottii), shortleaf 
pine (Pinus echinata), Virginia pine (Pinus virginiana), pond pine (Pinus serotina), and pitch pine (Pinus 
rigida). Cavity trees must be within open stands containing little to no hardwood midstory or overstory. 
The species depends on live mature pines for excavating cavities. Mature pines have the sufficient 
heartwood necessary to house a cavity at the preferred heights and are more likely to have red heart 
fungus, an infection that helps facilitate cavity excavation (USFWS, 2003). Live trees are critical to the 
species, as they produce large amounts of resin, which exudes following excavation and acts as a barrier 
to predators, particularly snakes (USFWS, 2003). Suitable foraging habitat consists of mature pines with 
an open canopy and little to no hardwood or pines in the midstory, little to no overstory hardwoods, and 
an abundance of native bunchgrass and/or forb groundcover (USFWS, 2003). 
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2.6.3 Range 

Red-cockaded woodpeckers historically ranged throughout the southeastern U.S., from New Jersey and 
Pennsylvania, south and west to Missouri and southeastern Oklahoma (USFWS, 1985; Jackson, 1994). 
Today the species is still rather widespread, although populations are highly fragmented. The species’ 
current range includes all southern and southeastern coastal states from eastern Texas to southern 
Virginia, with small interior populations in southeastern Oklahoma and southern Arkansas (USFWS, 
2003). The largest populations are within Federal and State lands in the Carolinas, Florida, Georgia, 
Alabama, Mississippi, Louisiana, and eastern Texas (USFWS, 2003). 

In east Texas, known populations occur on State and Federal lands including the Sabine, Angelina, Davy 
Crockett, and Sam Houston national forests, the L.D. Fairchild and W.G. Jones state forests, the 
Huntsville State Fish Hatchery, the Alabama-Coushatta Indian Reservation, and on two private properties, 
Brushy Creek (International Paper) and Scrappin’ Valley (Temple Inland Corporation) (USFWS, 2003). 
In Louisiana, the species occurs on State and Federal lands including the Kisatchie National Forest, the 
Upper Ouachita, D’Arbonne, and Black Bayou Lake NWRs, the Peason Ridge and Fort Polk military 
installations, and Crossett Forest (Plum Creek Timber Company) (USFWS, 2003). Other populations may 
occur elsewhere on private lands in east Texas and Louisiana, where suitable habitat is present. 

2.6.4 Presence in the Study Area 

No known current populations occur in any of the study area counties or parishes, and suitable habitat is 
absent in the study area. Thus, the species is unlikely to occur in the study area. 

2.7 PIPING PLOVER 

2.7.1 Reasons for Status 

USFWS listed the piping plover (Charadrius melodus) as threatened and endangered on December 11, 
1985 (50 FR 50726–50734). The piping plover is a federally listed endangered species in the Great Lakes 
watershed, while the birds breeding on the Atlantic Coast and northern Great Plains are federally listed as 
threatened. Piping plovers wintering in Texas and Louisiana are part of the northern Great Plains and 
Great Lakes populations and, therefore, are listed as threatened. 

Shorebird hunting during the early 1900s caused the first known major decline of piping plovers (Bent, 
1929). Since then, loss or modification of habitat resulting from commercial, residential, and recreational 
developments, dune stabilization, damming and channelization of rivers (eliminating sandbars, 
encroachment of vegetation, and altering water flows), and wetland drainage have further contributed to 
the decline of the species (USFWS, 1995a). Additional threats include human disturbances through 
recreational use of habitat, and predation of eggs by feral pets (USFWS, 1995a). 
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2.7.2 Habitat 

Piping plovers typically inhabit shorelines of oceans, rivers, and inland lakes. Nest sites include sandy 
beaches, especially where scattered tufts of grass are present; sandbars; causeways; bare areas on dredge-
created and natural alluvial islands in rivers; gravel pits along rivers; silty flats; and salt-encrusted bare 
areas of sand, gravel, or pebbly mud on interior alkali lakes and ponds (Haig and Elliott-Smith, 2004). On 
the wintering grounds, these birds use beaches, mudflats, sandflats, dunes, and offshore emergent 
placement areas (USFWS, 1995a; AOU, 1998). 

2.7.3 Range 

The piping plover breeds on the northern Great Plains (Iowa, northwestern Minnesota, Montana, 
Nebraska, North and South Dakota, Alberta, Manitoba, and Saskatchewan), in the Great Lakes (Illinois, 
Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, Wisconsin, and Ontario), and along the 
Atlantic Coast from Newfoundland to Virginia and (formerly) North Carolina. It winters on the Atlantic 
and Gulf coasts from North Carolina to Mexico, including coastal Texas, and, less commonly, in the 
Bahamas and West Indies (AOU, 1998; 50 FR 50726, December 11, 1985). Migration occurs both 
through the interior of North America east of the Rocky Mountains (especially in the Mississippi Valley) 
and along the Atlantic Coast (AOU, 1998). Few data exist on the migration routes of this species. 

2.7.4 Presence in the Study Area 

Approximately 35 percent of the known global population of piping plovers winters along the Texas Gulf 
Coast, where they spend 60 to 70 percent of the year (Campbell, 1995; Haig and Elliott-Smith, 2004). The 
species is a common migrant and rare to uncommon winter resident on the upper Texas coast (Richardson 
et al., 1998; Lockwood and Freeman, 2004). Piping plover concentrations in Texas occur in the following 
counties: Aransas, Brazoria, Calhoun, Cameron, Chambers, Galveston, Jefferson, Kleberg, Matagorda, 
Nueces, San Patricio, and Willacy (USFWS, 1988). In Louisiana, the piping plover is a rare migrant 
statewide and uncommon winter resident along the Gulf Coast in Cameron and Jefferson parishes 
(USFWS, 1994). Piping plovers may occur in the study area, but suitable habitat is of limited extent. 

Critical Habitat: USFWS has designated Critical Habitat for the species in its nesting and wintering range 
(65 FR 41781–41812, July 6, 2000). Designation of Critical Habitat became final on July 10, 2001 (66 FR 
36038–36143). Within Louisiana, USFWS has designated critical wintering habitat for the piping plover 
along the entire shoreline from the east side of Sabine Pass (Texas-Louisiana border) east approximately 
16 miles to the west end of Constance Beach (Hydrologic Unit [HU] LA-1, in part). Critical habitat 
includes the land from the seaward boundary of mean low low water (MLLW) to where densely vegetated 
habitat, not used by the species, begins and where the constituent elements no longer occur. Primary 
constituent elements (PCEs) are defined in 66 FR 36065 as “Important components (primary constituent 
elements) of intertidal flats include sand and/or mud flats with no or very sparse emergent vegetation. In 
some cases, these flats may be covered or partially covered by a mat of bluegreen algae. Adjacent 
unvegetated or sparsely vegetated sand, mud, or algal flats above high tide are also important, especially 
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for roosting piping plovers. Such sites may have debris, detritus (decaying organic matter), or 
microtopographic relief (less than 20 inches above substrate surface) offering refuge from high winds and 
cold weather. Important components of the beach/dune ecosystem include surf-cast algae for feeding of 
prey, sparsely vegetated backbeach (beach area above mean high tide seaward of the dune line, or in cases 
where no dunes exist, seaward of a delineating feature such as a vegetation line, structure, or road) for 
roosting and refuge during storms, spits (a small point of land, especially sand, running into water) for 
feeding and roosting. . . .” No USFWS-designated Critical Habitat for the piping plover is present within 
the Texas portions of the project area. 

2.8 RED WOLF 

2.8.1 Reason for Status 

USFWS listed the red wolf (Canis rufus) as endangered on March 11, 1967 (32 FR 4001). Later it 
received protection under the ESA of 1973. The primary reasons for the species’ decline include human 
persecution (i.e., hunting and trapping) and land-clearing activities (i.e., drainage projects, logging, 
farming, and mineral exploration) (USFWS, 1990). Land-clearing activities in the mid-twentieth century 
resulted in the loss of vast areas of forest and woodland habitat, which allowed the coyote (Canis latrans) 
to expand its range eastward and subsequently, resulted in hybridization of the two species and 
suppression of the genetic identity of the red wolf (USFWS, 1990; Schmidly, 2004). 

2.8.2 Habitat 

Red wolves formerly inhabited a variety of wooded habitats including pine forests, bottomland hardwood 
forests, swamps, marshes, and coastal prairies (Schmidly, 1983). USFWS (1990) indicates that the 
species requires large areas of habitat (greater than 170,000 acres). 

2.8.3 Range 

Red wolves originally occurred in woodlands and forests throughout the southeastern U.S.; however, the 
species was apparently extinct in the wild by 1980. Captive breeding colonies of red wolves now exist at 
several locations throughout the country. Beginning in 1987, USFWS began the reintroduction of red 
wolves to the Alligator River NWR, North Carolina. Between 1987 and 1992, USFWS released 42 
wolves in Alligator River NWR, and at least 23 wolves were born in the wild. As of August 1992, the 
Alligator River NWR population numbered at least 24 wolves. Additionally, USFWS has released red 
wolf pairs on Bull’s Island, South Carolina, St. Vincent Island, Florida, and Horn Island, Mississippi, but 
breeding and survival on these islands have been limited. Most recently, USFWS has reintroduced red 
wolves to the Great Smoky Mountains National Park. 
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2.8.4 Presence in the Study Area 

Red wolves historically ranged throughout the eastern half of Texas and Louisiana, but the species is 
extirpated in these areas and is not present in the study area. 

2.9 WEST INDIAN MANATEE 

2.9.1 Reason for Status 

USFWS listed the West Indian manatee (Trichechus manatus) as endangered on March 11, 1967 (32 FR 
4001). Later it received protection under the ESA of 1973. The largest known human-related cause of 
manatee mortality is collisions with hulls and/or propellers of boats and ships. The second-largest human-
related cause of mortality is entrapment in floodgates and navigation locks. Other known causes of 
human-related manatee mortality include poaching and vandalism, entrapment in shrimp nets and other 
fishing gear, entrapment in water pipes, and ingestion of marine debris (USFWS, 2001). Hunting and 
fishing pressures were responsible for much of its original decline because of the demand for meat, hides, 
and bones, which resulted in near extirpation of the specie (USFWS, 1995a). 

A prominent cause of natural mortality in some years is cold stress, and major die-offs associated with the 
outbreaks of red tide have occurred, where manatees appear to have died because of ingestion of filter-
feeding tunicates that had accumulated the neurotoxin-producing dynoflagellates responsible for causing 
the red tide (USFWS, 2001). The low reproductive rate and habitat loss make it difficult for manatee 
populations to recover. 

2.9.2 Habitat 

The West Indian manatee inhabits shallow coastal waters, estuaries, bays, rivers, and lakes. Throughout 
most of its range, it appears to prefer rivers and estuaries to marine habitats, although manatees inhabit 
marine habitats in the Greater Antilles (Lefebvre et al., 1989). It is not averse to traveling through dredged 
canals or using quiet marinas. Manatees are apparently not able to tolerate prolonged exposure to water 
colder than 68 degrees Fahrenheit (°F). In the northern portions of their range, during October through 
April, they congregate in warmer water bodies, such as spring-fed rivers and outfalls from power plants. 
They prefer waters that are at least 3.3 to 6.6 feet in depth; along coasts, they are often in water 10 to 16 
feet deep. They usually avoid areas with strong currents (NatureServe, 2006). 

Manatees are primarily dependent upon submergent, emergent, and floating vegetation, with the diet 
varying according to plant availability. They may opportunistically eat other foods such as acorns in early 
winter in Florida or fish caught in gill nets in Jamaica (O’Shea and Ludlow, 1992). 

2.9.3 Range 

The manatee ranges from the southeastern U.S. and coastal regions of the Gulf, through the West Indies 
and Caribbean, to northern South America. U.S. populations occur primarily in Florida (NatureServe, 
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2006), where they are effectively isolated from other populations by the cooler waters of the northern 
Gulf and the deeper waters of the Straits of Florida (Domning and Hayek, 1986). 

2.9.4 Presence in the Study Area 

The West Indian manatee historically inhabited the Laguna Madre, the Gulf, and tidally influenced 
portions of rivers. It is currently, however, extremely rare in Texas waters and the most recent sightings 
are likely individuals migrating or wandering from Mexican waters. Historical records from Texas waters 
include Cow Bayou, Sabine Lake, Copano Bay, the Bolivar Peninsula, and the mouth of the Rio Grande 
(Schmidly, 2004). In May 2005, a live manatee appeared in the Laguna Madre near Port Mansfield 
(Blankinship, 2005). Although the West Indian manatee is chiefly a marine species, its occurrence in the 
study area is unlikely. 

2.10 LOUISIANA BLACK BEAR/BLACK BEAR 

2.10.1 Reason for Status 

USFWS listed the Louisiana black bear (Ursus americanus luteolus) as threatened on January 7, 1992 (57 
FR 588–595). The Service also designates other free-living bears of the species U. americanus, within the 
Louisiana black bear’s historic range, as threatened because of similarity in appearance. The primary 
threats to the Louisiana black bear are habitat destruction and modification. Human activities have 
reduced or fragmented much of the species’ habitat throughout its historic range. Additional threats 
include human related mortality (i.e., hunting and trapping, automobile-related mortality) (USFWS, 
1995b). 

2.10.2 Habitat 

Black bear habitat must have a combination of adequate food, water, cover, and denning sites within 
sufficiently large and remote blocks of land. The Louisiana black bear requires large, relatively remote 
blocks of bottomland hardwood forest (USFWS, 1995b). Forest types within the range of the species 
include bald cypress (Taxodium distichum), bald cypress-water tupelo (T. distichum-Nyssa aquatica), 
river birch-American sycamore (Betula nigra-Platanus occidentalis), cottonwood (Populus deltoides), 
sugarberry-American elm-green ash (Celtis laevigata-Ulmus americana-Fraxinus pennsylvanica), Nuttall 
oak-American elm-green ash (Quercus nuttallii-Ulmus americana-F. pennsylvanica), overcup oak-water 
hickory (Q. lyrata-Carya aquatica), sweetgum-water oak (Liquidambar styraciflua-Q. nigra), and swamp 
chestnut oak-cherrybark oak (Q. michauxii-Q. falcata) (USFWS, 1995b). Other habitat types include 
freshwater and brackish marshes, agricultural fields, wooded levees along canals and bayous, and salt 
domes (USFWS, 1995b). 

A key component of Louisiana black bear habitat is remoteness, which is relative to forest tract size and 
the presence of roads (USFWS, 1995b). Optimal habitat generally consists of tracts larger than 
2,500 acres that are at least 0.5 mile from well-maintained roads and development, or tracts with 0.3 mile 



 

100007609/060201 2-18 

or less of road per 0.4 square miles of forest (USFWS, 1995b). Larger, undisturbed tracts of forest 
decrease the likelihood of human disturbance. 

2.10.3 Range 

While U. americanus is a widely distributed species, its range has declined since European colonization 
of North America. The species formerly ranged from northern Alaska and northern Canada, south to 
central northern Mexico (USFWS, 1995b). The Louisiana subspecies once occurred in southern 
Mississippi, all of Louisiana, and eastern Texas (USFWS, 1995b). In Texas, Louisiana black bears 
occurred in all counties east of and including Cass, Marion, Harrison, Upshur, Rusk, Cherokee, Anderson, 
Leon, Robertson, Burleson, Washington, Lavaca, Victoria, Refugio, and Aransas (USFWS, 1995b). 
Today, the only remaining Louisiana black bear populations occur in the Tensas and Atchafalaya river 
basins in Louisiana (USFWS, 1995b). 

2.10.4 Presence in the Study Area 

Garner (1996) indicates that suitable habitat for the Louisiana black bear in east Texas is restricted to the 
Big Thicket National Preserve, the Sulphur River Bottom, the Middle Neches Corridor, and the Lower 
Neches River Corridor. While recent reports of black bears exist from east Texas and southwestern 
Louisiana, it is unlikely that these represent individuals of the subspecies U. a. luteolus. Suitable black 
bear habitat may occur within the study area, but it is highly unlikely that black bears are present in the 
study area. 

2.11 GULF STURGEON 

2.11.1 Reason for Status 

USFWS and NMFS listed the Gulf sturgeon (Acipenser oxyrinchus desotoi), a subspecies of the Atlantic 
sturgeon (A. oxyrhinchus), as threatened on September 30, 1991 (56 FR 49653–49658). As with other 
sturgeon species, the damming of rivers has been the most significant threat to the Gulf sturgeon (NMFS, 
2006b). Dams are now present on all of the major rivers within the Gulf sturgeon’s range (Pearl, 
Mississippi, and Alabama rivers), which prevents upstream migration for spawning. Other threats to the 
species include overexploitation, incidental catch, dredging activities, the removal of snags, and dredged 
material placement associated with channel improvements and maintenance (USFWS and Gulf States 
Marine Fisheries Commission [GSMFC], 1995; NMFS, 2006b). 

2.11.2 Habitat 

The Gulf sturgeon is anadromous, which means the species breeds in freshwater environments (i.e., river 
systems) but spends the remainder of the year in marine and estuarine environments. Spawning occurs in 
the deeper portions of rivers on clean rock or rubble bottoms. Mud and sand bottoms and seagrass 
communities are likely important marine habitats (USFWS and GSMFC, 1995). 
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2.11.3 Range 

The Gulf sturgeon historically ranged along the northeastern Gulf, in major rivers from the Mississippi 
delta in Louisiana, east to Charlotte Harbor, Florida, and in marine waters of the central and eastern Gulf 
(USFWS and GSMFC, 1995; NMFS, 2006b). Its current range extends from Lake Pontchartrain and the 
Pearl River in Louisiana and Mississippi east to the Suwannee River in Florida. Sporadic records exist 
from as far west as the Rio Grande between Texas and Mexico, and as far east and south as Florida Bay. 
Viable populations exist in the Mississippi, Pearl, Escambia, Yellow, Choctawhatchee, Appachicola, and 
Suwannee rivers (NMFS, 2006b). 

2.11.4 Presence in the Study Area 

The study area is not within the known historic range of the Gulf sturgeon. Fish are mobile species and 
frequently occur outside of their normal ranges; however, it is unlikely that the species is present in the 
study area. 

2.12 ELKHORN CORAL 

Elkhorn coral was listed as threatened on May 9, 2006 (71 FR 26852) and is found on coral reefs in 
southern Florida and the Bahamas, and throughout the Caribbean. Its northern limit is Biscayne National 
Park, Florida. This species is particularly susceptible to damage from sedimentation. Neither the project 
area nor the study area are located within the historical range for this species, nor does suitable habitat 
exist in the project vicinity. 

2.13 SMALLTOOTH SAWFISH 

2.13.1 Reason for Status 

Smalltooth sawfish (Pristis pectinata) were listed as endangered by the NMFS on April 1, 2003 (50 CFR 
224, p. 15674–15680), and the USFWS on November 16, 2005 (50 CFR 17, p. 69464–69466). They may 
grow up to 23 feet in length, live up to 30 years, and females give birth to live young, up to 15 to 20 at a 
time. Data indicate the smalltooth sawfish is found over about 10 percent of its original U.S. distribution, 
and the population size may have been reduced by 95 percent. These reductions probably have resulted 
from incidental entanglement in nets, reduced habitat, and the sawtooth’s low birth rate. Additionally, 
little is known about the habitat utilized by juvenile sawfish (NMFS and USFWS, 2009). 

2.13.2 Habitat 

Smalltooth sawfish are usually found in shallow (typically less than 33 feet), warm (water temperatures 
exceeding 16 °C) coastal waters, close to shore, over muddy and sandy bottoms. They are often found in 
sheltered bays, on shallow banks, and in estuaries or river mouths on inshore bars, near mangrove edges, 
or over seagrass. Critical habitat for smalltooth sawfish has been proposed along the southwestern Florida 
coast from Charlotte Harbor south to Florida Bay (50 CFR 226, p. 70290–70308). 
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2.13.3 Range 

The U.S. population is found only in the Atlantic Ocean and Gulf of Mexico. Historically, the U.S. 
population was common throughout the Gulf of Mexico from Texas to Florida, and along the East Coast 
from Florida to Cape Hatteras. The current range of this species has contracted to peninsular Florida, and 
smalltooth sawfish are relatively common only in the Everglades region at the southern tip of the state. 
No accurate estimates of abundance trends over time are available for this species. However, available 
records indicate that abundance of this species has declined dramatically in U.S. waters over the last 
century. The last published report of smalltooth sawfish in Texas was in 1984. 

2.13.4 Presence in the Study Area 

The most recent verified report of a smalltooth sawfish from Texas waters was in 1998. All recent 
observations of smalltooth sawfish have been in southwestern Florida. It is unlikely there are smalltooth 
sawfish in the project area. Since the smalltooth sawfish prefer shallow water, it is unlikely they would be 
encountered in the project areas that would be dredged. 

2.14 STAGHORN CORAL 

Staghorn coral was listed as threatened on May 9, 2006 (71 FR 26852) and is found throughout the 
Florida Keys, the Bahamas, and the Caribbean islands. This coral occurs in the western Gulf of Mexico, 
but it is absent from U.S. waters in the Gulf of Mexico. Neither the project area nor the study area are 
located within the historical range for this species, nor does suitable habitat exist in the project vicinity. 

2.15 WHALES 

NMFS identifies five endangered whale species of potential occurrence in the Gulf. These are the sei 
whale (Balaenoptera borealis), blue whale (Balaenoptera musculus), fin (or finback) whale 
(Balaenoptera physalus), humpback whale (Megaptera novaeangliae), and sperm whale (Physeter 
macrocephalus). These species are generally restricted to deeper offshore waters; therefore, it is unlikely 
that any of these five species would regularly occur in the study area (NMFS, 2003). 

2.16 SPECIES OF CONCERN 

2.16.1 Dusky Shark 

The dusky shark is a large shark with a wide-ranging distribution in warm-temperate and tropical 
continental waters. It is coastal and pelagic in its distribution, where it occurs from the surf zone to well 
offshore. Habitat for this species does exist in the project area. 
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2.16.2 Night Shark 

The night shark is a deep-water shark reported in waters from Delaware south to Brazil, including the 
Gulf of Mexico. This shark is usually found at depths greater than 150–200 fathoms during the day and 
100 fathoms at night. Habitat for this shark does not exist in the project area. 

2.16.3 Saltmarsh Topminnow 

This fish is endemic to the north-central coast of the Gulf of Mexico from Galveston Bay eastward to 
western Florida. They tend to live in salt marshes and brackish water. This species requires shallow 
flooded marsh surfaces for breeding and feeding. Coastal erosion and loss of marsh is thought to be the 
greatest threat to this species. It is possible that this species occurs in the project area.  

2.16.4 Sand Tiger Shark 

The sand tiger shark has a broad inshore distribution. In the western Atlantic, this shark occurs from the 
Gulf of Maine to Florida, in the northern Gulf of Mexico, in the Bahamas, and in Bermuda. They are 
generally coastal, usually being found in the surf zone down to depths around 75 feet. They may also be 
found in shallow bays. They usually live near the bottom, but may be found throughout the water column. 
Their biggest threat is over fishing. Habitat for this species may exist in the project area.  

2.16.5 Speckled Hind 

The speckled hind inhabits warm, moderately deep waters from North Carolina to Cuba, including 
Bermuda, the Bahamas, and the Gulf of Mexico. The preferred habitat is hard-bottom reefs in depths 
ranging from 150 to 300 feet. Habitat for this species does not exist in the project area. 

2.16.6 Warsaw Grouper 

The Warsaw grouper is a very large fish found in the deep-water reefs of the southeastern U.S. This fish 
ranges from North Carolina to the Florida Keys and throughout much of the Caribbean and Gulf of 
Mexico to the northern coast of South America. This species inhabits deepwater reefs on the continental 
shelf break in waters 350 to 650 feet deep. Habitat for this species does not exist in the project area. 

2.16.7 Ivory Tree Coral 

Colonies of ivory tree coral are found to depths of 500 feet on substrates of limestone rubble, low-relief 
limestone outcrops, and high-relief, steeply sloping prominences. The project area is not located within 
the historical range for this species, nor does suitable habitat exist in the project vicinity. 



 

100007609/060201 2-22 

 

This page intentionally left blank. 



 

100007609/060201 3-1 

3.0 ANALYSIS OF EFFECTS 

3.1 DIRECT EFFECTS 

Direct effects of the Project are those associated with navigation channel improvements, and the 
placement of dredged material. They include (1) impacts to benthic organisms and their Gulf, estuarine, 
and riverine water-bottom habitats resulting from dredging to construct navigation improvements, 
offshore placement areas, borrow areas for mitigation measures, and marsh restoration in shallow, open-
water areas; (2) dredging impacts to bottom-feeding and pelagic organisms such as sea turtles, (3) impacts 
to marshes and upland habitats from the enlargement of placement areas; and (4) impacts to shorebirds 
and their habitat from the regular placement of maintenance material on the Gulf shoreline. 

The discussion of direct Project impacts provided below is limited to those having the potential to affect 
threatened or endangered species or their Critical Habitat that may occur in the study area. The following 
species are unlikely to occur in the study area and, therefore, no impacts are expected: least tern (interior 
population), red wolf, Louisiana black bear/black bear, gulf sturgeon, and listed whale and coral species. 

3.1.1 Sea Turtles 

Sea turtles may be present in the project area during certain times of the year. Thus, construction activities 
could result in impacts to the sea turtle, should they be present in the project area. These impacts, 
however, would be temporary and local in nature. Feeding opportunities within the proposed channel 
could attract sea turtles, where they might be exposed to additional risks from boat traffic, contaminants, 
fishing activities, tangled fishing lines, and accumulated plastic detritus, but that is true at the existing 
channel. 

A pipeline dredge would be used in those reaches of the SNWW inland of the Jetty Channel and a hopper 
dredge would be used in the Sabine Pass Jetty Channel, the Sabine Pass Outer Bar Channel, the Sabine 
Bank Channel, and the Extension Channel. Sea turtles easily avoid pipeline dredges because of the slow 
movement of the dredge. The potential for incidental take of sea turtles by hopper dredges would be 
minimized by the use of draghead deflectors and the other measures noted in Section 4.1 of this BA. 
Construction dredging of the offshore channels is expected to take at least 6 years with individual 
contracts lasting an average of 15 months. Therefore, accommodation of a winter dredging window for 
construction is unlikely. An agreement between NMFS and USACE is in place and implemented 
regarding take of sea turtles with hopper dredges to ensure that significant impacts do not occur, but that 
BO only applies to maintenance dredging. Between 1996 and 2005, maintenance dredging in the Sabine 
Pass Outer Bar and Sabine Bank channels by hopper dredges resulted in the lethal take of two sea turtles, 
a Kemp’s ridley in 1997 and a loggerhead in 2002 (Rob Hauch, pers. comm., 2006). In 2006, 
maintenance dredging in the Sabine Bank Channel resulted in the lethal take of one Kemp’s ridley, but 
there were no lethal takes in the 2008 dredging of the Sabine Outer Bar Channel (USACE, 2009). Details 
of the sea turtle avoidance plan are included in Section 4.1. 
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The effects of placing dredged material at the proposed ODMDSs include (1) a collision potential from 
the vessel; (2) the deposition of dredged material on turtles and forage areas, and (3) the possibility of 
trash and debris from the dredge operation. Regarding the deposition of dredged material, modeling 
indicates that most of the dredged material is confined to a relatively small area. Because this is a short-
term effect, and considering the mobility of the turtle species and the lack of limestone ledges in the 
proposed ODMDSs, the turtles should easily be able to avoid a descending plume, and available food 
sources should not be seriously reduced (NMFS, 2003). Regarding the vessel and debris possibility, it is 
the combined effect of many marine activities (e.g., oil spills, oil and gas operations, commercial fishing, 
marine transportation, etc.) that constitute the hazard and not a single activity such as a dredge operation. 
As noted in Section 4.11.2 of the SNWW Channel Improvement FEIS to which this document is 
appended, it has been determined that the proposed ODMDS designation does not constitute an adverse 
impact on listed sea turtles. 

The existing offshore channels (Outer Bar and Sabine Bank) would be deepened with effects similar to 
but of longer duration than routine maintenance dredging. The Entrance Channel Extension would begin 
18 miles offshore where sea turtles should be more dispersed than nearer the jetties. Only two lethal takes 
have been observed during maintenance dredging between 1996 and 2005, a period that entailed water 
temperatures ranging from 49 to 90°F. Based on the facts listed above, the proposed Project may affect 
and is likely to adversely affect sea turtles. No Critical Habitat for sea turtles is present within the study 
area; therefore, the Project is unlikely to adversely affect Critical Habitat. 

3.1.2 Piping Plover 

Dredging activities, which would occur in open water, would not directly affect the piping plover. The 
greatest potential for impacts to the piping plover would be associated with the placement of dredged 
material or beach nourishment activities in areas of suitable habitat. USFWS has designated the entire 
shoreline between Constance Beach and Sabine Pass (HU LA 1, in part) as Critical Habitat for the piping 
plover. Proposed beach nourishment activities at Louisiana Point would occur along approximately 
3 miles of this unit, beginning approximately 0.5 mile east of Sabine Pass. A survey of both the Texas and 
Louisiana shore nourishment areas was conducted in July 2006 (see Attachment B to the BA). No habitat 
was found on the Texas side, just an eroding bank with marsh vegetation on the top of the bank. There 
was some habitat on the Louisiana side: a 1.65-mile-long, narrow tidal sand/mudflat spit that ranged from 
500 yards off the beach on its western end to confluence with the beach at its eastern end; a 1-mile-long, 
narrow offshore sand bar that ranged from 1,400 yards offshore on the west to 400 yards offshore on the 
east end; and sandy beaches, ranging from 50 to 300 feet in width, beginning 2 miles east of the east jetty 
and extending east beyond the potential nourishment area. Shoreward of the beach was an eroded 
shoreline, above which there were flats with sometimes extensive stands of dense vegetation.  

Therefore, Critical Habitat on Louisiana Point would only include the beach, since no other PCEs appear 
to be present. The current shoreline within the proposed nourishment area on Texas Point is an eroding 
marsh and contains no beach. Details of the beach nourishment activities are included in Section 4.2. 
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Placement of dredged materials (i.e., Gulf shoreline nourishment) at Texas Point and Louisiana Point 
would not adversely affect piping plovers or designated Critical Habitat for the piping plover. These 
activities should result in positive effects on the piping plover by increasing the extent of suitable habitat 
in the study area. On the Louisiana side, where Critical Habitat is designated, additional beach may allow 
saltation to create some microtopographic relief on the backbeach, providing another PCE. Based on the 
information listed above, the proposed Project is not likely to adversely affect the species or its Critical 
Habitat. 

3.1.3 West Indian Manatee 

No recent records of West Indian manatee exist from the study area, and such an occurrence would be 
rare. If a manatee was to enter the project area, the greatest threats to it would be from boat traffic or 
dredging operations. The proposed Project should have no effect on the West Indian manatee. 

3.2 INDIRECT EFFECTS  

Indirect effects of the Project result from small salinity increases, which increase wetland loss rates and 
decrease biological productivity in some aquatic habitats in the study area. In Texas, 33,500 acres of 
intertidal marsh and swamp may be negatively impacted by these small salinity increases. In Louisiana, 
negative impacts are projected to affect 182,000 acres of intertidal marsh. Construction of the Neches 
River Beneficial Use Feature and the Texas portion of the Gulf Shore Beneficial Use Feature may offset 
all the indirect effects in Texas and some of the indirect effects in Louisiana. These beneficial use features 
would result in the net creation of 2,853 acres of restored, emergent fresh, and intermediate, and brackish 
marsh in Texas. Additionally, a mitigation plan has been proposed to restore 2,783 acres of emergent 
marsh, improve 957 acres of shallow-water habitat, and nourish 4,355 acres of existing marsh in 
Louisiana. This mitigation plan is intended to offset the indirect negative impacts to Louisiana wetlands 
from the project. No loss of saline marsh or bottomland hardwood acreage is projected. Salinities are 
projected to increase throughout the study area. The highest projected increases are +1.1 to 1.8 parts per 
thousand (ppt) in the Old River Cove marsh at Sabine Lake along its north shore and in the marshes 
fringing the east shore of Sabine Lake, +1.6 ppt in the freshwater marshes along the north GIWW, +1.0 to 
1.5 in the Sabine River south of Orange, +0.8 ppt in the Texas Point marshes at Sabine Pass, and +0.6 ppt 
along the Sabine River near the City of Orange and to the north. The effects of the salinity increases on 
tidal marshes have been mitigated by marsh restoration, and the small salinity increase on the upper 
Sabine River would have negligible effects on the cypress-tupelo swamps and bottomland hardwood 
forests. No impacts to threatened or endangered species or Critical Habitats that may occur in the study 
area would result from the indirect effects of salinity increases or marsh loss. 
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4.0 VOLUNTARY AVOIDANCE AND CONSERVATION 
MEASURES 

4.1 SEA TURTLE AVOIDANCE PLAN 

Avoidance measures would include an avoidance plan for hopper dredge impacts to sea turtles. This 
avoidance plan includes reasonable and prudent measures that have largely been incorporated in USACE 
regulatory and civil works projects throughout the Gulf for more than a decade. These measures include 
use of temporal dredging windows, when possible; intake and overflow screening; use of sea turtle 
deflector dragheads; observer reporting requirements; and sea turtle relocation/abundance trawling: 

• Hopper Dredging: Hopper dredging activities in Gulf waters from the Mexico-Texas border to 
Key West, Florida, up to 1 mile into rivers shall be completed, whenever possible, between 
December 1 and March 31 when sea turtle abundance is lowest throughout Gulf coastal waters. 
USACE should coordinate with National Oceanic and Atmospheric Administration (NOAA) 
should dredging need to occur outside of this window. 

• Nonhopper-type Dredging: Pipeline or hydraulic dredges, which are not known to take turtles, 
must be used whenever possible between April 1 and November 30 in Gulf waters up to 1 mile 
into rivers. 

• Observers: The USACE shall arrange for NOAA Fisheries–approved observers to be aboard the 
hopper dredges to monitor the hopper soil, screening, and dragheads for sea turtles and their 
remains. Observer coverage sufficient for 100 percent monitoring (i.e., two observers) of hopper 
dredging operations is required aboard the hopper dredges year-round in Texas waters between 
April 1 and November 30, and whenever surface water temperatures are 52°F or greater. 

• Screening: When observers are required on hopper dredges, 100 percent inflow screening of 
dredged material is required and 100 percent overflow screening is recommended. If conditions 
prevent 100 percent inflow screening, screening may be reduced gradually, but 100 percent 
overflow screening is then required. 

• Sea Turtle Deflecting Draghead: A state-of-the-art rigid deflector draghead must be used on all 
hopper dredges in all Gulf channels and sand-mining sites at all times of the year. 

• Dredge Take Reporting: Observer reports of incidental take by hopper dredges must be reported 
to NOAA Fisheries by onboard endangered species observers within 24 hours of any observed 
sea turtle take. A preliminary report summarizing the results of the hopper dredging and any 
documented sea turtle takes must be submitted to NOAA Fisheries within 30 working days of 
completion of any dredging project. In addition, an annual report (based on fiscal year) must be 
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submitted to NOAA Fisheries summarizing hopper dredging projects and documented incidental 
takes. 

• Relocation Trawling: Relocation trawling shall be undertaken by the USACE where any of the 
following conditions are met: (a) two or more turtles are taken in a 24-hour period in the project; 
(b) four or more turtles are taken in the project; or, (c) when 75 percent of a District’s sea turtle 
species quota for a particular species has previously been met. Handling of sea turtles captured 
during relocation trawling in association with hopper dredging project in Gulf navigation 
channels and sand-mining areas shall be conducted by NOAA Fisheries–approved endangered 
species observers. 

Other conditions may also apply. A detailed outline of the conditions of the USACE’s sea turtle 
avoidance is included in the NMFS Biological Opinion for dredging of Gulf navigation channels and 
sand-mining areas using hopper dredges (Consultation Number F/SER/2000/01287). 

4.2 GULF SHORELINE NOURISHMENT 

The unconfined placement on the shoreline would have a net beneficial effect on this environment. 
Placement events would affect shallow nearshore waters and marsh. Benthic organisms in the nearshore 
zone would quickly rebound from the short-term impacts of each placement event, as would marsh areas 
that are 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 (HU LA 1, in part) as Critical Habitat for the piping plover; however, the 
shoreline in the proposed nourishment area has 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 project area, they would be 
temporarily displaced to nearby habitat to the east, but would not be permanently excluded from using the 
project area, and nourishment would only occur every 6 years. Piping plover Critical Habitat would 
benefit from the creation of an additional PCE. Effects to existing piping plover Critical Habitat would 
occur during each beach nourishment cycle, but the overall condition of the nourishment area would be 
improved for piping plovers. While it is unlikely that the creation of more beach on Louisiana Point 
would allow sea turtle nesting, it certainly would have no adverse impacts on potential nesting habitat. 
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5.0 SUMMARY 

The proposed Project may affect a few federally listed endangered or threatened species. The following 
species are unlikely to occur in the project area and, therefore, no impacts are expected: least tern (interior 
population), red-cockaded woodpecker, red wolf, Louisiana black bear/black bear, gulf sturgeon, the 
leatherback sea turtle, and listed whale and coral species. The Project is expected to have no effect on the 
West Indian manatee. The Project may affect and is likely to result in adverse effects to the following 
species: loggerhead sea turtle, Kemp’s ridley sea turtle, hawksbill sea turtle, and green sea turtle. The 
piping plover and its Critical Habitat would experience a beneficial effect from the proposed Project 
resulting from habitat enhancement (i.e., shoreline nourishment) through beneficial use of dredged 
material. The only designated Critical Habitat in the project area is a portion of HU LA 1 at Louisiana 
Point, which was designated as Critical Habitat for the wintering range of the piping plover. The Project 
is not likely to adversely affect the piping plover or its designated Critical Habitat since the Project is 
expected to have only a beneficial effect. 
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Historic Properties Programmatic Agreement 



PROGRAMMATIC AGREEMENT 
REGARDING COMPLIANCE WITH SECTION 106 OF THE NATIONAL HISTORIC 

PRESERVATION ACT FOR THE 
CONSTRUCTION AND MAINTENANCE MEASURES FOR THE SABINE - 

NECHES WATERWAY, 
SOUTHEAST TEXAS AND SOUTHWEST LOUISIANA 

AMONG 
THE U.S. ARMY CORPS OF ENGINEERS GALVESTON DISTRICT 

THE TEXAS STATE HISTORIC PRESERVATION OFFICER 
THE LOUISIANA STATE HISTORIC PRESERVATION OFFICER 

AND 
THE SABINE NECHES NAVIGATION DISTRICT 

WHEREAS, the U.S. Army Corps of Engineers, Galveston District (USACE) has 
determined that the proposed construction and ongoing maintenance of the Sabine- 
Neches Waterway (hereinafter, "undertaking") may have an effect on properties eligible 
for inclusion in the National Register of Historic Places (NRHP) (hereinafter, "historic 
properties) pursuant to Section 106 of the National Historic Preservation Act (16.U.S.C 5 
470) (hereinafter NHPA) and its implementing regulation, "Protection of Historic 
Properties," (36 CFR 800); and 

WHEREAS, the existing Sabine-Neches Waterway Project (SNWW) is 
administered by the USACE under the authority of the Rivers and Harbors Act of 1962 
and improvements are being studied under authorization contained in the Senate 
Committee on Environment and Public Works Resolution adopted on 5 June 1997; and 

WHEREAS, the Sabine Neches Navigation District (SNND) is the non-federal 
partner with the USACE for this undertaking and is providing all lands, easements, 
rights-of-way, relocations, removals, and upland placement areas necessary for the 
project construction and operation; and 

WHEREAS, the size of the project area and the number of alternatives being 
studied for proposed channel improvements make it necessary to defer final identification 
and evaluation of historic properties until authorization of proposed improvements is 
obtained; and 

WHEREAS, the USACE, the Texas and Louisiana State Historic Preservation 
Officers (SHPOs), and the SNND agree that it is advisable to accomplish compliance 
with Section 106 through the development and execution of this Programmatic 
Agreement (PA) in accordance with 5 800.6 and 5 800.14(b)(3); and 

WHEREAS, the USACE has invited the Advisory Council on Historic 
Preservation (Council) to determine whether the Council wishes to enter into the Section 
106 process; and 



NOW, THEREFORE, the USACE, the SHPOs and the SNND, agree that the 
proposed undertaking shall be implemented in accordance with the following stipulations 
in order to take into account the effects of the undertaking on historic properties and to 
satisfy the USACE Section 106 responsibilities for all individual aspects of the 
undertaking. 

Stipulation I 
Identification, Evaluation, Effect Determination and Resolution 

A. Scope of Undertaking. This PA shall be applicable to all new construction activities 
related to the proposed SNWW channel improvement project and activities related to 
maintenance dredging. The Area of Potential Effects (APE) shall be established by the 
USACE in consultation with the appropriate SHPO and shall include all areas to be 
directly affected by new dredging and channel construction, construction staging and 
access areas, new or extensions of existing placement areas, ecological mitigation 
features, areas affected by the beneficial uses of dredged material, and ongoing 
maintenance dredging activities related to the SNWW project. 

B. Qualzfications and Standards. The USACE shall ensure that all work conducted in 
conjunction with this PA is performed in a manner consistent with the Secretary of 
Interior's "Standards and Guidelines for Archeology and Historic Preservation (48 
Federal Register 44716-44740; September 23, 1983), as amended, or the Secretary of the 
Interior's Standards for the Treatment of Historic Properties (36 CFR 68), as appropriate. 

C. Definitions. The definitions set forth in 8 800.16 are incorporated herein by reference 
and apply throughout this PA. 

D. Identzfication of Historic Properties. Prior to the initiation of construction or 
maintenance activities, the USACE shall make a reasonable and good faith effort to 
identify historic properties located in the APE. These steps may include, but are not 
limited to, background research, consultation, oral history interviews, sample field 
investigation and field survey. The level of effort for these activities shall be determined 
in consultation with the appropriate SHPO, the SNND, Native American Indian tribes 
that attach religious and cultural significance to identified historic properties and any 
other consulting party. If no historic properties are identified in APE, the USACE shall 
document this finding pursuant to 8 800.1 1(d) and retain this documentation in USACE 
files for at least seven (7) years. 

E. Evaluation of National Register Eligibility. If cultural resources are identified within 
the APE, the USACE shall determine their eligibility for the National Register of Historic 
Places in accordance with the process described in 9 800.4(c) and criteria established in 
36 CFR 60. The determination of cultural significance shall be conducted in consultation 
with the appropriate SHPO, the SNND, Native American Indian tribes that attach 
religious and cultural significance to identified historic properties and any other 
consulting party. Should the USACE and the appropriate SHPO agree that a property is 



or is not eligible, such consensus shall be deemed conclusive for the purpose of the PA. 
Should the USACE and appropriate SHPO not agree regarding the eligibility of a 
property, the USACE shall obtain a determination of eligibility from the Keeper of the 
National Register pursuant to 36 CFR 63. 

F. Assessment of Adverse Effects. 

1. No Historic Properties Affected. The USACE shall make a reasonable and 
good faith effort to evaluate the effect of each undertaking on historic properties in the 
APE. The USACE may conclude that no historic properties are affected by an 
undertaking if no historic properties are present in the APE, or the undertaking will have 
no effect as defined in §800.16(i). This finding shall be documented in compliance with 
9 800.11(d) and the documentation shall be retained by the USACE for at least seven (7) 
years. The USACE shall provide information on the finding to the public upon request, 
consistent with the confidentiality requirements of $ 800.1 1 (c). 

2. Finding of No Adverse Effect. The USACE, in consultation with the 
appropriate SHPO, the SNIVD, Native American Indian tribes that attach religious and 
cultural significance to identified historic properties and any other consulting party, shall 
apply the criteria of adverse effect to historic properties within the APE in accordance 
with 9 800.5. The USACE may propose a finding of no adverse effect if the 
undertaking's effects do not meet the criteria of 9 800.5(a)(l) or the undertaking is 
modified to avoid adverse effects in accordance with 36 CFR 68. The USACE shall 
provide to the appropriate SHPO documentation of this finding meeting the requirements 
of § 800.1 l(e). The SHPO shall have 30 calendar days in which to review the findings 
and provide a written response to the USACE. The USACE may proceed upon receipt of 
written concurrence from the SHPO. Failure of the SHPO to respond within 30 days of 
receipt of the finding shall be considered agreement with the finding. The USACE shall 
maintain a record of the finding and provide information on the finding to the public 
upon request, consistent with the confidentiality requirements of 9 800. I l (c). 

3. Resolution of Adverse Effect. If the USACE determines that the undertaking 
will have an adverse effect on historic properties as measured by criteria in 
800.5.(a)(l), the agency shall consult with the appropriate SHPO, the SNND, Native 
American Indian tribes that attach religious and cultural significance to identified historic 
properties and any other consulting party to resolve adverse effects in accordance with 9 
800.6. 

a. For historic properties that the USACE and the appropriate SHPO agree 
will be adversely affected, the USACE shall: 

1) Consult with the appropriate SHPO to identify other individuals or 
organizations to be invited to become consulting parties. If 
additional consulting parties are identified, the USACE shall 
provide them copies of documentation specified in 800.1 1(e) 
subject to confidentiality provisions of § 800.1 1(c). 



2) Afford the public an opportunity to express their views on 
resolving adverse effects in a manner appropriate to the magnitude 
of the project and its likely effects on historic properties. 

3) Consult with the appropriate SHPO, the SNND and Native 
American tribes which have indicated an interest in the 
undertaking, and consulting parties to seek ways to avoid, 
minimize or mitigate adverse effects. 

4) Prepare an historic property treatment plan which describes 
mitigation measures the USACE proposes to resolve the 
undertaking's adverse effects and provide this plan for review and 
comment to the appropriate SHPO, consulting parties and Native 
American tribes that have indicated an interest in the undertaking. 
All parties shall have 30 calendar days in which to provide a 
written response to the USACE. 

b. If the USACE and appropriate SHPO fail to agree on how adverse effects 
will be resolved, the USACE shall request that the Council join the 
consultation and provide the Council with documentation pursuant to fj 
800.1 l(g). 

1) If the Council agrees to join the consultation, the USACE shall 
proceed in accordance with fj 800.9. 

2) If, after consulting to resolve adverse effects pursuant to 
Stipulations I, I1 or IV of this PA, the Council, USACE or SHPOs 
determines that further consultation will not be productive, then 
any party may terminate consultation in accordance with the 
notification requirement and process prescribed by fj 800.7. 

Stipulation I1 
Post Review Changes and Discoveries 

A. Changes in the Undertaking. If construction on the undertaking has not commenced 
and the USACE determines that it will not conduct the undertaking as originally 
coordinated, the USACE shall reopen consultation pursuant to Stipulation I E - F. 

B. Unanticipated Discoveries or Effects. Pursuant to fj 800.13(a)(2), if historic 
properties are discovered or unanticipated effects on historic properties are found after 
construction on an undertaking has commenced, the USACE shall develop a treatment 
plan to resolve adverse effects and notify the appropriate SHPO, the SNND, Native 
American Indian tribes that attach religious and cultural significance to identified historic 
properties and any other consulting party within two working days of the discovery. The 
notification shall include the USACE assessment of National Register eligibility of 



affected properties and proposed actions to resolve the adverse effects. Comments 
received from the SHPO, the Native American tribes or other consulting party within two 
working days of the notification shall be taken into account by the USACE in carrying 
out the proposed treatment plan. The USACE may assume SHPO concurrence in its 
eligibility assessment unless otherwise notified by the SHPO. The USACE shall provide 
the appropriate SHPO, the SNND, Native American Indian tribes that attach religious and 
cultural significance to identified historic properties and any other consulting party which 
have expressed an interest in the undertaking a report of the USACE actions when they 
are completed. 

Stipulation I11 
Curation and Disposition of Recovered Materials and Records 

The USACE shall ensure that all archeological materials and associated records owned 
by the State of Texas or Sponsor, which result from identification, evaluation, and 
treatment efforts conducted under this PA, are accessioned into a curational facility that 
has been certified or granted provisional status by the Texas SHPO in accordance with 
the Texas Administrative Code, Title 13, Part 2, Chapter 29.6 and meets the standards of 
36 CFR 79, except as specified in Stipulation IV for human remains. Management and 
care of artifacts and collections shall follow the Texas Administrative Code, Title 13, Part 
2, Chapter 29. Archeological items and materials from privately-owned lands in Texas 
shall be returned to their owners upon completion of analyses required for Section 106 
compliance under this PA. Archeological collections generated from Louisiana lands 
shall be prepared for curation according to the collections standards of the Louisiana 
Division of Archeology and curated with the Louisiana Division of Archeology. 
Archeological items and materials from privately-owned lands may be returned to owners 
if requested. Private property owners in Louisiana shall be encouraged to curate with the 
state of Louisiana to ensure long-term preservation and future research potential of non- 
state owned collections. All associated records from archeological sites in Louisiana 
shall be curated with the Louisiana Division of Archeology. 

Stipulation IV 
Treatment of Human Remains 

A. Prior Consultation of Native American Burials: If the USACE investigations 
conducted pursuant to Stipulation I of this PA indicate a high likelihood that Native 
American Indian human remains may be encountered, the USACE shall develop a 
treatment plan for these remains in consultation with the appropriate SHPO, the SNND, 
Native American Indian tribes that attach religious and cultural significance to identified 
historic properties and any other consulting party. The USACE shall ensure that tribes 
indicating an interest in the undertaking are afforded a reasonable opportunity to identify 
concerns, advise on identification and evaluation, and participate in the resolution of 
adverse effects in compliance with the terms of this PA. 

B.  Inadvertent Discovery in Texas. Immediately upon the inadvertent discovery of 
human remains during historic properties investigations or construction activities 



conducted pursuant to this PA, the USACE shall ensure that all ground disturbing 
activities cease in the vicinity of the human remains and any associated grave goods. 
Within two working days of the discovery, the USACE shall initiate consultation with the 
appropriate SHPO, Native American Indian tribes and any other consulting party that 
might attach religious and cultural significance to identified historic properties. The 
USACE shall consult with the appropriate SHPO, Native American Indian tribes and 
other consulting party which have expressed an interest in the undertaking in an effort to 
develop a plan for resolving the adverse effects. 

C. Inadvertent Discovery in Louisiana: If an unmarked burial site or human skeletal 
remains are discovered, the USACE shall notify the local law enforcement office within 
24 hours and the Louisiana SHPO within 72 hours. Upon discovery, all disturbing 
activity shall cease and shall not resume until the USACE has consulted with the 
Louisiana SHPO and the Louisiana Division of Archeology regarding a plan for the 
disposition of the remains. This shall be done within 30 days. The USACE, in 
consultation with the Louisiana SHPO and the Louisiana Division of Archeology, shall 
take every reasonable action to restore the burial site and avoid disturbing the remains. 
All burial artifacts found in an unmarked burial site shall become the property of the 
State of Louisiana and the Louisiana Division of Archeology shall have control over their 
disposition pursuant to the Louisiana Revised Stat. Ann. Title 8, $671 - 681, "Louisiana 
Unmarked Human Burial Sites Preservation Act." 

D. Advisory Council on Historic Preservation Policy Statement regarding Treatment of 
Burial Sites, Human Remains and Funerary Objects effective 23 February 2007: This 
policy applies to all Federal Agencies with Undertakings that are subject to review under 
Section 106 of the NHPA. To be considered under Section 106, the burial site must be or 
be a part of an historic property, meaning that it is listed or eligible for listing in the 
National Register of Historic Places. This policy shall be applied if the burial meets this 
criterion. 

E. Dispute Resolution. If, during consultations conducted under paragraphs A, B and C 
of this stipulation, all consulting parties cannot agree upon an consensus plan for 
resolving adverse effects, the matter shall be referred to the Council for resolution in 
accordance with the procedures outlined in 8 800.9. 

Stipulation V 
PA Amendments, Disputes and Termination 

A. Amendments. Any party to this PA may propose to the other parties that it be 
amended, whereupon the parties shall consult in accordance with 8 800.6(~)(7) to 
consider such an amendment. 

B. Disputes. Disputes regarding the completion of the terms of this agreement shall be 
resolved by the signatories. If the signatories cannot agree regarding a dispute, any one 
of the signatories may request the participation of the Council in resolving the dispute in 
accordance with the procedures outlined in $ 800.9. 



C. Termination of PA. Any party to this PA may terminate it by providing sixty (60) 
days notice to the other parties, provided that the parties shall consult during the period 
prior to the termination to seek agreement on amendments or other actions that will avoid 
termination. In the event of termination of this PA by the appropriate SHPO, the USACE 
shall comply with the provisions of 5 800 Subpart B. 

Stipulation VI 
Termination of Consultation 

If, after consulting to resolve adverse effects pursuant to Stipulation I, I1 or IV of this PA, 
the USACE or appropriate SHPO determines that further consultation will not be 
productive, then either party may terminate consultation in accordance with the 
notification requirements and process prescribed by 5 800.7. 

Stipulation VII 
Term of this Agreement 

This PA remains in force for a period of ten (10) years from the date of its execution by 
all signatories. Sixty (60) days prior to the conclusion of the ten (10) year period, the 
USACE shall notify all parties in writing of the end of the ten year period to determine if 
they have any objections. If there are no objections received prior to expiration, the PA 
shall continue to remain in force for a new ten (10) year period. 



DISTRICT ENGINEER U.S. ARMY CORPS OF ENGINEERS, GALVESTON 

- 
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Appendix I1 

Compliance with Goals and Policies – Section 501.25(a)–(f) 
Dredging and Dredged Material Disposal and Placement 
Sabine-Neches Waterway Channel Improvement Project 

Environmental Impact Statement 
Texas Coastal Zone Management Program 

Consistency Determination 

 

INTRODUCTION 

The U.S. Army Corps of Engineers (USACE), Galveston District proposes to modify the navigation 
channels servicing the Ports of Beaumont, Port Neches, Port Arthur, and Orange, Texas, in the interests of 
commercial navigation. These channels are collectively referred to as the Sabine-Neches Waterway 
(SNWW), and the project to modify the SNWW is referred to as the Channel Improvement Project (CIP). 
The purpose of the CIP is to improve the transportation efficiency of the SNWW’s deep-draft navigation 
system, while protecting the quality of the area’s coastal and estuarine resources.  

The existing 40-foot inshore SNWW project is a federally authorized and maintained waterway located in 
Jefferson and Orange counties, Texas, and Cameron and Calcasieu parishes, Louisiana. The existing 
SNWW consists of the following channel reaches, as listed from offshore to inshore: (1) Sabine Bank 
Channel; (2) Sabine Pass Outer Bar Channel; (3) Sabine Pass Jetty Channel; (4) Sabine Pass Channel; (5) 
Port Arthur Channel; (6) Sabine-Neches Channel; and (7) Neches River Channel.  

The authorized depth of the channel in the Preferred Alternative would be deepened by 8 feet along the 
entire existing channel and the offshore Entrance Channel would extend 13.2 miles farther into the Gulf 
of Mexico (Gulf). The Sabine Pass Jetty Channel, Sabine Pass Channel, Port Arthur and Sabine-Neches 
canals, and the Neches River Channel would be deepened from 40 feet to 48 feet. The authorized depth of 
the existing offshore Entrance Channel (Sabine Pass Outer Bar Channel and Sabine Bank Channel) is 
currently 42 feet; the additional depth is needed to accommodate fluctuations in offshore surface water 
elevation. These channels and the proposed Sabine Bank Extension Channel would be deepened from 42 
to 50 feet. This would increase the SNWW from 64 miles to approximately 77 miles in length. No 
modifications to the existing Sabine Pass Jetties would be required as part of the Preferred Alternative. 

The Sabine Pass Jetty Channel and the majority of the inshore channels (Sabine Pass Channel, Port 
Arthur Canal, Sabine-Neches Canal, and Neches River Channel) would remain at their existing widths. 
With the exception of wider sections at anchorages or channel intersections, these channels transition 
from 500 feet wide between the jetties to 400 feet wide upstream of the Martin Luther King Bridge on the 
Sabine-Neches Canal and Neches River Channel. The Taylor Bayou Channels and Basins would also be 
widened and deepened to 48 foot. Although the Sabine-Neches Canal and Neches River Channel would 
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not be widened, navigation efficiency would be improved with short stretches of selective widening and 
bend easings in both reaches, and the addition or enlargement of one anchorage and two 
turning/anchorage basins on the Neches River Channel. Up to five additional anchorage/turning basins 
could also be added on the Neches River. 

Environmental affects addressed in the SNWW CIP Final Environmental Impact Statement (FEIS), 
particularly pertaining to coastal resources, have been analyzed in a large surrounding area that 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 to 
13.2 miles beyond the end of the current navigation channel. 

The SNWW study area contains a high concentration of significant coastal wetlands. The USACE, in 
coordination with an Interagency Coordination Team (ICT) comprised of numerous State and Federal 
agencies, including the Texas General Land Office, developed a dredged material management plan 
(DMMP) that uses dredged material from the proposed SNWW CIP in an environmentally acceptable and 
economically practical manner. The ICT identified, within the proposed study area, 109,175 acres 
(171 square miles) in Texas and 197,530 acres (309 square miles) in Louisiana of coastal marsh, 
bottomland hardwood, and cypress-tupelo swamp habitats.  

No net loss of coastal wetlands was a specific goal of the SNWW CIP ICT and alternatives evaluation. 
Several components of the DMMP and mitigation plan involve restoration, protection, and enhancement 
of coastal wetlands. Beneficial Use (BU) features of the DMMP that would offset project-induced 
impacts within Texas, as well as mitigation features that would offset project-induced impacts in 
Louisiana, are described further below. 

Neches River BU Feature – Rose City would restore 345 acres of fresh marsh, 72 acres of shallow water, 
and nourish 151 acres of existing marsh. New Work material (approximately 2.1 million cubic yards) 
would be used to restore a 225-acre marsh, including the construction of hydraulic containment levees 
and higher-elevation features. Maintenance material (approximately 540,000 cubic yards) from the first 
maintenance cycle would be used to restore an additional 120 acres of marsh. Topographic relief would 
be created by varying the final elevation of material placement, and each elevation would subsequently be 
planted with appropriate native flora. Tidal creek channels would be constructed in the marsh creation 
area after the dredged material has settled. 

Neches River BU Feature – Bessie Heights East would restore 679 of brackish and 1,190 acres of 
intermediate marsh, 660 acres of shallow-water habitat, and nourish 651 acres of existing marsh. The 
Bessie Heights East site is located within the much larger Bessie Heights Marsh. This was a natural 
emergent marsh that over time has seen the majority of its marsh acreage convert to open water. The site 
is located on Texas Parks and Wildlife Department (TPWD) property and privately owned land. Bessie 
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Heights East totals 3,180 acres. Topographic relief would be created by varying the final elevation of 
material placement, and each elevation would subsequently be planted with appropriate native flora. Tidal 
creek channels would be constructed in the marsh creation area after the dredged material has settled. 

Neches River BU Feature – Old River Cove is located north of the Neches River on property owned by 
TPWD and would involve and restoration of 639 acres of brackish marsh, enhancement of 139 acres of 
shallow water habitat, and nourishment of 432 acres of existing marsh, as suspended fine-grained 
sediments disperse beyond restored emergent marsh areas. Topographic relief would be created by 
varying the final elevation of material placement, and each elevation would subsequently be planted with 
appropriate native flora. 

Gulf Shore BU Feature (Texas and Louisiana Points – TX 8-11 and LA 5-2/6-2) are located on the east 
and west sides of the Sabine Pass jetties. Each area begins approximately 0.5 mile from the respective 
jetty and extends about 3.5 miles away. The land on the Texas side is part of the Texas Point National 
Wildlife Refuge (NWR), while the land on the Louisiana side is privately owned. The conceptual plan 
calls for placing maintenance material at the shoreline in an unconfined manner. Placement would 
alternate between the Louisiana and Texas shorelines with each complete maintenance cycle, so that each 
side receives material every 6 years for the 50-year period of analysis, or eight placement episodes. The 
plan anticipates that much of the material would be redistributed into the littoral system. 

All CIP impacts in Texas would be minimized and offset by beneficially using dredged material as 
described in the DMMP and therefore no mitigation is required; unavoidable impacts of the SNWW CIP 
remain only in Louisiana. Therefore, all of the mitigation measures would be located in Louisiana. The 
mitigation plan for Louisiana consists of restoring five degraded marsh areas east of Sabine Lake near 
Willow and Black bayous, Louisiana. The mitigation efforts would compensate for the Preferred 
Alternative’s salinity increase and associated losses in marsh and productivity by marsh creation activities 
that would influence a total of 8,095 acres of marshes in the Willow and Black Bayou watersheds. The 
plan would 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. 

IMPACTS ON COASTAL NATURAL RESOURCE AREAS 

Several of the Coastal Natural Resource Areas (CNRAs) listed in 31 TAC §501.3 are found reasonably 
close to the areas discussed in the FEIS. A short description of each CNRA near the project and of 
attempts to minimize or avoid potential impacts is provided below.  

Waters of the Open Gulf of Mexico 

New work and future dredged material generated from within the Sabine Bank Channel, Sabine Pass 
Outer Bar Channel, and the Sabine Pass Jetty Channel would be placed in four open Gulf existing Ocean, 
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Dredged Material Disposal Sites (ODMDSs), where only two occur in Texas waters (i.e., portion of 
Placement Area [PA] 3 and all of PA 4) and were designated in 1987 (52 FR 34218). All other project 
ODMDSs occur beyond Texas waters. The areas within the existing maintenance ODMDSs’ footprint 
(i.e., portion of PA 3 and all of PA 4) would be disturbed during construction and intermittently for the 
life of the project, as it has since designation in 1987. Impacts to these areas are minimized by placement 
of dredged material into either historically used and/or dispersive offshore PAs. The overall footprint of 
these offshore PAs would be minimized by mounding the dredged material vertically to the maximum 
extent practical. These offshore PAs are dispersive by nature and would likely revert to the in situ 
topography prior to the next maintenance dredged material disposal sequence.  

Waters Under Tidal Influence 

The entire project is located in a tidally influenced region. Dredging and placement activities represent a 
minimal impact because the localized and temporary release of suspended solids is minimized by 
refraining from open-bay placement and using existing, confined upland PAs. Additionally, beneficial use 
of dredged material would restore subsided, tidal wetlands.  

Submerged Lands 

The areas within the channel alignment and Neches River BU Feature (restoration areas located at Rose 
City East [TX 3-1E], Bessie Heights East [TX 5-2], and Old River Cove [TX 6-1A]) are characterized as 
submerged lands. These submerged lands are PAs for dredged material generated from the Neches River 
reach. Dredged material placement within the Neches River BU Feature would result in a net increase in 
several CNRAs from restoration and enhancement efforts, as noted below. The DMMP (Appendix D) and 
Chapter 5 of the FEIS provide more information regarding project impacts and coastal wetlands. 

Coastal Wetlands 

No net loss of coastal wetlands was a specific goal of the SNWW CIP ICT and alternatives evaluation. 
Several components of the DMMP and mitigation plan for Louisiana involve restoration, protection, and 
enhancement of coastal wetlands. All impacts within Texas are offset by the DMMP and BU features. 
The Neches River BU Feature would restore 2,853 acres of emergent marsh, nourish 1,234 acres of 
existing marsh, and improve 871 acres of shallow-water habitat. Impacts within Louisiana would be 
mitigated by restoring five degraded marsh areas east of Sabine Lake near Willow and Black bayous, 
Louisiana. This mitigation measure would 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, adjacent marsh.  
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Submerged Aquatic Vegetation 

The Preferred Alternative is located near areas not characterized as having large expanses of seagrasses. 
There would be negligible, if any, direct or indirect adverse impacts to seagrass beds as result of the 
Preferred Alternative.  

Tidal Sand and Mudflats 

The only potential impacts to tidal sand would be from the nourishment of the shoreline at both Texas and 
Louisiana Points to provide shoreline protection; this effort would be considered a long-term positive 
effect as these areas are eroding. Similarly, mudflats may occur within subsided marshes receiving 
material. Several subsided marshes would receive material for restoration and enhancement, as outlined in 
the DMMP (Appendix D) and Chapter 5 of the FEIS.  

Oyster Reefs 

The majority of oyster reefs in the study area are located in the southern part of Sabine lake near Blue 
Buck Point, in Sabine Pass, and in Keith Lake. Oysters are not commercially harvested from Sabine Lake. 
Sabine Lake has not been classified or delineated by Texas and, therefore, the Texas Department of State 
Health Services (TDSHS) has prohibited the harvesting of molluscan shellfish from this system since the 
late 1970s. Louisiana has designated Sabine Lake as a “Public Oyster Area.” Commercial harvesting is 
prohibited and public harvesting methods are restricted to tonging; however, no harvesting is currently 
allowed due to water quality issues. There are no oyster reefs identified within the Preferred Alternative 
footprint. While no impacts to extant live oyster reefs are likely because salinities are too fresh for oyster 
development, prior to construction of the access channel and borrow trench, a full water-bottom 
assessment would be conducted by the USACE within Louisiana in accordance with Louisiana 
Department of Wildlife and Fisheries (LDWF) survey standards. This survey would be necessary in order 
for LDWF to consider a waiver of compensation for impacts to the water bottoms of the Sabine Lake 
public oyster area. 

Hard-substrate Reefs 

There are no naturally occurring hard-substrate formations in the vicinity of the project. The closest 
serpulid worm reefs within Texas waters are located several hundred miles south in the Laguna Madre 
and Baffin Bay. 

Coastal Barriers 

The coastal barrier downdrift of Sabine Pass primarily consists of state parks and NWR areas, which are 
undeveloped with marshes in the backshore and with narrow beaches and overwash terrace on the 
foreshore. The DMMP includes the placement of dredged material for beneficial use (Gulf Shoreline BU 
Feature) immediately downdrift of Sabine Pass on Texas and Louisiana Points to provide for shore 



 

100007609/060033 6 

protection and marsh creation. Placement and placement operations are not expected to have any adverse 
impacts to the coastal barriers. Shoreline nourishment would yield ecological benefits to coastal barriers. 

Coastal Shore Areas 

These resource areas function as buffers, protecting upland habitats from erosion and storm damage and 
adjacent marshes and waterways from water quality degradation. This type of area is located west of 
Sabine Pass, and protect against wetlands located behind these shores from McFaddin NWR, Texas Point 
NWR, and Sea Rim State Park. The Texas Point NWR coastal shore would be improved by shore 
nourishment; therefore, the Preferred Alternative would have a beneficial effect on the Texas Point 
coastal shore, and would not have adverse impacts to other coastal shore areas as a result of dredging and 
dredged material operations. 

Gulf Beaches 

Sabine Pass forms the southern entrance of the Sabine-Neches Ship Channel from the Gulf into the area 
studied. In this area, on the Texas side (or west side) of Sabine Pass, is the Texas Point NWR. Farther 
west along the Gulf of Mexico coastline is Sea Rim State Park and McFadden NWR. This area is 
characterized by (mostly) undeveloped marshland and beaches, with numerous small lakes and wetland 
areas. It is predicted approximately 3,100 acres of shoreline west of Sabine Pass would erode over the 
next 50 years, under future conditions. However, a DMMP feature of the Preferred Alternative would use 
maintenance dredged material generated from the Sabine Pass Channel to nourish Texas and Louisiana 
Points.  

Critical Dune Areas 

The Gulf beaches on the Texas side of the study area include dune systems at McFaddin NWR and Sea 
Rim State Park. Adverse impacts to the dune complexes are not expected to occur as a result of dredging 
and dredged material placement operations. Gulf Shoreline BU Features would not result in placement of 
material on critical dune areas. 

Special Hazard Areas 

Special hazard areas are areas designated by the administrator of the Federal Insurance Administration 
under the National Flood Insurance Act as having special flood, mudslide, and/or flood-related erosion 
hazards. The SNWW and Sabine Lake area are covered under the Flood Insurance Studies for Jefferson 
and Orange counties in Texas and Cameron and Calcasieu parishes in Louisiana. The land along the 
SNWW within the area studied is predominantly located in, or adjacent to, the 100-year floodplain. 
Except from improvements caused by shore nourishment and shoreline protection measures in the 
DMMP, project dredging and placement activities do not affect these low-lying areas because dredging is 
within and adjacent to the existing channel and disposal is within contained PAs and sites in open waters. 
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Critical Erosion Areas 

These areas are those Gulf and bay shorelines that are undergoing erosion and are designated by the 
Commissioner of the General Land Office under Texas Natural Resources Code, §33.601(b). The 
shoreline from downdrift of Sabine Pass, including the Texas Point NWR and Sea Rim State Park, are 
classified as critical erosion areas. Erosion in these areas threatens wetlands at McFaddin NWR, Texas 
Point NWR, and Sea Rim State Park. The Texas Point NWR shoreline would be nourished by the Gulf 
Shoreline BU Feature; therefore, the Preferred Alternative would have a beneficial effect for critical 
erosion areas on Texas Point.  

Coastal Historic Areas 

Sites listed or eligible for listing in the National Register of Historic Places or for designation as State 
Archeological Landmarks are present in the project area. Compliance with the Texas Coastal 
Management Program (TCMP) regarding coastal historic areas is accomplished through procedures 
established by Section 106 of the National Historic Preservation Act of 1965, as amended. These coastal 
historic sites, as well as noncoastal historic sites, are discussed in Section 4.14 of the FEIS. Coordination 
with the Texas Historic Commission is ongoing, but it is expected that impacts to significant sites would 
be avoided. 

While no specific impacts to historic resources have been identified at this time, the Preferred Alternative 
has the potential to adversely affect significant historic properties because numerous prehistoric and 
historic sites, structures, and shipwrecks are present in the project vicinity. A Historic Properties 
Programmatic Agreement has been negotiated and executed with the Texas and Louisiana State Historic 
Preservation Officers to ensure that significant historic properties are identified and mitigation, if 
necessary, is completed prior to construction. It is attached to the FEIS as Appendix H. 

Coastal Preserves 

This CNRA includes state parks and NWRs. There are several preserves within the vicinity of the coastal 
shoreline that include the Texas Point NWR, Sea Rim State Park, McFadden NWR, J.D. Murphree 
WMA, Sabine Pass Battleground State Park and Historic Site, Lower Neches WMA (Nelda Stark Unit), 
and Lower Neches WMA (Old River Unit). Direct placement of dredged material would occur within 
Texas Point NWR, Sabine NWR, and the Lower Neches WMA (Nelda Stark and Old River units) for 
restoration, enhancement, and creation of coastal wetlands in specific BU features and mitigation areas. 
Appendix D and Chapter 5 of the FEIS provides more information about project impacts and coastal 
preserves. 

COMPLIANCE WITH GOALS AND POLICIES 

The following goals and policies of the TCMP were reviewed for compliance.  
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• §501.25 – Dredging and Dredged Material Disposal and Placement 

• §501.15 – Policy for Major Actions 

Compliance with §501.15 – Policy for Major Actions 

This project involves action subject to §506.12 and constitutes a major action. Therefore, a Federal 
Environmental Impact Statement (EIS) is required under the National Environmental Policy Act (NEPA), 
42 USC, §4321, et seq. Both State and Federal agencies involved with the SNWW CIP have met and 
coordinated on the identification and mitigation of project impacts and beneficial uses of dredged 
material. The purpose of this appendix to the FEIS is to demonstrate that the Preferred Alternative is 
consistent with the TCMP. 

Section 501.25 Dredging and Dredged Material Disposal and Placement 

(a)  Dredging and the disposal and placement of dredged material shall avoid and otherwise 
minimize adverse effects to coastal waters, submerged lands, critical areas, coastal shore areas, 
and Gulf beaches to the greatest extent practicable. The policies of this section are supplemental 
to any further restrictions or requirements relating to the beach access and use rights of the 
public. In implementing this section, cumulative and secondary adverse effects of dredging and 
the disposal and placement of dredged material and the unique characteristics of affected sites 
shall be considered. 

Compliance: Dredged material would be placed on a variety of areas and would have some effects 
on coastal waters and submerged lands such as temporarily burying benthic organisms and 
increasing turbidity in the area. One beneficial use, shore nourishment, would result in temporary 
restrictions to specific shore areas. Habitat losses and gains would result from measures outlined in 
the Wetland Value Assessment (WVA) (Appendix C to the FEIS). In some instances, impacts 
include loss of submerged lands. Although these measures would result in reducing the amount of 
submerged lands, fresh, intermediate, and brackish marsh would be created, restored, or enhanced, 
to mitigate this loss. In other instances, losses in coastal waters occur due to shore nourishment, but 
would result in providing shoreline protection at Texas and Louisiana Points and creating a new 
saline marsh along a 3-mile stretch of Gulf coastline. Other actions include placement of new work 
and maintenance dredged material in two ODMDSs occurring within Texas waters (i.e., portion of 
PA 3 and PA 4); other ODMDSs are associated with the Preferred Alternative’s DMMP but occur 
beyond Texas waters. These ODMDSs are naturally dispersive; therefore, bottom impacts are 
expected to be temporary. Project features and measures as described in the WVA and DMMP are 
the result of coordination among agency personnel and other interested parties. All project induced 
impacts within Texas would be offset by the BU features and as described in the DMMP. 
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(1) Dredging and dredged material disposal and placement shall not cause or contribute, after 
consideration of dilution and dispersion, to violation of any applicable surface water quality 
standards established under §501.21 of this title. 

Compliance: For all PAs, adequate dilution and dispersion occurs so that applicable surface water 
standards are not violated (FEIS Sections 4.4 and 4.6). 

(2) Except as otherwise provided in paragraph (4) of this subsection, adverse effects on critical 
areas from dredging and dredged material disposal or placement shall be avoided and 
otherwise minimized, and appropriate and practicable compensatory mitigation shall be 
required, in accordance with §501.23 of this title. 

Compliance: CNRAs would be impacted by the Preferred Alternative, as discussed above; however, 
DMMP measures consisting of beneficially used dredged material would result in creation, 
enhancement, and restoration of critical areas. All impacts within Texas would be offset by the 
DMMP and BU features. For example, in the Neches River BU area, DMMP measures would have 
a direct impact on submerged lands or open water, but would create 2,853 acres of emergent 
marsh, nourish 1,234 acres of existing marsh, and improve 871 acres of shallow-water habitat. 
Additionally, protection of the shorelines and creation, restoration, and enhancement of saline 
marshes would result from placement of dredged material on a 6-mile stretch of Gulf beach at 
Texas and Louisiana Points. The WVA (Appendix C) and sections 4.1, 4.2, and 5.0 of the FEIS 
discuss ecological impacts and benefits, modeling approaches, and mitigation.  

(3) Except as provided in paragraph (4) of this subsection, dredging and the disposal and 
placement of dredged material shall not be authorized if: 

(A)  there is a practicable alternative that would have fewer adverse effects on coastal 
waters, submerged lands, critical areas, coastal shore areas, and Gulf beaches, so long 
as that alternative does not have other significant adverse effects; 

Compliance: Channel construction and placement of new work and maintenance material have 
been designed to minimize adverse impacts to the environment. Placement of new work and 
maintenance material only in existing PAs was not an available option for this project due to the 
size and 50-year time frame. Sufficient upland sites are not available. The DMMP (Appendix D of 
the FEIS) provides a detailed description of all PAs and alternatives that were evaluated. The WVA 
(Appendix C of the FEIS) provides descriptions of the features that would offset all project-induced 
impacts within Texas. 

(B)  all appropriate and practicable steps have not been taken to minimize adverse effects 
on coastal waters, submerged lands, critical areas, coastal shore areas, and Gulf 
beaches; or 
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Compliance: All practicable steps (including use of confined upland PAs, existing PAs, selection of 
minimum channel size to meet the project needs, extensive beneficial uses, mitigation, and 
interagency coordination) have been taken to minimize adverse affects on these resources. For a 
discussion of all PAs that were evaluated, refer to the DMMP (Appendix D) and Chapter 2 of the 
FEIS. Associated minimization of adverse effects is described in the WVA (Appendix C) and 
Chapter 5 of the FEIS. All impacts within Texas would be offset by the BU features and as 
described in the DMMP. 

(C) Significant degradation of critical areas under §501.23(a)(7)(E) of this title would 
result. 

Compliance: Some critical areas would be affected by the project, as noted above. However, 
impacts to critical areas have been minimized to the greatest extent practicable, and net 
environmental benefits would result from the Preferred Alternative as discussed above. For a 
discussion of all PAs that were evaluated, refer to the DMMP (Appendix D) and Chapter 2 of the 
FEIS. Associated minimization of adverse effects is described in the WVA (Appendix C) and 
Chapter 5 of the FEIS. All impacts within Texas would be offset by the BU features as described in 
the DMMP. 

(4) A dredging or dredged material disposal or placement project that would be prohibited solely 
by application of paragraph (3) of this subsection may be allowed if it is determined to be of 
overriding importance to the public and national interest in light of economic impacts on 
navigation and maintenance of commercially navigable waterways. 

Compliance: Dredging and placement is not precluded by paragraph (3), as noted above. 

(b)  Adverse effects from dredging and dredged material disposal and placement shall be minimized 
as required in subsection (a) of this section. Adverse effects can be minimized by employing the 
techniques in this subsection where appropriate and practicable. 

Compliance: Adverse effects of dredging and disposal, as described in the FEIS and associated 
DMMP, have been minimized as described under “Compliance” for paragraph (1) of this 
subsection. For a discussion of all PAs that were evaluated, refer to the DMMP (Appendix D) and 
Chapter 2 of the FEIS. Associated minimization of adverse effects is described in the WVA 
(Appendix C) and Chapter 5 of the FEIS. All impacts within Texas would be offset by the BU 
features as described in the DMMP. 

(1) Adverse effects from dredging and dredged material disposal and placement can be 
minimized by controlling the location and dimensions of the activity. Some of the ways to 
accomplish this include: 

(A) locating and confining discharges to minimize smothering of organisms; 
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(B) locating and designing projects to avoid adverse disruption of water inundation 
patterns, water circulation, erosion and accretion processes, and other hydrodynamic 
processes; 

(C)  using existing or natural channels and basins instead of dredging new channels or 
basins, and discharging materials in areas that have been previously disturbed or used 
for disposal or placement of dredged material; 

(D) limiting the dimensions of channels, basins, and disposal and placement sites to the 
minimum reasonably required to serve the project purpose, including allowing for 
reasonable overdredging of channels and basins, and taking into account the need for 
capacity to accommodate future expansion without causing additional adverse effects; 

(E) discharging materials at sites where the substrate is composed of material similar to 
that being discharged; 

(F) locating and designing discharges to minimize the extent of any plume and otherwise 
control dispersion of material; and 

(G) avoiding the impoundment or drainage of critical areas. 

Compliance: PAs have been designed to minimize open-water impacts by using vertical storage of 
dredged material to create marshes or uplands or using existing and expanded upland confined 
placement, wherever practical. Changes in water circulation and salinity were modeled extensively, 
and mitigation and BU measures were conceptually designed based on modeling results. Mitigation 
within Louisiana and BU efforts were designed to improve or maintain ecological functions of the 
area studied. Erosion would be slowed by shore nourishment, a BU feature of the Preferred 
Alternative, in critically eroding areas along Texas and Louisiana Points. Channel morphology 
would change by deepening the navigation channels’ existing footprint, by easing bends within the 
Sabine-Neches Canal, and by adding and/or modifying turning and anchorage basins within the 
Neches River reach and the Taylor Bayou subreach; however, the extent of improvements to the 
SNWW navigation features are limited by the net benefits derived as a result of the project, and by 
constraining the improvements to stay within the existing channel and basin boundaries as much as 
practicable. Maximum use of existing active and inactive PAs would be employed. Material would 
be beneficially used to provide shoreline protection and creation, enhancement, and restoration of 
marshes, both along the Gulf Coast and upstream within the SNWW system. Discharges would be 
confined with reinforced levees where applicable. Only appropriate material would be used for 
certain substrates and uses. No impoundment or draining of critical areas would occur as a result 
of the Preferred Alternative. 

(2  Dredging and disposal and placement of material to be dredged shall comply with applicable 
standards for sediment toxicity. Adverse effects from constituents contained in materials 
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discharged can be minimized by treatment of or limitations on the material itself. Some ways 
to accomplish this include: 

(A)  disposal or placement of dredged material in a manner that maintains physiochemical 
conditions at discharge sites and limits or reduces the potency and availability of 
pollutants; 

(B) limiting the solid, liquid, and gaseous components of material discharged; 

(C) adding treatment substances to the discharged material; and 

(D) adding chemical flocculants to enhance the deposition of suspended particulates in 
confined disposal areas. 

Compliance: Sediments to be dredged from the SNWW have been tested for a variety of chemical 
parameters of concern. Samples yielded no cause for concern and sediments are safe for placement 
in the Gulf or beneficial use. A summary of these results is included in Section 3.4 of the FEIS.  

(3) Adverse effects from dredging and dredged material disposal or placement can be minimized 
through control of the materials discharged. Some ways of accomplishing this include: 

(A) use of containment levees and sediment basins designed, constructed, and maintained 
to resist breaches, erosion, slumping, or leaching; 

(B) use of lined containment areas to reduce leaching where leaching of chemical 
constituents from the material is expected to be a problem; 

(C) capping in-place contaminated material or, selectively discharging the most 
contaminated material first and then capping it with the remaining material; 

(D) properly containing discharged material and maintaining discharge sites to prevent 
point and nonpoint pollution; and 

(E) timing the discharge to minimize adverse effects from unusually high water flows, wind, 
wave, and tidal actions. 

Compliance: Construction of reinforced containment levees would be used where necessary. PAs 
are confined with levees. Small, temporary levees may be created during marsh restoration efforts. 
Shore nourishment measures and placement in ODMDSs may have some temporary and local 
impacts by increasing turbidity; however, material to be generated from construction activities has 
been tested and found not to contain harmful concentrations of pollutants. Future maintenance 
material is anticipated to mirror existing maintenance material, which also has been extensively 
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tested and found to have no causes for concern (Section 3.4 of the FEIS). Discharges would not 
occur during conditions involving high water flows, waves, or tidal action. 

(4)  Adverse effects from dredging and dredged material disposal or placement can be minimized 
by controlling the manner in which material is dispersed. Some ways of accomplishing this 
include: 

(A) where environmentally desirable, distributing the material in a thin layer; 

(B) orienting material to minimize undesirable obstruction of the water current or 
circulation patterns; 

(C) using silt screens or other appropriate methods to confine suspended particulates or 
turbidity to a small area where settling or removal can occur; 

(D) using currents and circulation patterns to mix, disperse, dilute, or otherwise control the 
discharge; 

(E) minimizing turbidity by using a diffuser system or releasing material near the bottom; 

(F) selecting sites or managing discharges to confine and minimize the release of 
suspended particulates and turbidity and maintain light penetration for organisms; and 

(G) setting limits on the amount of material to be discharged per unit of time or volume of 
receiving waters. 

Compliance: All of the sites minimize or avoid adverse dispersal effects to the greatest extent 
practicable and incorporated hydrodynamic and sedimentation modeling of the area of interest. 
Material to be used as shore nourishment would be hydraulically discharged into the nearshore 
zone, with some material expected to flow over the existing marsh while the remainder flows into 
the nearshore waters. Sequenced discharge points would be used to disperse material across the 
ODMDSs. There are no sediments of concern. 

(5)  Adverse effects from dredging and dredged material disposal or placement operations can be 
minimized by adapting technology to the needs of each site. Some ways of accomplishing this 
include: 

(A)  using appropriate equipment, machinery, and operating techniques for access to sites 
and transport of material, including those designed to reduce damage to critical areas; 

(B) having personnel on site adequately trained in avoidance and minimization techniques 
and requirements; and 
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(C) designing temporary and permanent access roads and channel spanning structures 
using culverts, open channels, and diversions that will pass both low and high water 
flows, accommodate fluctuating water levels, and maintain circulation and faunal 
movement. 

Compliance: Where applicable, all sites in this project would meet this requirement; contracts 
would be written to ensure compliance with all standards. 

(6) Adverse effects on plant and animal populations from dredging and dredged material 
disposal or placement can be minimized by: 

(A) avoiding changes in water current and circulation patterns that would interfere with 
the movement of animals; 

(B) selecting sites or managing discharges to prevent or avoid creating habitat conducive 
to the development of undesirable predators or species that have a competitive edge 
ecologically over indigenous plants or animals; 

(C) avoiding sites having unique habitat or other value, including habitat of endangered 
species; 

(D) using planning and construction practices to institute habitat development and 
restoration to produce a new or modified environmental state of higher ecological 
value by displacement of some or all of the existing environmental characteristics; 

(E) using techniques that have been demonstrated to be effective in circumstances similar 
to those under consideration whenever possible and, when proposed development and 
restoration techniques have not yet advanced to the pilot demonstration stage, 
initiating their use on a small scale to allow corrective action if unanticipated adverse 
effects occur; 

(F) timing dredging and dredged material disposal or placement activities to avoid 
spawning or migration seasons and other biologically critical time periods; and 

(G) avoiding the destruction of remnant natural sites within areas already affected by 
development. 

Compliance: BU sites meet these requirements. Currents would not be detrimentally affected by 
the Preferred Alternative. No sites that are advantageous for colonization of predators or 
nonindigenous species are proposed. Proper coordination with U.S. Fish and Wildlife Service 
(USFWS) and National Marine Fisheries Service (NMFS), under the requirements of the 
Endangered Species Act, was implemented and no impacts to endangered species or their habitats 
are anticipated. Cutterhead suction dredges do not impact spawning or migration. Impacts to sea 
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turtles would be avoided or minimized: (1) hopper dredging would be limited to the cooler months, 
when possible, when sea turtle activity and abundance is lowest; (2) dredges would employ trawls to 
safely remove sea turtles before being adversely affected by dredge equipment; and (3) qualified 
turtle observers would be used to document any turtles that become entrained by the hopper 
dredge dragheads (any information would be submitted accordingly to the USFWS and NMFS). 

(7) Adverse effects on human use potential from dredging and dredged material disposal or 
placement can be minimized by: 

(A) selecting sites and following procedures to prevent or minimize any potential damage 
to the aesthetically pleasing features of the site, particularly with respect to water 
quality; 

(B) selecting sites which are not valuable as natural aquatic areas; 

(C) timing dredging and dredged material disposal or placement activities to avoid the 
seasons or periods when human recreational activity associated with the site is most 
important; and 

(D) selecting sites that will not increase incompatible human activity or require frequent 
dredge or fill maintenance activity in remote fish and wildlife areas. 

Compliance: Placement of dredged material to provide for shore nourishment and creation of 
saline marsh may temporarily restrict recreational use of the area by the public at the Texas and 
Louisiana Points shoreline. Temporary and minor adverse effects to fisheries may result from 
altering or removing productive fishing grounds and interfering with fishing activity near or in the 
ODMDSs. However, BU and mitigation features would contribute significantly to the human use 
potential, particularly recreational fishing, by creating, restoring, and enhancing estuarine habitats 
necessary for marine life cycles (particularly several commercially and recreationally important 
species). During dredging cycles, some existing designated PAs can provide habitat for birds and 
wildlife species that pose an aircraft strike hazard, however; no new PAs would be constructed 
within the Federal Aviation Administration separation perimeters (refer to sections 3.14.4.1.2 and 
4.15.2.11 of the FEIS for more details). 

(8) Adverse effects from new channels and basins can be minimized by locating them at sites: 

(A) that ensure adequate flushing and avoid stagnant pockets; or 

(B) that will create the fewest practicable adverse effects on CNRAs from additional 
infrastructure such as roads, bridges, causeways, piers, docks, wharves, transmission 
line crossings, and ancillary channels reasonably likely to be constructed as a result of 
the project; or 
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(C) with the least practicable risk that increased vessel traffic could result in navigation 
hazards, spills, or other forms of contamination which could adversely affect CNRAs; 

(D) provided that, for any dredging of new channels or basins subject to the requirements 
of §501.15 of this title (relating to Policy for Major Actions), data and information on 
minimization of secondary adverse effects need not be produced or evaluated to comply 
with this paragraph if such data and information is produced and evaluated in 
compliance with §501.15(b)(1) of this title. 

Compliance: The SNWW deepening constitutes new work dredging to the existing ship channel. 
Some new access channels would have to be dredged to allow construction of mitigation sites within 
Louisiana but these would be as minimal as possible and would not create stagnant pockets and 
navigation hazards, and would not impact any CNRAs (except submerged lands). All impacts 
within Texas would be offset by the BU features and as described in the DMMP. 

(c)  Disposal or placement of dredged material in existing contained dredge disposal sites identified 
and actively used as described in an environmental assessment or environmental impact 
statement issued prior to the effective date of this chapter shall be presumed to comply with the 
requirements of subsection (a) of this section unless modified in design, size, use, or function. 

Compliance: All PAs were reviewed by the Habitat Evaluation Workgroup (HW) of the ICT and no 
further environmental review was recommended for the existing PAs in active use. Existing upland 
confined placement areas are being modified to increase levee heights with new work material, but 
this work would not enlarge the footprint of the existing PAs. In addition, the renewed use of 
inactive PAs was also determined to not constitute adverse change to the existing environmental 
conditions. The ICT HW identified one existing upland PA (PA 24) required to be expanded that 
would result in converting 86 acres of freshwater wetlands into a confined placement area. 
However, the ICT HW concluded impacts to the 86-acre freshwater wetland would be fully offset 
by benefits derived from restoration features within the Neches River BU Feature.  

(d) Dredged material from dredging projects in commercially navigable waterways is a potentially 
reusable resource and must be used beneficially in accordance with this policy. 

Compliance: New work and future maintenance dredged material to be generated by the Preferred 
Alternative would be used beneficially for shoreline protection and restoring, creating, and 
enhancing wetlands where economically feasible, physically compatible, and environmentally 
beneficial. All impacts within Texas would be offset by the BU features and as described in the 
DMMP. 

(1) If the costs of the beneficial use of dredged material are reasonably comparable to the costs 
of disposal in a non-beneficial manner, the material shall be used beneficially. 
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(2) If the costs of the beneficial use of dredged material are significantly greater than the costs of 
disposal in a non-beneficial manner, the material shall be used beneficially unless it is 
demonstrated that the costs of using the material beneficially are not reasonably 
proportionate to the costs of the project and benefits that will result. Factors that shall be 
considered in determining whether the costs of the beneficial use are not reasonably 
proportionate to the benefits include, but are not limited to: 

(A) environmental benefits, recreational benefits, flood or storm protection benefits, 
erosion prevention benefits, and economic development benefits; 

(B) the proximity of the beneficial use site to the dredge site; and 

(C) the quantity and quality of the dredged material and its suitability for beneficial use. 

(3) Examples of the beneficial use of dredged material include, but are not limited to: 

(A) projects designed to reduce or minimize erosion or provide shoreline protection; 

(B) projects designed to create or enhance public beaches or recreational areas; 

(C) projects designed to benefit the sediment budget or littoral system; 

(D) projects designed to improve or maintain terrestrial or aquatic wildlife habitat; 

(E) projects designed to create new terrestrial or aquatic wildlife habitat, including the 
construction of marshlands, coastal wetlands, or other critical areas; 

(F) projects designed and demonstrated to benefit benthic communities or aquatic 
vegetation; 

(G) projects designed to create wildlife management areas, parks, airports, or other public 
facilities; 

(H) projects designed to cap landfills or other waste disposal areas; 

(I) projects designed to fill private property or upgrade agricultural land, if cost-effective 
public beneficial uses are not available; and 

(J) projects designed to remediate past adverse impacts on the coastal zone. 

(e) If dredged material cannot be used beneficially as provided in subsection (d)(2) of this section, to 
avoid and otherwise minimize adverse effects as required in subsection (a) of this section, 
preference will be given to the greatest extent practicable to disposal in: 
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(1) contained upland sites; 

(2) other contained sites; and 

(3) open water areas of relatively low productivity or low biological value. 

Compliance: New work and future maintenance dredged material whose sediment characteristics 
preclude being used beneficially or are not economically feasible to be used beneficially would be 
placed in either the ODMDSs or upland confined PAs (see sections 2.1, 2.2.3, and 2.3.2 in the FEIS).  

(f)  For new sites, dredged materials shall not be disposed of or placed directly on the boundaries of 
submerged lands or at such location so as to slump or migrate across the boundaries of 
submerged lands in the absence of an agreement between the affected public owner and the 
adjoining private owner or owners that defines the location of the boundary or boundaries 
affected by the deposition of the dredged material. 

Compliance: Placement areas are designed to prevent impacts to adjoining private lands. All 
property rights and boundaries associated with submerged lands would be observed. 
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Appendix I2 

Compliance with Goals and Policies – Part I, Chapter 7, §700–§729 
Dredging and Dredged Material Disposal and Placement 
Sabine-Neches Waterway Channel Improvement Project 

Environmental Impact Statement 
Louisiana Coastal Zone Management Program 

Consistency Determination 

INTRODUCTION 

Section 307 of the Coastal Zone Management Act of 1972, 16 USC 141 et seq., requires that “each 
Federal agency conducting or supporting activities directly affecting the coastal zone shall conduct or 
support those activities in a manner which is, to the maximum extent practicable, consistent with state 
approved management programs.” In compliance with Section 307, a consistency determination has been 
prepared for the Sabine-Neches Waterway (SNWW) Channel Improvement Project (CIP). Coastal Use 
Guidelines were written to implement the policies and goals of the Louisiana Coastal Resources Program 
and to serve as a set of performance standards for evaluating projects. Compliance with the Louisiana 
Coastal Resources Program and, therefore, Section 307, requires compliance with applicable Coastal Use 
Guidelines. 

PROJECT DESCRIPTION 

The U.S. Army Corps of Engineers (USACE), Galveston District proposes to modify the navigation 
channels servicing the ports of Beaumont, Port Neches, Port Arthur, and Orange, Texas, in the interests of 
commercial navigation. These channels are collectively referred to as the SNWW, and the project to 
modify the SNWW is referred to as the CIP. The purpose of the CIP is to improve the transportation 
efficiency and safety of the SNWW’s deep-draft navigation system, while protecting the quality of the 
area’s coastal and estuarine resources.  

The existing 40-foot inshore and 42-foot offshore SNWW project is a federally authorized and maintained 
waterway located in Jefferson and Orange counties, Texas, and Cameron and Calcasieu parishes, 
Louisiana. The existing SNWW consists of the following channel reaches, as listed from offshore to 
inshore: (1) Sabine Bank Channel; (2) Sabine Pass Outer Bar Channel; (3) Sabine Pass Jetty Channel; (4) 
Sabine Pass Channel; (5) Port Arthur Channel; (6) Sabine-Neches Channel; and (7) Neches River 
Channel.  

The authorized depth of the channel in the Preferred Alternative would increase from 40 to 48 feet along 
the entire existing channel, and the offshore entrance channel would extend 13.2 miles farther into the 
Gulf of Mexico (Gulf). The Sabine Pass Jetty Channel, Sabine Pass Channel, Port Arthur and Sabine-
Neches canals, and the Neches River Channel would be deepened from 40 feet to 48 feet. The authorized 
depth of the existing offshore Entrance Channel (Sabine Pass Outer Bar Channel and Sabine Bank 
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Channel) is currently 42 feet; the additional depth is needed to accommodate fluctuations in offshore 
surface water elevation. These channels and the proposed Sabine Bank Extension Channel would be 
deepened from 42 to 50 feet. This would increase the SNWW from 64 miles to approximately 77 miles in 
length. No modifications to the existing Sabine Pass Jetties would be required as part of the Preferred 
Alternative. 

The Sabine Pass Jetty Channel and the majority of the inshore channels (Sabine Pass Channel, Port 
Arthur Canal, Sabine-Neches Canal, and Neches River Channel) would remain at their existing widths. 
With the exception of wider sections at anchorages or channel intersections, these channels transition 
from 500 feet wide between the jetties to 400 feet wide upstream of the Martin Luther King Bridge on the 
Sabine-Neches Canal and Neches River Channel. The Taylor Bayou Channels and Basins would also be 
widened and deepened to 48 feet. Although the Sabine-Neches Canal and Neches River Channel would 
not be widened, navigation efficiency would be improved with short stretches of selective widening and 
bend easings in both reaches, and the addition or enlargement of one anchorage and two 
turning/anchorage basins on the Neches River Channel.  

Environmental affects addressed in the SNWW CIP Final Environmental Impact Statement (FEIS), 
particularly pertaining to coastal resources, have been analyzed in a large surrounding area that 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 
to 13.2 miles beyond the end of the current navigation channel. 

Several project components would specifically occur within Louisiana and include: 

• direct impacts from channel deepening along the northern side of the Sabine Pass Channel;  

• placement of dredged material for beneficial use along Louisiana Point (which would involve 
regular shoreline nourishment using maintenance material from the Sabine Pass Channel);  

• dredged material placement within placement area (PA) 5 (located in Louisiana at Sabine Pass);  

• Willow Bayou mitigation areas (two areas) within Sabine National Wildlife Refuge (NWR) 
(which also includes the associated sediment source-a borrow trench and access channel from the 
GIWW in Sabine Lake);  

• Black Bayou East mitigation areas (two mitigation areas and associated sediment source – the 
dredging of accumulated sediment in Lake Charles Deepwater Channel/GIWW); and  

• Black Bayou West mitigation area (one mitigation area, including the sediment source from 
regularly scheduled maintenance dredging already occurring as an existing action for Sabine 
River Channel). 
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The SNWW study area contains a high concentration of significant coastal wetlands. The USACE, in 
coordination with an Interagency Coordination Team (ICT) comprised of numerous State and Federal 
agencies, including the Louisiana Department of Natural Resources (LDNR), developed a dredged 
material management plan (DMMP) that uses dredged material from the proposed SNWW CIP in an 
environmentally acceptable and economically practical manner. The ICT identified, within the proposed 
project footprint, 109,175 acres (171 square miles) in Texas and 197,530 acres (309 square miles) in 
Louisiana of coastal marsh, bottomland hardwood, and cypress-tupelo swamp habitats.  

No net loss of coastal wetlands was a specific goal of the SNWW CIP ICT and alternatives evaluation. 
All impacts from the Preferred Alternative within Texas would be offset by the DMMP, and impacts in 
Louisiana would be offset through compensatory mitigation. The Preferred Alternative’s mitigation plan 
consists of restoring five degraded marsh areas east of Sabine Lake near Willow and Black bayous, 
Louisiana. This mitigation measure would 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, adjacent marsh. 
Material for marsh mitigation would come from regular maintenance dredging of the Sabine River 
Channel and from dedicated dredging of the Sabine Lake borrow trench and of accumulated sediments 
from the Lake Charles Deepwater Channel/GIWW (Figure 1.1-2 of the FEIS).  

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, 1998; U.S. Geological Survey-National 
Wetlands Research Center, 2004):  

• 71,500 acres of saline, brackish, and intermediate marshes in the Louisiana Chenier Plain habitat 
at Louisiana Point, Blue Buck Point, and Johnson Bayou areas. Sensitive areas include Sabine 
Lake Ridges (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 (13,000 acres of brackish and intermediate marsh) and East Johnson’s 
Bayou (26,719 acres of chenier ridge, and fresh, intermediate, and brackish marsh).  

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

• 46,500 acres of brackish, intermediate, and fresh marsh in an area north of Willow Bayou and 
south of the GIWW. This sensitive area contains the Black Bayou mapping unit (36,300 acres), 
and 10,220 acres of fresh and intermediate marsh in the Southwest Gum Cove mapping unit.  

• 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.  
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• 650 acres of cypress-tupelo swamp and bottomland hardwoods in the Blue Elbow Swamp, east of 
the Sabine River and north of Interstate 10. 

• 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. 

GUIDELINES 

1. Guidelines Applicable to All Uses 

Guideline 1.1: The guidelines must be read in their entirety. Any proposed use may be subject to the 
requirements of more than one guideline or section of guidelines and all applicable guidelines must be 
complied with. 

Response: Acknowledged. 

Guideline 1.2: Conformance with applicable water and air quality laws, standards, and regulations, and 
with those laws, standards and regulations which have been incorporated into the coastal resources 
program shall be deemed in conformance with the program except to the extent that these guidelines 
would impose additional requirements. 

Response: Acknowledged. 

Guideline 1.3: The guidelines include both general provisions applicable to all uses and specific 
provisions applicable only to certain types of uses. The general guidelines apply in all situations. The 
specific guidelines apply only to situations they address. Specific and general guidelines should be 
interpreted to be consistent with each other. In the event there is an inconsistency, the specific should 
prevail. 

Response: Acknowledged. 

Guideline 1.4: These guidelines are not intended to nor shall they be interpreted so as to result in an 
involuntary acquisition or taking of property. 

Response: Acknowledged. 

Guideline 1.5: No use or activity shall be carried out or conducted in such a manner as to constitute a 
violation of the terms of a grant or donation of any lands or water-bottoms to the State or any subdivision 
thereof. Revocations of such grants and donations shall be avoided.  

Response: Acknowledged. 

Guideline 1.6: Information regarding the following general factors shall be utilized by the permitting 
authority in evaluating whether the proposed use is in compliance with the guidelines.  
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a) Type, nature, and location of use. 

b) Elevation, soil, and water conditions and flood and storm hazard characteristics of site. 

c) Techniques and materials used in construction, operation, and maintenance or use. 

d) Existing drainage patterns and water regimes of surrounding area including flow, circulation, 
quality, quantity, and salinity; and impacts on them. 

e) Availability of feasible alternative sites or methods for implementing the use. 

f) Designation of the area for certain uses as part of a local program. 

g) Economic need for use and extent of impacts of use on economy of locality. 

h) Extent of resulting public and private benefits. 

i) Extent of coastal water dependency of the use. 

j) Existence of necessary infrastructure to support the use and public costs resulting from the use. 

k) Extent of impacts on existing and traditional uses of the area and on future uses for which the area 
is suited. 

1) Proximity to and extent of impacts on important natural features such as beaches, barrier islands, 
tidal passes, wildlife and aquatic habitats, and forest lands.  

m) The extent to which regional, State, and National interests are served including the National 
interest in resources and the siting of facilities in the coastal zones as identified in the coastal 
resources program. 

n) Proximity to, and extent of impacts on, special areas, particular areas, or other areas of particular 
concern of the State program or local programs. 

o) Likelihood of, and extent of impacts of, resulting secondary impacts and cumulative impacts. 

p) Proximity to and extent of impacts on public lands or works, or historic, recreational or cultural 
resources. 

q) Extent of impacts on navigation, fishing, public access, and recreational opportunities. 

r) Extent of compatibility with natural and cultural setting. 

s) Extent of long-term benefits or adverse impacts. 

Response: Acknowledged. 

Guideline 1.7: It is the policy of the coastal resources program to avoid the following adverse impacts. 
To this end, all users and activities shall be planned, sited, designed, constructed, operated, and 
maintained to avoid to the maximum extent practicable significant:  

a) reductions in the natural supply of sediment and nutrients to the coastal system by alterations of 
freshwater flow. 
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Response: No alteration of freshwater flows would occur from the proposed project (Section 4.6 of the 
FEIS); however, additional sediments would be added to certain marsh areas to restore emergent marsh 
acreage and to allow for added productivity (sections 4.5 and 4.6 and Chapter 5 of the FEIS). 

b) adverse economic impacts on the locality of the use and affected governmental bodies. 

Response: The Preferred Alternative is expected to have a positive impact on the local economy (sections 
1.0 and 4.15 of the FEIS); no adverse economic impacts on the locality or governmental bodies would 
occur as a result of the Preferred Alternative.  

c) detrimental discharges of inorganic nutrient compounds into coastal waters. 

Response: There could be a temporary increase in the concentration of inorganic nutrient compounds 
near the dredging BU and mitigation sites from resuspension of bottom sediments. Suspended particles 
resulting from placement would not result in detrimental effects to chemical and physical properties of the 
water column.  

d) alterations in the natural concentration of oxygen in coastal waters. 

Response: Oxygen concentrations at the dredging and placement sites could be reduced during dredging 
operations and temporarily afterward if organic or ammonia load in the sediments is sufficiently high. 
Anoxic conditions are not expected to develop, and no significant adverse impacts to aquatic species are 
expected (Section 4.5 of the FEIS). 

e) destruction or adverse alterations of streams, wetlands, tidal passes, inshore waters and 
waterbottoms, beaches, dunes, barrier islands, and other natural biologically valuable areas or 
protective coastal features. 

Response: Alterations to the SNWW, Sabine Lake, near-shore Gulf, beach, shallow-water areas, and 
wetlands are expected. Several project components would specifically occur within Louisiana and include 
direct impacts from channel deepening along the northern side of the Sabine Pass Channel, placement of 
dredged material for beneficial use along Louisiana Point (which would involve regular shoreline 
nourishment using maintenance material from the Sabine Pass Channel), dredged material placement 
within PA 5 (located in Louisiana at Sabine Pass), Willow Bayou mitigation areas (two areas) within the 
Sabine NWR (which also includes the associated sediment source-a borrow trench and access channel 
from the GIWW in Sabine Lake), Black Bayou East mitigation areas (two mitigation areas and associated 
sediment source-the dredging of accumulated sediment in the Lake Charles Deepwater Channel/GIWW), 
and Black Bayou West mitigation area (one mitigation area, including the sediment source from regularly 
scheduled maintenance dredging already occurring as an existing action for the Sabine River Channel). 
The compensatory mitigation for project-induced impacts are considered to be beneficial (Section 4.1 and 
Chapter 5 of the FEIS). The effects of dredging and dredged material deposition are discussed in more 
detail under Guidelines 4.1 to 4.7. 
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f) adverse disruption of existing social patterns.  

Response: No disruption of existing social pattern is expected (Section 4.15 of the FEIS). 

g) alterations of the natural temperature regime of coastal waters. 

Response: The Preferred Alternative would not alter water temperatures in coastal waters (sections 4.4 
and 4.6 of the FEIS). 

h) detrimental changes in existing salinity regimes. 

Response: A small increase in salinity would likely occur since alterations in an increase with saltwater 
intrusion would occur with deepening the SNWW. Essentially all detrimental impacts associated with the 
Preferred Alternative are from expected alterations in salinity. Extensive interagency coordination, 
combined with detailed ecological modeling, resulted in BU features and mitigation measures that offset 
and compensate for all ecological impacts (Chapter 5, appendices B and C of the FEIS).  

i) detrimental changes in littoral and sediment transport processes. 

Response: This plan would cause some changes in littoral and sediment transport processes. A small 
increase in Gulf shoreline erosion (0.42 foot/year) between 0.5 and 3.5 miles from the Sabine Jetty would 
be caused by changes in wave angles due to the offshore channel extension. This impact is more than 
offset by benefits of the Gulf Shoreline BU Feature. Beneficial changes would involve regular 
nourishment of 3 miles of shoreline at Louisiana Point once every 6 years, or eight placement episodes, or 
the 50-year project life. 

j) adverse effects of cumulative impacts. 

Response: A number of actions have influenced the study area and are expected to continue to do so. A 
cumulative impacts assessment was conducted that took into consideration 13 past or present actions, 6 
reasonably foreseeable future actions, and 6 ongoing regional activities, initiatives, and programs that are 
likely to affect the study area. These included industrial activities such as pipelines and construction of 
liquid natural gas (LNG) facilities, as well as channel improvements and ecosystem restoration efforts. 
Details and additional discussion regarding the cumulative impact evaluation can be found in Section 4.16 
of the FEIS; regional programs and initiatives are summarized in Chapter 7 of the FEIS.  

Cumulative adverse impacts from past, existing, and reasonably foreseeable future projects, along with 
the Project, are not expected to have significant adverse effects within the study area. Many of the 
projects included in the cumulative impacts analysis are part of the continued port and shipping industry 
development. Other projects considered in the assessment are beneficial to certain natural resources and 
add to the diversity and health of the publicly held recreation and conservation areas, migratory bird 
habitats, Essential Fish Habitat (EFH), and other sensitive coastal resources. Existing governmental 
regulations, in conjunction with the goals and coordination of community planning efforts, address the 
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issues that influence local and ecosystem-level conditions. Cumulative adverse impacts that are expected 
to occur within the study area primarily include temporary and localized increased nitrogen oxides 
emissions and noise. Some projects considered in this assessment are beneficial to certain natural 
resources (predominantly wetlands and the species dependent on them) and add to the diversity and health 
of publicly held recreation and conservation areas, migratory bird habitats, EFH, and other sensitive 
coastal resources. Impacts associated with the Preferred Alternative have been fully offset by 
compensatory mitigation measures. In addition, the Preferred Alternative would have net beneficial 
effects on wetlands, water quality, and submerged aquatic vegetation (SAV) with the implementation of 
the Gulf Shoreline BU Feature at Louisiana Point. Results of cumulative impacts assessments for the 
Preferred Alternative are in Section 4.16.5 of the FEIS. 

k) detrimental discharges of suspended solids into coastal waters, including turbidity resulting from 
dredging. 

Response: Dredging and placement of dredged material would temporarily and locally increase turbidity 
and suspended solids in adjacent waters (sections 4.5 and 4.6 of the FEIS). The sediments have been 
determined to be suitable for placement, mitigation, and beneficial uses.  

l) reductions or blockage of water flow or natural circulation patterns within or into an estuarine 
system or wetland forest. 

Response: Gulf beach nourishment uses maintenance material from Sabine Pass Channel to reduce 
erosion impacts along Louisiana Point. Reducing erosion with maintenance material would alter flows 
and circulation patterns positively. Marsh creation, which would not use material from the project, would 
reestablish most of the natural circulation patterns and reduce marsh loss and salinity intrusion. Although 
beach nourishment and mitigation efforts may alter flow, alterations would be beneficial (Chapter 5, 
appendices B and C of the FEIS). No natural waterways would be blocked or otherwise restricted by 
navigation channel improvements or mitigation measures. 

m) discharges of pathogens or toxic substances into coastal waters. 

Response: Extensive analyses of sediment material associated with the project were conducted, including 
data recently collected in March 2008 and April 2009, and results indicate that there are no causes for 
concern related to pathogens or toxic substances. Section 3.4 of the FEIS discusses sediment testing 
results.  

n) adverse alteration or destruction of archaeological, historical, or other cultural resources. 

Response: Adverse effects or destruction of these resources is not expected. The USACE’s Galveston 
District has consulted with the Louisiana State Historic Preservation Office in accordance with Section 
106 of the National Historic Preservation Act of 1966, as amended, and has executed a Programmatic 
Agreement to cover completion of cultural resource surveys and assessments in mitigation areas prior to 
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construction. Should any historic properties be identified, measures would be taken to ensure that project 
impacts would be avoided or mitigated. 

o) fostering of detrimental secondary impacts in undisturbed or biologically highly productive 
wetland areas. 

Response: Most of the wetlands in the study area have been significantly altered by subsidence and 
saltwater intrusion, although most areas remain highly productive fish and wildlife habitats. No secondary 
impacts would be induced in these areas by the Preferred Alternative. 

p) adverse alteration or destruction of unique or valuable habitats, critical habitat for endangered 
species, important wildlife or fishery breeding or nursery areas, designated wildlife management 
or sanctuary areas, or forest lands. 

Response: Critical Habitat for the federally endangered piping plover would be directly affected from 
dredged material beneficial use for beach nourishment along a 3-mile stretch of Louisiana Point. Beach 
nourishment efforts would result in positive effects for piping plover habitat (Appendix G of FEIS). 
Wetland mitigation areas in the Sabine NWR would result in short-term, localized adverse effects but the 
net, long-term effects would be positive, as determined by the Wetland Value Assessment (WVA) Model 
(Appendix C of the FEIS). In addition to the Sabine NWR, the Sabine Island WMA is located in the 
Louisiana study area; however no salinity impacts from the Preferred Alternative would affect Sabine 
Island WMA. 

q) adverse alteration or destruction of public parks, shoreline access points, public works, designated 
recreation areas, scenic rivers, or other areas of public use and concern. 

Response: Beneficial alterations to shoreline at Louisiana Point and degraded wetlands in Sabine NWR 
would occur as a result of the Preferred Alternative. 

r) adverse disruptions of coastal wildlife and fishery migratory patterns. 

Response: Wintering waterfowl, shore birds, and wading birds could be temporarily displaced from PA 5, 
marsh mitigation areas, and the Gulf shoreline during dredged material placement activities. The adults of 
various aquatic species, including brown shrimp, white shrimp, blue crab, red drum, and menhaden, 
spawn in the Gulf, and the young juveniles of these species use deep tidal passes such as the SNWW for 
immigration to inland estuarine nursery areas. Increased turbidity resulting from dredging activities could 
have a temporary, localized, adverse effect on the movement of these organisms, but would not 
permanently disrupt wildlife and fishery migration patterns.  

s) land loss, erosion, and subsidence. 

Response: Slightly higher salinities may lead to the loss of 691 acres of marsh, associated SAV and 
shallow-water habitat, as stressed emergent marsh converts to open water. The Preferred Alternative’s BU 
feature at Louisiana Point and mitigation measures would nourish highly eroded areas and restore 
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subsided wetlands (which would not result in land loss). The Louisiana Point BU Feature would regularly 
nourish 3 miles of shoreline. The Mitigation Plan compensates for the Preferred Alternative’s salinity 
increase and associated losses in marsh and productivity by marsh creation activities that would influence 
a total of 8,095 acres of Louisiana marshes in the Willow and Black Bayou watersheds. The plan would 
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. 

t) increases in the potential for flood, hurricane, or other storm damage, or increases in the 
likelihood that damage would occur from such hazards. 

Response: The Preferred Alternative would not increase potential for flood, hurricane, or other storm 
damage, or increase likelihood of damage (Section 4.1 of the FEIS). The Preferred Alternative’s effect on 
storm surge was evaluated with hydrodynamic salinity (HS) modeling; no effect on storm surge was 
found, and minor additional land loss would not affect wetland buffer functions on storm impacts. 

u) reductions in the long term biological productivity of the coastal ecosystem. 

Response: The Preferred Alternative would cause reductions in marsh biological productivity through 
salinity increases and associated land loss; however, these expected effects would be offset by the 
mitigation efforts and the BU feature in Louisiana. The Mitigation Plan compensates for the Preferred 
Alternative’s losses in marsh productivity by marsh creation activities that would influence a total of 
8,095 acres of Louisiana marshes in the Willow and Black Bayou watersheds. The plan would 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. 
These efforts effectively mitigate losses in productivity and were modeled via WVA (Section 4.1 and 
Appendix C of the FEIS) and HS model (Section 4.1 of the FEIS). 

Guideline 1.8: In those in which the modifier “maximum extent practicable” is used, the proposed use is 
in compliance with the guideline if the standard modified by the term is complied with. If the modified 
standard is not complied with, the use would be in compliance with the guideline if the permitting 
authority finds, after a systematic consideration of all pertinent information regarding the use, the site, and 
the impacts of the use as set forth in Guideline 1.6, and a balancing of their relative significance, that the 
benefits resulting from the proposed use would clearly outweigh the adverse impacts resulting from 
noncompliance with the modified standard and there are no feasible and practical alternative locations, 
methods, and practices for the uses that are in compliance with the modified standard, and:  

a) significant public benefits would result from the use; or 

b) the use would serve important regional, state, or national interests, including the national interest 
in resources and the siting of facilities in the coastal zone identified in the coastal resources 
program or the use is coastal water dependent.  
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The systematic consideration process shall also result in a determination of those conditions necessary for 
the use to be in compliance with the guideline. Those conditions shall assure that the use is carried out 
utilizing those locations, methods, and practices which maximize conformance to the modified standard; 
are technically, economically, environmentally, socially, and legally feasible and practical and minimize 
or offset those adverse impacts listed in Guideline 1.7 and in the guideline at issue. 

Response: Acknowledged. 

Guideline 1.9: Uses shall, to the maximum extent practicable, be designed and carried out to permit 
multiple concurrent uses which are appropriate for the location and to avoid unnecessary conflicts with 
other uses of the vicinity. 

Response: The purpose of the Preferred Alternative is to improve navigational efficiency and thus result 
in a net benefit to the economy of the region and the Nation. Other uses of the channel, such as 
commercial and recreational fishing and water sports, are and would continue unaffected. 

Guideline 1.10: These guidelines are not intended to be, nor shall they be, interpreted to allow expansion 
of governmental authority beyond that established by La. R.S. 49:213.1 through 49:213.21, as amended; 
nor shall these guidelines be interpreted so as to require permits for specific uses legally commenced or 
established prior to the effective date of the coastal use permit program nor to normal maintenance or 
repair of such uses. 

Response: Acknowledged. 

2. Guidelines for Levees 

Not applicable. 

3. Guidelines for Linear Facilities 

Not applicable. 

4. Guidelines for Dredged Spoil Deposition 

Guideline 4.1: Spoil shall be deposited utilizing the best practical techniques to avoid disruption of water 
movement, flow, circulation, and quality. 

Response: Placement of dredged material to build marsh and terraces in the Sabine NWR would not 
negatively disrupt water flow. Dredged material not beneficially used would be placed into upland 
confined PAs, which, like the channel improvements, would not negatively disrupt water movement, 
flow, or circulation. The sediments to be excavated are not contaminated, and no significant adverse 
effect on water quality is expected (sections 4.4 to 4.6 of the FEIS). 
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Guideline 4.2: Spoil shall be used beneficially to the maximum extent practicable to improve 
productivity or create new habitat, reduce or compensate for environmental damage done by dredging 
activities, or prevent environmental damage. Otherwise, existing spoil disposal areas or upland disposal 
shall be utilized to the maximum extent practicable rather than creating new disposal areas. 

Response: No construction material would be used beneficially within Louisiana as most channels are too 
far to feasibly (both economically and physically) execute. The Sabine Pass Channel is located near 
Louisiana, but marshes near the channel are in good condition and offer no opportunities for restoration or 
mitigation. All mitigation areas within Louisiana would be constructed with borrow material from 
dedicated dredging or maintenance of the Sabine River Channel. 

Guideline 4.3: Spoil shall not be disposed of in a manner which could result in the impounding or 
draining of wetlands or the creation of development sites unless spoil deposition is part of an approved 
levee or land surface alteration project. 

Response: No dredged material would be used that would impound or drain wetlands. No new PAs 
would be created in wetlands. 

Guideline 4.4: Spoil shall not be disposed of on marsh, known oyster or clam reefs, or in areas of 
submerged vegetation to the maximum extent practicable. 

Response: Some submerged vegetation may be temporarily impacted during wetland mitigation, but 
restoration would improve conditions for SAV over the long term. The Preferred Alternative would 
restore and enhance degraded wetlands as determined by the WVA (Appendix C to the FEIS). No impacts 
to oyster reefs would occur from the Preferred Alternative. 

Guideline 4.5: Spoil shall not be disposed of in such a manner as to create a hindrance to navigation or 
fishing, or hinder timber growth. 

Response: Navigation or timber growth would not be hindered. Fishing activities could be temporarily 
affected during construction or placement activities. 

Guideline 4.6: Spoil disposal areas shall be designed and constructed and maintained using the best 
practicable techniques to retain the spoil at the site, reduce turbidity, and reduce shoreline erosion when 
appropriate. 

Response: The material to be used beneficially at Louisiana Point would cause temporary and localized 
increases in turbidity but would provide an overall benefit to the ecosystem by adding sediment to the 
littoral system and reducing shoreline erosion. Dredged material not used beneficially would be placed in 
confined PA 5. PAs are designed and managed to control turbidity and retain as much of the dredged 
material as practicable with use of confinement levees or spill boxes. Best management practices to 
minimize or avoid turbidity effects could include silt curtains. 
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Guideline 4.7: The alienation of state-owned property shall not result from spoil deposition activities 
without the consent of the Department of Natural Resources. 

Response: No State lands would be alienated as a result of the proposed action. 

5. Guidelines for Shoreline Modification 

Response: Dredged material from the Sabine Pass reach of the SNWW would be pumped to Louisiana 
Point on alternated maintenance cycles (Appendix D of the FEIS) for shoreline restoration. Placement on 
this eroded shoreline would not be confined nor would any other structural measures be used. 

Guidelines 5.1–5.9: Not applicable.  

6. Guidelines for Surface Alterations 

Not Applicable. 

7. Guidelines for Hydrologic and Sediment Transport Modifications 

Not Applicable. 

8. Guidelines for the Disposal of Wastes 

Not Applicable. 

9. Guidelines for Uses That Result in the Alteration of Waters Draining into Coastal 
Waters 

Not applicable. 

10. Guidelines for Oil, Gas, and Other Mineral Activities 

Not applicable. 

CONSISTENCY DETERMINATION 

The guidelines of Louisiana’s Coastal Resources Program have been applied to the proposed project for 
the SNWW CIP. The USACE, Galveston District has determined that implementation of the Preferred 
Alternative, which provides for deepening of the SNWW from 40 to 48 feet and an offshore channel from 
48 to 50 feet in depth from offshore to the Port of Beaumont Turning Basin, extending the 50-foot-deep 
offshore channel by 13.2 miles, tapering and marking the Sabine Bank Channel from 800 feet wide to 
700 feet wide, the bend of easings on the Sabine-Neches Canal and Neches River Channel, deepening and 
widening of the Taylor Bayou navigation channels and turning basins to 48 feet, and the addition of new 
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anchorages/turning basins on the Neches River Channel, would be consistent to the maximum extent 
practicable, with the State of Louisiana’s approved Coastal Resources Program. 
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Sabine-Neches Waterway 
Channel Improvement Project 

Mitigation/Beneficial Use Monitoring Plan 
Southeast Texas and Southwest Louisiana 

BACKGROUND 

The Sabine-Neches Waterway Channel Improvement Project (SNWW CIP) would deepen the SNWW to 
a depth of 48 feet for navigation purposes. This scenario is referred to as the Preferred Alternative. The 
project study area is located on the upper Texas Gulf Coast at the Texas-Louisiana state line and includes 
Sabine Lake and surrounding marshes in Texas and Louisiana, the Neches River channel up to the Neches 
River Saltwater Barrier, the Gulf Intracoastal Waterway (GIWW) west to Star Bayou and east to Gum 
Cove Ridge, the Sabine River to Niblett’s Bluff, the Gulf shoreline extending to 10 miles either side of 
Sabine Pass, and 35 miles offshore into the Gulf.  

The project would create the opportunity to restore and protect emergent marsh with dredged material in 
the Neches River Beneficial Use (BU) Feature. Beneficial use of maintenance material in the Gulf of 
Mexico reach of the SNWW is proposed to protect the Gulf shoreline and marshes adjacent to Gulf 
beaches in Louisiana and Texas. Creation of emergent marsh using borrowed material and maintenance 
material has been proposed in Louisiana to mitigate impacts resulting from the proposed project. 

Recent guidance issued by the USACE requires monitoring for mitigation and ecosystem restoration 
projects (Brown, 2009a, 2009b). The guidance includes: 

• Memorandum for Commanders, Major Subordinate Commands, Subject: Implementation 
Guidance for Section 2036 (a) of the Water Resources Development Act of 2007 (WRDA 07) – 
Mitigation for Fish & Wildlife and Wetland Losses, CECW-PC, dated August 31, 2009. 

• Memorandum for Commanders, Major Subordinate Commands, Subject: Implementation 
Guidance for Section 2039 of the Water Resources Development Act of 2007 (WRDA 2007) – 
Monitoring Ecosystem Restoration, CECW-PC, dated August 31, 2009.  

The monitoring requirements in these guidance documents are similar for mitigation and ecosystem 
restoration projects.  

PURPOSE 

This document describes the monitoring plans for mitigation proposed in Louisiana as required by the 
Section 2036 guidance referred to above and the monitoring plans for beneficial use of dredged material 
in Texas and Louisiana as required by the Section 2039 guidance referred to above. Monitoring plans 
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described in this document are based on the assumptions that the relative sea level rise will be 1.1 feet and 
the freshwater inflows will be those projected by the Texas Water Development Board for the year 2060 
using the Water Availability Model Run 8, modified 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” (Brown and Stokes, 2009). 

BENEFICIAL USE PLANS 

All dredged material management plan (DMMP) BU features proposed for inclusion in the DMMP of the 
Preferred Alternative are summarized in Table 1. Three former marsh areas on the Neches River (Rose 
City East, Bessie Heights East, and Old River Cove) would be combined into one large management 
feature called the Neches River BU Feature (Figure 1). In the Gulf Shore BU Feature, maintenance 
material would be used to nourish Gulf shorelines at Texas and Louisiana Points (Figure 2). 

Table 1 
Areas Affected by Each Component of Neches River and Gulf Shore BU Features 

 

Restored 
Emergent 
Marsh (ac) 

Improved 
Shallow-water 
Habitat (ac) 

Nourished 
Existing 

Marsh (ac) 

Total 
Influence 
Area (ac) 

Rose City East 345 72 151 568 
Bessie Heights East 1,869 660 651 3,180 
Old River Cove  639 139 432 1,210 
Total 2,853 871 1,234 4,958 
Gulf Shore BU nourishes 6 miles of Gulf beach and saline marsh behind the 

beach 

Rose City East (component of Neches River BU Measure) TX 3-1 East 

• Would restore 345 acres fresh marsh, enhance 72 acres of shallow water, and nourish 151 acres of 
existing marsh in two construction events. New work material from the Neches River Channel 
would be used to restore a 225-acre marsh, construct hydraulic containment levees, and raise 
sediment elevations. Maintenance material from the first maintenance cycle would restore an 
additional 120 acres of marsh. Influence area – 568 acres 

Bessie Heights East (component of Neches River BU Measure) TX 5-2  

• Would restore 679 acres of brackish and 1,190 acres of intermediate marsh, enhance 660 acres of 
shallow-water habitat, and nourish 651 acres of existing marsh. Marsh would be constructed with 
maintenance material from the Neches River Channel in seven maintenance cycles over 28 years. 
New work material would be used to build a hydraulic containment levee. Influence area – 3,180 
acres 
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Old River Cove (component of Neches River BU Measure) TX 6-1  

• Would restore 639 acres of brackish marsh, enhance 139 acres of shallow-water habitat, and 
nourish 432 acres of existing marsh with new work material from Neches River Channel. New 
work material would be used to construct a hydraulic containment levee. Influence area – 1,210 
acres 

Gulf Shore BU Feature (Texas and Louisiana Points) TX 8-11 LA 5-2/6-2 

• Would nourish 3 miles of Gulf shoreline on both sides of Sabine Pass, from 0.5 to 3.5 miles from 
the east and west jetties, using maintenance material from Sabine Pass Channel. Maintenance 
material would be placed, unconfined, along the shoreline every 3 years for 50-year period of 
analysis (eight placement episodes with approximately equal volumes of material for each state). 
Material placement would alternate between each state every 3 years. Material would nourish 
eroding marsh and possibly create new saline marsh. Historic dredging records indicate material 
from Sabine Pass averages 51 percent silt, 31 percent clay, and 18 percent sand. The material 
would be hydraulically pumped into the nearshore zone and some material would be expected to 
flow over existing marsh while the remainder would flow into the nearshore waters. This mix of 
materials does not contain typical beach-quality sand; however, resource agencies have agreed 
that returning the material to the littoral system would have a net beneficial effect, regardless of 
the material type. Total affected shoreline – 6.0 miles.  

MITIGATION PLANS 

Section 2036(a) guidance of WRDA 07 (Mitigation for Fish and Wildlife and Wetlands Losses), issued 
August 31, 2009, requires that the Preferred Alternative contain a specific plan to mitigate fish and 
wildlife losses since it has been determined that the Preferred Alternative would have unavoidable 
impacts after benefits of the DMMP BU features are applied. Adverse impacts to ecological resources 
caused by a proposed project must be avoided or minimized to the extent practicable, and remaining 
unavoidable impacts must be compensated to the extent justified. The Preferred Alternative must contain 
sufficient mitigation to ensure that the CIP would not have more than a negligible adverse impact on 
significant ecological resources.  

USACE regulations (ER 1105-2-100) recognize wetland resources for special consideration in mitigation 
planning, and these are the type of resources that could suffer long-term impacts from the Preferred 
Alternative. The mitigation plan described below fulfills the special requirements for wetlands. The plan 
also contributes to multiagency regional plans (Louisiana Coast 2050 and the North American Waterfowl 
Management Plan) by restoring and preserving scarce and vulnerable wetlands and wildlife habitat, and 
using dredged material beneficially to the greatest extent possible. 

Unavoidable impacts of the SNWW CIP remain only in Louisiana; all CIP impacts in Texas are 
minimized and offset by DMMP BU features. The mitigation plan was selected using the USACE 
certified version of IWR-PLAN software. Personnel from the following offices participated in at least one 
of two meetings to develop the mitigation plan. 
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• U.S. Fish and Wildlife Service (USFWS) Clear Lake (Texas) and Louisiana ecological services 
field offices, Chenier Plain National Wildlife Refuge (NWR), and Sabine NWR  

• National Marine Fisheries Service – Galveston, Texas and Baton Rouge, Louisiana 

• U.S. Environmental Protection Agency Region 6 

• Texas General Land Office  

• Texas Water Development Board 

• Texas Parks and Wildlife Department – J.D. Murphree Wildlife Management Area 

• Louisiana Department of Natural Resources 

• Louisiana Department of Wildlife and Fisheries  

• Sabine River Authority-Texas 

• USACE (Galveston District and ERDC-CHL) 

The mitigation plan would restore five degraded marshes east of Sabine Lake near Willow and Black 
bayous, Louisiana (Table 2) (Figure 3). Each of the mitigation marshes is described in detail below. The 
recommended mitigation plan compensates for the Preferred Alternative’s salinity increase and associated 
losses in marsh and productivity by marsh creation activities that would influence a total of 8,095 acres of 
Louisiana marshes. The plan would restore 2,783 acres of emergent marsh in existing open-water areas 
within the marsh, improve 957 acres of existing open water 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 mitigation influence area.  

Table 2 
Acreage Created by Each Mitigation Site 

Mitigation Site  

Restored 
Emergent 

Marsh  

Improved 
Shallow Water 

Habitat  

Nourished 
Existing 
Marsh  

Total 
Influence 

Area  
Willow Bayou 
LA 21-8B   251 63 367 681 
LA 2-ADD B  436 104 745 1,285 
Subtotal  687 167 1,112 1,966 
Black Bayou West 
LA 3-10R  792 356 1,317 2,465 
Black Bayou East 
LA 3-15B  683 227 878 1,788 
LA 3-18B  621 207 1,048 1,876 
Subtotal  1,304 434 1,926 3,664 
Total Mitigation  2,783 957 4,355 8,095 
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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. A hydraulic pipeline dredge would be used to minimize turbidity. Small ponds and sinuous, 
interconnected channels would be created to maintain tidal connectivity, increase marsh edge, and create 
protected areas for submerged aquatic vegetation (SAV). Benthic fauna would be removed with sediment 
during dredging activities; however, benthic organisms can rapidly recolonize, and no long-term effects 
are anticipated. 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 create 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 return the area to normal tidal regime, 
facilitate marine organism access, and allow water and nutrients to flow into the area.  

Willow Bayou, LA 2-18B and LA 2-ADD B 

• Would restore 687 acres of emergent marsh, improve 167 acres of shallow water, and nourish 
1,112 acres of emergent marsh located within the Sabine NWR. About 3.1 million cubic yards 
(mcy) of material dredged from a 1.8-mile-long borrow trench in Sabine Lake would be used. 
The borrow trench 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 trench would be continuous and parallel to 
the current shoreline, in line with the common longshore circulation pattern in Sabine Lake. 
Normal bay circulation would prevent hypoxic conditions detrimental to aquatic organisms, and 
would eventually fill the trench with Sabine River sediments. An access channel, approximately 8 
miles long, from the GIWW near the mouth of the Sabine River would allow the dredge to reach 
the proposed borrow area. Borrow trench and access channel dredging would temporarily 
increase water column turbidity during dredging activities, with localized effects on nekton, 
phytoplankton, and water quality. Due to low salinity (1 to 6 parts per thousand [ppt]) in this area 
of Sabine Lake, live oyster reefs are not likely (Fagerberg, 2003). A study by T. Baker Smith, Inc. 
(2006) found no live oyster reefs in this area. SAVs are probably not in this part of Sabine Lake 
because of the shallow, turbid, and turbulent water. Influence area – 1,966 acres.  

Black Bayou West, LA 3-10R 

• Would restore 792 acres of emergent marsh, enhance 356 acres of shallow water, and nourish 
1,317 acres of existing marsh. 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 over a 30-year period. Maintenance dredging of the 
Sabine River Channel is considered a separate project within the SNWW navigation system, with 
a different non-Federal sponsor. Material 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 would be accomplished in six 5-year dredging 
cycles, beginning by the first year of the completion of CIP construction. Each dredging cycle 
would pump approximately 526,000 cubic yards of material to create 132 acres with a total of 
792 acres of emergent marsh created over 30 years. Influence area – 2,465 acres.  
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Black Bayou East, LA 3-15B and LA 3-18B 

• Would restore 1,304 acres of emergent marsh, enhance 434 acres of shallow water, and nourish 
1,926 acres of existing marsh. Marsh would be restored 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. The Lake Charles Deepwater Channel was constructed in 1926 and coincides 
along its 24.9-mile length with the GIWW between the Sabine River and Lake Charles. 
Communications with USACE, New Orleans District indicate the depth of the 30-foot channel 
has been reduced to approximately 12 feet deep. 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 these 
organisms. Recovery of benthic organisms would be rapid (Sheridan, 1999). No impacts to 
salinity would be 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). Approximately 10.5 mcy of material would be pumped from a 13-mile stretch of 
the GIWW into the two areas. The first (LA 3-15B) would be located adjacent to the GIWW and 
would have the shortest pumping distance; the second (LA 3-18B) would be located south of LA 
3-15B and pumping would move to it after the first is complete. Influence area – 3,664 acres. 

IMPLEMENTATION 

Upon authorization of the CIP, the USACE would use its Navigational Servitude to obtain access for 
construction of the Texas and Louisiana DMMP BU features and the Louisiana mitigation measures for 
the purposes of planning, construction, and postconstruction monitoring. Landowners would be advised 
of the need for access for these activities. All restored areas would remain jurisdictional wetlands and 
continue to be subject to the Servitude; therefore, conservation easements would not be required. 
Agencies on the Interagency Coordinating Team (ICT) would be consulted to provide input to the future 
engineering, design, construction, and monitoring of the project. The ICT would participate in the detailed 
planning of the marsh creation areas, monitoring of construction of the mitigation areas, and 
postconstruction monitoring.  

Pumping distances from all of the SNWW CIP channels are too long to permit use of new work or 
maintenance material from the proposed project to construct mitigation sites. For the BU sites, new work 
material is critical for the successful construction of containment levees and marsh creation. Therefore, 
construction contracts for mitigation and BU sites would incorporate an adaptive management approach 
to ensure that the initial construction contracts attain the appropriate elevation over the acreage specified 
for emergent marsh within each mitigation site.  

The maximum optimal elevation for the marsh fill would be determined during preconstruction 
engineering and design. Elevation surveys would be conducted in the mitigation areas and nearby 
reference marshes. Dredged material quantities needed to achieve the targeted elevation would be 
calculated by taking into account future settling and compaction of placed material, as well as projected 
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relative sea level rise. The marsh fill would be sized to ensure creation of the requisite acres of emergent 
marsh, and it would be built to the highest elevation suitable for supporting marsh vegetation, as 
determined by preconstruction surveys and in consultation with the ICT. For planning and design 
purposes, this elevation is assumed to be approximately 1.6 to 1.7 feet NAVD88 after settlement. This 
should enable the marsh to withstand the projected rate of relative sea level rise over the period of 
analysis.  

Elevations would be monitored during and immediately after placement to determine if material is settling 
as expected. One year after material placement, marsh elevations would be reviewed to identify whether 
other adjustments should be made to ensure that the target elevation has been met, and that tidal exchange 
and fisheries access are functioning as expected. Additional material would be added as needed at any 
point during or within 1 year of construction to ensure that the target marsh elevation is attained. 

MONITORING PLANS 

Monitoring Mitigation in Louisiana 

Table 3 presents details of the monitoring plan for all of the mitigation sites in Louisiana, including the 
key monitoring parameters, periodicity, costs, and responsible parties. The same monitoring plan applies 
to all five mitigation sites since ecological success criteria are the same for all sites; they are ecologically 
similar and are situated relatively close to each other. Ecological success criteria for these mitigation sites 
are (1) each mitigation site contains 60 to 80 percent emergent marsh, 5 years after material placement; 
(2) each mitigation site remains intact and 60 to 80 percent vegetated with native, typical, emergent marsh 
through 50-year period of analysis; and (3) invasive noxious, and/or exotic plant species comprise less 
than 4 percent of mitigation site marsh cover at year 2 and year 5 after each material placement. The first 
criterion ensures that the requisite acres of emergent marsh are created and appropriately vegetated. The 
second criterion ensures that the mitigation sites will remain intact for the full period of analysis, 
producing the total benefits needed to mitigate for project impacts. The third criterion ensures that the 
mitigation sites are not overrun by invasive/noxious plants while typical marsh vegetation is trying to get 
established. Once established, marsh vegetation is expected to prevent the establishment of invasive, 
noxious, and/or exotic plants.  

The USACE and the project non-Federal sponsor, the Sabine-Neches Navigation District (SNND) would 
manage the monitoring program. Information about plants colonizing the mitigation sites would be 
collected; however, past experience with marsh restoration in the area suggests soils at an appropriate 
elevation are naturally vegetated with typical marsh vegetation within a few years, and in many cases, 
planting is not required. The primary monitoring data for evaluating achievement of the ecological 
success criteria would be aerial photography collected according to procedures described by Steyer et al. 
(1995). Aerial photography of all five mitigation sites would be collected during the same data acquisition 
flight.  
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Table 3 
Mitigation Monitoring in Louisiana for the 

Sabine-Neches Waterway Channel Improvement Project 

 Willow Bayou  Black Bayou West  Black Bayou East 
 LA 2-18B LA 2-ADD B  LA 3-10R  LA 3-15B LA 3-18B 

Ecological Success Criteria        
Placed material will be 60–80% vegetated 
with native, typical, emergent marsh 5 
years after placement of material 

176 ac vegetated 
emergent marsh 

305 ac vegetated 
emergent marsh 

 92 ac marsh after 1st maintenance 
dredging, 185 ac marsh after 2nd 
maintenance dredging, 277 ac marsh 
after 3rd maintenance dredging, 370 
ac marsh after 4th dredging cycle, 462 
ac marsh after 5th dredging cycle, and 
554 ac marsh after 6th dredging cycle  

 478 ac vegetated 
emergent marsh 

435 ac vegetated 
emergent marsh 

Marsh remains intact and 60–80% 
vegetated with native, typical, emergent 
marsh through 50-year period of analysis 

176 ac vegetated 
emergent marsh 

305 ac vegetated 
emergent marsh 

 554 ac vegetated emergent marsh  478 ac vegetated 
emergent marsh 

435 ac vegetated 
emergent marsh 

Invasive, noxious, and/or exotic plants 
comprise less than 4% of marsh cover at 
yr 2 and yr 5 after each placement 

Less than 7 ac 
with undesirable 
plants 

Less than 12 ac 
with undesirable 
plants 

 Less than 22 ac with undesirable 
plants after the final dredging cycle 

 Less than 19 ac 
with undesirable 
plants 

Less than 17 ac 
with undesirable 
plants 

Monitoring Organization U.S. Army Corps of Engineers and Sabine-Neches Navigation District will share responsibility  
and cost consistent with the apportionment of O&M costs for the project 

Cost and Periodicity        
Field survey of vegetation using Braun-
Blanquet method and marsh elevation 

2 years after material placement and 5 
years after material placement. Total 
cost in constant dollars (4.375% 
interest rate) for each mitigation area is 
approximately $9,400. 

 2 yearrs after first dredging cycle 
placement and for 5 more cycles 
beginning 7 years after first dredging 
cycle. Total cost in constant dollars 
(4.375% interest rate) is approximately 
$23,000. 

 2 years after material placement and 5 
years after material placement. Total 
cost in constant dollars (4.375% 
interest rate) for each mitigation area is 
approximately $9,400. 

Aerial photography, collection and 
interpretation, and data analysis and 
reporting 

Aerial photography and data analysis and reporting 
(Yr 2, Yr 5, Yr 10, Yr 22, Yr 34, and Yr 46). 

Total cost in constant dollars is approximately $728,000 
Total Monitoring Estimated Cost over 

50 years 
(constant dollars, 

4.375% interest rate) 

$789,000 
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Table 3 
Mitigation Monitoring in Louisiana for the 

Sabine-Neches Waterway Channel Improvement Project 
(cont’d) 

Monitoring protocol (follow Steyer et al., 1995, Quality Management Plan for Coastal Wetlands Planning, Protection, and Restoration Act Monitoring Program), 
Frequency, and Duration 
Emergent marsh 
Monitor species composition and relative abundance using Braun-Blanquet method 2 yrs after placement of material and 5 yrs after placement of material. Monitor area of created 
emergent marsh using aerial photography at 2 yrs after placement of material, 5 yrs after placement of material, and every 12 yrs through Yr 46.  
Disposition of Information and Analysis 
Annually, the District Engineer will consult with State and Federal agencies regarding the status of mitigation efforts and prepare a report summarizing the results of the consultations 
and evaluating: ecological success of the mitigation to date, likelihood mitigation will achieve success defined in the mitigation plan, projected time line for achieving success, and 
recommendations for increasing the likelihood of success. Copies of this report will be provided to members of the consulting State and Federal agencies. 
Data collected will be georeferenced and stored in an electronic database. Aerial photography will be listed in the electronic database and digital copies will be provided to each of the 
consulting agencies, the Texas Natural Resource Information System (TNRIS), and Strategic Online Natural Resources Information System (SONRIS). Data will also be provided to the 
Coastal Wetlands Planning Protection and Restoration Act (CWPPRA) Regional Monitoring Database at the Louisiana Department of Natural Resources. 
Contingency Plan/Adaptive Management 
Emergent marsh 
ICT will review aerial photography and species diversity and relative abundance data collected by the Braun-Blanquet method 2 yrs after material placement. Past experience indicates 
that marsh soils at an appropriate elevation are relatively rapidly colonized by natural, emergent marsh vegetation in this area. Vegetation monitoring data will be reviewed to determine 
whether or not the rate of vegetation and extent of vegetation coverage is appropriate or if manual planting is needed. The ICT will determine if marsh planting is needed and if so, to 
what extent and in which areas. The data will also indicate if the percentage of noxious or exotic species is meeting the success criterion. If the percentage of these species exceeds 4 
percent of the marsh cover, the ICT will propose necessary actions to remove and manage those species. 
Aerial photography at 5 yrs following material placement will be analyzed to determine if the rate of emergent marsh growth has proceeded as expected. If the extent of vegetation cover 
is not within the expected percentage range, the ICT will evaluate whether or not some corrective action, such as additional planting, marsh shaping, etc. is needed. The 5-yr review will 
also indicate if the percentage of noxious or exotic species is meeting the success criterion. If the percentage of these species exceeds 4 percent of the marsh cover, the ICT will 
propose necessary actions to remove and manage those species. It is assumed that invasive or noxious species review will no longer be needed after marsh vegetation is fully 
established at yr 5. Aerial photography and ICT review to evaluate the extent of vegetative cover will be repeated in yrs 25, 35 and 45. 
Project Closure 
Mitigation and monitoring activities will cease and each project will be formally closed when it is determined that the desired acres of marsh have been maintained through the 50-yr 
period of analysis. The adaptive management process described is intended to allow periodic modifications of mitigation and monitoring in order to achieve the desired number of acres 
at the end of the project. The ICT will meet to evaluate data collected during the last aerial overflight and will provide a recommendation to the Division Commander in the last scheduled 
annual report to close the mitigation project. 



 

100011305/090198 13 

Beneficial Use Monitoring in the Neches River BU Feature 

Details of the monitoring plan for the BU sites in the Neches River BU Feature are described in Table 4. 
The ecological success criteria for these BU sites are the same as those for the mitigation sites in Willow 
and Black bayous. Ecological performance criteria for these BU sites are (1) each BU site contains 60 to 
80 percent emergent marsh, 5 years after material placement; (2) each BU site remains intact and 60 to 
80 percent vegetated with native, typical, emergent marsh through the 50-year period of analysis; and (3) 
invasive noxious, and/or exotic plant species comprise less than 4 percent of mitigation site marsh cover 
at year 2 and year 5 after each placement. The USACE and the SNND will manage the monitoring 
program for the first 10 years, and the SNND will assume responsibility for subsequent monitoring. The 
primary monitoring tool to evaluate achievement of ecological success criteria would be aerial 
photography. Photography of all BU sites in the area would be taken in each data acquisition flight. 
Invasive and noxious species would be identified by field surveys of species composition and relative 
abundance 2 and 5 years after placement of material.  

Beneficial Use Monitoring on the Gulf Shore 

Monitoring the Gulf Shore BU Feature is described in Table 5. Maintenance material for this project 
would be pumped along the nearshore zone at Texas and Louisiana Points with the expectation that some 
sediment will remain in the area and prevent the slight amount of shoreline erosion projected to occur 
because of the SNWW CIP. Some sediment deposited in the nearshore zone is expected to occasionally 
wash over the beach during high tide and storm events and nourish the marsh behind the beach. The 
objective of monitoring is to evaluate the success of the nearshore disposal in achieving the ecological 
success criterion of reducing shoreline erosion. Monitoring will be undertaken every 3 years beginning 
with the first placement, and will continue for two full 6-year cycles at each point, ending in year 13. 
Aerial photography would measure the position of the shorelines at Texas and Louisiana Points every 3 
years beginning in the first year of placement and ending in year 13 year. It is anticipated that periodic 
monitoring over 13 years will be sufficient to document the behavior and movement of the dredged 
material in the littoral zone, and its affect on shoreline erosion. 

Monitoring Cost Estimates 

Cost estimates may change as detailed monitoring plans are designed and monitoring dates identified. For 
field measurements of vegetation (Braun-Blanquet method) and marsh elevation, cost estimates are based 
on two biologists spending a day in the field at each mitigation site or BU feature for each monitoring 
event. Costs are typically slightly higher for field surveys in later years. The cost of aerial photography 
includes acquisition, georeferencing, compiling photo-mosaics, and analysis and is estimated at 
$17,000/square kilometer (about 220 acres) based on information provided by Darryl Clark, USFWS-
Louisiana (personal communication, 2009). Cost estimates include the cost of data management and 
distribution for the field data and aerial photography collected. Estimated costs also include costs for 
preparation of reports summarizing data for presentation to the Division Commander. 
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Table 4 
Monitoring the Neches River Beneficial Use Feature 

for the Sabine-Neches Waterway Channel Improvement Project 

 Rose City East Bessie Heights East Old River Cove 
Ecological Success Criteria    
Placed material will be 60–80% 
vegetated with native, typical, 
emergent marsh 5 years after 
placement of material 

158 ac emergent marsh 
after one dredging cycle 

1,308 ac emergent marsh 
after 28 years and seven 
maintenance dredging 
cycles 

447 ac emergent marsh 

Marsh remains intact and 60–80% 
vegetated with native, typical, 
emergent marsh at end of project, 50 
years  

242 ac emergent marsh 1,308 ac emergent marsh 447 ac emergent marsh 

Invasive, noxious, and/or exotic 
plants comprise less than 4% of 
marsh cover 

Less than 6 ac with 
undesirable plants after the 
final dredging cycle 

Less than 52 ac with 
undesirable plants after the 
final dredging cycle 

Less than 18 ac with 
undesirable plants 

Placed material elevation  Maximum optimal elevation (as determined by preconstruction surveys 
in consultation with ICT) 1 year after placement of material. 

Monitoring Organization USACE for 1st 10 years; SNND for monitoring after 
Yr 10 through 50-year period of analysis 

Cost and Periodicity    
Field survey of vegetation using 
Braun-Blanquet method and marsh 
elevation 

2 years after new work and 
maintenance material 
placement and 5 years after 
material placement. Total 
cost in constant dollars 
(4.375% interest rate) is 
approximately $38,000. 

2 years after first dredging 
cycle placement and 4 
years after material 
placement. 2 yrs after each 
maintenance cycle (five 
more maintenance cycles). 
Total cost in constant 
dollars (4.375% interest 
rate) is approximately 
$53,000.  

$42,650 2 years after 
material placement and 5 
years after material 
placement. Total cost in 
constant dollars (4.375% 
interest rate) is 
approximately $33,000.  

Aerial photography, collection and 
interpretation, and data analysis and 
reporting 

Aerial photography and data analysis and reporting  
(Yr 2, Yr 5, Yr 9, Yr 15, Yr 20, Yr 24, Yr 28, Yr 32, and Yr 46) 

Total cost in constant dollars is approximately $736,000. 
Total Estimated Monitoring Cost, 
over 50 years (constant dollars,  

4.375% interest rate) 

$860,000 
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Table 4 
Monitoring the Neches River Beneficial Use Feature for the 
Sabine-Neches Waterway Channel Improvement Project 

(cont’d) 

Monitoring protocol (follow Steyer et al., 1995, Quality Management Plan for Coastal Wetlands Planning, Protection, and 
Restoration Act Monitoring Program), Frequency, and Duration 
Emergent marsh 
Monitor species composition and relative abundance using Braun-Blanquet method 2 yrs after placement of material and 5 yrs after 
placement of material. 
Monitor area of created emergent marsh using aerial photography at 2 yrs after placement of material, 5 yrs after placement of 
material, and every 12 years through Yr 45.  
Disposition of Information and Analysis 
Annually, the District Engineer will consult with State and Federal agencies regarding the status of marsh restoration efforts and 
prepare a report summarizing the results of the consultations and evaluating: ecological success of the marsh restoration to date, 
likelihood marsh restoration will achieve success defined in the beneficial use plan, projected time line for achieving success, and 
recommendations for increasing the likelihood of success. Copies of this report will be provided to members of the consulting State 
and Federal agencies. 
Data collected will be georeferenced and stored in an electronic database. Aerial photography will be listed in the an electronic 
database and digital copies will be provided to each of the consulting agencies, the Texas Natural Resource Information System 
(TNRIS), and Strategic Online Natural Resources Information System (SONRIS). Data will also be provided to the CWPPRA Regional 
Monitoring Database at the Louisiana Department of Natural Resources. 
Contingency Plan/Adaptive Management 
Emergent Marsh 
ICT will review aerial photography and species diversity and relative abundance data collected by the Braun-Blanquet method 2 yrs 
after material placement. Past experience indicates that marsh soils at an appropriate elevation are relatively rapidly colonized by 
natural, emergent marsh vegetation in this area. Vegetation monitoring data will be reviewed to determine whether or not the rate of 
vegetation and extent of vegetation coverage is appropriate or if additional planting is needed. The ICT will determine if marsh 
planting is needed and if so, to what extent and in which areas. The data will also indicate if the percentage of noxious or exotic 
species is meeting the success criterion. If the percentage of these species exceeds 4 percent of the marsh cover, the ICT will 
propose necessary actions to remove and manage those species. 
Aerial photography at 5 yrs following material placement will be analyzed to determine if the rate of emergent marsh growth has 
proceeded as expected. If the extent of vegetation cover is not within the expected percentage range, the ICT will evaluate whether or 
not some corrective action, such as additional planting, marsh shaping, etc., is needed. The 5-year review will also indicate if the 
percentage of noxious or exotic species is meeting the success criterion. If the percentage of these species exceeds 4 percent of the 
marsh cover, the ICT will propose necessary actions to remove and manage those species. It is assumed that invasive or noxious 
species review will no longer be needed after marsh vegetation is fully established at year 5. Aerial photography and ICT review to 
evaluate the extent of vegetative cover will be repeated in yrs 25, 35 and 45. 
Project Closure 
Monitoring activities will cease and each project will be formally closed when it is determined that the desired acres of marsh have 
been maintained through the 50-year period of analysis. The adaptive management process described is intended to allow periodic 
modifications in order to achieve the desired number of acres at the end of the project and ensure amounts of unwanted vegetation 
are minimized. The ICT will meet to evaluate data collected during the last aerial overflight and will provide a recommendation to the 
Division Commander in the last scheduled annual report to close monitoring of the beneficial use features. 
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Table 5 
Monitoring Beneficial Use Sites on the Gulf Shoreline in Texas and Louisiana 

for the Sabine-Neches Waterway Channel Improvement Project 

 Texas Point Louisiana Point 
Ecological Success Criteria   
Shoreline erosion rate is decreased or shoreline accretion rate is 
increased 

After two disposal events (12 years), shoreline erosion rate 
averages less than 44 ft/yr (1,150 ft of erosion between 1974 and 
2000 [Morang, 2006; King, 2007])  

After two disposal events (12 years), shoreline accretion rate 
averages more than 1.2 ft/yr (USACE, 2004) 

Monitoring Organization USACE for 1st 10 years; Sabine-Neches Navigation District for 
monitoring after Yr 10 through 50-year period of analysis 

Cost and Periodicity   
Aerial photography, collection and interpretation, and data analysis, and 
reporting 

Yr 1, Yr 4, Yr 7, Yr 10, and Yr 13 after project start; total cost in constant dollars is approximately $294,000 

Total Estimated Monitoring Cost, over 13 Years 
(constant dollars, 4.375% interest rate) 

$294,000 

 
Monitoring Protocol (follow Steyer et al., 1995, Quality Management Plan for Coastal Wetlands Planning, Protection, and Restoration Act Monitoring Program), 
Frequency, and Duration 
Shoreline Change Rate 
Calculate shoreline erosion or accretion between the shoreline identified in the Yr 1 baseline photo and each subsequent set of aerial photography (yrs 4, 7, 10, and 13). The ICT will identify specific 
protocols for making that calculation since Steyer et al. (1995) do not identify a specific protocol for this purpose. 

Disposition of Information and Analysis 
Annually, the District Engineer will consult with State and Federal agencies regarding the status of shoreline and marsh elevation changes and prepare a report summarizing the results of the 
consultations and evaluating: ecological success of the disposal activities to date, likelihood disposal activities will achieve success defined in the beneficial use plan, projected time line for achieving 
success, and recommendations for increasing the likelihood of success. Copies of this report will be provided to members of the consulting State and Federal agencies. 
Data collected will be georeferenced and stored in a Microsoft Access database. Aerial photography will be listed in the Microsoft Access database and digital copies will be provided to each of the 
consulting agencies, the TNRIS, and SONRIS. Data will also be provided to the CWPPRA Regional Monitoring Database at the Louisiana Department of Natural Resources. 

Contingency Plan/Adaptive Management 
Shoreline Erosion/Accretion Rate 
ICT will review aerial photography and calculate the shoreline erosion/accretion rate along the Gulf shoreline. The Texas and Louisiana Gulf shorelines for 3 miles on each side of the Sabine Pass 
jetties will be analyzed for each overflight to understand the rate and locations of change in shoreline features. The ICT will determine if modifications should be made to the disposal process in order 
to ensure the success criteria are met.  
Aerial photography at 5 yrs following material placement will be analyzed to determine if the rate of emergent marsh growth is proceeding as expected. If the rate of emergent marsh creation is not 
proceeding as expected, the ICT will evaluate whether or not there is a need for additional data collection. If there is no need for additional data collection, the ICT will evaluate whether or not some 
corrective action, such as additional planting, marsh shaping, etc., is needed.  This review process will occur after aerial photography is collected every 10th year through the SNWW CIP project life. 

Project Closure 
Monitoring activities will cease when it is determined that the dredged material disposal pattern is achieving the goal of decreasing the rate of shoreline erosion. The adaptive management process 
described is intended to allow modifications of disposal activities and monitoring every 3 yrs for the first 12 yrs of the project. The ICT will meet to evaluate data collected during the last aerial overflight 
and the last marsh elevation study and will provide a recommendation to the Division Commander in the last scheduled annual report to close the mitigation project. 
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Contingency Plan/Adaptive Management  

The following contingency plan has been developed to guide corrective actions where monitoring 
demonstrates that mitigation measures and BU features are not achieving ecological success as measured 
by the success criteria. In this region, past experience indicates that marsh soils at an appropriate elevation 
are rapidly colonized by natural, emergent marsh vegetation. However, if monitoring determines that the 
extent of vegetation coverage does not meet ecological success criteria, manual planting would be 
employed to restore the requisite acres of emergent marsh at the times specified in tables 3 and 4. The 
ICT would determine if marsh planting is needed and if so, to what extent and in which areas. The ICT 
would also determine if noxious or exotic species are exceeding the percentage of marsh cover specified 
by criterion 3, and if so, propose necessary actions to remove and control the spread of those species. The 
likelihood of the need for corrective actions is considered to be low, because sufficient elevation would be 
provided by initial construction, and vegetation by typical marsh plants is typically easily achieved. The 
likelihood for the need to control invasives beyond the first 5 years is considered low for the Louisiana 
sites because undesirable plant species are generally not an issue in these marshes as long as the 
appropriate elevation is attained. The need for invasives control for the Texas BU sites is considered 
unlikely because invasives removal programs are typically only needed during the first 5 years of marsh 
establishment. Corrective actions for the Gulf Shore BU Feature are expected to be minimal. Any 
recommended modifications to pipe placement and construction techniques identified by the ICT after the 
first placement episode in each state would be applied in subsequent placement cycles.  

SUMMARY 

Ecological success criteria for the SNWW CIP focus on the creation and restoration of emergent marsh 
and reduced Gulf shoreline erosion. Achievement of these criteria is expected to be maintained for the 50-
year period of analysis. Monitoring focuses on the collection of data, particularly aerial photography that 
allows the area of emergent marsh created in each of the Louisiana mitigation sites and the Neches River 
BU Feature to be determined. Aerial photography will also be utilized to monitor changes in the Gulf 
shoreline at the Gulf Shore BU sites. 

The total estimated cost (constant dollars, 4.375 percent interest rate) for monitoring all mitigation and 
BU sites is $1,943,000 including $789,000 to monitor mitigation sites in Louisiana, $860,000 to monitor 
the Neches River BU Feature, and $294,000 to monitor the Gulf Shore BU sites. These cost estimates 
include field sampling, aerial photography, data management and analysis, and report preparation. 

Monitoring will be conducted primarily according to Steyer et al. (1995) and provided to the Texas 
Natural Resource Information System, Strategic Online Natural Resources Information System in 
Louisiana, and the Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA) Regional 
Monitoring Database at the Louisiana Department of Natural Resources. Analysis of data collected will 
be reviewed by the ICT and provided to the USACE Division Commander annually. This analysis will 
include recommendations for changes in mitigation and/or beneficial use methodology necessary to 
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achieve the ecological success criteria. Recommendations will also be made for necessary modifications 
to monitoring plans. 
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