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Abstract 
 

Final 
Environmental Impact Statement 

 
Improvements to the Cedar Bayou Navigation Channel near Baytown in  

Harris and Chambers Counties, Texas 

The responsible lead agency is the U.S. Army Corps of Engineers, Galveston District (USACE).  The 
local sponsor is the Chambers County-Cedar Bayou Navigation District (CCCBND). 

Abstract:  This Final Environmental Impact Statement (FEIS) was prepared as required by the National 
Environmental Policy Act (NEPA) to present information regarding the potential impacts of proposed 
improvements to the Cedar Bayou Navigation Channel (CBNC).  The proposed project is located in 
Cedar Bayou, from approximately Mile 3 to State Highway (SH) 146 (Mile 11), near the City of Baytown 
in Chambers and Harris Counties, Texas.  The purpose of the project is to improve the efficiency, safety, 
and reliability of navigation along the CBNC while protecting the quality of the area’s natural resources.  
Navigation on Cedar Bayou is currently constrained by relatively narrow and shallow channel conditions, 
as well as extreme curvature of bends in the upper portion of the channel, which restrict maneuverability 
along the channel.  Future expansion of existing industries and development of new industries along the 
bayou are expected.  These developments will result in the need for more barges transiting the CBNC to 
support the industries, regardless of whether the CBNC is improved.  If the channel is not improved, the 
increased barge traffic is projected to create congestion and costly delays.  Several alternatives for both 
the improvement of the CBNC and the management of dredged material were evaluated from the Houston 
Ship Channel to SH 146.  Based on the environmental impacts, engineering feasibility, and economic 
considerations, the recommended plan would dredge the CBNC to 10 feet deep and 100 feet wide (bottom 
width) from Mile 3 to SH 146; provide a 200-foot wide and 1,300-foot long passing zone located 
downstream of SH 99, at Mile 6; dredge a cutoff channel to bypass the existing Devil’s Elbow section of 
the CBNC; ease two bends that would require dredging outside the existing banks of Cedar Bayou; and 
provide for the management of dredged material over the 50-year life of the project.  The FEIS addresses 
the direct, indirect, and cumulative impacts of the recommended plan on human and environmental 
issues, including the following: water and sediment quality; habitat types; finfish and shellfish resources; 
wildlife resources; cultural resources; air quality; noise; hazardous, toxic, and radioactive wastes; 
socioeconomic issues; flooding; bank erosion; and prime farmlands. 
 

THE OFFICIAL CLOSING DATE FOR THE 
RECEIPT OF COMMENTS IS 30 DAYS FROM 
THE DATE ON WHICH THE NOTICE OF 
AVAILABILITY OF THIS FINAL EIS APPEARS 
IN THE FEDERAL REGISTER. 

For further information on this EIS, please contact: 
Dr. Terry Roberts 
U.S. Army Engineer District, Galveston 
P.O. Box 1229 
Galveston, Texas 77553-1229 
Commercial telephone: 409/766-3035 
terrell.w.roberts@swg02.usace.army.mil 

 
Note: Copies of the EIS can be obtained from Dr. Roberts, and the EIS can be viewed on the Galveston 
District web page: http://www.swg.usace.army.mil/ 
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EXECUTIVE SUMMARY 

ES.1 DESCRIPTION 

This Final Environmental Impact Statement (FEIS) was prepared in support of a feasibility study titled 
“Cedar Bayou Navigation Channel Improvements, Feasibility Study and Environmental Impact 
Statement,” which was conducted for proposed improvements to the Cedar Bayou Navigation Channel 
(CBNC) located in Chambers and Harris Counties, Texas.  Cedar Bayou is a natural stream that becomes 
navigable to commercial barge traffic at State Highway (SH) 146 in the City of Baytown.  From SH 146, 
the navigation channel follows Cedar Bayou along the east edge of the urbanized portion of Baytown to 
its confluence with Galveston Bay, then turns westward and traverses Upper Galveston Bay and Tabbs 
Bay to the Houston Ship Channel (HSC).  The CBNC is used to transport commodities to and from 
several industries located along Cedar Bayou.  Currently, the portion of the CBNC from the HSC to 
Mile 3 of Cedar Bayou is maintained by the U.S. Army Corps of Engineers (USACE) to a depth of 
10 feet and a bottom width of 100 feet.  The portion of the navigation channel above Mile 3 has not been 
improved and is not maintained.  Navigation in the upper portion of the channel is constrained by 
relatively narrow and shallow channel conditions as well as extreme curvature of bends, which restrict 
maneuverability along the channel.  The CBNC above Mile 3 currently ranges from 8 to 10 feet deep and 
40 to 170 feet wide.  These problems are expected to be amplified by future development of industry in 
the area and the projected need for additional barge traffic to support those industries.   

The Chambers County−Cedar Bayou Navigation District (CCCBND), which was created in 1997 to 
improve the navigability of Cedar Bayou, is the Non-Federal sponsor for the project and initiated the 
feasibility study for the proposed improvements.  As the Non-Federal sponsor, the CCCBND would cost-
share in further design and construction of the project.  The 2000 Water Resources Development Act 
(WRDA) limits improvements to the CBNC to dimensions of 12 feet deep and 125 feet wide from the 
HSC to SH 146. 

Through a planning process that included a review of the problems and needs regarding the CBNC, 
information collected through public meetings and agency reviews, user requirements and preferences, 
engineering considerations, and study of the project area, an alternatives analysis was conducted for the 
proposed improvements.  The analysis resulted in the selection of a Locally Preferred Plan (LPP) that 
includes: 

• Dredging the CBNC from Mile 3 to SH 146 to dimensions of 10 feet deep and 100 feet wide to match 
the dimensions of the currently maintained channel 

• Dredging a passing lane near Mile 6 that would be 200 feet wide and 1,300 feet long 

• Excavating approximately 3,200 feet of new channel to bypass a tight series of bends known as 
Devil’s Elbow (Devil’s Elbow Cutoff) 

• Easing two bends, which would require dredging outside the banks of Cedar Bayou 

• Placing dredged material in one shallow lake (Ijams Lake) and two upland placement areas 
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• Maintaining the improved channel every 10 years for 50 years 

• The LPP currently includes armoring banks to prevent erosion along both upland banks of the Devil’s 
Elbow Cutoff and along the proposed western levee of the Ijams Lake Placement Area. 

• The LPP currently provides for on-site, in-kind compensatory mitigation for impacts to estuarine 
marsh and upland habitats in the form of 15.0 acres of estuarine marsh creation and the preservation of 
157.5 acres of upland habitats within the Cedar Bayou project area.  Besides the proposed mitigation, 
65.1 additonal acres of estuarine marsh would be created using dredged material. 

Figure ES.1 illustrates the components of the LPP.  This plan would increase the safety, efficiency, and 
reliability of the CBNC between the project limits by reducing the distance of channel that would be 
traversed, eliminating the tight Devil’s Elbow bends, and providing a designated passing lane that would 
allow two barges to pass within the channel.  Under the LPP, the proposed improvements would occur 
within the banks of Cedar Bayou, with the exception of the Devil’s Elbow Cutoff and two bend easings.  
The existing Devil’s Elbow channel would not be dredged as part of this project. 

To determine the effects of the proposed improvements to the human and natural environments, several 
primary concerns were addressed.  These include: 

• Water Quality • Noise 
• Sediment Quality • Hazardous, Toxic, and Radioactive Wastes 
• Habitat Types • Socioeconomic Issues 
• Finfish and Shellfish Resources • Flooding 
• Wildlife Resources • Bank Erosion 
• Cultural Resources • Prime Farmlands 
• Air Quality  
 
The following sections summarize the anticipated effects of the proposed project to each issue.  The No-
action Alternative would have minimal effects on the environment because no improvements would be 
made.  Impacts under this alternative would be limited to effects associated with the maintenance 
dredging of the Lower Channel near Mile 3 and placement of dredged material within an existing 
placement area located at Mile 5 of Cedar Bayou.  In addition, potential effects of increased barge traffic 
on the CBNC are similar for the No-action Alternative and the LPP because traffic is projected to increase 
regardless of whether improvements are made.  Therefore, Sections ES.2 through ES.17 focus on the 
effects of the LPP.  Section ES.18 summarizes the mitigation proposed for the project, and Sections 
ES.19 and ES.20 discuss the project’s consistency with state and federal regulations and public 
involvement that has occurred. 

ES.2 WATER QUALITY 

Water quality in the area is affected by freshwater inflow into Cedar Bayou and tidal exchange between 
Cedar Bayou and Galveston Bay, changes in salinity, and water chemistry and toxicity.  The most 
apparent impact of the proposed project to the water quality in Cedar Bayou and Upper Galveston Bay is 
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Figure ES.1  Locally Preferred Plan (LPP) 
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turbidity associated with initial and maintenance dredging and placement activities.  Both the No-action 
Alternative and the proposed project would increase turbidity in some portion of the project, but the 
LPP’s effects would be over a broader area, extending from below Ijams Lake to SH 146.  Increases in 
turbidity are expected to be temporary, with ambient conditions expected to return soon after dredging 
and dewatering activities are completed.  The proposed action is not expected to affect water inflow into 
Cedar Bayou or tidal exchange with Galveston Bay, nor is it expected to change the salinity of the water 
in the area.  Although dioxins have been recorded in the water column and sediments, and certain metals 
and organics have been detected in sediments within Cedar Bayou, these contaminants are present at 
sufficiently low concentrations such that they are not anticipated to adversely affect water quality at the 
point of dredging or effluent discharge.  No long-term effects on water quality are expected as a result of 
the proposed action. 

ES.3 SEDIMENT QUALITY 

Sediment quality in the lower portion of the CBNC has not been an issue for dredging activities in that 
portion of the channel.  Recent testing of sediments within Cedar Bayou has documented the presence of 
certain metals and organics, as well as dioxins, at slightly elevated levels at some locations within the 
channel.  Sampling at one site (Site 6 near Mile 3) showed high levels of lead; however, further testing of 
the sediments in this location did not confirm this level.  The proposed project would improve the quality 
of sediments in Cedar Bayou by removing these sediments and confining them in upland placement areas.  
The proposed project would result in a split-flow condition at Devil’s Elbow by excavating a new channel 
to bypass the tight series of bends.  Under this condition, the majority of the flow and sediment load 
would travel through the Devil’s Elbow Cutoff.  Since the existing Devil’s Elbow channel would not be 
dredged as a result of this project, it is expected to partially silt in over the life of the project, potentially 
providing a long-term benefit to fisheries habitat and recreational fishing as this reach converts to 
shallow-water habitat. 

ES.4 HABITAT TYPES 

The LPP would temporarily impact 128 acres of open water habitat in the CBNC and would permanently 
remove 3.8 acres of estuarine marsh.  In addition, the LPP would convert 80.1 acres of shallow open 
water in Ijams Lake into estuarine marsh using dredged material, thereby producing a net increase in the 
acreage of marsh in the project area.  Part of this marsh (15.0 acres) is considered mitigation for the 3.8 
acres of estuarine marsh that would be directly impacted by the project.  The remaining portion of the 
created marsh (65.1 acres) would be created as part of the least-cost plan for the management of dredged 
material. 

Although the proposed project was designed to minimize impacts to the quantity and quality of upland 
habitats, impacts to some upland habitats were considered unavoidable.  As a result of the LPP, 
approximately 131.8 acres of upland habitats would be impacted by the Devil’s Elbow Cutoff, two bend 
easings, and two upland placement areas.  These impacts include 5.5 acres of native hardwoods, 5.9 acres 
of tallow-dominated woodlands, 64.0 acres of scrub/shrub, and 56.4 acres of improved pasture.  Because 
these upland habitats are important to a variety of wildlife in the area, especially a diverse group of 
migratory birds that utilize the region during migration, compensatory mitigation is proposed for impacts 
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to these habitats.  The mitigation includes preservation of four mitigation areas that total 157.5 acres, 
including approximately 51.8 acres of native hardwoods, 32.4 acres of tallow-dominated hardwoods, 16.0 
acres of scrub/shrub, 28.4 acres of improved pasture, and 28.9 acres of estuarine marsh. 

ES.5 FINFISH AND SHELLFISH RESOURCES   

The effects to finfish and shellfish resources as a result of the LPP include potential mortality, increased 
turbidity during dredging and placement operations, dredging and covering of benthic organisms that 
serve as prey for finfish, and potential for contaminant spills during dredging and placement operations.  
These effects are expected to be minor and/or temporary and are not expected to affect regional 
populations of finfish or shellfish.  Implementation of the LPP is also not expected to affect recreational 
or commercial fisheries other than temporary effects during dredging activities.  Although essential fish 
habitat for managed species would be affected, the project is expected to have an overall increase in 
productivity and diversity of aquatic habitats in the area by converting 80.1 acres of shallow open water 
into estuarine marsh using dredged material. 

ES.6 WILDLIFE RESOURCES 

Under the LPP, impacts to terrestrial wildlife include long-term effects of converting upland habitats to 
navigation channel and upland placement areas and short-term effects of physical disturbance from noise 
and construction activities.  Impacts to upland habitats used by wildlife species will be mitigated by 
preservation of similar habitats. 

Coordination with the U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service 
(NMFS) has indicated that no known threatened and endangered species occur in the project area 
(Section 1 of Appendix A).  No federally listed threatened or endangered species are expected to be 
impacted by the proposed improvements to the CBNC. 

ES.7 CULTURAL RESOURCES 

A reconnaissance survey of the Cedar Bayou area and archival research indicate that potentially 
significant cultural resources or sites are present in the project area and unknown resources may be 
present.  Three previously recorded archeological sites (41CH58, 41CH215, and 41CH216) that are 
within the Cedar Bayou National Register Archeological District (CBAD) may be impacted by the LPP.  
The CCCBND, the State Historic Preservation Officer (SHPO), and the USACE consulted and have 
developed a Programmatic Agreement (Appendix B) to address the individual significance of and 
potential impacts to these four sites, as well as to guide further survey, archival research, site evaluation, 
and potential site mitigation for all historic properties impacted by the LPP. 

ES.8 AIR QUALITY 

Since the proposed project is located within the Houston-Galveston Air Quality Region, which is 
considered in severe nonattainment for the 1-hour ozone (O3) standard, the projected emissions of 
nitrogen oxides (NOx) and volatile organic carbons (VOCs) were estimated and compared to the budget 
allowances in the region’s State Implementation Plan (SIP).  Under the SIP, if a project increases 
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emissions of NOx or VOCs by more than 25 tons per year (tpy) or increases emissions by more than 10 
percent of the region’s emissions, then a General Conformity Determination would be required. 

Maximum projected increases in NOx and VOCs as a result of the dredging activities and the management 
of dredged material are 22.5 tpy of NOx and 0.310 tpy of VOCs, which would compose less than 1 
percent of the area’s emissions for these pollutants.  Therefore, the proposed project is in compliance with 
the area’s SIP and does not require a General Conformity Determination. 

ES.9 NOISE 

The closest noise-sensitive receptors to the proposed action include residences along the Harris County 
bank of Cedar Bayou (approximately 75 feet minimum distance from the LPP dredge limits), Roseland 
Park (approximately 75 feet), and Cedar Bayou United Methodist Church (approximately 400 feet).  
During dredging activities associated with the LPP near the receptors, noise levels at these receptors 
would be approximately 77 dBA, 77 dBA, and 62 dBA, respectively.  These noise levels, however, would 
be short-term (several days at any given receptor), temporary, and would occur only every 10 years.  
Therefore, the proposed project is not expected to result in any long-term or permanent noise 
disturbances.  Noise from increased barge traffic is expected to increase slightly in frequency under both 
the No-action Alternative and the LPP because barge traffic in the CBNC is expected to increase similarly 
under both alternatives. 

ES.10 HAZARDOUS, TOXIC, AND RADIOACTIVE WASTES 

The LPP was designed to avoid excavation within a closed City of Baytown landfill that is presently 
exposed in the banks of the bayou near SH 146.  No HTRW sites are expected to be affected by the 
proposed improvements to the CBNC.  Currently, seven pipelines are expected to require deepening to 
accommodate the increased depth of the CBNC in the project area. 

ES.11 SOCIOECONOMIC ISSUES 

Under the LPP, dredging activities near residential areas would occur within the existing banks of Cedar 
Bayou.  Changes to the banks of the stream would be limited to two bend easings at the northern end of 
the project and the Devil’s Elbow Cutoff toward the southern end.  Land use adjacent to the bend easings 
includes municipal (wastewater treatment facilities) and industrial uses.  Land use at the Devil’s Elbow 
Cutoff is unpopulated pasture.  Dredged material placement areas are located in unpopulated portions of 
the eastern bank of Cedar Bayou.  Commercial and recreational traffic along the bayou is not expected to 
increase as a result of the proposed project, although some increase is projected with or without the 
project.  Based on this information, and since no displacement or relocations of any residents are 
proposed, socioeconomic impacts are expected to be minimal. 

ES.12 FLOODING  

An analysis of flooding conditions under the LPP indicates that the LPP would reduce the acreage of 
flooding by 618 acres for the 100-year design storm event.  The increased depth and width of the CBNC 
would increase the conveyance for storm water drainage and improve flood flow along the bayou.  The 
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reduction in flooded acreage would occur primarily on the Chambers County side of the bayou.  In 
addition to reducing the area of flooded properties, the proposed improvements and the analysis of the 
LPP meet objectives described in the Baytown Comprehensive Plan Update.  The anticipated reduction in 
100-year floodplains is not expected to significantly affect wetlands or other important habitats (i.e., 
bottomland hardwoods).  Wetlands rely on more frequent flooding events to survive, and the region 
receives a large amount of rainfall (typically 50 to 60 inches each year), which provides surface water to 
low-lying areas that may support wetlands and bottomland hardwoods. 

ES.13 BANK EROSION 

An analysis of the potential impacts to bank erosion along Cedar Bayou as a result of the LPP indicated 
that the combined effects of waves and drawdown in the CBNC, which affect bank erosion, are 
approximately the same for the No-action Alternative and the LPP.  Therefore, the proposed project is not 
expected to increase erosion along the CBNC.  Currently, the LPP provides for armoring of banks within 
the proposed Devil’s Elbow Cutoff.  Some armoring would also be used along the Ijams Lake Placement 
Area to protect the site during the creation and establishment of estuarine marsh.  Further refinement and 
analysis of bank protection would occur during the design phase of the project. 

ES.14 PRIME FARMLANDS 

Prime Farmland soils that would be impacted by the LPP include Lake Charles clay, 0 to 1 percent slopes 
and 1 to 5 percent slopes.  Approximately 127 acres of area containing these soils would be impacted or 
made inaccessible by land (Devil’s Elbow Island).  These impacts have been coordinated with the NRCS 
and do not require further consideration (Section 1 of Appendix A). 

ES.15 CUMULATIVE IMPACTS 

Cumulative impacts of the proposed project on those issues listed in Sections ES.2 through ES.14 were 
evaluated in relation to other past, present, and future actions in the project vicinity, including ongoing 
navigation projects, the proposed Grand Parkway transportation project, and ongoing development of the 
Cedar Crossing Industrial Park and other areas.  The most obvious cumulative impacts the project would 
have include the additional area needed for placement of dredged material associated with navigation 
projects and the loss of estuarine marsh and native hardwoods.  The proposed improvements would have 
positive cumulative effects related to the increased efficiency of navigation in the CBNC, a net increase in 
estuarine marsh along Cedar Bayou due to creation of marsh using dredged material, and the preservation 
of native hardwoods along Cedar Bayou. 

ES.16 UNRESOLVED ISSUES AND UNAVOIDABLE ADVERSE ENVIRONMENTAL 
IMPACTS 

Issues that remain unresolved include the need for additional archeological survey for the project to 
determine the potential impact of the proposed project on cultural resources in the area.   A Programmatic 
Agreement regarding compliance with Section 106 of the NHPA has been prepared and is included in 
Appendix B of this FEIS. 
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Unavoidable impacts associated with the proposed project include the conversion of 3.8 acres of estuarine 
marsh to open water; permanent impacts to approximately 131.8 acres of upland habitats, including 5.5 
acres of native hardwoods; and impacts to aquatic communities, including plankton, benthos, and nekton.  
The impacts to estuarine marsh and upland habitats would be mitigated, and the aquatic communities are 
expected to re-establish between dredging cycles and after the project is completed. 

ES.17 IRREVERSIBLE/IRRETRIEVABLE COMMITMENTS OF RESOURCES, SHORT-
TERM USES VERSUS LONG-TERM PRODUCTIVITY, AND ENERGY AND 
NATURAL OR DEPLETABLE RESOURCE REQUIREMENTS 

The proposed project includes irreversible or irretrievable commitments of resources such as labor, 
capital, and materials that have been and will be expended during the planning and construction of the 
project. 

The project would require a short-term loss in productivity of Ijams Lake during placement of dredged 
material and subsequent construction of estuarine marsh.  However, the long-term productivity of Ijams 
Lake would be enhanced after the created marsh is established. 

The proposed project would require additional use of energy and depletable resources (fuel) to construct 
and maintain the upper portion of the CBNC.  Additionally, increases in barge traffic on the CBNC will 
require more fuel expenditures, although the proposed improvements would reduce these expenditures 
over the No-Action Alternative by creating a more efficient navigation channel. 

ES.18 MITIGATION 

The proposed project would provide for compensatory mitigation for impacts to estuarine marsh and 
upland habitats and would create estuarine marsh in addition to that proposed for mitigation.  The 
mitigation for estuarine marsh would consist of the creation of 15.0 acres of marsh within the Ijams Lake 
Placement Area.  Besides the mitigation marsh, an additional 65.1 acres of marsh would be created in 
Ijams Lake using dredged material.  Impacts to upland habitats would be compensated for by the 
preservation of 157.5 acres of habitats within four mitigation areas.  Habitats in these areas include 51.8 
acres of native hardwoods, 32.4 acres of tallow-dominated hardwoods, 16.0 acres of scrub/shrub, 28.4 
acres of improved pasture, and 28.9 acres of primarily high salt marsh.  The mitigation plans have been 
coordinated with and generally accepted by the appropriate resource agencies.  Letters from the agencies 
are provided in Section 1 of Appendix A.  The USACE will share the costs of marsh creation in Ijams 
Lake as well as the native hardwood mitigation (51.8 acres).  The CCCBND will be entirely responsible 
for the remaining 105.7 acres of upland mitigation. 

ES.19 CONSISTENCY WITH STATE AND FEDERAL REGULATIONS 

The proposed improvements to the CBNC have been developed in accordance with the procedural 
provisions of National Environmental Protection Act (NEPA); the Council on Environmental Quality’s 
(CEQ) Regulations for implementing the Procedural Provisions of NEPA (40 CFR 1500); the USACE’s 
regulation ER 200-2-2, Environmental Quality: Policy and Procedures for Implementing NEPA (33 CFR 
230); and applicable environmental laws, regulations, and coordination requirements.  Sections 7.0 and 
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8.0 of the FEIS provide a summary of the project’s compliance with the state and federal environmental 
regulations.  

ES.20 PUBLIC INVOLVEMENT 

Public involvement that occurred during the development of the proposed improvements to the CBNC 
included public meetings, consultation with resource agencies, and public views and comments to the 
proposed improvements.  Public input was used to develop a project that would minimize impacts to the 
human and natural environments. 
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1.0 NEED FOR AND OBJECTIVES OF ACTION 

1.1 Introduction 

This Final Environmental Impact Statement (FEIS) was prepared in support of a feasibility study titled 
“Cedar Bayou Navigation Channel Improvements, Feasibility Study and Environmental Impact 
Statement,” which was conducted for proposed improvements to the Cedar Bayou Navigation Channel 
(CBNC) located in Chambers and Harris Counties, Texas.  Cedar Bayou is a natural stream that becomes 
navigable by commercial barge traffic at State Highway (SH) 146 in the City of Baytown.  From SH 146, 
the navigation channel follows Cedar Bayou along the east edge of the urbanized portion of Baytown to 
its confluence with Galveston Bay, then turns westward and traverses Upper Galveston Bay and Tabbs 
Bay to the Houston Ship Channel (HSC).  Figure 1.1 shows the location of the CBNC and the proposed 
improvements.  The CBNC is used for transporting commodities by several industries that have docks 
along Cedar Bayou.  It is also used for various recreational activities by residents of the City of Baytown 
and surrounding areas. 

The purpose of the proposed project is to improve the efficiency, safety, and reliability of navigation 
along the CBNC while protecting the quality of the area’s natural resources.  Navigation on Cedar Bayou 
is currently constrained by relatively narrow and shallow channel conditions, as well as extreme curvature 
of bends in the upper portion of the channel, which restrict maneuverability along the channel.  Future 
expansion of existing industries and development of new industries along the bayou are expected.  These 
developments will result in the need for more barges transiting the CBNC to support the industries, 
regardless of whether the CBNC is improved.  If the channel is not improved, the increased barge traffic 
is projected to create congestion and costly delays.  The proposed improvements discussed in this FEIS 
include deepening and widening the CBNC from Mile 3 to SH 146 (Mile 11), creating a designated 
passing zone along the channel, and excavating a new channel to bypass a tight series of bends known as 
Devil’s Elbow (see Figure 1.1).   

The purpose of this FEIS is to provide information concerning the need for the proposed improvements, 
discuss alternatives that were analyzed during the planning process, and document the environmental 
analysis that was conducted for this project.  Section 1.0 provides the authority for preparing this study, 
along with a description of the project area, the purpose and need for the project, and environmental 
issues that are addressed in this document.  Section 2.0 describes and compares alternatives that were 
evaluated during the planning process and identifies the preferred alternative.  Section 3.0 provides a 
detailed description of the recommended plan and the dredged material management plan (DMMP) for 
the project.  Section 4.0 describes the environmental setting in which the project is located and discusses 
existing conditions for environmental resources and concerns that were determined to be affected by the 
proposed project, and Section 5.0 discusses the impacts, including cumulative impacts, of the project on 
those resources.  Section 6.0 describes mitigation that is proposed as part of the project to offset 
environmental impacts.  Sections 7.0 and 8.0 describe how the project is consistent with state and federal 
regulations, and Section 9.0 outlines public involvement that occurred during the development of the 
project.  Section 10.0 provides a list of preparers, and Section 11.0 includes references, a list of acronyms 
and abbreviations, a glossary, and an index. 



 

1-2 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

 

Figure 1.1  Proposed Improvements to the Cedar Bayou Navigation Channel 
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1.2 Study Authority 

Navigation improvements to Cedar Bayou were originally authorized by the Rivers and Harbors Act of 
1890.  Improvements to the channel were re-authorized in 1930, and the U.S. Army Corps of Engineers 
(USACE) improved the channel between the HSC and Mile 3 in 1931 and 1975 (see Section 1.4).  
Improvements to the CBNC above Mile 3 were never made due to the lack of economic justification 
and/or the lack of a local sponsor.  Therefore, in 1986 that portion of the channel was deauthorized by the 
Water Resources Development Act (WRDA) [Public Law (P.L.) 99-662]. 

The USACE Galveston District prepared a reconnaissance report in 1989 that recommended improving 
the CBNC from the HSC to SH 146 (USACE 1989).  The reconnaissance report analyzed alternatives and 
identified a selected plan that would deepen and widen the channel and straighten a series of bends that 
restrict efficient navigation.  The economic analysis in this study indicated that the selected plan would 
produce net benefits (i.e., the average annual benefits resulting from the project would be greater than the 
average annual costs); however, no subsequent action was taken due to the lack of a cost-sharing Non-
Federal sponsor. 

In 1997, the 75th Texas Legislature created the Chambers County-Cedar Bayou Navigation District 
(CCCBND) as an entity to improve the navigability of Cedar Bayou.  The CCCBND enhanced the efforts 
of the existing Chambers-Liberty Counties Navigation District (CLCND), which has jurisdiction over the 
CBNC from the HSC to Mile 3.  The CCCBND’s jurisdiction extends from Mile 3 to Mile 11 at the 
SH 146 bridge.  In 1999, the CCCBND, with support from the CLCND, initiated the feasibility study and 
FEIS for improvements to the CBNC, and in 2000, Section 349 of the WRDA reauthorized the 
improvement of the CBNC from the HSC to Mile 11.0 (P.L. 106-541).   

During the development of this study, the CCCBND has been the lead sponsor and has funded the 
Feasibility Report and FEIS for subsequent submission to the Assistant Secretary of the Army for Civil 
Works [ASA(CW)]; therefore, it is considered the Non-Federal sponsor for this project.  After review and 
approval, the project would become a federal project, and the USACE Galveston District would request 
appropriations for the project for design and construction by the USACE.  The CCCBND would share the 
cost of the design and construction of the project. 

1.3 Project Location 

Cedar Bayou is a natural stream that originates east of Houston in Liberty County, Texas, and flows 
approximately 45 miles to its confluence with Galveston Bay.  Cedar Bayou is connected to the HSC 
(Mile -2.7) by an excavated channel that extends across Upper Galveston Bay and Tabbs Bay.  The bayou 
is currently navigable by commercial barge traffic in the lower 14 miles, from the HSC to SH 146.  
Therefore, that portion of the bayou is referred to as the CBNC (see Figure 1.1), and alternatives for the 
proposed improvements were evaluated between those limits.  The USACE Galveston District has 
improved and currently maintains the portion of the CBNC from the HSC to Mile 3.  Above Mile 3, the 
navigation channel is not maintained and was not designed for navigation use.  A detailed description of 
the existing navigation channel is provided in Section 1.4. 
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In the project vicinity, Cedar Bayou forms the boundary between Harris County to the west and 
Chambers County to the east.  The Harris County side of the bayou is dominated by residential 
development associated with the City of Baytown.  Land on the Chambers County side of the bayou is 
used for industrial development or is undeveloped.   

In recent years, several navigation-dependent industries and commercial enterprises have established 
along the CBNC.  Industries that have docks on Cedar Bayou and their locations are listed in Table 1.1.  
Figure 1.2 provides the locations of the industries.  With the exception of U.S. Filter Recovery Services 
and Jindal Corporation, the docks are located above the portion of the CBNC that is maintained by the 
USACE.  In addition, the 15,000-acre Cedar Crossing Industrial Park is located on the east side of Cedar 
Bayou, along SH 99, and operates a dock at Mile 2.5. 

Table 1.1  Industries Located along Cedar Bayou 

Industry Type Location 
CP Terminal 
U.S. Filter Recovery Services* 

 
Oil and fuel recycling services Mile 0.7 

Jindal Corporation* Multiple steel products Mile 2.5 

Koppel Steel Tubular steel products Mile 5.5 

Heavy Haul Manufacture storage tanks Mile 8 to 9 
Reliant Energy 
Cedar Bayou Generating Station Energy service and delivery Mile 8 to 9 

West Bay Organics Chemical company Mile 8 to 9 

Angel Brothers Distribution Mile 10 

Bayer Polymers, LLC 
Production of polycarbonate 
thermoplastics and raw materials 
for polyurethane foams 

Mile 10 

CEMEX/Baytown Asphalt Concrete production Mile 10 

BOH Brothers Construction Mile 11 

Dorsett Brothers Construction Mile 11 
*Note: U.S. Filter Recovery Services and Jindal Corporation operate docks located along the existing 

maintained portion of the CBNC.  The other industries operate docks located along the non-maintained 
portion of the channel. 

 

1.4 Existing Navigation Channel 

In 1931, the USACE dredged a portion of the authorized channel from the HSC to a point approximately 
0.8 mile upstream of the mouth of Cedar Bayou (approximately 3.5 miles in length) to dimensions of 10 
feet deep at mean low tide (MLT) and 100 feet wide (bottom width).  In 1975, the USACE extended the 
10-foot deep by 100-foot wide channel to Mile 3.  The USACE continues to maintain these dimensions in 
the lower 5.7 miles of the CBNC (from the HSC to Mile 3), with the last maintenance dredging being 
completed in 1999.  Above Mile 3, no navigation improvements have been made.  In 1972, Houston 
Lighting & Power (HL&P, currently Reliant Energy) dredged a 20-foot deep cooling water channel  
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Figure 1.2  Industries and Marinas Located along the Cedar Bayou Navigation Channel 
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within a portion of Cedar Bayou, from an HL&P cutoff channel (HL&P Cutoff) to Reliant Energy’s 
Cedar Bayou Generating Station (Figure 1.2).  However, this channel has partially silted in, and recent 
hydrographic surveys indicate the current channel above Mile 3 is approximately 8 to 10 feet deep and 40 
to 170 feet wide.  For the remainder of this document, the currently maintained portion of the CBNC 
(HSC to Mile 3) is referred to as the Lower Channel, and the unimproved portion of the CBNC (Mile 3 to 
SH 146) is referred to as the Upper Channel. 

Currently, barge traffic occurs in both the Lower and Upper Channels.  Major commodities that are 
shipped on the CBNC include steel, non-metallic minerals (aggregates), industrial chemicals, and 
petroleum.  The majority of the tows along the CBNC are configured with a single barge.  However, some 
of the aggregate shippers bring three-barge tows to Mile 3, and then break the tows into single barges for 
transporting above Mile 3.  This process is called “triple tripping” and blocks the CBNC for other barges.  
The most common barge tows used in the CBNC are standard jumbo barge tows (295 feet long by 35 feet 
wide) and super jumbo barges (340 to 395 feet long by 54 feet wide).  Currently, the barges are loaded to 
a draft depth ranging from 7.5 feet to 8.5 feet, which is approximately 80 percent of an individual barge’s 
capacity.  Tow speeds average 2 to 3 miles per hour (mph) and can reach speeds of 5 to 6 mph in the 
straight reaches of the CBNC.  At these speeds, a round trip from the HSC to Mile 10 (approximately 
26.6 miles) takes between 9 and 13 hours. 

In addition to commercial barge traffic, Cedar Bayou is used for recreational purposes, such as fishing, 
water skiing, kayaking, and recreational boating.  Marinas located along the bayou include Crawley’s 
Marina (Mile 1), Roseland Park and Marina (Mile 7), and Baytown Marina (Mile 8) (see Figure 1.2).  
Roseland Park includes public boat ramps and approximately 800 feet of Cedar Bayou shoreline that is 
used for recreational fishing.  Several private docks are also scattered along the west side of the bayou.  
No known records of the recreational use of Cedar Bayou are available. 

1.5 Purpose and Need 

As stated above, the purpose of the proposed project is to improve the efficiency, safety, and reliability of 
navigation along the CBNC while protecting the quality of the area’s natural resources.  The reasons the 
proposed improvements to the CBNC are needed include: 

1) Navigation problems 
2) Shoaling 
3) Less than one-way traffic 
4) Projected traffic demands 
5) Development opportunities 

Sections 1.5.1 through 1.5.5 describe each of these conditions as they relate to the CBNC.  

1.5.1 Navigation Problems 

The primary navigation problems on the CBNC above Mile 3 are insufficient depth and extreme bends 
restricting maneuverability.  The USACE Galveston District maintains water depths in the Lower 
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Channel to a minimum of 10 feet.  The Upper Channel has not been excavated to a full width or depth but 
is navigable.  These constraints limit the capacity per barge, the size and configuration of the tows, and 
the speed at which the barges transport commodities through the bayou.  Another area of concern is the 
series of tight bends referred to as Devil’s Elbow.  In this reach there are shallow waters and tight bends 
that are extremely challenging to maneuver for even the most experienced tow captain.  The standard 
jumbo barges typically can transit Cedar Bayou smoothly if driving at a slow speed.  However, regardless 
of speed, super jumbo barge tows often have to “back and fill” in order to navigate the more severe bends, 
a maneuver that takes time and blocks the entire channel.  This also affects safety in the bayou by creating 
congestion and increasing the potential for collisions for both barges and recreational watercraft.  The 
inability for barges to operate on the bayou in the most cost-effective, efficient manner produces 
additional expense for transporting bulk commodities.   

1.5.2 Shoaling 

The CBNC experiences shoaling (gradually becoming shallow) at its intersection with the HL&P Cutoff 
(Mile 5) because of sediment being brought in and deposited by tidal flows and by intake of water by the 
Cedar Bayou Generating Station.  According to users and operators, the USACE, Bayer Polymers, LLC 
and HL&P have conducted joint dredging operations in this area.  However, many times during the year, 
tows become grounded in shallow depths and require assistance from helper boats to continue through the 
channel.  Down time from these grounding incidents can range from 5 to 6 hours, adding substantially to 
the total cost of the tow transit.  In addition, the channel is blocked from transport of other shipments 
during these events. 

1.5.3 Less than One-way Traffic 

Under the current conditions, navigation on the CBNC is considered less than one-way because it does 
not meet design guidelines for one-way traffic (i.e., there are no designated passing zones).  Since tows on 
the CBNC operate on a round-the-clock schedule, the length of time it takes for tows to make a round trip 
through the bayou (9 to 13 hours) makes it likely that two barges may meet.  Currently, when tows meet, 
the upbound tow moves to one side and waits for the downbound tow to pass.  This occurs in several 
locations along the bayou; however, the narrow channel widths require one barge to move outside of the 
channel to allow the other barge to pass.  With increased traffic volume, this situation will occur more 
frequently, will become increasingly unsafe, and will increase delays. 

1.5.4 Projected Traffic Demands 

According to the Waterborne Commerce Statistics Center (WCSC), the average annual increase in 
commerce along the CBNC between 1990 and 1999 was approximately 37 percent (USACE 1999).  
Between 80 and 90 percent of the commodities shipped on the CBNC in the year 2000 were shipped to or 
from docks at Mile 10 and Mile 11, which indicates that the full extent (Upper and Lower Channels) of 
the CBNC is used by shippers and industries.   

The CBNC is expected to experience increased traffic demands in the future, with or without channel 
improvements, due to expansion of existing industries and development of new industries along Cedar 
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Bayou.  To project future traffic demand and tonnage figures for the period between the years 2002 and 
2058, three different growth rates were used.  First, near-term projections for 2002 to 2007 were 
developed through representative surveys of industries and projected demand growing at 12 percent per 
year.  Second, the “high” Institute of Water Resources (IWR) rates for the Houston region were applied to 
each commodity type and aggregated to produce tonnage projections for 2008 through 2027.  Third, the 
“low” IWR rates were applied to each commodity type to produce tonnage projections for 2028 to 2057.  
These growth rate projections were used because they best mirror the most likely future demands 
confronting the CBNC.  Table 1.2 shows projected tonnage demand for the period of 2002 to 2057 and 
the number of daily tows required to transport the projected tonnage with and without the improvements.  
The waterway tonnage demand is expected to increase from 1.14 million tons in 2002 to 3.27 million tons 
in 2057 (a 187 percent increase).  With the proposed improvements, the number of tows is expected to 
increase from three per day in 2007 to six per day in 2057.  Without the improvements, the number of 
tows would increase to seven per day in 2057.  The existing channel has the capacity to accommodate 
future increased traffic; however, congestion will lead to increases in transportation inefficiencies. 

Table 1.2  Projected Annual Tonnage 
Tows per Day Year Million Tons 

With Project Without Project 
2002 1.14 – – 
2008 1.41 3 3 
2018 1.79 3 4 
2028 2.28 4 5 
2038 2.57 5 6 
2048 2.90 6 6 
2058 3.27 6 7 

 

1.5.5 Development Opportunities 

With significant growth already occurring, and because of Cedar Bayou’s proximity to the Port of 
Houston, future growth and expansions are expected.  The bayou has an excellent industrial base and 
exhibits a special array of amenities needed for strong river transportation-related developments.  
Additionally, future industries located along Cedar Bayou will take advantage of Baytown’s Enterprise 
Zone and local tax abatement incentives established in 1992. 

Navigation-dependent commerce is an integral part of the economy of the region.  With several thousand 
feet of frontage available for development, Cedar Bayou presents the largest amount of available land 
with barge transport capabilities in the Houston region.  In addition, the area has direct access to the 
proposed Grand Parkway (SH 99) and Interstate Highway (IH) 10, as well as rail service, barge service, 
and the Port of Houston’s Barbours Cut Container Port.  Given the projected increase in use and the 
current capacity limitations, other facilities dependent on waterborne transportation may not be attracted 
to the Baytown area.  Increased traffic from facilities that are constructed in the area and use Cedar Bayou 
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for transportation will make it more difficult for the existing users to continue operations or to achieve 
expected expansions and desired economies of scale. 

1.6 Objectives of the Project 

The objectives of the proposed project as identified by the CCCBND include: 

• Increase navigation efficiency (reduced costs) for navigation traffic currently using the CBNC 
• Facilitate safe, efficient, and reliable movement of traffic on the CBNC to the level of demand 

projected during the economic life of the potential improvements 
• Maintain navigation traffic to the maximum extent possible during construction 
• Preserve and enhance fish and wildlife and other natural resources along Cedar Bayou, including 

valuable wetlands and upland habitats 
• Integrate environmental protection into the planning, design, construction, and operation of the project 
• Minimize the adverse effects on Cedar Bayou recreational boating due to the construction of the 

project 

1.7 Problems, Needs, and Public and Agency Concerns 

Resources within a proposed project area are typically determined significant based on institutional, 
public, or technical considerations and the likelihood of the resource to be affected by one or more of the 
alternative plans being evaluated (USACE 1995a).  During the development of the proposed project, 
information gathered through agency coordination, public input, relevant regulations, and study of the 
project area was used to establish primary concerns that are addressed in this FEIS.  Public involvement 
and agency coordination are discussed in more detail in Section 9.0.  Resources determined to be 
potentially impacted by the proposed action to the CBNC include the following: 

• Water Quality • Noise 
• Sediment Quality • Hazardous, Toxic, and Radioactive Wastes 
• Habitat Types • Socioeconomic Issues 
• Finfish and Shellfish Resources • Flooding 
• Wildlife Resources • Bank Erosion 
• Cultural Resources • Prime Farmlands 
• Air Quality  
 

The following paragraphs summarize the potential problems associated with each of these concerns. 

1.7.1 Water Quality 

The primary water quality concerns in the CBNC include aspects of water exchange and inflows, salinity, 
and water chemistry.  Turbidity is generally the most common impact of dredging and placement 
activities.  Freshwater inflows, exchange of water between Cedar Bayou and Galveston Bay, and 
salinities are important factors that affect the quality of water in the area.  Dioxins have been reported in 
the water column of the HSC and Upper Galveston Bay, including Cedar Bayou, and certain metals and 
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organics have been detected in sediments within Cedar Bayou.  Because the CBNC is used by 
commercial barges that carry a variety of materials such as metals, non-metallic minerals, industrial 
chemicals, and petroleum products, as well as by recreational watercraft, the potential exists for the spill 
of contaminants. 

1.7.2 Sediment Quality 

The sediment quality component of the CBNC includes sediment quality and sediment transport.  The 
same concerns of dioxins, certain metals and organics, and potential spills in the water pertain to the 
sediments.  Sediment transport into the CBNC affects siltation rates, which determines the projected 
frequency of maintenance dredging that would be required for the proposed action.  Siltation could also 
impact aquatic habitats where water flow is reduced. 

1.7.3 Habitat Types 

Habitat types along the CBNC include both aquatic and terrestrial habitats.  Aquatic habitats include open 
water associated with the channel and shallow lakes near the lower end of Cedar Bayou, scattered 
estuarine marsh, and freshwater emergent wetlands located within existing upland placement areas.  
Although the Harris County side of Cedar Bayou is largely occupied by residential and commercial 
facilities, the lower portion of the bayou and the Chambers County side of the bayou are relatively 
undeveloped and contain natural upland habitats that include native and tallow-dominated woodlands, 
successional scrub/shrub habitats, and pastureland.  Resource agencies have identified the value of both 
aquatic and terrestrial communities in the area as fish and wildlife habitat and raised concerns of potential 
impacts of the proposed action to those habitats. 

1.7.4 Finfish and Shellfish Resources 

The aquatic fauna of the CBNC and Galveston Bay can be divided into three categories: nekton, plankton, 
and benthos.  These three categories of aquatic fauna would be impacted in various ways by the proposed 
action in the CBNC, including direct mortality, increased turbidity, and changes in habitat and food 
sources.  In addition, recreational and commercial fisheries can be adversely impacted by dredging 
projects.  Potential impacts to essential fish habitat (EFH) are of specific concern to resource agencies. 

1.7.5 Wildlife Resources 

Dredged material placed in upland areas has the greatest potential to impact wildlife resources by altering 
the habitats in an area.  One concern brought forth by resource agencies is the value of the region to 
migratory bird species during their fall and spring migrations.  The CBNC lies within the Central Flyway, 
which is one of the four major migration routes within the continental U.S.  Therefore, upland habitats 
provide stopover points where avian species can rest and forage.  The wildlife resources discussions also 
include federally and state-listed threatened and endangered species.   
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1.7.6 Cultural Resources 

The cultural resources component of this project includes the history of the project region and the 
identification of historic properties in the project area.  A portion of the project falls within the boundaries 
of the Cedar Bayou National Register Archeological District, which includes several recorded sites.  
Previous investigations on Cedar Bayou and archival research indicate that potentially significant cultural 
resources or sites are present in the project area, and unknown resources may also be present.  The Texas 
SHPO concurs in the need for additional cultural resources investigation and evaluation as reflected in the 
Programmatic Agreement in Appendix B. 

1.7.7 Air Quality 

Cedar Bayou is located within the Houston-Galveston Air Quality Region, which has been designated a 
severe nonattainment area for ozone (O3).  Therefore, if the proposed project increases emissions of 
nitrogen oxides (NOx) or volatile organic carbons (VOCs) by more than 25 tons per year (tpy), it would 
require a General Conformity Determination. 

1.7.8 Noise 

The noise environment within the CBNC project area is currently affected by vehicular traffic, especially 
within the urbanized area on the west side of Cedar Bayou; waterborne transportation, such as barges, 
commercial fishing vessels, and recreational watercraft; periodic dredging in the Lower Channel of the 
CBNC; and industrial activities and associated truck traffic on the east side of the bayou.  Sensitive 
receptors in the project area include residences, Roseland Park, churches, and other facilities that could 
potentially be affected by noise from dredging and placement activities. 

1.7.9 Hazardous, Toxic, and Radioactive Wastes 

The discussion of hazardous, toxic, and radioactive wastes (HTRW) in this document focuses on facilities 
and incidents identified by a search of database records and site reconnaissance.  An abandoned City of 
Baytown landfill that is exposed in the bank of Cedar Bayou would be avoided by the proposed project.  
Overall, the potential for encountering areas of contamination is relatively low since the dredging would 
occur largely within the banks of Cedar Bayou.  

1.7.10 Socioeconomic Issues 

The socioeconomic component of this project includes potential impacts to population, environmental 
justice, employment, and recreational activities.  Concerns brought forth by the public include the 
potential for improvements of the CBNC to increase flooding and bank erosion (see Sections 1.7.11 and 
1.7.12), affect noise levels, and increase the potential for barge accidents. 

1.7.11 Flooding 

Cedar Bayou is subject to severe flooding due to runoff and storm surge; therefore, impacts to floodplains 
caused by proposed improvements to the CBNC are of concern to the public and local floodplain 
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administrators.  An analysis of the flooding conditions with and without the proposed improvements is 
included in this document (Section 5.2.11). 

1.7.12 Bank Erosion 

The public and resource agencies brought forth the issue of bank erosion along Cedar Bayou during 
scoping meetings and coordination activities.  The evaluation of this project included an analysis of 
conditions concerning bank erosion with and without the proposed improvements to the CBNC.  The 
results of this analysis are documented in Sections 4.2.12 and 5.2.12. 

1.7.13 Prime Farmlands 

Since the proposed action would affect upland areas, the impacts to soils designated as Prime Farmland 
soils require coordination with the Natural Resources Conservation Service (NRCS) (see Sections 4.2.13 
and 5.2.13). 

1.8 Environmental Criteria 

The general environmental criteria for navigation projects are identified in federal environmental statutes, 
executive orders, and planning guidelines.  It is a national policy that conservation of fish and wildlife 
resources be given equal consideration with other study purposes in the formulation and evaluation of 
alternatives.  The basic guidance during planning studies is to ensure that care is taken to preserve and 
protect significant ecological, aesthetic, and cultural values and to conserve natural resources.  These 
efforts should provide the means to maintain and restore, as applicable, the desirable quality of the human 
and natural environments.  Alternative plans formulated to improve navigation should avoid damaging the 
environment to the extent practicable and contain measures to minimize or mitigate unavoidable 
environmental impacts.  Particular emphasis should be placed on the following: 

• Protection, preservation, and improvement of the existing fish and wildlife resources along with the 
protection and preservation of estuarine and wetland habitats and water quality; 

• Consideration in the project design of the least disruptive construction techniques and methods; 

• Mitigation for project-related unavoidable impacts by minimizing, rectifying, reducing or eliminating, 
compensating, replacing, or substituting resources; 

• Protection and preservation of endangered and/or threatened species; and 

• Preservation of significant historical and archeological resources through avoidance of effects.  This is 
the preferable action to any form of mitigation since these are finite, nonrenewable resources. 

These criteria were used during the development of the proposed project to address environmental 
impacts of various alternatives and to assess possible mitigation features to offset unavoidable impacts. 
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1.9 Resource Management Opportunities 

Consultation with state and federal resource agencies was conducted to evaluate opportunities to use 
dredged material to enhance the environment.  Potential uses of dredged material included creating 
islands that would benefit birds in the area or creating estuarine marsh in the project area.  Galveston Bay 
has lost 21 percent of its tidal marsh since the 1950s (White et al. 1993).  Using dredged material to create 
new marsh can help to reverse this trend and can greatly increase primary productivity of an area 
(Shreffler et al. 1992, Zimmerman et al. 1993).  Because the opportunity to create estuarine marsh occurs 
in the project area and would maximize the use of dredged material to create habitat, the proposed project 
includes marsh creation.  Coordination with resource agencies has occurred and will continue during 
development of a marsh creation plan that would ensure the creation of a viable marsh.  The use of 
dredged material to create esturaine marsh, including the mitigation proposal, is discussed in Section 6.0. 
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2.0 ALTERNATIVES 

2.1 Introduction 

This section describes the process by which alternatives for the proposed project were developed and 
evaluated and identifies a preferred alternative.  The alternatives analysis for this project consisted of 
developing and evaluating alternatives for the following two components:   

1) Improvement of the CBNC (Section 2.2) 

2) Management of dredged material (Section 2.3) 

Section 2.2 discusses the first component of the alternatives analysis, which included an evaluation of 
preliminary alternatives (Section 2.2.1) and an alternatives analysis for a locally preferred plan 
(Section 2.2.2).  The section concludes with the identification of a Locally Preferred Plan (LPP) for 
improving the CBNC.  Section 2.3 discusses alternatives for the management of dredged material 
associated with the LPP and identifies placement areas that are included in the dredged material 
management plan (DMMP) for this project. 

As discussed in Section 1.3, the commercially navigable portion of Cedar Bayou (i.e., the CBNC) extends 
from the HSC to SH 146.  Improvement of the CBNC in this portion of Cedar Bayou is limited to 
dimensions of 12 feet deep and 125 feet wide by the 2000 WRDA.  The Lower Channel, which extends 
from the HSC to Mile 3, is regularly maintained by the USACE at dimensions of 10 feet deep and 100 
feet wide.  The Upper Channel, which extends from Mile 3 to SH 146, is essentially unimproved, with the 
exception of a 20-foot deep and 80- to 100-foot wide cooling water channel that was excavated by HL&P 
in the 1970s and is largely silted in.  Presently, barge traffic uses both the Lower and Upper Channels.   

2.2 Alternatives for the Improvement of the CBNC 

2.2.1 Preliminary Alternatives 

A preliminary draft feasibility study report and preliminary draft EIS were prepared and submitted to the 
USACE Galveston District in February 2001 (LAN 2001, Weston 2001a).  The purpose of the reports 
was to develop and analyze alternatives for improving navigation along the CBNC from the HSC to 
SH 146 and to identify the alternative that would be considered the National Economic Development 
(NED) plan (i.e., the alternative that would maximize net economic benefits while protecting the area’s 
environment [USACE 2000]).  The reports evaluated 10 alternatives for improving the CBNC, along with 
the No-action Alternative (Table 2.1).  The alternatives differed in the limits of the proposed 
improvements, the dimensions of the improved channel, and additions such as a cutoff channel through 
Devil’s Elbow (Devil’s Elbow Cutoff) and passing zones.  The alternatives were initially evaluated using 
screening criteria that included design criteria, economic benefits, construction cost, operation and 
maintenance costs, local sponsors’ expectations, impacts on existing infrastructure, and impacts on 
environmental and cultural resources.  From this initial screening, the No-action Alternative and five 
alternatives that would improve the CBNC (Alternatives 1, 3, 6, 7, and 8) were determined to warrant 
further investigation and analysis. 
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Table 2.1  Preliminary Alternatives continued

Criteria No-action Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Alt. 7 Alt. 8 Alt. 9 Alt. 10 

Description            

Limits Not 
Applicable 

HSC to 
Mile 3 

Mile 3 to 
Mile 11 

HSC to 
Mile 11 

HSC to 
Mile 11 

HSC to 
Mile 11 

HSC to 
Mile 11 

HSC to 
Mile 11 

HSC to 
Mile 11 

HSC to 
Mile 11 
through 
HL&P 
Cutoff 

HSC to 
Mile 11 
through 
HL&P 
Cutoff 

Dimensions1 Existing 
12 feet 
deep, 125 
feet wide 

10 feet 
deep, 100 
feet wide 

10 feet 
deep, 125 
feet wide 

12 feet 
deep, 100 
feet wide 

12 feet 
deep, 100 
feet wide 

12 feet 
deep, 125 
feet wide 

12 feet 
deep, 125 
feet wide 

12 feet 
deep, 200 
feet wide 

12 feet 
deep, 100 
feet wide 

12 feet 
deep, 125 
feet wide 

Design 
Requirements None 

Bend 
easings and  
Passing 
Zone2 

Bend 
easings 

Bend 
easings and  
Passing 
Zone 

Bend 
easings and  
Passing 
Zone 

Bend 
easings, 
Passing 
Zone, and 
Devil’s 
Elbow 
Cutoff 

Bend 
easings and  
Passing 
Zone 

Bend 
easings, 
Passing 
Zone, and 
Devil’s 
Elbow 
Cutoff 

Bend 
easings 

Bend 
easings 

Bend 
easings 

Initial Screening           
Economic 
Benefits? No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Construction 
Costs None Low Low Moderate Moderate High Moderate to 

High High Very High Very High Very High 

Operation and 
Maintenance 
Costs 

No 
additional Low Low Low Moderate Low to 

Moderate 
Moderate to 

High Moderate Very High High High 

Impacts to 
Existing 
Infrastructure 

None None None None None None None None None Bridge 
Relocation 

Bridge 
Relocation 

Impacts to 
Environmental 
and Cultural 
Resources 

None Low Low Low Moderate Moderate Moderate Moderate to 
High High Low to 

Moderate 
Low to 

Moderate 

Meet 
Sponsor’s 
Expectations? 

No No No No No No Yes Yes Yes No No 
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Table 2.1  Preliminary Alternatives continued

Criteria No-action Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Alt. 7 Alt. 8 Alt. 9 Alt. 10 

Selected for 
Further 
Analysis? 

YES (as 
baseline) 

YES (for 
incremental 

analysis) 

No (Does 
not improve 
efficiency 

or safety of 
CBNC) 

YES 

No (Does 
not improve 
efficiency 

or safety of 
CBNC) 

No (Does 
not improve 
efficiency 

or safety of 
CBNC) 

YES YES YES 

No (Does 
not improve 
navigation 

in the 
existing 
CBNC 

below the 
HL&P 
Cutoff) 

No (Does 
not improve 
navigation 

in the 
existing 
CBNC 

below the 
HL&P 
Cutoff) 

Additional Analysis           
Economics            

Total Cost None $4.4 million  $16.6 
million   $20.2 

million 
$20.5 

million 
$26.7 

million   

Benefit-
Cost Ratio NA 1.44  2.66   3.70 3.72 2.74   

Net 
Benefits NA $0.14 

million  $2.2 million   $4.2 million $4.3 million $3.6 million   

NED Plan? No No  No   No YES3 No   
Environmental 
and Cultural 
Resources 

Low Low  Low   Low Medium to 
High High   

1 Stated width is for bottom of channel 
2 Passing Zone for each alternative would be 200 feet wide and 1,300 feet long 
3 Although Alternative 7 is the NED Plan and was identified as the Selected Plan by the preliminary alternatives analysis, the high cost of the project resulted in the need to re-

evaluate the scope of the project and to identify a project that would meet the transportation needs of the users of the CBNC and that is consistent with the Non-Federal sponsor’s 
ability to fund the project.  Therefore, additional alternatives were developed and evaluated to identify a Locally Preferred Plan (LPP).  The analysis of the alternatives for the 
LPP is provided in Section 2.2.2 and Table 2.2. 
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The five alternatives selected for further analysis, as well as the No-action Alternative, were examined in 
detail based on economics and potential impacts to the human and natural environments.  This ultimately 
resulted in the recommendation of Alternative 7 as the “Selected Plan.” The Selected Plan included 
widening the CBNC from the HSC to SH 146 to dimensions of 12 feet deep and 125 feet wide, 
excavating the Devil’s Elbow Cutoff, easing several bends, and creating one 200-foot wide passing zone.  
The plan maximized the net benefits and therefore was determined to be the NED plan.  Table 2.1 
summarizes the alternatives evaluated during the preliminary analysis, identifies the alternatives that were 
selected for further analysis, and identifies the Selected Plan. 

After the preliminary draft feasibility study report and preliminary draft EIS were reviewed by the 
USACE, comments and revisions were incorporated into the Selected Plan.  However, the cost of the plan 
totaled approximately $20.5 million, which included land costs of approximately $4 million and pipeline 
relocation costs of approximately $2 million.  The numerous pipeline relocations also carried substantial 
risk and liability issues.  Therefore, as the Non-Federal sponsor, the CCCBND re-evaluated the project 
scope.  

2.2.2 Locally Preferred Plan 

To reduce the total project cost, the CCCBND defined an LPP that excluded any improvements to the 
existing federally maintained Lower Channel.  Therefore, channel improvements would only be 
conducted upstream of Mile 3, in the Upper Channel.  This decision resulted in a maximum channel 
improvement of 10 feet deep and 100 feet wide, as dictated by the Lower Channel dimensions (i.e., any 
dimensions greater than these in the Upper Channel would not increase navigability because tows would 
be restricted by the dimensions of the Lower Channel).  In addition, this LPP would meet the 
transportation needs as defined by the users of the CBNC and is consistent with the Non-Federal 
sponsor’s ability to fund the project.  It would also reduce the environmental impacts of the project 
compared to the originally selected plan by decreasing the distance to be dredged, the amount of area 
required for placement of dredged material, and the number of banks that would be excavated to 
accommodate the width of the channel. 

According to the USACE’s Planning Guidance Notebook (PGN) (USACE 2000), the Non-Federal 
sponsor may request an LPP that deviates from the NED Plan if approved by the ASA(CW).  When the 
LPP is clearly of less scope and cost and meets the Administration’s policies for high-priority outputs, an 
exception for deviation is usually granted by the ASA(CW) [Section 2-3f(4)].  The LPP must have greater 
net benefits than smaller scale plans, and enough alternatives must be analyzed during the formulation 
and evaluation process to ensure this.  Section 3-2b(10) of the PGN provides for a categorical exemption 
to the NED Plan for harbor and channel deepening studies where the Non-Federal sponsor has identified 
constraints on channel depths.  In the case of a categorical exemption, it is not required to analyze project 
plans greater (deeper) than the plan desired by the sponsor.  When requesting an LPP, the Feasibility 
Report for the project must document the rationale for lack of sponsor support for the NED plan, the 
available facts regarding how and why the LPP is less costly and still provides high-priority outputs, 
information to show that alternative Non-Federal funding sources are not available, and the analysis 
performed.  The Feasibility Report should also include documentation to demonstrate that sufficient 
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alternatives were formulated and evaluated to ensure that net benefits do not maximize at a scale lower 
than the LPP and to meet the requirements of the National Environmental Policy Act (NEPA) [Section 4-
3b(2)(a)]. 

Since the CCCBND has requested the development of an LPP that includes channel improvements in the 
Upper Channel only, the Selected Plan identified during the preliminary alternatives analysis 
(Section 2.2.1) was dismissed.  The remaining portion of this alternatives analysis focuses on alternatives 
for improving the CBNC from Mile 3 to SH 146 (Upper Channel), in accordance with the LPP.   

2.2.2.1 Alternatives for the LPP 

This section includes the methodology by which alternatives for the LPP were developed in the Upper 
Channel, a list and description of the LPP alternatives considered, a comparison of the alternatives, and a 
recommendation of the LPP. 

Methods 

Alternatives for the LPP were developed using the CCCBND’s requests, information collected through 
public meetings and agency reviews, user requirements and preferences, and engineering considerations.  
The alternatives were evaluated based on meeting the purpose and need and objectives for the project, 
economics, and potential impacts to the environment.  The alternatives must satisfy the planning objective 
of providing a safe, efficient, and reliable navigation channel for the design tow configurations and 
meeting the transportation needs for the projected growth along Cedar Bayou.  The alternatives must also 
provide a channel that can be used safely by both recreational and commercial users, as this concern was 
expressed in public scoping meetings.  A wider channel was requested at these meetings and is preferred 
by recreational users. 

LPP Alternatives Considered 

The alternatives considered in this analysis included the No-action Alternative, two basic improvement 
alternatives, and options to each basic alternative.  Specifically, these alternatives were: 

• No-action Alternative 

• Basic 9-foot Alternative 
- 9-foot Alternative, Option 1 (Basic and Passing Zone) 
- 9-foot Alternative, Option 2 (Devil’s Elbow Cutoff) 

• Basic 10-foot Alternative 
- 10-foot Alternative, Option 1 (Basic and Passing Zone) 
- 10-foot Alternative, Option 2 (Devil’s Elbow Cutoff) 
- 10-foot Alternative, Option 3 (Passing Zone and Devil’s Elbow Cutoff) – Note: This option was 

not evaluated for the basic 9-foot alternative because Options 1 and 2 were not economically 
justified for the 9-foot alternative. 
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Figure 2.1 shows the components used to develop the alternatives.  Figures 2.2 through 2.5 show the 
alignment of and the components included in each alternative.  For each alternative and option, the 9-foot 
and 10-foot depths follow the same alignment and would vary only slightly in width at the top of the 
channel.  Therefore, Figures 2.2 through 2.4 represent the alignment for both depths, and options of the 
two basic alternatives are shown.  The alignment on Figure 2.5 represents only the 10-foot alternative, 
since Option 3 is evaluated only for that alternative.  For options that include the Devil’s Elbow Cutoff, 
the existing Devil’s Elbow channel would not be dredged. 

For all alternatives, bend easings would be required to accommodate the improved channel width and 
depth.  Initially, the bend easings that were located within the Devil’s Elbow and in three bends located 
near SH 146 required dredging outside the existing banks of Cedar Bayou.  However, a closed landfill is 
present on one of the three bends near SH 146.  All the alternatives were realigned to avoid the landfill, 
thereby eliminating the need for dredging outside the banks at this location.  Therefore, the alternatives 
for the LPP analyzed in this section require dredging outside the existing banks of Cedar Bayou in two 
bends located near SH 146, within Devil’s Elbow (for those alternatives that do not include the Devil’s 
Elbow Cutoff), and in the Devil’s Elbow Cutoff.  All other dredging activities would occur within the 
existing banks of Cedar Bayou. 

The No-action Alternative was included to evaluate the future without-project conditions of the Upper 
Channel of the CBNC and to compare the basic alternatives.  For the basic alternatives, it was determined 
that a channel a minimum of 100 feet wide would efficiently accommodate the design tow and projected 
traffic, as well as provide the needed safety for separation between barges and recreational watercraft.  In 
addition, this channel width would match the width of the existing maintained Lower Channel.  
Therefore, the two basic improvement alternatives evaluated represent the 9-foot and 10-foot deep by 
100-foot wide channel improvements.  The different depths were evaluated to determine the point at 
which the net economic benefits are maximized and to determine if these alternatives would have 
substantially different environmental impacts. 

In addition to the two basic alternatives, options that were evaluated included the addition of a passing 
zone (Option 1) and the excavation of the Devil’s Elbow Cutoff (Option 2).  For the 10-foot alternative, a 
third option that combines Options 1 and 2 is included in this FEIS.  Figure 2.1 shows components of the 
alternatives, including the basic alternative alignment and the passing zone and Devil’s Elbow Cutoff 
options.  Option 1 would add a 200-foot wide by 1,300-foot long passing zone near Mile 6 to each of the 
basic improvement alternatives.  This passing zone would be dredged within the existing banks of Cedar 
Bayou and would allow two 54-foot wide super jumbo barge tows to pass one another within the channel.  
Option 2 would include a cutoff channel through Devil’s Elbow to both basic alternatives, which would 
decrease the length of the navigation channel by approximately 5,000 feet and eliminate maneuvering 
through the tight bends of Devil’s Elbow.  For the 10-foot alternative, Option 3 was developed by 
combining Options 1 and 2, thus incorporating both the passing zone and the Devil’s Elbow Cutoff into 
the 10-foot alternative. 
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Figure 2.1  Alternative Components for the Locally Preferred Plan 
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Figure 2.2  Basic 9-foot and 10-foot Alternatives 
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Figure 2.3  Option 1: 9-foot and 10-foot Alternatives 
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Figure 2.4  Option 2: 9-foot and 10-foot Alternatives 
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Figure 2.5  Option 3: 10-foot Alternative Only 
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The alternatives were analyzed to determine if they met the purpose and need of the project within the 
constraints of economics and potential environmental impacts.  The economic analysis of the alternatives 
consisted of evaluating all possible alternative combinations of the 9-foot and 10-foot deep channels (100-
foot bottom width) with and without a passing lane and with or without the Devil’s Elbow Cutoff.  This 
was accomplished by including the passing lane and the cutoff as phased-in incremental components of 
the basic channel improvements.  Net benefits for these combinations were calculated by the difference 
between average annual benefits and average annual costs.  The benefit-to-cost ratio (BCR) for each 
combination was calculated by dividing the average annual benefits by the average annual costs.  A 
detailed economic analysis of the alternatives is included in the Feasibility Report prepared for the 
project. 

The environmental analysis of each alternative included qualitative and quantitative assessments of 
potential direct impacts relative to the other alternatives.  Direct impacts may include impacts to water 
quality (turbidity), benthic organisms and habitats, essential fish habitat, the various habitat types in the 
area, threatened and endangered species, cultural resources, HTRW sites, flooding, and bank erosion.  
The habitats potentially impacted were quantified through field reconnaissance and interpretation of aerial 
photography.  Since the estuarine marsh habitats in the areas that would be directly impacted by the 
alternatives consist of a matrix of low and high salt marshes, they were not delineated for each alternative; 
therefore, acreages of low and high salt marsh that would be impacted by the alternatives were combined 
in the alternatives analysis.  The following paragraphs describe each alternative and compare the 
alternatives relative to economics and potential environmental impacts.  Table 2.2 summarizes these 
comparisons.  In Table 2.2, the environmental impacts identified account only for dredging activities 
associated with the LPP.  This analysis assumes that the area required for placement of dredged material 
would be the same for all alternatives (except the No-action Alternative) due to the ability to increase the 
final elevation of the placement areas to accommodate additional dredged material.  Therefore, the 
environmental impacts resulting from placement of dredged material would be the same for all 
alternatives.  More detailed analysis of the DMMP is included in Section 2.3. 

No-action Alternative 

The No-action Alternative is the base condition to which all other alternatives are compared.  This 
alternative provides a projection of future conditions concerning the CBNC and the surrounding project 
area if improvements are not made to the CBNC.  The future conditions are projected for the 50-year life 
of the improvement alternatives and consider the CBNC as it existed at the time this study was conducted, 
with a maintained navigation channel in the Lower Channel (HSC to Mile 3) and non-maintained 
navigation channel in the Upper Channel (Mile 3 to SH 146). 

Under the No-action Alternative, the CBNC between the HSC and SH 146 would continue to be traversed 
by single standard jumbo barge tows or single super jumbo barge tows with less than one-way traffic.  
Normal maintenance of the Lower Channel would be conducted on the current schedule.  The 
unimproved portion of the CBNC would continue to be used with concomitant traffic delays, groundings, 
and unsafe conditions due to the narrow channel, tight bends, and no formal passing zone.  The process of 
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Table 2.2  Matrix Comparing Alternatives for the Locally Preferred Plan continued 
  9-foot Alternative 10-foot Alternative 

Criteria No-action Basic 
Option 1 

(Basic and 
Passing Zone) 

Option 2 
(Devil’s 

Elbow Cutoff) 
Basic 

Option 1 
(Basic and 

Passing Zone) 

Option 2 
(Devil’s Elbow 

Cutoff) 

Option 3 
(Passing Zone 

and Devil’s 
Elbow Cutoff) 

Description 

Dimensions1 
Existing (8 to 

10 feet deep, 40 
to 170 ft wide) 

9 feet deep, 
100 feet wide 

9 feet deep, 100 
feet wide 

9 feet deep, 
100 feet wide 

10 feet deep, 
100 feet wide 

10 feet deep, 
100 feet wide 

10 feet deep, 100 
feet wide 

10 feet deep, 
100 feet wide 

Additions None None 
200-foot wide x 
1,300-foot long 
Passing Zone 

Devil’s Elbow 
Cutoff None 

200-foot wide x 
1,300-foot long 
Passing Zone 

Devil’s Elbow 
Cutoff 

Passing Zone 
and Devil’s 

Elbow Cutoff 

Bend Easings None 
7 that total 
9,500 linear 

feet 

7 that total 
9,500 linear feet 

2 that total 
1,700 linear 

feet 

7 that total 
9,500 linear 

feet 

7 that total 
9,500 linear feet 

2 that total 1,700 
linear feet 

2 that total 1,700 
linear feet 

Volume of Dredged Material       
Initial Dredging         

Hydraulic (cy) None 550,000 573,000 382,000 764,000 794,000 535,000 565,000 
Mechanical (cy) None None None 312,000 None None 331,000 331,000 
Total (cy) None 550,000 573,000 694,000 764,000 794,000 866,000 896,000 

Maintenance Dredging (cy) 
(All Hydraulic) 

None within 
project limits 2,816,000 2,816,000 2,816,000 2,816,000 2,816,000 2,816,000 2,816,000 

Placement Area2         
Upland Placement (acres) 119.9 119.9 119.9 119.9 119.9 119.9 119.9 119.9 
Marsh Creation 80.1 80.1 80.1 80.1 80.1 80.1 80.1 80.1 
Total (acres) 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 

Bank Armoring 8,600 linear feet 8,600 linear 
feet 8,600 linear feet 8,600 linear 

feet 
8,600 linear 

feet 8,600 linear feet 8,600 linear feet 8,600 linear feet 

Engineering Considerations 
Meet Purpose and Need? No Yes Yes Yes Yes Yes Yes Yes 
Improved Safety?  No Yes Yes Yes Yes Yes Yes Yes 
Increased Efficiency and 
Reliability No Yes Yes Yes Yes Yes Yes Yes 

Improved Recreational Use? No Yes Yes Yes Yes Yes Yes Yes 
Meet User Requirements? No Yes Yes Yes Yes Yes Yes Yes 
Economics 
Average Annual Costs NA $1,552,819 $1,574,439 $1,605,362 $1,634,496 $1,646,207 $1,667,666 $1,679,056 
Average Annual Benefits NA $737,725 $963,105 $885,390 $2,979,138 $3,149,746 $3,104,521 $3,260,997 
Net Benefits NA -$815,095 -$611,334 -$719,973 $1,344,643 $1,503,539 $1,436,855 $1,581,942 

Benefit-Cost Ratio NA 0.48 0.61 0.55 1.82 1.91 1.86 1.94 
Environmental Impacts3 

Water Quality None over 
existing 

Temporarily 
increased 
turbidity 

Temporarily 
increased 
turbidity 

Temporarily 
increased 
turbidity 

Temporarily 
increased 
turbidity 

Temporarily 
increased 
turbidity 

Temporarily 
increased 
turbidity 

Temporarily 
increased 
turbidity 



FINAL ENVIRONMENTAL IMPACT STATEMENT 2-19 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Table 2.2  Matrix Comparing Alternatives for the Locally Preferred Plan continued 
  9-foot Alternative 10-foot Alternative 

Criteria No-action Basic 
Option 1 

(Basic and 
Passing Zone) 

Option 2 
(Devil’s 

Elbow Cutoff) 
Basic 

Option 1 
(Basic and 

Passing Zone) 

Option 2 
(Devil’s Elbow 

Cutoff) 

Option 3 
(Passing Zone 

and Devil’s 
Elbow Cutoff) 

Benthic Habitats/Organisms None 163.6 acres 167.0 acres 131.8 acres 164.5 acres 167.9 acres 132.4 acres 135.8 acres 
Essential Fish Habitat None 163.6 acres 167.0 acres 131.8 acres 164.5 acres 167.9 acres 132.4 acres 135.8 acres 
Habitat Types         

Open Water (Channel) None 155.8 acres 159.2 acres 124.6 acres 155.8 acres 159.2 acres 124.6 acres 128.0 acres 
Shallow Open Water None None None 3.6 acres None None 4.2 acres 4.2 acres 
High/Low Salt Marsh None 7.6 acres 7.6 acres 3.4 acres 8.5 acres 8.5 acres 3.6 acres 3.6 acres 
Brackish Marsh None 0.2 acre 0.2 acre 0.2 acre 0.2 acre 0.2 acre 0.2 acre 0.2 acre 
Native Hardwoods None 3.9 acres 3.9 acres 5.5 acres 4.4 acres 4.4 acres 5.5 acres 5.5 acres 
Tallow-dominated 
Woodlands None 0.9 acre 0.9 acre 0.9 acre 0.9 acre 0.9 acre 0.9 acre 0.9 acre 

Scrub/Shrub None 0.8 acre 0.8 acre 0.8 acre 0.8 acre 0.8 acre 0.8 acre 0.8 acre 
Improved Pasture None None None 4.1 acres None None 4.7 acres 4.7 acres 

Threatened and Endangered 
Species None Low Low Low Low Low Low Low 

Known Cultural Resources Continued 
erosion 

Potentially 3 
sites 

Potentially 3 
sites 

Potentially 1 
site 

Potentially 3 
sites 

Potentially 3 
sites Potentially 1 site Potentially 1 site 

HTRW Sites 
Continued 
erosion of 

closed landfill 

Continued 
erosion of 

closed landfill 

Continued 
erosion of 

closed landfill 

Continued 
erosion of 

closed landfill 

Continued 
erosion of 

closed landfill 

Continued 
erosion of 

closed landfill 

Continued 
erosion of closed 

landfill 

Continued 
erosion of closed 

landfill 

Flooding None over 
existing 

Increased 
conveyance, 
reduced 100-

year floodplain 

Increased 
conveyance, 
reduced 100-

year floodplain 

Increased 
conveyance, 
reduced 100-

year floodplain 

Increased 
conveyance, 
reduced 100-

year floodplain 

Increased 
conveyance, 
reduced 100-

year floodplain 

Increased 
conveyance, 
reduced 100-

year floodplain 

Increased 
conveyance, 
reduced 100-

year floodplain 

Bank Erosion Continued 
erosion 

Continued 
erosion 

Continued 
erosion 

Potential in 
Devil’s Elbow 

Cutoff 

Continued 
erosion 

Continued 
erosion 

Potential in 
Devil’s Elbow 

Cutoff 

Potential in 
Devil’s Elbow 

Cutoff 
1 Stated width is for bottom of channel. 
2 In accordance with the USACE’s PGN, the alternative that would produce the most net benefits, among those requested by the Non-Federal sponsor, was selected as the LPP.   
3 The environmental impacts identified in this matrix account only for dredging activities associated with each alternative.  This analysis assumes that the area required for placement 
of dredged material would be the same for all alternatives (except the No-action Alternative) due to the ability to increase the final elevation of the placement areas to accommodate 
additional dredged material.  Therefore, the environmental impacts resulting from placement of dredged material would be the same for all alternatives.  The placement areas 
recommended in Section 2.3 would impact 80.1 acres of shallow open water, 5.0 acres of tallow-dominated woodlands, 63.2 acres of scrub/shrub, and 51.7 acres of improved pasture.  
In addition, effluent from the sites would temporarily increase turbidity, and placement of materials in Ijams Lake would increase turbidity in the area and convert 80.1 acres of 
shallow water/mud bottom to estuarine marsh.  Construction of the Ijams Lake Placement Area would also potentially affect two recorded archeological sites that are included in the 
Cedar Bayou National Register Archeological District. 
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“triple tripping” would continue for aggregate commodity transports, with the multi-barge tows being 
broken down near Mile 3 and shuttled up to their final destination.  This process is time consuming, 
costly, and congests the channel for other users.  Existing problems concerning navigation on the CBNC 
(see Section 1.5) would be amplified as traffic increases on the bayou whether or not the CBNC is 
improved.  Although the No-action Alternative does not satisfy the purpose of the proposed project, it is 
carried through the remainder of this FEIS as a basis for comparison with other alternatives. 

Basic 9-foot Alternative 

Under the basic 9-foot alternative, the CBNC would be improved to dimensions of 9 feet deep and 100 
feet wide from Mile 3 to SH 146 (see Figure 2.2).  Banks along two bends located near SH 146 and along 
five bends within Devil’s Elbow would be excavated to accommodate the improved channel.  The design 
tow would be able to operate within the channel under less than one-way traffic conditions to Mile 11.  
The traffic conditions under this alternative are similar to the No-action Alternative; however, the 
increased channel width would allow the barges to transit the waterway more safely and efficiently. 

Compared to the No-action Alternative, the wider channel associated with the basic 9-foot alternative 
would increase safety, efficiency, and reliability of the CBNC; provide for safer interactions between 
recreational and commercial users; and increase flood conveyance.  However, this alternative would 
result in an estimated net economic loss of $815,095 and a BCR of 0.48.  This alternative would result in 
550,000 cy of dredged material during the initial dredging and a total of 3,366,000 cy of dredged material 
over the life of the project.  Potential environmental impacts of this alternative over the No-action 
Alternative include impacts to water quality (temporary increases in turbidity), dredging within 163.6 
acres of benthic habitats and organisms and essential fish habitat, and conversion of 7.8 acres of estuarine 
marsh and 3.9 acres of native hardwoods to navigation channel due to bend easings required within 
Devil’s Elbow (see Table 2.2).  These impacts would be associated with dredging the Upper Channel to 
the width and depth proposed by this alternative. 

Option 1 – The addition of Option 1 to the basic 9-foot alternative would create a 200-foot wide by 1,300-
foot long designated passing zone downstream of SH 99, near Mile 6 (see Figure 2.3), which would 
increase the safety of the CBNC over the basic 9-foot alternative by allowing two 54-foot wide barges to 
pass safely within the channel.  Adding this option to the basic 9-foot alternative would result in an 
estimated net economic loss of $611,334 and a BCR of 0.61.  Since this alternative follows the same 
alignment as the basic 9-foot alternative, the passing zone could be dredged within the existing banks of 
Cedar Bayou, and the additional amount of dredged material would not require additional placement area, 
the potential environmental impacts of this option are similar to those under the basic 9-foot alternative 
(see Table 2.2).  This alternative would have slightly increased impacts to benthic habitats and organisms 
and essential fish habitat (167.0 acres of dredging within these habitats) due to dredging the additional 
width in the passing zone.  

Option 2 – The 9-foot alternative, Option 2 would include the Devil’s Elbow Cutoff (with no passing 
zone) (see Figure 2.4), which would reduce the distance of the CBNC traveled by barges and eliminate 
the need to maneuver the tight series of bends in Devil’s Elbow.  Compared to the basic 9-foot alternative 
and Option 1, this alternative would further improve the efficiency of navigation along the CBNC and 
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increase flood conveyance.  However, this option would result in a greater net economic loss (-$719,973) 
and a lower BCR (0.55) compared to adding Option 1 to the basic 9-foot alternative.  The Devil’s Elbow 
Cutoff would involve the excavation of a new channel that would be approximately 3,225 feet long.  This 
alternative would result in 694,000 cy of dredged material during the initial dredging and a total of 
3,510,000 cy of dredged material over the life of the project.  Potential environmental impacts of this 
alternative over the No-action Alternative include impacts to water quality (temporary increases in 
turbidity), dredging within 131.8 acres of benthic habitats and organisms and essential fish habitat, and 
the conversion of 3.6 acres of estuarine marsh and 5.5 acres of native hardwoods to navigation channel 
primarily by the Devil’s Elbow Cutoff (see Table 2.2).  Because this alternative would not dredge the 
existing Devil’s Elbow channel, it would have fewer impacts to benthic habitats and essential fish habitats 
and estuarine marsh than Option 1.  However, it would result in more impacts to native hardwoods due to 
the upland portion of the Devil’s Elbow Cutoff. 

Basic 10-foot Alternative 

Under the basic 10-foot alternative, the CBNC would be improved to dimensions of 10 feet deep and 
100 feet wide from Mile 3 to SH 146 (see Figure 2.2).  These dimensions would match those of the 
Lower Channel.  Banks along two bends located near SH 146 and along five bends within Devil’s Elbow 
would be excavated to accommodate the improved channel.  Navigation improvements would allow for 
operation of a single standard jumbo barge tow or a single super jumbo barge tow.  This alternative would 
result in 764,000 cy of dredged material during the initial dredging and a total of 3,580,000 cy of dredged 
material over the life of the project.   

Compared to the No-action Alternative and the basic 9-foot alternative, the basic 10-foot alternative 
would have the benefits of increased safety, efficiency, and reliability of the CBNC; greater draft depth; 
and increased flood conveyance.  Compared to the basic 9-foot alternative and associated options, this 
alternative would result in net economic benefits ($1,344,643) and a greater BCR (1.82).  Additional 
dredged material resulting from increased depth of the improved channel under this alternative would 
require an increase in the height of placement areas but not an increase in area; therefore, the potential 
environmental impacts associated with dredged material placement for this alternative would be similar to 
those described for the basic 9-foot alternative.  Dredging the channel to the dimensions proposed by the 
basic 10-foot alternative would result in slightly higher impacts to estuarine marsh (8.7 acres) and native 
hardwoods (4.4 acres) than the basic 9-foot alternative. 

Option 1 – The addition of Option 1 to this alternative would create a designated passing zone 
downstream of SH 99 (see Figure 2.3), which would increase the safety of the CBNC over the basic 10-
foot alternative by allowing two 54-foot wide barges to pass safely within the channel.  Adding this 
option to the basic 10-foot alternative would result in net economic benefits of $1,503,539 and a BCR of 
1.91.  This alternative would result in 794,000 cy of dredged material during the initial dredging and a 
total of 3,610,000 cy of dredged material over the life of the project.  The potential environmental impacts 
of this alternative would be similar to those described for the basic 9-foot alternative, Option 1, although 
it would impact more estuarine marsh (8.7 acres) and native hardwoods (4.4 acres) due to additional bend 
easing in Devil’s Elbow required to accomodate the slightly increased top width of the deeper channel. 



 

2-22 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Option 2 – The 10-foot alternative, Option 2 would include the Devil’s Elbow Cutoff (see Figure 2.4).  
Compared to the basic 10-foot alternative and Option 1, this option would increase the efficiency of 
navigation along the CBNC by reducing the length of the navigation channel and eliminating the need to 
maneuver the tight series of bends in Devil’s Elbow.  This option would result in net economic benefits of 
$1,436,855 and a BCR of 1.86.  Potential environmental impacts of this alternative over the No-action 
Alternative include impacts to water quality (temporary increases in turbidity), dredging within 
132.4 acres of benthic habitats and organisms and essential fish habitat, and the conversion of 3.8 acres of 
estuarine marsh and 5.5 acres of native hardwoods to navigation channel primarily by the Devil’s Elbow 
Cutoff (see Table 2.2).  Because this alternative would not dredge the existing Devil’s Elbow channel, it 
would have fewer impacts to benthic habitats and essential fish habitats and estuarine marsh than Option 
1.  However, it would result in more impacts to native hardwoods due to the upland portion of the Devil’s 
Elbow Cutoff. 

Option 3 – Option 3 of the 10-foot alternative would include both the passing zone and the Devil’s Elbow 
Cutoff (see Figure 2.5), which would greatly increase the safety, efficiency, and reliability of the CBNC 
but would incur the potential impacts of both Option 1 and Option 2.  Adding both of these components 
to the 10-foot basic alternative would produce the greatest net economic benefits of all the alternatives 
evaluated ($1,581,942).  The BCR for this option would be 1.94.  Potential environmental impacts of this 
alternative over the No-action Alternative include impacts to water quality (temporary increases in 
turbidity), dredging within 135.8 acres of benthic habitats and organisms and essential fish habitat, and 
conversion of 3.8 acres of estuarine marsh and 5.5 acres of native hardwoods to navigation channel 
primarily by the Devil’s Elbow Cutoff (see Table 2.2).  Because this alternative would not dredge the 
existing Devil’s Elbow channel, it would have fewer impacts to benthic habitats and essential fish habitats 
and estuarine marsh than the basic alternatives and Option 1 for both channel depths.  However, it would 
result in more impacts to native hardwoods due to the upland portion of the Devil’s Elbow Cutoff.  This 
alternative would have slightly more impacts to benthic organisms and habitats and essential fish habitat 
than Option 2 for both channel depths. 

Additional Alternatives 

The existing maintained Lower Channel at 10 feet deep and 100 feet wide limits additional structural 
alternatives.  In addition, the Non-Federal sponsor (CCCBND) has exercised its option to limit the project 
to an extension of the existing channel to Mile 11.  Because of financial constraints, the CCCBND does 
not wish to explore alternatives that expand beyond the depth or width of the existing maintained channel. 

Non-structural Traffic Management Measures 

Non-structural traffic management practices, such as radio communication, are currently being used to 
promote safety and reduce delays.  Since areas where barges can pass are few and short in length, the 
current practice between shippers is to synchronize the timing of upbound and downbound tows.  
Downbound tows are given the right-of-way, and upbound tows find a place to move out of the channel 
and wait.  In order to accommodate the expected future growth under the No-action Alternative, stringent 
traffic management practices would have to be implemented.  It is expected that delays could begin to 
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occur with as few as four round-trips per day without improvements.  The following non-structural 
measures were considered for the project: 

• Providing a pull-off area downstream of the Union Pacific Railroad (UPRR) bridge and maintaining 
constant radio communication among the barge pilots and captains.  Communication among barge 
pilots and captains is currently an integral component of navigation on Cedar Bayou and is implicitly 
part of all alternatives evaluated in this report. 

• When exceeding four barges per day, triple-tripping practices in the channel must cease in order to 
allow a clear channel for barges to meet and pass safely 

• Assessing user fees to better manage congestion 

• Convoying of barges to reduce congestion 

Based on the projected growth of barge traffic in the CBNC, non-structural measures do not pose a long-
term viable solution but should be practiced until the project is completed.  At the present rate of growth, 
traffic will reach four round trips per day before improvements can be constructed.  The delay cost 
computed for four round trips per day is $0.25 per ton.  Delay costs will escalate even with non-structural 
measures in place, and are projected to exceed $1,000,000 annually within 10 years.  Consequently, non-
structural measures were eliminated from further consideration as viable stand-alone alternatives to 
resolve the navigation problems at hand.  As traffic increases in the future under with-project conditions, 
non-structural measures should be considered to mitigate increased delays. 

2.2.3 Recommendation of the LPP 

In accordance with the USACE’s PGN, the alternative that would produce the most net benefits, among 
those requested by the Non-Federal sponsor, was selected as the LPP.  Based on the evaluation presented 
within this report, the alternative with the greatest net benefits is the 10-foot deep alternative with both a 
passing lane located at Mile 6 and the Devil’s Elbow Cutoff (10-foot Alternative, Option 3).  This plan 
provides greater net benefits than all other plans included in the alternatives analysis.  A sufficient 
number of alternatives have been analyzed to ensure that net benefits do not maximize at a scale smaller 
than this recommended plan.  This plan also yields the greatest BCR among the plans evaluated, which 
indicates that it is the most cost-effective plan evaluated.   

The LPP meets the purpose of and need for the project and satisfies the objectives set forth for the project 
in Section 1.6 while remaining feasible in terms of cost and constructability.  The improved depth and 
width, as well as the Devil’s Elbow Cutoff and the passing zone, would increase efficiency (reduce costs) 
and improve safety and reliability of commercial navigation along the CBNC.  In addition, the improved 
channel would provide safer separation between commercial and recreational vessels.  During the 
development of the LPP, the preservation and enhancement of wetlands, upland habitats, and other 
natural resources along Cedar Bayou were also considered.  A detailed description of the LPP is included 
in Section 3.1.  Section 2.3 below describes alternatives evaluated for the management of dredged 
material associated with these improvements to the CBNC. 
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2.3 Alternatives for Management of Dredged Material 

Once the LPP for improving the CBNC was identified, the amount of dredged material that would result 
from the LPP (initial dredging and 50 years of maintenance dredging) was calculated, and an analysis of 
alternative placement components for the DMMP for the project was conducted.  This section provides 
information on the quantity of material that would be dredged from the CBNC during the 50-year life of 
the project and discusses the alternatives identified and evaluated during the development of the DMMP 
for the LPP.  This section concludes by describing the selected components of the DMMP. 

The initial dredging of the CBNC from Mile 3 to SH 146 is expected to produce approximately 896,000 
cubic yards (cy) of dredged material.  Approximately 331,000 cy of this material would be mechanically 
dredged, and the remaining 565,000 cy of material would be hydraulically dredged.  A detailed table 
showing the amount of material that would be dredged by station is included in the DMMP in Section 3.2.  
All material dredged during the initial construction is considered new material, although much of the 
channel was dredged to -20.0 feet MLT as part of the HL&P cooling water channel.  Since that time, most 
of the channel has silted in and consolidated. 

To estimate future maintenance dredging volumes, siltation rates were derived and analyzed using 
dredging records from the USACE for the maintained Lower Channel and from the HL&P dredging 
project.  The siltation rate for the Upper Channel was determined to be 1.7 cy/foot/year.  An explanation 
of siltation rates used for this project is provided in the geotechnical appendix (Appendix B) in the 
engineering appendix of the Feasibility Report and Section 3.2 of the FEIS.  Due to the relatively low 
siltation rates in the Upper Channel, maintenance dredging is expected to occur on a 10-year cycle.  Over 
the 50-year period of maintenance dredging (four maintenance dredging cycles), approximately 
2,816,000 cy of material is expected to be dredged (704,000 cy per maintenance dredging cycle). 

This DMMP alternatives analysis includes an analysis of the following alternative placement methods: 

• Open-bay placement (Section 2.3.1) 
• Habitat creation (Section 2.3.2) 
• Upland placement (Section 2.3.3) 

For each alternative method, a brief description is provided, followed by a description of existing 
placement areas near the project, the feasibility of using the placement method for this project, and, if 
feasible, an analysis of alternative locations.  The alternatives were analyzed based on the quantity of 
dredged material, feasibility of placement methods and locations, and potential environmental impacts.  
Figure 2.6 provides a graphic presentation of the sites discussed.  On this figure, the existing placement 
areas along the CBNC are numbered in sequential order (i.e., PA 1, PA 2, PA 3, etc.) beginning at Hog 
Island.  Placement Areas 5 and 7 are former open-bay placement areas that are located outside the study 
area and were not considered alternatives for dredged material placement associated with this project. 
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Figure 2.6  Alternative Placement Areas 
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2.3.1 Open-bay Placement 

The USACE has previously used open, unconfined water placement for material dredged from the Lower 
Channel.  Existing open-bay placement sites are located on the north and south sides of the Lower 
Channel in Upper Galveston and Tabbs Bays (see Figure 2.6).  Material was placed in these areas as 
submerged mounds and exposed mud shoals, which provided a simple, least-cost placement alternative 
for this section of the channel.  However, this method has several drawbacks.  Since open-bay placement 
does not actively confine the dredged material, wind, waves, and currents can transport some of the 
material back into the channel under certain conditions.  This can increase maintenance costs and shorten 
the time between maintenance cycles. 

The habitats that would be created by the open-bay placement method were not deemed as valuable as 
those created using dredged material to construct marshes and islands.  Although the material is deposited 
as efficiently as possible in open water an acceptable distance from the channel, no vegetation is planted 
and no features that diversify the habitat such as inlets, ponds, and dunes are created.  

Because of the distance between the LPP and Galveston Bay (approximately 3 miles), the potential for 
dredged material to be eroded and deposited back into the CBNC, and concerns raised during 
coordination with resource agencies (including turbidity and lower productivity of habitats created by 
open-bay placement), the decision was made not to include open-bay placement areas in the DMMP for 
the proposed project. 

2.3.2 Habitat Creation 

It is the policy of the USACE to assess the potential to use dredged material for environmental purposes, 
including fish and wildlife habitat creation, ecosystem restoration and enhancement, and/or hurricane and 
storm damage reduction (USACE 2000).  Districts are further encouraged to consider options that provide 
opportunities for aquatic ecosystem restoration.  Habitat creation sites enhance the environment and 
reduce the required amount of other placement areas, such as upland placement areas.  Two uses of 
dredged material in the form of ecosystem restoration were evaluated for the proposed project.  These 
include the creation of islands and estuarine marsh.  The following paragraphs discuss each of these 
alternative uses. 

2.3.2.1 Island Habitats 

Dredged material can be used to create islands within open water areas.  The design of these man-made 
islands is dependent on the soil conditions of the dredged material, the physical and hydrological 
environment, and the desired landscape.  Islands are generally constructed in dynamic environments that 
can be subjected to wind-driven waves, vessel wakes, tidal currents, and changes in water levels due to 
wind, tides, and storm surge.  Therefore, the islands are susceptible to erosion from these factors.  
Creation of islands in Upper Galveston Bay was assessed for the proposed project but was dismissed 
because of the long pumping distance to Galveston Bay (approximately 3 miles) and potential for the 
dredged material to be eroded after placement and deposited back into the CBNC or other navigation 
channels.  The additional cost to armor the islands to prevent erosion and the lack of a site with sufficient 
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area to contain the material that would avoid oyster impacts all contributed to the early elimination of this 
alternative from further consideration.  In addition, creation of marsh habitats in more protected sections 
of Cedar Bayou would provide greater habitat value and was determined to be a more practical method 
for using dredged material to create habitat. 

2.3.2.2 Estuarine Marsh 

Marshes are low-lying vegetated habitats that experience periodic or permanent inundation 
(USACE 1987).  Marshes are considered highly productive habitats and are used by many species of 
shrimp, crabs, fish, other aquatic organisms, and wading birds.  Dredged material has been used to 
construct man-made marshes in Galveston Bay.  Because of the value of estuarine marsh habitats, and 
since shallow lakes located along the lower portion of Cedar Bayou were historically estuarine marshes 
that have subsided, it was determined that some of the dredged material would be used to create estuarine 
marsh within the project area. 

Man-made marshes are typically created in low-energy or semi-protected environments to establish the 
marsh and promote plant growth.  Therefore, several locations were evaluated for the marsh creation site.  
These include the established Atkinson Island marsh creation site, a new marsh creation site at PA 4 in 
Upper Galveston Bay, and Fisher Lake, Ash Lake, Negrohead Lake, Ijams Lake, and Finger Lakes within 
Cedar Bayou.  Figure 2.6 provides the location of each alternative site.  The following paragraphs 
describe each location. 

Atkinson Island Marsh Creation Alternative 

As part of a marsh creation plan prepared for dredged material from the deepening and widening of the 
HSC, the USACE and the Port of Houston Authority (PHA) have established a marsh creation site 
adjacent to Atkinson Island, which is located south of the west end of the CBNC in Upper Galveston Bay.  
One alternative for dredged material management for the CBNC improvements was to create marsh at the 
Atkinson Island site, following the marsh creation plan established by the USACE.  The preliminary cost 
estimate to construct this site was relatively high (approximately $58,100 per acre) due to the construction 
and armoring of the containment dikes in the bay.  In addition, coordination with environmental agencies 
indicated that the proposed marsh creation at Atkinson Island would be less desirable due to scheduling of 
construction and the need to leave inflow access to the existing marsh creation site.  Therefore, this 
alternative was not included in the DMMP for this project. 

Placement Area 4 (PA 4) Marsh Creation Alternative 

A different alternative to create new marsh in Upper Galveston Bay using new-work dredged material is 
to convert an established placement area (PA 4) used by the existing maintained portion of the CBNC 
(Lower Channel).  PA 4 is a 120-acre, open-bay, unconfined placement area located adjacent to and east 
of the Atkinson Island marsh site (Figure 2.6).  Only about half of the site is currently used because of 
oyster reefs located within the placement area on the east side.  Scattered oyster reefs are located 
throughout this area, making it impossible to establish new placement areas for depositing dredged 
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material.  The presence of oysters inside the placement area limits the useable area to about 60 acres for 
placement of dredged material. 

Although the 60-acre site is large enough to contain all of the new-work material from the Devil’s Elbow 
Cutoff, the 3-mile pumping distance to the site adds to the cost of the marsh creation site.  Additional 
costs are incurred by armoring the levees to protect them from wave erosion in the open bay and the need 
for weirs to permit water exchange between the new marsh and Galveston Bay.  The preliminary cost for 
building the marsh at this location is about $66,000 per acre.  A more important consideration for 
converting this placement area to a marsh site is that once the site is filled to capacity (which would occur 
after one maintenance dredging cycle in the existing channel), it can no longer be used for maintaining the 
navigation project between the HSC and the mouth of Cedar Bayou.  Since this placement area is needed 
to maintain the existing channel and cannot be replaced, this alternative was not developed for the 
DMMP. 

Fisher Lake Alternative 

Fisher Lake is a 55-acre lake located at the mouth of Cedar Bayou, east of Boaz Island.  The lake has an 
average bottom elevation of -0.5 feet MLT.  Fisher Lake was previously a marsh that has subsided in the 
last 50 years, and, like all lakes on the Chambers County side of Cedar Bayou, is owned by the State of 
Texas. 

The preliminary cost to construct marsh within Fisher Lake is estimated to be approximately $17,500 per 
acre.  The site is subjected to waves and tidal currents associated with interaction between the bayou and 
the bay.  This site may offer more risk in establishing marshes compared to other locations; therefore, it 
was dismissed as a marsh creation site. 

Ash Lake Alternative 

Ash Lake is a shallow lake (existing bottom is approximately -0.5 feet MLT) located on the west side of 
Cedar Bayou near Galveston Bay.  This lake is approximately 64 acres in size and, like all waters on the 
Harris County side of the bayou, is owned by the PHA.  The lake is bordered by island remnants on the 
east and the mainland on the west and northwest.  Residential development has occurred between this 
lake and Galveston Bay, and a shallow channel south of the lake is used by recreational watercraft.  The 
lake is hydraulically connected to Cedar Bayou and is tidally influenced.    

The preliminary cost to construct estuarine marsh within Ash lake would be approximately $17,300 per 
acre.  The site is partially protected by the island remnants between it and Cedar Bayou, which would 
limit the exposure of fill and marsh plants to direct wave action from the bay or boat and barge wakes.  
However, residents living near Ash Lake opposed this site for marsh creation, citing its aesthetic value, 
use by recreational watercraft, and proximity to homes.  In addition, projected development of the 
property around Negrohead Lake (below) will likely induce development at this site as well.  Therefore, 
based on public opposition and future development around this site, the CCCBND dismissed the Ash 
Lake Alternative from the DMMP. 
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Negrohead Lake Alternative 

Negrohead Lake is a shallow lake approximately 30 acres in size.  It is located on the west side of Cedar 
Bayou, upstream of Ash Lake.  During the project coordination process, the landowner adjacent to the 
lake indicated his desire to establish residential development along the shoreline. 

The preliminary cost to construct marsh within this site is approximately $18,200 per acre, which is 
slightly higher than the Fisher Lake and Ash Lake Alternatives.  This site was dismissed because it is 
small compared to other lakes evaluated, and creating marsh in this lake could conflict with the 
landowner’s plans to develop the property. 

Ijams Lake Alternative 

Ijams Lake is a long, narrow lake comprising 80.1 acres on the east side of Cedar Bayou.  The lake has a 
bottom elevation ranging from -0.5 to -2.0 feet MLT and is owned by the State of Texas.  The area is 
undeveloped and offers a suitable site to pursue marsh creation.  The lake is tidally influenced and may 
experience exposure to waves created by wind, barges, and recreation watercraft along Cedar Bayou.  
Ijams Lake receives inflow from three drainages:  Ijams Gully, Water Oak Gully, and an unnamed 
drainage (see Figure 2.6). 

The preliminary cost to construct the estuarine marsh in Ijams Lake is approximately $18,050 per acre, 
which is slightly higher than the Fisher Lake and Ash Lake Alternatives.  However, because this site is 
very close to the lower end of the LPP, provides the greatest area for marsh creation, and is supplied with 
flow from drainages that would help create channels and open water areas within the marsh, it was 
decided that this site would be the preferred alternative for using dredged material to create marsh. 

Finger Lakes 

Finger Lakes are abandoned clay pits that were mined in the 1970s and early 1980s.  The lake is located 
on the east side of Cedar Bayou at approximately Mile 8.5 and is approximately 20 feet deep.  Because 
the area adjacent to Finger Lakes was being developed at the time of this study, and because this location 
would require the stiff clays that are desirable for marsh creation to be transported a much longer distance 
compared to the other alternative locations (from Devil’s Elbow Cutoff to Mile 8.5), this location was 
dismissed as a viable marsh creation site. 

2.3.3 Upland Placement 

Upland placement of dredged material is often used because it allows storage of a large amount of 
material during multiple dredging cycles.  When filled to capacity, these upland placement areas typically 
have higher elevations than the surrounding landscape.  They are generally confined by perimeter 
containment dikes to store dredged material until it is properly dewatered through weir-type water control 
structures that are built into sections of the containment system.  Between maintenance dredging cycles, 
the dredged material undergoes consolidation, thereby reducing the overall fill height.  After the sites are 
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abandoned or filled to the design level, they establish vegetation communities that are valuable as wildlife 
habitat. 

In the 1970s, HL&P used upland placement areas as their primary storage technique when constructing its 
cooling water channel.  Upland placement areas have subsequently been used by the USACE for 
maintenance dredging in the upper reaches of the maintained portion of the CBNC.  Existing upland 
placement areas are shown in Figure 2.6.  Many of the previous sites are unavailable or are less desirable 
for future use because they have been filled to capacity, the land would have to be purchased and would 
increase the project costs, and the sites are scattered along the bayou, which increases the spatial 
distribution of upland placement areas for the project. 

Existing placement areas in the project area are not adequate to receive the entire volume of dredged 
material generated by the initial dredging and 50 years of maintenance dredging of the LPP.  Therefore, 
the development of a new upland placement area was considered necessary.  Initially, a single site was 
proposed in order to minimize the amount of upland placement area, the cost of land acquisition, and 
impacts to upland habitats.  The selection of a property for this new placement area was limited by the 
following requirements: 

1) Approximately 100 acres is needed to accommodate the bulked material and the associated ponding 
depths necessary for dewatering the material. 

2) The new upland placement area needs to be centrally located between the project limits (Mile 3 and 
SH 146) to minimize excessive pumping distances from the ends of the project. 

Based on these requirements, an initial review of properties available along the Upper Channel resulted in 
the selection of a property that is located on the east (Chambers County) side of Cedar Bayou, across 
from and slightly upstream of Roseland Park (see “Potential New Upland Placement Area” on 
Figure 2.6).  The western portion of this property contains a historically used placement area (PA 10). 

Originally, the placement plan was designed to utilize 107 acres of this property as a new upland 
placement area.  However, during environmental investigations, it was determined that the western 
portion of the site contained wooded areas that have established along and within PA 10 and are 
considered valuable wildlife habitats.  These areas were avoided, which resulted in the modified 
placement area encompassing 56.9 acres of primarily improved pasture.  In addition to avoiding valuable 
habitats, utilizing only the eastern portion of this property sets the placement area back approximately 
1,200 feet from Cedar Bayou, which makes it less visible to the residents along Cedar Bayou.  This 
configuration would require a channel (approximately 60 feet wide) to be cut from the placement area to 
Cedar Bayou to convey water that has decanted from the dredged material back into the bayou.  For 
future reference in this FEIS, this upland placement area is referred to as Upland Placement Area No. 2. 

The reduced acreage of Upland Placement Area No. 2 required the placement area to be designed for 
filling to a higher elevation.  In addition, to accommodate dredged material over the life of the project, it 
was determined a second upland placement area would be required.   
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After site visits in February 2000 and August 2000 and a review of property ownerships, two existing 
upland placement areas (PA 6 and PA 8b on Figure 2.6) were identified as providing the acreage needed 
to place dredged material that would not be placed in the Ijams Lake Placement Area and Upland 
Placement Area No. 2.  These sites are each greater than 40 acres and are owned by Chambers County, 
which has indicated that they could be used for placement of dredged material at no cost.  Therefore, 
these sites present significant cost savings to the project and reduce the need to develop other sites in less 
desirable locations.   

Coordination with the USACE indicated that PA 6 may be used in future maintenance dredging cycles in 
the Lower Channel and would not have the capacity for the volume of maintenance material for both 
projects.  Therefore, the decision was made to include PA 8b in the DMMP.  During the time since 
dredged material was last placed in this site, it has established a scrub/shrub habitat that is considered of 
lower quality than the wooded habitats that were avoided by reconfiguring Upland Placement Area No. 2; 
therefore, using this placement area would reduce impacts to high-quality upland habitats.  For future 
reference in this FEIS and associated documents, this site is called Upland Placement Area No. 1. 

2.3.4 Recommendation of the Dredged Material Management Plan 

The analysis of alternatives for dredged material placement was conducted in a two-tiered process.  The 
first task was to identify and evaluate methods of dredged material placement.  The analysis resulted in 
the selection of two methods:  (1) the use of dredged material to create estuarine marsh and (2) upland 
placement.  The second tier included identifying and analyzing alternative locations for implementing the 
two placement methods.  This analysis resulted in the recommendation to create marsh in the Ijams Lake 
Placement Area and place dredged material in one existing placement area (Upland Placement Area No. 
1) and one new placement area (Upland Placement Area No. 2) (Table 2.3).  A detailed DMMP is 
included as Section 3.2. 

Table 2.3  Summary of Dredged Material Placement for the LPP 

 Upland Placement 
Area No. 1 

Upland Placement Area No. 2 
and Dewatering Channel 

Ijams Lake 
Placement Area 

Type of Site Existing upland 
placement area Undeveloped pasture Shallow lake 

Size 63.0 56.9 80.1 

Existing Habitats Scrub/Shrub 
Improved pasture (51.7 acres) 
Tallow-dominated woodland (5.0 acres) 
Scrub/shrub (0.2 acres) 

Shallow open water 

Proposed New Habitats None None Estuarine marsh 
Quantity of Material   
Initial Dredging 298,800 cy 255,600 cy 341,700 cy 
Maintenance Dredging 1,408,000 cy 1,408,000 cy None 
 

The Ijams Lake Placement Area currently consists of 80.1 acres of shallow open water, in which dredged 
material would be placed to create estuarine marsh.  Approximately 15.0 acres of this marsh would be 
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considered compensatory mitigation for impacts to estuarine marsh as a result of the LPP (see 
Section 6.0). 

Upland Placement Area No. 1 is an existing placement area that is owned by Chambers County and is 
approximately 63 acres in size.  Since its last use in the 1970s, scrub/shrub vegetation has established.  
Approximately 1,706,800 cy of dredged material is expected to be placed in this placement area during 
the initial and maintenance dredging cycles. 

Upland Placement Area No. 2 would be a new placement area that is located across from the City of 
Baytown and is set back from Cedar Bayou approximately 1,200 feet.  Because of this, a dewatering 
channel would be excavated to convey water from the placement area to Cedar Bayou.  This site is 
approximately 56.9 acres in size and is used as improved pasture.  Approximately 1,663,600 cy of 
dredged material is expected to be placed in Upland Placement Area No. 2 during the initial and 
maintenance dredging cycles. 

2.4 Summary of the Alternatives Analysis 

The alternatives analysis for this project consisted of developing and evaluating alternatives for the 
following two components:   

1) Improvement of the CBNC (Section 2.2) 

2) Management of dredged material (Section 2.3) 

The alternatives analysis for improving the CBNC consisted of a preliminary alternatives analysis, which 
identified a Selected Plan (the NED Plan) that was determined by the Non-Federal sponsor (the 
CCCBND) to be too costly.  To reduce the total project cost, the CCCBND defined an LPP that excluded 
any improvements to the existing federally maintained Lower Channel.  Alternatives for the LPP were 
then developed and evaluated within the Upper Channel.  In accordance with the USACE’s PGN (ER 
1105-2-100), the alternative that would produce the most net economic benefits, among those requested 
by the Non-Federal sponsor, was identified as the LPP.  As Table 2.2 indicates, the alternative with the 
greatest net benefit is the 10-foot deep alternative with a passing lane located at Mile 6 and Devil’s 
Elbow Cutoff (10-foot Alternative, Option 3).  Therefore, the LPP and the No-action Alternative are the 
only alternatives addressed in Section 5.0.  The No-action Alternative is carried through to provide a 
baseline to which the LPP can be compared. 

This LPP satisfies the objectives set forth for the project in Section 1.6 while remaining feasible in terms 
of cost and constructability.  The improved depth and width, as well as the Devil’s Elbow Cutoff and the 
passing zone, would increase efficiency (reduced costs) and improve safety and reliability of commercial 
navigation along the CBNC.  In addition, the improved channel would provide safer separation between 
commercial and recreational vessels.  During the development of the LPP, the preservation and 
enhancement of wetlands, upland habitats, and other natural resources along Cedar Bayou were also 
considered.  A detailed description of the LPP is provided in Section 3.1. 
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Once the LPP for improving the CBNC was identified, the amount of dredged material that would result 
from the LPP (initial dredging and 50 years of maintenance dredging) was calculated, and an analysis of 
alternative placement components for the DMMP for the project was conducted.  This analysis consisted 
of an evaluation of different placement methods and different locations within methods deemed feasible.  
The placement methods evaluated included the following: 

• Open-bay placement (Section 2.3.1) 
• Habitat creation (Section 2.3.2) 
• Upland placement (Section 2.3.3) 

The DMMP alternatives analysis resulted in the selection of three placement areas to be used for the 
proposed project.  These include Upland Placement Areas No. 1 and No. 2 and the Ijams Lake Placement 
Area.  The detailed DMMP prepared for the project is located in Section 3.2.  
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3.0 LOCALLY PREFERRED PLAN AND DREDGED MATERIAL MANAGEMENT PLAN 

This section provides a detailed description of the improvements to the CBNC that are proposed by the 
LPP and the management of dredged material outlined in the DMMP.  The impacts of these components 
on the environment are discussed in Section 5.0.  For the remainder of this FEIS, the LPP refers to the 
combination of the proposed improvements to the CBNC and the placement areas.   

3.1 Description of the Locally Preferred Plan 

The proposed project consists of channel improvements, management of dredged material, and other 
navigation-related improvements.  Table 3.1 provides a tabular summary of the proposed project.  
Figure 3.1 provides a graphical presentation of the components of the LPP.  Figure 3.2 shows the station 
numbers for the LPP, which are referred to throughout the remainder of this document. 

Table 3.1  Summary of the Locally Preferred Plan 
Improvements  

Dimensions • 10-foot deep by 100-foot wide (bottom width) channel from Mile 3 to SH 146 (Mile 11) 
• Uniform 1-foot advance maintenance cut and an allowable 1-foot over-depth tolerance 

Additions • One 200-foot wide (bottom width) by 1,300-foot long passing zone at Mile 6 
• Devil’s Elbow Cutoff 

Bend Easings • Two that require dredging of a total of 1,700 linear feet of banks 

Bank Armoring • Along levee between the Ijams Lake Placement Area and Cedar Bayou and along both 
banks in the Devil’s Elbow Cutoff 

Placement Areas 
• Ijams Lake Placement Area (includes marsh mitigation) 
• Upland Placement Area No. 1 
• Upland Placement Area No. 2 

Duration • Initial dredging and 50 years of maintenance dredging (four 10-year cycles) 

Equipment • Initial dredging: hydraulic cutterhead suction dredge and mechanical (clamshell) dredge  
• Maintenance dredging: hydraulic cutterhead suction dredge 

 

The LPP would improve the CBNC by dredging it to 10 feet deep and 100 feet wide (bottom width) from 
Mile 3 to SH 146.  These dimensions would match those of the existing maintained Lower Channel from 
the HSC to Mile 3, would improve navigability of the CBNC, and would provide for safer separation 
between recreational and commercial vessels.  The improved channel would allow the navigation of a 
single standard jumbo tow (35 feet wide by 295 feet long) or single super jumbo barge tow (54 feet wide 
by 340 to 395 feet long) along the entire CBNC (HSC to SH 146).   

The proposed channel would have side slopes of 1 on 3 vertical on horizontal (V:H), which meet the 
existing design slopes of the Lower Channel.  The LPP would include a uniform 1-foot advance 
maintenance cut, defined by the USACE as additional dredging beyond the authorized project depth, and 
an allowable 1-foot over-depth tolerance during construction.  The advance maintenance cut increases the 
time between maintenance dredging cycles and allows the dredging contractor to dredge a deeper cut that 
is more efficient and results in a lower unit cost. 
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Bend easings that are required to accommodate the LPP’s channel width and depth would include 
dredging outside the banks in two locations near SH 146.  All other dredging activities, with the exception 
of the Devil’s Elbow Cutoff, would occur within the existing banks of Cedar Bayou.  Figures 3.3 through 
3.8 provide cross-sections of the proposed channel along the length of the project, including the passing 
zone and Devil’s Elbow Cutoff.  These cross-sections show the proposed dredge limits in relation to the 
existing banks.  The location and extent of bend easings follow: 

• Bend Easing 1 – Approximately 800 feet long, from Station 647+00 to Station 655+00 (1.2 acres) 

• Bend Easing 2 – Approximately 900 feet long, from Station 664+00 to Station 673+00 (0.8 acre) 

The LPP includes a single 200-foot wide and 1,300-foot long passing zone located downstream of SH 99, 
at Mile 6.  This passing zone would provide an area where a tow can slow down and wait for another tow 
to meet and pass in the opposite direction.  It would allow two 54-foot wide barges to pass within the 
channel.  The passing zone would be excavated entirely within the existing banks of Cedar Bayou. 

The LPP includes a cutoff channel (Devil’s Elbow Cutoff) that bypasses the existing Devil’s Elbow 
section of the channel, which eliminates the need for barges to maneuver this tight series of bends and 
reduces the overall length of the channel by approximately 5,000 feet.  The existing Devil’s Elbow 
channel would remain open for recreational boat use and would not be dredged during the initial or 
maintenance dredging cycles.  The island created by the cutoff channel (Devil’s Elbow Island) is 
proposed for compensatory mitigation for impacts to upland habitats that would occur as a result of the 
project.  The island would be preserved through a conservation easement or other method approved by the 
pertinent resource agencies (see Section 6.0). 

The improvements to the CBNC would result in approximately 3.71 million cy of dredged material from 
the initial dredging and 50 years of maintenance dredging.  The dredged material would be deposited 
within three placement areas:  Ijams Lake Placement Area, Upland Placement Area No. 1, and Upland 
Placement Area No. 2.  A detailed DMMP is included in Section 3.2.  The Ijams Lake Placement Area 
would receive material exclusively from the upland portion of the Devil’s Elbow Cutoff and nearby 
shallow marsh.  Upland Placement Areas No. 1 and 2 would receive dredged material from the channel, 
including the materials potentially affected by contaminants. 

3.1.1 Construction of the LPP 

Construction components associated with the LPP include: 

• The relocation of seven pipelines crossing the CBNC in two locations; 

• The addition of a fendering system on the UPRR bridge located at approximately Mile 6.5; 

• Mechanical dredging associated with the excavation of the Devil’s Elbow cutoff channel in the 
LPP;
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Figure 3.1  Locally Preferred Plan  
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Figure 3.2  Station Numbers for the Locally Preferred Plan and Pipeline Relocations Anticipated 
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Figure 3.3  Selected Cross-Sections of the Proposed Channel 
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Figure 3.4  Selected Cross-Sections of the Proposed Channel 
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Figure 3.5  Selected Cross-Sections of the Proposed Channel 
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Figure 3.6  Selected Cross-Sections of the Proposed Channel 
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Figure 3.7  Selected Cross-Sections of the Proposed Channel 
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Figure 3.8  Selected Cross-Sections of the Proposed Channel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• The placement of mechanically dredged material from the Devil’s Eblow Cutoff in Ijams Lake 
for use in constructing containment dikes for the marsh creation site; 

• Hydraulic dredging along the length of the channel to construct the channel to the specified 
dimensions and to maintain the channel over a 50-year life; 

• The placement of hydraulically dredged material from the Devil’s Elbow Cutoff in Ijams Lake 
and the construction of the upland placement areas; and 

• Armoring the banks in specific locations along Cedar Bayou and Ijams Lake with rubble riprap to 
protect the shoreline and prevent erosion. 

The following paragraphs describe these construction activities. 

3.1.1.1 Pipeline Relocations 

An estimated seven pipelines would need to be relocated to construct the LPP.  These are shown on 
Figure 3.2 and include the following lines: 

• Station 605+00:  Two Kinder-Morgan 26-inch lines (main and bypass) 
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• Station 445+00:  8-inch Mobil ethylene pipeline (12-inch casing) 
6-inch EGP Fuels pipeline (914-G) Line 8 
6-inch EGP Fuels pipeline (914-E) Line 1 
8-inch EGP Fuels pipeline (914-F) Line 9 
6-inch Teppco pipeline 

Relocation of these pipelines would result in the temporary disturbance totaling approximately 2.2 acres 
of maintained pipeline right-of-way (ROW), assuming that the removal of the each pipeline would be 
conducted within a 12-foot wide corridor, and that the pipelines would be installed by directional drilling 
to reduce impacts to the channel bottom and banks of Cedar Bayou. 

3.1.1.2 Transportation Facilities 

Three transportation facilities cross the CBNC within the project limits, including the UPRR (Mile 6.5), 
SH 99 (proposed Grand Parkway, Mile 6.7), and SH 146 (Mile 11).  The UPRR crosses via a steel lift 
bridge with a main span of approximately 155 feet and a vertical clearance of approximately 47 feet when 
completely raised.  Currently, there is no fendering system on this bridge.  The SH 99 bridge is a two-lane 
concrete structure with a main span of approximately 150 feet and a vertical clearance of approximately 
62 feet at the channel crossing.  This bridge has a typical hung-timber fender to protect it from vessel 
traffic.  The SH 146 bridge is a four-lane concrete structure with a main span of approximately 60 feet 
and a vertical clearance of approximately 20 feet at the channel crossing.  There is no fendering system on 
this bridge.  Currently, barges traversing the CBNC cross under the UPRR and SH 99 bridges but not the 
SH 146 bridge since it is located at the upstream limit of the CBNC. 

None of the bridge structures would require relocation as a result of the proposed project.  Studies 
performed to determine the effect of dredging the LPP on the bridges concluded that they would maintain 
full structural and functional integrity after dredging.  To protect the UPRR bridge from vessel traffic, the 
proposed project would provide a typical hung-timber fender similar to that on the SH 99 bridge.  The 
Texas Department of Transportation (TxDOT) Beaumont District has reviewed the analyses for the 
highway bridges and has no objections to the proposed project.  A copy of the letter from TxDOT is 
located in Section 1 of Appendix A.  The analyses were also provided to UPRR in 2003, and no 
objections were made. 

3.1.1.3 Dredging of the LPP 

Dredging of the LPP is expected to be performed by both mechanical and hydraulic dredges.  Mechanical 
dredging would employ a clamshell dredge mounted on a barge.  Approximately 331,000 cy of material 
would be removed from the upland portion of Devil’s Elbow Cutoff in this manner.  Excavated material 
would be transported by barge down Cedar Bayou to Ijams Lake, where it would be used for the 
construction of containment dikes around the Ijams Lake Placement Area and for creation of estuarine 
marsh within Ijams Lake.  The construction of temporary channels in Ijams Lake may be required to 
allow barge access for strategic material placement for levee construction.  Materials excavated to create 
temporary channels would be placed within the Ijams Lake Placement Area.  Containment dikes would be 
raised to a height of +8.4 feet MLT, and a spill box for decanting water during placement of hydraulically 
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dredged material would be constructed along the western edge of Ijams Lake, adjacent to Cedar Bayou.  
Temporary channels created for barge access would be filled during hydraulic dredged material 
placement and construction of the estuarine marsh.  After the placement of fill in Ijams Lake, the material 
would be given time to settle and take shape.  The containment dikes would then be partially breached to 
allow flow between Cedar Bayou and the Ijams Lake Placement Area, and vegetation would be planted to 
establish functional marsh in the site. 

Hydraulic dredging composes a large portion of the work associated with the CBNC, as approximately 
565,000 cy of material from the channel bottom would be removed.  Hydraulically dredged material 
would be pumped through a pipeline in slurry form to the designated placement areas.  Material would be 
first pumped to the Ijams Lake Placement Area in order to ensure the proper and complete construction of 
the marsh creation site.  Containment dikes would also be constructed in each of the upland placement 
areas prior to hydraulic dredging, with the features and dimensions described in the DMMP.  These 
containment dikes would be constructed using bulldozers or similar equipment.  Placement area dikes 
would be constructed to allow for a 2-foot freeboard and a 2-foot ponding depth.  Appropriately sized and 
placed spill boxes would decant runoff from each placement area back into the bayou.  It is likely a 20- to 
24-inch cutter suction hydraulic dredge would be utilized to complete the hydraulic dredging.  A booster 
pump would be required for the operation.   

Maintenance dredging would occur in 10-year cycles and would consist of hydraulically dredged material 
that would be placed entirely within the upland placement areas.  Existing containment dikes in each 
upland placement area would be raised before subsequent maintenance periods to account for the 
placement of the additional material on-site.  Material from within each upland placement area would be 
used to elevate the containment dikes during each maintenance cycle. 

3.1.1.4 Bank Armoring 

Under the LPP, armoring of newly cut banks or constructed levees is proposed in two locations to protect 
sensitive areas from erosive forces created by channel traffic.  Armoring would consist of rubble riprap 
placed in the following areas: 

• Along the western levee of the Ijams Lake Placement Area (between Ijams Lake and the CBNC), for 
approximately 3,200 linear feet 

• Along both upland banks of the Devil’s Elbow Cutoff, for a total of 5,400 linear feet 

The riprap would be sized according to expected drawdown and concurrent wave height associated with 
barge tows that use Cedar Bayou.  In both specified armoring locations along the CBNC, the riprap would 
be placed from the water side with the aid of a barge and crane.  Table 3.2 summarizes the armoring that 
is proposed for the LPP. 
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Table 3.2  Summary of Bank Armoring Proposed by the LPP 

Location Length 
(feet) 

Width 
(feet) 

Vertical Depth 
(feet) Area (acres) 

Ijams Lake Placement Area 3,200 15.8 5 1.2 
Devil’s Elbow Cutoff 5,400 63.2 10 7.8 
Total 8,600   9.0 

 

Along the west side of the Ijams Lake Placement Area, average riprap stone size would range from 150 to 
200 pounds (15- to 16-inch diameter), with a geofabric layer underneath the stones to prevent the erosion 
of fine sediments.  Five vertical feet of riprap from an elevation of +4.6 MLT to –0.4 MLT is proposed 
along the new shore, with a layer thickness of 1.5 times the diameter of the average stone size (24 inches).  
The slope of the bank would be 1:3 (V:H).  The surface of the armoring at this location would be 
approximately 15.8 feet wide and would cover approximately 1.2 acres.  A plan and section view of this 
project feature is detailed in Figure 3.9. 

Riprap placement through the Devil’s Elbow Cutoff would provide protection for a proposed mitigation 
area on the Devil’s Elbow Island, as well as the northern bank of the created waterway.  Average riprap 
stone size would range from 425 to 475 pounds (21- to 22-inch diameter), with a geofabric layer beneath 
the stones to prevent erosion of fine sediments.  The stones are larger along the upper portion of the LPP 
because of the limited cross sectional area of the channel due to the narrow width of the cutoff.  Twenty 
vertical linear feet of riprap from an elevation of +10.0 MLT to –10.0 MLT is proposed along the cut with 
a layer thickness of 1.5 times the diameter of the average stone (33 inches).  The slope of the bank would 
be 1 on 3 (V:H).  The surface of the armoring at this location would be approximately 63.2 feet wide and 
would cover approximately 7.8 acres.  A plan and section view of this project feature is detailed in 
Figure 3.10. 

3.2 Dredged Material Management Plan 

The DMMP for this project evaluates and presents the recommendations for the placement of dredged 
material associated with the initial construction and long-term maintenance of the CBNC as proposed by 
the LPP.  This plan includes the estimated dredging quantities for the initial project, the 50-year 
recommended dredging plan, and the estimated material placement and management costs.  During the 
development of the DMMP, several alternative placement methods and placement sites were evaluated 
based on the availability of suitable locations for dredged material placement, proximity to the channel, 
long-term placement capacity, impacts to the environment, opportunities to use dredged material to create 
marsh, and reductions in project costs.  A detailed alternatives analysis that was conducted for the 
management of dredged material is provided in Section 2.3 of the FEIS.  
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3.2.1 Quantity of Dredged Material 

3.2.1.1 Initial Dredging 

The initial dredging of the CBNC from Mile 3 to SH 146 is expected to produce approximately 896,000 cy 
of dredged material.  The volume of material that would be dredged during the initial construction of the 
LPP is shown by channel station in Table 3.3.  The material dredged from Station 300+00 to 400+00 is 
mainly stiff clay to be dredged as part of the Devil’s Elbow Cutoff.  Material from 400+00 to 710+00 is 
considered new material, although the entire channel was dredged to –20.0 feet MLT as part of the HL&P 
cooling water channel.  The channel has silted in and consolidated over the last 30 years. 

Table 3.3  Estimated Volume of Material Dredged during Initial Construction of the LPP 
Channel Sta. Volume (cy)  Channel Sta. Volume (cy)  Channel Sta. Volume (cy) 

290+00 0  430+00 12,927  570+00 4,361 
295+00 3,072  435+00 10,242  575+00 3,865 
300+00 2,360  440+00 10,561  580+00 3,498 
305+00 2,416  445+00 12,777  585+00 3,247 
310+00 16,505  450+00 11,725  590+00 3,724 
315+00 33,063  455+00 7,813  595+00 7,619 
320+00 38,338  460+00 4,580  600+00 13,422 
325+00 56,285  465+00 4,139  605+00 11,920 
330+00 85,376  470+00 3,067  610+00 8,866 
335+00 109,565  475+00 1,208  615+00 8,832 
340+00 79,804  480+00 274  620+00 6,214 
345+00 11,729  485+00 2,570  625+00 4,216 
350+00 21,595  490+00 3,586  630+00 3,180 
355+00 15,127  495+00 2,918  635+00 2,822 
360+00 13,475  500+00 1,856  640+00 2,125 
365+00 14,295  505+00 1,590  645+00 2,732 
370+00 11,139  510+00 1,547  650+00 2,959 
375+00 8,186  515+00 1,105  655+00 6,999 
380+00 3,370  520+00 2,759  660+00 6,267 
385+00 2,429  525+00 3,187  665+00 289 
390+00 3,648  530+00 4,546  670+00 6,222 
395+00 3,147  535+00 5,622  675+00 10,455 
400+00 4,603  540+00 2,903  680+00 6,425 
405+00 6,294  545+00 2,850  685+00 5,110 
410+00 10,563  550+00 6,208  690+00 3,207 
415+00 14,593  555+00 6,534  695+00 3,743 
420+00 14,368  560+00 8,241  713+63 9,517 
425+00 13,649  565+00 7,898  Total 896,063 

 
As part of the dredging plan, an estimated 12.2 acres of existing banks and upland areas would be dredged 
to accommodate the new bank side slopes.  Upland areas would be dredged within the northern portion of 
the Devil’s Elbow Cutoff and along the two bend easings located near SH 146.  Table 3.4 provides the 
estimated acreage of uplands that would be dredged in each of these areas. 
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Figure 3.9  Detailed Armoring Section, Ijams Lake 
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Figure 3.10  Bank Armoring in the Devil’s Elbow Cutoff 
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Table 3.4  Areas of Uplands that would be Dredged by the LPP 

Location Area Dredged (acres) 
Devil’s Elbow Cutoff 10.2 
Bend Easing 1 1.2 
Bend Easing 2 0.8 
Total 12.2 

 

3.2.1.2 Maintenance Dredging 

To estimate future maintenance dredging volumes, siltation rates were derived and analyzed using 
dredging records from the USACE for the maintained Lower Channel and from the HL&P dredging 
project for the Upper Channel.  These rates not only impact future dredging volumes and costs, but also 
affect the components of the DMMP, including land acquisition, containment dikes and armoring, and 
placement site management. 

Sedimentation rates vary between the lower and upper portions of the CBNC.  Historical dredging records 
for the federally maintained portions of the CBNC show that maintenance dredging cycles occurred at 
approximately 2-year intervals from 1947 to 1972.  During this time, maintenance dredging occurred 
from Stations 0+00 to 182+00.  The average siltation rate was 166,000 cy/year.  In 1974, the authorized 
channel was extended to Station 300+00, and from 1974 to 1999, the average period between 
maintenance dredging increased to 6.3 years.  During this time, the new channel had an average siltation 
rate of 91,000 cy/year, or 3.0 cy/foot/year.  This relatively high siltation rate is due to the dynamic 
environment of the open bay, including waves, tidal action, and storm events, contributing to littoral 
transport of sediment. 

For the unimproved Upper Channel, siltation was calculated using records from the HL&P channel 
deepening project in the early 1970s.  The HL&P project dredged the upper reaches of Cedar Bayou to a 
bottom depth of –20.0 feet MLT with bottom widths of 80 to 100 feet.  A 10,000-foot section of the 
channel located north of the HL&P Cutoff and below the Cedar Bayou Generating Station has not been 
dredged since the initial project in the 1970s.  Comparison of the original HL&P design section with the 
1999 existing surveys shows that 462,000 cy of siltation has occurred during that period.  This average 
siltation rate per foot of channel is 1.7 cy/foot/year.  This low to moderate siltation rate may be due to a 
variety of reasons but suggests a lack of source material in the contributing watershed, moderate 
development, or development and land use practices that have controlled or limited sediments in storm 
water runoff. 

Based on the above analysis, the long-term siltation rate of 1.7 cy/foot/year was used to calculate the 
amount of material that would be dredged during maintenance of the LPP [Station 300+00 to SH 146 
(Station 713+63)].  Due to the low siltation rates in the Upper Channel and the use of a 1-foot advance 
maintenance dredge depth and a 1-foot overdredge depth, maintenance dredging is expected to occur on a 
10-year cycle.  Over the 50-year period of maintenance dredging (four maintenance dredging cycles), 
approximately 2,816,000 cy of material is expected to be dredged (704,000 cy per maintenance dredging 
cycle).  Table 3.5 summarizes the estimated maintenance dredging volume (measured in place) for each 
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section of the channel, as well as the projected siltation rate.  The Waterways Experiment Station (WES) 
has reviewed this sedimentation analysis and has concurred with the methodology based on the historical 
dredging records presented. 

Table 3.5  Estimated Maintenance Dredging Volumes for the LPP 

Channel Section Maintenance Interval 
(years) 

Projected Siltation Rate 
(cy/foot/year) 

Volume of Maintenance 
Material (cy/maintenance 

cycle) 
300+00 to 400+00 10 1.7 170,000 
400+00 to 714+00 10 1.7 534,000 
Total   704,000 

 

3.2.2 Dredging Techniques 

The majority of the initial dredging and all maintenance dredging are anticipated to be completed using a 
hydraulic cutterhead suction dredge.  The hydraulic dredge mixes the material with water to form a slurry 
with an approximately 20 percent solids concentration.  The slurry is transported through a pipeline to the 
designated placement area.  This method allows dredged material to be transported longer distances, 
usually at lower costs than other methods.  Disadvantages to this method include the need for extensive 
placement areas for containing and dewatering the material.  In addition, the material placed by a 
hydraulic dredge often takes a significant amount of time to dry and consolidate for future use. 

Several types of mechanical dredges can be used in portions of the channel.  These may be land-based or 
mounted on a barge, depending on the size of the dredge and location of the channel.  Areas where 
material is dry or in shallow water, such as bend easings or channel realignment (Devil’s Elbow Cutoff), 
are suitable for mechanical dredging.  Mechanically dredging allows material to stack more easily and 
minimizes drying time; therefore, mechanical dredging requires less placement area than hydraulic 
dredging, thereby reducing land acquisition costs.  However, mechanical dredging is generally more 
expensive than hydraulic dredging per unit volume and limits the distance material can be cost-effectively 
transported.  For the LPP, 331,000 cy of material have been assigned to mechanical dredging. 

A primary requirement in developing a DMMP is to estimate the bulking and consolidation factors.  The 
bulking factor is the ratio of material deposited in a containment area divided by the volume of the in situ 
material prior to dredging.  The consolidation factor is the ratio of the material in the placement area after 
consolidation divided by the volume of in situ material prior to dredging.  A description of these 
estimated for Cedar Bayou is discussed in detail in Appendix B in the engineering appendix of the 
Feasibility Report prepared for this project.  Table 3.6 summarizes the factors used to design the 
placement areas.  The table lists factors for dredged material placed immediately following hydraulic 
dredging (bulking factor) and for dredged material that has dewatered, dried, and consolidated 
(consolidation factor).  These assume that the original material is fully saturated and is hydraulically 
dredged.  
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Table 3.6  Bulking and Consolidation Factors 
Soil Type Bulking Factor Consolidation Factor 
Pleistocene 2.3 1.4 
Recent 2.0 1.1 
Maintenance 1.5 0.8 

 
3.2.3 Recommended Dredged Material Placement Areas 

A recommended DMMP was developed for the LPP based on an extensive alternatives analysis 
(Section 2.3) that considered the goals of having an environmentally acceptable project, a least-cost 
placement plan, and the least number of new upland placement areas.  The recommended DMMP 
includes three placement areas: the Ijams Lake Placement Area, Upland Placement Area No. 1, and 
Upland Placement Area No. 2.  Within the Ijams Lake Placement Area, dredged material would be used 
to create marsh.  Table 3.7 lists these areas and summarizes the basic characteristics of each and the total 
volume of dredged material that would be placed in each over the life of the project (50 years).  The 
locations of the placement areas are provided in Figure 3.1.  The following paragraphs describe each 
placement area and the placement of dredged material within each. 

Table 3.7  Recommended Dredged Material Placement Areas 

Placement Area Type of Site Size 
(acres) 

Total Volume Placed 
(50 years) 

Upland Placement Area No. 1 Existing placement area 63.0  1,706,800 cy 

Upland Placement Area No. 2 
New upland placement area 
consisting primarily of improved 
pasture 

56.9  1,663,600 cy 

Ijams Lake Placement Area Shallow lake adjacent to Cedar Bayou 80.1  341,700 cy 
Ijams Lake Mitigation Area  15.0  64,000 cy 
Additional Marsh Creation Area  65.1  277,700 cy 

 

3.2.3.1 Upland Placement Area No. 1 

Upland Placement Area No. 1 is an existing placement area that is owned by Chambers County and is 
approximately 63 acres in size.  It was used for dredged material placement during the HL&P project in 
the 1970s.  The site has not been used since then and is overgrown with successional scrub/shrub 
vegetation.  The average elevation of Upland Placement Area No. 1 is +9 feet MLT.  Upland Placement 
Area No. 1 would be used for the initial project and each maintenance cycle.  Levees would be 
constructed to +18.9 feet MLT and would be raised three times over 50 years to a maximum elevation of 
+29.7 feet MLT in 2046.  Materials from within the placement area would be used to construct the levees.  
Approximately 1,706,800 cy of dredged material would be placed within Upland Placement Area No. 1 
over the life of the project.  The construction layout and typical sections for Upland Placement Area No. 1 
are shown in Figure 3.11.  A complete description of the placement area is included in Table 3.8.  
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Figure 3.11  Upland Placement Area No. 1 Plan and Section 
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Table 3.8  Upland Placement Area Descriptions 
 Upland Placement Area No. 1 Upland Placement Area No. 2 
Site Characteristics   
Area 63.0 acres useable 56.9 acres 
Perimeter 8,000 feet 7,350 feet 
Existing El. (MLT) +9.0 feet +5.0 to +20.0 feet 
Current Land Use Existing upland placement area Undeveloped pasture 
Containment Dikes   
Crest Elevation (MLT) +18.9 to +29.7 feet +22.1 to +34.5 feet 
Crest Width 10 feet 10 feet 
Side Slopes (V:H) 1:3 1:3 
Foundation Conditions Very soft, recent material Pleistocene clay 

Year, source, and volume of 
containment dike material 

2006: In situ  116,000 cy 
2016: In situ  13,300 cy 
2026: In situ  15,000 cy 
2036: In situ  15,000 cy 
2046: In situ  15,000 cy 

2006: In situ  100,700 cy 
2016: In situ  17,400 cy 
2026: In situ  16,000 cy 
2036: In situ  16,000 cy 
2046: In situ  16,000 cy 

Dredged Material Volumes   
Ultimate capacity 2,104,000 cy 2,019,600 cy 
Total volume placed 1,706,800 cy 1,663,600 cy 
Initial bulked fill elevation (MLT) +14.9 feet +18.1 feet 
Years of placement site use 2006 to 2057 2006 to 2057 
Source of fill material location Stations 300+00 to 400+00  Entire Channel 
Ultimate final fill elevation (MLT) +25.7 feet +30.5 feet  

 

General recommendations for the rehabilitation of Upland Placement Area No. 1 include clearing the site 
of vegetation and insuring interior drainage through ditching and breaches in the existing dike.  Also, the 
site could be improved by repairing and/or constructing new dikes on an as-needed basis. 

3.2.3.2 Upland Placement Area No. 2 

Upland Placement Area No. 2 would be on a new location on the east side of Cedar Bayou near Mile 7, 
and would be set back from Cedar Bayou approximately 1,200 feet to reduce impacts to woodland 
habitats.  Initial containment dikes would be constructed in 2006 to an elevation of +22.1 feet MLT using 
existing material from the site.  The dikes would be raised three times over 50 years (using on-site 
materials) to a maximum height of +34.5 feet MLT in 2046 to accommodate future maintenance material.  
The final consolidated fill height is estimated to be +30.5 feet MLT, or an average of about 15 feet above 
the average existing ground elevation.  Approximately 1,663,600 cy of dredged material would be placed 
within Upland Placement Area No. 2 over the life of the project.  

Because of the distance from Cedar Bayou, a dewatering channel would be excavated to convey water 
from the placement area to Cedar Bayou.  The channel would be designed to handle the maximum 
estimated effluent discharge of water from the placement area.  The construction layout and typical 
sections for Upland Placement Area No. 2 and the associated dewatering channel are shown in 
Figure 3.12.  A complete site description of this placement area is included in Table 3.8. Since the 
dewatering channel currently divides a proposed mitigation area (see Section 6.0), the U.S. Fish and 
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Figure 3.12  Upland Placement Area No. 2 Plan and Section 
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Wildlife Service (USFWS) has recommended that it be relocated to the south boundary of the placement 
area (see Section 9.3, USFWS Coordination Act Report).  The USACE will review this recommendation 
and move the dewatering channel to either the north or south end, depending on which location is most 
feasible, to avoid dividing the mitigation area.  In addition, the location of the aboveground dredged-
material discharge pipe shown on Figure 3.12 may be revised.  The size and potential impacts of the 
dewatering channel would be similar regardless of its location; therefore, this FEIS discusses the 
dewatering channel in its currently proposed location. 

3.2.3.3 Ijams Lake Placement Area 

The Ijams Lake Placement Area consists of a long, narrow lake (Ijams Lake) located on the east side of 
Cedar Bayou.  It is 80.1 acres in size and has a bottom elevation of -0.5 feet MLT.  This shallow lake is 
owned by the State of Texas, is undeveloped, and offers a least-cost marsh creation site.  Ijams Lake is 
tidally influenced and relatively sheltered from the bay.  Wakes produced by the barges and recreation 
vessels traveling along Cedar Bayou create most of the waves in Ijams Lake. 

Ijams Lake provides a large area of low-energy, semi-protected environment to establish the marsh and 
promote plant growth.  The placement area would be converted from shallow open water (0.5 to 2 feet 
deep) to estuarine marsh.  Creating estuarine marsh using dredged material produces highly productive 
habitats for a variety of aquatic and semi-aquatic faunal species, including nursery areas for shrimp, crabs, 
and finfish, as well as foraging habitat for a variety of wading birds.  In addition, placing dredged material 
in Ijams Lake reduces the cost and environmental impacts associated with upland placement areas. 

Approximately 15.0 acres of the Ijams Lake Placement Area would be considered compensatory 
mitigation for impacts to estuarine marsh as a result of the LPP (see Section 6.0).  The remaining 
65.1 acres of Ijams Lake is not considered mitigation, but estuarine marsh would be created within this 
area at the same time and under the same general construction guidelines as the marsh created in the 
mitigation area.  A description of placement of dredged material and the construction of marsh in the 
Ijams Lake Placement Area is provided below. 

Construction of the Ijams Lake Placement Area 

The Ijams Lake Placement Area would be constructed and filled to capacity with dredged material during 
the initial dredging.  Materials used would be stiff clays from the upland and shallow marsh areas in the 
Devil’s Elbow Cutoff.  Minor filling of deeper areas after initial settling will be done with maintenance 
material from the channel if needed.  A description of the Ijams Lake Placement Area is provided in 
Table 3.9. 

Levees around the entire placement area would be constructed using approximately 145,900 cy of in situ 
stiff clays excavated from the Devil’s Elbow Cutoff.  This material would be excavated using a 
mechanical dredge mounted on a barge and would be transported by barge down Cedar Bayou to Ijams 
Lake.  The construction of temporary channels within Ijams Lake may be required to allow barge access 
to the areas of levee construction.  Materials excavated to create temporary channels would be placed  
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Table 3.9  Description of the Ijams Lake Placement Area 
Site Characteristics   

Area 80.1 acres (15.0 acres would be considered a mitigation 
area) 

Perimeter 11,100 feet 
Existing Bottom El. (MLT) –0.5  to –2.0 ft 
Current Land Use Shallow lake 
Containment Dikes  
Crest Elevation (MLT) +8.4 feet 
Crest Width 5 feet 
Side Slopes (V:H) 1:3 

Method and Material Used for Construction New cut material from the upland and shallow marsh 
areas of the Devil’s Elbow Cutoff 

Foundation Conditions Soft Clay 
Anticipated Dike Construction 2006 
Year, source, and volume of containment dike material 2006: In situ/Devil’s Elbow Cutoff 145,900 cy 
Dredge Fill  
Bulked capacity 783,000 cy 
Initial bulked fill elevation (MLT) +4.4 feet 
Years of placement site use 2006 
Source material location Devil’s Elbow Cutoff  

Estimated final fill elevation (MLT) +2.0 feet (Based on marsh elevation and coordination 
with NMFS) 

 

within the Ijams Lake Placement Area.  Containment dikes would be raised to a height of +8.4 feet MLT, 
and a spill box for decanting water during placement of hydraulically dredged material would be 
constructed along the western edge of Ijams Lake, adjacent to Cedar Bayou.  The construction layout for 
the Ijams Lake marsh creation site is shown in Figure 3.13. 

Placement of dredged material into Ijams Lake would be conducted by mechanical and hydraulic 
dredging.  Temporary channels created for barge access during the construction of containment dikes 
would be filled during hydraulic dredged material placement and construction of the estuarine marsh.  
The temporary channels located between the Cedar Bayou channel and the Ijams Lake Placement Area 
may be used for future activities associated with the construction of the Ijams Lake Placement Area (i.e., 
decommissioning and armoring the outside levee, sculpting materials and constructing marsh within 
Ijams Lake, or providing flow between Cedar Bayou and the created marsh).  After completion of the 
Ijams Lake marsh, these areas of temporary channel would be allowed to silt in naturally to minimize 
impacts and prevent dredged material from flowing back into the CBNC.  Approximately 342,000 cy of 
in situ material from the Devil’s Elbow Cutoff would be deposited into Ijams Lake during the initial 
dredging of the LPP for construction of levees (145,900 cy) and creation of marsh.  Approximately 
331,030 cy (97 percent) of the total material would be Pleistocene soils from the upland portion of the 
cutoff.  The remaining 10,970 cy (3 percent) would be Recent materials from the shallow water or 
estuarine marsh portion of the cutoff.  Bulking factors for the Pleistocene and Recent materials are 2.3 
and 2.0, respectively.  Therefore, the volume of the Ijams Lake Placement Area that would be filled by  
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Figure 3.13  Ijams Lake Placement Area Plan and Section 
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these materials would be approximately 783,000 cy.  If additional material is needed during the initial 
dreging to reach the target elevation for marsh creation, hydraulically dredged material from the 
remaining, shallow-water portion of the Devil’s Elbow Cutoff would be used. 

Once the Ijams Lake Placement Area is filled to the design height, the area would no longer be used for 
placement of dredged material unless state and federal resource agencies determine additional filling is 
needed to improve marsh productivity.  The material would be allowed to consolidate and settle to the 
functional height of 2.0 feet MLT, which is the approximate elevation of estuarine marshes that are 
present in the project vicinity.  Appropriate marsh vegetation would then be planted to stabilize the area 
and to provide a marsh environment.  A typical marsh construction sequencing plan is shown in 
Figure 3.14. 

As discussed in Section 3.1, the levee along the west side of the Ijams Lake Placement Area would be 
armored to protect the newly created marsh from erosive forces.  The armoring would consist of riprap 
stones ranging in size from 150 to 200 pounds (15- to 16 inches in diameter), with a geofabric layer 
underneath the stones to prevent the erosion of fine sediments.  Five vertical feet of riprap from an 
elevation of +4.6 MLT to –0.4 MLT is proposed along the new shore, with a layer thickness of 1.5 times 
the diameter of the average stone size (24 inches).  The slope of the bank would be 1:3 (V:H).  A plan and 
section view of this project feature is provided in Figure 3.9 (see Section 3.1). 

The preliminary cost of constructing estuarine marsh in Ijams Lake that was used in the alternatives 
analysis and incremental cost analysis for this project ($18,050) was updated in August 2005 to reflect 
changes in target elevations, dredged material placement costs, and planting costs.  The updated estimate 
to construct the Ijams Lake marsh creation areas is approximately $29,485 per acre.  No future 
development plans have been expressed by adjacent landowners in the area. 

A conceptual plan view of Ijams Lake marsh creation site after completion is shown in Figure 3.15.  Key 
components are the open water in the form of channels and pools, and the marsh-water interface.  Along 
with a minimal amount of subaerial mounds, these features would increase diversity of the habitat.  The 
channels and pools would be constructed by natural settling, tidal flow, inflow from inland drainages (i.e., 
Ijams Gully and Water Oak Gully), and mechanical landscaping as required. 

Table 3.10 provides a general plan for marsh design.  This table refers to nearby marshes for construction 
and monitoring standards.  The selection of a reference marsh would consider factors such as the 
proximity to the Ijams Lake Placement Area and comparable size.  The selection process would include 
various officials or agencies involved in the mitigation and construction processes.  These may include 
but are not limited to the USACE, NMFS, USFWS, EPA, TPWD, GLO, and TCEQ.    

3.2.4 Dredged Material Management Plan Summary 

The DMMP prepared for the 50-year life of the CBNC improvements, as proposed by the LPP, includes 
reuse of 63.0 acres of previously abandoned upland placement area (Upland Placement Area No. 1), 
creation of 56.9 acres of new upland placement area (Upland Placement Area No. 2), and creation of a  
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Figure 3.14  Typical Sections for Marsh Creation 
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Figure 3.15  Conceptual Marsh within Ijams Lake Placement Area 
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Table 3.10  Marsh Design Planning 

Goals and Objectives 
• To create an intertidal marsh that is compatible with the surrounding natural environment using new-work 

dredged material.  This should be achieved with minimal loss of materials and minimal adverse construction 
impacts to the existing marsh habitat at the edge of Ijams Lake 

• To reach consistent and similar intertidal fluctuations that mimic existing nearby marshes so as to provide an 
environmental habitat suitable for local species to live and grow. 

• To create a sustainable habitat that will withstand environmental conditions and man-made impacts for the life of 
the project and beyond. 

Methods 
• Build containment dikes around the Ijams Lake Placement Area from mechanically dredged material, place 

hydraulically dredged new-work material within the dikes, and allow it to settle to a specified elevation.  After 
dewatering and consolidation, shape the material where required, and plant vegetation to sustain the intertidal 
habitat over time. 

• Stabilize the exposed shoreline adjacent to the CBNC. 

Standards 
• A sustainable marsh habitat shall be maintained over the life of the project. 

• Marsh elevations and geotechnical factors shall fall within certain parameters set in the design. 

• Marsh depths, water quality, water temperatures, dissolved oxygen levels, and salinity of the created marsh shall 
be favorable and comparable to those in existing nearby marshes. 

• Water displacement over the tidal cycle shall also be similar to that of existing nearby marshes. 

• Loss of total marsh area over the life of the project shall be minimal. 

Monitoring and Maintenance 
• During construction, periodically sample dredged material and analyze for bulking and consolidation.  Using 

full-time qualified construction inspections, modify placement of material and fill height to fit the material 
factors. 

• Conduct site inspection 90 days after construction for appearance of inconsistencies, taking a close look at the 
interaction of existing habitats with the newly created marsh.  If features do not blend in an appealing and 
functional manner, site modifications must be made to correct the issue.    

• Conduct site survey to inspect post-construction marsh depths and their similarity to nearby marshes.  Modify 
marsh conditions to more closely fit nearby natural conditions. 

• Use aerial photography periodically to assess any changes in the marsh and its conditions over the life of the 
project.  In the event that target elevations are not met in areas, additional measures would be taken to enhance 
the site, such as placing maintenance dredged material to attain target elevation and planting additional 
vegetation. 

 

total of 80.1 acres of marsh habitat (Ijams Lake Placement Area).  The Ijams Lake Placement Area would 
be designed to create useful, diverse wetland habitat for various marine species and would provide 
mitigation (15.0 acres) for estuarine marsh lost as a result of the proposed project. 

The DMMP accounts for an estimated 3.71 million cy projected to be dredged over the 50-year project 
life.  All material would be placed in confined areas in order to minimize siltation back into the channel 
and to reduce adverse impacts to open water. 
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Within the Ijams Lake Placement Area, approximately 80.1 acres of estuarine marsh would be created, of 
which 15.0 acres would be considered mitigation for marsh impacted by the proposed project.  
Section 6.0 provides additional information on construction of the marsh. 

The cost estimates for the project include maintenance of the placement areas to raise the containment 
dikes, planting vegetation in the created marsh in Ijams Lake, and operation of the spill boxes to promote 
dewatering of the upland sites for maximum use and to control stagnant water.   
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4.0 AFFECTED ENVIRONMENT 

Section 4.0 of this FEIS describes the existing conditions of the environment in which the proposed 
project is located.  The section is divided into the following two parts: 

• Environmental Setting (Section 4.1)  

• Pertinent Environmental Issues (Section 4.2) 

The environmental setting provides a general overview of the region in which the project is located, while 
the discussion of pertinent environmental issues describes the issues and resources that occur in the 
project vicinity and may be impacted by the proposed project.  Impacts of the proposed project to these 
resources are included in Section 5.0. 

The environment is discussed relative to the LPP and the No-action Alternative described in Section 2.0.  
Since direct impacts of the LPP would occur within the CBNC between Mile 3 and SH 146, in Ijams 
Lake (which is located between Mile 3 and Upper Galveston Bay), and in two upland placement areas 
located on the east side of the bayou, the general project area for which the environmental conditions are 
discussed extends along Cedar Bayou from Galveston Bay to SH 146 and includes 1 mile on either side 
of the bayou.  For issues that are more regional in nature (i.e., air quality and socioeconomic issues), a 
larger project vicinity was used to discuss baseline conditions. 

4.1 Environmental Setting 

The environmental setting includes those basic environmental characteristics that are regional in nature.  
These include: 

• Physiography and topography 
• Climate 
• Geology 
• Soils 
• Land Cover 
• Groundwater 

The following sections discuss each of these characteristics. 

Physiography and Topography 

Cedar Bayou is a natural stream that originates east of Houston, Texas, and flows approximately 45 miles 
before emptying into the Galveston Bay system, which is part of the Texas Coastal Plain.  The Texas 
Coastal Plain is typified by a relatively flat, featureless terrain, containing barrier islands and peninsulas, 
inland bays and bayous, and a mainland area of prairie land crossed by wooded streams and rivers.  The 
major bays that make up the Galveston Bay system are Galveston Bay, Trinity Bay, East Bay, and West 
Bay.  These bays are broad and shallow, with maximum depths of 8 to 10 feet.  The smaller bays, creeks, 
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and bayous that are part of the system are shallow with generally low current velocities during normal 
weather and tidal conditions (USACE 1975). 

The coastal plain in the project area consists of a series of coastal terraces dipping gently seaward, with 
surface gradients ranging from less than 1 foot per mile near the coast to about 10 feet per mile along the 
inland margin of the coastal plain (Lankford and Rehkemper 1969).  These terraces are traversed by 
modern floodplains of the San Jacinto and Trinity River valleys.  A topographic map of the project area is 
presented as Figure 4.1.  The land adjacent to Cedar Bayou varies in elevation from about 15 feet above 
mean sea level (msl) along the bay to about 35 feet above msl near SH 146. 

Climate 

The climate of the Cedar Bayou region is humid and subtropical (Larkin and Bomar 1983) and heavily 
influenced by its proximity to the Gulf of Mexico.  Winds are consistently from the south to southeast (off 
of the Gulf), except during December and January when cold fronts bring brief periods of northerly 
winds.  Average annual precipitation is high, approximately 51.5 inches, and is distributed fairly evenly 
throughout the year, with a slight peak in late summer.  Relative humidity is also high, usually between 
60 and 85 percent.  Temperatures are warm, with an average monthly minimum in January of 24ºF and an 
average monthly maximum in July of 97ºF (Crout 1976). 

Tropical storms and hurricanes are the most extreme weather events of the region, occurring in late 
summer and early fall and peaking in frequency in September.  High winds and heavy rainfall are 
characteristic of these storms and often lead to flooding, stemming from both rainfall and coastal storm 
surges. 

Geology 

The Cedar Bayou area is underlain by gulfward dipping rock and sediments that date from the Jurassic 
through the Pleistocene.  Other than large salt evaporite sediments laid down at the end of the Triassic and 
Jurassic periods, deposition has been largely sand and mud.  Scattered salt domes arising from the older 
and lower evaporites extend through these sediments to within a few thousand feet of the surface. 

Within the project area, the upper 600 feet or so is composed of unconsolidated Pleistocene sediments 
(sands, gravels, clays, and muds) that are the alluvium of ancient river systems draining toward the Gulf.  
From youngest to oldest these are the Beaumont, Lissie, and Willis Formations (Fisher et al. 1982).  All 
are aquiferous and produce substantial amounts of good quality groundwater. 

Surface geology in the project area is that of the late Pleistocene Beaumont Formation and younger 
deposits.  Often seen as a massive tan to grey clay, the Beaumont Formation was deposited by ancestral 
river systems as a large alluvial plain.  Following its deposition, sea level fell as the last glacial period 
locked water into continental ice sheets.  During this period, the Trinity and San Jacinto Rivers down cut 
wide alluvial valleys in order to reach the lower sea level.  The end of the last glacial period and 
subsequent sea level rise over the last 12,000 years slowly flooded these valleys.  This, coupled with the 
development of barrier islands once sea level reached its current level, formed Galveston and Trinity Bays
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Figure 4.1  Locally Preferred Plan in Relation to Topography 
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(Aronow 1976).  Within this context, Cedar Bayou is a relatively young feature and, in its natural state, 
would be a headward eroding stream. 

Faulting is fairly common in the region.  Extensive groundwater pumping in the past created substantial 
subsidence in the Houston-Galveston area and this, along with oil and gas extraction, has activated 
surface faults.  Most of these are likely related to larger, deeper fault systems running parallel to the coast 
that are derived from slumping, creep, and consolidation of thick young sediments.  More localized 
faulting is associated with the salt domes of the region (Brown et al. 1974).   

Oil and gas extraction within the region is related to the salt domes and the faults and deformations 
associated with them.  Major oil fields near the project area are the Cedar Point Field, which is located 
within Galveston Bay approximately 2.3 miles south of the mouth of Cedar Bayou, and the Goose Creek 
Oil Field, which is centered about 2.5 miles west of Cedar Bayou where Goose Creek enters Tabbs Bay.  
Oil and gas wells near the project area are found on both sides of Cedar Bayou, just downstream of the 
SH 146 crossing. 

Within the historic period, clays lining the banks of Cedar Bayou were used for brick making.  As today, 
the bayou served as transportation, with barges carrying the bricks downstream and across the bay to 
Galveston and Houston. 

Soils  

This discussion includes a description of soils occurring in the project area.  Since impacts to Prime 
Farmland soils are reviewed by the Natural Resource Conservation Service (NRCS), a discussion of 
Prime Farmlands is included in Section 4.2, Pertinent Environmental Issues (see Section 4.2.13).   

As Cedar Bayou divides Harris County from Chambers County, two separate soil surveys cover the 
project area.  The Chambers County survey (Crout 1976) covers the east bank of Cedar Bayou, and the 
Harris County survey (Wheeler 1976) covers the west bank of Cedar Bayou.  The following sections 
describe the soils that are mapped within the project area.   

The soil association of the Chambers County bank of Cedar Bayou is of the Beaumont-Morey-Lake 
Charles Association, described as acid to neutral, clayey to loam soils.  Beaumont and Lake Charles soils 
are in the wider, more nearly level areas of the association, and Morey in slightly higher areas. 

Two associations are mapped in Harris County.  The Lake Charles-Bernard Association extends from the 
mouth of Cedar Bayou upstream to roughly the UPRR bridge and the confluence of Pine Gully.  Soils of 
this association are described as somewhat poorly drained, very slowly permeable, clayey and loamy 
soils.  Described as soils of the upland prairie, the Lake Charles soils in this association are slightly lower 
in elevation than the Bernard soils.  Upstream of this is the Midland-Beaumont Association, which is 
described as poorly drained, very slowly permeable, loamy and clayey soils.  Also associated with upland 
prairies, the Midland soils are slightly higher in elevation than the Beaumont soils.  In areas leading to 
natural drainages, Vamont soils are found adjacent to the Beaumont soils. 
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According to the Chambers and Harris County soil survey maps, the project area includes 15 soil series, 
which are described below.  Figure 4.2 provides the locations of these soil series in relation to Cedar 
Bayou.  

Addicks loam is a nearly level soil that occurs in broad areas on the upland prairies.  The surface layer is a 
neutral black loam that is underlain by a neutral dark gray loam and a moderately alkaline, light gray loam.  
The soils are poorly drained and moderately permeable.  They formed in calcareous, loamy sediments. 

Aldine very fine sandy loam is another nearly level soil that can be found in broad wooded areas.  The 
surface of this soil is a medium acid, grayish brown loam that is underlain by a medium acid grayish brown 
very fine sandy loam.  It is somewhat poorly drained, and permeability is very slow.  These soils formed in 
thick beds of clayey sediments under forested vegetation. 

Aris series soils formed in thick loamy and clayey sediments.  They are deep, neutral, nearly level, loamy 
soils found on upland prairies.  They are poorly drained and exhibit a perched water table between the 
surface and 2 feet during fall and winter and during periods of excessive rainfall.   

Atasco fine sandy loam is found along ridges and natural drainageways and is gently sloping.  The surface 
is a strongly acid, dark grayish brown sandy loam, underlain by a medium acid sandy clay that, with depth, 
becomes a strongly acid clay.  The soils developed under pine and hardwood forests.   

Beaumont clay formed under coastal prairies and exhibits, in its natural state, Gilgai microrelief.  The 
surface layer is a strongly acid dark gray to gray clay that grades into an equally acid gray clay, and thence 
to a slightly acid grayish brown mottled clay. 

Bernard clay loam is a nearly level that is somewhat poorly drained and is considered a productive soil 
because of its capacity to hold moisture and nutrients.  It consists of a clay loam surface layer that is 
neutral and very dark gray, under which is a thick layer (about 48 inches) that consists of firm, neutral, 
very dark clay in the upper part and very firm, moderately alkaline, dark gray clay in the lower part.  These 
soils formed in clayey unconsolidated sediments. 

Edna fine sandy loam is a nearly level soil that formed in thick loamy and clayey unconsolidated sediments 
of marine origin.  In some undisturbed areas, the surface of areas containing these soils is covered with 
small circular pimple mounds.  The soil is poorly drained and saturated for long periods, especially in the 
winter and spring.   

Frost series soils are deep, acid, loamy soils that are nearly level or depressional.  They formed in thick 
beds of loamy and clayey material under prairie grasses.  The surface layer is a mottled silt loam, which is 
underlain by a thick, mottled, gray silty clay loam.  Frost soils are poorly drained, and permeability is slow. 

Gessner soils consist of deep, slightly acidic to moderately alkaline, nearly level, loamy soils.  They 
formed in thick beds of unconsolidated loamy sediment and can be found in low depressions of the coastal 
prairie.  Therefore, areas containing these soils are often wet or ponded for long periods after heavy rains. 
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Figure 4.2  Soils in Cedar Bayou Project Area 
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Harris clay series soils formed in saline, clayey, coastal sediments under water-loving and salt-tolerant 
grasses and sedges.  They are deep, wet, saline, and clayey and are found along the margins of Cedar 
Bayou.  They are very poorly drained, subject to coastal flooding, and have a permanent water table that 
varies between the surface and 50 inches.  Permeability is very slow, ranging from less than 0.06 inch to 
0.20 inch per hour. 

Ijam soils are composed of marine or alluvial sediments that were dredged or pumped from the bays or 
streams, or removed from upland areas and redeposited as part of waterway construction.  They are 
generally level, clayey, alkaline, and saline.   

Lake Charles series soils are deep, nearly level to gently sloping, clayey soils.  These are acid soils but 
formed in alkaline and calcareous clays under grasses.  They are very plastic, with a high shrink-swell 
potential and crack extensively when dry.  Permeability is very slow, ranging from less than 0.06 inch to 
0.20 inch per hour.  A seasonal water table may be found at depths of 30 to 60 inches from one to two 
months of the year.   

Morey soils are level soils that formed in deltaic alluvium under tall prairie grasses and sedges.  They are 
acid, gray silty loams underlain by clay loams.  They are poorly drained and very slowly permeable. 

Vamont soils are deep, acid, clayey soils of the forested uplands that formed in thick beds of alkaline 
marine clay.  Permeability is low, 0.06 to 0.20 inch per hour, and the shrink-swell potential is high.  The 
soil cracks deeply and extensively when dry.  All of the Vamont soils in or near the project area are 
designated as urban land. 

Veston soils formed under water-loving salt-tolerant grasses and sedges on loamy marine sediment that 
was deposited by storm tides and wind action.  They are alkaline, saline, and have a surface of dark gray 
silty loam.  They are poorly drained and have a shallow water table. 

Land Cover 

Within the project area, Cedar Bayou forms a natural boundary between Harris County on the west and 
Chambers County on the east.  It also separates the City of Baytown from unincorporated areas and 
divides an urbanized, residential area from an agricultural and industrial zone.  Therefore, land cover in 
the project area includes a combination of developed and undeveloped areas (Figure 4.3).  With the 
exception of the lower portion of the project area, near Galveston Bay, the Harris County side of the 
bayou consists primarily of residential and commercial facilities associated with the urbanized portion of 
the City of Baytown.  Near Galveston Bay, the west side of the bayou is undeveloped and consists mainly 
of stands of native hardwoods.  The Chambers County side of the bayou contains a mixture of industrial 
development, existing dredged material placement areas, and undeveloped woodlands and pastures.  
Although much of the east side of the bayou is undeveloped, future development of these properties is 
expected by expansion of existing industries and establishment of new industries along the bayou.  



 

4-10 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Groundwater 

The project area is underlain by the Gulf Coast Aquifer, a deep complex of interbedded clays, silts, sands, 
and gravels that are hydraulically connected.  There are four major components to the aquifer, the deepest 
of which is the Catahoula, which is contained in sand layers near its outcrop.  Above the Catahoula is the 
Jasper aquifer, which is largely contained within the Oakville Sandstone.  Separating the Jasper from the 
overlying Evangeline aquifer is the Burkeville confining layer.  The Evangeline is composed of the 
Fleming and Goliad sands and is connected to the upper component of the Gulf Coast Aquifer, the Chicot.  
This is composed of the Lissie, Willis, Bentley, Montgomery, and Beaumont formations, which are 
further capped by recent alluviums that are often aquiferous. 

Maximum total thickness in the region is 1,300 feet, and water quality is generally good, especially in the 
upper portion of the aquifer.  Extensive utilization of this aquifer in the period prior to about 1980 led to 
declines of water elevations of 200 feet to 300 feet in the project area.  Accompanying this was 
compression of underlying formations, which caused subsidence of 9 feet and more in the vicinity of 
where Cedar Bayou enters Galveston Bay.  Subsidence over most of the project area was about 5 to 6 feet 
[Harris-Galveston Coastal Subsidence District (HGCSD) 2004].  Pumping restrictions and conversion to 
surface water by the cities and industries of the region have dramatically slowed this process. 

All producing water wells near the project area shown in Texas Water Development Board (TWDB) 
databases near the project area produce from the Chicot aquifer.  Depths of the wells producing from the 
upper Chicot vary from 18 to 212 feet, with most ranging between 90 and 105 feet.  Wells producing 
from the lower Chicot range in depth between 410 and 572 feet (TWDB 2004). 

The groundwater table in the project area occurs at a depth of 0 to 20 feet.  The groundwater table will be 
coincident with the land surface at the edges of the channel and marsh areas and may be as deep as 20 feet 
in the upland placement areas.  Based on groundwater testing conducted in the project area in early 2004, 
the shallow groundwater is slightly saline to saline, which is typical in near-coastal areas, particularly in 
areas adjacent to tidally influenced surface water bodies such as Cedar Bayou below IH 10. 

4.2 Pertinent Environmental Issues 

The pertinent environmental issues discussed in this section were selected based on potential impacts of 
the proposed project and on information gathered through agency coordination, public input, relevant 
regulations, and study of the project area.  They include: 

• Water Quality • Noise 
• Sediment Quality • Hazardous, Toxic, and Radioactive Wastes 
• Habitat Types • Socioeconomic Issues 
• Finfish and Shellfish Resources • Flooding 
• Wildlife Resources • Bank Erosion 
• Cultural Resources • Prime Farmlands 
• Air Quality  
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Figure 4.3  Land Cover in Cedar Bayou Project Area 
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For discussions of the issues that the project would directly impact (i.e., water quality, sediment quality, 
habitat types, and Prime Farmlands), the project area extends generally from Upper Galveston Bay to 
SH 146 and 1 mile on either side of Cedar Bayou between these limits.  Issues and resources that are 
impacted more on a regional level (i.e., finfish and shellfish resources, air quality, and socioeconomic 
issues) are discussed within a larger area that includes Galveston Bay, the City of Baytown and 
surrounding areas, and the Houston-Galveston region. 

The following sections discuss the existing conditions for each of these issues in the project vicinity. 

4.2.1 Water Quality 

This section describes water resources in the project area, provides information concerning water quality 
in the area, and discusses characteristics that affect water quality, including water exchange and inflows, 
salinity, and water chemistry. 

Cedar Bayou is the primary water resource in the project area and composes the major portion of the 
Trinity-San Jacinto Coastal Basin, which drains 247 square miles of coastal plain that lie between the 
Trinity and San Jacinto River basins (HGAC 2004a).  The project area is located within the Texas 
Commission on Environmental Quality’s (TCEQ) water quality Segment 0901 (Cedar Bayou Tidal), 
which extends from the confluence of Cedar Bayou with Galveston Bay to a point 1.4 miles upstream of 
IH 10.  Cedar Bayou flows into Upper Galveston Bay (Segment 2421) approximately 1 mile downstream 
of Ijams Lake (the southern extent of the LPP).  Therefore, this section provides water quality information 
for both Cedar Bayou Tidal and Upper Galveston Bay.  The section discusses factors affecting the water 
quality within Cedar Bayou and Upper Galveston Bay, including water exchange and inflow, salinity, and 
water chemistry. 

4.2.1.1 Water Exchange and Inflows 

The combined effects of rainfall, tides, storm surges, and cooling water intake from the Cedar Bayou 
Generating Station regularly influence the water level in Cedar Bayou and provide exchange of water 
between Cedar Bayou and Upper Galveston Bay.  Stage data compiled in 1999 from the Harris County 
Office of Emergency Management gage at SH 146 (Station 1719) indicate that relative seasonal water 
levels changed from 0.38 foot per day in April to as much as 1.03 feet per day in July (Table 4.1).  Data 
from 1999 represent typical conditions, where no major rainfall or hurricane events impacted the data. 

Table 4.1  Average Daily Water Levels at SH 146 in Year 1999 

Month Average Daily High Water 
(feet) 

Average Daily Low Water 
(feet) 

January 1.94 1.00 
April 1.73 1.35 
July -0.12 -1.15 
October 1.26 0.34 
Source: Harris County Office of Emergency Management, Station 1719 
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Freshwater inflow into Cedar Bayou occurs primarily during rainfall events within the drainage basin, 
which receives between 50 and 60 inches of rainfall annually (HGAC 2004a).  This fresh water is 
important to Cedar Bayou and Upper Galveston Bay because it periodically alters the salinity of the area 
and provides nutrient and sediment input, which is essential to the total productivity of these aquatic 
resources.  Within the project area, tributaries that flow into Cedar Bayou include Pond Gully, Sutton 
Gully, Pine Gully, Ijams Gully, Water Oak Gully, and several unnamed tributaries.  Besides runoff from 
rainfall, water also enters Cedar Bayou as wastewater discharge from private domestic and industrial 
facilities along the bayou.  According to TCEQ’s Texas Water Quality Inventory, 2000 (TNRCC 2002), 
23 industrial and four domestic facilities are permitted to discharge wastewater into the tidal portion of 
Cedar Bayou. 

Tidal activity also creates daily fluctuations in the Cedar Bayou water level within the project area and 
provides exchange between Cedar Bayou and Upper Galveston Bay.  The mean tidal range for Cedar 
Bayou is approximately 1 foot, and the duration and level of the tides are strongly impacted by wind 
conditions.  The following provides a tidal summary developed by the National Ocean Service using data 
from 1993 to 1997 for nearby Morgan’s Point on the HSC.  All elevations are referenced to mean lower 
low water (MLLW). 

• Mean Lower Low Water 0.00 foot 
• Mean Low Water (MLW) 0.15 foot 
• Mean Tide Level (MTL) 0.68 foot 
• Mean Sea Level (msl) 0.72 foot 
• Mean High Water (MHW) 1.21 feet 
• Mean Higher High Water (MHHW) 1.30 feet 

In addition to being influenced by freshwater inflow and tidal activity, the flow of water within Cedar 
Bayou and between Cedar Bayou and Upper Galveston Bay is periodically affected by the intake of water 
by the Cedar Bayou Generating Station for cooling purposes.  To ensure an adequate cooling water 
supply, HL&P excavated a cutoff channel between Cedar Bayou and Upper Galveston Bay at 
approximately Mile 5 in the 1970s and dredged a 20-foot deep channel within Cedar Bayou from the 
cutoff channel to the generating station (see Figure 1.3 in Section 1.4).  At some times of the year, the 
withdrawal of water by the Cedar Bayou Generating Station results in a net upstream flow in Cedar 
Bayou.  Approximately half of the water exchange between Cedar Bayou and Galveston Bay occurs 
through the cutoff channel, while the other half occurs through the mouth of Cedar Bayou. 

4.2.1.2 Salinity 

Freshwater inflow, tidal fluctuations in the bay, and the intake of water by the Cedar Bayou Generating 
Station affect salinities within Segment 0901.  Although no documented salinity studies have been 
conducted for Cedar Bayou, the TCEQ monitors salinity, among other water quality parameters, at 
Roseland Park (Monitoring Station No. 11111), which is located at Mile 7.0 of Cedar Bayou.  Between 
1993 and 2001, salinities recorded in Cedar Bayou averaged 9 parts per thousand (ppt) and ranged from 1 
to 24 ppt, with higher salinities probably occurring during periods of low rainfall and low flow 
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(Table 4.2).  Data from Upper Galveston Bay recorded similar salinities between 1992 and 2000, ranging 
from 1 ppt to 25 ppt and averaging 13 ppt (USACE 2002).  The water in Cedar Bayou gradually changes 
from salty to brackish near the upstream limits of the project area.  The area identified as tidally 
influenced by the TCEQ extends over 1 mile north of the project limits to an area north of IH 10.  In 
addition, salinity is also influenced by the HL&P channel located at Mile 5, which draws water from 
Galveston Bay for use at the Cedar Bayou Generating Station located at approximately Mile 8.  
Therefore, the portion of Cedar Bayou within the project area remains brackish and typically does not 
transition to fresh water.  Values for salinity and other standard water quality parameters in Cedar Bayou 
Tidal and Upper Galveston Bay are included in Table 4.2. 

4.2.1.3 Water Chemistry 

According to the 2000 Texas Water Quality Inventory, designated uses for Cedar Bayou Tidal Segment 
0901 included aquatic life and general uses, while designated uses for Upper Galveston Bay included 
contact recreation, aquatic habitat, and general uses (TNRCC 2002).  Contact recreation was not 
supported by Cedar Bayou Tidal in 2000 because of elevated fecal coliform bacteria densities 
(Table 4.2).  However, the draft 2002 and 2004 Section 303(d) lists (TCEQ 2004) indicate that bacteria 
densities have decreased to a point where contact recreation would be supported.  No other problems 
concerning standard water quality parameters (i.e., dissolved oxygen (DO), total suspended solids (TSS), 
nitrogen, and phosphorus) have been reported for Cedar Bayou (Table 4.2).   

Both Cedar Bayou Tidal and Upper Galveston Bay are listed as impaired on the draft 2002 and 2004 
Section 303(d) lists because they are included in a fish consumption advisory (ADV-3) that was issued by 
the Texas Department of Health (TDH) in 1990 for the HSC, a portion of Upper Galveston Bay, and 
contiguous waters.  The advisory was issued due to elevated dioxin levels in catfish and crab tissue.  
Cedar Bayou is located on the eastern portion of the advisory area, and the portion of the bayou from its 
confluence with Upper Galveston Bay to SH 99 was included in the advisory.  The TCEQ is currently 
conducting a testing program associated with the development of a total maximum daily load (TMDL) for 
the HSC and Upper Galveston Bay.  The purpose of the TMDL project is to determine the measures 
necessary to restore water quality to water bodies included in the consumption advisory (TCEQ 2004).  
The project was initiated in April 2000 and is expected to be completed in April 2005.  Preliminary 
results for dioxins in water and sediment samples from Cedar Bayou, Upper Galveston Bay, and Tabbs 
Bay are included in Table 4.3.  Figure 4.4 provides the locations where the Cedar Bayou and Tabbs Bay 
samples were taken along the CBNC.  The Upper Galveston Bay samples were collected at Station 13309, 
which is located near the southern tip of Atkinson Island.  The data indicate that dioxin levels in Cedar 
Bayou are relatively low when compared to other areas that are included in the advisory.  However, levels 
of dioxins in the water column and sediment exceeded target values set by the TCEQ for this TMDL 
project during part of the year (Table 4.3).  Note, these values are simply considered targets and are not 
regulatory standards. 
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Table 4.2  Water Quality Parameters for the Project Vicinity 
Data period 

Parameter Storet 
Code Unit Number 

of Data1 Mean2 Standard 
Deviation3 Maximum Minimum 

Start End 

Segment 0901: Cedar Bayou Tidal 
Dissolved oxygen (Criterion is 4 mg/L)4 00300 mg/L 41 7.84 1.99 12.89 4.14 02/17/93 06/07/01 

Salinity 00480 ppt 41 9.19 5.86 24.30 0.81 02/17/93 06/07/01 

Total suspended solids 00530 mg/L 29 42.9 31.4 147.0 7.00 02/17/93 11/01/00 

NH3-N 00610 mg/L 29 0.09 0.07 0.33 <0.01 02/17/93 11/01/00 

NO2-N + NO3-N 00630 mg/L 19 0.29 0.26 0.96 <0.01 02/17/93 06/15/98 

Total phosphorus 00665 mg/L 29 0.23 0.10 0.57 <0.01 02/17/93 11/01/00 

Fecal coliform (Criterion is 200 cfu/dL)4 31616 cfu/dL5 7 226 1.11 25,000 <10 02/17/93 05/17/95 

Segment 2421: Upper Galveston Bay 
Dissolved oxygen (Criterion is 4 mg/L)4 00300 mg/L 199 8.11 1.82 14.29 3.00 10/07/92 07/12/00 

Salinity 00480 ppt 199 12.65 6.40 24.60 0.80 10/07/92 07/12/00 

Total suspended solids 00530 mg/L 70 19.7 12.0 72.0 3.00 10/07/92 11/29/99 

NH3-N 00610 mg/L 68 0.12 0.24 1.73 <0.01 10/07/92 11/29/99 

NO2-N + NO3-N 00630 mg/L 29 0.20 0.29 1.40 0.005 05/13/97 11/29/99 

Total phosphorus 00665 mg/L 40 0.19 0.06 0.30 0.05 10/07/92 07/28/94 

Fecal coliform (Criterion is 200 cfu/dL)4 31616 cfu/dL5 68 29 0.65 17,000 <10 10/07/92 10/18/99 
Source: USACE 2002     3 Standard deviation of log data for fecal coliform 
1 Data collected at depth less than or equal to 0.3 meter  4 Ambient criteria exist for only dissolved oxygen and fecal coliform 
2 Geometric mean for fecal coliform    5 Colony forming units per deciliter (equivalent to 100 mL) 

 
Table 4.3  Total Dioxin Concentrations (TEQ) Identified in Water and Sediment in Cedar Bayou, Upper Galveston Bay, and Tabbs Bay 
Station ID Site Description Segment Water (pg/L) Sediment (ng/kg dry wt.) 

Season Summer 2002 Fall 2002 Spring 2003 Summer 2002 Fall 2002 Spring 2003 

11111 Cedar Bayou Tidal at Roseland Park Boat 
Ramp 0901 0.2667 — — 501.10 — 436.50 

13309 Upper Galveston Bay at HSC Channel 
Marker 83/84 2421 0.1976 — 0.1238 332.5 — 416.75 

13336 Tabbs Bay at Channel Marker #14 between 
the HSC and the mouth of Cedar Bayou 2426 0.4881 0.4992 — 226.20 (avg. 

of 2 samples) 1,228.92 — 

Range of Concentrations in Study 0.0572 to 
0.7642 

0.0669 to 
2.6720 

0.0741 to 
3.0948 

71.13 to 
25,484.71 

111.67 to 
10,473.61 44.89 to 16,543.27 

Water Quality Standard/Target Concentrations 0.0933 470 
Source: Rifai et al. 2003      Note: The locations of Stations 11111 and 13336 are provided on Figure 4.4 in Section 4.2.2.   
— No data included for this station and sampling period.              Station 13309 in Upper Galveston Bay is located near the southern tip of Atkinson Island.  
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Figure 4.4  Locations of Water, Elutriate,  and Sediment Sampling Sites 
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Concerning metals and toxic contaminants, the USACE Galveston District sampled water quality in 1995 
during dredging activities associated with the Lower Channel of the CBNC (USACE 2001).  
Additionally, recent water samples were collected in December 2004 from Stations 6 through 14 (in the 
Upper Channel) depicted on Figure 4.4.  The concentrations of detected analytes in the water samples are 
provided in Table 4.4 (Lower Channel, 1995) and Table 4.5 (Upper Channel, 2004).  A list of the water 
quality parameters analyzed is provided in Table 4.6.  None of the parameters exceeded the U.S. 
Environmental Protection Agency’s (EPA) water quality criteria that were applicable at the time the 
sampling was conducted.  Overall, the likelihood of spills occurring in the CBNC is considered low.  Data 
from the Texas General Land Office (GLO) indicate that between the years 1998 and 2002, 120 gallons of 
petroleum products were spilled into Cedar Bayou, which composed less than 0.1 percent of the total 
amount of petroleum product spilled in the Galveston Bay watershed during this period (Lester and 
Gonzalez 2003). 

During hydraulic dredging operations, the sediments are intimately mixed with entrained water.  This 
creates the potential for solubilization of contaminants from the dredged sediments.  In order to assess this 
potential, chemical analyses were also performed on elutriate samples.  The elutriate test was designed to 
simulate the process of hydraulic dredging and is used to predict any potential for resuspension of 
contaminants into the water column during dredging.  The elutriate is prepared by creating a slurry which 
is then agitated to determine if contaminants associated with the sediment particles are resuspended into 
the water column.  The concentrations of detected analytes in the elutriate samples are included in 
Table 4.7.  A list of the water quality parameters analyzed is provided in Table 4.6.  The levels of 
detected analytes were below all applicable Texas Surface Water Quality Standards and EPA Water 
Quality Criteria. 

4.2.2 Sediment Quality 

This section discusses the quality of sediments that may be dredged as a result of the proposed project and 
the characteristics that potentially affect sediment quality in the area, including sediment type, sediment 
budget, and sediment contamination issues.  This section includes information concerning sediments in 
Cedar Bayou and the portion of the CBNC that traverses Galveston and Tabbs Bays. 

Sedimentation involves the settling of particles from the water column.  Within Cedar Bayou, 
sedimentation can be caused by sediment in runoff from upstream drainage areas; movements of tides 
among Galveston Bay, the HL&P Cutoff, and Cedar Bayou; and sediment intake from Galveston Bay due 
to the reversed current at the Cedar Bayou Generating Station.  The materials present in sediment can 
influence the water quality in the surrounding area.  Within Cedar Bayou, actions that can cause mixing 
and transfer of materials from sediments to water include wind-induced water movements, flood events, 
commercial and recreational vessel traffic, the upwelling of groundwater through sediment and into the 
bayou, and dredging activities.  
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Table 4.4  Analytical Results for Water Quality Samples Collected in the CBNC in 1995 (µg/L) continued

Sample Number Criteria CB-CB-95-
01 

CB-CB-95-
02 

CB-CB-95-
03 

CB-CB-95-
04 

CB-CB-95-
05 

CB-CB-95-
06 

CB-CB-95-
07 

CB-CB-95-
DA2 

CB-CB-95-
Ref2 

Date Sampled  9/7/95 9/7/95 9/7/95 9/7/95 9/7/95 9/7/95 9/7/95 9/7/95 9/7/95 
Station/Distance 
from Centerline  0+00 50+00 100+00 150+00 200+00 250+00 300+00 60+00 75+00 

Arsenic 69.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Barium  79.7 90.5 100.6 106.7 117.2 122.5 119 96.6 97.6 
Cadmium 43.0 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Chromium 1,100.0 1.7 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Copper 2.9 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Lead 140.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Mercury 2.1 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Nickel 75.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Silver 2.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Selenium 300.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 
Zinc 95.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
TOC  4,920 6,990 5,910 11,030 10,140 8,680 9,110 13,020 9,760 
Total PCB 10.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 
4,4’-DDT 0.13 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 
Chlordane 0.09 <0.14 <0.14 <0.14 <0.14 <0.14 <0.14 <0.14 <0.14 <0.14 
Toxaphene 0.21 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 
Total PAH 300.00 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 
Napthalene 2,350.00 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 
Acenaphthene 970.00 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 
Fluoranthene 40.00 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 
Benzo(a)pyrene 43.00 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 
Benzo(e)pyrene 43.00 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 
Source: USACE 2001 
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Table 4.5  Concentrations of Detected Compounds in Water Samples Collected from the Upper Channel in 2004 (µg/L) 
WQS Sample Number CB-04- 

Parameter Detection 
Limit Acute Chronic 06 07 08 09 10 11 12 13 14 13 

Duplicate 
Arsenic 1.00 149 78 1.99 1.91 2.03 1.97 1.94 1.95 2.03 1.93 1.83 1.90 
Copper 1.00 13.5 3.6 1.00 1.01 1.09 1.32 1.47 1.59 1.46 1.52 1.79 1.94 
Nickel 1.00 118 13.1 1.33 1.75 1.28 2.31 1.76 1.75 2.24 1.93 2.39 1.80 
Zinc 1.00 92.7 84.2 BDL 1.13 BDL 1.69 BDL BDL 1.32 BDL 2.35 0.98 
Ammonia* 0.03 N/A N/A 0.16 0.16 0.16 0.16 0.15 0.13 0.10 0.10 0.08 0.12 
TOC* 0.10 N/A N/A 8.00 8.10 9.30 8.90 11.6 11.2 10.8 10.6 10.6 10.7 
Notes 
1.  WQS = Texas Water Quality Standards for salt water. 
2.  BDL = Below detection limits. 
3.  * indicates the unit of measurement for these parameters is mg/L. 
4.  Samples were collected in December 2004 at sampling sites 6 through 14 shown on Figure 4.4. 
5.  Only detected constituents are shown in the table.  A list of all parameters analyzed is provided in Table 4.6. 

 
Table 4.6  Parameters Tested in Water, Elutriate, and Sediment Samples Collected from Cedar Bayou continued 
 
Note: Parameters in bold were tested in both 2001 (sediment samples) and 2004 (water, elutriate, and sediment samples).  Parameters in bold and italics were tested in 2004 only 
(water, elutriate, and sediment samples).  All other parameters were tested in 2001 only (sediment samples). 
 
Oil and grease, solid (EPA 413.2) 
(mg/kg) 

Metals, solid (sediment-mg/kg; water 
and elutriate-µg/L) 

Thallium 
Zinc 

gamma-BHC (Lindane) 
Chlordane 

Oil and grease, solid (SW-846 9071A) 
(mg/kg) 

Aluminum 
Antimony 

Mercury (sediment-µg/kg) 4,4'-DDD 
4,4'-DDE 

Nitrogen (TKN) (mg/kg) Arsenic Chlorinated Herbicides (ug/kg) 4,4'-DDT 
Phosphorus, total (mg/kg) Barium 2,4-D, solid Dieldrin 
 Beryllium 2,4,5-T, solid Endosulfan I 
Conventional Ancillary  
Parameters 

Cadmium 
Chromium (Total) 

2,4,5-TP (Silvex), solid Endosulfan II 
Endosulfan sulfate 

Ammonia 
Cyanides 
Organic Carbon (TOC) (%) 

Chromium (3+, 6+) 
Copper 
Lead 

Organochlorine Pesticides, solid 
(sediment-µg/kg; water and  
elutriate-µg/L) 

Endrin 
Heptachlor 
Heptachlor epoxide 

Total Petroleum  
   Hydrocarbons 

Manganese 
Nickel 

Aldrin 
beta-BHC 

Methoxychlor 
Toxaphene 

Total Solids Selenium delta-BHC  
Grain Size Silver alpha-BHC  
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Table 4.6  Parameters Tested in Water, Elutriate, and Sediment Samples Collected from Cedar Bayou continued 
 
Note: Parameters in bold were tested in both 2001 (sediment samples) and 2004 (water, elutriate, and sediment samples).  Parameters in bold and italics were tested in 2004 only 
(water, elutriate, and sediment samples).  All other parameters were tested in 2001 only (sediment samples). 
 
PCB Analysis, solid (sediment-µg/kg; 
water and elutriate-µg/L) 

l,2-Dichlorobenzene 
1,3-Dichlorobenzene 

4-Methylphenol (p-Cresol) 
2-Nitrophenol 

Volatile Organics, solid (ug/kg) 
Benzene 

Total PCB 1,4-Dichlorobenzene 4-Nitrophenol Bromodichloromethane 
Aroclor 1016 Diethyl phthalate Pentachlorophenol Bromoform 
Aroclor 1221 Dimethyl phthalate Phenol Bromomethane 
Aroclor 1232 Di-n-butyl phthalate 2,4,5-Trichlorophenol Carbon tetrachloride 
Aroclor 1242 Di-n-octyl phthalate 2,4,6-Trichlorophenol Chlorobenzene 
Aroclor 1248 2,4-Dinitrotoluene n-Nitrosodimethylamine Chloroethane 
Aroclor 1254 2,6-Dinitrotoluene Pyridine Chloroform 
Aroclor 1260 Fluoranthene 1,2-Diphenylhydrazine Chloromethane 
 Fluorene 1,2,4,5-Tetrachlorobenzene Dibromochloroethane 
Semivolatile Organics, solid 
(sediment-µg/kg; water and  
elutriate-µg/L) 

Hexachlorobenzene 
Hexachlorobutadiene  
Hexachlorocyclopentadiene 

n-Nitrosodi-n-butylamine 
n-Nitrosodiethylamine 
Pentachlorobenzene 

1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 

Acenaphthene Hexachloroethane Hexachlorophene trans-1,2-Dichloroethene 
Acenaphthylene Indeno(1,2,3-c,d)pyrene 3,3'-Dichlorobenzidine 1,2-Dichloropropane 
Anthracene lsophorone Atrazine Ethylbenzene 
Benzidine Naphthalene Guthion (Methyl azinphos) Methylene chloride 
Benzo(a)anthracene Nitrobenzene Alachlor 1,1,2,2-Tetrachlorothane 
Benzo(b)fluoranthene n-Nitrosodi-n-propylamine Simazine Tetrachloroethene 
Benzo(k)fluoranthene n-Nitrosodiphenylamine Dicofol Toluene 
Benzo(a)pyrene Phenanthrene Mirex 1,1,1-Trichloroethane 
Benzo(g,h,i)perylene Pyrene Malathion 1,1,2-Trichloroethane 
Butyl benzyl phthalate 1,2,4-Trichlorobenzene Diazinon Trichloroethene 
Bis(2-chloroethoxy) methane 4-Chloro-3-methylphenol Demeton (o & s) Vinyl chloride 
Bis(2-chloroethyl) ether 2-Chlorophenol Carbaryl Xylenes (total) 
Bis(2-chloroisopropyl) ether 2,4-Dichlorophenol Chlorpyrifos Acrylonitrile 
Bis(2-ethylhexyl) phthalate 2,4-Dimethylphenol Metolachlor (Dual) Methyl tert-butyl ether 
4-Bromophenyl phenyl ether 2,4-Dinitrophenol Diuron 2-Chloroethylvinyl ether 
2-Chloronaphthalene 4,6-Dinitro-o-cresol Cyanazine cis-1,3-Dichloropropene 
4-Chlorophenyl phenyl ether 2-Methyl-4,6-dinitrophenol Parathion trans-1,3-Dichloropropene 
Chrysene 2-Methylphenol (o-Cresol)   
Dibenzo(a,h)anthracene 3-Methylphenol (m-Cresol)  Volatile TIC (VOA TIC) (ug/kg) 
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Table 4.7  Concentrations of Detected Compounds in Elutriate from the Upper Channel in 2004 (µg/L) 
WQS Sample Number CB-04- 

Parameter Detection 
Limit Acute Chronic 06 07 08 09 10 11 12 13 14 13 

Duplicate 
Arsenic 1.00 149 78 2.73 1.96 1.57 1.44 1.01 BDL 1.34 1.68 4.03 1.90 
Copper 1.00 13.5 3.6 BDL 1.07 BDL BDL 1.17 1.04 BDL BDL 1.76 1.08 
Lead 1.00 133 5.3 BDL BDL BDL BDL BDL BDL BDL 1.29 BDL 1.20 
Nickel 1.00 118 13.1 BDL 1.45 1.50 1.10 1.18 1.74 1.90 1.76 1.92 2.46 
Zinc 1.00 92.7 84.2 BDL BDL BDL BDL BDL BDL 1.02 1.50 1.35 1.90 
Ammonia* 0.03 N/A N/A 0.22 0.70 1.53 0.92 0.90 0.41 0.65 0.37 0.64 0.29 
TOC* 0.10 N/A N/A 0.88 7.70 8.00 9.40 10.0 10.2 11.9 10.7 11.7 11.0 
Notes 
1.  WQS = Texas Water Quality Standards for salt water. 
2.  BDL = Below detection limits. 
3.  * indicates the unit of measurement for these parameters is mg/L. 
4.  Samples were collected in December 2004 at sampling sites 6 through 14 shown on Figure 4.4. 
5.  Only detected constituents are shown in the table.  A list of all parameters analyzed is provided in Table 4.6. 
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Information from geotechnical studies conducted in Cedar Bayou as part of the HL&P dredging project 
(HL&P 1968) was used to determine the characteristics of material that would be dredged for the LPP. 
Borings were also taken in 2000 by Fugro-Smith, Inc.  Based on these reports, the sediments in and 
adjacent to Cedar Bayou fall into three broad classes: Pleistocene soils, Recent soils, and maintenance 
materials from Cedar Bayou.  The Pleistocene soils are expected to be mostly highly plastic clays that are 
firm to very stiff in consistency.  A small amount of sandy and silty clays of similar strength may be 
encountered.  Averages from old borings along the bayou yield an average liquid limit of about 87, a 
plastic limit of 28, a natural water content of 33, and a specific gravity of 2.75.  These soils are located in 
the Devil’s Elbow Cutoff and along the bend easings. 

The Recent soils are expected to be mostly very soft to firm highly plastic inorganic clays.  Averages 
from old borings yield a liquid limit of 75, a plastic limit of 22, and a moisture content of 55.  Sand 
content is expected to be negligible.   

The maintenance materials from Cedar Bayou are expected to be very soft highly plastic clays. An 
average liquid limit of 90, a plastic limit of 30, a water content of 108 (120 percent of the liquid limit), 
and little or no sand are assumed based upon properties of previously dredged material from the federally 
maintained Lower Channel. 

Approximately 896,000 cy of material are expected to be dredged during the initial dredging associated 
with the LPP.  The quantity of each material type to be dredged is presented in Table 4.8.  Additional 
borings would be taken in the channel and the proposed placement areas during the design phase of this 
project to verify existing soil characteristics prior to dredging for use in the design of the spill box. 

Table 4.8  Quantity of Materials (cy) in Initial Dredging 
  Material Type 
Downstream 

Station 
Upstream 

Station 
Very Soft 

Clay 
Very Soft 

Sandy Clay 
Firm to Stiff 

Silty Clay Stiff Clay Very Stiff 
Clay 

290+00 310+00 — — 24,354 — — 
310+00 325+00 — — 63,843 25,537 38,305 
325+00 340+00 — — — 82,424 192,321 
340+00 610+00 — 369,100 — — — 
610+00 680+00 72,057 — — — — 
680+00 713+00 — — — 28,002 — 
Total  72,057 369,100 88,197 135,963 230,626 

 

There is limited data concerning contamination of sediments in Cedar Bayou.  Limited sampling of 
sediments has been conducted at TCEQ’s Station 11111 at Roseland Park as part of the ongoing TMDL 
project discussed in Section 3.2.3.  This study has identified dioxins in sediment samples collected at 
Roseland Park and in Upper Galveston and Tabbs Bays (see Table 4.3).  Dioxin levels in sediment have 
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exceeded the TCEQ target levels during some of the sampling periods in Cedar Bayou and Upper 
Galveston Bay. 

Sampling of sediments was conducted along Cedar Bayou in June 2001 by the CCCBND to obtain data 
on potential sediment contamination (Weston 2002a).  Prior to the sampling and analysis of sediments, 
consultation with the TCEQ was conducted to identify the requirements for number of samples, location 
of sampling points, and parameters to be analyzed (Weston 2002a).  As a result of this coordination, 
sediment samples were collected within every channel mile along the proposed project, with emphasis on 
sampling at potential hot spots, such as wastewater outfalls, barge docks, and terminals.  The results of 
this sampling effort are summarized here.  The laboratory report for this sampling effort is on file with the 
CCCBND.   

Sediment samples were collected from 14 locations between the HSC and SH 146 (see Figure 4.4).  
However, only Sites 6 through 14 (nine locations) are portions of the channel that would undergo 
dredging in the LPP; sample Sites 1 through 5 are located below the portion to be dredged.  The results of 
the sampling and analysis of sediments from Cedar Bayou are presented in Table 4.9.  For simplicity, this 
table shows only those parameters that had values greater than the laboratory detection limit.  Parameters 
analyzed but not detected are listed in Table 4.6 in Section 4.2.1.3. 

Inspection of the analytical results in Table 4.9 show that none of the 14 samples exhibited volatile 
organics, herbicides, pesticides, or PCBs.  Three of the samples exhibited one or more semivolatile organic 
compounds.  All of the samples exhibited some level of oil and grease, nitrogen, phosphorous, organic 
carbon, and metals including aluminum, arsenic, barium, chromium, copper, lead, manganese, nickel, and 
zinc.  Cadmium, mercury, selenium, and silver were below detection limits in all samples.  In general, 
samples from Site 2 and Site 8 appear to exhibit higher concentrations of metals than the other sample 
locations.  Site 5 and Site 9 exhibit the highest levels of oil and grease, while Site 3 exhibits the highest 
levels of the nutrients nitrogen and phosphorous.  Sites 6, 11, and 13 are the only sites that contain 
semivolatile organics, while Site 6 also exhibits an anomalously high lead concentration.   

To place this contaminant data in perspective, concentrations were compared to the Screening Quick 
Reference Tables (NOAA 1999) compiled by the National Oceanic and Atmospheric Administration 
(NOAA).  In these tables, NOAA provides sediment toxicity data compiled from a variety of sources for 
both freshwater and marine sediments.  NOAA intended the reference values to be informal (non-
regulatory) guidelines for use in interpreting chemical data from analysis of sediments.  Comparison of the 
June 2001 sediment analytical data to the NOAA reference tables yields the following observations.   

For barium, little toxicity data is available other than a reference value for an Apparent Effects Threshold 
(AET) for amphipods in marine sediment of 48,000 parts per billion (ppb) on a dry weight basis.  (All 
concentrations discussed herein are on a dry weight basis.)  Nine out of the 14 sample sites exceed this 
AET value with a high of 160,000 ppb at Site 3.  Barium is a common constituent of the earth’s crust.  For 
example, the NOAA table lists a mean soil background concentration of 440,000 ppb.  Furthermore, 
barium is known as a relatively non-toxic constituent, hence, the lack of toxicity studies of the element.  
Given these facts, it is concluded that the barium concentration in the sediments is a minimal toxicity risk. 
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Table 4.9  Concentrations of Detected Compounds in Sediment Samples from Selected Locations in Cedar Bayou in 2001 (dry-weight basis) 

Parameter Reporting 
limit 

Site  
1 

Site  
2 

Site  
3 

Site  
4 

Site  
5 

Site  
6 

Site  
7 

Site  
8 

Site  
9 

Site 
10 

Site 
11 

Site 
12 

Site 
13 

Site 
14 

Average 
all sites 

Average 
Sites 6 

through 14 
Oil & Grease (mg/dry-kg) 
(EPA 413.2) 10 110 229 95.8 30.2 282 54.2 111 221 313 258 226 59.1 113 37.0 153 155 

Oil & Grease (mg/dry-kg) 
(SW-846 9071 A) 5 16.9 16.6 <10 14.6 100.5 <7.1 35.3 <10.8 43.7 30.6 60.9 10.8 <8.1 <7.5 25.1 22.0 

% Solids 0.01 59.3 42.1 50.5 68.5 62.7 70.3 65.1 46.3 45.8 55.6 60.8 64.8 61.4 67 58.6 59.7 
TKN (mg/dry-kg) 40 715 1,285 1,497 642 478 364 614 1,348 1,439 926 776 812 707 519 866 834 

Phosphorous, total 
(mg/dry-kg) 250 3,524 3,159 3,644 964 558 720 1,797 2,635 1,769 495 2,270 4,244 635 730 1,939 1,699 

TOC (% on dry basis) 0.2 0.6 0.9 0.7 0.5 0.7 0.4 0.5 0.8 0.8 1.2 0.6 0.7 0.6 0.6 0.7 0.7 
Metals (mg/dry-kg)                   
Aluminum 25 3,238 7,150 5,802 4,861 3,301 3,528 3,257 7,019 6,965 5,360 2,697 2,978 4,072 2,567 4,485 4,271 
Arsenic 1 3.5 5.9 5.1 2.9 2.7 3.6 2.8 5.4 3.9 3.1 2.3 2.2 2.9 2.1 3.5 3.1 
Barium 1 94.1 124 160 15.9 30.3 61.2 57.8 124 147 75.9 67.9 13.1 40.9 13.1 73.2 66.8 
Chromium 0.5 5.9 12.1 8.5 5.3 4.8 5.5 6.1 13.2 10.3 8.8 5.1 3.4 5.2 3.0 6.9 6.7 
Copper 0.5 7.6 12.1 8.9 5.1 5.1 5.0 6.0 11.9 10.7 6.5 6.6 4.6 5.9 3.9 7.1 6.8 
Lead 0.5 13.5 20.9 14.3 7.4 6.5 189 8.4 19.0 14.8 10.6 9.7 5.6 8.5 6.1 23.9 30.2 
Manganese 1.5 442 527 491 101 48.5 222 103 881 341 87.4 126 30.7 125 33.6 254 217 
Nickel 1 6.2 11.2 9.3 8.8 4.9 7.7 5.7 11.9 10.5 6.1 4.6 4.6 5.4 4.8 7.3 6.8 
Zinc 2 29.7 57.0 39.6 14.2 13.7 12.7 25.7 51.4 40.8 17.8 21.9 11.0 23.6 9.4 26.3 23.8 
Semivolatile Organics (µg/dry-kg) 
Benzo(a)pyrene 10 BDL BDL BDL BDL BDL 15.6 BDL BDL BDL BDL BDL BDL BDL BDL NA NA 
Chrysene 10 BDL BDL BDL BDL BDL 18.5 BDL BDL BDL BDL 26.3 BDL BDL BDL NA NA 

Bis(2-ethylhexyl) 
phthalate 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 52.6 BDL BDL BDL NA NA 

1,2-Dichlorobenzene l5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 109 BDL 81.4 BDL NA NA 
Di-n-butyl phthalate 20 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 36.2 BDL 39.1 BDL NA NA 
Di-n-octyl phthalate 15 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 100 BDL BDL BDL NA NA 
Hexachlorobenzene 15 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 78.2 BDL NA NA 

Notes 
 BDL = Below detection limits 
 NA = Not appropriate for so many non-detects. 
 All concentrations are on a dry-weight basis. 

 Only detected constituents are shown in the table. Constituents that were tested but not detected are listed in Table 4.6. 
 Average concentrations were calculated using 1/2 the detection limit for concentrations below detection limit. 
 “Reporting Limits" shown are on an 'as-received' basis. 
 Samples were collected in June 2001 by Weston Solutions, Inc., at Sampling Sites 1 through 14 shown on Figure 4.4. 
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Lead is elevated at one location – Site 6 at a level of 189,000 ppb.  A comparison among the lead levels in 
the other sediment samples suggests that this concentration could be a false anomaly, since none of the 
other data approach this level of magnitude.  Nonetheless, the reported value falls between the marine 
sediments Effects Range-Low (ERL) of 46,700 ppb and the Effects Range-Median (ERM) of 218,000 ppb, 
which indicates a moderate threat of toxicity at that location.  For freshwater sediment, the concentration at 
Site 6 exceeds both the Probable Effects Level (PEL) of 91,300 ppb and the Upper Effects Threshold 
(UET) of 127,000 ppb.  However, given the typical salinity levels of Cedar Bayou in the project area, the 
more appropriate criteria for comparison are the reference values for marine sediment.  The average lead 
concentration for all 14 sample sites is 23,900 ppb, while the average of the nine sample sites that are 
located within the portion of channel to be dredged (Sites 6 through 14) is 30,200 ppb. 

Similar to barium, little toxicity data is available for manganese; it is a common element of the earth’s 
crust (mean soil background concentration of 330,000 ppb) and is not particularly toxic.  NOAA reference 
tables list a marine sediment AET of 260,000 derived from Neanthes bioassays.  However, NOAA lists the 
background concentration of manganese in freshwater sediments as 400,000 ppb.  The Cedar Bayou 
sediment analyses show levels above the AET at five of the 14 sample sites with levels above background 
at four of the sites.  As for barium, it is concluded that the concentration of manganese in the sediments is a 
minimal toxicity risk. 

Of the semivolatile compounds detected, three of the seven exhibit concentrations above one or more 
NOAA screening values.  Little toxicity data is available for 1,2-dichlorobenzene; however, the marine 
sediment AET of 13 ppb from Neanthes bioassays was exceeded at sample Sites 11 and 13 (with 
concentrations of 109 and 81.4 ppb, respectively.)  The di-n-octyl phthalate level of 100 ppb at Site 11 
exceeded a marine sediment AET of 61 ppb.  No other toxicity data (e.g., ERL, ERM, PEL) is available for 
this compound.  The hexachlorobenzene level of 78.2 ppb at Site 13 exceeded the marine AET of 6 ppb; 
no other toxicity data for marine sediments is available. 

Recent sediment samples were also collected from Sites 6 through 14 (Figure 4.4) in December 2004.  
These sediment quality data are based on analyses of composite samples comprised of subsamples 
collected perpendicular to the centerline of the channel.  Data on detected analytes in the sediment 
samples are included in Table 4.10.  A complete list of contaminants analyzed is included in Table 4.6 in 
Section 4.2.1.3.  None of the detected analytes exceeded any of the NOAA Screening Values except for 
1,2-Dichlorobenzene.  The concentration of 84.7 ppb at Site 11 is similar to levels found in the June 2001 
data.  The metals data lend support to the assertion that the lead value previously reported (June 2001) for 
Site 6 is erroneous. 

The sources of the metals and semivolatile constituents discussed above are unknown.  Cedar Bayou 
receives discharges of industrial and municipal wastewater as well as urban runoff from the City of 
Baytown, SH 146, and IH 10.  Each of these constituents could be present in any of these sources.   

An environmental benefit of the proposed project would be the removal of some of these chemical 
constituents from the aquatic environment.  Upon completion of channel dredging and dewatering of the 
dredged material, the above constituents would no longer be available to aquatic organisms.  
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Table 4.10  Concentrations of Detected Compounds in Sediment Samples from the Upper Channel in 2004 (dry-weight basis) 

Sample Number CB-04- 
Parameter Detection 

Limit 
NOAA 
ERL 06 07 08 09 10 11 12 13 14 13 

Duplicate 
Percent Solids 0.10 N/A 36.6 55.8 43.9 45.4 45.6 54.7 47.4 57.5 66.5 58.1 
TOC (%) 0.10 N/A 0.68 0.54 0.64 0.66 0.66 0.51 0.59 0.44 0.38 0.46 
Ammonia (mg/kg) 0.10 N/A 194 116 197 147 167 139 141 141 110 139 
Metals (mg/kg) 
Arsenic 0.30 8.2 5.05 4.96 5.45 4.51 4.45 3.84 4.01 3.12 3.84 3.51 
Beryllium 1.00 N/A 1.04 BDL 1.03 BDL BDL BDL BDL BDL BDL BDL 
Cadmium 0.10 1.2 0.22 0.18 0.21 0.22 0.18 0.15 0.17 0.12 0.12 0.16 
Chromium Total 1.00 81.0 15.1 9.88 17.2 12.2 12.5 10.9 11.2 8.56 8.28 8.94 
Chromium III 1.00 N/A 15.1 9.88 17.2 12.2 12.5 10.9 11.2 8.56 8.28 8.94 
Copper 1.00 34.0 12.4 9.31 12.7 11.3 11.9 14.1 11.9 8.07 6.77 9.49 
Lead 0.30 46.7 18.1 14.1 20.2 16.2 15.4 12.4 16.7 10.4 12.3 12.5 
Nickel 0.50 20.9 12.1 9.76 14.1 10.2 10.4 8.51 10.8 8.34 8.49 8.50 
Thallium 0.20 N/A 0.30 0.32 0.25 0.20 BDL BDL BDL BDL BDL BDL 
Zinc 2.00 150 23.8 14.1 18.6 20.0 18.5 14.9 19.2 13.9 7.11 16.4 
Semivolatile Organics (µg/kg) 
1,2-Dichlorobenzene 20.0 N/A BDL BDL BDL BDL BDL 84.7 BDL BDL BDL BDL 
Notes 
1.  NOAA ERL = Effects Range-Low for marine sediments. 
2.  BDL = Below detection limits 
3.  Samples were collected in December 2004 at sampling sites 6 through 14 shown on Figure 4.4. 
4.  All concentrations are on a dry-weight basis. 
5.  Only detected constituents are shown in the table.  A list of all parameters analyzed is provided in Table 4.6 in Section 4.2.1.3. 
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Upland soils within the Devil’s Elbow Cutoff that would be dredged as part of the project were not 
sampled but are unlikely to exhibit contamination because they have not been exposed to anthropogenic 
influences.  The upland property is undeveloped and was grazed by cattle when field visits for this project 
were conducted.  In addition, a search of federal and state databases and reconnaissance of the area did not 
reveal any signs of potential contamination on the property. 

4.2.2.1 Sediment Budget 

Sedimentation rates vary between the lower and upper portions of the CBNC.  For the maintained Lower 
Channel, review of USACE dredging records from 1974 to 1999 show an average siltation rate of 91,000 
cy per year, or 3.0 cy/foot/year.  This relatively high siltation rate is due to the dynamic environment of the 
open bay, including waves, tidal action, and storm events, contributing to littoral transport of sediment.   

For the unimproved Upper Channel, siltation was calculated using records from the HL&P channel 
deepening project in the 1970s.  The HL&P project dredged the upper reaches of Cedar Bayou to a bottom 
depth of –20.0 feet MLT with bottom widths of 80 to 100 feet and a top width of 200 feet.  A 10,000-foot 
section of the channel located north of the HL&P Cutoff and below the Cedar Bayou Generating Station, 
has not been dredged since the initial project in the 1970s.  Comparison of the original HL&P design 
section with the 1999 existing surveys shows that 462,000 cy of siltation has occurred during that period.  
This average siltation rate per foot of channel is 1.7 cy/foot/year.  This relatively low siltation rate may be 
due to a variety of reasons but suggests a lack of source material in the contributing watershed, moderate 
development, or development and land use practices that have controlled or limited sediments in storm 
water runoff. 

4.2.3 Habitat Types 

This section provides a regional overview of conditions concerning vegetation and habitats followed by a 
site-specific description of the primary aquatic and upland habitats that occur in the project area.  For the 
site-specific discussion, the project area is defined as approximately 0.5 mile on either side of Cedar Bayou 
from Galveston Bay to SH 146. 

The project area is situated in the northern portion of the Gulf Prairies and Marshes vegetational area, 
where it transitions into the Pineywoods vegetational area (Gould 1975).  The Gulf Prairies and Marshes 
vegetational area is divided into the Gulf Marshes, which cover approximately 500,000 acres of land along 
the Texas coast, and the Gulf Plains, which cover about 9 million acres of flat plain extending 30 to 80 
miles inland from the Gulf Marshes.  The Gulf Marshes are low, wet, marshy coastal areas that are 
commonly covered with saline water.  The Gulf Prairies were historically dominated by tallgrass prairies 
and post oak (Quercus stellata) savannah; however, the tallgrass prairies have largely been converted to 
improved pastureland and invaded by woody species such as honey mesquite (Prosopis glandulosa), oaks 
(Quercus spp.), and Acacia species.  The Pineywoods vegetational area consists of a nearly level to gently 
undulating, locally hilly, forested plain that is dominated by a mixed pine-hardwood forest in the uplands 
and a mixed hardwood forest in the bottomlands (Hatch et al. 1990). 
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The project area consists of urban and industrial development, as well as undeveloped areas.  Natural 
communities on the west side of Cedar Bayou are mainly limited to the southern portion of the project 
area, south of Roseland Park.  The east side of the bayou is largely undeveloped, with the exception of 
industries that have established in recent years. 

The natural communities in the project area provide important habitats for both aquatic and terrestrial 
wildlife.  The aquatic habitats provide nursery and habitat for a variety of marine organisms.  The region is 
also ecologically important because it is located within the Central Flyway, which is one of the four major 
migratory routes over the continental U.S.  Aquatic and upland habitats provide stopover opportunities for 
a variety of migratory bird species.  Research using Doppler radar to track movements of migratory birds 
has shown that a large number utilize an extensive area that includes the Cedar Bayou project vicinity as 
stopover points during migration (Gauthreaux 1999). 

The following paragraphs briefly describe the aquatic and upland habitats that are present in the project 
area.  Figure 4.5 provides the location and extent of the general habitat types in the project area.  The 
descriptions of the habitats in this section were developed by quantitative sampling methodology within 
habitats that were located within the footprint of the project components (i.e., channel, Devil’s Elbow 
Cutoff, placement areas, and bend easings), as well as through limited field reconnaissance of the project 
area.  Mapping of habitats in the project area was conducted primarily by aerial photograph interpretation 
and limited field reconnaissance.  Because of the scale of presentation of Figure 4.5, and because some 
habitats are very small or intergrade into one another (i.e., low and high salt marsh), some habitats could 
not be separated on the figure (i.e., estuarine marsh could not be accurately mapped as low salt marsh and 
high salt marsh since these types often occur in a matrix).  While these habitats are described separately in 
text, they are not separated on Figure 4.5.  Figures 5.1 through 5.4 in Section 5.2.3 provide a more 
detailed presentation of habitats that would be impacted by the project project. Table 4.11 provides the 
approximate aerial extent of each habitat type in the project area.   

Table 4.11  Location and Aerial Extent of Habitat Types in the Cedar Bayou Project Area 

Habitat Type General Location Aerial Extent 
(acres) 

Percent of 
Project Area 

Aquatic Habitats    
Open Water Cedar Bayou channel and shallow lakes 1,035.1 16.2% 
Estuarine Marsh Edges of channel and shallow lakes 101.4 1.6% 

Low Salt Marsh Lower areas that are inundated daily   
High Salt Marsh Higher areas that are inundated periodically   
Brackish Marsh Upper reaches of the project area, near SH 146   

Freshwater 
Wetlands Primarily within existing confined upland placement areas 118.8 1.9% 

Upland Habitats    
Native Hardwoods Remnant patches mostly at the south end of the project area 1,256.4 19.6% 
Tallow-dominated 
Woodlands 

Cut-over or otherwise disturbed areas that have regrown 
woody vegetation 257.4 4.0% 

Scrub/Shrub Primarily within existing upland placement areas 125.7 2.0% 
Improved Pasture Primarily scattered along the east side of Cedar Bayou 892.3 14.0% 

Developed Land Throughout most of the northern and western portion of the 
project area 2,608.2 40.8% 

TOTAL  6,395.3 100% 
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Figure 4.5  Habitat Types in the Project Area 



 

4-32 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 



FINAL ENVIRONMENTAL IMPACT STATEMENT 4-33 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

4.2.3.1 Aquatic Habitats 

Open Water 

Open water habitats in the project area occur within the Cedar Bayou channel and shallow lakes near the 
lower end of the bayou.  These areas typically range from 1 to 2 feet in depth in the lakes and 8 to 10 feet 
deep within the CBNC.  The water column in open water habitats in the Galveston Bay system supports a 
variety of fish species, while the substrate supports epifauna, such as crabs and smaller crustaceans that 
live on the surface of the substrate, and infauna, such as mollusks and polychaetes that burrow into the 
substrate (Green et al. 1992).  These areas are also used as loafing and foraging areas by waterfowl.   

Estuarine Marsh 

Estuarine marsh located in the project area can be categorized as low salt marsh, high salt marsh, and 
brackish marsh.  These marshes play an important role in sustaining the health and abundance of life 
within an ecosystem.  They are important natural resources that provide essential habitat for fish, 
shellfish, and other wildlife (McHugh 1967).  These coastal wetlands also serve to filter and process 
agricultural runoff and buffer coastal areas against storm and wave damage (White and Paine 1992).  
Estuarine marsh accounts for approximately 101.4 acres (1.6 percent) of the project area. 

Low Salt Marsh  

Low salt marsh is the most common marsh type in the project area and is located along the edges of the 
shallow lakes near the lower portion of the bayou, as well as along some of the banks.  The low salt marsh 
is dominated by smooth cordgrass (Spartina alterniflora).  

High Salt Marsh 

In areas that are slightly higher in elevation and may not be inundated on a daily basis, high salt marshes 
occur.  These marshes are typically dominated by smooth cordgrass, salt-meadow cordgrass (Spartina 
patens), tall pigweed (Amaranthis rudis), salt-marsh aster (Symphyotrichum tenuifolium), and big-leaf 
sumpweed (Iva frutescens).  Gulf cordgrass (Spartina spartinae) often occurs in the higher edges of this 
habitat. 

Brackish Marsh 

In the northern portion of the project area, the water in Cedar Bayou becomes brackish and supports small 
patches of brackish marsh that are dominated by southern cattail (Typha domingensis). 

Freshwater Wetlands  

Freshwater wetlands in the project area are mainly limited to abandoned placement areas, where levees 
and dredged material created depressions that collect water.  They are generally emergent wetlands that 
are dominated by broad-leaf cattail (Typha latifolia), salt-marsh bulrush (Bolboschoenus robustus), 
jointed flat-sedge (Cyperus articulatus), and green flat-sedge (C. virens).  The edges of the wetlands often 
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contain young Chinese tallow (Sapium sebiferum), salt cedar (Tamarix sp.), and black willow (Salix 
nigra) trees.  Freshwater wetlands compose approximately 118.8 acres (1.9 percent) of the project area. 

Estuarine Reef Habitats 

No estuarine reef habitats occur within the project area.  The nearest oyster reefs to the project area are 
located along the Lower Channel of the CBNC in Galveston Bay (Weston 2002b). 

4.2.3.2 Upland Habitats 

Upland habitats in the project area occur mainly on the Chambers County side of Cedar Bayou and the 
lower portion of the Harris County side.  These upland habitats are in jeopardy of being replaced by 
residential, commercial, and industrial development in the area.  The following describes the main types 
of upland habitats in the project area.  Section 5.2.3.2 provides a description of the upland habitats that 
would be impacted by the proposed project.  

Native Hardwoods 

Native hardwoods in the project area are limited to remnant patches of wooded areas located primarily at 
the southern end of the project area and account for approximately 1,256.4 acres (19.6 percent) of the 
project area.  Common native hardwood species in these woodlands include cedar elm (Ulmus 
crassifolia), post oak, water oak (Quercus nigra), sugar hackberry (Celtis pallida), and osage orange 
(Maclura pomifera).  Loblolly pine (Pinus taeda) and eastern red cedar (Juniperus virginiana) occur 
sporadically in wooded areas along the north end of the project area, and green ash (Fraxinus 
pennsylvanica) occurs along smaller drainages.  Common understory species in these woodlands include 
trifoliate orange (Poncirus trifoliolata), yaupon (Ilex vomitoria), gum bumelia (Sideroxylon 
lanuginosum), and Chinese privet (Ligustrum sinense).  The native hardwoods in the project area provide 
food, cover, and resting areas for a variety of resident and migratory songbirds, raptors, and other avian 
groups.  These valuable habitats are also utilized by mammals, reptiles, and amphibians that are common 
to the region.  

Tallow-dominated Woodlands 

Tallow-dominated woodlands occur mainly in areas that have been cut over or otherwise disturbed and 
have been allowed to re-establish vegetation.  Although these woodlands are dominated by Chinese 
tallow, native hardwood species listed above are interspersed within them.  The shrub and herbaceous 
layers within these woodlands are similar to the native hardwood areas.  Like the native hardwoods, these 
woodlands are utilized by a variety of faunal species.  Tallow-dominated woodlands compose 
approximately 257.4 acres (4.0 percent) of the project area. 

Scrub/Shrub 

Portions of the project area that have been historically disturbed and are now in early successional stages 
typically contain a scrub/shrub habitat.  This habitat is common within abandoned placement areas and 
accounts for approximately 125.7 acres (2.0 percent) of the project area.  Shrubs that occur in these areas 
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include eastern baccharis (Baccharis halimifolia), Chinese tallow, and southern wax myrtle (Morella 
cerifera).  Often these shrubs are intermixed with a dense cover of vines that includes Alabama 
supplejack (Berchemia scandens), peppervine (Ampelopsis arborea), and climbing hempweed (Mikania 
scandens).    

Improved Pastures 

Much of the eastern portion of the project area contains improved pastures that are used for cattle grazing.  
These pastures make up 14.0 percent of the project area and include native and introduced grasses such as 
common carpetgrass (Axonopus fissifolius), St. Augustine grass (Stenotaphrum secundatum), bahiagrass 
(Paspalum notatum), and smutgrass (Sporobolus indicus).  Common associates include sea-coast 
sumpweed (Iva annua), Hooker’s eryngo (Eryngium hookeri), velvet-leaf beeblossom (Gaura parviflora), 
saw-leaf thoroughwort (Eupatorium serotinum), and blue mistflower (Conoclinium coelestinum).  The 
pastures in the area typically show some degree of invasion by Chinese tallow. 

4.2.4 Finfish and Shellfish Resources   

This section begins with a regional overview of the finfish and shellfish resources (including recreational 
and commercial fisheries and aquatic communities) in the Galveston Bay system, which includes Cedar 
Bayou, followed by a site-specific description of conditions concerning essential fish habitat and managed 
finfish and shellfish species that occur in the project area. 

The Galveston Bay system, including Cedar Bayou, provides important nursery habitat for numerous 
commercially and recreationally important estuarine-dependent finfish and shellfish species, as well as 
prey for these species.  Galveston Bay is the largest bay system in Texas, covering an area of about 600 
square miles.  It is a shallow water body, averaging about 6 feet deep, and is divided by the deeper HSC 
(Galveston Bay Estuary Program [GBEP] 2001).  The volume of the bay has been increased due to 
subsidence, and has sunk in some places by as much as 10 feet since 1906 (HGCSD 1998). 

The diversity and abundance of finfish and shellfish in Texas bays have been influenced by management 
activities, such as the elimination of gillnets and the designation of red drum (Sciaenops ocellatus) and 
spotted seatrout (Cynoscion nebulosus) as game species (Corpus Christi Bay National Estuary Program-
06C 1996).  Within the Galveston Bay system, 13 species of shrimp, 17 species of crabs, and over 150 
finfish species have been identified by scientific trawling studies conducted by the Texas Parks and 
Wildlife Department (TPWD) (Galveston Bay National Estuary Program [GBNEP] 1994).  The most 
numerous species in these studies include Atlantic croaker (Micropogonias undulatus), black drum 
(Pogonias cromis), southern flounder (Paralichthys lethostigma), sheepshead (Archosargus 
probatocephalus), striped mullet (Mugil cephalus), and spotted seatrout.  In a two-year TPWD study, 
these six species accounted for 91 percent of the total fish collected.  Other species such as red drum are 
not as abundant but are important to the recreational fishing industry. 

The lower portion of Cedar Bayou provides shallow open water and estuarine marshes that provide 
habitat for these and other saltwater species.  The entire project area is within an area identified by the 
TCEQ as tidally influenced.  In addition, the salinity of the project area is influenced by the HL&P 



 

4-36 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

channel located at Mile 5, which draws water from Galveston Bay for use at the Cedar Bayou Generating 
Station at approximately Mile 8.  Therefore, the portion of Cedar Bayou within the project area is not 
expected to transition to fresh water.  In the upper reaches of Cedar Bayou, the water becomes brackish 
and supports fish species that are common in fresh water, including catfish (Ictaluridae), shad (Dorosoma 
spp.), gars (Lepisosteus spp.), minnows and carp (Cyprinidae), sunfishes (Centrarchidae), freshwater 
drum (Aplodinotus grunniens), and bass (Percichthyidae).  The benthic community is composed of 
freshwater shrimp (Palaemonidae and Atyidae), crayfish (Astacidae and Cambaridae), and mollusks 
(Gastropoda and Pelecypoda) (Weston 2001a). 

4.2.4.1 Recreational and Commercial Species 

Galveston Bay is heavily used for both recreational and commercial fishing.  Over half of the state’s 
recreational fishing expenditures ($600 million annually) and one-third of the state’s commercial fishing 
income ($200 million annually) are derived from Galveston Bay.  Galveston Bay has the 3rd largest 
concentration of recreational boats in the U.S. (GBNEP 1994). 

The principal finfish harvested by sport-boat anglers in the Galveston Bay System from 1982 to 1992 
were Atlantic croaker, red drum, spotted seatrout, sand seatrout (Cynoscion arenarius), southern flounder, 
sheepshead, and black drum (Warren et al. 1994).  Compared to all Texas bay systems, Galveston Bay 
produced the largest percentage of all these species, except red drum, caught by private-boat fishermen 
during this period (Warren et al. 1994).  Between 1982 and 1992, the Galveston Bay system accounted for 
the greatest private-boat pressure (35 percent) and landings (41 percent) and headboat pressure (45 
percent) and landings (57 percent) of all Texas bay systems.  More than 262,000 recreational fishing 
licenses were sold in the surrounding counties of Brazoria, Chambers, Galveston, Harris, and Liberty 
Counties during 1998 and 1999 (GBEP 2001). 

The most important commercial finfish species currently reported from the Galveston Bay system are 
Atlantic croaker, black drum, sheepshead, striped mullet, and southern flounder (Sheridan et al. 1989, 
Robinson et al. 1998, TPWD 2000).  From 1994 to 1998, 211,400 pounds of finfish made up the annual 
commercial harvest in Galveston Bay, with an annual ex-vessel (i.e., actual harvest) value averaging 
$151,000 (TPWD 2000).  Overall, from 1972 to 1999, black drum, flounder, and sheepshead landings 
declined in the Galveston Bay system, while striped mullet landings increased (Robinson et al. 1998).  In 
comparison with all Texas bay systems, Galveston Bay supported the smallest percentage of commercial 
finfish landings, totaling about 7 percent (Robinson et al. 1998).  

The main shellfish species in the Galveston Bay system include brown shrimp (Farfantepenaeus aztecus), 
pink shrimp (F. duorarum), white shrimp (Litopenaeus setiferus), blue crab (Callinectes sapidus), and 
eastern oyster (Crassostrea virginica).  From 1993 to 1997, commercial landings of shellfish in Galveston 
Bay consisted of brown and pink shrimp (25 percent), white shrimp (30 percent), blue crab (30 percent), 
and eastern oyster (87 percent) (Robinson et al. 1998).  From 1994 to 1998, seven million pounds of 
shrimp (mainly brown and white) were commercially harvested in Galveston Bay, with an ex-vessel value 
of almost $10 million (TPWD 2000).  More blue crabs are landed in Galveston Bay than in any other 
Texas bay, with landings increasing from 200,000 pounds per year in 1960 to over 3 million pounds per 
year in 1990 (Walton and Green 1993).  Landings of oysters have fluctuated through the years but have 
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increased significantly since 1960.  Between 1982 and 1986, approximately 81 percent of oysters were 
harvested from public reefs, with the remainder being harvested from private oyster leases issued by the 
State of Texas (GBNEP 1994).  From 1994 to 1998, 4 million pounds of oysters were commercially 
harvested in Galveston Bay, with an ex-vessel value averaging $8 million (TPWD 2000). 

The Seafood Safety Division of the TDH has periodically monitored the fish and crabs along the Texas 
coast since 1970 to assess the potential health risks from chemical contaminants.  Analyses are performed 
on the edible portions of fish and crabs for parameters such as metals, pesticides, polychlorinated 
biphenyls (PCB), semivolatile organic carbons (SVOC), and volatile organic carbons (VOC) (TDH 1997, 
TDH 1999).  Due to elevated levels of dioxins in catfish and crab tissue, the TDH issued a limited 
consumption advisory in 1990 for catfish and crab in the HSC and Upper Galveston Bay north of a line 
drawn from Red Bluff Point, east to the Five Mile Cut marker, and north to Houston Point.  This advisory 
included Cedar Bayou from the mouth to approximately SH 99, as well as the portion of Upper Galveston 
Bay into which Cedar Bayou flows (TDH 2004) (see Section 4.2.1).  Samples of hardhead catfish (Arius 
felis) and blue crab tissues collected at Roseland Park in 2002 and 2003 as part of an ongoing TMDL 
project have contained dioxins (Rifai et al. 2003). 

4.2.4.2 Aquatic Communities 

In addition to the recreationally and commercially important finfish discussed above, there are many 
additional aquatic species and communities present in the Galveston Bay system that serve to support the 
ecological diversity of the area.   

Galveston Bay has the highest primary productivity of all Texas bays (Armstrong 1987).  The primary 
producers of the open bay are phytoplankton, which include diatoms, green algae, blue-green algae, 
dinoflagellates, euglenoids, cryptophytes, and golden-brown algae.  Over 132 species of phytoplankton 
have been documented in Upper Galveston and Trinity Bays (GBNEP 1994).  These organisms take up 
carbon by photosynthesis and pass it through the food chain to zooplankton (primary consumers) and 
phytoplanktivores (plant-eating) fishes (Armstrong 1987, Sheridan et al. 1989, GBEP 2001).   

Zooplankton in Galveston Bay include copepods, larval marine worms, and larval barnacles.  The 
copepod Acartia tonsa is the dominant zooplankton species in Galveston Bay and many other Texas 
estuaries (GBNEP 1994).  Zooplankton are important because they provide food for larval and juvenile 
fish. 

Benthic organisms are organisms that live on or near the bay bottoms.  In open bays, the benthic 
community is primarily composed of polychaetes (marine worms), mollusks, and crustaceans.  Muddy 
substrates support richer polychaete communities, while sandy substrates support more crustaceans 
(USACE 2001).  Marsh benthic communities are typically more dominated by polychaetes and small 
crustaceans and less by mollusks.  In 1992 and 1993, the USACE established study plots to characterize 
the benthic infaunal community structure in Galveston Bay.  In Upper Galveston Bay, these plots were 
dominated by the annelids Mediomastus ambiseta and Parandalia sp. and the gastropod Texadina 
barrette.  Upper Galveston Bay also contained high numbers of dwarf surfclam (Mulinia lateralis), 
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angelwing clam (Cyrtopleura costata), and another burrowing bivalve, Petricola pholadiformis 
(USACE 1995a). 

Nekton assemblages (organisms occurring within the water column) consist mainly of secondary 
consumers that receive their food from the plankton assemblages discussed above or from juvenile or 
smaller nekton.  Galveston Bay supports a diverse nekton population including fish, shrimp, and crabs, 
some of which are resident species that spend their entire life within the bay, whereas others are migrant 
species that spend only a portion of their life cycle in the bay.  Dominant nekton species inhabiting the 
Galveston Bay system are Atlantic croaker, white shrimp, brown shrimp, Gulf menhaden (Brevoortia 
patronus), bay anchovy (Anchoa mitchilli), blue crab, sand seatrout, pinfish (Lagodon rhomboides), and 
hardhead catfish, all of which are estuarine dependent (Reid 1957, Chambers and Sparks 1959, Parker 
1965). 

4.2.4.3 Essential Fish Habitat 

Essential fish habitat (EFH) is evaluated under authority of the Magnuson-Stevens Fishery Conservation 
and Management Act of 1976 (MSFCMA), as amended (16 U.S.C. 1801-1882).  The act established 
national standards that require fishery management plans (FMP) to create conservation and management 
measures based on the best scientific information to prevent overfishing and assure optimum yield.  The 
MSFCMA was amended in 1996 by the Sustainable Fisheries Act, which established procedures for 
identifying EFH and required interagency coordination to further the conservation of federally managed 
fisheries.  Rules published by the National Marine Fisheries Service (NMFS) [50 Code of Federal 
Regulations (CFR) Sections 600.805 - 600.930] specify that any federal agency that authorizes, funds or 
undertakes, or proposes to authorize, fund, or undertake an activity that could adversely affect EFH is 
subject to the consultation provisions of the abovementioned act and identifies consultation requirements.  
This section and the associated impacts section (Section 5.2.4.3) were prepared to meet these 
requirements. 

EFH is defined as “those waters and substrate necessary to fish for spawning, breeding, feeding, or 
growth to maturity.”  Within estuaries, EFH is further defined as “all waters and substrates (mud, sand, 
shell, rock, and associated biological communities) within these estuarine boundaries, including the sub-
tidal vegetation (seagrasses and algae) and adjacent tidal vegetation (marshes and mangroves)” [Gulf of 
Mexico Fishery Management Council (GMFMC) 1988]. 

The proposed project is located in an area that has been identified by the GMFMC as EFH for adult and 
juvenile brown, white, and pink shrimp; red drum; and Spanish mackerel (Scomberomorus maculatus).  
Consultation and onsite field visits with NMFS and other natural resource agencies were conducted to 
identify the nature of the substrate in areas along the project.  An analysis of impacts to EFH resulted in 
the following information: 

• The entire project, with the exception of upland placement areas, is located within EFH for the species 
of concern discussed above. 

• The entire project area has estuarine water column EFH superimposed on the substrate. 
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• The shallow lakes and open channel have a mud bottom EFH substrate. 

• Estuarine emergent wetlands are located in the Devil’s Elbow Cutoff and the edges of the lakes and 
channel. 

• Reefs with oyster development are limited to the open bay adjacent to dredged material islands along 
the federally maintained portion of the CBNC.  These areas are outside the footprint of the project; 
therefore, no estuarine reef habitats would be impacted by the project.   

Based on this analysis, EFH for the managed species in the project area includes estuarine water column, 
estuarine mud, and estuarine emergent marsh.  Estuarine water column and estuarine mud occurs in the 
deeper portions of the CBNC along the entire project length, as well as in the shallow lakes located at the 
south end of the project.  Estuarine emergent marsh is present along the shore edges of the shallow lakes 
and within the Devil’s Elbow Cutoff.  Upstream of Mile 3, estuarine emergent marsh is scattered along 
the very edge of the channel. 

Description of EFH Managed Species 

The following paragraphs describe the preferred habitats, life history stages, and relative abundance of 
each EFH managed species based on information provided by the GMFMC (1998).  Table 4.12 provides 
the relative abundance of these species in the project area (Cedar Bayou and Upper Galveston Bay). 

Table 4.12  Relative Abundance of Managed Species in the Project Area (Cedar Bayou and 
Upper Galveston Bay) 

Species Adults Juveniles 

Brown shrimp 
(Farfantepenaeus aztecus) 

Common 
(April – October) 

 
Rare 

(November – March) 

Highly abundant 
(April – October) 

 
Abundant 

(November – March) 

White shrimp 
(Litopenaeus setiferus) 

Rare 
(April – June) 

 
Common 

(July – March) 

Abundant 
(April – June) 

 
Highly abundant 
(July – March) 

Pink shrimp  
(Farfantepenaeus duorarum) 

Not present 
(year-round) 

Rare 
(April – June, August – March) 

 
Not present 

(July) 

Red drum  
(Sciaenops ocellatus) 

Common 
(year-round) 

Common 
(year-round) 

Spanish mackerel  
(Scomberomorus maculatus) 

Common 
(April – October) 

 
Rare 

(November – March) 

Common  
(April – October) 

 
Not present 

(November – March) 
Source: NMFS 1998 
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Brown Shrimp 

Brown shrimp eggs are demersal and occur offshore.  The larvae also occur offshore and begin to migrate 
to estuaries as postlarvae.  Migration occurs through passes on flood tides at night, mainly from February 
to April, with a minor peak in the fall.  In estuaries, brown shrimp postlarvae and juveniles are associated 
with shallow vegetated habitats, as well as silty sand and non-vegetated mud bottoms.  Postlarvae and 
juveniles have been collected in waters ranging in salinity from 0 to 70 ppt.  The density of late postlarvae 
and juveniles is highest in marsh edge habitat and submerged vegetation, followed by tidal creeks, inner 
marsh, shallow open water, and oyster reefs.  In unvegetated areas, muddy substrates seem to be 
preferred.  Juveniles and sub-adults of brown shrimp occur from secondary estuarine channels out to the 
continental shelf but prefer shallow estuarine areas, particularly the soft, muddy areas associated with 
plant-water interfaces.  Sub-adults migrate from estuaries at night on ebb tide on new and full moon.  
Abundance offshore correlates positively with turbidity and negatively with hypoxia (low levels of 
oxygen in the water).  Adult brown shrimp occur in neritic Gulf waters (i.e., marine waters extending 
from mean low tide to the edge of the continental shelf) and are associated with silt, muddy sand, and 
sandy substrates (GMFMC 1998).  They generally spawn from spring to early summer in Gulf waters 
greater than 10 fathoms deep and throughout the year in waters from 25 to 60 fathoms deep, with a major 
peak from September to November and a minor peak from April to June.  Within the Galveston Bay 
system, adult brown shrimp are considered rare to common, and juvenile brown shrimp are considered 
abundant to highly abundant (NMFS 1998).  

White Shrimp 

White shrimp are offshore and estuarine dwellers and are pelagic or demersal, depending on life stage.  
The eggs are demersal and larval stages are planktonic; both stages occur in near-shore marine waters.  
Postlarvae migrate through passes mainly from May to November with peaks in June and September.  
Migration is in the upper 7 feet of the water column at night and at mid-depths during the day.  Once they 
reach estuaries, postlarval white shrimp seek shallow water with muddy-sand bottoms high in organic 
detritus or abundant marsh, where they become benthic and develop into juveniles.  Postlarvae and 
juveniles inhabit mostly mud or peat bottoms with large quantities of decaying organic matter or 
vegetative cover.  Densities are usually highest in marsh edges and submerged aquatic vegetation, 
followed by marsh ponds and channels, inner marsh, and oyster reefs.  White shrimp juveniles prefer 
salinities of less than 10 ppt and frequently are found in tidal rivers and tributaries.  They move to coastal 
areas to mature and spawn.  Migration from estuaries occurs in late August and September.  Adult white 
shrimp are demersal and inhabit soft mud or silt bottoms, generally in near-shore Gulf waters to depths 
less than 100 feet (GMFMC 1998).  They spawn from spring through fall in waters ranging from 4 to 17 
fathoms deep.  Adult white shrimp are considered rare to common in Galveston Bay, while juvenile white 
shrimp are considered abundant to highly abundant (NMFS 1998). 

Pink Shrimp 

Pink shrimp occupy a variety of habitats, depending on their life stage.  The eggs are demersal, whereas 
larvae are planktonic until the postlarval stage, when they become demersal.  Postlarvae and juveniles of 
pink shrimp occur in estuarine waters of wide-ranging salinity (0 to >30 ppt).  Recruitment into estuaries 
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occurs in spring and fall at night, primarily on flood tides, through passes or open shoreline.  Within 
estuaries, pink shrimp juveniles are commonly found in areas with submerged aquatic vegetation, where 
they burrow into the substrate by day and emerge at night; however, postlarvae, juveniles, and sub-adults 
may prefer coarse sand/shell/mud mixtures.  Densities of pink shrimp have been found to be highest in or 
near submerged aquatic vegetation and low in mangroves.  Pink shrimp are nearly absent from marshes.  
Adults inhabit offshore marine waters in depths of 30 to 145 feet and prefer substrates of coarse sand and 
shell with a mixture of less than 1 percent organic material.  They spawn in the Dry Tortugas throughout 
the year in waters ranging from 12 to 26 fathoms in depth.  According to relative abundance maps 
(NMFS 1998), adult pink shrimp do not occur in Galveston Bay, and juveniles occur rarely. 

Marine habitat is critically important to the reproduction and survival of brown, white, and pink shrimp.  
Adult shrimp of these species occur throughout the Gulf’s marine habitat.  Food for these species is 
similar.  Larval shrimp feed on phytoplankton and zooplankton; postlarvae feed on phytoplankton, 
epiphytes, and detritus; and juveniles and adults prey on amphipods, polychaetes, and chironomid larvae 
but also on algae and detritus (Patillo et al. 1997).  The habitat of these prey are essentially the same as that 
required by shrimp (estuarine and marine habitats). 

Penaeid shrimp are eaten by many species of fish.  Table 4.13 lists some of those species.  Several species 
expected to occur frequently in the Cedar Bayou area include black drum, red drum, spotted seatrout, 
southern flounder, gafftopsail catfish, blue catfish, alligator gar, and Atlantic stingray (TPWD 2000). 

Table 4.13  Fish that Feed on Penaeid Shrimp 
Scientific Name Common Name 
Carcharhinus leucas Bull Shark 
Dasyatis sabina1 Atlantic stingray 
Atractosteus spatula Alligator gar 
Elops saurus Ladyfish, Skipjack 
Ictalurus furcatus Blue catfish 
Bagre marinus Gafftopsail catfish 
Galeichthys felis Hardhead 
Morone interrupta Yellow bass 
Micropterus salmoides1 Northern largemouth bass 
Sciaenops ocellata Red drum, Redfish 
Micropogon undulatus Atlantic croaker 
Pogonias cromis2 Black drum 
Cynoscion nebulosus3,4 Spotted seatrout, Speckled trout 
Paralichthys lethostigma Southern flounder 
1 Assumed to ingest shrimp by Darnell (1958) 
2 Darnell (1958) states that when black drum are in marine waters, Gulf penaeid shrimp are a significant portion of 

their diet. 
3 Gunter (1945) states that in Texas, shrimp are the predominant food of speckled trout during the summer; however, 

when shrimp are scarce during other times of the year, speckled trout shift to fish such as mullet (Mugil spp). 
4 Darnell (1958) states that pink shrimp are the staple diet of speckled trout in Florida. 
Source: GCFMC 1981 
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Red Drum 

Red drum occupy a variety of habitats, ranging from depths of 130 feet offshore to very shallow estuarine 
waters.  Spawning occurs in the Gulf near the mouths of bays and inlets in the fall and winter months.  
Eggs hatch mainly in the Gulf, and the larvae are transported into the estuary by tidal currents where they 
mature before moving back to the Gulf to spawn.  Adult red drum use estuaries, but tend to spend most of 
their time offshore as they age.  They are found over a variety of substrates, including sand, mud, and 
oyster reefs, and can tolerate a wide range of salinities (GMFMC 1998).  Red drum spawn in open Gulf 
waters from late August to December.  Like virtually all of the Gulf’s estuaries, adult and juvenile red 
drum are common in Galveston Bay throughout the year. 

Estuaries are especially important to the larval, juvenile, and sub-adult red drum.  Juvenile red drum are 
most abundant around marshes, preferring quiet, shallow, protected waters with grassy or slightly muddy 
bottoms (Simmons and Breuer 1962).  Sub-adult and adult red drum prefer shallow bay bottoms and 
oyster reef substrates (Miles 1950). 

Estuaries are also important to the prey species of red drum.  This is especially true for larvae, juvenile, 
and early adult red drum since they spend all of their time in estuaries.  Larval red drum feed almost 
exclusively on shrimp, mysids, and amphipods, while juveniles feed more on fish and crabs (Peters and 
McMichael 1988). Adult red drum feed primarily on shrimp, blue crab, striped mullet, and pinfish.  
Protection of estuaries is important to maintain the essential habitat for red drum and because so many 
prey species of red drum are estuarine dependent (GMFMC 1998). 

Spanish Mackerel 

Spanish mackerel are restricted to the western Atlantic coast of the U.S. and the Gulf of Mexico.  They 
are pelagic, occurring at depths to 250 feet throughout the coastal zone of the Gulf of Mexico.  Adults are 
usually found in neritic waters and along coastal areas.  They will inhabit estuarine areas with high 
salinities during seasonal migrations but are considered rare and infrequent in many Gulf estuaries.  
Spawning occurs in offshore waters from May through October.  Nursery areas are in estuaries and 
coastal waters year-round. Larvae are most often found offshore from depths of 30 to 275 feet. Juveniles 
are found offshore, in the surf, and sometimes in estuarine habitats.  They occur in varying salinities but 
prefer marine salinities and are not considered estuarine-dependent.  Juveniles appear to prefer clean sand 
substrates; the substrate preferences of other life stages are unknown (GMFMC 1998). Adult and juvenile 
Spanish mackerel are considered rare to common in Galveston Bay. 

Estuaries are important habitats for most of the major prey species of Spanish mackerel. They feed 
throughout the water column on a variety of fishes, especially herrings.  Squid, shrimp, and other 
crustaceans are also eaten.  Many of their prey species are estuarine-dependent, spending all or a portion 
of their lives in estuaries.  Because of this, Spanish mackerel are also dependent on the estuaries to some 
degree and, therefore, can be expected to be detrimentally affected if the productive capabilities of 
estuaries are seriously degraded (GMFMC 1998).   
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Other Resources 

In addition to EFH designated for brown, white, and pink shrimp, red drum, and Spanish mackerel, the 
project area contains nursery and foraging habitats that support various prey species and economically 
important marine fishery species such as gulf menhaden, striped mullet, Atlantic croaker, spotted seatrout, 
flounder, black drum, and blue crab.  These estuarine-dependent organisms serve as prey for other 
fisheries managed under the MSFCMA by the GMFMC (e.g., red drum, mackerels, snappers, and 
groupers) and highly migratory species managed by the NMFS (e.g., billfishes and sharks).   

4.2.5 Wildlife Resources 

The wildlife resources discussion includes a regional overview of the biotic province in which the project 
is located and the wildlife species that are common in the region, followed by a description of the 
threatened and endangered species that could potentially occur in the area. 

The proposed project is located within the Austroriparian Biotic Province, as described by Blair (1950).  
This biotic province stretches from the Pineywoods of eastern Texas to the Gulf of Mexico and through 
the southeastern U.S. to the Atlantic Ocean.  It is generally characterized by extensive pine and hardwood 
forests, swamps, marshes, and other hydric communities (Blair 1950, Hatch et al. 1990) that occur 
because of sandy soils and high annual rainfall.  However, the abundance of hardwood forests in the 
project area has been substantially reduced by extensive urban development by the City of Baytown on 
the west side of Cedar Bayou and industrial development and improved pastures for livestock grazing on 
the east side of the bayou.  Areas that have been cleared in the past but have not been developed generally 
have varying degrees of invasion by the non-native Chinese tallow. 

At least 47 species of mammals occur within the Texas portion of the Austroriparian Biotic Province 
(Blair 1950).  Common mammals in the project region include white-tailed deer (Odocoileus 
virginianus), Virginia opossum (Didelphis virginiana), raccoon (Procyon lotor), fox squirrel (Sciurus 
niger), eastern cottontail (Sylvilagus floridana), gray fox (Urocyon cinereoargenteus), striped skunk 
(Mephitis mephitis), bobcat (Felis rufus), nine-banded armadillo (Dasypus novemcinctus), hispid cotton 
rat (Sigmodon hispidus), nutria (Myocastor coypus), coyote (Canis latrans), and feral pigs (Sus scrofa).  
Bottlenose dolphins (Tursiops truncates) are common in Galveston Bay. 

Common resident bird species in the general region include cattle egret (Bubulcus ibis), black vulture 
(Coragyps atratus), turkey vulture (Cathartes aura), red-shouldered hawk (Buteo lineatus), red-tailed 
hawk (B. jamaicensis), killdeer (Charadrius vociferus), laughing gull (Larus atricilla), mourning dove 
(Zenaida macroura), rock dove (Columba livia), great horned owl (Bubo virginianus), belted kingfisher 
(Ceryle alcyon), scissor-tailed flycatcher (Tyrannus forficatus), northern cardinal (Cardinalis cardinalis), 
northern mockingbird (Mimus polyglottos), blue jay (Cyanocitta cristata), eastern meadowlark (Sturnella 
magna), and many others.  Rookeries are recorded near the project on Boaz Island at the mouth of Cedar 
Bayou and on dredged material islands between Atkinson Island and the HSC.  Birds that have been 
recorded nesting on Boaz Island include black skimmers (Rynchops niger) (TPWD personal 
communication with Blanton & Associates, Inc.).  Near Atkinson Island, nesting species have included 
great egret (Ardea alba), cattle egret (Bubulcus ibis), roseate spoonbill (Ajaia ajaja), black-crowned night 
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heron (Nycticorax nycticorax), neotropic cormorant (Phalacrocorax brasilianus), tri-colored heron 
(Egretta tricolor), snowy egret (E. thula), and reddish egret (E. rufescens) (TXBCD 2004, USFWS 
2004c).  In addition, the project area lies within the Central Flyway, which is one of the four major 
migratory routes over the continental U.S.  Numerous migratory bird species use the region’s habitats 
during their spring and fall migrations.   

Reptiles and amphibians known to occur in the Austroriparian Biotic Province include at least 29 species 
of snakes, 10 species of lizards, two land turtles, 17 anurans (frogs and toads), and 18 urodeles 
(salamanders and newts).  Species that may occur in the project area include Gulf Coast toad (Bufo 
valliceps), northern cricket frog (Acris crepitans), green treefrog (Hyla cinerea), gray treefrog (H. 
versicolor), chorus frogs (Pseudacris spp.), northern spring peeper (P. crucifer), narrowmouth toads 
(Gastrophryne spp.), Hurter’s spadefoot (Scaphiopus holbrookii hurterii), bullfrog (Rana catesbeiana), 
and southern leopard frog (R. sphenocephala). 

Wildlife management areas near the project include the Atkinson Island Wildlife Management Area, 
which is a 151-acre management area owned by the TPWD and located on the north end of Atkinson 
Island.  The wildlife management area has about 90 acres of brackish marsh that attracts a variety of 
waterbirds, waterfowl, and rails (TPWD 2004a). 

4.2.5.1 Threatened and Endangered Species 

The Endangered Species Act (ESA) (16 U.S.C. 1531 et. seq.) of 1973, as amended, provides a program 
for the preservation of endangered and threatened species and protection for the ecosystems upon which 
those species depend for their survival.  Federal agencies are required to implement protection programs 
for these designated species and to use their authorities to further the purposes of the act.  The USFWS 
and NMFS are the primary agencies responsible for implementing the ESA.  The USFWS is responsible 
for birds and terrestrial and freshwater species, while the NMFS is responsible for non-bird marine 
species. 

An endangered species is considered to be in danger of extinction throughout all or a significant portion 
of its range.  A threatened species is considered likely to become endangered within the foreseeable future 
throughout all or a significant portion of its range.  Only those species listed as endangered or threatened 
by the USFWS or NMFS are afforded federal protection under the ESA.  State-listed threatened and 
endangered species are not protected under the ESA but are discussed in this section. 

Thirty-nine threatened and endangered animal and plant species are listed by the USFWS, NMFS, and the 
TPWD as potentially occurring in Chambers and Harris Counties (USFWS 2003, TPWD 2004b).  These 
include 21 species that are federally listed as threatened or endangered, three species that are candidates 
for listing under the ESA, and an additional 15 species that are listed as threatened or endangered by the 
State of Texas.  Table 4.14 lists the species, their designations, and their likelihood of occurrence in the 
project area.  The following sections provide descriptions of these species and their habitats relative to the 
project area.  In each section, the species that are listed by the USFWS and/or NMFS (federally listed) are 
discussed first, followed by a discussion of species that are not federally listed but are listed by the 
TPWD.  
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continued
Table 4.14  Threatened and Endangered Species of Potential Occurrence in Chambers and 

Harris Counties 
Status1 

Species 
USFWS TPWD NMFS 

Likelihood of Occurrence 

MAMMALS     
Blue whale 
Balaenoptera musculus — — E Highly Unlikely 

Finback whale 
Balaenoptera physalus — — E Highly Unlikely 

Humpback whale 
Megaptera novaengliae — — E Highly Unlikely 

Sei whale 
Balaenoptera borealis — — E Highly Unlikely 

Sperm whale  
Physeter macrocephalus — — E Highly Unlikely 

Louisiana black bear 
Ursus americanus luteolus T T — Unlikely – Extirpated 

Black bear 
Ursus americanus — T — Unlikely – Extirpated 

Red wolf 
Canis rufus E E — Unlikely – Extirpated 

Rafinesque’s big-eared bat 
Corynorhinus rafinesquii — T — May Occur – Rare 

BIRDS     
Attwater’s greater prairie-chicken 
Tympanuchus cupido attwateri E E — Unlikely 

Bald eagle 
Haliaeetus leucocephalus T, PDL T — Unlikely 

Brown pelican 
Pelecanus occidentalis E E — May Occur – Common to region 

Interior least tern 
Sterna antillarum athalassos E E — Unlikely 

Piping plover 
Charadrius melodus T T — Unlikely 

Whooping crane 
Grus americana E E — Unlikely 

American peregrine falcon 
Falco peregrinus anatum DL E — May Occur – Rare 

Arctic peregrine falcon 
Falco peregrinus tundrius DL T — May Occur – Rare 

Reddish egret 
Egretta rufescens — T — May Occur – Recorded nesting near 

Atkinson Island 
Swallow-tailed kite 
Elanoides forficatus — T — Unlikely 

White-faced ibis 
Plegadis chihi — T — May Occur 

White-tailed hawk 
Buteo albicaudatus — T — Unlikely 

Wood stork 
Mycteria americana — T — May Occur – Rare 

REPTILES     
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continued
Table 4.14  Threatened and Endangered Species of Potential Occurrence in Chambers and 

Harris Counties 
Status1 

Species 
USFWS TPWD NMFS 

Likelihood of Occurrence 

Atlantic hawksbill sea turtle 
Eretmochelys imbricata E E E Unlikely 

Green sea turtle 
Chelonia mydas T T T Unlikely 

Kemp’s ridley sea turtle 
Lepidochelys kempii E E E Unlikely 

Leatherback sea turtle 
Dermochelys coriacea E E E Unlikely 

Loggerhead sea turtle 
Caretta caretta T T T Unlikely 

Alligator snapping turtle 
Macrochelys temminckii — T — Unlikely 

American alligator 
Alligator mississippiensis T/SA — — May Occur – Common to region 

Smooth green snake 
Liochlorophis vernalis — T — Unlikely 

Texas horned lizard 
Phrynosoma cornutum — T — May Occur – Rare 

Timber/canebrake rattlesnake 
Crotalus horridus — T — Unlikely 

AMPHIBIANS     
Houston toad 
Bufo houstonensis E E — Unlikely 

FISH     
Gulf sturgeon  
Acipenser oxyrinchus desotoi — — T Highly Unlikely 

Creek chubsucker 
Erimyzon oblongus — T — Unlikely 

INVERTEBRATES     
Elkhorn coral 
Acropora palmata — — C Highly Unlikely 

Staghorn coral 
Acropora cervicornis — — C Highly Unlikely 

Fused-staghorn coral 
Acropora prolifera — — C Highly Unlikely 

PLANTS     
Texas prairie dawn 
Hymenoxys texana E E — Unlikely 
1E =Endangered; T = Threatened; T/SA = Threatened due to similarity of appearance of a listed species; PDL = 

Proposed to be delisted; DL = Delisted; C = Candidate for listing; —  = Not listed 
Sources: USFWS Federally Listed as Threatened and Endangered Species of Texas, September 12, 2003 
TPWD Annotated County Lists of Rare Species, Chambers County (Revised February 19, 2004) and Harris 

County (Revised February 26, 2004) 
 
Mammals 

Five species of whales that are considered endangered are listed by the NMFS as potentially occurring in 
Texas coastal waters.  These are the blue whale (Balaenoptera musculus), finback whale (B. physalus), 



FINAL ENVIRONMENTAL IMPACT STATEMENT 4-47 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

humpback whale (Megaptera novaengliae), sei whale (B. borealis), and sperm whale (Physeter 
macrocephalus).  Of these species, the sperm whale is considered the most numerous in the Gulf of 
Mexico and is commonly observed near the Texas coast (Davis and Schmidly 1994).  A total of 17 sperm 
whale strandings were documented in the northern Gulf of Mexico between 1997 and 2002, and prior to 
1992, a total of 22 strandings were recorded in Texas, Louisiana, and Florida (Northeast Fisheries Science 
Center 2003).  Blue, finback, humpback, and sei whales are considered rare in Texas waters.  According 
to Davis and Schmidly (1994), records of these species along the Texas coast include two questionable 
records of blue whales near Sabine Pass (1924) and San Luis Pass (1940); one stranding of a young 
finback whale on the beach at Gilchrist in Chambers County (1951); and one occurrence of an immature 
humpback whale at the inshore side of the Bolivar Jetty near Galveston (1992).  No confirmed records of 
sei whales are known on the Texas coast (Davis and Schmidly 1994).  These species generally utilize 
Gulf waters and are considered rare in inshore waters.  They are not expected to occur in the upper 
reaches of Galveston Bay or to utilize the relatively shallow (8 to 10 feet deep) Cedar Bayou channel. 

Black bears (Ursus americanus) were historically widespread throughout Texas but are now restricted to 
remnant populations in mountainous areas of the Trans-Pecos region (Davis and Schmidly 1994).  The 
Louisiana black bear (U. a. luteolus), which is one of 16 recognized subspecies (Hall 1981), was 
historically found in eastern Texas.  It is distinguished from other black bears by its longer, more narrow, 
and flat skull and by its proportionately large molar teeth (Nowak 1986).  This species is now restricted 
primarily to the Tensas and Atchafalaya River Basins in Louisiana, where its habitat consists primarily of 
bottomland hardwood timber.  The Louisiana black bear is not known to occur in Texas, although 
potential habitat exists in the eastern part of the state (TPWD 2004c).  No habitat for black bears occurs in 
the project area. 

The red wolf (Canis rufus) historically ranged throughout the southeastern United States, from the 
Atlantic coast to central Texas, and from the Gulf Coast to central Missouri and southern Illinois.  
Between the period of 1900 to 1920, red wolves were extirpated from most of the eastern portion of their 
range.  A small number persisted in the wild in southeastern Texas and southwestern Louisiana until the 
late 1970s; however, by 1980 the species was declared extinct in the wild (USFWS 2004a).  Since then, 
experimental populations have been reintroduced in North Carolina and Tennessee (USFWS 2004a).  Red 
wolves are not expected to occur in the project area. 

Rafinesque’s big-eared bat (Corynorhinus rafinesquii) is not federally listed but is listed as threatened by 
the TPWD.  This species occurs throughout the southeastern U.S., where it typically is associated with 
forested regions.  It reaches the western limits of its range in East Texas but is not expected to hibernate 
in the region.  This species is generally solitary and roosts in tree cavities, crevices under bark, under dry 
leaves, in buildings, and in abandoned wells (Davis and Schmidly 1994).  Rafinesque’s big-eared bats 
could potentially roost in the small tracts of native hardwoods in the project area. 

Birds 

Attwater’s greater prairie-chicken (Tympanuchus cupido attwateri) is a brownish, strongly black-barred, 
medium-sized grouse with a short, rounded, blackish tail (TPWD 1995).  This species was once a 
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common resident in most of the Texas coastal plain, which includes Chambers and Harris Counties; 
however, abundance of this species is currently declining from Galveston County to Aransas and Refugio 
Counties (USFWS 1995).  Remaining populations of Attwater's greater prairie-chickens are found only in 
the Texas coastal prairie, where they prefer tallgrass prairie dominated by bunchgrasses such as little 
bluestem (Schizachyrium scoparium), indiangrass (Sorghastrum spp.), and switchgrass (Panicum 
virgatum).  No suitable habitat for Attwater’s greater prairie-chicken is present in the project area.   

The bald eagle (Haliaeetus leucocephalus) is currently listed as threatened by the USFWS and TPWD but 
is proposed for delisting.  The species ranges over much of the U.S. and Canada.  Within Texas, wintering 
and nesting activity occurs mainly near large freshwater impoundments with standing timber located in or 
around the water (Mabie 1989).  The nesting period usually extends from October 1 to May 15.  The bald 
eagle is currently known to nest in at least 35 Texas counties, including Chambers and Harris Counties.  
However, this species is not expected to occur in the project area because of the lack of preferred habitat 
and the influence of the surrounding residential, commercial, and industrial development. 

The brown pelican (Pelecanus occidentalis) is a large water bird that primarily inhabits seacoasts and 
islands in the Gulf of Mexico and Atlantic Ocean.  It nests on coastal islands that are protected from 
terrestrial predators.  This species’ decline has been attributed primarily to the thinning of its egg shells by 
the pesticide DDT.  Between 1950 and 1960, the estimated population of these birds (based on coastal 
Christmas counts) went from 595 to zero (Oberholser 1974).  The species has since undergone substantial 
recovery, with 619 breeding pairs documented in the central and upper portions of the coast (Yantis 
1990).  These numbers appear to have continued increasing since the 1990 report was published.  Brown 
pelicans frequently occur in Galveston Bay near the project area. 

The interior least tern (Sterna antillarum athalassos) is a colonial nesting shorebird adapted to lacustrine 
and riverine sandbar and gravel beach habitats and has historically nested on sandbars of the Colorado 
River, Rio Grande, and Red River in Texas.  Small remnant breeding populations persist at isolated 
locations within its historic range.  This species winters along the entire Texas coast, but the USFWS 
considers any least tern within 50 miles of the coast to be the coastal subspecies and, thus, not protected 
by the ESA (USFWS 1995).  The occurrence of this species in the project area, other than a rare migrant, 
is unlikely.  The coastal subspecies, however, is common to the project vicinity. 

The piping plover (Charadrius melodus) is a small ringed plover with a brownish gray back and white 
belly marked with a single black band across the breast.  The piping plover is well documented along the 
entire Texas coast and associated bay systems, and critical habitat has been designated along portions of 
the coast.  The critical habitat units that are nearest the project area are TX-36 (Bolivar Beach), TX-35 
(Big Reef), TX-34 (San Luis Pass), and TX-37 (Rollover Bay) (USFWS 2004b).  The piping plover is not 
expected to frequent the project area due to the lack of suitable habitat.   

The whooping crane (Grus americana) is North America's tallest bird, with a standing height of 5 feet or 
more.  It is white with a daggerlike yellow bill and reddish skin on the crown, which is darker on the face 
and lower part of the beak.  The whooping crane ranges from Wood Buffalo National Park in southern 
Mackenzie and northern Alberta provinces south to North Dakota, Iowa, and the central coastal prairie in 
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Texas and southwest Louisiana.  In Texas, whooping cranes winter at Aransas National Wildlife Refuge 
and Matagorda and St. Joseph's Islands in Aransas, Calhoun, and Matagorda Counties.  Their normal 
migration corridor stretches from the panhandle eastward to the east-central portion of the state (USFWS 
1995).  During migration, the whooping crane makes regular stops, during which they use a variety of 
habitats that are generally isolated from human activity (USFWS 1994).  The project area lies within the 
southeastern limit of the migration corridor; however, Chambers and Harris Counties are not included in 
the wintering range of this species (Oberholser 1974, Lewis 1995, USFWS 1995).  This species is not 
expected to occur in the project area. 

The following seven avian species are not federally listed but are listed by the TPWD. 

The American peregrine falcon (Falco peregrinus anatum) and Arctic peregrine falcon (F. p. tundrius) 
were removed from the USFWS’ threatened and endangered lists in 1999 (64 CFR 46542-46558, August 
1999); however, the TPWD maintains an endangered status for the American peregrine falcon and a 
threatened status for the Arctic peregrine falcon.  These species are very similar in appearance and 
behavior.  The primary differences between the species are their ranges and migration patterns.  The 
American peregrine falcon nests from central Alaska across north-central Canada to central Mexico.  The 
arctic peregrine falcon nests only from northern Alaska to Greenland.  Both species are known to 
overwinter in Texas and have been recorded in the project counties (Oberholser 1974, USFWS 1995).  
They could potentially occur in the project area, especially during spring and fall migration. 

The reddish egret is a common resident of the Texas coast.  It is a wading bird that primarily inhabits 
shallow marshes, estuaries, and freshwater habitats.  It forages in brackish marshes, shallow salt ponds, 
and tidal flats and nests on the ground, in trees or bushes, or in brushy thickets of yucca and pricklypear 
on dry coastal islands (TXBCD 2004).  This species has been recorded nesting on dredged material 
islands near Atkinson Island  (USFWS 2004c) and could occur within aquatic habitats in the project area. 

The swallow-tailed kite (Elanoides forficatus) is a very distinctive raptor that is approximately 2 feet in 
length, with long, pointed wings, and a long, forked tail.  Within Texas, this species most often occurs in 
Chambers, southern Harris, Liberty, Hardin, Jefferson, Orange, eastern Tyler, Jasper, and Newton 
Counties (Shackelford and Simms 2000).  It has also been observed in most of Texas’ coastal counties.  It 
typically nests in tall trees in swamps and along major rivers.  Nest sites have been confirmed in Orange 
and Tyler Counties (Brown et al. 1997, Shackelford and Simms 2000).  The swallow-tailed kite is not 
expected to occur in the project area due to the distance of the area from its preferred forest habitat and 
the influence of surrounding urban development. 

The white-faced ibis (Plegadis chihi) is a coastal species that inhabits a variety of freshwater and 
estuarine environments.  It is considered a rare to uncommon spring and fall migrant throughout Texas 
and a rare to uncommon post-breeding visitor north and west of its usual breeding range within Gulf coast 
counties (Texas Ornithological Society [TOS] 1995).  Occurrence of this species has been documented in 
Chambers and Harris Counties, where it is also known to nest (Oberholser 1974, TOS 1995).  The white-
faced ibis could occur in the project area. 
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The white-tailed hawk (Buteo albicaudatus) is a large raptor with a pale gray back, dark wings, and white 
breast, rump, and tail.  This hawk inhabits undeveloped coastal grasslands and inland mesquite-oak 
savannahs (Oberholser 1974).  White-tailed hawks are considered uncommon local summer residents of 
the coastal plain from Harris and Colorado Counties to south of the Rio Grande (TOS 1995).  This species 
has been recorded in Harris County and could occur in the project area. 

Wood storks (Mycteria americana) are semi-aquatic birds that prefer a variety of wet environments, 
including forested wetlands, irrigated fields and pastures, prairie ponds, and mudflats (Coulter et al. 
1999).  Preferred habitats include coastal marshes, bays, prairies, and lakes (Sarkozi 1996).  They are not 
generally associated with upland areas with dense ground cover.  The wood stork is a migratory species 
and is a common summer resident on the coastal plains from July to September (Sarkozi 1996).  The 
wood stork has been recorded in the project counties, and the project area contains habitats that may be 
used by this species; therefore, it could occur in the project area. 

Reptiles 

Five species of sea turtles that are listed as threatened or endangered by the USFWS and NMFS are of 
potential occurrence in Galveston Bay and associated aquatic habitats.  These include the green sea turtle 
(Chelonia mydas), loggerhead sea turtle (Caretta caretta), Atlantic hawksbill sea turtle (Eretmochelys 
imbricata), Kemp's ridley sea turtle (Lepidochelys kempii), and leatherback sea turtle (Dermochelys 
coriacea).  Of these species, Kemp’s ridley and the loggerhead are the most likely to occur in Galveston 
Bay since both species can be found in inshore waters and both nest sporadically along the Texas coast.  
While the green sea turtle occasionally occurs along the Texas coast, and juveniles and adults can be 
found in inshore waters on seagrass beds or feeding on algae, this species more frequently occurs along 
the south Texas coast.  The leatherback is primarily a pelagic species that rarely visits Texas coastal 
waters; the hawksbill is also a rare visitor to Texas, and most sightings involve posthatchlings and 
juveniles around stone jetties (NMFS 2004a).  Therefore, these species are least likely to occur in the 
project area.  None of these sea turtles are likely to nest in the project area due to the absence of suitable 
nesting beaches.  Occurrence of these species within Cedar Bayou is considered highly unlikely. 

The American alligator (Alligator mississippiensis) has recovered dramatically in Texas and has therefore 
been removed from state lists.  It remains federally listed as threatened due to its similarity in appearance 
to the endangered American crocodile (Crocodylus acutus), which occurs in the Florida Keys and areas 
farther south.  However, the USFWS does not consider the American alligator to be biologically 
threatened or endangered.  This species is common along the Texas coast and could occur in the project 
area. 

The Alligator snapping turtle (Macrochelys temminckii) is among the largest freshwater turtles in the 
world, with adults known to exceed 200 pounds in weight and to reach 30 inches in carapace length.  This 
species primarily inhabits large, deep rivers, lakes, and streams with muddy bottoms (Bartlett and Bartlett 
1999) and has been recorded from Harris County but not from Chambers County (Dixon 2000).  The 
alligator snapping turtle could inhabit the brackish water located in the upper reaches of the project area; 
however, the habitat is considered marginal and occurrence is considered unlikely.   
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The smooth green snake (Liochlorophis vernalis) occurs as a relict population along the Gulf coast in 
open, shortgrass prairie.  It is an extremely rare species in Texas, known only from 10 specimens 
collected in Austin, Chambers, Harris, and Matagorda Counties (Werler and Dixon 2000).  This species is 
not likely to occur in the project area because potential habitat in the area is of marginal quality. 

The Texas horned lizard (Phrynosoma cornutum) has a broad and flattened body, short tail, and 
conspicuous elongated scales that form spines on the head, neck, and back.  Texas horned lizards 
historically were widespread throughout Texas but have experienced a rapid decline in number, possibly 
due to wide use of insecticides, the introduction of red imported fire ants (Solenopsis invicta), and a 
decline in harvester ants (Pogonomyrmex spp.), which are the lizard’s primary food source.  It has almost 
vanished from the eastern half of the state (Price 1990).  However, Bartlett and Bartlett (1999) indicate 
that the actual status of populations of this species is unknown.  Since it has historically occurred in the 
region, the presence of the Texas horned lizard in the project area cannot be discounted. 

Timber/canebrake rattlesnakes (Crotalus horridus) generally occur in lowland areas such as swamps, 
cane brakes, riverine thickets, pine and deciduous woodlands, and abandoned farmland, preferably with 
dense undergrowth.  It primarily inhabits moist lowland forests and hilly woodlands near rivers, streams, 
and lakes in the eastern third of the state (Werler and Dixon 2000); however, it can also be found in open, 
upland pine and deciduous woods and the second-growth pastures of unused farmland.  Although this 
species has been recorded in Harris County and its range includes Chambers County, it does not typically 
occur in coastal habitats.  Therefore, it is not expected not occur in the project area. 

Amphibians 

The Houston toad (Bufo houstonensis) is endemic to deep, sandy soils of south-central Texas and is 
currently known from Austin, Bastrop, Burleson, Colorado, Freestone, Lavaca, Leon, and Robertson 
Counties (Price and Yantis 1993).  The largest known population, with over 2,000 individuals, occurs in 
Bastrop County.  The toad is also believed to occur in Lee County, since the county contains suitable soils 
and lies between Bastrop and Burleson Counties, which both support toad populations (USFWS and 
International Union for Conservation of Nature and Natural Resources/Species Survival Commission 
[IUCN/SSC] Captive Breeding Specialists Group 1994).  Within this range, the Houston toad inhabits 
pine or post oak woodland or savannah with native bunchgrasses and forbs present in the open areas and 
woodland edges.  The Houston toad has been extirpated from part of its historic range, including Harris 
County and is not known to occur in Chambers County.  In addition, the project area does not contain 
potential habitat for the species.  Therefore, it would not occur in the project area. 

Fish 

The Gulf sturgeon (Acipenser oxyrinchus desotoi) is a subspecies of the Atlantic sturgeon that occurs in 
the Gulf of Mexico and its estuaries.  Gulf sturgeon are anadromous, with reproduction occurring in fresh 
water.  Adults generally breed within the river system in which they hatched.  Spawning occurs in areas 
of deeper water with clean (rock and rubble) bottoms.  The Gulf sturgeon is essentially confined to the 
Gulf of Mexico, where it ranges mainly from the Mississippi River to Charlotte Harbor, Florida.  River 
systems where the Gulf sturgeon are known to be viable today include the Mississippi, Pearl, Escambia, 



 

4-52 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Yellow, Choctawhatchee, Apalachicola, and Suwannee Rivers (NMFS 2004b, USFWS et al. 1995).  
Threats to Gulf sturgeon include the creation of dams and lock systems that prevent adults from reaching 
upstream breeding areas as well as dredging, desnagging, and material placement conducted in 
connection with navigation channel improvement and maintenance projects.  Although precise spawning 
areas are not known, submerged rock ledges and clean rock surfaces appear to be important for spawning.  
Modification of such features, especially in rivers in which upstream migration is limited by dams, could 
further jeopardize the reduced stocks of the Gulf sturgeon.  The proposed project is located west of the 
Gulf sturgeon’s primary range.  The occurrence of Gulf sturgeon in the project area would be considered 
incidental.  In the project area, Cedar Bayou contains clay banks and does not have submerged rock 
ledges or clean rock surfaces that would be used for spawning. 

The creek chubsucker (Erimyzon oblongus), which  is listed as threatened by the TPWD, is a freshwater 
fish that is common throughout the central and eastern U.S. but in Texas is known to occur only in 
various tributaries of the Red, Sabine, Neches, Trinity, and San Jacinto Rivers.  It is dependent on a 
variable stream flow regime and seldom occurs in impoundments.  The decline of creek chubsucker 
populations is attributed to increased siltation in streams.  It is not expected to occur in the brackish 
waters at the north end of the project. 

Invertebrates 

Three coral species are considered candidates for listing as endangered by the NMFS because the NMFS 
initiated a formal status review of these species on June 23, 2004 (NMFS 2004c).  These are the elkhorn 
coral (Acropora palmata), staghorn coral (A. cervicornis), and fused-staghorn coral (A. prolifera).  In the 
U.S., elkhorn coral occurs throughout the Florida reefs, off Puerto Rico and offshore islands, and on 
fringing reefs around the U.S. Virgin Islands and Navassa Island.  Staghorn coral occurs throughout the 
Florida Keys reef tract, the Dry Tortugas, Biscayne National Park, southeast Florida reefs (extending 
north to Boca Raton), U.S. Virgin Islands, Puerto Rico, and the associated islands of Mona, Desecheo, 
Culebra, and Vieques.  Fused-staghorn coral has been reported at Fowey Rocks, Biscayne National Park, 
portions of the Florida Keys National Marine Sanctuary, Puerto Rico, and the U.S. Virgin Islands.  None 
of these species occur within the Flower Garden Banks National Marine Sanctuary located approximately 
110 miles southeast of Galveston, Texas (Center for Biological Diversity 2004).  They are not expected to 
occur in the project area. 

Plants 

Texas prairie dawn (Hymenoxys texana), a member of the composite family (Asteraceae), is an annual 
forb up to 6 inches tall with small yellow flower heads (less than 0.5 inch in diameter) that flower from 
March to July.  Extant populations of this species are known only from western Harris and eastern Fort 
Bend Counties (USFWS 1989).  These populations occur on sparsely vegetated areas at the base of mima 
mounds or other nearly barren areas on slightly saline soils in coastal prairie grasslands.  Habitat 
destruction by urban development is its primary threat.  The species is not expected to occur in the project 
area due to lack of suitable habitat. 
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4.2.6 Cultural Resources 

This section provides an overview of the prehistoric and historic periods in the Cedar Bayou region 
followed by a summary of an archeological reconnaissance that was conducted for the proposed project. 

4.2.6.1 Physiographic Setting  

During the Pleistocene, immense amounts of water were locked into continental ice sheets, which 
significantly lowered sea levels.  At this time the Trinity and San Jacinto Rivers down cut wide alluvial 
valleys in order to reach the much lower sea, which was approximately 25 miles south of the present 
coastline.  The end of the last glacial period about 12,000 years ago and corresponding sea level rise 
slowly flooded these valleys, forming Galveston and Trinity Bays (Aronow in Crout 1976).  The process 
was uneven, with periods of relatively rapid rises followed by stable sea levels, or still stands, and periods 
of slow increases in sea level.  Current sea level was reached about 3,100 years ago, at which point the 
Gulf barrier islands began to form (Ricklis 1995).   

4.2.6.2 Prehistoric Background 

The project area is located in the Southeast Texas Archeological Region of the Eastern Planning Region 
as defined by the Texas Historical Commission (Kenmotsu and Perttula, 1993).  Four major temporal 
divisions are identified in the region: Paleoindian, Archaic, Late Prehistoric, and Historic.  

The prehistoric and historic cultural context of the upper coastal region has been discussed by Aten 
(1983a:140-307), Freeman (1990:367-384), Story (1990:163-366) and Patterson (1995) and is 
summarized here. From the Brazos River eastward to Sabine Lake, most reported prehistoric sites near 
the coast are lenses or middens of Rangia sp. clams and oyster shell in estuaries or exposed in erosional 
cuts along major streams (cf. Ambler 1973, Aten 1979 and 1983a, 1983b, Campbell 1957, Dillehay 1975, 
Patterson 1979a, 1979b, 1985, Steele 1988). They often contain animal bone and cultural material, such 
as chert tools and pottery fragments. Inland from the estuaries open campsites, with or without shell 
deposits, are more prevalent. Both site types tend to be located along the current or former channels of 
streams. 

In this part of Texas, the Paleoindian stage apparently begins about 12,000 years ago and ends just prior 
to 9,000 years ago (Aten 1983a:141, Story 1990:176-211). Cultural materials of the Paleoindian through 
Early Archaic stages are poorly known in the region (Aten 1983a:146) and there are no unequivocal in 
situ Paleoindian cultural deposits reported, rather a wide range of isolated artifacts including specimens of 
the Clovis, Angostura, Scottsbluff, Meserve, Plainview, and Golondrina projectile point types (Aten 
1983a:152). Undiscovered sites may be deeply buried in alluvium; however, Story (1990:182) notes that 
most of the Paleoindian artifacts reported from southeastern Texas have been found in more upland 
settings or along small tributary streams where widespread erosion has not removed alluvium. An 
exception to this is McFadden Beach, a 25-mile stretch of shoreline in Jefferson County that has produced 
a number of Paleoindian to early Archaic projectile points, along with other stone artifacts and faunal 
remains.  The materials on the beach likely represent the erosion and redeposition of a submerged site, 
located just offshore (Turner and Tanner 1994). 
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The transition from Paleoindian period to the Archaic, spanning the early Holocene from roughly 9,000 to 
7,500 years ago, is almost as poorly understood as the Paleoindian period (Aten 1983a:145-152, Story 
1990:Figure 33). As with the Paleoindian period, in situ remains from the Transitional Archaic have not 
yet been reported and evidence consists of isolated finds of Bell/Calf Creek, Early Side-Notched, and 
Early Expanding-Stemmed dart points.  

Regionally, the early Archaic stage began about 7,500 years ago and lasted about 2,500 years (Aten 
1983a:Figure 9.1). Evidence is sparse, but Aten (1983a:152-155) and Story (1990:222) suggest that early 
Archaic sites may have been associated with riparian habitats that have since been destroyed or deeply 
buried. In any case, in situ early Archaic remains have been reported from Addicks Reservoir and other 
localities scattered across the inland margin of the Gulf littoral zone between the Brazos and the Neches 
Rivers (Story 1990:222). 

The middle Archaic stage lasted from approximately 5,000 to 3,000 years ago (Aten 1983a: Figure 9.4). 
The earliest surviving shell middens on the upper Texas coast date to the middle Archaic (Aten 
1983a:155) and include the remains of shellfish (oysters and estuarine clams), the remains of terrestrial 
and aquatic vertebrates (i.e., deer, fish, and turtles), as well as the first known human burials in the region. 
Projectile points from this stage are characterized by shouldered or barbed dart points with a large variety 
of stem forms, resembling the Bulverde and Pedernales types of Central Texas. 

In the late Archaic stage (3,000 to 2,000 years ago), settlement and subsistence technologies show 
evidence of increased population levels (Aten 1983a:Figure 9.1, 157-159). Ground stone artifacts such as 
boat stones, pendants, and gorgets are known from late Archaic sites along the upper coast.  These 
artifacts were made of materials originating in southwestern Arkansas, indicating the possibility of an 
exchange network that functioned into succeeding periods (Hall 1981:289-309). Many of these occur in 
context with human burials in prehistoric cemeteries such as the Ernest Witte Site in Austin County (Hall 
1981). Projectile point morphology changed during the late Archaic, with corner-notched or expanding-
stemmed forms, such as the Kent, Ellis, and Pontchartrain types, assuming prevalence but also including 
the un-notched Palmillas type. Story (1990:Fig. 33, 222-223) notes that these forms precede the long-
lived contracting stem Gary type, which lasted well into the succeeding Late Prehistoric stage. More 
utilitarian biface tools were emphasized, and most chipped stone tools were made of chert. Bone tools are 
also evident in the late Archaic artifact assemblage. Significantly, the assemblage is almost identical to 
the earliest part of the succeeding Late Prehistoric/Woodland stage (Aten 1983a:159). 

The appearance of ceramics in the Late Archaic artifact assemblage of the upper coast marks the 
transition to the Late Prehistoric/Woodland stage (Aten 1983a:272-282, Figure 15.2; Aten and Bollich 
1969:Figure 3). This period is marked by a number of important cultural changes, including a 
hypothesized shift to a more sedentary settlement pattern and major technological changes that included 
introduction of sandy paste ceramics and, somewhat later, the bow and arrow (Story 1990:243).  Virtually 
all regional synthetic approaches to this period agree that population increased and the range of a seasonal 
round became more restricted.  
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Story (1990:256-258, Fig. 39) has objected to the use of the Woodland designation, instead terming this 
manifestation the Mossy Grove Tradition. The material culture of the Mossy Grove Tradition east of the 
Trinity River is inadequately defined at present, but seems to have more affinities with cultures of western 
Louisiana than those west of Galveston Bay. The Mossy Grove Tradition also seems to be significantly 
earlier than that further west, beginning just over 2,000 years ago and lasting about 600 years (Aten 
1983a:272-282, Figure 15.2, Aten and Bollich 1969:Figure 3, Campbell 1957, Story 1990:255).  Story 
(1990:258) notes that the Mossy Grove Tradition may be separated into five distinct time intervals along 
the coast, but only two inland. 

In the vicinity of Galveston Bay and the Brazos River, Aten (1983a:282-290) terms these five coastal 
prehistoric intervals the Clear Lake (1850 - 1525 B.P.), Mayes Island (1525 - 1300 B.P.), Turtle Bay 
(1300 - 950 B.P.), Round Lake (950 - 600 B.P.), and Old River (600 - 250 B.P.) periods, which are 
distinguished on the basis of changes in ceramic styles.  These are shown in Table 4.15.   

Table 4.15  The Late Prehistoric near Galveston Bay (Aten 1983a) 

Temporal 
Period Dates Material Culture 

Clear Lake A.D. 100 to 425 Goose Creek and Tchefuncte ceramics, sandy paste 
Mayes Island A.D. 425 to 460 Goose Creek Plain, arrow points near end 
Turtle Bay A.D. 650 to 1000 Goose Creek Plain, Red-filmed, incised designs 
Round Lake A.D. 1000 to 1350 Grog tempering appears 
Old River A.D. 1350 to 1725 Goose Creek plain, red filmed and incised return.  Historic trade goods 

possible. 
Orcoquisac A.D. 1725 to 1810 Goose Creek plain and historic trade goods 
Historic A.D. 1810 to circa 1840 Unknown, hypothesized 
 
The earliest ceramics are roughly similar to Tchefuncte period wares found from Sabine Lake eastward 
into Louisiana, and are dominated by sandy paste varieties such as Mandeville Plain, Goose Creek Plain 
(Anahuac variety), and Tchefuncte Plain (Aten 1983a:287-288; Story 1990:246). The earliest sites 
containing ceramics are almost indistinguishable from pre-ceramic sites due to the very low number of 
ceramic sherds in the assemblages. Introduction of both sandy paste and sand-tempering occurs in the 
Galveston Bay area near the end of the Tchefuncte-equivalent period about 1,900 years ago, and is 
exemplified by such ceramic types as O’Neal Plain (variety Conway)(Aten 1983a:Figure 15.1). Rocker-
stamped decorations are a distinctive marker of this period, but are exceedingly rare in the West Bay-
Brazos Delta area (Aten 1983a:290) and only slightly more common east of Galveston Bay. 

The bow and arrow was introduced near the end of the Mayes Island period and may have coexisted with 
atlatl-delivered darts until the historic period (Aten 1983a:Figure 15.1, Story 1990:247-255). Arrow point 
morphology is variable, including notched and expanding-stemmed forms (Aten 1983a:246-262, Story 
1990:248). The Turtle Bay period saw an increase in use of Goose Creek red-filmed and other decorated 
ceramics. The earliest regional use of grog—large crushed ceramic particles—as tempering agents in 
pottery types occurred about 950 years ago at the beginning of the Round Lake period. Typical of these 
grog-tempered wares are the Baytown Plain (variety San Jacinto) and San Jacinto Incised types. This 
period also experienced a temporary reduction in Goose Creek types. An increase in population size and 
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density is hypothesized by Aten (1983a:321-322), based on larger numbers of sites in more specialized 
locations throughout the region. 

The Old River period began about 600 years ago and lasted through the beginning of the historic period 
(Aten 1983a: Figure 14.4). Goose Creek Plain ceramics appear to resurge in popularity at the beginning 
of this period, while the Baytown types become less common. The second half of the Old River period 
saw limited contact between indigenous cultures and Europeans. Substantive changes in the material 
culture did not occur until Aten’s (1983a) subsequent Orcoquisac period, which began about A.D. 1750 
and marked the beginning of the decline in the aboriginal populations and the effects of acculturation 
(McGuff and Roberson 1974:31-32; Story 1990:265). 

4.2.6.3 Historic Background 

The western side of Galveston Bay formed the loose and poorly known boundary between the Atakapa of 
the upper Texas and Louisiana coasts and the Karankawa, who lived at least as far south as Corpus Christi 
Bay.  Although culturally similar, linguistically they were separate, with the Atakapa speaking a Tunican 
language and the Karankawa a Coahuiltecan language (Newcombe 1961).   

Both groups focused on exploiting coastal resources and both created shell middens on their respective 
coasts.  Other resources, marine and terrestrial, were also taken and both groups employed dugout canoes, 
pottery, the bow and arrow, and likely both fished and hunted with nets.  The Karankawa clustered in 
large, shoreline groups during the fall and winter, breaking into smaller groups and moving to coastal 
streams in the spring and summer.  The Atakapa maintained temporary winter villages inland of the coast, 
moving to the bays and shore during the warmer months (Newcombe 1961). 

Neither group adapted well to the arrival of Europeans, whether Spanish or French.  Although the 
Karankawa occasionally tried to integrate into the Spanish mission system, other pressures made this a 
fitful and unsuccessful effort.  Conflict and disease forced the remnants of both groups to integrate with 
other tribes by the end of the eighteenth century.  Some evidence suggests that Atakapan speakers may 
have endured on the fringes of European settlement until the early 1900’s (Moore and Donachie 2001), 
but neither group exists today and there is no federal or state recognized Karankawa or Atakapa tribe. 

European Settlement 

The first European visitor to the project area may have been Cabeza de Vaca, who might have been 
shipwrecked on Galveston Island.  His sixteenth-century presence had little effect on the area, as Spanish 
settlement in or near the upper Texas Coast would not occur for another two hundred years and then only 
because of a perceived threat of French encroachment. 

Located on Trinity Bay in Chambers County, Mission Nuestra Senora de La Luz and the companion 
Presidio San Augustin de Ahumada were established in 1756.  Often referred to as Orcoquisac after a 
nearby aboriginal village, it was notably unsuccessful and abandoned in 1772 (Patterson 1995).  Spain 
made a few other faltering attempts at establishing a presence on the upper Texas coast, but none were 
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successful and the area was essentially vacant of any government until Mexico became independent of 
Spain in 1821 (Handbook of Texas Online 2004).   

In an effort to bolster its northern frontier and fend off the expanding United States presence, independent 
Mexico began the empressario system, offering large tracts of land in Texas to applicants who would 
promote settlement of the area.  Joseph Vehlein of Mexico City and David G. Burnet of Ohio acquired a 
settlement contract from Mexico in December 1826 for the area including Cedar Bayou.  The contract 
was later sold to the Galveston Bay and Texas Land Company in 1830.  Several earlier settlers on the east 
bank of Cedar Bayou, Christian Smith and John Iiams (alternatively spelled Ijams and Jiams) had 
established themselves as early as 1822 and petitioned the Austin Colony for inclusion (Wagner 2000). 
On the eastern bank, Nathaniel Lynch established a ferry at the confluence of Buffalo Bayou and the San 
Jacinto River in 1822. In 1824 William Scott, who received a grant from Austin that covered two leagues 
and one labor of land, settled on land that now encompasses most of modern Baytown. Near his home on 
San Jacinto Bay, a settlement called Bay Town grew up (Handbook of Texas Online 2004). 

In 1837, Sam Houston purchased the Ijams property at Cedar Point.  Known as Raven Moor, Houston 
used it, with his family, as a summer home until his death in 1863 (Handbook of Texas Online 2004).   

Although early European settlement in or adjacent to the project area was scattered, the community of 
Cedar Bayou grew up two miles north of SH 146 at a fairly early date. The first recorded burial in the area 
was in 1810 (Handbook of Texas Online 2004), and in 1827 Cedar Bayou petitioned to join Austin’s 
Colony (Whitsett 1976). A Methodist church was organized at Cedar Bayou in 1844, and the community's 
first school was founded in 1845 (Handbook of Texas Online 2004).  Harry (1940) noted that in 1903 
commercial establishments in Cedar Bayou consisted of “several brickyards, several sugar mills, two 
small sawmills and small shipways.” 

Early navigation of Cedar Bayou is poorly known at present, though in 1836 the schooner Apollo was at 
Cedar Bayou (Handbook of Texas Online 2004), and Cartier and Hole (1972) have suggested that it 
began with the post-Texas revolution rebuilding of communities along Buffalo Bayou and the San Jacinto 
River. Other sources indicate it had been established by 1854 with 15 to 30 miles navigable depending on 
the season (Handbook of Texas Online 2004).   

One commodity shipped on Cedar Bayou from its earliest settlement to the 1920’s was bricks. Suitable 
clays, pine and oak woodland to provide fuel for the kilns, and a navigable stream provided all the 
necessities for brick making.  Located along the banks of the bayou, the stream provided a means of 
transport for an otherwise heavy and awkward material.  Cartier and Hole (1972) note that “between six 
and eleven (brick) yards were in operation from 1870 until the 1920’s, and some yards had begun work 
much earlier during the post-Battle (San Jacinto in 1836) construction of Lynchburg, San Jacinto and 
other towns along the Buffalo Bayou.  By the 1870’s bricks were being shipped by barges, schooners and 
freighters to Houston and Galveston as those towns began to grow.”   

Pertinent to the project area, Martin (in Cartier and Hole 1972) stated that “in all there were as many as 
seven brickyards in operation up and down Cedar Bayou at one time…Ranging downstream from 
Highway 146 were brickyards operated by Fred Gillette, Will Fayle and Mike Casey. Further 
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downstream—and just below where Roseland Park stands today—was the brickyard of Tom Wright.” 
One brickyard (41HR312) from the 1870s or earlier has been recorded on Cedar Bayou upstream of the 
project area (Whitsett 1977, 1980; Fox 1980).  Place names such as “Saw Pit Gully” indicate that brick 
was not the only building material produced in the area.  The 1885 George W. Grove map entitled “Map 
of the names and localities of residents…tributary to Galveston, Tx” illustrates a number of residences 
and brickyards along both banks of the bayou in the project area. 

The Cedar Bayou region remained largely undeveloped until the 1908 discovery of the Goose Creek Oil 
Field a few miles east of the project area.  In 1917 Ross S. Sterling and associates founded the Humble 
Oil and Refining Company and built a refinery on 2,200 acres in Harris County that they purchased and 
named Baytown (Handbook of Texas Online 2004).  The Chambers County side of the bayou remained 
largely agricultural until scattered industrial development began in the 1960s. 

4.2.6.4 Previous Investigations 

The abundant prehistoric sites of lower Cedar Bayou began drawing the attention of local avocational 
archeologists in the 1930s (Texas Archeological Research Laboratory, Harris and Chambers County 
General Files).  Although their findings were scattered and uneven, they did provide site locations and 
artifact collections that were available to J. Richard Ambler, who began the first organized investigations 
on Cedar Bayou in 1966.  Table 4.16 identifies the sites that are adjacent to the proposed improvements.  
Figure 4.6 identifies the boundaries of the Cedar Bayou National Register Archeological District, as well 
as the boundaries of some of the previous investigations that have been conducted in the area. 

Table 4.16  Recorded Archeological Sites on Cedar Bayou 
Site No. Type Current Condition NRHP status Potential Project Impact 

41CH58 Shell midden Some looting but substantial deposits 
remaining in 2000 CBAD1 Construction of Devil’s 

Elbow Cutoff 

41CH59 Shell midden Severe erosion and subsidence 
damage in 2000 CBAD No Impact 

41CH214 Shell midden Erosion, but much intact in 2001 CBAD No Impact 

41CH215 Shell midden Severely eroded, submerged or 
partially submerged in 2000 CBAD Construction of Ijams Lake 

Placement Area 

41CH216 Shell midden Severely eroded, 20% intact in 1993 CBAD Construction of Ijams Lake 
Placement Area 

41HR56 Shell midden Unknown, some looting, significant 
erosion in 1972 CBAD No Impact 

41HR76 Shell midden Unknown, eroding rapidly in 1972 CBAD No Impact 
41HR136 Shell midden Unknown, partially intact in 1990 CBAD No Impact 
41HR137 Shell midden Unknown, erosion in 1981 and 1990 CBAD No Impact 
1 CBAD = Cedar Bayou National Register Archeological District 
 
Ambler (1967) tested three shell middens on the western bank of the Bayou—41HR50 (the Wright Site), 
41HR56, and 41HR59—and focused on 41HR50.  Despite a limited scope, the investigations documented 
the dominance of Rangia shell at 41HR50 and 41HR56 but a relatively even mixture of Rangia and oyster 
shell at 41HR59.  This analysis also provided fundamental information regarding Late Prehistoric 
ceramics and their seriation on the upper Texas coast, particularly the variability within the Goose Creek   
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Figure 4.6  Cedar Bayou National Register Archeological District and Previous Archeological Surveys 
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type.  Documented stone tools were unclassifiable dart points and contracting stem arrow points identified 
as Alba, Perdiz, and Catahoula. Faunal remains other than shellfish were dominated by deer and fish, 
with lesser amounts of bird and turtle.  

In 1972 the banks of Cedar Bayou from the mouth upstream to above Devil’s Elbow were surveyed by 
Harry Shafer for a proposed channel improvement project in which he recorded or revisited 18 prehistoric 
shell middens (41CH58, 41CH59, 41CH214–218, 41HR50, 41HR56–59, 41HR76, 41HR136, 41HR138 
and 41HR203–41HR205).  Among the sites recorded, 41CH214 was the most notable, described as a 
midden 1 foot thick covering 600 by 100 feet and virtually intact.  Ceramic types noted at 41CH214 
included San Jacinto Plain and Incised, Goose Creek Plain, and Orcoquizac Plain.  San Jacinto and 
Goose Creek types were the most common, a pattern that continues through other sites in the survey 
where ceramic types were noted.  Middens at the lower end of the bayou and closest to Galveston Bay 
were more likely to be composed of oyster shell, with Rangia becoming more common with distance 
from the bay and some sites, such as 41HR205 exhibiting a mixture (Shafer 1972). 

Shafer’s 1972 investigations were the most extensive single archeological survey on Cedar Bayou and 
formed the basis for the successful nomination of the Cedar Bayou Archeological District to the National 
Register of Historic Places (NRHP) in 1975 (Clark and Williams 1975).  In an assessment of potential 
impacts to the sites, Shafer noted “10 of the 19 known sites will be affected either directly or through 
long-term wave damage by the proposed channel alteration plans.  Of these, three have been damaged to 
the extent that further investigations would not be profitable” (Shafer 1972:13).  

A survey of proposed barge fleeting areas and disposal tracts, again for proposed channel improvements, 
was conducted by Day and Prewitt in 1981.  No new sites were recorded, but they were able to briefly 
revisit 41HR50, 41HR108, 41HR136, and 41HR137.  Vegetation prevented a clear view of the surfaces at 
these sites, and erosion was noted in most cases. Despite the passage of time, they were able to recognize 
Ambler’s test units in 41HR50 (Day and Prewitt 1981). 

Little archeological investigation would occur in the lower Cedar Bayou area over the next 20 years, and 
what was done was of limited scope for small cultural resource management activities.  Good (1985) and 
Good and Stokes (1986) conducted small surveys near Houston Point and at the mouth of Cedar Bayou, 
without recording sites.  In the latter instance, the presence of an unrecorded shell midden visible from the 
roadway on the east bank of Cedar Bayou was noted (1986).  Guevin (1991) examined a small parcel at 
the northern end of the project area between SH 146 and Cedar Bayou, also without result.  A number of 
sites were revisited, largely by avocational archeologists with the Houston Archeological Society (Texas 
Archeological Research Laboratory files). 

Most recently, a reconnaissance of an area similar to the project area for this FEIS was conducted by 
Beck and Sanchez (2003).  This investigation concentrated on the proposed upland placement areas, 
marsh creation sites, bend easings, and the Devil’s Elbow Cutoff, primarily on the Chambers County side 
of the bayou.  As part of this investigation, J. K. Wagner and Company, Inc. did archival research for the 
Chambers County bank of Cedar Bayou from the vicinity of SH 146 south to Galveston Bay (2001).   
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Beck and Sanchez revisited 41CH59, noting that deposits extended only about 5 meters from the bank 
edge and that erosion and subsidence had affected the site.  Also revisited was 41CH58, which was found 
to be relatively intact with a deposit of cultural materials extending to a depth of approximately 60 cm.  
Two historic sites, 41CH368 and 41CH369, were also recorded.  The first of these were the remnants of 
an early 1900s boat dock with concrete foundations and structural remains.  The second encompassed the 
remnants of the Elmer Kilgore House and outbuildings, constructed in 1903.  Neither site was considered 
to be potentially eligible for nomination to the NRHP (Beck and Sanchez 2003).  A number of potential 
historic site locations, including residential homesteads, a cemetery, and several brickyards, were 
identified by J. K. Wagner and Company, Inc. (2001) research but were not located by Beck and Sanchez 
(2003:43-48), who noted these remains may have been destroyed over the years or may have been located 
outside of the areas examined. 

4.2.7 Air Quality 

This section discusses the regulations that relate to air quality and the existing conditions concerning air 
quality in the project region. 

The Clean Air Act (CAA), which was last amended in 1990, regulates air emissions from area, stationary, 
and mobile sources.  The CAA requires the EPA to establish National Ambient Air Quality Standards 
(NAAQS) for pollutants considered harmful to public health and the environment.  The CAA established 
two types of national air quality standards:  

1) Primary standards set limits to protect public health, including the health of “sensitive” populations 
such as asthmatics, children, and the elderly. 

2) Secondary standards set limits to protect public welfare, including protection against decreased 
visibility and damage to animals, crops, vegetation, and buildings. 

The EPA Office of Air Quality Planning and Standards has set NAAQS for six principal pollutants, called 
“criteria” pollutants (40 CFR, Part 50).  They are carbon monoxide (CO), nitrogen dioxide (NO2), ozone 
(O3), lead (Pb), particulate matter (PM), and sulfur dioxide (SO2).  Particulate matter has been further 
divided into particles with an aerodynamic diameter of 10 microns or less (PM10) and fine particulates 
with an aerodynamic diameter of 2.5 microns or less (PM2.5).  The NAAQS are summarized in 
Table 4.17.  The TCEQ has adopted these same standards for Texas.  Air quality is generally considered 
acceptable if pollutant levels are less than or equal to established standards on a continual basis. 

Table 4.17  National Ambient Air Quality Standards continued 
NAAQS Criteria 

Pollutant Averaging Time 
Primarya Secondaryb 

3-hour — 0.5 ppmc 

24-hour 0.14 ppm — 
Sulfur Dioxide 
(SO2) 

Annual Arithmetic Mean 0.03 ppm — 
24-hour 150 μg/m3 d 150 μg/m3 Particulate Matter 

(PM10) Annual Arithmetic Mean 50 μg/m3 50 μg/m3 
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Table 4.17  National Ambient Air Quality Standards continued 
24-hour 65 μg/m3 65 μg/m3 Particulate Matter 

(PM2.5) Annual Arithmetic Mean 15 μg/m3 15 μg/m3 
Nitrogen Dioxide 
(NO2) 

Annual Arithmetic Mean 0.053 ppm 0.053 ppm 

1-hour 35 ppm — Carbon Monoxide 
(CO) 8-hour 9 ppm — 
Lead (Elemental) 
(Pb) 

Maximum Calendar Quarter 
Arithmetic Mean 1.5 μg/m3 — 

1-houre 0.12 ppm 0.12 ppm Ozone (O3) 
8-hour 0.08 ppm 0.08 ppm 

a Primary Standards:  The levels of air quality necessary, with an adequate margin of safety, to protect public health, including 
the health of “sensitive” populations such as asthmatics, children, and the elderly 

b Secondary Standards:  The levels of air quality necessary to protect public welfare, including protection against decreased 
visibility and damage to animals, crops, vegetation, and buildings. 

c ppm = parts per million 
d μg/m3 = micrograms per cubic meter 
e The 1-hour O3 standard applies only to areas designated nonattainment when the 8-hour O3 standard was adopted in 1997. 
— = An ambient air quality standard has not been promulgated. 
Source: 40 CFR, Part 50, National Primary and Secondary Ambient Air Quality Standards 

 
In 1997, the EPA established a new NAAQS for ground-level O3, the primary constituent of smog.  The 
new O3 standard is based on air quality measurements over an 8-hour average, instead of a 1-hour average 
required by the current standard (EPA 2001a).  Eight-hour averaging is more consistent with the health 
information that prompted EPA to revise the standard.  Also, averaging over 8 hours helps to protect 
people who spend a significant amount of time working or playing outdoors, which makes them 
particularly vulnerable to the effects of O3.     

The EPA also revised the primary standards for PM in 1997.  Revisions included the addition of a new 
annual PM2.5 standard (15 μg/m3) and a new 24-hour PM2.5 (65 μg/m3).  The EPA retained the annual 
PM10 standard of 50 μg/m3 and adjusted the 24-hour standard of 150 μg/m3 by changing its form.  At the 
same time, the EPA revised the secondary PM standards by making them identical to the primary 
standards. 

Although the new 8-hour O3 and the new PM standards were challenged in federal courts, they were 
upheld in the year 2002; therefore, the EPA will move forward with the implementation of these 
standards and the development of plans to meet them.  The EPA’s first step in implementing the new 
standards will be to determine which areas meet or do not meet them.  This will require review of 3 years 
of monitoring data.  Since the new PM2.5 standard is based on a measure different from the previous 
standard (PM10), the EPA and states must collect three years of monitoring data before they can determine 
which areas are attaining standards.  This determination is expected to occur in most areas in 2004 or 
2005. 

Besides requiring the EPA to establish NAAQS, the CAA also requires the agency to assign a designation 
to each region of the U.S. based on compliance with those standards.  These designations include: 
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• Attainment – area currently meets the NAAQS 
• Maintenance – area currently meets the NAAQS but has previously been out of compliance 
• Nonattainment – area currently does not meet the NAAQS 

Areas that are assigned nonattainment for O3 are further classified as extreme, severe, serious, moderate, 
or marginal, depending on the severity of nonattainment. 

The project area for the proposed improvements to the CBNC is located at the boundary between 
Chambers and Harris Counties, which are included in the Houston-Galveston Air Quality Region, also 
referred to as the Houston-Galveston Area (HGA).  The HGA has failed to meet the 1-hour NAAQS for 
O3 and has consequently been classified as “Severe-17” nonattainment.  Under current regulations, the 
HGA has until 2007 to attain the NAAQS for O3.  The TCEQ is responsible for developing a plan for 
attaining the air quality standard in the HGA.  This plan, which was submitted to and approved by the 
EPA, is called the State Implementation Plan (SIP).  The SIP describes how the area will reach attainment 
of the air quality standard for O3 and sets emission budgets for point sources such as power plants and 
manufacturers; area-wide sources such as dry cleaners and paint shops; off-road mobile sources such as 
boats and lawn mowers; and on-road sources such as cars, trucks, and motorcycles.   

The TCEQ is responsible for monitoring air quality within the state and for reporting that information to 
the public.  Throughout the HGA, air pollutants are measured by monitoring stations operated by the 
TCEQ, and by the City of Houston and the Houston Regional Monitoring Corporation (HRM) in 
cooperation with the TCEQ.  Tables 4.18 and Table 4.19 compare monitored values for criteria 
pollutants for Harris County and for an HRM-operated monitor located near the SH 146 crossing of Cedar 
Bayou to the NAAQS (EPA 2001b, USACE 2002).  Data for Chambers County is not available in the 
EPA Pollution Monitor Values Report (EPA 2001b). 

The values in Tables 4.18 and 4.19 indicate that O3 concentrations in the HGA have exceeded the 8-hour 
standard, as well as the 1-hour standard.  For areas that were designated nonattainment for O3 before the 
new 8-hour standard was established, the 1-hour standard continues to apply until the area attains it. 

The controls proposed in the latest SIP revisions (October 8, 2003) are expected to significantly reduce 
emissions of O3 precursors and provide attainment with the 1-hour standard.  If the resulting 
improvements do not also provide attainment with the 8-hour standard, then additional controls may be 
necessary. 

Ground level O3 is not directly emitted by natural or anthropogenic sources but is a secondary pollutant 
formed from the daytime reactions of nitrogen oxides (NOx) and VOCs.  Therefore, when determining if a 
project will increase O3 more than is allowed for the nonattainment area, total emissions of the O3 
precursors NOx

 and VOCs as a result of the project are determined.  In an O3 nonattainment area 
classified as severe, such as the HGA, if the total emissions of either NOx or VOCs related to the federal 
action would equal or exceed 25 tons per year (tpy), the federal agency undertaking the action must issue 
a General Conformity Determination, as required by Section 176(c) of the CAA and regulations in 
40 CFR Subpart W and 40 CFR Part 93, “Determining Conformity of Federal Actions to State or Federal   
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Table 4.18  Monitored Values Compared with NAAQS for Harris County (1995-2001) 
 O3 (ppm) CO (ppm) NO2 (ppm) SO2 (ppm) PM2.5 (µg/m3) PM10 (µg/m3) Pb (µg/m3) 

Year 1-hr 
Value 

4th Highest 
8-hr Value 

1-hr 
Value 

8-hr 
Value 

Annual Mean 
Value 

24-hr 
Value 

Annual 
Mean 
Value 

24-hr 
Value 

Annual 
Mean 
Value 

24-hr 
Value 

Annual 
Mean 
Value 

Quarterly 
Mean 
Value 

NAAQS 0.12 0.80 35 9 0.053 0.14 0.03 65 15 150 50 1.5 
Harris County 

1995 0.204 – 11.1 5.2 0.026 0.053 0.006 – – 92 42.3 0.02 
1996 0.18 – 11.7 7 0.023 0.046 0.006 – – 68 40.4 0.02 
1997 0.21 0.124 9.2 6.7 0.025 0.025 0.004 – – 134 43.4 0 
1998 0203 0.117 7.8 5.2 0.023 0.024 0.004 – – 126 54.7 – 
1999 0.203 0.124 6.3 4.1 0.024 0.019 0.005 38.3 17.1 115 45.2 0.02 
2000 0.194 0.117 5.5 3.3 0.019 0.028 0.005 43.3 14.3 102 49.6 0.01 
2001 – 0.110 – – – – – 53.7 13.8 – – – 

Source: USACE 2001, EPA 2001b 
– Not available 

 

 
Table 4.19  Monitored Values Compared with NAAQS for the Project Area (1997-1999) 

 O3 (ppm) CO (ppm) NO2 (ppm) SO2 (ppm) PM2.5 (µg/m3) PM10 (µg/m3) 

Year 1-hr High 8-hr High 1-hr 
High 

8-hr 
High Annual Mean 24-hr 

High 
Annual 
Mean  

24-hr 
Value 

Annual 
Mean 
Value 

24-hr 
Value 

Annual Mean 
Value 

NAAQS 0.12 0.80 35 9 0.053 0.14 0.03 65 15 150 50 
1997 0.17 0.12 21 3 * 0.01 0.002 – – – – 
1998 0.17 0.11 4 1 * 0.01 0.002 – – – – 
1999 0.17 0.11 1 1 * 0.01 0.002 – – – – 

Source: USACE 2001, HRM Monitoring Station HRM 11 E Baytown C611, 480710901 located near SH 146 crossing of and Cedar Bayou 
* = data not available 
– = no monitor 
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Implementation Plans.” (For federal transportation projects, the Federal Highway Administration 
[FHWA] and the Federal Transit Authority [FTA] issue a Transportation Conformity Determination.) The 
General Conformity Determination describes how the project conforms or will conform with the SIP for 
that pollutant, prior to undertaking the action.  A General Conformity Determination is not required for a 
federal action where the total of NOx or VOC emissions are below these levels unless the increase in 
emissions due to the project would equal or exceed 10 percent of the total emissions of those pollutants 
for the entire nonattainment area (i.e., the project is considered a regionally significant action).  
Table 4.20 illustrates total air emissions of NOx, VOCs, and other pollutants for the HGA and Chambers 
and Harris Counties by source category (USACE 2002). 

Table 4.20  Summary of Air Emissions for the HGA and Chambers and Harris Counties by  
Source Category 

Criteria 
Pollutant 

Area tpy 
(1996) 

Non-Road Mobile 
tpy (1996) 

On-Road Mobile 
tpy (1996) 

Point Source 
tpy (1999) Total tpy 

HGA 
NOx 8,120 217,008 123,653 214,716 563,497 
VOC 67,510 40,885 76,831 84,619 269,845 
CO 102,284 492,853 556,105 77,394 1,228,636 
SO2 179 29,109 5,689 126,833 161,810 
PM10 323,582 7,590 4,607 11,069 346,848 
PM2.5 64,993 6,931 3,575 8,548 84,047 
Chambers County 
NOx 42 850 2,399 10,044 13,335 
VOC 1,262 1,159 901 2,922 6,244 
CO 588 3,575 6,737 5,856 16,756 
SO2 3 359 83 147 592 
PM10 10,341 352 90 144 10,927 
PM2.5 1,744 323 74 136 2,277 
Harris County 
NOx 5,621 108,188 83,356 90,635 287,800 
VOC 46,493 27,615 53,162 54,852 182,122 
CO 52,206 387,726 374,666 41,689 856,287 
SO2 104 19,078 4,030 38,116 61,328 
PM10 138,635 4,918 3,822 5,857 152,432 
PM2.5 31,176 4,476 2,305 4,344 42,301 
Source: USACE 2002 

 
4.2.8 Noise 

This section defines and describes noise and how noise is perceived by humans, discusses ways of 
measuring noise, and lists the main contributors to noise in the project vicinity. 

Noise is defined as unwanted sound that disrupts or interferes with normal activities or that diminishes the 
quality of the environment.  Noise is usually caused by human activity and is added to the natural, or 
ambient, acoustic setting of an area.  Exposure to high levels of noise over an extended period can cause 
health hazards such as hearing loss; however, the most common human response to environmental noise 
is annoyance.  Several factors affect response to noise levels, including background level, noise character, 
level fluctuation, time of year, time of day, history of exposure, and community attitudes.  Typically, 
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people are more tolerant of a given noise level if it is close to the background noise level.  People are also 
more tolerant of noises during daytime than at night and if the noise is associated with a facility or 
activity that is considered to benefit the economic or social well being of a community. 

Sound is sensed by the human ear when a source emits oscillations through an elastic medium, such as 
air.  Sound is characterized by two magnitudes: frequency and amplitude.  The frequency of a sound 
corresponds to the human sensation of pitch and is measured in hertz (Hz).  The amplitude of a sound 
corresponds to the human sensation of loudness.  Human reaction to loudness, or sound pressure, is 
measured in terms of sound pressure levels and is expressed in terms of decibels (dB).  Decibels are 
measured on a logarithmic scale in order to compress the wide range between the human threshold of 
hearing and the threshold of pain.  A sound level of 0 dB is approximately the threshold of human hearing 
and is barely audible under extremely quiet listening conditions.  Normal speech has a sound level of 
approximately 60 dB.  Sound levels of approximately 120 dB begin to cause discomfort inside the ear, 
which increases to pain at higher levels. 

Sounds of the same pressure but different frequencies are not perceived by the human ear as equally loud.  
The human ear is less sensitive to low frequencies and high frequencies, and is most sensitive to the mid-
range frequencies that correspond with human speech.  Therefore, in order to measure sound in a manner 
similar to human perception, an adjustment known as “A” weighting is used. 

All regulatory agencies require that measurements of sound be taken using the A-weighted sound level 
(dBA).  Although A-weighted sound measurements indicate the level of environmental noise at any given 
time, typical noise environments consist of numerous noise sources that constantly vary and fluctuate 
over time.  Therefore, it is necessary to use a descriptor called the equivalent sound level (Leq), which is 
the average sound level, in decibels, for any time period under consideration. 

The EPA has developed the day-night level (Ldn) which is defined as the A-weighted average sound level 
for a 24-hour period.  It is calculated by adding a 10-dBA penalty to nighttime (10:00 pm to 7:00 am) 
sound levels to account for increased sensitivity to noise during the evening hours.  The EPA generally 
recognizes residential areas to have an average Ldn of 55 dBA.  The U.S. Department of Housing and 
Urban Development (HUD) sets a site acceptability Ldn standard of below 65 dBA. 

The noise environment within the CBNC project area is currently affected by factors that include 
vehicular traffic, especially within the urbanized area on the west side of Cedar Bayou; waterborne 
transportation, such as barges, commercial fishing vessels, and sport and recreation watercraft; periodic 
maintenance dredging in the lower portion of Cedar Bayou; and industrial activities and associated truck 
traffic on the east side of the bayou.  Noise receptors within the project area include Roseland Park, 
approximately 20 homes located approximately 75 to 500 feet from the proposed dredge limits, and Cedar 
Bayou United Methodist Church located approximately 400 feet from the project.  These receptors are 
located on the west side of Cedar Bayou.  Noise levels from dredging activities associated with the LPP 
are expected to temporarily reach a maximum of 77 dBA at the nearest receptors (see Section 5.2.8). 
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4.2.9 Hazardous, Toxic, and Radioactive Wastes 

This section discusses potential hazardous, toxic, and radioactive wastes (HTRW) in the project area as 
identified by a search of regulatory databases and reconnaissance of the project area. 

In April 2004, a comprehensive HTRW study was conducted to identify indicators of potential hazardous 
materials or waste issues relating to the CBNC from the HSC to SH 146.  This data search was conducted 
to American Society of Testing and Materials (ASTM) Standard E 1527.  The study included a review of 
available state and federal records regarding any documentation of pollution control activities, 
documented incidents, violations of environmental laws or regulations, and the potential for 
environmental pollution in the immediate area.  The area in which the review was conducted varied by 
database and ranged from 0.25 mile to 1 mile on either side of Cedar Bayou from the HSC to SH 146.  In 
addition, a field reconnaissance of the CBNC and areas where uplands would be impacted (i.e., the 
Devil’s Elbow Cutoff, the two northern bend easings, and upland placement areas) was conducted.  

The state and federal agency files reviewed indicated that several regulated facilities, reported spills, and 
other issues of potential concern have been recorded in the project vicinity (TelAll Corporation 2004).  
Table 4.21 identifies the federal and state databases searched and the corresponding findings.  Figure 4.7 
provides the approximate locations of sites listed by the database search.  The environmental database 
search report is on file with the CCCBND and the USACE. 

Table 4.21  Hazardous Materials Data Search and Findings 

Source Database 
Acronym 

Data 
Updated 

Minimum Search 
Distance (mile) Findings 

National Priority List NPL 2/2004 1 0 
Comprehensive Environmental Response, 
Compensation, and Liability Information System CERCLIS 2/2004 0.5 0 

No Further Remedial Action Planned NFRAP 2/2004 0.5 0 
Resource Conservation and Recovery Information 
System – Treatment Storage or Disposal RCRA-TSD 2/2004 1 3 

Corrective Action CORRACT 2/2004 1 3 
Resource Conservation and Recovery Information 
System – Generators RCRA-G 2/2004 0.25 5 

Emergency Response Notification System ERNS 1/2004 0.25 17 
Texas Voluntary Cleanup Program TXVCP 1/2004 0.5 0 
Innocent Owner/Operator Program TXIOP 1/2004 0.5 0 
Texas State Superfund TXSSF 1/2004 1 0 
Texas Solid Waste Facilities TXLF 12/2003 1 4 
Unauthorized and Unpermitted Landfill Sites  LFUN 4/2002 0.5 5 
Leaking Underground Storage Tanks TXLUST 1/2004 0.5 2 
Texas Underground Storage Tanks TXUST 1/2004 0.25 13 
Texas Aboveground Storage Tanks TXAST 1/2004 0.25 8 
Texas Spills List TXSPILL 9/2003 0.25 3 
TOTAL    63 
Source: TelALL Corporation 2004 
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Figure 4.7  Potential Hazardous Materials Database Search Area and Mapped Sites 
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Many of the reported occurrences identified in Table 4.21 are tracking reports of entities that treat, store, 
or dispose of hazardous waste (RCRA-TSD); facilities that generate or transport hazardous waste 
(RCRA-G); or entities that have been involved in or are currently involved in corrective actions regarding 
hazardous waste (CORRACT).  None of these would affect or be affected by the proposed action. 

The Emergency Response Notification System (ERNS) supports the release notification requirements of 
portions of the Comprehensive Environmental Response Compensation and Liability Act (CERCLA), the 
Clean Water Act (CWA), and the National Oil and Hazardous Substances Contingency Plan.  Large or 
small spills or releases of a variety of substances are reported in this system.  Of the 17 listed in the 
project vicinity, 11 of the records dealt with three events.  None of the listed events would affect or be 
affected by the proposed action. 

Of the two leaking underground storage tanks (TXLUST) documented, both are annotated as “Final 
Concurrence Issued, Case Closed.”  None of the 21 underground (TXUST) or above ground (TXAST) 
storage tanks would be affected by the proposed action.   

Three spills in the search area have been recorded by the Texas Spills List (TXSPILL).  Of these, one is a 
small oil spill that has been cleaned up completely, and a second is a hydrogen gas spill that affected the 
air but not land or water.  Therefore, these are not expected to affect the proposed project.  The third 
recorded spill is a fuel oil spill of approximately 800 gallons that occurred near the Cedar Bayou 
Generating Station in 1990, but the resources affected are not listed.  The proposed project would not 
require dredging banks along the Cedar Bayou Generating Station, and any long-term contamination that 
this spill may have caused should be indicated in the sediment samples tested for the project (see 
Section 4.2.2).  The sediment sampling site nearest the Cedar Bayou Generating Station is Site 12.  Lab 
analysis of sediments at this site indicates that oil and grease levels are low in this area (Table 4.9 
in Section 4.2.2).  Therefore, the project is not expected to be affected by this spill. 

The TCEQ Solid Waste Facilities List (TXLF) and the Unauthorized and Unpermitted Landfill Sites 
(LFUN) document a total of nine facilities.  These include active and inactive municipal sanitary landfills 
and other sites located primarily in the northern portion of the area evaluated, with one active City of 
Baytown landfill being located in the southern part of the search area, east of Cedar Bayou and south of 
Ijams Lake.  No dredging in any active landfill would occur. 

One of the five LFUN sites is located adjacent to Cedar Bayou in a bend near SH 146.  This closed 
landfill is owned by the City of Baytown and is located at 3030 Ferry Road.  Little documentation about 
the use or time span of use for the landfill is available; however, during site reconnaissance, it was noted 
that materials such as metal and plastic could be seen in the banks of the bayou.  In 2003, Environmental 
Resources Management, under contract to the City of Baytown, assessed erosion of the Cedar Bayou 
banks in this area and characterized fluids that were seeping from the site.  The following paragraphs 
summarize their findings (Environmental Resources Management 2003). 

Surface inspection of the bayou bank revealed appliance and machine parts, structural and 
telecommunication cable, metal and plastic pipe, plastic sheeting, empty drums, concrete debris, and 
similar solid materials exposed in the bank of the bayou.  Clear liquid seeping from the landfill area and 
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into the bayou was sampled and tested for nitrogen, sulfate, total phosphorous, total cyanide, metals, 
mercury, VOCs, SVOCs, dioxins and furans, chlorinated herbicides, organochlorine pesticides, 
organophosphorous pesticides, and PCBs.  Although Cedar Bayou is tidally influenced, and the Cedar 
Bayou Generating Station pulls water from Galveston Bay near this site, the bayou in this area is expected 
to be brackish, and the results of the testing were compared to the TCEQ’s Texas Risk Reduction 
Program (TRRP) Tier 1 residential protective concentration levels (PCLs), ecological benchmarks for   
fresh water, and maximum sample quantization limits for each constituent.  No reported concentrations 
exceeded the human-health critical Tier 1 residential PCL.  Low-level concentrations of the metals 
barium, lead, selenium, and zinc slightly exceeded the TRRP ecological benchmarks for fresh water. 

An assessment of erosion in the area noted existing erosion of the landfill and its contents into Cedar 
Bayou and the likelihood of significant potential erosion in the future if the banks and landfill are left 
unprotected (Environmental Resources Management 2003).  A detailed report describing the analysis of 
the seepage and erosion that was prepared by Environmental Resources Management for the City of 
Baytown is on file with the CCCBND.  The results of this report were submitted to the TCEQ in June 
2003, but no resolution has been made.  

During the development of alternatives for the proposed project, the alternative alignments were designed 
to avoid excavation within the closed landfill by eliminating the need to ease this bend to an extent where 
excavation of the bank on which the landfill occurs would be necessary (see Section 2.2.2.1). 

Pipelines 

At least 38 pipelines and or cables pass underneath the bed of Cedar Bayou.  These are most concentrated 
but not limited to the FM 2354/Tri-City Beach Road area near the mouth of Cedar Bayou, a pipeline 
easement north of the HL&P Cutoff, and a Reliant Energy transmission line ROW just south of the UPRR 
bridge.  Most of the pipelines transport natural gas or other petroleum products. 

Most of the pipelines and cables were constructed so as to not interfere with maintenance dredging in the 
Lower Channel or with the 1970s HL&P dredging project that lowered a portion of the Upper Channel to 20 
feet below MLT.  Additional verification of locations would be necessary during the project design phase. 

4.2.10 Socioeconomic Issues 

This section summarizes demographic and economic characteristics of Chambers and Harris Counties, the 
City of Baytown, and block groups bordering Cedar Bayou between the project limits.  Socioeconomic 
data for these areas are compared with the State of Texas.  Characteristics of the areas discussed include 
population, environmental justice, employment, and recreational use of the bayou. 

4.2.10.1 Population 

Cedar Bayou serves as the boundary between Harris and Chambers County, separates the City of 
Baytown from unincorporated areas, and divides an urbanized, residential area from an agricultural and 
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industrial zone.  This dichotomy and diversity is demonstrated in Tables 4.22 and 4.23, derived from 
Census 2000 information. 

Table 4.22  Population Characteristics of the Region, 2000 Census 

 Texas % Chambers 
County % Harris 

County % City of 
Baytown % 

Total Population 20,851,820  26,031  3,400,578  66,430  
Ethnicity 
White 14,799,505 71.0 21,315 81.9 1,997,123 58.7 45,088 67.9 
Black or African American 2,404,566 11.5 2,542 9.8 628,619 18.5 8,888 13.4 
American Indian and Alaska 
Native 118,362 0.6 124 0.5 15,180 0.4 337 0.1 

Asian 562,319 2.7 175 0.7 174,626 5.1 651 1.0 
Hawaiian or other Pacific 
Islander 14,434 0.1 0 0 2,095 0.1 51 <0.1 

Some other race 1,438,001 11.7 1,568 6.0 482,283 14.2 9,578 14.4 
Two or more races  2.5 307 1.2 100,652 3.0 1,837 2.8 
Hispanic 6,669,666 32.0 2,810 10.8 1,119,751 32.9 22,748 34.2 
Other Population Characteristics  
Median age 32.3  35.1  31.2  30.6  
Average Family Size 3.28  3.2  3.38  3.32  
Language other than English 
at home 6,010,753 31.2 2,834 11.7 1,129,865 36.2 18,864 30.9 

Income 
Median Household Income $39,927  $47,964  $42,598  $40,559  
Per Capita income $19,617  $19,863  $21,453  $17,641  
Families below poverty level 632,676 12.0 601 8.3 101,693 12.1 1,149 13 
Individuals below poverty 
level 3,117,609 15.4 2,833 11 503,234 15 10,298 15.5 

Source: 2000 U.S. Census 
 
Table 4.23  Race and Ethnicity for Block Groups (BG) Adjoining the Project  continued
 Chambers 

County 
Tract 

7102, BG 3 

% 

Chambers 
County 
Tract 

7102, BG 4

% 

Harris 
County
Tract 
2539, 
BG 1 

% 

Harris 
County 
Tract 
2540, 
BG 1 

% 

Harris 
County 
Tract 
2547, 
BG 1 

% 

Harris 
County 
Tract 
2547, 
BG 2 

% 

Total Population 1,032  757  1,450  2,091  1,589  272  
Ethnicity             
White 888 86.0 729 96.0 1,021 70.4 1,343 64.0 1,151 72.4 227 83.4
Black or African American 97 9.4 16 2.0 206 14.2 400 19.0 149 9.4 13 4.7 
American Indian and Alaska 
Native 2 <0.1 0 0 8 <0.1 15 <0.1 8 <0.1 0 <0.1

Asian 5 <0.1 0 0 25 1.0 16 <0.1 57 3.5 9 3.0 
Hawaiian or other Pacific 
Islander 0 0 0 0 2 <0.1 2 <0.1 1 <0.1 0 0 

Some other race 28 1.1 6 <0.1 111 7.6 252 12.0 189 11.9 16 5.4 
Two or more races 12 1.1 6 <0.1 77 5.0 62 3.0 34 2.1 7 2.5 
Hispanic 61 5.9 21 2.7 340 23.0 780 37.0 302 19.0 36 13.0
Other Population 
Characteristics             

Median Age1 34.7  34.7  35.4  30.8  32.1  32.1  
Average Family Size 3.24  2.83  3.07  3.34  3.05  2.63  
Income             
Median Household Income 78,931  56,094  37,692  30,461  48,478  34,750  



 

4-74 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Table 4.23  Race and Ethnicity for Block Groups (BG) Adjoining the Project  continued
 Chambers 

County 
Tract 

7102, BG 3 

% 

Chambers 
County 
Tract 

7102, BG 4

% 

Harris 
County
Tract 
2539, 
BG 1 

% 

Harris 
County 
Tract 
2540, 
BG 1 

% 

Harris 
County 
Tract 
2547, 
BG 1 

% 

Harris 
County 
Tract 
2547, 
BG 2 

% 

Per Capita income 30,703  24,832  18,819  12,856  20,228  23,403  
Source: 2000 U.S. Census 
1 Median age is for the Census Tract, not the block group. 
 
As indicated by Tables 4.22 and 4.23, the eastern (Chambers County) side of the Cedar Bayou project 
area is more homogeneous, has a lower percentage of minorities in the population, and is economically 
better off than the Harris County side of the bayou.  The block groups in Chambers County incorporate 
land varying from agricultural to industrial use, with a low residential density and population. 

The western (Harris County) side of the bayou is urban (associated with the City of Baytown), and the 
block groups adjoining it are densely populated in contrast to the eastern side of the bayou.  Although 
much more diverse than neighboring Chambers County, the population characteristics are consistent with 
the rest of urbanized Harris County. 

Population Growth 

The HGAC has developed an aggressive growth scenario for population in Harris and Chambers Counties 
for the year 2025.  These projections, presented in Table 4.24, illustrate relatively slow growth for 
Chambers County and rapid growth for Harris County. 

Table 4.24  Past and Projected Population for Chambers and Harris County 
 1990 Total 

Population 
2000 Total 
Population 

1990-2000 
Average Annual 

Growth 

2025 Projected 
Total Population 

2000-2025 Projected 
Average Annual 

Growth 
Chambers 
County 20,000 26,000 3.0% 33,000 1.1% 

Harris County 2,818,000 3,401,000 2.1% 5,385,000 2.3% 
Source: HGAC 2004b 

 
The project area is further bounded to two Regional Analysis Zones (RAZ) utilized by the HGAC to 
develop population and related projections for planning purposes.  On the Chambers County side of 
Cedar Bayou, RAZ 191 borders all of Cedar Bayou and extends to IH 10, north of the project area.  In 
Harris County and Baytown the zones are RAZ 88 and RAZ 86.  RAZ 86, like Chambers County, 
includes a section north of the project area.  Table 4.25 provides the total population of these RAZs 
existing in 2000 and projected for 2025. 

Table 4.25  Total Population, 2000 and 2025 Projected by Regional Analysis Zones 
 2000 2025 Percentage increase 2025 Projected Average Annual Growth 
Harris RAZ 86 47,861 66,889 39.8% 1.6% 
Harris RAZ 88 6,186 6,364 2.8% 0.1% 
Chambers RAZ 191 7,968 9,862 23.8% 1.0% 
Source: HGAC 2004b 
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4.2.10.2 Environmental Justice 

Section 601 of Title VI of the 1964 Civil Rights Act (42 U.S.C. 2000) and Executive Order 12898 
“Federal Actions to Address Environmental Justice in Minority Populations and Low-Income 
Populations” (February 1994) require all federal agencies to identify and address, as appropriate, 
disproportionately high and adverse human health or environmental effects of programs, policies, and 
activities on minority populations and low-income populations.   

According to Tables 4.22 and 4.23, the populations of Chambers and Harris County and the project area 
are similar in ethnicity to the State of Texas, although Harris County has a higher population of Asian 
persons (5.1 percent), and Block Group 1 of Harris County Tract 2540 has a higher percentage of Black 
or African American population (19.0 percent) than the State of Texas (2.5 percent Asian and 11.5 
percent Black or African American). 

Income data provided in these tables indicate that incomes and poverty level of the project area are 
similar to the State of Texas, although the Chambers County Block Groups show greater incomes than the 
State of Texas or elsewhere in the project area. 

4.2.10.3 Employment 

Houston and surrounding communities compose the largest workforce region in Texas.  The major 
planning and forecasting entity in the region is the HGAC, which includes Harris and surrounding 
counties, including Chambers.   

Currently, major industries in the region include: 

• Wholesale and retail trade • Health services 
• Oil refining and petrochemical manufacturing • Agriculture 
• Transportation • Education services 
• Communications • Mining (petroleum extraction) 
• Public utilities  
 
During the 1990s, the region experienced shifts in its economic base, as oil and gas activities declined and 
agriculture, service, trade, and government sectors increased.  Regional forecasts indicate strong growth 
for construction and government sectors and good growth for services and agriculture.  The service sector 
is expected to account for over 43 percent of all jobs in the region in 2010, with trade comprising 
20 percent of the total.  Table 4.26 lists industry categories at the two-digit Standard Industrial 
Classification (SIC) level (broad categories of employment) that are projected to experience the greatest 
change in regional employment by 2010. 

Table 4.26  Industries with Greatest Projected Change by 2010 in the HGAC Planning Area 
Industry Net Change % Change 
Greatest Increase   
Business Services 83,210 44.0 
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Table 4.26  Industries with Greatest Projected Change by 2010 in the HGAC Planning Area 
Educational Services 52,930 22.6 
Health Services 45,490 27.9 
Engineering & Management Services 28,980 32.1 
Eating and Drinking Places 27,770 19.6 
Greatest Decrease   
Nonmetallic Minerals, Excluding Fuels -70 -9.5 
Food & Kindred Products -200 -1.4 
Railroad Transportation -900 -25.7 
Petroleum & Coal Products -2,200 -17.9 
Oil & Gas Extraction -5,410 -8.1 
Source: HGAC 2004b 
Area includes the counties of Brazoria, Chambers, Galveston, Fort Bend, Harris, Liberty, Montgomery, and Waller 

 
Table 4.27 lists industry categories at the three-digit SIC level (detailed categories of employment) that 
are projected to experience the greatest change in regional employment by 2010. 

Table 4.27  Detailed Employment Areas with Greatest Projected Change by 2010 in the HGAC 
Planning Area 

Industry Net Change % Change 
Greatest Increase   
Elementary & Secondary Schools, Public & Private 36,550 23.6 
Personnel Supply Services 32,440 48.0 
Computer & Data Processing Services 31,650 81.3 
Colleges & Universities, Public & Private 14,600 20.4 
Hospitals, Public & Private 14,240 19.6 
Greatest Decrease 
Electric Services -970 -9.2 
Life Insurance -1,410 -12.7 
Petroleum & Petroleum Products -1,510 -25.0 
Petroleum Refining -2,290 -19.8 
Crude Petroleum & Natural Gas -6,920 -19.5 
Source: HGAC 2004b 
Area includes Brazoria, Chambers, Galveston, Fort Bend, Harris, Liberty, Montgomery, and Waller Counties 

 
The HGAC has developed an aggressive growth scenario for employment in Harris and Chambers County 
for the year 2025.  These projections, presented in Table 4.28, illustrate relatively slow growth for 
Chambers County and rapid growth for Harris County.  

Table 4.28  Past and Projected Employment Chambers and Harris County 
 1990 Total 

Employment 
2000 Total 

Employment 
1990-2000 Annual 
Average Growth 

2025 Projected 
Total 

Employment 

2000-2005 
Projected Average 

Annual Growth 
Chambers County 9,000 8,000 -1.1% 9,000 +0.6% 
Harris County 1,494,000 1,806,000 +2.1% 2,819,000 +2.2% 
Source: HGAC 2004b 
 
Table 4.29 illustrates the projected job market for the RAZs that include the project area. 
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Table 4.29  Total Jobs, 2000 and 2025 Projected by Regional Analysis Zones 
 

2000 2025 Percentage 
Increase 

2000-2025 
Projected Average 

Annual Growth 
Harris RAZ 86 18,473 30,534 65.3% 2.6% 
Harris RAZ 88 946 2,533 167.8% 6.7% 
Chambers RAZ 191 2,013 2,186 8.6% 0.3% 
Source: HGAC 2004b 
 
In March 2004 the unemployment rate for the Houston Metropolitan Statistical Area was 6.2 percent, 
Chambers County had an unemployment rate of 5.5 percent, and Baytown had a rate of 7.3 percent.  The 
unemployment rates for Texas and the U.S. were identical at 6.0 percent at the same time (Texas 
Workforce Commission 2004). 

4.2.10.4 Utility Services 

Reliant Energy (formerly HL&P) provides electrical service to the project area and is associated with the 
Cedar Bayou Generating Station located at Mile 9 of Cedar Bayou.  The City of Baytown provides water 
and wastewater services within its jurisdiction, some of which extends into residential areas adjacent to 
Cedar Bayou in Chambers County.  Industrial users in Chambers County are provided water by the 
Baytown Area Water Authority and wastewater service by the Gulf Coast Waste Disposal Authority.  

4.2.10.5 Public 

The project area lies entirely within the Goose Creek Consolidated Independent School District which is 
rated as “Recognized” by the Texas Education Agency.  Lee College in Baytown is the closest higher 
education institution and offers a 2-year curriculum and associates degrees. 

4.2.10.6 Recreational Use of Cedar Bayou 

During public scoping meetings, citizens brought forth the issue of the coexistence of recreational use of 
Cedar Bayou and commercial users on Cedar Bayou.  The public was primarily concerned with potential 
accidents between recreational boaters and barges. 

Cedar Bayou is used for fishing, water skiing, kayaking, and recreational boating.  As discussed in 
Section 1.4, marinas located along the bayou include Crawley’s Marina, Roseland Park and Marina, and 
Baytown Marina.  Several private docks are also scattered along the west side of the bayou.  No known 
records of the recreational use of Cedar Bayou are available. 

Roseland Park is a 22.5-acre public park located on the Harris County side of Cedar Bayou, just north of 
SH 99 (Mile 7).  This park consists of approximately 800 feet of Cedar Bayou shoreline, which is 
frequently used for fishing.  The majority of the park’s usage revolves around the public pool and a 
pavilion that is rented to the public for social gatherings.  The park also has public boat ramps, which 
provide access for recreational watercraft to the bayou and Upper Galveston Bay.  As with the other 
commercially navigable channels, recreational boating from this park co-exists with slow-moving barge 
traffic.  Tows move slowly in the park area to limit large wakes. 
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4.2.11 Flooding 

This section discusses the existing conditions concerning flooding along Cedar Bayou caused by runoff of 
rainfall and by storm surges.  Section 5.2.11 provides information on how the LPP is expected to affect 
these conditions. 

Executive Order 11988 on Floodplain Management requires agencies to take action to reduce the risk of 
flood loss; to minimize the impact of floods on human safety, health, and welfare; and to restore and 
preserve the natural and beneficial values served by floodplains. 

Cedar Bayou is subject to intense flooding due to localized intense thunderstorms, long duration storms, 
and hurricanes and tropical storms.  Two floodplain studies have been completed for Cedar Bayou: The 
Flood Plain Information Study – Cedar Bayou, Houston Metropolitan Area, Texas (USACE 1972a) and 
The Flood Insurance Study, Harris County, Texas and Incorporated Areas (Federal Emergency 
Management Agency (FEMA) (1992).  The following paragraphs summarize the studies. 

The Flood Plain Information Study – Cedar Bayou, Houston Metropolitan Area, Texas, which was 
conducted by the USACE in the early 1970s, used a statistical analysis of regional annual peaks to 
develop flooding discharges and flooding elevations directly related to the Cedar Bayou watershed 
(USACE 1972a).  The hurricane information at the time of the report was compiled from preliminary data 
available from the Texas Hurricane Society.  The conditions concerning flooding during rainfall events 
and hurricanes provided in the report are exhibited in Tables 4.30 and 4.31.  This study concluded that 
the duration of flooding for a 100-year and standard project flood event were 39 and 57 hours, 
respectively, and maximum surge elevations associated with hurricane flooding ranged from 15.0 feet for 
the 50-year hurricane to 18 feet for the standard project hurricane. 

Table 4.30  Rainfall and Runoff Flood Characteristics of Cedar Bayou 
 100-year Flood Standard Project Flood1 

Peak discharge (cubic feet per second)2 20,200 33,300 
Height of water rise (feet) 3.4 4.5 
Rate of rise (feet per hour) 0.3 0.5 
Duration of flooding (hours) 39 57 
Main channel velocity (feet per second) 3.8 4.0 
Overbank velocity (feet per second) 1.0 1.2 
Source: USACE 1972a 
1 The standard project is the project based on design criteria established by the USACE.  
2 cubic feet per second 

 
Table 4.31  Hurricane Flooding Levels at Cedar Bayou 

 50-year 
Hurricane 

100-year 
Hurricane 

Standard Project 
Hurricane 

Maximum surge elevation at the mouth of Cedar Bayou (feet)1 15.0 16.1 18.0 
Maximum surge elevation at SH 146 (feet)1 15.8 17.1 18.0 
Source: USACE 1972a 
1 Note: Surge heights are reported as elevations referenced to mean sea level and do not represent depth of flooding 
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The Flood Insurance Study, Harris County, Texas and Incorporated Areas (Flood Insurance Study) was 
prepared in 1992 by FEMA.  This study revised and updated previous Flood Insurance Studies 
(FIS)/Flood Insurance Rate Maps (FIRM) for the geographical area.  Cedar Bayou was included in the 
countywide study and was analyzed to determine the flood profiles for the bayou.  Figure 4.8 shows the 
FEMA 100-year and 500-year floodplains. 

In the Flood Insurance Study, flood elevations for the selected recurrence intervals were determined by 
performing a hydraulic analysis.  Table 4.32 summarizes the peak discharges along Cedar Bayou from 
this study.  The results of this study indicated that the 100-year peak discharge at the mouth of Cedar 
Bayou has reduced dramatically from 20,200 cubic feet per second (cfs) reported in the USACE’s 1972 
study to 10,500 cfs.  This change is most likely due to the diversion of water down the HL&P Cutoff, 
which was not considered in the 1972 study because it was a new feature.  This reasoning is supported by 
the reduction in 100-year peak discharge from 20,400 cfs at Pine Gully, which is located upstream of the 
HL&P Cutoff, to 10,500 cfs at the mouth of Cedar Bayou.  Therefore, the study showed that 
approximately half of the flow was diverted through the HL&P Cutoff. 

Table 4.32  FEMA Flooding Discharges for Cedar Bayou 
  Peak Flooding Discharges (cfs) 

Location Drainage Area 
(square miles) 

10-Year 
Flood 

50-Year 
Flood 

100-Year 
Flood 

500-Year 
Flood 

Mouth of Cedar Bayou 211.73 5,000 8,400 10,500 15,000 
Upstream of Confluence of Pine Gully1 196.04 12,300 17,500 20,400 25,800 
Upstream of Confluence of Cary Bayou2 173.15 11,100 15,500 17,700 22,300 
Source: FEMA 1992 
1 The confluence of Pine Gully is located slightly upstream of the HL&P Cutoff Channel. 
2 The confluence of Cary Bayou is located upstream of SH 146. 

 
In addition to the flood discharges within the bayou, FEMA (1992) established the elevations for the 
hurricane storm surges for Cedar Bayou.  This information is provided in Table 4.33. 

Table 4.33  Hurricane Surge Elevations 
 Water Surface Elevations (feet National Geodetic Vertical Datum) 
Location 10-Year 50-Year 100-Year 500-Year 
Mouth of Cedar Bayou 5.3 10.4 12.2 15.8 
At UPRR Bridge 6.1 11.0 12.8 16.4 
Source: FEMA 1992 

 
4.2.11.1 Storm Surge 

Despite Galveston Bay being an enclosed body of water, with Galveston Island and the Bolivar Peninsula 
providing a barrier to the Gulf of Mexico, storm surge and wave setup can cause a significant amount of 
flooding in low-lying areas depending on the intensity, direction, and speed of the storms.  FEMA’s 
FIRM maps for Chambers and Harris Counties show widespread flooding in the lower reaches associated 
with the 100-year surge elevation.  The flood elevations in these regions range from a high of +17.0 feet 
NGVD at the mouth of Cedar Bayou to +12.0 NGVD from Fisher Lake to the HL&P Cutoff.  The areas 
near Galveston Bay and the mouth of Cedar Bayou have higher flood elevations due to the combined 
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effects of storm surge and waves generated on top of the surge.  Areas with waves higher than 3.0 feet are 
designated as coastal high hazard zones.  Properties along Galveston Bay in the project area are 
designated as coastal high hazard areas.  Storm surge along the lower portion of Cedar Bayou between 
Galveston Bay and the HL&P Cutoff can approach from the north (HL&P Cutoff) and the south (Cedar 
Bayou).  The FIRM maps show a constant water surface elevation for the areas that are flooded, which 
indicates that the maximum storm surge from the bay has inundated all areas in the lower region and is 
attributed more to ponding than to conveyance upstream.   

The upper region of the project area is impacted by the combined effects of storm surge and runoff.  This 
area has more channelized flow than the lower region.  In the 1970s, HL&P dredged its cutoff channel 
and deepened and widened Cedar Bayou from the cutoff channel to the Cedar Bayou Generating Station, 
which created a larger conveyance channel.  The FIRM maps show that the combined effects of storm 
surge and runoff from the HL&P Cutoff to Bayer Polymers, LLC result in a flooding elevation of 
+12.0 feet NGVD.  The areas within the 100-year floodplain extend up to 1,000 feet beyond the banks of 
Cedar Bayou.  This area is similar to the lower region of the project area in that flood elevations are 
governed by storm surge. 

Hydrology and hydraulics analyses of the Upper Channel were conducted to determine the flooding 
conditions under the LPP compared with the No-action Alternative.  A discussion of the potential effects 
of the LPP on flooding in the project area is provided in Section 5.2.11. 

4.2.12 Bank Erosion 

Citizens attending public scoping meetings, as well as resource agencies, brought forth the concern of 
bank erosion along Cedar Bayou and the potential for the proposed project to increase erosion in the area.  
Bank erosion along Cedar Bayou may be a result of natural actions such as flooding events, tidal currents, 
storm surges, or anthropogenic forces such as subsidence or recreational and commercial watercraft.  The 
banks of Cedar Bayou consist primarily of stiff clays, and erosion of the banks has been minor judging by 
the conditions of the banks and the relatively low siltation throughout the channel. Banks are exposed 
more in the upper portion of the CBNC. 

The cost of bank erosion, whether natural or anthropogenic, can be significant.  There can be physical loss 
of public or private lands, as well as loss or damage to private or public structures and facilities.  In 
addition, retreating banks can exacerbate the vulnerability to floods and storm surge (NRC 1990).  
Mechanisms often used to limit erosion’s adverse effects often include engineering measures such as bank 
protection to physically prevent or limit erosion. 

The primary factors that determine erosion rates in Cedar Bayou include: 

1) the drawdown of the water from the banks; 
2) the return currents generated; and 
3) the waves created. 
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Figure 4.8  Floodplains within the Cedar Bayou Project Area 
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The first two factors are related to the speed of the tow relative to the water, the size of the channel 
relative to the size of the tow, the position of the tow in the channel relative to the banks, and the depth of 
the water in the channel.  The third factor is related to the speed of the tow and the distance from the 
bank.   

Vessels of any type can create these impacts, including barge tows and recreational boats.  Often the 
effects caused by barge tows are less than those caused by smaller boats that can operate at much higher 
speeds and closer to the shoreline.  Of the design tows that navigate the CBNC, these effects would be 
greatest for loaded super jumbo barges.  An analysis of the conditions created by these barges under the 
No-action Alternative and the LPP was conducted for the proposed project.  The results of the analysis are 
provided in Section 5.2.12. 

4.2.13 Prime Farmlands 

The Farmland Protection Policy Act (FPPA) minimizes the extent to which federal programs contribute to 
the unnecessary and irreversible conversion of farmland to non-agricultural uses.  Prime Farmland soils 
are defined by the NRCS guidelines implementing the FPPA. 

Prime Farmland soils that are listed by the NRCS for Harris and Chambers Counties and occur within the 
project area are identified in Table 4.34.  The soils that would potentially be impacted by the LPP are 
exhibited by Figure 4.2 in Section 4.1. 

Table 4.34  Prime Farmland Soils Located in the Project Area 
Soil Acres in Project Area Acres Impacted1 

Beaumont clay (if drained) 530.0 0 
Bernard clay loam 28.3 0 
Bernard Edna Complex 788.7 0 
Gessner loam (if drained) 87.5 0 
Lake Charles clay, 0 to 1 percent slopes 4,093.1 57.4 
Lake Charles clay, 1 to 5 percent slopes 1,445.6 69.6 
Morey soils (if drained ) 314.0 0 
Vaiden soils 67.3 0 
1 In addition, one soil type (Harris clay) that is not considered a Prime Farmland soil would be impacted by 
the LPP (91.5 acres).   
Source: NRCS 2004 
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5.0 ENVIRONMENTAL CONSEQUENCES 

This section describes the environmental consequences that implementing the No-action Alternative and 
the LPP would have on the environmental setting and the pertinent environmental issues discussed in 
Section 4.0.  A description of the No-action Alternative included in these discussions is provided in 
Section 2.2.2.1.  The LPP is described in Section 3.0.  The effects of the maintenance dredging of the 
Lower Channel are not included as impacts of the No-action Alternative, with the exception of aspects of 
the maintenance dredging that directly affect the project area.  These include maintenance dredging near 
Mile 3 and placement and dewatering of dredged material in an active upland placement area (PA 6) 
located at approximately Mile 5.  However, these are previously permitted activities and are addressed 
primarily to provide a baseline of conditions in the area without the LPP (USACE 1972b).  The remaining 
effects of the maintenance dredging in the Lower Channel are included as a separate project in the 
cumulative impacts section (Section 5.3). 

The impacts attributable to the LPP are primarily those impacts directly related to dredging the channel to 
the proposed depth and width (10 feet deep and 100 feet wide) and depositing the dredged material in 
placement areas.  In planning the project, the CCCBND and the USACE have attempted to limit the 
impacts to resources outside the existing channel.  Commercial traffic on the CBNC is expected to 
increase similarly under both the No-action Alternative and the LPP. 

5.1 Environmental Setting 

Neither alternative would have adverse impacts on the region’s physiography, topography, geology, 
climate, or groundwater.  Under the LPP, localized changes in topography would occur as a result of 
filling Upland Placement Areas No. 1 and No. 2 to elevations that would be between 10 and 20 feet above 
existing levels.  Impacts to Prime Farmlands are included in Section 5.2.13. 

5.2 Pertinent Environmental Issues 

5.2.1 Water Quality 

The most apparent impact of the proposed project to water quality in Cedar Bayou and Upper Galveston 
Bay is turbidity associated with initial and maintenance dredging and placement activities.  The No-action 
Alternative would have virtually no impact on water quality in the project area. 

Turbidity as a result of the dredging and placement activities associated with the LPP would occur along 
Cedar Bayou from downstream of Ijams Lake to SH 146.  These effects would occur during the initial 
dredging and every 10 years afterward during maintenance dredging cycles.  Increases in turbidity at 
upland placement areas may occur as a result of the discharge of supernatant into Cedar Bayou during 
dewatering of the dredged material.  This effect is expected to be minor due to the relatively high 
turbidity levels already present in the bayou as well as the intentional minimization of turbidity in the 
supernatant by proper design of the dewatering operation.  At Ijams Lake, turbidity would increase during 
the construction of levees between Cedar Bayou and the placement area and construction of temporary 
channels for barge access into Ijams Lake.  Once the levees are completed, the lake would serve as a 
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confined placement area, and turbidity should decrease.  However, the discharge of effluent from the 
Ijams Lake Placement Area would continue to result in some increase in turbidity near the proposed spill 
box.  The increases in turbidity as a result of the project are considered to be temporary and local and are 
expected to return to ambient conditions after dredging and dewatering activities are completed. 

Although turbidity has been shown to reduce primary production in laboratory studies (Sherk 1971), field 
studies have shown essentially no biological impacts from turbidity (Odum and Wilson 1962, May 1973).  
Turbidity plumes have been reported to be detectable from an aircraft a little more than one mile down 
current from open-bay placement areas (May 1973) but only a few hundred yards on days when winds 
cause natural turbidity in estuaries.  Since Cedar Bayou is much more protected than open-bay systems, 
and the Ijams Lake Placement Area would be confined during placement (versus unconfined, open 
placement), turbidity plumes from the project area are not expected to range very far downstream, 
especially at times of low flow and low tidal activity.   

Although several studies have determined that DO concentrations may be affected by open-bay placement 
(Brown and Clark 1968, Pearce 1972, Hopkins 1972, May 1973, Windom 1972, Wakeman 1974), 
especially at the water/sediment interface in the areas of mud flow, turbidities caused by dredging are not 
expected to be as high.  Since the LPP includes only confined placement areas, it is not expected to have 
more than a minimal effect on DO concentrations. 

5.2.1.1 Water Exchange and Inflows 

The No-action Alternative would not affect the current water exchange between Cedar Bayou and Upper 
Galveston Bay or freshwater inflow into these water bodies.  

The LPP includes a cutoff channel to bypass Devil’s Elbow, which would create a split-flow condition in 
this area, where approximately 65 percent of the flow and sediment load would travel through the Devil’s 
Elbow Cutoff, and approximately 35 percent of the flow and sediment load would travel through the 
existing Devil’s Elbow channel.  Table 5.1 exhibits the projected distribution of water through the 
Devil’s Elbow Cutoff and the existing channel during various flood events under the LPP.  This split-flow 
condition is not expected to heavily influence freshwater inflow into Cedar Bayou or water exchange with 
Upper Galveston Bay.  Water levels in Cedar Bayou would continue to be influenced by the combination 
of inflows, tides, and intake by the Cedar Bayou Generating Station. 

Table 5.1  Split-Flow Distribution at Devil’s Elbow under the LPP 
Storm Frequency 

(year) 
Proposed Devil’s 

Elbow Cutoff (cfs) 
Existing Devil’s Elbow 

Channel (cfs) 
2 1,365 735 
5 2,470 1,330 

10 3,250 1,750 
25 4,582 2,467 
50 5,460 2,940 
100 6,825 3,675 
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5.2.1.2 Salinity 

Since neither the No-action Alternative nor the LPP is expected to significantly affect freshwater inflow 
or water exchange, salinities in Cedar Bayou and Upper Galveston Bay are not expected to change 
substantially as a result of either alternative.  The primary mechanism for transferring salt water into 
Cedar Bayou is the intake at the Cedar Bayou Generating Station, which pulls water from both the north 
and the south.  Neither the No-action Alternative nor the LPP would affect the intake of water by the 
Cedar Bayou Generating Station.  Since the LPP also does not include modifications to the Lower 
Channel in Galveston Bay, the minor changes in depth and width of the Upper Channel are not expected 
to change the salinity of Cedar Bayou or the saltwater wedge that occurs in the bayou.  

5.2.1.3 Water Chemistry 

Projected increases in traffic along the CBNC are similar for both the No-action Alternative and the LPP.  
Therefore, under both alternatives, the project area would experience an increase in the potential for 
accidental spills.  Barges transiting the CBNC carry a variety of potential contaminants, including metals, 
industrial chemicals, and petroleum products.  Ruptures of containers containing these products could 
result in harmful materials being released into the water.  However, the risk of this is relatively low, and 
the wider channel provided by the LPP would reduce the risk of barge accidents that may result in spills. 

Sampling records from the dredging of the Lower Channel, between the HSC and Mile 3, have indicated 
that there are no concerns of contamination in that area (USACE 2001).  In laboratory studies, Burk and 
Engler (1978) found that there were only small releases of metals into the water column during dredged 
material placement because of the insolubility of most metal oxides.  They found that, if present in 
sufficient quantity, hydrous iron oxide will scavenge other metals from the water column.  The lack of 
release of metals into the water column was confirmed by field studies conducted by the USACE WES 
(Wright 1978).  Only manganese was found to be released into the water column to any extent in studies 
conducted off Galveston in Texas; in Lake Erie just offshore from the Astabula River Harbor in Ohio; and 
in the near-shore Pacific Ocean off the Columbia River in Oregon.  However, even concentrations of 
manganese returned to ambient conditions in minutes to hours.  Phosphorus and nitrogen were also 
released but returned to normal concentrations within minutes to hours (Wright 1978). 

Nonetheless, there is a potential for contaminants in sediments to be mobilized and released into the water 
column during dredging activities.  The USACE has developed a guidance document for evaluating this 
potential titled Evaluation of Dredged Material Proposed for Disposal at Island, Nearshore, or Upland 
Confined Disposal Facilities – Testing Manual (USACE 2003).  The guidance includes procedures for 
evaluating potential impacts from five contaminant migration pathways associated with dredged material: 
(1) effluent discharge, (2) leaching to groundwater, (3) stormwater runoff, (4) volatilization to air, and (5) 
uptake by plants or animals.  The first three pathways relate to water quality and are discussed in the 
following paragraphs, followed by a discussion of pathways 4 and 5.   

In the first three pathways relating to water quality, the key mechanism to consider is the solubilization of 
contaminants from the sediment into the water phase.  For pathway 2 (leaching to groundwater), this is 
the sole mechanism involved in contaminant migration (other than the bulk migration of the water phase 
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down into the groundwater).  For pathways 1 and 3, this mechanism must be considered together with the 
bulk movement of sediment particles along with the water phase.  This latter mechanism can be 
controlled to a large extent by properly designing the upland confined placement areas to remove 
sediment from water—from both dredging and stormwater runoff—prior to allowing the discharge of the 
water to Cedar Bayou. 

During hydraulic dredging operations, sediments are intimately mixed with surface water in the pipeline 
carrying them to the placement area.  This creates the potential for solubilization of contaminants, which 
are then discharged with the dewatering effluent.  Based on the elutriate data discussed in Section 4.2.1.3, 
this pathway is not expected to be significant. 

Given the relatively low average concentrations of metals and other contaminants present in the existing 
sediment along with the predominance of clay and clay-loam soils in the upland placement areas (which 
tend to minimize infiltration), it can be concluded that leaching to groundwater would not be a threat at 
the upland placement areas. 

After the material is deposited and has settled in the placement area, no significant mixing is anticipated 
to occur; therefore, stormwater runoff would not be expected to solubilize contaminants and allow them 
to be discharged in the effluent. 

The TMDL study that is underway for the HSC and Upper Galveston Bay, including Cedar Bayou, has 
indicated that dioxins occur within the Cedar Bayou water column at concentrations higher than target 
values set for the study.  Neither the No-action Alternative nor the LPP are expected to discharge 
additional dioxins into the water column.  Any dioxins in sediments would potentially become suspended 
in the water column during dredging activities, as well as be discharged into the upland placement areas.  
However, due to the compound’s very low solubility, the dioxins would adsorb to sediments and 
suspended silts (EPA 2004) and would settle out of the water column shortly after dredging and 
dewatering activities cease.  Therefore, the proposed project is not expected to result in long-term effects 
to dioxin levels in the water. 

The fourth pathway of volatilization to air would not be of concern for this project since testing of 
existing sediments has demonstrated they do not contain volatile organics (Tables 4.9 and 4.10).  The 
fifth pathway relating to uptake of contaminants by plants or animals does not appear to present a concern 
for the LPP because contaminant concentrations are relatively low.  A comparison of the analytical data 
in Tables 4.9 and 4.10 to NOAA’s screening values (NOAA 1999) reveals that for the elevated metal 
contaminants, the highest concentrations detected in sediment fall within the background range for soils.   
For the elevated organics, the highest concentrations measured are typically at or near the Agricultural 
Target value for soils.  When it is considered that only three of the nine sample sites where dredging 
would occur exhibited organic contaminants, the average organic concentrations to be expected in the 
upland placement areas would be far below the concentrations measured. 
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5.2.2 Sediment Quality 

The No-action Alternative would not require dredging of materials between Mile 3 and SH 146.  Under 
the LPP, approximately 896,000 cy of material are expected to be initially dredged between these limits.  
The channel has a relatively low siltation rate (1.7 cy/foot/year) and would have an advance maintenance 
dredge depth of –11.0 feet MLT, with an additional 1-foot over-dredge tolerance to maximize dredging 
efficiency.  Therefore, maintenance dredging of the Upper Channel of the CBNC is recommended to 
occur every 10 years after the initial dredging.  During each of four maintenance dredging cycles, 
approximately 704,000 cy are expected to be dredged in the Upper Channel. 

The LPP would result in improvement to sediment quality in the CBNC.  As discussed in Section 4.2.2, 
elevated levels of dioxin and certain metals and organics currently exist in channel sediments.  These 
contaminants would be removed during dredging and re-deposited in the upland placement areas.  After 
dewatering is complete, these sediments would be upland soils, and the contaminant levels would no 
longer present a potential threat to the aquatic environment, nor would they pose a threat to the upland 
environment based on existing contaminant data.  The remaining sediment in Cedar Bayou would contain 
lower concentrations of contaminants than before the LPP.  Given that water quality discharge standards 
are constantly being tightened for industrial and municipal dischargers, and spill prevention requirements 
are constantly being expanded, there is a high likelihood that the new sediment in the CBNC would 
remain less affected by contaminants than before the LPP.  Additionally, maintenance dredging every 10 
years would remove any contaminants that have accumulated in the sediments from the aquatic 
environment. 

5.2.2.1 Ijams Lake 

Under the LPP, approximately 342,000 cy of in-situ material from the Devil’s Elbow Cutoff would be 
deposited into Ijams Lake during the initial dredging of the LPP (see Section 2.3.4).  Of this amount, 
331,030 cy (97 percent) would be Pleistocene soils from the upland portion of the cutoff.  The remaining 
10,970 cy (3 percent) would be Recent materials from the shallow water or estuarine marsh portion of the 
cutoff.   

There is no reason to believe that the upland soils in the Devil’s Elbow Cutoff are potentially 
contaminated since the property has never been developed and its only use has been for grazing cattle.  
Although dioxins, certain metals, and organics have been detected within the water column and sediments 
of the existing channel, there is no evidence to suggest that these contaminants would also be present in 
the estuarine marsh portion of the cutoff.  Given the limited amount of material to be placed in Ijams Lake 
that would be dredged from shallow water, and the small probability of that shallow sediment containing 
contaminants, the possibility of contamination of the sediments to be placed in Ijam’s Lake is considered 
low.  

5.2.2.2 Sediment Budget 

The No-action Alternative would not affect the current sediment budget of the Cedar Bayou waterway.  
Sediment influx through freshwater inflow, tide-driven flows, and intake by the Cedar Bayou Generating 
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Station would continue.  Shoaling would continue to occur within certain areas of the CBNC, especially 
at its intersection with the HL&P Cutoff. 

As discussed in Section 5.2.1, the LPP would result in a split-flow condition at Devil’s Elbow, where 
approximately 65 percent of the flow and sediment load would travel through the Devil’s Elbow Cutoff 
(see Table 5.1 in Section 5.2.1), and approximately 35 percent of the flow and sediment load would travel 
through the existing Devil’s Elbow channel.  Since the existing channel would not be dredged under the 
LPP, it would likely silt in to some extent.  Using a siltation rate of 1.7 cy/foot/year, the total length of 
time that it would take for the entire Devil’s Elbow channel to silt in completely was calculated in every 
cross-section (separated by 500 feet) from Station 305+00 to 390+00.  This analysis resulted in an 
average amount of time for complete silting in to occur of approximately 104 years, with a minimum of 
77 years in some portions of the channel to a maximum of 164 years in other portions of the channel.  
Using a much more conservative flow through Devil’s Elbow of 67 percent, the average time it would 
take the channel to completely silt in would decrease to approximately 52 years, with times ranging from 
39 to 82 years.  These estimates are conservative in that they assume constant flow and sediment load 
through Devil’s Elbow.  However, as the channel silts in over time, it is anticipated that less sediment 
would be deposited in the channel due to increased velocity and increased diversion of flow and sediment 
load through the maintained Devil’s Elbow Cutoff for the life of the project.  These analyses indicate that 
complete siltation of Devil’s Elbow is not anticipated during the life of the project.   

Over the life of the project, the existing Devil’s Elbow channel is projected to silt in by approximately 
7 feet, to a new elevation of -3.0 feet MLT.  This would result in 4.4 feet of water depth at mean tide, 
which would allow Devil’s Elbow to remain navigable for recreational watercraft but not for commercial 
barge traffic.  This decrease in water depth would occur gradually and should improve the aquatic habitat 
and benefit recreational fishing by increasing the diversity of marine habitat in the area.  The existing 
Devil’s Elbow channel would also provide an alternate route through which recreational watercraft can 
navigate the CBNC. 

5.2.3 Habitat Types 

The No-action Alternative would not impact aquatic or upland communities in the project area, with the 
exception of potential temporary increases in turbidity from maintenance dredging in the Lower Channel 
near Mile 3 and placement of dredged material in PA 6.  This placement area contains freshwater 
emergent marsh that has established as a result of impoundment by levees constructed to confine this site 
(Weston 2002c). 

For the LPP, direct impacts to habitats within the footprint of the project components (i.e., channel, 
Devil’s Elbow Cutoff, placement areas, and bend easing) were determined through field investigations 
and sampling.  Indirect impacts to habitats were identified through study of the habitats surrounding the 
impact zones.  The LPP would directly impact open water (mud substrate) habitat and estuarine marsh by 
dredging a deeper and wider channel, placing dredged material in Ijams Lake, and excavating the Devil’s 
Elbow Cutoff.  Upland habitats would be impacted by the Devil’s Elbow Cutoff, two bend easings, and 
two upland placement areas.  The following sections describe and quantify the habitats directly impacted 
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by the LPP, as well as discuss potential indirect impacts to habitats adjacent to the proposed 
improvements.  Descriptions of vegetation in the habitats are based on quantitative sampling of the direct 
impact areas.  Figures 5.1 through 5.4 show the habitats that would be impacted by the components of the 
LPP.  Open water habitats within the Cedar Bayou channel are not shaded in these figures, with the 
exception of the Devil’s Elbow in Figure 5.2.  The extent of direct impacts to open water habitat is 
evident from the dredge slope limits identified in Figure 5.1.  This habitat is discussed in text in 
Section 5.2.3.1.  Open water is highlighted within Devil’s Elbow because the LPP would result in less 
flow through Devil’s Elbow, which is expected to cause some siltation of the channel.  This is discussed 
below.  Habitats that are expected to be indirectly impacted are located primarily in the Devil’s Elbow 
area (see Figure 5.2).  Mitigation that is proposed for impacts to aquatic and upland habitats is discussed 
briefly below and in more detail in Section 6.0. 

5.2.3.1 Aquatic Habitats 

Open Water (Mud Bottom) 

Approximately 128.0 acres of open water (mud bottom) habitat (8 to 10 feet deep) would be impacted by 
dredging the Upper Channel.  In addition, 80.1 acres of open water mud bottom (1 to 2 feet deep) within 
Ijams Lake would be converted to estuarine marsh (see Figure 5.2).   The 80.1 acres of open water mud 
bottom in Ijams Lake would be permanently lost, and the lake would be unavailable for use by aquatic 
fauna during marsh creation.  However, once the estuarine marsh is established, it would provide a net 
increase in the overall diversity and productivity of aquatic habitats in the project area. 

Table 5.2  Habitat Types Directly Impacted by the LPP 
Habitat Type Acres in Project Area Acres Impacted 
Aquatic Habitats   
Open Water (Mud Bottom) 1,035.1 208.1 
Estuarine Marsh 101.4 3.8 

Low Salt Marsh  3.6 
High Salt Marsh  0 
Brackish Marsh  0.2 

Freshwater Wetlands 118.8 0 
Upland Habitats   
Native Hardwoods 1,256.4 5.5 
Tallow-dominated woodlands 257.4 5.9 
Scrub/shrub 125.7 64.0 
Improved Pasture 892.3 56.4 

 
Fauna within these open water habitats would experience some loss to both dredging and placement 
activities.  Benthic organisms would be removed with the mud substrate during dredging and placed into 
placement areas.  Within Ijams Lake, benthic and other marine organisms would be covered with dredged 
material.  The estuarine marsh created in this placement area would be used by a variety of aquatic and 
semi-aquatic fauna. 
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The Devil’s Elbow Cutoff would bypass the existing Devil’s Elbow channel and would create a split-flow 
condition at Devil’s Elbow, where approximately 65 percent of the flow and sediment load would travel 
through the Devil’s Elbow Cutoff, and approximately 35 percent of the flow and sediment load would 
travel through the existing Devil’s Elbow channel (see Table 5.1 in Section 5.2.1).  As discussed in 
Section 5.2.2.2, this condition would indirectly affect the Devil’s Elbow channel by reducing water flow 
and sediment load through the channel.  Devil’s Elbow is expected to silt in by approximately 7 feet over 
the life of the project, resulting in a water depth of 4.4 feet at mean tide.  This is expected to benefit the 
open water habitats in the area by increasing the diversity of water depths. 

Armoring of the levee between Ijams Lake and Cedar Bayou, as well as armoring of the new banks of the 
Devil’s Elbow Cutoff, would prevent these areas from being colonized by benthic organisms (total of 
9.0 acres).  The riprap would provide structure for cover and foraging for a variety of species such as 
crabs and finfish. 

Estuarine Marsh 

The LPP would convert a total of 3.8 acres of estuarine marsh to open water associated with the improved 
channel.  Approximately 3.6 acres would be dredged in the Devil’s Elbow Cutoff (see Figure 5.2), while 
the remaining 0.2 acre of impacted marsh is located along one of the bends that would be eased in the 
northern portion of the project (see Figure 5.4).  The estuarine marsh in the Devil’s Elbow Cutoff is 
generally low salt marsh dominated by smooth cordgrass, with the edges containing scattered salt-
meadow cordgrass, tall pigweed, salt-marsh aster, and big-leaf sumpweed.  The small area located in the 
bend easing is brackish in nature and is dominated by southern cattail.  To offset these impacts, the 
proposed project would create 80.1 acres of estuarine marsh at the south end of the project, 15.0 acres of 
which would be considered mitigation for the loss of estuarine marsh (see Section 6.0). 

Indirect effects of the LPP to estuarine marsh as a result of the proposed project include potential erosion 
of marshy areas that would be located on the east side of Devil’s Elbow Island.  The shallow water habitat 
present on either side of the cutoff channel would serve as some buffer from wave action to this marsh.  
The Devil’s Elbow Cutoff would eliminate barge traffic within the existing Devil’s Elbow channel, 
thereby potentially reducing wave action on the estuarine marsh located along the south and west sides of 
the Devil’s Elbow Island.   

Estuarine marsh that would be located on the south and west sides of Devil’s Elbow Island, adjacent to 
the existing Devil’s Elbow channel, could potentially be affected by the LPP by the reduced flow within 
Devil’s Elbow resulting from the new cutoff channel.  Over the life of the project, the flow of water 
within Devil’s Elbow is expected to provide enough water and tidal influence to ensure the viability of 
this estuarine marsh. 
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Figure 5.1  Index of Habitat Types Impacted by the Locally Preferred Plan 



 

5-10 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 



FINAL ENVIRONMENTAL IMPACT STATEMENT 5-11 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

 

Figure 5.2  Habitat Types Impacted by the Devil’s Elbow Cutoff and Ijams Lake Placement Area 
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Figure 5.3  Habitat Types Impacted by the Upland Placement Areas 
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Figure 5.4  Habitat Types Impacted by the Bend Easings 
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5.2.3.2 Upland Habitats 

Although the LPP was designed to minimize impacts to quantity and quality of upland habitats, impacts 
to approximately 131.8 acres of upland habitats were considered unavoidable.  These habitats include 
5.5 acres of native hardwoods, 5.9 acres of tallow-dominated woodlands, 64.0 acres of scrub/shrub, and 
56.4 acres of improved pasture.  The project components that would affect upland habitats include the 
Devil’s Elbow Cutoff, the two bend easings, and the two upland placement areas.  The following 
paragraphs describe the habitats that are impacted by each component.  Table 5.3 summarizes these 
impacts.  To offset impacts of the LPP, approximately 157.5 acres of habitats are proposed to be 
preserved as mitigation areas (see Section 6.0). 

Table 5.3  Anticipated Impacts of the LPP to Upland Habitats (Acres) 
 LPP Component  

Habitat Type Devil’s Elbow 
Cutoff 

Upland Placement 
Area No. 1 

Upland Placement 
Area No. 2 

Bend 
Easings 

Total 
Impacts 

Native Hardwoods 5.5 0 0 0 5.5 
Tallow-dominated Woodlands 0 0 5.0 0.9 5.9 
Scrub/Shrub 0 63.0 0.2 0.8 64.0 
Improved Pasture 4.7 0 51.7 0 56.4 
Total Impacts 10.2 63 56.9 1.7 131.8 

 
Devil’s Elbow Cutoff 

Approximately 10.2 acres of upland habitats would be removed by the Devil’s Elbow Cutoff (see 
Figure 5.2), and the area would be converted to open water associated with the CBNC.  Habitats that 
would be removed include 5.5 acres of native hardwoods and 4.7 acres of improved pasture.  Sampling of 
these vegetation types revealed that the native hardwoods are dominated by cedar elm, post oak, water 
oak, willow oak (Quercus phellos), and bastard oak (Q. sinuata).  The shrub layer is dominated by 
yaupon, possumhaw (Ilex decidua), and trifoliate orange.  Herbaceous cover is dominated by Cherokee 
caric-sedge (Carex cherokeensis) and short-leaf basketgrass (Oplismenus hirtellus).   

The improved pasture that would be impacted by the Devil’s Elbow Cutoff is dominated by herbaceous 
species such as sea-coast sumpweed, common carpetgrass, bahiagrass, smutgrass, and Hooker’s eryngo, 
with some Chinese tallow invasion. 

In addition, the Devil’s Elbow Cutoff would result in the isolation of upland habitats on Devil’s Elbow 
Island.  Upland habitats on the island include native hardwoods (30.2 acres) and improved pasture 
(11.9 acres).  The survival of the native hardwoods located on the Devil’s Elbow Island is dependent on 
the availability of fresh water on the island after it is created.  Water can be supplied to an area by direct 
rainfall, overland flow, or groundwater.  The average annual rainfall for the region in which the project is 
located ranges from 45 to 55 inches, which is sufficient to support native hardwoods adapted to the area.  
A detailed look at the topography of the area indicates that surface water runoff from the mainland to the 
peninsula (island under the LPP), does not appear to have a significant impact on the groundwater quality 
or volume, and no significant drainage or other features (e.g., ponds or depressions) that would 
concentrate surface water or promote infiltration on the peninsula were observed (Geomatrix Consultants, 
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Inc. 2003).  In fact, most of the water from the mainland would be drained by two streams before it 
reached the peninsula.  Therefore, no significant surface watershed that would supply the Devil’s Elbow 
Island area would be interrupted by the proposed Devil’s Elbow Cutoff.   

An analysis of the groundwater beneath the native hardwoods on what would become Devil’s Elbow 
Island revealed that groundwater is present in a 3- to 4-foot thick layer located between 16 and 20 feet 
underground, which corresponds with the approximate elevation of the existing channel (Geomatrix 
Consultants, Inc. 2003).  In mature trees, the majority of the root system consists of lateral roots that 
spread out from the tree horizontally, most of which only reach a depth of 3 feet (Harris et al. 1998).  
From the study of the area’s surface watershed and groundwater depth, it appears that the native 
hardwoods that are growing in the Devil’s Elbow area are currently surviving using water received from 
direct rainfall and not from overland flow or groundwater.  The recommended plan would not impact the 
amount of rainfall in the area; therefore, it is not expected to adversely affect the native hardwoods on 
Devil’s Elbow Island. 

Under the LPP, the Devil’s Elbow Island would be preserved as a mitigation area for impacts to upland 
habitats, namely native hardwoods.  The upland portion of the newly cut bank adjacent to the Devil’s 
Elbow Cutoff would be armored using rubble riprap.  Section 3.1 provides a detailed description and plan 
view of this armoring.  Although the riprap would affect the ability for upland habitats to grow along the 
edge of the bayou, it would have a beneficial effect of protecting the newly cut bank and the associated 
native hardwoods on the proposed mitigation area from erosion.  In addition, native hardwoods that 
would be located on the north side of the cutoff channel would also be protected from erosion by bank 
armoring. 

The Devil’s Elbow Cutoff would result in fragmentation of upland habitats, namely native hardwoods, in 
this area.  Although most of the native hardwoods located in the Devil’s Elbow Area would be preserved 
on the Devil’s Elbow Island, two small patches would be separated on the north side of the CBNC and 
would be bordered by the bayou, an existing placement area, and improved pastureland.  More mobile 
species and semi-aquatic species would be able to cross Cedar Bayou to use the native hardwoods on both 
sides of the bayou.  However, smaller, less mobile species may be restricted to one side or the other.  
Migratory birds could use both sides of Cedar Bayou, although some species may avoid using the small 
patches on the north side of the bayou. 

Upland Placement Area No. 1 

Upland Placement Area No. 1 would impact approximately 63 acres of scrub/shrub habitat that has re-
established in the existing placement area (see Figure 5.3).  This habitat consists of a matrix of species 
that varies based on minor changes in topography.  Generally, the area is dominated by eastern baccharis, 
southern wax myrtle, Alabama supplejack, peppervine, and climbing hempweed.  There has been some 
Chinese tallow invasion.  Small, isolated depressions that are scattered throughout the site periodically 
hold water and support wetland communities dominated by broad-leaf cattail, salt-marsh bulrush, gulf 
cordgrass, salt-meadow cordgrass, sea ox-eye (Borrichia frutescens), jointed flat-sedge, and green flat-
sedge.  The edges of these depressions contain scattered saltcedar, Chinese tallow, and black willow. 
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Upland Placement Area No. 2 

Upland Placement Area No. 2 and the associated dewatering channel would impact approximately 
56.9 acres of upland habitats, which include approximately 51.7 acres of improved pasture, 5.0 acres of 
tallow-dominated woodlands, and 0.2 acre of scrub/shrub (see Figure 5.3).  The excavation of the 
dewatering channel would cause approximately 1.7 acres of these impacts.  The pasture that would be 
impacted is dominated by common carpetgrass and St. Augustine grass and has moderate Chinese tallow 
invasion.   

The tallow-dominated woodlands in Upland Placement Area No. 2 include other canopy species such as 
sugar hackberry and osage orange.  Shrub species common in these woodlands include trifoliate orange, 
gum bumelia, yaupon, and Chinese privet.  The groundcover is dominated by St. Augustine grass, 
common carpetgrass, and Cherokee caric-sedge.   

The vegetation in the scrub/shrub habitat within Upland Placement Area No. 2 consists of successional 
regrowth that is similar to the scrub/shrub habitat located in Upland Placement Area No. 1. 

Use of upland placement areas would prevent the existing habitats to be used by wildlife species.  
Successional vegetative regrowth may occur between dredging cycles and after the completion of the 
project if the placement areas are abandoned.   

Bend Easings 

The two bend easings that would impact the banks of Cedar Bayou would remove approximately 
1.7 acres of upland habitats (see Figure 5.4) and would convert the areas to open water associated with 
the CBNC.  Of these upland habitats, 0.9 acre is tallow-dominated woodland and 0.8 acre is scrub/shrub.  
The bends vary in their habitats depending on the land use associated with each area.  The vegetation on 
the banks impacted by Bend Easing 1 include a tallow-dominated woodland and scrub/shrub dominated 
by eastern baccharis, Japanese honeysuckle (Lonicera japonica), saw greenbrier (Smilax bona-nox), 
southern dewberry (Rubus trivialis), Canadian goldenrod (Solidago canadensis), Brazilian vervain 
(Verbena brasiliensis), and bermudagrass (Cynodon dactylon).  The banks impacted by Bend Easing 2 
support a scrub/shrub habitat that includes eastern baccharis, Carolina wolfberry (Lycium caroliniana), 
poison ivy (Toxicodendron radicans), salt-marsh morning glory (Ipomoea sagittata), salt-meadow 
cordgrass, and sea-side goldenrod (Solidago sempervirens). 

As noted above, the proposed project includes compensatory mitigation for estuarine marsh and upland 
habitats that would be impacted.  Section 6.0 discusses the proposed mitigation.   

5.2.4 Finfish and Shellfish Resources 

The No-action Alternative would not affect finfish and shellfish resources in the project area, with the 
exception of periodic temporary increases in turbidity during maintenance dredging of the Lower Channel 
near Mile 3 and placement of dredged material within PA 6.   
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The effects to finfish and shellfish resources as a result of the LPP include potential mortality, increased 
turbidity during dredging and placement operations, dredging and covering of benthic organisms that 
serve as prey for finfish, and potential for contaminant spills during dredging and placement operations. 

Of the effects listed above, the main effects of the LPP to finfish and shellfish resources are the potential 
mortality to individuals, especially within Ijams Lake, and increases in turbidity in the water column in 
the vicinity of dredging activities.  Finfish and other organisms that are trapped within Ijams Lake after 
levee construction are likely to be covered with dredged material.  However, the three drainages that flow 
into Ijams Lake (Ijams Gully, Water Oak Gully, and an unnamed drainage) would provide some refuge 
for finfish and other aquatic fauna.  Furthermore, losses of finfish and other organisms are not expected to 
substantially affect regional populations within the Galveston Bay system. 

Elevated turbidities during construction and maintenance dredging and dewatering of placement areas 
associated with the LPP may affect finfish and other aquatic organisms near the dredging activity; 
however, increased turbidities are usually temporary and local and can be expected to return to near 
ambient conditions within a few hours after dredging ceases or moves out of an area.  Additionally, 
finfish and shellfish communities are generally able to respond quickly to dredging and placement 
activities due to their mobility.  Overall, fish and other motile organisms can avoid highly turbid areas 
(Hirsch et al. 1978), and under most conditions are only exposed to localized suspended sediments for 
short durations (minutes to hours) (Clarke and Wilber 2000). 

Several studies have found that increases in turbidity from TSS associated with dredging operations had 
no substantial effects on nekton (Ritchie 1970; Stickney 1972; Wright 1978); however, other studies have 
shown that elevated TSS levels and prolonged exposure can suffocate and reduce growth rates of adult 
and juvenile nekton, as well as reduce viability of eggs (Moore 1977; Stern and Stickle 1978).  Negative 
effects are generally recognized at TSS concentrations greater than 500 mg/L and for periods of 
continuous exposure ranging from several hours to a few days.  Turbidities exceeding 500 mg/L have 
been observed around maintenance dredging and placement operations (Espey, Huston & Associates, Inc. 
1980), which may affect some aquatic organisms near the active dredges and outflow weirs.  A study in 
Corpus Christi Bay (Schubel et al. 1978) reported TSS values greater than 300 mg/L but only in a 
relatively small area near the bottom.  The study also found that TSS resulting from maintenance 
dredging in Corpus Christi Bay are not greater than that from shrimping and affect the bay for much 
shorter time periods.   

Although some individuals of finfish and shellfish species may be harmed by the LPP, especially those 
that are confined within Ijams Lake and are covered by dredged material, no significant impacts to overall 
populations of finfish or shellfish in the Galveston Bay system are anticipated as a result of the proposed 
project.  Placement of dredged material and construction of estuarine marsh within Ijams Lake would 
temporarily prevent finfish from utilizing this habitat.  Once established, however, the estuarine marsh is 
expected to be more productive than the shallow open water.  Therefore, the LPP should have a net 
positive effect on habitats used by finfish and shellfish.  No long-term negative effects to finfish and 
shellfish resources are expected as a result of the LPP. 
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There is little difference in the likelihood of spills of petroleum products or other contaminants between 
the No-action Alternative and the LPP since projected traffic increases are similar under both alternatives.  
Under the LPP, there may actually be a slight decrease in the likelihood of a spill resulting from accidents 
between barges because the improved channel and the designation of a passing zone would increase 
safety in the CBNC.  In the unlikely event a contaminant spill should occur, adult finfish and shellfish are 
probably mobile enough to avoid the spill.  Larval and juvenile finfish and shellfish are less mobile and 
could be negatively impacted, especially if a spill occurred during their active immigration periods.   

5.2.4.1 Recreational and Commercial Species 

The No-action Alternative would not affect recreational and commercial fisheries unless barge traffic 
increases to such an extent that navigation by recreational boats becomes difficult without an improved 
channel.  Commercial fishing for shellfish and finfish is not expected to occur in Cedar Bayou; therefore, 
no direct impacts to commercial fishing are expected from either alternative. 

The LPP may have minor, temporary negative effects to recreational fisheries due to temporary loss of 
Ijams Lake as habitat for game species and as a fishing area, as well as disturbance of the area during 
dredging and placement activities.  Potential direct mortality, temporary increases in turbidity, and 
increased potential for spills discussed above are not expected to impact finfish and shellfish resources to 
a point that would adversely affect recreational fisheries.   

The evaluation of effects on the aquatic communities of the region (presented in Section 5.2.4.2) 
concluded that no significant impacts to food sources (i.e., zooplankton and benthic organisms) for nekton 
were likely.  Therefore, reductions of nekton standing crops would not be expected from the No-action 
Alternative or the LPP.  In particular, major recreational and commercial species of nekton, including the 
sciaenid fishes and penaeid shrimp, should not suffer any significant losses in standing crop.  Recreational 
and commercial fishing would, therefore, not be expected to suffer from reductions in the numbers of 
important species. 

Repeated dredging and placement operations may temporarily reduce the quality of recreational fisheries 
in the vicinity of dredging operations.  This may result from decreased water quality and increased 
turbidity during dredging, as well as becoming less attractive to game fish due to the loss of benthic prey.  
However, the amount of area that would be dredged is small compared to the area of the Galveston Bay 
system that provides good fishing opportunities.  Also, this condition is not permanent, and the quality of 
fishing in the vicinity of the CBNC should steadily improve after dredging is completed to a condition 
similar to the No-action Alternative.  Recreational fisheries should benefit from the creation of important 
nursery and foraging habitat in Ijams Lake as well as from the greater diversity of open water habitats 
resulting from the decrease in water depth due to gradual siltation of the existing Devil’s Elbow channel. 

The impacts of the LPP to boat-, wade-, or bank-fishing would be temporary, potentially resulting in local 
disturbances.  This disturbance is expected to be most noticeable at Roseland Park, where public access 
provides daily opportunities for bank-fishing.  Dredging in the vicinity of Roseland Park and dewatering 
of dredged material from Upland Placement Area No. 2 located upstream of the park would potentially 
affect fisheries during initial and maintenance dredging activities; however, these effects are temporary 
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and would only occur every ten years under the projected maintenance schedule.  After maintenance 
dredging is completed, these areas should return to pre-dredging conditions. 

5.2.4.2 Aquatic Communities 

The No-action Alternative would not affect aquatic communities, with the exception of temporary 
increases in turbidity from maintenance dredging in the Lower Channel near Mile 3 and placement of 
dredged material in PA 6.  The LPP would result in increased turbidity, dredging of aquatic habitats, and 
dredging and covering of aquatic organisms. 

Turbidity in estuarine and coastal waters can have both beneficial and detrimental effects to aquatic 
environments.  Turbidity from TSS tends to decrease light penetration, which reduces photosynthetic 
activity by phytoplankton.  Such reductions in primary productivity would be localized around the 
immediate area of the dredging operations associated with the LPP.  Conversely, decreases in primary 
production, presumably from decreased available light, have been found to be offset by increased nutrient 
content (Morton 1977).  At Ijams Lake, turbidity would increase when levees are constructed.  
Afterwards, placement of material in Ijams Lake would be confined within the levees, and increased 
turbidity associated with placement of dredged material would be limited to dewatering activities at the 
spill box.  Due to the reproductive capacity and natural variation in phytoplankton populations, the 
impacts of dredging and dredged material placement on phytoplankton within the project area are not 
expected to be significant for the No-action Alternative or the LPP. 

Effects of elevated turbidities on the adult stages of various filter-feeding organisms such as oysters, 
copepods, and other species include depression of pumping and filtering rates and clogging of filtering 
mechanisms (Stern and Stickle 1978).  These effects are pronounced when TSS ranges from 100 to 1,000 
mg/L and higher, but are apparently reversible once turbidities return to ambient levels.  Elevated 
turbidities during construction and maintenance dredging associated with the LPP may affect some 
species of filter feeders but are not expected to impact oysters due to the distance between the LPP and 
the nearest reefs located along the bay portion of the Lower Channel.  Increased turbidities are usually 
temporary and local and can be expected to return to near ambient conditions within a few hours after 
dredging ceases or moves out of an area.   

Excavation and placement activities associated with dredging both present problems for benthic 
communities.  Placement of dredged material is generally more harmful than excavation if aquatic 
habitats are used for placement of dredged material.  Excavation buries and removes organisms, but 
populations generally can rapidly recolonize, whereas disposal smothers or buries existing benthic 
communities.  Placement of dredged material within aquatic habitats may damage benthic organisms in 
three ways: (1) physical disturbance to benthic ecosystems; (2) mobilization of sediment contaminants, 
making them more bio-available; and (3) increasing the amount of suspended sediment in the water 
column (Montagna et al. 1998).  Maurer et al. (1986) demonstrated that many benthic organisms were 
able to migrate vertically through 35 inches of dredged material under certain conditions; however, the 
species present in early successional stages of recovery are not the same as those buried by the dredged 
material.  Although vertical migration is possible, most organisms at the center of the disturbance do not 
survive (Maurer et al. 1986).  Espey, Huston & Associates, Inc. (1998) found that, in the Laguna Madre, 
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disposal practices had little influence on the composition of benthic communities.  However, it may take 
the benthic community as long as 5 to 10 years to recover fully from burial by dredged material 
placement.  It is expected that detrimental impacts to the benthic community would result from the LPP 
but not from the No-action Alternative.  Impacts due to dredged material placement within Ijams Lake 
would occur only during the initial dredging and placement activities.  Once estuarine marsh is 
established within Ijams Lake, benthic communities would be expected to re-establish, though the benthic 
organisms within marsh habitats may differ slightly from those in open water habitats.  Criteria that 
would be considered during the creation and management of the estuarine marsh at Ijams Lake are 
discussed in Section 6.1. 

One concern of repeatedly dredging an area is that benthic communities may not fully recover, depending 
on the frequency of dredging (Dankers and Zuidema 1995).  Although recovery times vary and depend on 
a variety of factors, including type of substrate, it is generally thought that full recovery occurs between 1 
and 5 years, although shorter and longer periods have been reported.  Also, estuarine communities tend to 
recover faster than deep sea benthos (Montagna et al 1998).  Although full recovery of stable benthic 
communities may take several years, benthic activity occurs almost immediately after dredging and 
continues throughout the recovery process.  Excavation destroys the community that previously existed 
but creates new habitat for colonization (Montagna et al. 1998).  Because of this, excavation can actually 
maintain high rates of benthic productivity by repeatedly creating new habitat via disturbance (Rhoads et 
al. 1978).  The disadvantage to repeated disturbance is that new recruits in disturbed areas are always 
opportunistic, small, surface-dwelling organisms with high growth rates and densities.  Large, deep-
dwelling organisms that grow slower and live longer are lost to areas of repeated excavation.  In this way, 
excavation may cause a large shift in community structure (Montagna et al. 1998).  Depending on the 
dredging cycle frequency, the benthic community structure and abundance may never return to pre-
dredging and placement levels (Sheridan 1999).  A review of dredging projects around the country 
identified that recovery times for benthic communities in mud bottoms are typically less than 12 months 
and were as little as 1 month for areas similar to the project area (ABP Research 1999).  With the 
presence of more sands and gravels, the recovery time has been estimated to be 2 to 3 years.  Longer 
recovery periods have been reported in areas with shell and hard substrates in Florida, where the recovery 
time reached 10 years (ABP Research 1999).  Since the proposed project would have a 10-year 
maintenance dredging cycle, the benthic community is expected to have ample time to recover between 
dredging events. 

Potential beneficial effects of the suspended material associated with dredging operations include a 
resuspension of nutrients, absorption of contaminants from the water column, and addition of a protective 
cover allowing certain nekton to avoid depredation (Stern and Stickle 1978).  As with the various 
potential detrimental effects, the importance of each of these latter effects would vary among groups and 
with the physiochemical parameters existing at the time and location of dredging and placement 
operations.  As discussed in Sections 5.2.1 and 5.2.2, contaminant concentrations in the water and 
sediments of Cedar Bayou are relatively low and are not expected to affect aquatic communities. 

Although increased traffic under both the No-action Alternative and the LPP would slightly increase the 
potential for spills of petroleum products or other contaminants, the possibility of spills would still be 
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considered low, and phytoplankton and benthic organisms recover rapidly due to the high reproduction 
rate and the wide distribution of dominant species.  Therefore, it is unlikely that these communities would 
suffer long-term effects of spills. 

5.2.4.3 Essential Fish Habitat 

Under the No-action Alternative, no impacts to EFH would occur in the project area, with the exception 
of potential temporary increases in turbidity in the project area associated with the maintenance dredging 
in the Lower Channel near Mile 3 and dewatering of dredged material that is deposited in PA 6. 

Essential fish habitat for adult and juvenile brown, white, and pink shrimp; red drum; and Spanish 
mackerel that would be impacted by the LPP includes estuarine water column, estuarine mud substrates, 
and estuarine emergent wetlands.  No sand or shell substrates would be impacted because the nearest 
oysters are located on dredged material islands along the bay portion of the CBNC, approximately 3 miles 
from the southern extent of the project.  Within the CBNC, approximately 128.0 acres of estuarine water 
column and estuarine mud would be affected by the dredging of the channel; however, this area would 
remain estuarine water column and mud after dredging operations are completed.  Approximately 3.8 
acres of estuarine emergent marsh would be converted to deep open water associated with the new 
Devil’s Elbow Cutoff channel and one bend easing.  The project would convert 80.1 acres of shallow 
open water, mud bottom into estuarine emergent marsh within Ijams Lake.  Through coordination, the 
NMFS has identified that the target elevation for this emergent marsh should be between +1.7 and +2.0 
MLT, and 30 percent of the marsh should include open water habitats in the form of shallow creeks and 
ponds to maximize important marsh-water interface (see NMFS letter in Section 1 of Appendix A). 

The proposed project would impact adult and juvenile brown, white, and pink shrimp and red drum by 
temporarily increasing turbidity; making the shallow, open-water habitat in the Ijams Lake Placement 
Area temporarily unavailable for use by these species; and by affecting food sources such as benthic 
organisms.  However, once the estuarine marsh created in Ijams Lake becomes fully established, it would 
provide a net increase in important nursery habitat for these species and would be colonized by benthic 
organisms.  Since these managed species, as well as their prey, utilize estuarine marsh at some point 
during their life cycle, the creation of marsh in Ijams Lake is expected to have an overall net benefit to the 
species. 

Neither adult nor juvenile Spanish mackerel are considered estuarine-dependent.  This species is found 
mainly offshore and infrequently occurs in estuaries (Patillo et al. 1997, GMFMC 1998).  The proposed 
project is not expected to have a direct impact to this species; however, prey species that may be estuarine 
dependent may be adversely impacted by dredging and placement activities, which would have an 
indirect negative effect on Spanish mackerel.  This effect would be temporary.  The creation of estuarine 
marsh within Ijams Lake should result in a long-term increase in prey base for the Spanish mackerel. 

Accidental spills have the potential to impact EFH, and larval and juvenile finfish could be affected since 
they tend to be more susceptible to spills than adults.  There is little difference in the potential for spills 
between the No-action Alternative and the LPP, although improved safety and efficiency of the 
navigation channel that would be provided by the LPP would slightly reduce the risk of spills compared 
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to the No-action Alternative.  Under both alternatives, spills would be considered unlikely, and effects of 
them would be minimized by the use of best management practices (BMP). 

The NMFS has reviewed the information regarding EFH provided in this document and, by letter dated 
March 29, 2005, has concurred with the conclusion that the restoration of estuarine emergent wetlands in 
Ijams Lake will provide an overall net benefit to EFH and associated managed species.  The EFH 
consultation provisions of the MSFCMA (16 U.S.C. 1801 et. seq.) and NMFS implementing regulations 
(50 CFR Section 600.920) have been satisfied, and no further EFH consultation is necessary for the 
proposed action.  A copy of the letter from the NMFS is included in Section 1 of Appendix A. 

5.2.5 Wildlife Resources 

Under the No-action Alternative, dredging and placement activities in the Lower Channel would 
continue, periodically affecting the lower portions of the project area and the area near PA 6.  Impacts to 
terrestrial wildlife may include short-term effects resulting from noise and physical disturbance created by 
dredging activities.  These effects on local wildlife would be considered minor. 

The main effects of the LPP to wildlife resources would include impacts to upland habitats.  The dredging 
of the Devil’s Elbow Cutoff, easing of two bends, and placement of dredged material in upland habitats 
would result in the loss of potential nesting, foraging, loafing, and roosting habitat for migratory birds, as 
well as important habitats for other wildlife.  Upland habitats that would be impacted are described in 
Section 5.2.3.2 and include 5.5 acres of native hardwoods, 5.9 acres of tallow-dominated hardwoods, 64.0 
acres of scrub/shrub, and 56.4 acres of improved pasture.  Due to the importance of these habitats to 
migratory birds and the vulnerability of the natural habitats in the region of being lost to development, 
compensatory mitigation for impacts to these habitats is proposed in Section 6.0. 

As discussed in section 5.2.3.2, the Devil’s Elbow Cutoff would result in fragmentation of upland 
habitats, namely native hardwoods, leaving two small patches of native hardwoods on the north side of 
the channel.  More mobile species and semi-aquatic species would be able to cross Cedar Bayou to use 
the native hardwoods on both sides of the bayou and would be relatively unaffected by this fragmentation.  
However, smaller, less mobile species may be restricted to one side or the other.  Migratory birds would 
be able to utilize both sides of Cedar Bayou. 

Short-term effects to terrestrial wildlife species as a result of the LPP include disturbance from noise and 
construction activities.  The noise of equipment and increased human activity during dredging, 
conveyance, and placement activities may disturb some local wildlife, particularly breeding birds.  These 
impacts are local and temporary and are not expected to be significant considering the mobility of the 
birds.  Noise may have a greater impact during nesting season if birds are nesting on Boaz Island or in 
other areas within Cedar Bayou. 

Dredging and placement activities may result in increased turbidity, causing temporary local impacts to 
aquatic communities and habitats, which in turn may impact birds by temporarily reducing the available 
food supply.  These effects are expected to be localized and temporary. 
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The slightly increased possibility of accidental spills of oil, chemicals, or other hazardous materials 
during dredging activities and resulting from increased traffic also poses a threat to the aquatic 
community and, thus, the food source of many coastal birds in the area.  These effects are expected to be 
temporary and without significant long-term implications. 

5.2.5.1 Threatened and Endangered Species 

The No-action Alternative and the LPP would result in no impacts to any protected species or designated 
critical habitat within the project area.  Coordination with the USFWS has indicated that no threatened or 
endangered species are known to occur in the project area, nor does any officially designated critical 
habitat occur in the area.  The NMFS has concurred that the project is not likely to adversely affect the 
listed marine species.  Letters from the USFWS and the NMFS are included in Section 1 of Appendix A.  
The following paragraphs provide justification for this determination. 

Mammals 

Neither the No-action Alternative nor the LPP should impact any federally or state-listed mammals.  The 
five endangered whale species listed for the Texas coast are not expected to occur in the upper reaches of 
Galveston Bay or to utilize the relatively shallow (8 to 10 feet deep) Cedar Bayou channel.  Black bears 
and the red wolf are considered extirpated from the region, and no habitat exists in the project area for 
these species. 

Rafinesque’s big-eared bats could potentially roost in native hardwoods within the project area; however, 
the presence of an individual in the small area of native hardwoods that would be removed by the 
excavation of the Devil’s Elbow Cutoff is considered unlikely.  In addition, bats do not hibernate in the 
area (Davis and Schmidly 1994) and would likely avoid construction activities.  Therefore, the project is 
not expected to impact this species. 

Birds 

The brown pelican, reddish egret, white-faced ibis, and white-tailed hawk are considered potential 
residents of the project counties and could occur in the project area throughout the year.  Adults of these 
species are expected to avoid construction activities associated with the LPP.  The brown pelican nests 
along the lower coast of Texas.  Nesting in the project area by the white-tailed hawk is considered 
unlikely.  The white-faced ibis and reddish egret are colonial nesters and could potentially nest on Boaz 
Island, Atkinson Island, or other islands within Upper Galveston Bay.  The reddish egret has been 
recorded nesting near Atkinson Island (TXBCD 2004, USFWS 2004c).  Although no rookeries are 
expected to be directly impacted by the proposed project, nesting birds near the project (i.e., on Boaz 
Island) could be impacted by noise from dredging and placement activities in the lower portion of the 
project.  These impacts would be short-term and insignificant, and none of the species that would 
potentially nest near the project are listed as threatened or endangered by the USFWS. 

Although the interior least tern, piping plover, whooping crane, American and Arctic peregrine falcons, 
and wood stork could potentially occur in the project area during migration or winter months, occurrence 
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of these species would be considered incidental, and any individuals would likely avoid construction 
activities.  Therefore, the proposed project is not expected to impact these species. 

Neither the No-action Alternative nor the LPP are expected to impact Attwater’s greater prairie-chicken, 
bald eagles, or swallow-tailed kites because of the lack of suitable habitat and because of the influence of 
the surrounding residential, commercial, and industrial development. 

Reptiles 

Of the five federally and state-listed sea turtles, the loggerhead and Kemp’s ridley sea turtles have the 
highest potential of occurring within Galveston Bay near the project area, although their presence in 
Cedar Bayou is considered unlikely.  If sea turtles do occur in the project area, they may be impacted by 
temporary increases in turbidity in the project area; however, sea turtles are mobile and would likely 
avoid disturbed sites.  Hydraulic cutterhead suction dredges, which would be used in the existing channel, 
move very slowly and can be avoided by all species of sea turtles.  Studies have indicated that cutterhead 
dredges do not impact sea turtles since they act on only small areas at a time (NMFS 1998).  Since most 
dredging of the project area would be performed by cutterhead dredges, no impacts to sea turtles from 
dredging operations associated with the project are anticipated.  Mechanical dredging of upland soils or 
areas with very shallow water is not expected to impact sea turtles. 

Although the American alligator commonly occurs in virtually every bay system on the Texas coast, 
including Galveston Bay and Cedar Bayou, they would likely avoid areas of dredging and placement 
activities.  Therefore, neither the No-action Alternative nor the LPP is expected to impact this species. 

Although the Texas horned lizard was historically a wide-ranging species in Texas and could potentially 
occur in the project area, the upland habitats that would be impacted by the LPP are generally wooded or 
have dense shrub and herbaceous layers, which do not provide preferred habitat for the Texas horned 
lizard; therefore, the LPP is not expected to impact this species. 

Neither alternative is expected to impact the Alligator snapping turtle, smooth green snake, or 
timber/canebrake rattlesnake because they are not expected to occur in the project area due to the lack of 
suitable habitat. 

Amphibians 

The Houston toad is not known from Chambers County and is considered extirpated from Harris County; 
therefore, neither alternative would impact this species. 

Fish 

Neither the No-action Alternative nor the LPP would affect the Gulf sturgeon because the proposed 
project is located west of the species’ primary range, and Cedar Bayou does not contain submerged rock 
ledges or clear rock surfaces that could be used for spawning. The creek chubsucker would not be 
impacted because it is not expected to occur in the brackish and saline waters of Cedar Bayou. 
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Invertebrates 

The proposed project would not affect the three candidate species of coral that are listed for the Texas 
coast because none of the species are expected to occur in the project area. 

Plants 

The proposed project would not affect Texas prairie dawn because it is not expected to occur in the 
project area due to the lack of suitable habitat. 

5.2.6 Cultural Resources 

There are three recorded archeological sites within the Cedar Bayou National Register Archeological 
District (CBAD) that may be impacted by the LPP.  These sites and potential project impacts are listed in 
Table 5.4. 

Table 5.4  Archeological Sites Potentially Impacted by the LPP 

Site No. Type Current Condition NRHP 
Status Potential Project Impact 

41CH58 Shell midden Some looting but substantial 
deposits remaining in 2000 CBAD Construction of Devil’s 

Elbow Cutoff 

41CH215 Shell midden Severely eroded and partially 
submerged in 2000 CBAD Construction of Ijams 

Lake Placement Area 

41CH216 Shell midden Severely eroded and documented 
as being 20% intact in 1993 CBAD Construction of Ijams 

Lake Placement Area 
 

A Programmatic Agreement (Appendix B) has been developed to address the individual significance of 
and potential impacts to these sites, as well as to guide further survey, archival research, site evaluation, 
and potential site mitigation for all historic properties impacted by the LPP. 

5.2.7 Air Quality 

The No-action Alternative would not increase emissions of criteria pollutants over the existing conditions.  
Dredging and placement activities associated with the No-action Alternative would result in emissions 
affecting air quality in the region; however, these emissions are not expected to compose a significant 
portion of the total emissions of the area.  Projected increases in barge traffic would cause a concomitant 
increase in air emissions by tugs and associated engines.  This is expected to be similar for both 
alternatives.  However, the No-action Alternative is expected to require longer transit times for barges, 
which would increase local emissions.  In contrast, the LPP is expected to result in a decrease in 
congestion due to an increase in traffic efficiency. 

The emissions that were determined to result from the LPP include emissions associated with the 
dredging activities and the management of dredged material in placement areas, as well as relocating 
pipelines and manipulation of materials in the Ijams Lake Placement Area for creation of estuarine marsh.  
The LPP would require the dredging of approximately 896,000 cy of materials during the initial dredging 
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and approximately 704,000 cy during each maintenance dredging cycle.  Initial dredging would be 
conducted with both mechanical and hydraulic cutterhead suction dredges.  Maintenance dredging would 
be conducted by cutterhead suction dredges.  Based on projections of equipment that would be used for 
dredging and placement activities, and emission factors and load factors referenced by the Houston-
Galveston Area Vessel Emissions Inventory (HGAVEI) (Anderson and Ray 2000), the air emissions 
expected during initial and maintenance operations are provided in Table 5.5.  The projected emissions 
from the initial dredging total approximately 22.5 tpy of NOx and 0.310 tpy of VOCs.  Maintenance 
dredging activities are expected to result in emissions of 17.8 tpy of NOx and 0.246 tpy of VOCs every 
10 years.  Since these emissions do not exceed 25 tpy, they fall within the emissions budget for the 
region’s SIP, and no conformity determination is required for the project. 

Table 5.5  Estimated Air Emissions Resulting from Initial and Maintenance Dredging of the 
LPP (tons per year) 

Dredging Activity NOx VOC CO PM 
Initial1 22.5 0.310 3.98 0.57 

Maintenance2 17.8 0.246 3.15 0.45 
1 Based on one 2,750-hp dredge working at a rate of 1,800 cy of material per hour with an additional 200 hours for 

mobilization; two 230-hp bulldozers working the same number of hours; one generator; equipment for pipeline relocation; 
one crane/other equipment 

2 Based on one 2,750-hp dredge working at a rate of 1,800 cy of material per hour with an additional 160 hours mobilization 
and two 230-hp bulldozers working the same number of hours; one generator; one crane/other equipment 

 
Air Quality Impacts 

Although there are dispersion modeling tools available to estimate local air quality impacts, these models 
are most accurate at estimating impacts from those facilities from which emissions occur at well-defined, 
stationary emission points. In the case of this project, local dispersion of emissions cannot be 
characterized with accuracy because pollutants would be emitted from mobile dredging equipment 
sources that would operate intermittently and at varying locations.  Additionally, the level of activity 
would be variable. 

As previously noted, VOCs and NOx can combine under the right conditions to form ground-level O3, 
possibly increasing the concentration of O3 in the region.  However, these reactions take place over a 
period of several hours, with maximum concentrations of O3 often far downwind of the precursor sources.  
Regional dispersion models available to characterize VOCs and NOx and their contribution to O3 
production are not intended to estimate a specific project’s contribution to regional O3 concentrations.  
Therefore, regional dispersion models would not be useful in estimating the project’s construction and 
operational impact on regional O3 concentrations. 

Air quality impacts by criteria pollutant emissions can be estimated by comparing projected emissions 
from the proposed project with area emissions.  Table 4.20 in Section 4.2.7 summarized air emissions for 
the HGA and Chambers and Harris Counties by source category.  Table 5.6 compares emissions 
estimated for the initial dredging of the LPP with total air emissions for the HGA, Chambers County, and 
Harris County.  The county emissions data are the most recent and available and include total emissions 
based on emissions inventory information for 1999.   



 

5-30 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

As shown by Table 5.6, estimated emissions of each air contaminant from maintenance dredging for the 
LPP would make up less than 1 percent of the existing emissions inventory for Chambers and Harris 
Counties and less than 0.01 percent of the existing emissions inventory for the HGA.  Total emissions 
from the project would also make up less than 1 percent of the total emissions for each area.  Therefore, 
the proposed project would not be considered a regionally significant project. 

Table 5.6  Estimated Air Emissions for the LPP (Initial Dredging) Compared with the HGA and 
Chambers and Harris County Emissions (tons per year) 

Area  
LPP  
% of Area Emissions 

NOx VOC CO PM Emissions 
Total 

HGA 
LPP 
% of HGA Emissions 

563,497 
22.5 

0.0040 

269,845 
0.310 

0.0001 

1,228,636 
3.98 

0.0003 

430,895 
0.57 

0.0001 

2,654,683 
27.36 

0.0010 
Chambers County 
LPP 
% of County Emissions 

13,335 
22.5 
0.17 

6,244 
0.310 

0.0050 

16,756 
3.98 

0.0238 

13,204 
0.57 

0.0043 

50,131 
27.36 

0.0546 
Harris County 
LPP 
% of County Emissions 

287,800 
22.5 

0.0078 

182,122 
0.310 

0.0002 

856,287 
3.98 

0.0005 

194,733 
0.57 

0.0003 

1,582,270 
27.36 

0.0017 
Source: USACE 2002 

 

The estimated emission rates for the maintenance operations are relatively minor and spatially spread out.  
In addition, the frequency would be intermittent and of relatively short-term duration.  The topography 
and climate of the region would also allow for dispersion of air emissions such that the impact in the 
project area is reduced.  Therefore, emissions from the proposed improvements to the CBNC are not 
expected to result in a serious impact to the regional air quality. 

5.2.8 Noise 

Sensitive receptors in the project area include residences, Roseland Park, churches, and other facilities.  
The closest noise-sensitive receptors include approximately 20 residences along the Harris County bank 
of Cedar Bayou (approximately 75 feet minimum distance from LPP dredge limits), Roseland Park 
(approximately 75 feet), and Cedar Bayou United Methodist Church (approximately 400 feet). 

Under the No-action Alternative, existing noise levels at these receptors would continue.  As barge traffic 
increases on Cedar Bayou under both the No-action Alternative and the LPP, the frequency at which 
elevated noise levels would occur may increase. 

During dredging activities associated with the LPP, there would be an increase of noise emissions along 
Cedar Bayou between the project limits and at the placement areas.  The dominant source of noise from 
most construction equipment and machinery is the engine, which is usually diesel.  Noise emission levels 
of a diesel-powered cutterhead dredge vary from 80 dBA to 90 dBA at 50 feet, depending on the engine 
components and the dredge configuration (USACE 2001).  Since the dredge proposed to be used to 
construct the LPP would be relatively small (20 to 24 inches), it is expected that noise from the dredge 
would be on the low end of this range.  Typical construction noise is decreased approximately 6 dBA per 
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doubling distance from its source.  Therefore, noise levels at the nearest residence, at the edge of 
Roseland Park, and at the church would be approximately 77 dBA, 77 dBA, and 62 dBA, respectively.  
These noise levels, however, are short term (several days at any given receptor) and would not 
permanently increase noise levels at the noise-sensitive receptors.  Although longer dredging times would 
be required in the Devil’s Elbow Cutoff, there are no noise receptors near the Devil’s Elbow Cutoff.  
Furthermore, the dredging and placement activities would occur only once every 10 years. 

5.2.9 Hazardous, Toxic, and Radioactive Wastes 

Under the No-action Alternative and the LPP, the bank on which the City of Baytown’s closed landfill 
site is located would continue to be affected by erosion.  The LPP has been designed to avoid excavation 
within the closed landfill and is not expected to increase erosion of banks along Cedar Bayou.  No HTRW 
sites are expected to be affected by the LPP. 

Hazardous Material Impacts to the Existing Environment from Project Activities 

Hazardous materials and contaminants used during dredging and placement activities under the LPP pose 
a minimal risk of impact to the environment.  Typical impacts may include leaks or small spills associated 
with heavy equipment.  However, these are minimal and typically do not pose a significant risk to the 
environment.  Owners and/or operators of pipelines in the area are typically notified prior to maintenance 
dredging activities so that pipelines can be marked and avoided. 

Hazardous Material Impacts to the Project from Operation Activities 

Projected increases in traffic under both the No-action Alternative and the LPP would slightly increase 
the potential for spills and resulting impacts to the environment.  Barges currently ship industrial 
chemicals and petroleum products.  Effects of spills should be minimized by the use of BMPs and 
appropriate cleanup measures in the event a spill occurs. 

Pipelines 

Seven pipelines are expected to be deepened to accommodate the increased depth of the CBNC in the 
project area.  These pipelines would be deepened as necessary to accommodate the improved channel, 
which would decrease the possibility of impacts to the pipelines.  Impacts attributed to the lowering of 
pipelines would be temporary and limited to an existing utility ROW.  Approximately 2.2 acres of 
pipeline ROW would be temporarily disturbed to lower the pipelines, assuming removal of the pipelines 
would be conducted within a 12-foot wide corridor, and the pipelines would be installed across Cedar 
Bayou by directional drilling to reduce impacts to the channel bottom and banks of Cedar Bayou. 

5.2.10 Socioeconomic Resources 

5.2.10.1 Population and Employment 

Neither the No-action Alternative nor the LPP would significantly affect the population or employment 
conditions of the Cedar Bayou area, the City of Baytown, or Chambers and Harris Counties.  Current 
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trends in population and employment growth are expected to continue, with increases in industries on the 
east side of the bayou.  Increases in industries would provide additional employment opportunities in the 
area, which may in turn boost population growth.  Since the project is not expected to affect growth in the 
area, other characteristics such as property values are not expected to be affected by the project. 

5.2.10.2 Environmental Justice 

Section 601 of Title VI of the 1964 Civil Rights Act (42 U.S.C. 2000) and Executive Order 12898 
(February 1994) require all federal agencies to identify and address, as appropriate, disproportionately 
high and adverse human health or environmental effects of programs, policies, and activities on minority 
populations and low-income populations.   

The Census information (Tables 4.22 and 4.23 in Section 4.2.10) indicates the income levels in the 
eastern, Chambers County side of the project area are substantially higher than the state and county levels.  
Minority populations in Chambers County are substantially lower as a percentage of the total population 
than the state and Harris County.   

The Harris County Block Groups present a more mixed picture.  The most diverse in terms of race and 
ethnicity is Tract 2540, Block Group 1, which varies from the state characteristics but is very similar to 
Harris County data and only slightly different from Baytown as a whole.  It shares substantially lower 
median per capita and household incomes with Tract 2539, Block Group 1, which differs little from the 
state in terms of race and ethnicity.  The remaining two Block Groups bordering Cedar Bayou in Harris 
County are less diverse and of comparable or higher incomes than the state, county, or neighboring block 
groups. 

Dredging activity near residential areas would occur within the existing banks of Cedar Bayou.  Changes 
to the banks of the stream are limited to the two bend easings at the northern end of the project and the 
Devil’s Elbow Cutoff at the southern end.  Land uses adjacent to the bend easings include municipal 
wastewater treatment facilities and industrial.  Land use at the Devil’s Elbow Cutoff is pasture for 
livestock grazing. 

Dredged material placement areas are located in unpopulated portions of the eastern bank of Cedar 
Bayou.  Upland Placement Area No. 1 is an existing placement area.  Upland placement Area No. 2, 
which is across the bayou from residential development in Baytown, would be set back approximately 
1,200 feet from Cedar Bayou.  The Ijams Lake Placement Area is state-owned land located in an 
unpopulated area. 

Commercial and recreational traffic is expected to increase at the same rate under both the No-action 
Alternative and the LPP.  Based on the above information, and as no displacement or relocations of any 
residents are proposed, no Environmental Justice issues have been identified. 

5.2.10.3 Recreational Use 

Neither of the alternatives is expected to significantly affect recreational use of Cedar Bayou or the area 
surrounding the bayou.  Minor, temporary effects may occur during dredging activities associated with 
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the LPP.  These effects would be periodic and short-term.  The wider channel and passing zone would 
allow recreational watercraft to attain more separation when passing barges.  In addition, the existing 
Devil’s Elbow channel would provide an alternate route and refuge for recreational users.  The eventual 
and partial siltation of this channel would potentially benefit recreational fishing.  Activities at Roseland 
Park and other places along the bayou are expected to continue as usual, regardless of improvements. 

5.2.10.4 Aesthetics 

The No-action Alternative would not directly change the aesthetics of the Cedar Bayou area.  However, 
barge traffic along the bayou is expected to increase regardless of improvements to the CBNC.  If 
congestion worsens as a result of not improving the channel (No-action), the area could experience more 
time when barges are in the channel creating air, noise, and visual impacts. 

The LPP is not expected to have greater effects to aesthetics of the area than the No-action Alternative.  
Traffic increases are expected to be similar, and periodic dredging effects would be minor.  Upland 
Placement Area No. 2 was configured to minimize impacts to high-quality upland habitats.  In addition, 
setting it back from the bayou approximately 1,200 feet reduces its visibility to residential areas on the 
west side of the bayou. 

5.2.11 Flooding 

The No-action Alternative would not affect the flooding conditions along the CBNC.  Existing flood 
elevations and area flooded would remain as at present.  The analysis of flooding conditions under the 
LPP indicates that flooding from upstream and riverine flow would decrease with the LPP, while storm 
surge flooding would not change significantly throughout the project area.   

The hydrology and hydraulic analyses conducted for this project were intended to determine if the LPP 
would increase flooding of the area, which could adversely affect residential and commercial 
developments.  The analyses indicated that the LPP would reduce the acreage flooded by the 100-year 
design storm event.  The increased depth and width of the CBNC would increase the conveyance for 
storm water drainage and improve flood flow along the bayou.  Therefore, the LPP would have a positive 
effect to developments in the area by reducing flooding conditions.  The proposed improvements and the 
analysis of the LPP meet the objectives described in the Baytown comprehensive Plan Update (May 18, 
2000), which serves as a guide for policy decisions relating to the growth and economic development of 
the City of Baytown over the next 20 years.  This was accomplished by evaluating the LPP’s effects on a 
range of flooding events and by reducing flooding conditions by improving natural drainageways.  A 
detailed hydrology and hydraulics analysis is included in Appendix A of the engineering appendix of the 
Feasibility Report prepared for this project. 

The area of floodplain that would be reduced by the project was estimated by extrapolating the projected 
water surface elevations at each of five cross-sections modeled between SH 146 and Galveston Bay to the 
entire length of the project.  This extrapolation estimates that the project would reduce the acreage of 
flooding by 618 acres, most of which would occur on the Chambers County side of the bayou upstream of 
the Devil’s Elbow Cutoff.  Furthermore, the reductions would occur along the outer edges of the existing 
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floodplain.  This reduction in floodplains is a theoretical estimate calculated through modeling at specific 
cross-sections. 

The reduction in floodplains is not expected to significantly affect wetlands or other important habitats 
(i.e., bottomland hardwoods).  Wetlands rely on more frequent flooding events to survive, and the region 
receives a large amount of rainfall (typically 50 to 60 inches each year), which provides surface water to 
low-lying areas that may support wetlands and bottomland hardwoods. 

From a regulatory perspective, the protection of wetlands by the USACE’s Section 404 permitting 
program was changed by the 2001 Supreme Court ruling in Sold Waste Agency of Northern Cook County 
v. Army Corps of Engineers (SWANCC Ruling).  The SWANCC Ruling restricted the USACE’s Section 
404 jurisdiction to navigable waters, their tributaries, and wetlands adjacent to these waters.  In general, 
wetlands that are not hydrologically connected to navigable waters or their tributaries (i.e., they are 
“isolated”) may not be considered jurisdictional under the USACE’s regulatory program.  Because the 
100-year floodplain is considered to provide this hydrological connection, reducing the 100-year 
floodplain has the potential to isolate wetlands, thus removing their jurisdictional status and allowing 
them to be developed without Section 404 permits.  Review of the USFWS’ National Wetland Inventory 
(NWI) maps for the area and field reconnaissance identified that the naturally occurring wetlands that 
occur within the 100-year floodplain of Cedar Bayou are typically narrow wetlands located along 
tributaries of Cedar Bayou; therefore, they are directly connected to waters of the U.S.  Larger potential 
wetland polygons occur in the lower portion of Cedar Bayou, near its confluence with Galveston Bay, 
where the reduction in floodplains is expected to be minimal.  Therefore, the reduction in floodplains as a 
result of the proposed project is not expected to substantially affect the number and area of wetlands that 
would be considered jurisdictional under Section 404 of the CWA. 

5.2.12 Bank Erosion 

An analysis of the potential impacts to shoreline erosion along Cedar Bayou as a result of the No-action 
Alternative and the LPP was conducted for loaded super jumbo barge tows.  Of the design tows, these 
represent the worse-case scenario for potential effects.  This analysis considered the effects of waves and 
drawdown from barge traffic along the CBNC.  The computer model Navigation Effects (NAVEFF) 
(Maynord 1996) was used to estimate the drawdown of water and the maximum return velocity due to the 
passage of a tow.  This section summarizes the results of this analysis.  The complete analysis is included 
in Appendix D in the engineering appendix of the Feasibility Report. 

The analysis concluded that the combined effects of waves and drawdown in the CBNC, which affect 
bank erosion, are approximately the same for the No-action Alternative and the LPP.  The LPP would 
result in minimal changes in wave height compared to the No-action Alternative due to the likelihood that 
barge speeds would increase as the limiting velocity increases with the LPP.  Table 5.7 compares 
maximum wave height for the No-action Alternative and the LPP. 
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Table 5.7  Maximum Wave Height Comparison for the No-action Alternative and the LPP 

Station 
No-action 

Wave Height 
(feet) 

LPP Wave Height 
at No-action Speed 

(feet) 

Wave Height 
Change  
(+/- feet) 

LPP Wave Height 
due to Increased 

Speed (feet) 

Wave Height 
Change 
(+/- feet) 

350+00 0.12 0.02 -0.10 0.08 -0.04 
420+00 0.02 0.10 0.08 0.15 0.13 
504+00 0.10 0.13 0.03 0.16 0.06 
535+00 0.11 0.14 0.03 0.16 0.05 
572+00 0.14 0.09 -0.05 0.11 -0.03 
617+00 0.10 0.06 -0.03 0.13 0.04 
649+00 0.07 0.12 0.05 0.23 0.16 
665+00 0.14 0.13 0.00 0.21 0.08 

 

As indicated by Table 5.7, the greatest difference in wave height is estimated to be 0.16 foot (2 inches).  
This minor increase in wave height is not expected to influence bank erosion in the area, especially since 
the banks of Cedar Bayou are composed of stiff clays.  Although the channel in the passing zone would 
be two times as wide as the design width, barges would not pass closer to the banks than in the upper 
reaches of the CBNC.  In addition, drawdown of the water from the banks and the return currents 
generated are functions of the displaced volume relative to the cross-sectional volume.  Since the channel 
is two times as wide as the design width in the passing lane, the cross-sectional volume is much greater 
than the displaced volume; therefore, no additional erosion would be expected in this zone. 

Under the LPP, armoring of newly cut banks or constructed levees is proposed in two locations to protect 
sensitive areas from erosive forces created by channel traffic.  Armoring would consist of rubble riprap 
placed in the following areas: 

• Along the western levee of the Ijams Lake Placement Area (between Ijams Lake and the CBNC) for 
approximately 3,200 linear feet 

• Along both upland banks of the Devil’s Elbow Cutoff for a total of 5,400 linear feet 

The riprap would be sized according to expected drawdown and concurrent wave height associated with 
barge tows that use Cedar Bayou.  In both specified armoring locations along the CBNC, the  riprap 
would be placed from the water side with the aid of a barge and crane.  Table 5.8 summarizes the 
armoring that is proposed for the LPP. 

Table 5.8  Summary of Bank Armoring Proposed by the LPP 
Location Length (feet) Width (feet) Vertical Depth (feet) Area (acres) 
Ijams Lake Placement Area 3,200 15.8 5 1.2 
Devil’s Elbow Cutoff 5,400 63.2 10 7.8 
Total 8,600   9.0 
 

Along the west side of the Ijams Lake Placement Area, average riprap stone size would range from 150 to 
200 pounds (15- to 16-inch diameter), with a geofabric layer underneath the stones to prevent the erosion 
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of fine sediments.  Five vertical feet of riprap from an elevation of +4.6 MLT to –0.4 MLT is proposed 
along the new shore, with a layer thickness of 1.5 times the diameter of the average stone size (24 inches).  
The slope of the bank would be 1:3 (V:H).  The surface of the armoring at this location would be 
approximately 15.8 feet wide and would cover approximately 1.2 acres.  A plan and section view of this 
project feature is detailed in Figure 3.9 in Section 3.1. 

Riprap placement through the Devil’s Elbow Cutoff would provide protection for a proposed mitigation 
area on the Devil’s Elbow Island, as well as the northern bank of the created waterway.  Average riprap 
stone size would range from 425 to 475 pounds (21- to 22-inch diameter), with a geofabric layer 
underneath the stones to prevent the erosion of fine sediments.  The stones are larger along the upper 
portion of the LPP because of the limited cross sectional area of the channel due to the narrow width of 
the cutoff.  Twenty vertical linear feet of riprap from an elevation of +10.0 MLT to –10.0 MLT is 
proposed along the cut with a layer thickness of 1.5 times the diameter of the average stone (33 inches).  
The slope of the bank would be 1 on 3 (V:H).  The surface of the armoring at this location would be 
approximately 63.2 feet wide and would cover approximately 7.8 acres.  A plan and section view of this 
project feature is detailed in Figure 3.10 in Section 3.1.  Further refinement and analysis of bank 
protection would occur during the design phase of the project. 

5.2.13 Prime Farmlands 

The No-action Alternative would not affect soils in the project area, with the exception of materials 
within the existing placement area PA 6.  Impacts to upland soils by the LPP would occur by dredging the 
Devil’s Elbow Cutoff and two bend easings, and placing dredged material into two upland placement 
areas.  Approximately 128.2 acres of surface soils would be impacted by these components, of which 
91.6 acres are considered Prime Farmland soils.  In addition, dredging the Devil’s Elbow Cutoff would 
create an island (the Devil’s Elbow Island) that would be inaccessible by land.  This island contains 
approximately 35.4 acres of Prime Farmland soils.  Table 5.9 provides the surface soils that would be 
impacted by each upland component of the LPP. 

Table 5.9  Area (Acres) of Soils Impacted by the LPP 

Soil Series Devil’s 
Elbow Cutoff 

Devil’s 
Elbow Island 

Upland 
Placement 
Area No. 1 

Upland 
Placement 
Area No. 21 

Bend 
Easings Total 

Harris clay 4.2 54.8 32.5 0 0 91.5 
Lake Charles clay, 
0 to 1 percent slopes2 7.0 6.8 0.2 43.4 0 57.4 

Lake Charles clay,  
1 to 5 percent slopes2 0 28.7 27.3 11.9 1.7 69.6 
1 Impacts in Upland Placement Area No. 2 includes a dewatering channel. 
2 Prime Farmland soils 

 
Coordination with the NRCS concerning Prime Farmlands was initiated early in the development of the 
proposed project; however, due to changes in the project, coordination resumed in May 2004.  Impacts to 
Prime Farmland soils by the LPP were determined to score below 160; therefore, this issue does not 
require further consideration.  A copy of the NRCS letter is included in Section 1 of Appendix A. 
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5.3 Cumulative Impacts 

This section discusses cumulative effects that are expected from the improvements to the CBNC, as 
proposed by the LPP, in addition to effects that have already occurred in the project area due to 
development and those effects of projects that are expected in the project area in the near future.  This 
section provides: 

1) A definition of cumulative impacts and a description of impacts that may be included in a cumulative 
impact assessment (Section 5.3.1); 

2) A description of past, present, and future projects and activities that may have cumulative impacts to 
the project area and the surrounding region (Sections 5.3.2 and 5.3.3); and 

3) A discussion of cumulative impacts of those projects and activities in relation to the pertinent 
environmental issues discussed in Sections 4.2 and 5.2 (Section 5.3.3). 

5.3.1 Introduction 

Cumulative impact has been defined by the Council on Environmental Quality’s (CEQ) Regulations for 
Implementing NEPA as “the impact on the environment which results from the incremental impact of the 
action when added to other past, present, and reasonably foreseeable future actions regardless of what 
agency (federal or non-federal) or person undertakes such other actions.” (40 CFR Part 1508.7) 

Cumulative impacts can result from individually minor but collectively significant actions taking place 
over a period of time.  Impacts can include both direct impacts, which are caused by an action and occur 
at the same time and place as the action, and indirect impacts, which are also caused by the action but 
occur later in time or are farther removed in distance, but which are still reasonably foreseeable.  Indirect 
impacts may include growth-inducing impacts and other effects related to induced changes in the pattern 
of land use, population density, or growth rate.  These impacts include ecological, aesthetic, historic, 
cultural, economic, social, or health effects (40 CFR Part 1508.8).  

Cumulative impacts should include both beneficial and adverse impacts (40 CFR Part 1508.27).  In 
assessing cumulative impacts, consideration should be given to: 

1) the degree to which the LPP affects public health or safety; 

2) unique characteristics of the geographic area; 

3) the degree to which the effects on the quality of the human environment are likely to be highly 
controversial; 

4) the degree to which the possible effects on the human environment are highly uncertain or involve 
unique or unknown risks; and 

5) whether the action is related to other actions with individually insignificant, but cumulatively 
significant, impacts on the environment. 
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Cumulative effects can result from many different activities, including the addition of materials to the 
environment from multiple sources; repeated removal of materials, ecosystem components, or organisms 
from the environment; and repeated environmental changes over large areas and long periods.  More 
complicated cumulative effects occur when stresses of different types combine to produce a single effect 
or suite of effects.  Large, contiguous habitats can be fragmented, making it difficult for organisms to 
locate and maintain populations between disjunctive habitat fragments.  Cumulative impacts may also 
occur when the timings of disturbances are so close that the effects of one are not dissipated before the 
next occurs, or when the timings of disturbances are so close that their effects overlap. 

5.3.2 Cumulative Impact Assessment Methodology 

No standard approach or methodology is provided by NEPA to quantify cumulative effects or to define a 
geographic area in which cumulative impacts should be assessed.  Therefore, it is necessary to evaluate 
each project on an individual basis, define its area of influence, and understand the existing conditions of 
the area and the impacts of the project to the area. 

For the proposed improvements to the CBNC discussed in this FEIS, baseline conditions regarding 
pertinent environmental issues are presented in Section 4.2, and direct and indirect impacts of the LPP to 
those issues are discussed in Section 5.2.  This section provides a qualitative discussion of the cumulative 
effects of the LPP relative to the impacts to pertinent resources that have occurred in the project area by 
past activities and are expected to occur from present and reasonably foreseeable future activities.  The 
pertinent environmental issues discussed include: 

• Water Quality • Noise 
• Sediment Quality • Hazardous, Toxic, and Radioactive Wastes 
• Habitat Types • Socioeconomic Issues 
• Finfish and Shellfish Resources • Flooding 
• Wildlife Resources • Bank Erosion 
• Cultural Resources • Prime Farmlands 
• Air Quality  
 
The area of influence for this cumulative impacts analysis is relatively small due to the limited nature of 
the improvements.  A more regional area is discussed for cumulative impacts to such issues as air quality 
and socioeconomic issues.  The discussions include cumulative impacts in the immediate project vicinity 
and a general overview of cumulative effects in the project region (primarily Chambers and Harris 
Counties) as a result of existing trends in development.  Where possible and/or practical, a quantitative 
analysis has been used as a basis for determining cumulative effects to the resources listed above.  The 
quantitative analysis focused on those projects that directly affect the Cedar Bayou project area (i.e., 
projects that affect Cedar Bayou between Galveston Bay and SH 146).  For projects in the project region 
that do not directly affect the project area but are regionally significant projects, a qualitative discussion 
of the cumulative impacts is provided. 

Previous projects that were considered in this evaluation include: 
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1) HL&P dredging of Cedar Bayou in the 1970s 
2) Development of the HL&P cutoff channel in the 1970s 
3) Dredging of the Lower Channel of the CBNC since 1931 
4) Industrialization of Cedar Bayou and its banks 

Recent projects considered in this evaluation include other navigation projects such as ongoing deepening 
and widening of the HSC, construction of associated barge lanes, and development of proposed terminal 
complexes; TxDOT’s Grand Parkway project; and the development of the Cedar Crossing Industrial Park. 

5.3.3 Present and Future Actions 

Specific actions that are occurring or are expected to occur in the area of influence and that may have 
cumulative effects to the environment are described in the following sections.  These projects are divided 
into those that may occur in the Cedar Bayou area and those that may occur in the region of Chambers 
and Harris Counties. 

5.3.3.1 Cedar Bayou Area 

The Cedar Bayou area is already experiencing impacts due to expanding industrial, commercial, and 
residential development, as well as increasing pressure from barge traffic on the CBNC.  In addition to 
the effects of the improvements to the CBNC discussed in this FEIS, impacts to the project area are 
expected from continued maintenance in the Lower Channel of the CBNC; expansion of the proposed 
Grand Parkway (SH 99); and further development of the area by urbanization associated with the City of 
Baytown and industrial development on the east side of the bayou associated with the Cedar Crossing 
Industrial Park and other currently undeveloped properties.  The following paragraphs briefly describe 
each of these activities. 

Dredging of the Lower Channel of the CBNC 

Dredging has occurred in the CBNC between the HSC and Mile 0.8 of Cedar Bayou since 1931 and 
between Mile 0.8 and Mile 3 since 1975.  Maintenance dredging of the Lower Channel occurs 
approximately every 5 years, and the last dredging cycle was conducted in 1999.  Maintenance dredging 
of this part of the channel will continue, along with dredging of the Upper Channel (Mile 3 to SH 146) 
associated with the LPP proposed in this FEIS. 

Grand Parkway 

The Grand Parkway is a proposed four-lane, 170-mile circumferential scenic highway that would 
eventually traverse seven counties and encircle the greater Houston area.  Factors evaluated during the 
continuing development of the various segments of the proposed facility include existing and future 
traffic demands, land acquisition, construction funding, and environmental impacts (Grand Parkway 
Association 2001). 

The segment of the Grand Parkway that is most relevant to this cumulative impact assessment is Segment 
I-2, which extends along SH 99 from SH 146 on the southeast side of Baytown, across Cedar Bayou to 
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FM 1405, and northeast to IH 10.  Segment I-2 received a Record of Decision (ROD) in August 1998.  A 
reevaluation of the EIS was prepared in 2002. 

Cedar Crossing Industrial Park and Other Present and Future Developments 

Cedar Crossing Industrial Park is a 15,000-acre industrial and business development that is located on the 
east side of Cedar Bayou near SH 99 and was purchased by a local investment group led by Fidinam 
Capital.  The industrial park includes rail line and has direct access to the proposed Grand Parkway, SH 
146, and IH 10.  It operates a dock at Mile 2.5 of Cedar Bayou.  Recent purchases and developments 
within the park include purchases by Bailey Capital, Home Depot, Inc., and Wal-Mart for development of 
regional distribution centers. 

Other developments that may reasonably be expected to occur in the project vicinity include residential 
development on the west side of Cedar Bayou near Galveston Bay and industrial development of the large 
tracts of currently undeveloped properties on the east side of the bayou. 

5.3.3.2 Project Region 

Private and public projects and developments are continuously occurring in Chambers and Harris 
Counties, incrementally affecting the environmental resources of the area.  The following sections 
provide an overview of these actions. 

Transportation 

Several planned road and highway projects and studies will impact the project region.  These include 
highway projects listed in TxDOT’s 2022 Metropolitan Transportation Plan (MTP) and Transportation 
Improvement Plan (TIP) for the region, and other local transportation developments in the area.  These 
projects will have cumulative impacts to the area by converting land use and land cover, creating 
impervious cover, and potentially affecting runoff and water quality. 

Industrial 

As discussed in Section 4.2.10 and illustrated in Table 1.1, the project region has a large industrial base 
associated with the Port of Houston and oil and gas activities in the area.  Further development of 
industries in the area will continue, and additional waterborne, roadway, and rail transportation will be 
required to support it.  These developments will also cumulatively impact the project region. 

Navigation 

Projects involving navigation are occurring in the Houston-Galveston area and are associated with the 
HSC and auxiliary channels.  An ongoing deepening and widening project in the HSC sponsored by the 
USACE and the Ports of Galveston and Houston will deepen and widen the HSC to an authorized depth 
of 45 feet with a 530-foot bottom width.  Additionally, the project would improve the Galveston Channel 
to a depth of 45 feet and a bottom width between 650 and 1,112 feet.  The project was authorized by the 
1996 WRDA, and project construction began in 1997.  Besides improving the navigation channels, the 
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HSC deepening and widening project involves beneficial use of dredged material for island and marsh 
creation. 

In addition to the ongoing deepening and widening of the HSC, the USACE approved a post-
authorization change report (PACR) for the addition of barge lanes to both sides of the upper portion of 
the HSC, from Redfish Island to Morgan’s Point.  Barge lanes would also be constructed south to the 
Bolivar Peninsula.  The barge lanes would traverse Upper Galveston Bay immediately adjacent to the 
HSC.  Each barge lane would be 15 miles long, 12 feet deep, and 125 feet wide.  They would provide new 
channels to separate ship traffic from barge traffic, thereby reducing the possibility of ship-to-barge and 
barge-to barge collisions.  The barge lanes would also reduce delays to deep-draft vessels associated with 
the slower, shallow-draft barges. 

Applications have been submitted to the USACE for proposed container terminals on Shoal Point in 
Texas City and along the south side of the Bayport Ship Channel.  These terminals would develop several 
hundred acres for the construction of container terminal complexes, including container yards, berths and 
wharves, and associated support facilities.  During the development of the terminals, both projects 
reviewed an alternative to construct a terminal on Cedar Point in the project area, indicating that this site 
may be suitable for future terminal development (USACE 2001, 2001).  The EIS documents prepared for 
these projects provide a detailed cumulative impacts analysis within an area that included the Cedar 
Bayou project area.  The EIS prepared for the Bayport terminal received a ROD in December 2003. 

5.3.4 Results 

Sections 5.3.4.1 through 5.3.4.13 discuss the results of the cumulative impacts analysis for each of the 
pertinent resources.  Table 5.10 provides a quantitative assessment of impacts to biological resources that 
have occurred or are expected to occur in the Cedar Bayou project area as a result of the LPP, the 
maintenance dredging of a portion of the Lower Channel (from Mile 0.7 to Mile 3), and the Grand 
Parkway Segment I-2.  The table includes these three projects because, of the activities discussed in this 
section, they directly affect the Cedar Bayou project area and are distinct, individual projects for which 
environmental documentation has been prepared and is available.  To compile this table, information from 
the environmental report for each project was compared, and impacts to habitats similar to those 
identified in this FEIS are reported. 

The following discussions also include a qualitative assessment of other ongoing and/or planned activities 
in the project area and region, such as industrial development in the Cedar Crossing Industrial Park and 
other areas, transportation projects, and navigation improvements. 

5.3.4.1 Water Quality 

As discussed in Section 1.4, portions of the Lower Channel of the CBNC have been maintenance dredged 
since the year 1931, which has periodically affected water quality in the area by increasing turbidity and 
potentially introducing contaminants through minor leaks or spills.  These temporary and periodic effects 
will continue in the Lower Channel and will increase with the dredging of the Upper Channel proposed  
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Table 5.10  Cumulative Impacts of Specific Projects Affecting the Cedar Bayou Project Area 

Grand Parkway Segment I-2 

Project CBNC 
Improvements 

Dredging of the 
Lower Channel of 
the CBNC (from 

Mile 0.7 to Mile 3) 

Original FEIS 
(May 1997) 

Re-Evaluation 
(May 2002) 

Length 8 miles 2.3 miles 15 miles 15 miles 

Width 100-foot channel 100-foot channel 300- to 400-foot 
ROW 

300- to 400-foot 
ROW 

RESOURCE IMPACTS 
Aquatic Habitats     

Open Water (Channel) 128 acres 28 acres (by 
dimensions) NI NI 

High Salt Marsh NI 120 acres NI NI 
Low Salt Marsh 3.6 acres 6.9 acres 0.23 acre 0 acres (avoided) 
Brackish Marsh 0.2 acre NI NI NC 
Freshwater wetlands NI NI 6.5 acres Not jurisdictional 
Man-made ponds NI NI 0.4 acre NC 

Essential Fish Habitat 135.8 (mostly 
temporary) NA NI NC 

Upland Habitats 131.8 acres 2.5 acres 586 acres in ROW NC 
Native hardwoods 5.5 acres NA 24 acres in ROW NC 
Tallow-dominated 
woodlands 5.9 acres NA 189 acres in ROW NC 

Scrub/Shrub 64.0 acres NA NA NA 
Improved Pasture 56.4 acres NA NA NA 

Threatened and Endangered 
Species NI NI NI NC 

Known Cultural Resources Potentially 2 NI NI NI 
HTRW Sites NI NA NI NC 
Floodplains Reduced NA Negligible NC 

Prime Farmlands 
127.0 acres 

(impacted or 
inaccessible) 

NA NA NA 

SOCIOECONOMICS 
Environmental Justice NI NI NI NI 
Relocations 0 0 0 0 
Noise Impacts Temporary NI 1 school NC 
Parks Temporary noise NI Noise NC 
Source: USACE 1972b, FHWA 1997, TxDOT 2002 
NI = No impact; NA = Not available; NC = No change 
 

by the LPP in this FEIS.  Turbidity associated with dredging and placement activities is temporary and is 
expected to return to ambient conditions soon after cessation of dredging.  Modeling of dredged 
materialdischarge in the Laguna Madre has determined that turbidity caused by dredging may last on the 
order of weeks to a few months (Teeter 2000).  The proposed project (LPP) is not expected to contribute 
largely to cumulative water quality impacts since increases in turbidity associated with the project would 
be temporary, and an analysis of chemical constituents in water, elutriate, and sediment samples from 
Cedar Bayou indicated that contaminant concentrations are relatively low. 
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Roadway improvements and residential, commercial, and industrial development in the project area have 
increased and will continue to increase the amount of impervious cover in the area, which leads to an 
increased runoff volume and higher peak runoff rates.  In addition, new developments would potentially 
discharge permitted wastewater into Cedar Bayou and the Galveston Bay system.  These effects will 
occur throughout the lower portion of the Galveston Bay watershed as urban and industrial development 
continues in the region. 

The Galveston Bay watershed measures approximately 33,000 square miles and includes the metropolitan 
areas of Houston, Dallas, and Fort Worth.  The urbanization of the watershed has contributed to the 
estuary’s past and present water quality problems.  Galveston Bay has the greatest concentrations of 
point-source dischargers (industrial sources and municipal wastewater treatment plants) of the Gulf Coast 
estuaries.  However, non-point sources of pollution contribute more to water quality problems.  One-
fourth to one-third of the freshwater inflow to Galveston Bay is thought to come from stormwater runoff 
(GBEP 2001).  Approximately 17 percent of Harris County is under impervious cover, while less than 
one percent of Chambers County consists of impervious cover (PBS&J 2000).  Impervious cover is 
expected to increase to 24 percent in Harris County and 1 percent in Chambers County by the year 2025.  
Storm water carrying pollutants from roadways, lawns, development sites, and farmland is responsible for 
a large portion of the area’s water quality problems (American Oceans Campaign 1996).  Stormwater 
regulations administered by the National Pollutant Discharge Elimination System (NPDES) and the Texas 
Pollutant Discharge Elimination System (TPDES) would reduce these effects by requiring BMPs. 

The HGAC has practiced active water quality management for over 20 years and works with numerous 
entities in the area to ensure appropriate monitoring and management of regional waters, including 
Galveston Bay.  The GBNEP has and continues to study water quality in Galveston Bay, with the goals of 
protecting and improving water quality and enhancing living resources within Galveston Bay.  The 
GBNEP has developed a Comprehensive Conservation Management Plan to enhance management of 
Galveston Bay at the ecosystem level.  Section 6217 of the Coastal Zone Act Reauthorization 
Amendments of 1990 requires states to establish coastal non-point pollution-control programs and 
implement management measures for land uses in critical coastal areas adjacent to impaired or threatened 
coastal waters.  Additionally, the TCEQ administers separate water quality management programs with 
the goal of protecting, maintaining, and restoring Texas water resources. 

Although water quality in western urban tributaries of Galveston Bay has historically been problematic, 
the overall water quality in Galveston Bay has been good and appears to be improving (GBEP 2001).  
Regulations and management actions should help to reduce the cumulative effects of projects to water 
quality in the area. 

5.3.4.2 Sediment Quality 

As discussed above for water quality, dredging in the Lower Channel occurs periodically, temporarily 
affecting sediments in Upper Galveston Bay and Cedar Bayou.  If sediments were contaminated, they 
would be placed in upland confined placement areas.  Monitoring and management of the effluent from 
these sites would control reintroduction of these contaminants to the environment. 
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Increases in impervious cover and concomitant increases in runoff due to roadway expansion and 
industrial and urban development in the project vicinity would increase the potential for oils and other 
contaminants, as well as total dissolved solids, to enter Cedar Bayou and Galveston Bay, potentially 
affecting sediments.  These impacts are expected to be minor for each project, but cumulative effects may 
occur if contaminants accumulate in sediments over time.  Dredging projects such as those in the CBNC 
may actually reduce these effects by removing potentially contaminated sediments from water resources.  
The LPP is not expected to add significantly to the cumulative effects to sediments because chemical 
constituents in the sediments have been determined to occur at sufficiently low concentrations such that 
they are not expected to adversely affect water quality. 

The excavation and disposal of sediments by navigation projects in Galveston Bay has occurred since the 
mid-1800s, continue to occur today, and are expected to occur in the future to maintain existing channels 
and to improve or create channels for larger vessels or for access to new industrial, commercial, and 
residential developments.  The proposed improvements to the Upper Channel of the CBNC would 
compose a small percentage of the total work associated with federally maintained navigation channels in 
Galveston Bay.  Currently, over 200 miles of federally maintained channels exist in Galveston Bay, 
totaling some 6,300 acres. 

In addition to the improvements to the CBNC proposed by the LPP, there are numerous current and 
potential projects throughout Galveston Bay that will involve new-work material and continued long-term 
maintenance dredging in the future.  Major federal projects in the project vicinity include the maintenance 
dredging of the Lower Channel of the CBNC and the ongoing widening and deepening of the HSC and 
associated barge lanes.  The estimated volume of new-work material associated with the ongoing 
improvements to the HSC is approximately 66 million cy (mcy), and the projected 50-year maintenance 
volume is approximately 222 mcy (USACE 1995b).  There is also a large volume of maintenance dredged 
material generated by private berth facilities along the HSC, and additional material would be dredged by 
the proposed container terminals at Shoal Point and along the Bayport Ship Channel.  In total, existing 
and currently planned projects in the Galveston Bay area will generate over 410 mcy of dredged material 
over the next 50 years (USACE 2001).  Construction of the LPP is expected to contribute approximately 
896,000 cy of new-work material and 2.8 mcy of maintenance dredged material.  The LPP would not alter 
the dredged material management plans of existing projects because it would place dredged material in an 
abandoned upland placement area, one new upland placement area, and a new marsh creation site.  The 
expansion of existing placement areas and/or development of new placement areas may be required to 
accommodate future dredging activities. 

5.3.4.3 Habitat Types 

Aquatic Habitats 

The LPP would add to the temporary impacts to aquatic habitats that have occurred as a result of other 
navigation projects in the area.  These projects periodically affect open-water areas associated with the 
HSC and CBNC during dredging and placement activities.  Maintenance dredging in the HSC and Lower 
Channel would also impact open water at any open-bay placement areas.  During initial dredging and 
placement activities, the LPP would temporarily affect open water habitats associated with the deepening 
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and widening of the Cedar Bayou Channel and would create additional open water habitat in the Devil’s 
Elbow Cutoff.  It would also remove 3.8 acres of estuarine marsh and convert 80.1 acres of shallow open 
water into estuarine marsh.  Overall, the project will result in a net increase in estuarine marsh in the 
Cedar Bayou area, which is expected to have a positive cumulative effect on aquatic habitats in the area.  
The other navigation projects in the region have also affected open water, estuarine marsh, and other 
aquatic habitats (i.e., oyster reefs) and have used and will continue to use dredged material to create 
islands and estuarine marsh.  Oyster reefs have also been and will continue to be constructed as part of the 
HSC improvements and construction of associated barge lanes.   

Other developments in the project area that may affect aquatic habitats include dredging of docking areas 
associated with industries that are dependent on waterborne transportation, as well as private docks.  
Freshwater wetlands may be impacted by urban and industrial development within the project area, 
including development within the Cedar Crossing Industrial Park.  Additionally, the proposed Grand 
Parkway would impact an estimated 6.5 acres of freshwater wetlands (Table 5.10).  Although a 
reevaluation of the project in 2002 determined that these wetlands are not jurisdictional (TxDOT 2002), 
they still function as wildlife habitat.  

Based on analysis presented in GBNEP’s Trends and Status of Wetland and Aquatic Habitats in the 
Galveston Bay System, Texas (White et al. 1993), a net loss in vegetated wetlands totaling approximately 
32,400 acres (19 percent) occurred from 1950 through 1989.  These losses are attributed to both 
anthropogenic and natural causes, including historical, human-induced subsidence and relative sea level 
rise; draining and filling of wetlands for industrial and urban development; creation and improvement of 
navigation channels; flood-control and other water-related projects; and pollution in runoff.  These have 
resulted in the conversion of wetland habitats to open water or upland habitats (White et al. 1993). 

The most substantial losses of emergent wetlands (estuarine and palustrine) have occurred in the 
southwest portion of the Galveston Bay study area (White et al. 1993).  However, some losses have been 
partially offset by gains in emergent wetlands that have occurred in transitional areas peripheral to 
wetlands (related to subsidence or water management programs) (White et al. 1993).  Despite continued 
pressure to aquatic habitats, including wetlands, as a result of continual urbanization and industrialization 
of the region, several entities are now in place to preserve, restore, and create habitat, and various 
beneficial use sites in Galveston Bay have been developed for creating estuarine marsh.  The USACE 
maintains a “no net loss” goal for impacts to jurisdictional wetlands that is implemented through the 
agency’s regulatory program.  When loss of regulated waters is unavoidable, compensatory mitigation is 
required to ensure that no significant loss of waters of the U.S. occurs.  As a result of this goal, 
jurisdictional wetlands in Galveston Bay are expected to maintain their current levels or possibly increase 
in the future. 

More than 500 acres of wetlands have been restored in Galveston Bay, and many more acres are currently 
being restored and created through the beneficial use of dredged material for marsh creation.  The HSC 
deepening and widening project will create 4,250 acres of marshland over the economic life of the project 
in areas, including the Atkinson Island Marsh (1,200 acres) in Upper Galveston Bay and the Bolivar 
Marsh (750 acres) in the Lower Bay (Port of Houston 2004).  Additionally, the HSC project will rebuild 
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and create islands such as Evia, Goat, and Redfish Islands with dredged material and has created 
118 acres of oyster reefs using limestone rock.  The project proposed in this document would add 
80.1 acres of estuarine marsh to the ecosystem through using dredged material, which would more than 
offset the 3.8 acres that would be impacted by the proposed project.  Therefore, the project is expected to 
have a positive cumulative effect on the aquatic habitats in the area. 

Upland Habitats 

Intense development associated with the City of Baytown has eliminated most natural habitats on the west 
side of the bayou.  The lower portion of the project vicinity, near Galveston Bay, and the east side of the 
bayou maintain native habitats; however, these are in jeopardy of being replaced by future development, 
especially as the 15,000-acre Cedar Crossing Industrial Park becomes increasing developed.  Habitat 
fragmentation is evident by the scattered nature of native hardwoods in the area.  The cumulative effects 
of existing and future development and associated habitat conversion are expected to continue.   

The LPP would impact 131.8 acres of upland habitats that include 5.5 acres of native hardwoods, 
5.9 acres of tallow-dominated hardwoods, 64.0 acres of scrub/shrub, and 56.4 acres of improved pasture, 
thereby further reducing the area of natural habitats located in the region.  However, approximately 
157.5 acres of habitats would be preserved as mitigation for these impacts, which should produce a long-
term beneficial effect to the area because the mitigation areas would be protected from being removed by 
development and would provide long-term habitat for resident wildlife and migratory birds.  In addition, 
vegetation will re-establish in the upland placement areas between maintenance dredging cycles and after 
the placement areas are filled to capacity or left unused, creating upland habitats in areas that could 
otherwise be converted to impervious cover. 

Navigation projects in the project region impacts upland habitats largely by placing dredged material in 
upland placement areas, but they could also affect uplands by dredging new channels or easing bends.  
Within the project area, the original improvements to the Lower Channel between Mile 0.8 and Mile 3 
impacted 2.5 acres of uplands (USACE 1972b).  Upland placement areas typically are used for the life of 
these projects, which is around 50 years, although upland vegetation may establish in these sites between 
dredging cycles.  Once the placement areas are filled to capacity or abandoned native vegetation can re-
establish in the sites if they are not further developed. 

The proposed right-of-way for Segment I-2 of the Grand Parkway includes 586 acres of upland habitats 
that may be impacted, including 24 acres of native hardwoods (FHWA 1997).  Future development in the 
15,000-acre Cedar Crossing Industrial Park is expected to have significant impacts to upland habitats in 
the Cedar Bayou project area. 

5.3.4.4 Finfish and Shellfish Resources 

Although the LPP would impact aquatic habitats, the majority of these impacts are temporary; therefore, 
the LPP is not expected to contribute heavily to cumulative impacts to finfish and shellfish resources.  
Benthic habitat and organisms within the CBNC would be temporarily affected by the project due to 
excavation and placement of dredged materials, which would impact food sources for finfish and 



FINAL ENVIRONMENTAL IMPACT STATEMENT 5-47 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

shellfish.  Dredging activity in association with the current project, maintenance dredging of the Lower 
Channel, and improvements to the HSC may temporarily reduce the quality of aquatic habitats by 
increasing turbidity.  Most organisms present in Ijams Lake would be permanently lost due to being 
covered with dredged material; however, finfish and shellfish populations and prey species would re-
establish in the area after placement is completed and the created marsh is reconnected to Cedar Bayou.  
Studies in Corpus Christi Bay (Ray and Clarke 1999) have indicated that recovery of benthic habitat 
occurs at open-bay placement sites in less than 1 year. 

Petroleum products may be present in roadway runoff, which could negatively affect the benthos in the 
immediate vicinity of Cedar Bayou.  Expansion of roadways in the area would potentially increase this 
runoff. 

Other dredging projects in the area, including the HL&P dredging, HL&P cutoff channel, dredging of the 
lower CBNC channel, and improvements to the HSC have impacted finfish and shellfish resources, 
including habitats.  However, these effects have been periodic and temporary.    

Commercial and Recreational Fisheries 

Cedar Bayou is used by recreational fishermen, especially along the banks of Roseland Park.  It also 
serves as an access point to Upper Galveston Bay.  Turbidity associated with dredging and placement is 
anticipated to temporarily affect local fisheries in the area.  However, because these effects are temporary 
and local, they are not expected to contribute largely to impacts to commercial and recreational fisheries.  
Recreational fisheries should benefit from the LPP due to marsh creation and the gradual conversion of 
the existing Devil’s Elbow channel to shallower depths by siltation (see Section 5.2.2).  The project will 
also provide a section of channel in Devil’s Elbow that can continue to be used by recreational fisherman 
and boaters but will no longer receive barge traffic. 

Aquatic Communities 

Increased turbidity during dredging and placement activities would decrease transmittance of light 
necessary for photosynthesis of phytoplankton but may also provide necessary nutrients.  Increased 
turbidity may also negatively affect zooplankton by damaging their filtering mechanism and impeding 
respiration.  However, these impacts are considered temporary and local.  Potential petroleum products 
released during dredging of the Lower and Upper Channels of the CBNC or other navigation projects 
along Galveston Bay may have a negative effect on plankton populations.  Although data are not 
available to quantify this effect, spills are anticipated to be infrequent events and would not have a large 
effect on aquatic communities.   

Although benthic organisms tend to recover quickly from the initial impacts of dredging, they would 
remain subject to the impacts of maintenance dredging in the Lower and Upper Channels of the CBNC in 
the project area, and would be affected in the Galveston Bay area by other navigation projects.  Beneficial 
effects of dredging projects in the region would result from restoration and creation of estuarine marsh 
habitat in beneficial use sites.  Creation of these marshes, which provide improved habitat for fisheries, 
offset the loss of bay bottom required for placement of the beneficial use sites. 
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A shift in species composition within Ijams Lake is expected to occur with the change from open-bay 
mud-bottom habitat to estuarine marsh habitat.  Similar effects would occur in marshes created by 
dredged material from the improvements to the HSC, construction of the associated barge lanes, and other 
dredging projects in the region. 

The increase in impervious cover and runoff by development of transportation projects and industrial 
facilities would increase the potential for contaminants to enter waterways through storm water.  Existing 
regulations in place minimize these effects by requiring storm water management plans and the 
implementation of BMPs. 

Essential Fish Habitat 

Section 305(b)(1)(A and B) of the MSFCMA (16 U.S.C. 1801 et seq.), as amended, required that the 
Regional Fishery Management Councils submit (by October 11, 1998) amendments to their FMPs that 
identify and describe EFH for species under management.  The act also requires identification of adverse 
impacts on EFH and the actions that should be considered to ensure that EFH is conserved and enhanced. 

The LPP would temporarily affect open-water habitats with mud substrates and remove 3.8 acres of 
estuarine marsh during the initial dredging of the Upper Channel.  No other estuarine marsh is expected to 
be impacted by maintenance dredging of the LPP or the Lower Channel.  The project discussed in this 
FEIS would also provide for the creation of 80.1 acres of estuarine marsh along Cedar Bayou.  Impacts to 
EFH would be temporary, with the exception of the marsh creation in Ijams Lake.  Creating estuarine 
marsh in Ijams Lake, as well as excavating the Devil’s Elbow Cutoff, should result in a net increase in the 
quality of EFH in the area.  As a result, the proposed project is expected to have a positive cumulative 
effect to EFH and managed species because of the restoration and creation of marsh habitats, which are a 
key component of the life history stages of the aquatic species of concern and their prey species. 

The use of BMPs and spill prevention and control measures for controlling runoff and minimizing 
impacts of accidental spills would be required for the proposed project and other development projects in 
the region, thereby limiting potential contamination of essential fish habitat in the area. 

5.3.4.5 Wildlife Resources 

The main cumulative effects of the proposed project to wildlife resources include the loss of upland 
habitats in an area where the natural habitats have been largely replaced by and will continue to be lost to 
urban and industrial development.  Additional habitats would be lost as a result of other navigation 
projects that include dredging of upland areas or placement of materials in upland sites.  The LPP would 
provide for preservation of upland habitats that are in jeopardy of being lost to future development.   

Wildlife resources in the project vicinity and the Houston region have been continuously impacted over 
the last several decades by loss of habitat to urban and industrial development.  Future development in the 
area will cumulatively affect wildlife resources by reducing the availability of native habitats, increasing 
fragmentation of remaining habitats, and creating additional noise and other human disturbances.  
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Threatened and Endangered Species 

No impacts to threatened or endangered species are anticipated as a result of the LPP or other projects in 
the vicinity because of the general lack of suitable habitat for listed species in the area (see 
Section 5.2.5.1).  Islands created by the HSC project may benefit brown pelicans by providing additional 
habitat in the area.  Other developments in the region may negatively affect threatened and endangered 
species if they displace the species or affect their habitat. 

5.3.4.6 Cultural Resources 

Cultural resources in the project vicinity have been continually affected by erosion, subsidence, and 
human activity (namely urban and industrial development).  Although the direct impacts of the LPP are 
unknown at this time, a Programmatic Agreement has been developed to address additional surveys and 
site evaluations in the project area.  These investigations will determine if sites located near the proposed 
improvements would be affected.  Future development and natural forces such as erosion are expected to 
incrementally impact cultural resources.  

5.3.4.7 Air Quality 

The project area for assessing cumulative effects to air quality generally includes the eight-county HGA, 
which includes Harris County and the surrounding counties of Chambers, Liberty, Montgomery, 
Galveston, Brazoria, Fort Bend, and Waller.  Currently, O3 is the only criteria pollutant for which the 
HGA fails to comply.  The HGA has been classified as being in “Severe-17” nonattainment for the 1-hour 
NAAQS for O3.  Under current regulations, the HGA has until 2007 to attain the O3 NAAQS.  Once the 
1-hour standard is attained, the EPA will judge the HGA by the new 8-hour standard.  Section 4.2.7 
provides a detailed description of the local and regional air quality in the HGA. 

Federal and state regulations require continued improvement in the air quality of nonattainment areas.  
The TCEQ has developed a SIP that has been approved by the EPA and describes how the area will reach 
attainment of the O3 standard.  The SIP sets emissions budgets for point sources, area-wide sources, off-
road mobile sources, and on-road sources.  The proposed project would result in emissions of criteria 
pollutants that fall within budgets set by the region’s SIP (25 tpy for NOx and VOCs) (see Section 5.2.7).  
The emissions from the project would have cumulative impacts to the air quality of the region; however, 
these impacts are considered minor since the total project emissions are expected to be less than 1 percent 
of the emissions in Chambers and Harris Counties and less than 0.01 percent of the HGA’s total 
emissions. 

The HGA is expected to experience growth in population and economic development, which will result in 
increased traffic, industrial capacity, and pollutant emissions.  However, government agencies are 
required to ensure that growth does not interfere with reaching attainment of the O3 standard or threaten 
the maintenance of other air quality standards.  Even with increases in air emissions, new controls on 
emissions that have been implemented in the HGA since it was classified as nonattainment have 
significantly reduced emissions of VOCs and will further reduce emissions of NOx in the area. 
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Possible cumulative impacts to air quality of reasonably foreseeable actions include additional emissions 
from transportation improvement, industrial facilities, navigation channel improvements, and container 
terminals.  Air emissions will occur from construction activities, operations, maintenance, and 
transportation associated with these projects.  Emissions from construction activities are considered 
temporary, intermittent, and of relatively short duration.  Emissions from construction of site-specific 
facilities would be more localized than emissions from the construction of linear projects.  Emissions 
associated with the operation of industrial facilities and equipment usually produce a continuous, long-
term impact on air quality.  These industrial sources are generally subject to permitting requirements of 
the TCEQ and the EPA, which are designed to minimize emissions from a proposed facility using best 
available emissions control technology.  Transportation improvement projects are also limited by SIP 
considerations and are generally made to improve traffic flow, which effectively reduces long-term 
emissions resulting from traffic congestion and sporadic flow.  The emissions associated with past, 
present, and future projects and activities in the HGA are monitored and limited by the HGA SIP.  
Therefore, potential long-term cumulative air quality impacts due to these actions would be limited.   

5.3.4.8 Noise 

The LPP is expected to only periodically increase noise levels in the project vicinity due to the initial and 
maintenance dredging activities.  Therefore, it is not expected to add substantially to the cumulative noise 
impacts occurring in the region.  Future increases in ambient noise levels associated with projected 
industrial development and increases in barge and automobile traffic are expected, especially in the 
vicinity of the other projects discussed in this section. 

5.3.4.9 Hazardous, Toxic, and Radioactive Wastes 

The risk of contamination of soils, surface water, and groundwater as a result of the LPP is relatively low.  
Therefore, the LPP is not expected to substantially contribute to the cumulative impacts that the use, 
storage, and transport of hazardous materials in the region may have on the environment.  Industrial 
development of the area served by the CBNC and the HSC would likely increase the use, storage, and 
transport of hazardous materials along these channels, subsequently increasing the risk for incidents of 
contamination.  Improving the Upper Channel of the CBNC; maintaining the Lower Channel of the 
CBNC; deepening and widening the HSC; and providing separate barge lanes along the HSC all have the 
purpose of providing increased safety in the navigation channels and reducing the potential for vessel 
collisions and possible spills. 

5.3.4.10 Socioeconomic Resources 

As presented in Tables 4.24, 4.25, 4.28, and 4.29 in Section 4.2.10, Chambers and Harris Counties are 
projected to experience growth in both population and employment over the next 20 years.  Combined 
with other projects in the area, the proposed project could potentially accelerate the rate of growth in 
population or employment in the region.  It should not contribute to Environmental Justice issues or to 
other socioeconomic issues.  Future industrial development in the region would be accompanied by 
increased economic opportunity and employment in the area, thereby resulting in a positive cumulative 
effect to the socioeconomic resources of the region. 
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5.3.4.11 Flooding 

The LPP is expected to decrease the amount of land that is flooded in the project area due to the LPP’s 
increased depth and width.  Therefore, it would have a beneficial effect to flooding conditions in the area.  
Present and future development in the area may encroach on floodplains and will increase impervious 
cover and runoff, which has the potential to increase flooding. 

5.3.4.12 Bank Erosion 

Bank erosion has been occurring for the past several years due to causes including normal wind-driven 
waves, periodic large storm events, subsidence of the Galveston Bay region, and wake-induced wave 
action associated with recreational and commercial vessels.  Erosion of banks is expected to continue, as 
is stabilization of unprotected banks. 

The proposed project is not expected to result in an increase in bank erosion over the No-action 
Alternative.  Erosion from natural and anthropogenic sources is expected to continue at the current rate, 
slowly affecting properties along Cedar Bayou and Galveston Bay.  Armoring of banks to slow or stop 
erosion will be included in selected areas directly impacted by the proposed project (new banks along the 
Devil’s Elbow Cutoff and levee between Cedar Bayou and the Ijams Lake Placement Area. Any armoring 
associated with future private developments along Cedar Bayou would be the developer’s responsibility. 

5.3.4.13 Prime Farmlands 

Although the LPP would impact and make inaccessible areas that contain Prime Farmland soils, the area 
surrounding the project is largely developed, and development is expected to continue.  Therefore, the 
project would not have a large effect on the farming potential of the region.  Future development will 
reduce the acreage of available prime farmland in the region. 

5.3.5 Conclusions 

The direct and indirect effects of the LPP on resources, ecosystems, and human communities are 
described throughout Section 5.0 of the FEIS.  When considered in the context of other past, present, and 
future actions in the project vicinity, these impacts contribute in a small yet incremental way to the overall 
cumulative effects on some of the pertinent environmental issues discussed in this section.  Some of the 
cumulative effects can be considered positive, including (1) a net increase in estuarine marsh, which will 
benefit aquatic communities, increase the diversity of habitats, and be used by a variety of marine and 
terrestrial organisms; (2) preservation of native wildlife habitats that would likely be removed in the near 
future by industrial development; and (3) reduction in flooding conditions in the area.  Other resources 
such water and sediment quality, finfish and shellfish resources, air quality, noise levels, HTRW sites, 
socioeconomic resources, bank erosion, and prime farmlands are not expected to be substantially affected 
by the project.  Potentially negative cumulative effects of the LPP include loss of native habitats due to 
dredging and placement activities, periodic disturbance of aquatic communities and removal of 
populations of benthic organisms, and potential impacts to cultural resources.  Overall, the potential 
cumulative effects of the improvements to the CBNC proposed by the LPP are not expected to be 
substantial.   
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Cumulative impacts on natural resources in the area around Cedar Bayou have resulted from general 
trends in population growth and urban and industrial development.  The trend in growth in the area and 
associated effects are expected to continue and will consist of primarily residential development on the 
Harris County side of Cedar Bayou and industrial growth on the Chambers County side of the bayou.  
Impacts to resources of the project area and region will continue to accumulate as future projects are 
planned and constructed.  Potentially negative cumulative impacts will include loss of habitats, air and 
water quality impacts, and conversion of land uses.  Potential beneficial effects will include new 
economic and employment opportunities and recreational resources.  Although the type and quantity of 
impacts from future projects cannot be determined, it is reasonable to assume that they will occur.  
However, the implementation of regulatory statutes would reduce these impacts.  Each of these activities 
would address their specific impacts and provide an update to the cumulative impacts in the area in the 
required NEPA documentation prior to construction.  Like this project, it is expected that each of these 
activities will be required to mitigate for the loss of area resources in order to gain permits or 
Congressional approval for construction. 

5.4 Unresolved Issues 

Issues that remain unresolved include the need for additional archeological survey for the project.  The 
additional survey and site evaluations will be conducted in accordance with the Programmatic Agreement 
in Appendix B. 

5.5 Any Adverse Environmental Impacts that Cannot be Avoided Should the Proposed 
Alternative be Implemented 

The following adverse impacts cannot be avoided if the LPP is implemented: 

• A total of 3.8 acres of estuarine marsh would be removed by the proposed Devil’s Elbow Cutoff and 
one bend easing.  Compensatory mitigation in the form of estuarine marsh creation is proposed for this 
project (Section 6.0). 

• Approximately 131.8 acres of upland habitats would be permanently impacted by the proposed Devil’s 
Elbow Cutoff, two bend easings, and upland placement areas.  These habitats include approximately 
5.5 acres of native hardwoods, 5.9 acres of tallow-dominated hardwoods, 64.0 acres of scrub/shrub, 
and 56.4 acres of improved pasture.  Compensatory mitigation for these habitats is provided by the 
project (Section 6.0). 

• Aquatic communities, including plankton, benthos, and nekton, would be adversely impacted by 
dredging of the CBNC and placement of dredged material in Ijams Lake.  However, communities are 
expected to recover, and the project would increase the overall diversity and productivity of aquatic 
habitats in the project area by creating estuarine marsh within Ijams Lake. 
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5.6 Any Irreversible or Irretrievable Commitments of Resources Involved in the 
Implementation of the Recommended Plan 

The labor, capital, and material resources expended in the planning and construction of the LPP are 
irreversible and irretrievable commitments of human, economic, and natural resources. 

5.7 Relationship between Local Short-Term Uses of the Environment and the Maintenance and 
Enhancement of Long-Term Productivity 

Creating estuarine marsh within Ijams Lake would require a short-term loss in productivity of the lake 
when it is being filled with dredged material and when vegetation is establishing.  However, productivity 
in Ijams Lake is expected to increase over the existing conditions after estuarine marsh is established. 

5.8 Energy and Natural or Depletable Resource Requirements and Conservation Potential of 
Various Alternatives and Mitigation Measures 

NEPA regulations in 40 CFR 1502.16 (e) and (f) require a discussion of project energy requirements and 
natural or depletable resource requirements, along with conservation potential of alternatives and 
mitigation measures in an EIS. 

Under both the No-action Alternative and the LPP, projected increases in commercial barge traffic on the 
CBNC would require more energy (fuel).  This requirement would be less under the LPP because the 
improved channel would allow more efficient navigation and would decrease the length of the CBNC 
between Mile 3 and SH 146 by bypassing Devil’s Elbow.  The LPP would require additional energy for 
improving and maintaining the CBNC from Mile 3 to SH 146. 
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6.0 MITIGATION 

This section provides a mitigation plan that has been developed, through coordination with the 
appropriate resource agencies, for unavoidable impacts of the LPP to estuarine marsh and upland habitats.  
Also provided is a discussion of the use of dredged material to create marsh in addition to that proposed 
for mitigation.  This discussion is divided into the following three sections: 

• Background and Summary (Section 6.1) 
• Federal and Non-Federal Mitigation Obligations (Section 6.2) 
• Mitigation Plan (Section 6.3) 

Section 6.1 provides a brief history of the development of the proposed project in relation to the proposed 
mitigation plan, summarizes the impacts for which mitigation is provided, and summarizes the mitigation 
plan.  Section 6.2 identifies what portion of the proposed mitigation is the responsibility of the Federal 
and Non-Federal sponsors.  Section 6.3 provides a detailed discussion of the mitigation plan that is 
proposed for this project.  The proposed mitigation plan is further divided into estuarine marsh mitigation 
(Section 6.3.1) and mitigation for upland habitats (Section 6.3.2). 

6.1 Background and Summary 

The CCCBND, as the Non-Federal sponsor, funded and developed the Feasibility Report and FEIS for the 
proposed improvements to the CBNC and has submitted them to the USACE for approval as a Federal 
project.  During the Feasibility Study, the CCCBND reviewed guidance in ER 1105-2-100 on protecting 
ecological resources and consulted with the USFWS, NMFS, TPWD, and GLO concerning the project’s 
potential impacts to natural resources.  One of the principal requirements for complying with the guidance 
in ER 1105-2-100 is to demonstrate that damages to significant ecological resources (wetlands and 
bottomland hardwoods) have been avoided or minimized to the extent practicable and that unavoidable 
damages to these resources have been compensated to the extent justified.  Wetlands are considered 
significant ecological resources because they often provide valuable functions, including flood storage, 
water quality improvement, shoreline erosion protection, nutrient cycling, fish and wildlife habitat, and 
recreation.  On a local scale, the significance of estuarine marsh is enhanced because Galveston Bay has 
lost 21 percent of its tidal marsh over the last 50 years.  Within the Cedar Bayou area, native hardwood 
habitats are also considered significant ecological resources due to the extensive loss and fragmentation of 
these habitats by past agricultural activities and residential and industrial development.  Furthermore, the 
remaining land near the bayou is expected to be developed in the next 10 years, resulting in the removal 
of remaining hardwood forests. 

Coordination with the resource agencies identified the presence of sensitive resources in the project area 
and the need to mitigate significant impacts to those resources.  While the resource agencies were 
concerned about impacts to all habitats, especially upland habitats that provide stopover points for 
migratory birds, they were particularly concerned with impacts to estuarine marsh and native hardwoods.  
For impacts to these two habitats, the resource agencies recommended compensatory mitigation at a ratio 
of 3:1 for estuarine marsh and 7:1 for native harwoods (by area in acres).  While these recommendations 
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reflected the resource agencies’ preferences, the USACE’s guidance requires that habitat-based analyses 
be used to determine the amount of mitigation needed to appropriately compensate for impacts. 

Based on the guidance in ER 1105-2-100, agency input, and the desire to minimize land acquisition costs 
associated with the project, the CBNC project has been modified and reduced in scope since the 
Feasibility Study began to reduce the amount of dredging, placement area requirements, and impacts to 
wetlands and hardwood habitats (see Section 2.0 in the FEIS).  Specifically, the project was designed to 
allow most of the dredging to occur within the existing banks of Cedar Bayou, to align the Devil’s Elbow 
Cutoff so that impacts to both upland and wetland habitats are minimized, to minimize the number of 
bends that would be eased, and to use Ijams Lake as a dredged material placement area.  Additionally, 
upland placement areas were selected and configured to avoid higher quality habitats (i.e., native 
hardwoods). 

Although every practical attempt was made to avoid impacts to these resources, some impacts to estuarine 
marsh and upland habitats were unavoidable.  The habitats impacted by the recommended plan are listed 
in Table 6.1.   

Table 6.1  Impacts of the LPP to Habitat Types for which Mitigation is Proposed (Acres) 
Impact Zone 

Habitat Type Devil’s Elbow 
Cutoff 

Upland 
Placement 
Area No. 1 

Upland 
Placement 
Area No. 2 

Bend Easings 
Total Impacts 

Estuarine Marsh 3.6 (low salt 
marsh) 0 0 0.2 (brackish) 3.8 

Upland Habitats      
Native Hardwoods 5.5 0 0 0 5.5 
Tallow-dominated 
Woodlands 0 0 5.0 0.9 5.9 

Scrub/Shrub 0 63.0 0.2 0.8 64.0 
Improved Pasture 4.7 0 51.7 0 56.4 
Total (all habitat types) 13.8 63.0 56.9 1.9 135.6 

 

To mitigate for the unavoidable impacts identified in Table 6.1, the CCCBND developed a project-
specific mitigation plan that satisfied the USACE mitigation requirements and was acceptable to the 
resource agencies.  The plan also considered the quality and regional significance of the impacted 
habitats.  Since estuarine marsh and native hardwoods were considered high-quality habitats, the 
mitigation plan focused on mitigating impacts to those resources, although all habitats were considered 
during the development of the plan.  Discussion of the quality and regional significance of estuarine 
marsh and native hardwoods is provided in Sections 6.3.1 and 6.3.2.  The ultimate area of marsh and 
hardwood habitats included in the plan was based on the area impacted and the quality, wildlife value, 
and regional significance of the impacted habitats. 

To mitigate for estuarine marsh impacts, the CCCBND proposed to create estuarine marsh using dredged 
material.  After evaluating two sites in Upper Galveston Bay and several locations among the small tidal 
lakes that border Cedar Bayou in the project area, the 80.1-acre Ijams Lake was selected for the creation 
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of estuarine marsh.  Further discussion of the analysis of alternatives is provided in the incremental cost 
analysis of the mitigation proposals located in Appendix C. 

The recommended alternative for mitigating the removal of natural marsh during construction of the LPP 
is the construction of 15 acres of marsh at Ijams Lake.  Ijams Lake was selected based on cost, location 
near the excavation site, and because it could accommodate all the new-work material from the upland 
portion of the Devil’s Elbow Cutoff.  The acreage of marsh creation was established by comparing the 
estimated habitat value of the impacted and created marshes using the Wetland Value Assessment (WVA) 
methodology developed by the USFWS (see discussion in Section 6.3.1).  Since there is no method to 
adequately measure the difference in productivity between natural and created marshes, the best 
professional judgment of project scientists was used to achieve the USACE’s goal of no net loss of 
wetlands.  The 15.0 acres of marsh creation is a conservative estimate of mitigation area needed to fully 
compensate for the lost wetland.  Within the remaining 65.1 acres of the Ijams Lake Placement Area, 
estuarine marsh would be created but would not be considered mitigation for project impacts. 

Although impacts to all upland habitats were considered in the development of the project, the mitigation 
plan focused on mitigating for impacts to native hardwoods while minimizing additional land costs to the 
project.  Three mitigation alternatives were evaluated.  One alternative would convert pastureland to 
hardwood forest by planting young trees; the second alternative would preserve existing hardwood forests 
on the west side of Cedar Bayou; and the third alternative would preserve existing native hardwoods on 
properties that required purchasing as uneconomic remnants for other project activities or were otherwise 
available at no cost to the project.  All three alternatives would meet the goal of in-kind mitigation using 
an ecosystem approach.  The third alternative would also preserve native hardwoods in an amount similar 
to the reource agencies’ recommendations and would include presrevation of all habitats impacted.  
Further discussion of the analysis of mitigation alternatives is provided in the incremental cost analysis of 
the mitigation proposals located in Appendix C. 

The recommended alternative for mitigating impacts to native hardwoods will preserve existing native 
hardwoods on properties that require purchasing as uneconomic remnants for other project activities or 
are otherwise available at no extra cost to the project.  This alternative is the most cost-efficient 
alternative, does not incur additional costs for the project, provides appropriate mitigation for project 
impacts to hardwoods, includes preservation of other upland habitat types that would be impacted by the 
project, and was accepted by the resource agencies.  Preservation of native hardwoods would occur in the 
following four mitigation areas: 

• Devil’s Elbow Island Mitigation Area 
• Mitigation Area 2 
• Mitigation Area 3 
• Sutton Gully Mitigation Area 

A description of each mitigation area is provided in Section 6.3.2.  Figure 6.1 provides the locations of 
the mitigation areas in relation to the proposed improvements.  Figures 6.2 through 6.4 show the habitats 
that occur in each mitigation area.  The mitigation areas include approximately 51.8 acres of native 
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hardwoods, 32.4 acres of tallow-dominated woodlands, 16.0 acres of scrub/shrub, and 28.4 acres of 
improved pasture.  In addition, the Devil’s Elbow Mitigation Area includes approximately 28.9 acres of 
primarily high salt marsh that is not considered mitigation for impacts to estuarine marsh because it 
differs from the low salt marsh that would be impacted by the LPP, and its elevation makes it largely 
unavailable as habitat for marine organisms. 

Both of the recommended mitigation plans satisfy the USACE mitigation requirements and are 
comparable to the replacement recommendations provided by the resource agencies without incurring 
additional costs for the project.  The agency recommendations were provided during extensive 
coordination while developing the project plans.  The mitigation proposals have been accepted by these 
agencies (see letters from the NMFS, USFWS, TPWD, and GLO in Section 1 of Appendix A).  
Table 6.2 summarizes the impacts of the project to resources for which mitigation is proposed, as well as 
the mitigation proposal. 

Table 6.2  Summary of Impacts and Proposed Mitigation 
Habitat Type Impact (acres) Mitigation (acres) 
Estuarine Marsh 3.8 15.0 
Upland Habitats 0 0 
Native Hardwoods 5.5 51.8 
Tallow-dominated Woodlands 5.9 32.4 
Scrub/Shrub 64.0 16.0 
Improved Pasture 56.4 28.4 
Total 135.6 143.6* 
*Note: Devil’s Elbow Island also contains approximately 28.9 acres of primarily high salt 
marsh that is not considered mitigation for impacts to estuarine marsh. 

 

6.2 Federal and Non-Federal Mitigation Obligations 

In consultation with the CCCBND, the USACE indicated that tallow-dominated woodlands, scrub/shrub 
habitats, and improved pasture are not recognized as nationally significant resources; therefore, the 
USACE would not mitigate for those habitats or share the cost of the entire mitigation plan.  This section 
outlines the federal mitigation obligation and the portion of the mitigation for which the CCCBND is 
entirely responsible.  An incremental cost analysis for the Federal mitigation obligation is provided in 
Appendix C. 

6.2.1 Federal Mitigation Obligation 

Of the habitats impacted by the LPP, the USACE considers estuarine marsh and native hardwoods to be 
of national significance and to warrant mitigation.  Therefore, of the mitigation that is proposed for the 
project (15.0 acres of estuarine marsh and 157.5 acres of upland mitigation areas), the USACE has agreed 
to share the cost of the creation of 15.0 acres of estuarine marsh in Ijams Lake and the preservation of 
51.8 acres of native hardwoods.  In addition, the remaining 65.1 acres of marsh created in Ijams Lake 
would be cost-shared. 
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Figure 6.1  Index of Mitigation Areas 
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Figure 6.2  Devil’s Elbow Island Mitigation Area and Ijams Lake Marsh Creation Areas 
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Figure 6.3  Mitigation Areas 2 and 3 
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Figure 6.4  Sutton Gullly Mitigation Area 
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6.2.2 Non-Federal Mitigation Obligation 

The CCCBND would share the costs with the USACE of the 15.0 acres of marsh mitigation and 
51.8 acres of native hardwood mitigation.  In addition, the CCCBND would share the cost of creating the 
remaining 65.1 acres of marsh in Ijams Lake. 

As the Non-Federal sponsor, the CCCBND is entirely responsible for the remaining portion of the upland 
habitat mitigation (105.7 acres), which includes tallow-dominated woodlands, scrub/shrub, improved 
pasture, and primarily high salt marsh. 

6.3 Mitigation 

The mitigation plan developed for the project and discussed in this section is divided into the following 
components: 

• Estuarine Marsh Mitigation (Section 6.3.1) 
• Mitigation for Upland Habitats (Section 6.3.2) 

While these discussions provide the information that was reviewed by the resource agencies during 
coordination activities, the mitigation discussion in this section has been revised to incorporate comments 
made by the resource agencies and by the USACE.  However, the basic mitigation proposal, including the 
total acreages of habitats and the proposed mitigation areas, has not changed. 

6.3.1 Estuarine Marsh Mitigation Plan 

Estuarine marshes play an important role in sustaining the health and abundance of life within an 
ecosystem.  They are important natural resources that provide essential habitat for fish, shellfish, and 
other wildlife (McHugh 1967).  They also serve to filter and process agricultural runoff and buffer coastal 
areas against storm and wave damage (White and Paine 1992).  Estuarine marshes are used by a number 
of marine species, including brown shrimp, white shrimp, pink shrimp, red drum, gulf menhaden, Atlantic 
croaker, southern flounder, and speckled trout.  Galveston Bay has one of the highest rates of marsh loss 
along the Gulf Coast (21 percent decrease in tidal marshes since the 1950s) (White et al. 1993).  One way 
to reverse this trend is to use dredged material to create new marsh (Shreffler et al. 1992).  Using dredged 
material to create marsh can greatly increase the primary productivity of the area (Zimmerman et al. 1993). 

The LPP would convert approximately 3.8 acres of estuarine marsh to open water by dredging the new 
Devil’s Elbow Cutoff (3.6 acres) and one bend easing (0.2 acre).  The marsh impacted by the Devil’s 
Elbow Cutoff is primarily low salt marsh that is dominated by smooth cordgrass.  The small marsh that 
would be impacted at Bend Easing 1 is brackish in nature and dominated by southern cattail.  
Section 5.2.3.1 describes the marshes that are impacted, and Figures 5.2 and 5.4 in Section 5.2.3 show 
the locations of the marshes. 

Before the amount of created marsh needed to compensate for the natural marsh lost to project 
construction could be calculated, it was necessary to determine the habitat value (quality) of each marsh.  
The quality and quantity of natural and created marshes were determined by using the WVA methodology 
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developed by the USFWS for use in prioritizing project proposals submitted under the Coastal Wetlands 
Planning, Protection, and Restoration Act (CWPPRA).  The model is a modification of the Habitat 
Evaluation Procedures (HEP) developed by the USFWS in 1980.  WVA models differ in that HEP 
generally uses a species-oriented approach, whereas the WVA models use a community approach.  Thus, 
the WVA models have been designed to function at a community level and attempt to define an optimum 
combination of habitat conditions for all fauna utilizing the habitat (CWPPRA Environmental Work 
Group 2002a). 

The marsh models initially were developed on a biologically-based system defining optimum habitat 
conditions for marsh cover as cover values between 60 percent and 80 percent.  This is the optimum 
system favored by the NMFS.  However, the USFWS modified the models to prevent an occasional 
inconsistency where the model would generate an analysis showing a net loss in habitat quality through 
time with a project when it was expected to increase in value.  For CWPPRA purposes, the environmental 
work group agreed to deviate from a strictly biologically-based habitat suitability index graph for one of 
the model variables and established the new optimal habitat conditions at 100 percent marsh cover. 

While this value for marsh cover may work for CWPPRA projects, it is not appropriate for measuring 
functional values of marshes.  Although the habitat units generated by the marsh models for this project 
are not entirely accurate, there are no better models available to measure ecosystem value of the marshes.  
The WVA models can be used to measure the ecosystem values of the marshes and used as comparisons 
between natural (impacted) and created (mitigation) marshes. 

Another concern with the marsh model is that it assumes the created marshes are functionally equivalent 
to natural marshes after three growing seasons.  Studies by NMFS (Minello and Webb 1997, Minello 
2000) have shown that created marshes in Galveston Bay are not functionally equivalent (equal biological 
productivity) to natural marshes for all estuarine species as much as 15 years after the marshes are 
planted.  Minello and Webb (1997) found that the created marshes are similar to natural marshes in 
physical appearance, but that densities of both fish and decapod crustaceans (shrimp and crabs) were 
significantly lower in created marshes than in natural marshes.  Also, plant roots, detritus, and species 
richness of macroinfauna (mainly polycheate worms) were all significantly lower in created marshes than 
in natural marshes.  The authors concluded that the determining factor for marsh function appeared to be 
tidal flooding rather than age since this variable was often related to nekton (mobile species) density.  
This hypothesis was tested by Minello (2000) by sampling three created marshes at the same water depth 
and tidal flooding frequency.  He found that while densities of most fish and some decapod shrimp and 
crabs in the created marshes were similar to natural marshes at equivalent water elevations, the densities 
of commercially-important shrimp and crabs never reached parity with natural marshes.  He concluded 
that while animal densities are assumed to be indicators of habitat quality, the value of a salt marsh for 
estuarine species involves ecological relationships that may not be expressed in animal densities. 

Based on these marsh studies and the reliance of the WVA marsh models on 100 percent vegetative cover 
rather than biological needs, it appeared that more than a 1:1 ratio of created to natural marsh was needed 
to fully compensate for the loss of marsh productivity in the project area.  Furthermore, the created marsh 
is not likely to achieve the same tidal flooding frequency due to the difficulty in controlling dredged 



FINAL ENVIRONMENTAL IMPACT STATEMENT 6-15 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

material fill to a precision of a few inches with settling over time.  Thus, it is easier (less time, labor, and 
sediment reworking) to create a larger marsh to replace the lost natural marsh to achieve a functionally 
equivalent area at the proper elevation. 

6.3.1.1 Mitigation for Estuarine Marsh Impacts 

The WVA marsh model calculated a habitat value for the 3.8 acres of lost natural marsh as 
11.85 AAHUs, which was used as a reference for calculating the AAHU replacement values for 
alternative mitigation strategies.  Based on (1) an incremental cost analysis of mitigation alternatives (see 
Appendix C), (2) the abovementioned NMFS field studies that showed created marshes did not reach 
parity with the functional values of natural marshes as much as 15 years after marsh construction, and 
(3) the best professional judgment of project scientists, a conservative estimate of the amount of 
mitigation needed to fully compensate for the loss of 3.8 acres of natural marsh was determined to be 
15.0 acres of marsh to be created within the 80.1-acre Ijams Lake Placement Area (see Figure 6.2).  
According to the WVA marsh model, the 15.0 acres would have a habitat value of 35.89 AAHU. 

6.3.1.2 Other Marsh Creation Area 

In addition to the estuarine marsh created to mitigate for impacts to estuarine marsh, the LPP also 
includes the use of dredged material to create an additional 65.1 acres of estuarine marsh within the Ijams 
Lake Placement Area (see Figure 6.2). 

6.3.1.3 Design and Construction of Estuarine Marsh in Ijams Lake 

Since both the estuarine marsh mitigation area and the other marsh creation area would be within Ijams 
Lake, the design and construction of the marsh pertains to both areas of marsh creation.  

The conversion of Ijams Lake into estuarine marsh would increase the habitat suitability of the area for 
many aquatic and semi-aquatic species.  The design of the marsh is the most important aspect for 
determining the success and function of the marsh, which should mimic the appearance and function of 
natural marshes in the area.  Topography and marsh-water interface (edge) influence the vegetation that 
dominates marshes and determine the functionality of marshes.  Dredged material would be placed at an 
appropriate elevation so that after settling, the new substrate is at the same elevation as the surrounding 
natural marsh.  The NMFS has stated that low salt marsh dominated by smooth cordgrass in the nearby 
Atkinson Island beneficial use marshes is at an elevation range of +1.7 to +2.4 MLT.  The NMFS 
suggested that the proposed marsh in Ijams Lake be constructed to elevations between +1.7 and 
+2.0 MLT.  For this study, the target elevation for the Ijams Lake Placement Area is +2.0 MLT and will 
vary slightly depending on the actual elevation of existing marsh in the project area and on the final 
placement and settling of dredged material. 

Target Habitat 

The primary feature of the proposed marsh would be the optimization of the edge between open water and 
marsh habitats.  Research has shown that a large amount of edge is beneficial, and that natural creeks and 
channels connecting the inner marsh with the open bay provide flushing to maintain moderate soil 
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salinities for healthy plants, provide access to more of the marsh surface for fishery organisms, and 
facilitate the escape of organisms under low-tide conditions (Minello et al. 1987).  To accomplish this, the 
NMFS has suggested that an irregular marsh-bayou interface be established and to include 30 percent 
open water in the form of shallow creeks and ponds.  Current drainages from the land, such as Ijams 
Gully and Water Oak Gully, would help create these open water features.   

In addition to maximizing edge in the marsh, topographic relief should be created by varying the final 
elevation of material placement and planting with appropriate native flora at each elevation.  This would 
create further habitat diversity for other wildlife species.  The topography of the created marsh would 
vary slightly to allow for differences in the duration of tidal inundation and to create different floral 
communities and a diverse marsh.  By creating a variety of habitats, the biodiversity of the area would be 
maximized.  The best time to create topographic variation in a marsh is at the time of sediment deposition 
(Minello et al. 1994).  

A conceptual plan view of the marsh creation site after completion is shown in Figure 3.15 (Section 3.2).  
The following paragraphs describe each component of the created marsh. 

Open Water 

The NMFS has recommended that the open-water habitat should compose approximately 30 percent of 
the total surface area of the project and should be composed of shallow creeks and ponds.  The ponds 
would provide foraging habitat for birds and fish, and the channels would allow tidal water to flow deep 
into the interior of the marsh.  This allows for flushing of the marsh, decreases soil salinity, and allows 
access to these areas for fish and crustaceans.  As discussed earlier, the increase in edge would increase 
the suitability of the habitat for estuarine species.  

Emergent Marsh 

Emergent marsh would be the largest habitat component created in Ijams Lake (approximately 70 percent 
of the total surface area).  The marsh habitat can be divided into eight subgroups (Rozas and Zimmerman 
1994).  The different floral communities present in the marsh would be determined by the elevation above 
mean high tide after the dredged material has settled.  As little as a few centimeters change in elevation 
will change floral species compositions.  These communities are listed below, beginning with the 
community at the water’s edge (lowest in elevation) and proceeding upwards in elevation. 

• Smooth cordgrass (tall) 
• Smooth cordgrass (short)  
• Smooth cordgrass-saltmarsh bulrush (Scirpus maritimus) 
• Saltmarsh bulrush  
• Saltmarsh bulrush-seashore saltgrass (Distichlis spicata) 
• Seashore saltgrass 
• Saltmarsh bulrush-saltmeadow cordgrass 
• Saltmeadow cordgrass-gulf cordgrass 
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Uplands 

The upland area has the highest elevation of the habitat types and is rarely flooded.  The uplands should 
account for a minimal portion of the site.  The flora of this area would be a scrub/shrub environment.  
There are several species of shrubs that can be planted in this area to increase the suitability of the area for 
wildlife.  Big-leaf sumpweed is typically found on elevated sites in brackish marshes and is an evergreen 
shrub that can reach a height of 2.4 meters (8 feet).  This shrub species is ecologically important for 
providing nesting and resting habitat for perching birds (Stutzenbaker 1999), and it bears fruits that can be 
consumed by migratory birds.  Carolina wolfberry (Lycium carolinianum) is another shrub found on 
ridges along bay shores.  It grows to a height of 0.9 meter (3 feet).  This plant is tolerant to drought and 
periodic flooding (Stutzenbaker 1999).  The fruits of this shrub are consumed by a variety of birds 
(Stutzenbaker 1999).   

Most plants in estuarine marshes tolerate a very narrow elevation range.  Therefore, species should be 
planted at the proper elevation to ensure the survival of the constructed wetland.  The floral communities 
of nearby natural marshes would be surveyed to determine the elevations at which each community is 
found.  This would allow species to be planted at similar elevations in the created marsh.  Propagation of 
these plants should occur in the late winter or early spring.  They should be transplanted by removing the 
entire root stock (or rhizome, depending on species) and then placing the plant in the appropriate habitat 
zone.  The shrub plants (big-leaf sumpweed and Carolina wolfberry) should be planted on 10-foot square 
grids in the appropriate habitat zones.  The remaining herbaceous plants should be planted on a 3-foot 
grid in appropriate habitat areas.  Care should be taken to prevent excessive erosion due to wave action 
during the early stages of this project. 

Construction of Marsh in the Ijams Lake Placement Area 

The Ijams Lake Placement Area would be constructed and filled to capacity with dredged material during 
the initial dredging.  Materials used would be stiff clays from the upland and shallow marsh areas in the 
Devil’s Elbow Cutoff.  Minor filling of deeper areas after initial settling will be done with maintenance 
material from the channel if needed.  A description of the Ijams Lake Placement Area is provided in 
Table 6.3. 

Table 6.3  Description of the Ijams Lake Placement Area continued 
Site Characteristics   
Area 80.1 acres (15.0 acres would be considered a mitigation area) 
Perimeter 11,100 feet 
Existing Bottom El. (MLT) –0.5  to –2.0 ft 
Current Land Use Shallow lake 
Containment Dikes  
Crest Elevation (MLT) +8.4 feet 
Crest Width 5 feet 
Side Slopes (V:H) 1:3 
Method and Material Used for 
Construction New cut material from the upland portion of the Devil’s Elbow Cutoff 

Foundation Conditions Soft clay 
Anticipated Dike Construction 2006 
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Table 6.3  Description of the Ijams Lake Placement Area continued 
Year, source, and volume of 
containment dike material 2006: In situ/Devil’s Elbow Cutoff 145,900 cy 

Dredge Fill  
Bulked capacity 783,000 cy 
Initial bulked fill elevation (MLT) +4.4 feet 
Years of placement site use 2006 
Source material location Devil’s Elbow Cutoff  
Estimated final fill elevation (MLT) +2.0 feet (Based on marsh elevation and coordination with NMFS) 

 

Levees around the entire placement area would be constructed using approximately 149,500 cy of in situ 
stiff clays excavated from the Devil’s Elbow Cutoff.  These levees would prevent tidal flow from eroding 
the dredged material before vegetation has established.  The materials used in levee construction would be 
excavated using a mechanical dredge mounted on a barge and would be transported by barge down Cedar 
Bayou to Ijams Lake.  The construction of temporary channels within Ijams Lake may be required to 
allow barge access to the areas of levee construction.  Materials excavated to create temporary channels 
would be placed within the Ijams Lake Placement Area.  Containment dikes would be raised to a height 
of +8.4 feet MLT, and a spill box for decanting water during placement of hydraulically dredged material 
would be constructed along the western edge of Ijams Lake, adjacent to Cedar Bayou.  The construction 
layout for the Ijams Lake marsh creation site can be seen on Figure 3.13 in Section 3.2.   

Placement of dredged material into Ijams Lake would be by mechanical and hydraulic dredging.  
Temporary channels created for barge access during the construction of containment dikes would be filled 
during hydraulic dredged material placement and construction of the estuarine marsh.  The temporary 
channels located between the Cedar Bayou channel and the Ijams Lake Placement Area may be used for 
future activities associated with the construction of the Ijams Lake Placement Area (i.e., decommissioning 
and armoring the outside levee, sculpting materials and constructing marsh within Ijams Lake, or 
providing flow between Cedar Bayou and the created marsh).  After completion of the Ijams Lake marsh, 
these areas of temporary channel would be allowed to silt in naturally to minimize impacts and prevent 
dredged material from flowing back into the CBNC.  Approximately 342,000 cy of in situ material from 
the Devil’s Elbow Cutoff would be deposited into Ijams Lake during the initial dredging of the LPP for 
construction of levees (149,500 cy) and creation of marsh.  Approximately 331,030 cy (97 percent) of the 
total material would be Pleistocene soils from the upland portion of the cutoff.  The remaining 10,970 cy 
(3 percent) would be Recent materials from the shallow water or estuarine marsh portion of the cutoff.  
Bulking factors for the Pleistocene and Recent materials are 2.3 and 2.0, respectively.  Therefore, the 
volume of the Ijams Lake Placement Area that would be filled by these materials would be approximately 
783,000 cy.  If additional material is needed during the initial dredging to reach the target elevation for 
marsh creation, hydraulically dredged material from the remaining shallow-water portion of the Devil’s 
Elbow Cutoff would used.  

Once the Ijams Lake Placement Area is filled to the design height, the area would no longer be used for 
placement of dredged material unless state and federal resource agencies determine additional filling is 
needed to improve marsh productivity.  The material would be allowed to consolidate and settle to the 
functional height of +2.0 feet MLT, which is the approximate elevation of estuarine marshes that are 
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present in the project vicinity and is within the range suggested by the NMFS.  Appropriate marsh 
vegetation would then be planted to stabilize the area and to provide a marsh environment.  Lower 
elevations would be included to create shallow creeks and ponds.  A typical marsh construction 
sequencing plan is shown in Figure 3.14 in Section 3.2.  Once the marsh has become established, the 
levees would be breached or leveled to allow flow between the marsh and the bayou. 

As discussed in Section 3.1, the levee along the west side of the Ijams Lake Placement Area, between the 
created marsh and Cedar Bayou, would be armored to protect the newly created marsh from erosive 
forces.  The armoring would consist of approximately 3,200 linear feet of riprap stones ranging in size 
from 150 to 200 pounds (15 to 16 inches in diameter), with a geofabric layer underneath the stones to 
prevent the erosion of fine sediments.  Five vertical feet of riprap, from an elevation of +4.6 MLT to  
-0.4 MLT, are proposed along the new shore, with a layer thickness of 1.5 times the diameter of the 
average stone size (24 inches).  The slope of the bank would be 1:3 (V:H).  A plan and section view of 
this project feature is provided in Figure 3.9 (see Section 3.1). 

The preliminary cost of constructing estuarine marsh in Ijams Lake that was used in the alternatives 
analysis and incremental cost analysis for this project ($18,050) was updated in August 2005 to reflect 
changes in target elevations, dredged material placement costs, and planting costs.  The updated estimate 
to construct the Ijams Lake marsh creation areas is approximately $29,485 per acre.  No future 
development plans have been expressed by adjacent landowners in the area.  

Goals and Objectives 

Table 6.4 provides a general plan for marsh design.  This table refers to nearby marshes for construction 
and monitoring standards.  The selection of a reference marsh would consider factors such as the 
proximity to the Ijams Lake Placement Area and comparable size. 

Table 6.4  Marsh Design Planning continued
Goals and Objectives 

• To create an intertidal marsh that is compatible with the surrounding natural environment using new-work 
dredged material.  This should be achieved with minimal loss of materials and minimal adverse construction 
impacts to the existing marsh habitat at the edge of Ijams Lake 

• To reach consistent and similar intertidal fluctuations that mimic existing nearby marshes so as to provide an 
environmental habitat suitable for local species to live and grow. 

• To create a sustainable habitat that will withstand environmental conditions and man-made impacts for the 
life of the project and beyond. 

Methods 
• Build containment dikes around the Ijams Lake Placement Area from mechanically dredged material, place 

hydraulically dredged new-work material within the dikes, and allow it to settle to a specified elevation.  
After dewatering and consolidation, shape the material where required, and plant vegetation to sustain the 
intertidal habitat over time. 

• Stabilize the exposed shoreline adjacent to the CBNC. 

Standards 
• A sustainable marsh habitat shall be maintained over the life of the project. 
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Table 6.4  Marsh Design Planning continued
• Marsh elevations and geotechnical factors shall fall within certain parameters set in the design. 

• Marsh depths, water quality, water temperatures, dissolved oxygen levels, and salinity of the created marsh 
shall be favorable and comparable to those in existing nearby marshes. 

• Water displacement over the tidal cycle shall also be similar to that of existing nearby marshes. 

• Loss of total marsh area over the life of the project shall be minimal. 

Monitoring and Maintenance 
• During construction, periodically sample dredged material and analyze for bulking and consolidation.  Using 

full-time qualified construction inspectors, modify placement of material and fill height to fit the material 
factors. 

• Conduct site inspection 90 days after construction for appearance of inconsistencies, taking a close look at 
the interaction of existing habitats with the newly created marsh.  If features do not blend in an appealing 
and functional manner, site modifications must be made to correct the issue. 

• Conduct site survey to inspect post-construction marsh depths and their similarity to nearby marshes.  
Modify marsh conditions to more closely fit nearby natural conditions. 

• Use aerial photography periodically to assess any changes in the marsh and its conditions over the life of the 
project.  In the event that target elevations are not met in areas, additional measures would be taken to 
enhance the site, such as placing maintenance dredged material to attain target elevation and planting 
additional vegetation. 

 
During the creation and management of the estuarine marsh, the following would be considered: 

1) The estuarine marsh in Ijams Lake would be constructed using the most recent information 
concerning marsh creation. 

2) The marsh creation areas would include emergent marsh dominated by smooth cordgrass and other 
species naturally occurring in estuarine marshes, depending on the final elevation of the marsh.  The 
areas would also include other components such as channels, pools, and mounds to create a diverse 
marsh that is beneficial to a variety of marine and terrestrial wildlife species. 

3) During construction of the marsh in Ijams Lake, the marsh creation areas would be inspected 
periodically to ensure that the sites are constructed in a way that would support estuarine marsh. 

4) After the dredged material is placed within Ijams Lake, the site would be monitored to ensure that the 
material settles to a desired elevation. 

5) After the desired elevation is achieved, the marsh creation areas would be planted with smooth 
cordgrass and other naturally occurring species, depending on the final elevation of the marsh. 

6) The marsh creation areas would be monitored and managed after the marsh is created to ensure 
vegetation establishment. 

7) Actions would be taken to enhance the constructed marsh should the target habitat not be met in the 
initial marsh construction.  Actions may include adding dredged material to the site during the first 
maintenance dredging cycle for the project. 
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6.3.1.4 Agency Coordination and Review 

The proposed marsh mitigation plan was developed with coordination among the CCCBND, USACE, 
NMFS, USFWS, TPWD, and GLO.  The NMFS, USFWS, TPWD, and GLO have reviewed the plan and 
determined that the mitigation provided in the plan is acceptable.  Letters from the agencies concerning 
the proposed plan are included in Section 1 of Appendix A.  The agencies have requested the opportunity 
to provide input to the future engineering design, construction, and monitoring planning for the project.  
More detailed planning of the marsh cration areas would take place during the preconstruction, 
engineering, and design (PED) phase of the project.  A team of state and federal resource agencies, 
including but not limited to the NMFS, USFWS, TPWD, GLO, and TCEQ would participate in the 
detailed planning of the site.  Details that would be determined include inspection and monitoring of the 
site, actions to enhance the site if necessary, and other design details that are required to create a 
successful marsh. 

6.3.2 Mitigation for Upland Habitats 

The LPP would convert 5.5 acres of native hardwoods to open-water habitat by dredging the new Devil’s 
Elbow Cutoff.  Other upland habitats that would be impacted by the LPP include tallow-dominated 
woodlands (5.9 acres), scrub/shrub (64.0 acres), and improved pasture (56.4 acres).  Section 5.2.3.2 
describes the upland habitats that are impacted, and Figures 5.2 through 5.4 in Section 5.2.3 show the 
locations of the habitats. 

The 5.5 acres of native hardwood forest that will be removed from the Devil’s Elbow Cutoff are 
considered to be bottomland hardwoods due to the similarity of species composition and the habitat 
function of the forests in the area.  However, the hardwood forests along Cedar Bayou differ from other, 
high quality, bottomland hardwoods normally found in large river systems in east Texas in that they are 
not part of an extensive ridge-slough cypress swamp habitat.  Cedar Bayou is a small, sluggish stream that 
is still cutting through alluvial deposits and is actively eroding the banks at its headwaters.  The once 
extensive streamside forests have been fragmented by residential, commercial, and industrial 
development, but they are flooded by occasional local torrential rains, which gives them a hydrologic 
connection to the bayou.  Because the remaining forests still function as bottomland hardwood habitat, 
they are suitable for habitat quality analysis using the WVA Bottomland Hardwoods Model. 

The significance and scarcity of this forest habitat on an ecoregion scale is demonstrated by the 
fragmentation that has occurred in the region in the past and is expected to accelerate in the future.  Much 
of the wooded area on the west (Harris County) side of the bayou has been developed for residences in 
Baytown and along Galveston Bay, and the remaining wooded areas to the south along the bayou are 
being planned for development (see discussions on Negrohead Lake and Ash Lake in Section 5.1).  The 
wooded area on the east (Chambers County) side of the bayou was extensively fragmented by agricultural 
interests in the early to mid-1900s and later by commercial and industrial development.  The area’s close 
proximity to SH 99 (which will become part of the Grand Parkway with connections to IH 10) and the 
navigable stretch of Cedar Bayou has created a demand for the available, relatively cheap (about $12,500 
per acre) land.  Several industries have moved into the area, current owners are expanding their 
operations, Home Depot has recently opened a warehouse facility in the area, and Wal-Mart has 
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announced plans for a major distribution center in the area.  The local sponsor has stated that with the 
proposed project in place, the remaining land near the bayou will be developed and the remaining forests 
will be removed within about 10 years.  Even without the project, development will continue because the 
area has the last remaining large parcels of land near major trucking and shipping infrastructure (see 
Sections 1.5.5 and 5.3.3.1), and the remaining forests will be removed due to development over the next 
10 years. 

Additional significance of the hardwood forests at Cedar Bayou is found in their wildlife value.  The 
CBNC lies within the Central Flyway, which is one of the four major migration routes in the continental 
U.S.  Therefore, the hardwood forests in the area provide important stopover points where avian species 
can rest and forage.  They also provide habitat for resident wildlife species.  The wildlife value of the 
native hardwoods near Cedar Bayou is enhanced relative to the upland forests east of FM 1405.  The 
upland forests distant from Cedar Bayou have a low habitat value due to the invasion of exotic tallow 
trees, which frequently dominate the species composition.  Tallow trees are prolific, fast growing, and 
have little wildlife habitat value.  Once these trees have invaded an area, they quickly spread and can be 
found throughout the region, even in the forests proposed for preservation, but in lower densities.  Their 
removal will further increase the habitat values of the forests on the mitigation tracts if the land is turned 
over to the appropriate interests for control and management as proposed by the local sponsor (see 
Section 6.3.3) at the suggestion of the resource agencies. 

As discussed in Section 6.1, the CCCBND developed a project-specific mitigation plan based on the 
quality and regional significance of native hardwoods and considering recommendations from resource 
agencies.  The plan focused on mitigating impacts to native hardwoods (considering both quantity and 
quality of the native hardwoods) while minimizing additional land costs to the project.  The WVA 
Bottomland Hardwood Model, which was used to calculate habitat value for impacted and replacement 
forests, evaluates several forest attributes, such as forest maturity, species composition, site hydrology, 
forest size, proximity to and type of disturbances, and time of projected loss of surrounding forests.  The 
5.5-acre forest that will be impacted by the LPP is part of a 35.5-acre forest on the Devil’s Elbow and is 
given a Class 3 value (mid-range) for forest size in the model.  The time (target year) of construction 
impacts for the project area is assumed to start in 2006 (project construction start date) and will be 
completed in one year.  If the project is not constructed, it is assumed the area will be developed and the 
forests removed in about 10 years (2016).  Based on these assumptions, the WVA model calculated a 
habitat value for the 5.5 acres of impacted forest as 8.0 AAHU. 

The resulting mitigation plan includes preserving native hardwoods on properties that require purchasing 
as uneconomic remnants for other project activities or are otherwise available at no extra cost to the 
project.  The plan includes four mitigation areas totaling approximately 157.5 acres of land, of which 
51.8 acres are native hardwoods.  The WVA model calculated a habitat value of 34 AAHU for these 
hardwoods.  In addition to the native hardwoods, the mitigation areas include an additional 105.7 acres of 
habitats that would be preserved, including 32.4 acres of tallow-dominated woodlands, 16.0 acres of 
scrub/shrub, 28.4 acres of improved pastures, and 28.9 acres of high salt marsh.  Besides being cost-
efficient, this mitigation plan was acceptable to the reource agencies and would preserve other upland 
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habitat types that would be impacted by the LPP (i.e., tallow-dominated hardwoods, scrub/shrub, and 
improved pasture).  The four mitigation areas included in the plan are: 

1) Devil’s Elbow Island, created by the Devil’s Elbow Cutoff 
2) Mitigation Area 2, located adjacent to Upland Placement Area No. 1 
3) Mitigation Area 3, located between Cedar Bayou and Upland Placement Area No. 2 
4) Sutton Gully Mitigation Area 

Figure 6.1 shows the location of each mitigation area in relation to the Cedar Bayou area.  Figures 6.2 
through 6.4 show the habitats that are located in each site.  Table 6.5 provides the area of habitat types 
located in each proposed mitigation area.  Quantitative sampling of these habitat types was conducted to 
determine species composition and structure.  The following sections describe the habitats in each site. 

Table 6.5  Mitigation Acreages for Each Upland Habitat Type 
Mitigation Area 

Habitat Type Devil’s Elbow 
Island 

Mitigation  
Area 2 

Mitigation  
Area 3 

Sutton Gully 
Mitigation Area

Total 
Mitigation

Native Hardwoods 30.2 4.2 0.5 16.91 51.8 
Tallow-dominated Woodlands 0 0 30.4 2.0 32.4 
Scrub/Shrub 0 0 16.0 0 16 
Improved Pasture 11.9 0 12.2 4.3 28.4 
Estuarine Marsh2 28.9 0 0 0 28.9 
Total Mitigation Area 71.0 4.2 59.1 23.2 157.5 
1 The native hardwoods in the Sutton Gully Mitigation Area include approximately 2.9 acres of a mixed pine-hardwood area. 
2 Estuarine marsh (primarily high salt marsh) is located in the Devil’s Elbow Island mitigation area and would provide habitat for a 
variety of wildlife species.  This marsh is not considered mitigation for the low salt marsh that would be impacted by the LPP. 
 

Devil’s Elbow Island 

Devil’s Elbow Island, which would be created by the Devil’s Elbow Cutoff, is proposed as a mitigation 
area because it would provide an isolated, natural refuge with high-quality habitats.  After the Devil’s 
Elbow Cutoff is dredged, the island would be approximately 71.0 acres in area, of which approximately 
42.1 acres support upland habitats and 28.9 acres support estuarine marsh of varying elevations and 
species composition.  The upland habitats include approximately 30.2 acres of native hardwoods and 11.9 
acres of improved pasture (see Figure 6.2).  The native hardwoods that would be located on Devil’s 
Elbow Island are dominated by cedar elm, post oak, water oak, willow oak, and bastard oak.  The shrub 
layer is dominated by yaupon, possumhaw, and trifoliate orange, and herbaceous cover is dominated by 
Cherokee caric-sedge and short-leaf basketgrass.  The improved pastures are dominated by herbaceous 
species such as sea-coast sumpweed, common carpetgrass, bahiagrass, smutgrass, and Hooker’s eryngo, 
with some Chinese tallow invasion.  The improved pastures become dominated by gulf cordgrass as they 
transition into the estuarine marsh. 

The high salt marsh located on Devil’s Elbow Island is located along the edge of Cedar Bayou and around 
the open water areas along the bayou (see Figure 6.2).  The marsh is generally dominated by herbaceous 
species such as smooth cordgrass and salt-meadow cordgrass, and include other species such as tall 
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pigweed, salt-marsh aster, and big-leaf sumpweed at slightly higher elevations.  The marsh provides 
important habitat for a variety of wildlife species, especially in combination with the adjacent upland and 
aquatic habitats. 

The survival of the native hardwoods located on the Devil’s Elbow Island is dependent on the availability 
of fresh water on the island after it is created.  Water can be supplied to an area by direct rainfall, overland 
flow, or groundwater.  The average annual rainfall for the region in which the project is located ranges 
from 45 to 55 inches, which is sufficient to support native hardwoods adapted to the area.  A detailed look 
at the topography of the area indicates that surface water runoff from the mainland to the peninsula (island 
under the LPP), does not appear to have a significant impact on the groundwater quality or volume, and no 
significant drainage or other features (e.g. ponds or depression) that would concentrate surface water or 
promote infiltration on the peninsula were observed (Geomatrix Consultants, Inc. 2003).  In fact, most of 
the water from the mainland would be drained by two drainages before it reached the peninsula.  
Therefore, no significant surface watershed that would supply the Devil’s Elbow Island area would be 
interrupted by the proposed Devil’s Elbow Cutoff.   

An analysis of the groundwater beneath the native hardwoods on what would become Devil’s Elbow 
Island revealed that groundwater occurs in a 3 to 4 ft layer located between 16 and 20 feet underground, 
which corresponds with the approximate elevation of the existing channel (Geomatrix Consultants, Inc. 
2003).  In mature trees, the majority of the root system consists of lateral roots that spread out from the tree 
horizontally, most of which only reach a depth of 3 feet (Harris et al. 1998).  From the study of the area’s 
surface watershed and groundwater depth, it appears that the native hardwoods that are growing in the 
Devil’s Elbow area are currently surviving using water received from direct rainfall and not from overland 
flow or groundwater.  The recommended plan would not impact the amount of rainfall in the area; 
therefore, it is not expected to adversely affect the native hardwoods on Devil’s Elbow Island. 

The upland portion of the newly cut bank adjacent to the Devil’s Elbow Cutoff would be armored using 
rubble riprap.  Section 3.1 provides a detailed description and plan view of this armoring.  Although the 
riprap would affect the ability for upland habitats to grow along the edge of the bayou, it would have a 
beneficial effect of protecting the newly cut bank and the associated native hardwoods on the proposed 
mitigation area from erosion.  In addition, native hardwoods that would be located on the north side of the 
cutoff channel would also be protected from erosion by bank armoring. 

Mitigation Area 2 

Mitigation Area 2 is located adjacent to Upland Placement Area No. 1 (see Figure 6.3).  It consists of 
approximately 4.2 acres of native hardwoods dominated by sugar hackberry, osage orange, cedar elm, and 
yaupon.  The herbaceous vegetation in the woodland is dominated by Cherokee caric-sedge.  This small 
woodland would provide valuable habitat for migrating birds and other wildlife. 

Mitigation Area 3 

Mitigation Area 3 is located between Cedar Bayou and Upland Placement Area No. 2 (see Figure 6.3).  It 
consists of approximately 59.1 acres of upland habitats, which include 0.5 acre of native hardwoods, 
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30.4 acres of tallow-dominated woodlands, 16.0 acres of scrub/shrub, and 12.2 acres of improved pasture.  
The small area of native hardwoods contains several post oak, eastern red cedar, pecan, and water oak 
trees.  The tallow-dominated woodlands are heavily dominated by Chinese tallow but include native trees 
such as sugar hackberry and osage orange.  Shrub species common in these woodlands include trifoliate 
orange, yaupon, and Chinese privet.  The groundcover in these woodlands is dominated by St. Augustine 
grass, common carpetgrass, and Cherokee caric-sedge.   

The vegetation in the scrub/shrub habitat in Mitigation Area 3 consists of successional regrowth dominated 
by shrub species and vines such as eastern baccharis, southern wax myrtle, Alabama supplejack, 
peppervine, and climbing hempweed.  Depressions that are scattered throughout the site periodically hold 
water and support wetland communities dominated by broad-leaf cattail, salt-marsh bulrush, gulf 
cordgrass, salt-meadow cordgrass, sea ox-eye, jointed flat-sedge, and green flat-sedge.  The edges of these 
depressions contain scattered salt cedar, Chinese tallow, and black willow.   

The improved pasture in this mitigation area is dominated by herbaceous species such as common 
carpetgrass and St. Augustine grass and has moderate Chinese tallow invasion.   

Sutton Gully Mitigation Area 

The fourth proposed mitigation area (Sutton Gully Mitigation Area) is located on both sides of Sutton 
Gully, east of West Bay Road (see Figure 6.4).  The property is approximately 23.2 acres in area and is 
currently owned by Bayer Polymers, LLC.  It contains a variety of habitats, including approximately 
16.9 acres of native hardwoods, 2.0 acres of tallow-dominated woodlands, and 4.3 acres of improved 
pasture.  The species composition of the native hardwoods varies, but most of the woodlands 
(approximately 12.3 acres) are dominated by osage orange and sugar hackberry and have minor Chinese 
tallow invasion.  Green ash is common along Sutton Gully, and pecan (Carya illinoinensis) and live oak 
(Quercus virginiana) occur sporadically in the woodlands.  One small woodland (approximately 1.3 acres) 
is dominated by bastard oak and live oak and includes large osage orange and sugar hackberry trees.  
Another woodland (approximately 2.9 acres) is dominated by loblolly pine and includes a mixture of 
hardwoods, including Chinese tallow, live oak, sugar hackberry, pecan, and osage orange.   

The shrub and herbaceous layers in these woodlands vary depending on grazing pressure.  The portion of 
the property located south of Sutton Gully appears to have been grazed recently.  The shrub layer in this 
portion of the property is dominated by gum bumelia, yaupon, and Chinese privet.  The herbaceous 
vegetation in the woodlands located south of Sutton Gully is dominated by St. Augustine grass, little-leaf 
basketgrass, and common carpet-grass.  The area north of Sutton Gully has not been grazed recently and 
has a denser understory, with the shrub layer being dominated by Chinese privet and yaupon.  The 
herbaceous layer in the area north of Sutton Gully is dominated by giant ragweed, sea-coast sumpweed, 
Cherokee caric-sedge, and poison ivy. 

One tallow-dominated woodland is located in the northeastern portion of the proposed Sutton Gully 
Mitigation Area and has a shrub layer heavily dominated by evergreen wax-myrtle.  The improved pastures 
in this property differ based on grazing pressure.  The pasture on the south side of Sutton Gully, which 
appears to have been grazed recently, is dominated by St. Augustine grass and sea-coast sumpweed.  The 
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pasture on the north side is dominated by forbs such as velvet-leaf beeblossom, saw-leaf thoroughwort, and 
blue mistflower. 

Comparison of Upland Habitats in Impact Zones and Mitigation Areas 

The proposed project would impact approximately 131.8 acres of upland habitats, which include 
approximately 5.5 acres of native hardwoods, 5.9 acres of tallow-dominated woodlands, 64.0 acres of 
scrub/shrub, and 56.4 acres of improved pasture.  To compensate for these impacts, four mitigation areas 
are proposed to compensate for these impacts.  These sites total 157.5 acres in area and include 
approximately 51.8 acres of native hardwoods, 32.4 acres of tallow-dominated woodlands, 16.0 acres of 
scrub/shrub habitat, 28.4 acres of improved pasture, and 28.9 acres of estuarine marsh.  Table 6.6 provides 
a summary of the amounts of each upland habitat type that would be impacted by the proposed project and 
the amount of each habitat type that is present within the proposed mitigation areas. 

Table 6.6  Summary of Impacts to and Mitigation for Upland Habitats 
Habitat Type Area Impacted (Acres) Area for Mitigation (Acres) 
Native Hardwoods 5.5 51.81 
Tallow-dominated Woodlands 5.9 32.4 
Scrub/Shrub 64.0 16.0 
Improved Pasture 56.4 28.4 
Estuarine Marsh2 0 28.9 
Total All Habitat Types 131.8 157.5 
1The native hardwoods in the mitigation areas include approximately 2.9 acres of a mixed pine-hardwood area. 
2Estuarine marsh (primarily high salt marsh) is located in the Devil’s Elbow Island mitigation area and would provide habitat 
for a variety of wildlife species.  This marsh is not considered mitigation for the low salt marsh that would be impacted by the 
LPP. 
 

6.3.3 Implementation of the Proposed Upland Habitat Mitigation Plan 

Upon approval of the overall project, the CCCBND would acquire the properties on which the project 
components and the proposed upland mitigation areas are located.  The portions of the properties that are 
proposed for upland habitat mitigation would be set aside by conservation easement for preservation in 
perpetuity by the CCCBND.  The upland mitigatin sites would be managed and monitored as necessary to 
ensure that they provide habitats for migratory birds and other wildlife species. 

Coordination among the CCCBND, USACE, USFWS, TPWD, TCEQ, and the ultimate managing entity 
would occur as appropriate in implementation of the proposed mitigation plan at the upland sites.  The 
CCCBND would ensure that this mitigation plan results in the preservation of valuable habitats that offer 
stopover points for migrating birds and provide refuge for other wildlife common to the area. 

6.3.4 Agency Coordination and Review 

The proposed mitigation for upland habitats was developed in coordination with the CCCBND, USACE, 
USFWS, and TPWD.  The USFWS and TPWD provided input on the value of the habitats in the area and 
verified the habitats occurring in the mitigation areas.  Both agencies have reviewed and found the 
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mitigation plan to be acceptable and have included additional recommendations to the plan.  Letters from 
the USFWS and TPWD documenting their review of this plan are included in Section 1 of Appendix A. 

More detailed planning of the proposed upland mitigation plan, including identifying an appropriate entity 
to manage the mitigation areas and developing a management plan to ensure that the habitats in the 
mitigation areas are preserved, will occur in the design phase of the project.  The management plan will 
list activities that may be implemented in the mitigation areas to increase their productivity and habitat 
value.  These activities may include but are not limited to removing Chinese tallow, removing livestock 
and fencing the areas, burning or otherwise improving the habitat, and monitoring and managing invasive 
species.  A team of state and federal resource agencies, including but not limited to the USFWS, TPWD, 
and TCEQ, would participate in the detailed planning as necessary. 



 

6-28 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

 



FINAL ENVIRONMENTAL IMPACT STATEMENT 7-1 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

7.0 TEXAS COASTAL MANAGEMENT PROGRAM CONSISTENCY DETERMINATION 

This section summarizes compliance of the proposed improvements to the CBNC with the Texas Coastal 
Management Program (TCMP).  A detailed report describing how the project complies with the TCMP is 
located in Appendix D. 

The TCMP was submitted to the National Oceanic and Atmospheric Administration (NOAA) for review 
pursuant to Section 306 of the Federal Coastal Zone Management Act of 1972, as amended (16 U.S.C. 
1451 et seq.).  The Office of Ocean and Coastal Resource Management approved the TCMP in 1996.  
Federal approval of the TCMP requires that federal actions occurring within the TCMP boundary be 
consistent with the goals and polices of the TCMP.  To show compliance, federal agencies responsible for 
these actions must prepare a consistency determination and submit it to the state for review. 

During the development of the proposed project, the USACE and CCCBND studied several alternatives 
for improving the CBNC and for managing dredged material to identify the alternative that would meet 
the project’s purpose while being feasible from an engineering standpoint, being economically 
reasonable, and minimizing environmental impacts.  The two alternatives that were identified and carried 
forward in the FEIS to determine impacts of the project include the No-action Alternative and the Locally 
Preferred Plan (LPP). 

Details of the improvements proposed by the LPP are summarized in Section 3.1, Description of the LPP.  
The TCMP’s regulatory program focuses on management of 16 areas of particular concern identified as 
coastal natural resource areas (CNRAs) that are associated with coastal resources considered valuable, 
vulnerable, or unique (31 TAC 501.3).  The project would potentially impact the following six CNRAs. 

• CNRA 2 – Waters under Tidal Influence 
• CNRA 3 – Submerged Lands 
• CNRA 4 – Coastal Wetlands 
• CNRA 10 – Coastal Shore Areas 
• CNRA 13 – Special Hazard Areas 
• CNRA 15 – Coastal Historic Areas 

The LPP has minimized impacts to CNRAs by utilizing upland placement areas and by improving the 
CBNC mainly within the existing banks of Cedar Bayou.  Table 7.1 summarizes the potential impacts to 
each of these CNRAs.  More detailed information concerning the project’s effects is included in 
Appendix D.  Although the LPP would impact 3.8 acres of estuarine marsh, these impacts would be more 
than offset by the creation of 80.1 acres of estuarine marsh through the use of dredged material. 

The goals and policies of the TCMP that were reviewed for compliance include the following: 

• Section 501.14(h) Development in Critical Areas 

• Section 501.14(j) Dredging and Dredged Material Disposal and Placement 

• Section 501.15 Policy for Major Actions 
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Table 7.1  Summary of Project Impacts to CNRAs 

CNRA Anticipated Impacts 

2 – Waters Under Tidal 
Influence 

• Devil’s Elbow Cutoff will create a split-flow condition, resulting in gradual siltation 
of the existing Devil’s Elbow channel to an average water depth of 4.4 feet over the 
life of the project.  This would diversify the aquatic habitats in the area. 

• Ijams Lake would be converted from shallow, open water to more productive 
estuarine marsh by placement of dredged material 

3 – Submerged Lands 

• Submerged lands affected by the recommended plan include dredging of 
approximately 128 acres within the existing navigation channel, creating 
approximately 12.2 acres of additional submerged lands by excavating the Devil’s 
Elbow Cutoff and dredging the banks along two bends, and filling Ijams Lake 
(80.1 acres) to create estuarine marsh. 

• The loss of submerged lands in Ijams Lake would be offset by the increase in 
productivity of Ijams Lake by the creation of estuarine marsh. 

4 – Coastal Wetlands 

• The LPP would directly remove approximately 3.8 acres of estuarine marsh. 
• The LPP would create a total of 80.1 acres of estuarine marsh in Ijams Lake, which 

includes 15.0 acres to mitigate for the marsh impacted and 65.1 acres of additional 
marsh creation area. 

10 – Coastal Shore Areas 

• The LPP would include a new cutoff channel that would increase the length of 
shoreline in the Devil’s Elbow area and would excavate narrow strips of bank in two 
bend easings near SH 146.    

• The LPP would place dredged material into an existing confined upland placement 
area that is adjacent to the CBNC and into Ijams Lake for marsh creation.  Placing 
dredged material within these areas would add to their function as buffers between 
adjacent uplands and the CBNC. 

• Any impacts to coastal shore areas are expected to be minimal. 

13 – Special Hazard 
Areas 

• The LPP is expected to result in a decrease in the area adjacent to Cedar Bayou that 
would be flooded by a 100-year storm event by 618 acres, mainly on the Chambers 
County side of the bayou. 

• The project is not expected to induce development inside the 100-year floodplain over 
the No-action Alternative. 

• The proposed project is not expected to have any effect on mudslides or flood-related 
erosion. 

15 – Coastal Historic 
Areas 

• The lower portion of the area proposed to be dredged, including the Devil’s Elbow 
Cutoff, is located within the Cedar Bayou National Register Archeological District. 

• The Devil’s Elbow Cutoff and Ijams Lake Placement Area would potentially impact 
three recorded archeological sites within the Cedar Bayou National Register 
Archeological District.  

• A Programmatic Agreement regarding compliance with Section 106 of the NHPA has 
been developed and is included in Appendix B. 

 

A summary of actions designed to comply with the specific requirements of Sections 501.14(h) and (j) is 
included in Appendix D.  In a letter dated March 9, 2005, the Coastal Coordination Council (CCC) 
concurred with the USACE determination that the project is consistent with the goals and policies of the 
TCMP.  This letter is included in Section 1 of Appendix A. 



FINAL ENVIRONMENTAL IMPACT STATEMENT 8-1 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

8.0 CONSISTENCY WITH OTHER STATE AND FEDERAL REGULATIONS 

This FEIS has been developed in accordance with the procedural provisions of NEPA, the CEQ’s 
Regulations for Implementing the Procedural Provisions of NEPA (40 CFR 1500), and the USACE’s 
regulation ER 200-2-2, Environmental Quality: Policy and Procedures for Implementing NEPA (33 CFR 
230).  The following section presents a summary of environmental laws, regulations, and coordination 
requirements applicable to this FEIS. 

National Environmental Policy Act of 1969 

NEPA is the cornerstone legislation that acts as an umbrella for other federal and state laws regulating 
environmental compliance.  This FEIS has been prepared in accordance with CEQ regulations in 
compliance with NEPA provisions.  All impacts to terrestrial and aquatic resources have been identified. 

Fish and Wildlife Coordination Act of 1958, as amended 

This act requires the USFWS to prepare an official Fish and Wildlife Coordination Act Report (FWCAR).  
The LPP has been coordinated with the USFWS and other state and federal resource agency 
representatives.  Coordination with the USFWS has occurred throughout the development of the project 
to address federally listed threatened and endangered species and to develop mitigation plans for the 
project.  The USFWS has provided a letter of review (August 13, 2004) for the proposed mitigation plans 
and threatened and endangered species (Section 1 of Appendix A).  In this letter, the USFWS makes five 
recommendations for the project and states that if these recommendations are incorporated into the final 
project, the CCCBND will have fulfilled the requirements of the Fish and Wildlife Coordination Act.  
The USACE has reviewed these recommendations and finds most of them acceptable.  Comments to each 
recommendation are provided in Section 9.3, USFWS Coordination Act Report. 

National Historic Preservation Act (NHPA) of 1966, as amended 

The intent of the NHPA is to protect significant cultural resources that might be threatened by actions that 
are federally funded and/or permitted, or which occur on federal property.  The act requires the 
identification of all properties that are listed or eligible for listing on the NRHP in the project area, as well 
as the development of mitigation measures for those adversely affected, in coordination with the SHPO 
and the Advisory Council for Historic Preservation (ACHP).  As indicated in Section 5.2.6, a 
Programmatic Agreement among the USACE, CCCBND, Texas SHPO, and ACHP has been developed 
to address compliance with Section 106 of the NHPA.  The Programmatic Agreement is included in 
Appendix B. 

Endangered Species Act of 1973, as amended 

This act provides a program for the protection of threatened and endangered animals and plants and the 
habitats in which they reside.  Through coordination with the USFWS and NMFS and site 
reconnaissance, it was determined that the proposed project will not adversely affect federally listed 
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threatened and endangered species.  Letters from the USFWS and NMFS are included in Section 1 of 
Appendix A. 

Clean Water Act of 1977, as amended 

Sections 401, 402, and 404 of the CWA apply to the proposed project.  Compliance with each of these 
sections will be achieved.  The Section 404(b)(1) evaluation for this project is presented in Appendix E. 

In Texas, the Section 401 State Water Quality Certification Program is regulated by the TCEQ.  The 
TCEQ provides a Section 401 certification to the USACE indicating that activities in wetlands and other 
waters under state jurisdiction comply with the state’s water quality requirements.  A 401 State Water 
Quality Certification has been received from the TCEQ by letter dated July 29, 2005, and is included in 
Section 1 of Appendix A. 

Coastal Barrier Improvement Act of 1990 

The purpose of this act is to protect fish and wildlife resources and habitat, to prevent loss of human life, 
and to preclude the expenditure of federal funds that may induce development on coastal barrier islands 
and adjacent near-shore areas.  Certain exceptions exist which allow for such expenditures.  The LPP 
would not result in development of coastal barrier islands. 

Rivers and Harbors Act of 1899 

This act is applicable to this project as it states that “it shall not be lawful to excavate or fill, or in any 
manner to alter or modify the course, location, condition, or capacity of, any port, roadstead, haven, 
harbor, canal, lake, harbor of refuge, or enclosure within the limits of any breakwater, or of the channel of  
any navigable water of the United States, unless the work has been recommended by the Chief of 
Engineers and authorized by the Secretary of War prior to beginning the same.” 

Executive Order 11988: Floodplain Management (May 24, 1977) 

This Executive Order requires agencies to take action to reduce the risk of flood loss; to minimize the 
impact of floods on human safety, health, and welfare; and to restore and preserve the natural and 
beneficial values served by floodplains.  Such actions should not be undertaken that directly or indirectly 
induce growth in the floodplain unless there is no practical alternative.  Hydrology and hydraulic analyses 
of the LPP indicate that the proposed project would slightly reduce the area flooded by Cedar Bayou.  
This reduction would occur primarily on the Chambers County side of Cedar Bayou. 

Executive Order 11990: Protection of Wetlands (May 24, 1977) 

This Executive Order requires agencies to minimize the destruction, loss, or degradation of wetlands and 
to preserve and enhance the natural and beneficial values of wetlands.  The LPP is in full compliance with 
this Executive Order and provides for compensatory mitigation for coastal wetlands (estuarine marsh) that 
would be impacted. 
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Executive Order 13186: Responsibilities of Federal Agencies to Protect Migratory Birds (January 10, 2001) 

This Executive Order directs federal agencies to increase their efforts under the Migratory Bird Treaty 
Act, Bald and Golden Eagle Protection Acts, the Fish and Wildlife Coordination Act, the ESA of 1973, 
NEPA of 1969, and other pertinent statutes as they pertain to migratory birds to avoid measurably 
negative take of migratory bird populations. The LPP has been designed to minimize impacts to 
migratory birds and potential habitats in the project area.  In addition, the project would provide for the 
preservation of upland habitats in the area and creation of estuarine marsh as compensatory mitigation for 
impacts to these habitats. 

Migratory Bird Treaty Act 

The Migratory Bird Treaty Act protects species or families of birds that live, reproduce, or migrate within 
or across international borders at some point during their annual life cycle.  Because the proposed project 
is located within an important migratory flyway and would impact native habitats that are used by 
migratory birds, it will provide for compensatory mitigation in the form of preservation and creation of 
similar habitats. Dredging and placement activities under the LPP would be conducted in a manner that 
would minimize impacts to migratory birds. 

Fishery Conservation and Management Act of 1996 

Congress enacted amendments to the MSFCMA (PL 94-265) in 1996 that established procedures for 
identifying EFH and required interagency coordination to further the conservation of federally managed 
fisheries.  Rules published by NMFS (50 CFR Sections 600.805 - 600.930) specify that any federal 
agency that authorizes, funds or undertakes, or proposes to authorize, fund, or undertake an activity that 
could adversely affect EFH is subject to the consultation provisions of the above-mentioned act and 
identifies consultation requirements.  EFH consists of those habitats necessary for spawning, breeding, 
feeding, or growth to maturity of species managed by Regional Fishery Management Councils in a series 
of FMPs.  Sections 4.2.4.3 and 5.2.4.3 of the FEIS were prepared to address EFH in the project area and 
meet the requirements of the act.  The NMFS has reviewed this information and, by letter dated March 
29, 2005, has concurred with the conclusion that the restoration of estuarine emergent wetlands in Ijams 
Lake will provide an overall net benefit to EFH and associated managed species.  The EFH consultation 
provisions of the MSFCMA (16 U.S.C. 1801 et. seq.) and NMFS implementing regulations (50 CFR 
Section 600.920) have been satisfied.  A copy of the letter from the NMFS is included in Appendix A of 
this FEIS. 

Marine Protection, Research, and Sanctuaries Act of 1972 

This act requires a determination that dredged material placement in the ocean will not reasonably 
degrade or endanger human health, welfare, or amenities or the marine environment, ecological systems, 
or economic potentialities (shellfish beds, fisheries, or recreational areas).  All dredged material resulting 
from the LPP would be placed into shallow open water along Cedar Bayou for creation of estuarine marsh 
or in upland areas and is in compliance with this act. 
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Federal Water Project Recreation Act of 1995 

This act requires consideration of opportunities for outdoor recreation and fish and wildlife enhancement 
in planning water resource projects.  Although specific recreational opportunities are not proposed as part 
of the project, the LPP would use dredged material to create 80.1 acres of estuarine marsh, which is 
expected to increase the productivity of the aquatic habitats of the area and benefit recreational fisheries. 

Texas Coastal Management Program 

This act requires that all land use changes in the project area be conducted in accordance with approved 
state coastal zone management programs. Any project that is (1) located in or which may affect land and 
water resources in the Texas coastal zone and requires a federal license or permit, (2) is a direct activity of 
a federal agency, or (3) is federally funded must be reviewed for consistency with the TCMP.  Section 7.0 
and Appendix D address the compliance of the LPP with the TCMP.  The CCC has reviewed this project 
and, by letter dated March 9, 2005, has concurred that it is consistent with the TCMP goals and policies.  
A copy of this letter is located in Section 1 of Appendix A. 

Farmland Protection Policy Act of 1981 

The purpose of this act is to minimize the extent to which federal programs contribute to unnecessary and 
irreversible conversion of farmland to nonagricultural uses.  Approximately 127 acres of Prime Farmlands 
would be directly impacted or made inaccessible (Devil’s Elbow Island) by the LPP.  These impacts do 
not score above 160; therefore, they do not require further consideration.  A copy of the NRCS letter is 
included in Section 1 of Appendix A. 

Executive Order 12898: Federal Actions to Address Environmental Justice in Minority Populations and 
Low-Income Populations 

This Executive Order directs federal agencies to determine whether the LPP would have a 
disproportionate adverse impact on minority or low-income population groups within the project area. 
The LPP would not significantly affect any low-income or minority population. 

Clean Air Act of 1972 

This act is intended to protect and enhance the quality of the nation’s air resources, to initiate and 
accelerate research and development to prevent and control air pollution, to provide technical and 
financial assistance for air pollution prevention and control programs, and to encourage and assist 
regional air pollution prevention and control programs.   

This project is located in Chambers and Harris Counties, which are included in the Houston-Galveston 
Air Quality Region.  This region is classified as severe nonattainment for the 1-hour O3 NAAQS.  
However, a CAA general conformity determination is not required because the project emissions would 
fall within budgets set by the HGA’s SIP and would not compose a significant portion of the area’s 
emissions (see Section 5.2.7). 
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Marine Mammal Protection Act of 1972 

This act, passed in 1972 and amended through 1997, is intended to conserve and protect marine mammals 
and to establish a Marine Mammal Commission, the International Dolphin Conservation Program, and a 
Marine Mammal Health and Stranding Response Program. The proposed action would comply with this 
act, such that certain species and population stocks of marine mammals would not be diminished beyond 
the point at which they cease to be a significant functioning element in the ecosystem of which they are a 
part, nor would they be diminished to a level below their optimum sustainable population. 
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9.0 PUBLIC INVOLVEMENT 

This section discusses the process that was used to involve the public in the development of the proposed 
project.  The discussion includes a review of meetings that were held, contacts with resource agencies that 
were made, and public views and responses.  

9.1 Public Involvement Program 

A concerted effort was made to involve the public throughout the planning of the proposed improvements 
to the CBNC in order to learn of and address any concerns the public may have regarding the project.  
Public involvement for the proposed project included informing the public, resource agencies, local 
industries, local government, and other interested parties about the project and identifying any concerns 
from the aforementioned groups.  Appendix A includes agency letters that are referenced earlier in this 
document (Section 1), as well as copies of minutes, sign-in sheets, and comment forms that were 
collected at the public scoping meetings (Section 2). 

In accordance with CEQ requirements, scoping letters were sent out in April 2000, and a follow-up letter 
with more detailed information concerning the project was sent for comment in December 2000.  These 
letters were sent to the following agencies (Weston 2001a): 

• Federal Emergency Management Agency, Region VI • Texas Historical Commission 
• U.S. Environmental Protection Agency, Region VI • City of Baytown, Engineering Department 
• National Marine Fisheries Service  • City of Baytown, Floodplain Administrator 
• National Park Service (NPS) • City of Baytown, Parks and Recreation 
• Natural Resources Conservation Service  • Chambers County Parks and Recreation Department 
• U.S. Coast Guard, Bridge Administration Branch  • Chambers County Historical Commission 
• U.S. Coast Guard, Navigation District  • Chambers County Floodplain Administrator 
• U.S. Fish and Wildlife Service • Harris County Historical Commission 
• Texas General Land Office • Harris County Flood Control Division 
• Texas Parks and Wildlife Department  • Harris County Parks Department, Precinct 2 East 
• Texas Department of Public Safety (DPS) • Houston-Galveston Area Council 
• Texas Natural Resource Conservation Commission, 

now Texas Commission on Environmental Quality 
 

 
Additional coordination activities, including meetings and field visits were conducted with the USFWS, 
NMFS, TPWD, GLO, and SHPO during the development of mitigation and marsh creation plans and a 
Programmatic Agreement concerning cultural resources. 

Three public scoping meetings were conducted during development of the proposed project.  The first 
was held on May 22, 2000, to discuss the project and solicit information concerning the project area and 
potential concerns that the public may have.  This meeting was attended by approximately 30 people, 
including local landowners and other interested parties.  The primary issues raised were erosion control 
and the potential for property damage during construction and flooding events. 
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The second public scoping meeting was held on December 11, 2000, in Baytown, Texas.  Approximately 
25 people attended the meeting, and the primary issues raised included physical damage to property by 
erosion, the project’s effect on property values in the area, noise levels, the increasing potential for barge 
accidents, conflicts with the boating public, and increased flooding potential. 

The third public scoping meeting conducted for the project occurred on March 16, 2004, to update the 
public on the project and to solicit additional input for the development of the FEIS.  Approximately 23 
people attended the meeting, including local property owners and public agencies.  Those in attendance 
spoke in support of the proposed improvements and brought forth the issues of potential impacts to 
property values, increased potential for bank erosion and flooding, and management of dredged material 
resulting from the project. 

9.2 Public Views and Responses 

Public views and concerns expressed during the study have been considered during the preparation of this 
FEIS.  The views and concerns were used to develop planning objectives, identify significant resources 
and issues, evaluate impacts of various alternatives, and identify a plan that is socially and 
environmentally acceptable. 

Public review of the draft EIS that was prepared for the project occurred from February 18, 2005, to 
April 4, 2005.  Comments received from agencies and private citizens ranged from statements of no 
objection and concurrence with the conclusions made in particular sections to concerns regarding the 
project’s potential impacts to Cedar Bayou and the immediately surrounding area.  Specific concerns 
raised during public review included the project’s potential effects to saltwater intrusion upstream of the 
project limits; methods and effects of proposed bank armoring; impacts to transportation facilities; 
potential indirect impacts to wetlands located within the Cedar Bayou floodplain; effects of increased 
navigation on Cedar Bayou; losses of shallow-water habitat; recovery of benthic communities between 
dredging cycles; cumulative effects of future development of areas along Cedar Bayou; the potential for 
the project to affect dissolved oxygen levels in the bayou; and concerns about the success and 
management of proposed mitigation areas.  The comments received and responses provided are presented 
in Section 3 of Appendix A. 

During the public review period, a public information meeting (March 16, 2005) was held near the project 
area to present the proposed project and to solicit additional public input.  Comments and questions 
provided during this meeting included statements in favor of the project, a request for hydraulic analyses 
from a local floodplain administrator, and a question from a local property owner about barge traffic after 
the proposed dredging.  A copy of the meeting minutes is provided in Section 2 of Appendix A. 

9.3 USFWS Coordination Act Report 

In response to a request for the USFWS to review the CBNC project, the USFWS provided a letter, dated 
August 13, 2004, outlining project components and declaring the USFWS’s position that the project in its 
present form is acceptable.  The USFWS went on to make five additional recommendations to further 
minimize environmental impacts to the project area and stated that if these recommendations are 
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incorporated into the final project plans, the local sponsor will have fulfilled the requirements of the Fish 
and Wildlife Coordination Act. 

The USACE has reviewed the recommendations and finds most of them to be acceptable.  The following 
comments are offered for each recommendation. 

1. Upland Placement Area No. 2 and Mitigation Area 3.  The USFWS recommends moving the 
dewatering channel to the south boundary to avoid dividing the proposed Mitigation Area 3.  The 
USACE will review this recommendation and move the dewatering channel to either the north or 
south end, depending on which location is most feasible, to avoid dividing the mitigation area. 

2. Sutton Gully Mitigation Site.  The USFWS recommends a long-term management plan that prohibits 
alteration of the existing natural gully by drainage easements or flood control projects.  The USACE 
will coordinate preparation of any management plan for all the mitigation sites with the USFWS and 
other appropriate state and federal resource agencies prior to their implementation. 

3. Management and Maintenance of the Upland Mitigation Sites.  The USFWS recommends the local 
sponsor acquire the proposed upland mitigation sites and place them in a conservation easement with 
a certified land trust within 180 days following start of project construction.  The USACE will work 
with the USFWS and the local sponsor to identify a land trust agency to manage the properties.  
However, it may not be possible to do this within the suggested 180 days.  Nonetheless, the USACE 
will make every effort to accomplish this task in a timely manner. 

4. Armoring of Banks and Breakwater Structures.  The USFWS recommended that armoring the banks 
along the Devil’s Elbow Cutoff be included in the mitigation plan.  In addition, USFWS 
recommended a breakwater along the banks of the CBNC south of Devil’s Elbow Cutoff to Ijams 
Lake.  The USACE does not believe adding the bank armoring along Devil’s Elbow Cutoff to the 
mitigation plan is warranted.  The armoring is proposed as part of the navigation project and will be 
maintained as part of the project.  The additional breakwaters and bank armoring south of the Devil’s 
Elbow Cutoff to Ijams Lake are not necessary according to wave erosion studies completed for the 
project and are not economically feasible.  However, the condition of the narrow marsh fringes along 
these banks can be monitored and discussed at future coordination meetings with the state and federal 
resource agencies to determine if further protection is needed. 

5. Beneficial Use Sites.  The USFWS recommended that responsible entities be identified for long-term 
monitoring and maintenance of the beneficial use site (Ijams Lake marsh creation area).  Specific 
success criteria and monitoring protocol should be developed for this marsh.  The USACE agrees that 
the created marsh at Ijams Lake should be monitored and maintained, as necessary, during the life of 
the project.  This will be one of the responsibilities of the interagency coordination team that will be 
convened to coordinate plans for the marsh creation site.  These teams have successfully reviewed 
plans and provided recommendations to ensure the success of similar sites on other projects and 
should continue to do so with this project. 
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In summary, the USACE will work with the USFWS, local sponsor, and other state and federal resource 
agencies to ensure the success of the mitigation and marsh creation plans.  Only recommendation No. 4 is 
not needed or feasible at this time, but it will be examined during future coordination meetings to 
determine if some action to protect these marshes is needed. 

9.4 Statement Recipients 

The following list includes the public entities, resource/regulatory agencies, and local waterway users 
who were sent a copy of the draft EIS along with a request to review and provide comments on the 
document. 

• U.S. Environmental Protection Agency, Region VI 
• National Marine Fisheries Service  
• Natural Resources Conservation Service  
• U.S. Coast Guard, Bridge Administration Branch  
• U.S. Coast Guard, Navigation District  
• U.S. Fish and Wildlife Service 
• Texas General Land Office 
• Texas Historical Commission 
• Texas Parks and Wildlife Department  
• Texas Commission on Environmental Quality 
• Galveston Bay Estuary Program 
• Texas Waterway Operators Association  
• Texas State Representative 
• Chambers County Parks and Recreation Department 
• Chambers County Floodplain Administrator 
• Chambers County Historical Commission 
• Harris County 
• Harris County Parks Department, Precinct 2 East 
• Harris County Flood Control Division 
• Harris County Historical Commission 
• City of Baytown, Parks and Recreation 
• City of Baytown, Floodplain Administrator 
• City of Baytown, Engineering Department 
• Houston-Galveston Area Council 
• Pilots Association 
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10.0 LIST OF PREPARERS 

Name Title Experience FEIS Role 
Blanton & Associates, Inc. 

Don Blanton NEPA Program 
Manager 

20 Years—Environmental 
Assessment and Impact 
Analysis 

Project Director 

Jason Schindler Wildlife Biologist 
5 years—Environmental 
Assessment and Impact 
Analysis 

Assistant Project 
Manager 

Dave Severinson Ecologist, Botanist 
15 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Mark Kainer Wildlife Biologist 
13 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Rick Phillips Marine/Aquatic 
Biologist 

20 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Kim Johnson Biologist 
15 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Brent Hall Wildlife Biologist 
6 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Dean Tesmer Environmental Planning
12 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Hayden Whitsett NEPA 
Specialist/Archeologist 

30 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Stanley Jones Botanist, Ecologist 
20 years—Environmental 
Assessment and Impact 
Analysis 

Document Preparation 
and Review 

Robert Ryan GIS Director 10 years Document Preparation 
and Review 

Jeanette Garner GIS Analyst 10 years Document Preparation 
and Review 

Ewen Environmental Services 
Bill Ewen, P.E. Environmental Engineer 
Lockwood, Andrews, & Newnam, Inc. 
Ty Thomas, P.E. Project Manager 
Jerry Rainer, P.E. Senior Consultant 
Stephen Gilbreath, P.E. Project Engineer 
Susan Neff Report Manager 
Don Morris Economist 
Charles Hermansen Dredging Designer 
Larry Daggett, P.E., 
Ph.D. Navigation Designer 

Sam Habibi, P.E. Hydrology and Hydraulics 
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Ray Bijlani Designer 
Fugro 
Bill Elsbury, P.E. Geotechnical 
Roy F. Weston 
Bruce Bodson, J.D. Project Manager 
Michael Bloom, P.E. Technical Manager 
Melinda Goelz Associate Geoscientist 
Michael Robbins Assistant Project Scientist 
Laura Stover Assistant Project Scientist 
F. Allen Lea, Jr. Administrative Assistant 
Joseph Sanchez Project Archeologist 
Jason Wilder GIS Analyst 
Moore Archeological Consulting, Inc. 
Roger Moore Principal Investigator 
Abigail Beck Principal Investigator 
Janet Wagner Historian 
 

PBS&J conducted an Internal Technical Review of the draft EIS.
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11.2 Acronyms and Abbreviations 

µg microgram 
AAHU annual average habitat unit 
ACHP Advisory Council on Historic Preservation 
ADV-3 TDH’s fish consumption advisory issued for the HSC and Upper Galveston Bay in 

September 1990 
AET apparent effects threshold 
APE area of potential effect 
ASA(CW) Assistant Secretary of the Army for Civil Works 
ASTM American Society of Testing and Materials 
BCR benefit-to-cost ratio 
BMP best management practice 
CAA EPA’s 1990 Clean Air Act 
CBNC Cedar Bayou Navigation Channel 
CCBNEP Corpus Christi Bay National Estuary Program 
CCC Coastal Coordination Council 
CCCBND Chambers County-Cedar Bayou Navigation District 
CEQ Council on Environmental Quality 
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CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
CERCLIS EPA’s Comprehensive Environmental Response, Compensation, and Liability Information 

System  
CFR Code of Federal Regulations 
cfs cubic feet per second 
cfu colony forming unit 
CLCND Chambers and Liberty Counties Navigation District 
CO carbon monoxide 
CORRACT Resource Conservation and Recovery Information System Corrective Action database 
CWA Clean Water Act 
CWPPRA Coastal Wetlands Planning, Protection, and Restoration Act 
dB decibel 
dBA A-weighted decibel 
DDT Dichlorodiphenyltrichloroethane 
DIMS Data and Information Management System 
dL deciliter 
DMMP Dredged Material Management Plan 
DO dissolved oxygen 
DPS Texas Department of Public Safety 
EFH Essential Fish Habitat 
EIS Environmental Impact Statement 
EPA U.S. Environmental Protection Agency 
ER Engineer Regulation 
ERL Effects Range−Low 
ERM Effects Range−Medium 
ERNS Emergency Response Notification System 
FEIS Final Environmental Impact Statement 
FEMA Federal Emergency Management Agency 
FHWA Federal Highway Administration 
FIRM Flood Insurance Rate Map 
FIS Flood Insurance Study 
FM Farm-to-Market 
FMP Fishery Management Plan 
FPPA Farmland Protection Policy Act 
FTA Federal Transit Authority 
FWCAR Fish and Wildlife Coordination Act Report 
GBEP Galveston Bay Estuary Program 
GBNEP Galveston Bay National Estuary Program 
GLO Texas General Land Office 
GMFMC Gulf of Mexico Fishery Management Council 
HEP Habitat Evaluation Procedures 
HGA Houston-Galveston Area, relating to the Houston-Galveston Air Quality Region 
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HGAC Houston-Galveston Area Council 
HGAVEI Houston-Galveston Area Vessel Emissions Inventory 
HGCSD Harris-Galveston Coastal Subsidence District 
HL&P Houston Lighting and Power, currently Reliant Energy 
hp horsepower 
HRM Houston Regional Monitoring Corporation 
HSC Houston Ship Channel 
HTRW Hazardous, Toxic, and Radioactive Wastes 
HUD U.S. Department of Housing and Urban Development 
Hz hertz 
IH Interstate Highway 
IWR USACE’s Institute of Water Resources 
kg kilogram 
km kilometer 
L liter 
LAN Lockwood, Andrews and Newnam 
Ldn day-night noise level, which is the A-weighted average sound level for a 24-hour period 
Leq equivalent sound level, which is the average sound level for any time period under 

consideration 
LFUN Unauthorized and Unpermitted Landfills 
LPP Locally Preferred Plan 
mcy million cubic yards 
mg milligram 
MLLW mean lower low water 
MLT mean low tide 
mm millimeter 
mph miles per hour 
MSFCMA Magnuson-Stevens Fisheries Conservation and Management Act 
msl mean sea level 
NAAQS National Ambient Air Quality Standards 
NED National Economic Development 
NEPA National Environmental Policy Act 
NFRAP No Further Remedial Action Planned 
NGVD National Geodetic Vertical Datum  
NHPA National Historic Preservation Act 
NMFS National Marine Fisheries Service 
NOAA National Oceanic and Atmospheric Administration 
NOx, NO2, NO, NO3 nitrogen oxides (NOx) include nitrogen dioxide (NO2), nitric oxide (NO), and 

nitrate radical (NO3) 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List 
NPS National Park Service 
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NRCS National Resources Conservation Service 
NRHP National Register of Historic Places 
NWI National Wetland Inventory 
O3 ozone 
ºF degrees Fahrenheit 
P.L. Public Law 
PA 6 Existing placement located at Mile 5 of Cedar Bayou that is still actively used by the 

USACE for placement of dredged material from maintenance dredging of the Lower 
Channel 

PA Refers to existing placement areas for dredged material located along the CBNC that are 
discussed in Section 2.0 of this FEIS. 

PACR post-authorization change report 
Pb lead 
PCB polychlorinated biphenyl 
PCL protective concentration levels 
PED preconstruction, engineering, and design 
PEL Probable Effects Level 
PGN USACE’s Planning Guidance Notebook, ER 1105-2-100 
PHA Port of Houston Authority 
PM, PM10, PM2.5 particulate matter (PM) with an aerodynamic diameter of 10 microns (PM10) or 

2.5 microns (PM2.5) 
ppt  parts per thousand 
RAZ Regional Analysis Zone 
RCRA-G Response Conservation and Recovery Act – Generators 
RCRA-TSD Response Conservation and Recovery Act – Treatment, Storage, and Disposal 
ROD Record of Decision 
ROW right-of-way 
SH State Highway 
SHPO State Historic Preservation Officer 
SIP State Implementation Plan 
SO2 sulfur dioxide 
SVOC semivolatile organic compound 
SWANCC Solid Waste Agency of Northern Cook County 
TCEQ Texas Commission on Environmental Quality 
TCMP Texas Coastal Management Program 
TDH Texas Department of Health 
TEQ 2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD) equivalent concentrations 
TMDL Total Maximum Daily Load 
TNRCC Texas Natural Resources Conservation Commission, currently the TCEQ 
TOC total organic carbon 
TOS Texas Ornithological Society 
TPDES Texas Pollutant Discharge Elimination System 
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TPWD Texas Parks and Wildlife Department 
tpy tons per year 
TRRP Texas Risk Reduction Program 
TSS total suspended solids 
TWDB Texas Water Development Board 
TXAST Texas Aboveground Storage Tanks 
TXBCD Texas Biological and Conservation Data System 
TxDOT Texas Department of Transportation 
TXIOP Texas Innocent Owner/Operator Program 
TXLF Texas Solid Waste Facilities 
TXLUST Texas Leaking Underground Storage Tanks 
TXSPILL Texas Spills List 
TXSSF Texas State Superfund 
TXUST Texas Leaking Underground Storage Tanks 
TXVCP Texas Voluntary Cleanup Program 
U.S. United States 
U.S.C. United States Code 
UPRR Union Pacific Railroad 
USACE United States Army Corps of Engineers 
USCG United States Coast Guard 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 
VOC volatile organic compound 
WCSC Waterborne Commerce Statistical Center 
WES USACE’s Waterways Experiment Station 
WRDA Water Resources Development Act 
WVA Wetland Value Assessment 

Soils Series 

Map Symbol Name 

Ak Addicks-Urban Land complex 
Am Aldine very fine sandy loam 
As Aris-Urban Land complex 
AtB Atasco fine sandy loam, 1 to 4 percent slopes 
Ba Beaumont clay 
Bc Beaumont-Urban Land complex 
Bd Bernard clay loam 
Be Bernard-Edna complex 
Bg Bernard-Urban Land complex 
Ed Edna fine sandy loam 
Fs Frost-Morey complex, leveled (Leton) 
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Ge Gessner loam 
Ha Harris clay 
Is Ijams soils 
LaA, LcA Lake Charles clay, 0 to 1 percent slopes 
LaB, LcB Lake Charles clay, 1 to 5 percent slopes 
Lu Lake Charles-Urban Land complex 
Mo Morey silt loam, leveled 
SLF Urban Land, Sanitary Landfill 
Ur Urban Land 
VaB Vamont clay, 1 to 4 percent slopes 
Ve Veston soils 
Vn Vamont-Urban land complex 

11.3 Glossary 

The following definitions are for the convenience of those reading this FEIS and do not replace 
definitions in state, federal, or local laws, regulations, and ordinances. 

aquifer – An underground bed of stratum of earth, gravel, or porous rock that contain water. 

anthropogenic – Relating to, or resulting from, the influence of humans on nature (e.g., anthropogenic pollution). 

alluvial plain – Plain formed by the deposition of a river. 

back and fill – In the Cedar Bayou Navigation Channel, to navigate a barge through a tight series of bends such as 
Devil’s Elbow by repeatedly moving backward and forward in the channel. 

Baytown Comprehensive Plan Update – Official document that serves as a guide for policy decisions relating to 
the growth and economic development of the City of Baytown over the next 20 years. 

Baytown Enterprise Zone – Enterprise zone within the City of Baytown that is part of the Texas Enterprise Zone 
Program, which has the purpose of encouraging job creation and capital investment in areas of economic distress. 

beneficial use – Use of dredged material for environmental purposes, including fish and wildlife habitat creation, 
ecosystem restoration and enhancement, recreation, and/or hurricane and storm damage reduction. 

benthos – Aquatic bottom-dwelling organisms which include worms, leeches, snails, flatworms, burrowing 
mayflies, and clams. 

biotic province – A major ecological section of a continent containing one or more regional communities of plants 
and animals. 

brackish water – A mixture of fresh and salt water. 

Cedar Bayou Navigation Channel (CBNC) – Cedar Bayou from the Houston Ship Channel (HSC) to State 
Highway (SH) 146 used for commercial barge traffic to transport commodities to and from several industries located 
along Cedar Bayou. 

Central Flyway – One of the four major migration routes within the continental U.S. 

Chambers County-Cedar Bayou Navigation District (CCCBND) – Created by the 75th Texas Legislature in 1997 
as an entity to improve the navigability of Cedar Bayou by enhancing the efforts of the existing Chambers-Liberty 
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Counties Navigation District (CLCND), which has jurisdiction over the Cedar Bayou Navigation Channel from the 
Houston Ship Channel to Mile 3. 

coastal high hazard zone – The area subject to high-velocity waters caused by but not limited to hurricane wave 
wash.  The area is designated on Federal Insurance Rate Maps as zone V1-30, VE, or V. 

coastal zone – Coastal waters and adjacent lands that exert a measurable influence on the uses of the sea and its 
ecology. 

commodity – An article of trade or commerce that can be transported. 

contaminant – A chemical or biological substance in a form that can be incorporated into, onto, or be ingested by 
and that harms aquatic organisms, consumers of aquatic organisms, or users of the aquatic environment. 

crustacean – A group of aquatic animals characterized by jointed legs and a hard shell which is shed periodically, 
e.g., shrimp, crabs, crayfish, isopods,  amphipods, and copepods. 

cumulative impact - The impact on the environment which results from the incremental impact of the action when 
added to other past, present, and reasonably foreseeable future actions regardless of what agency (federal or non-
federal) or person undertakes such other actions. 

demersal – At or near the bottom. 

Devil’s Elbow – Tight series of bends in the Cedar Bayou channel located upstream of Mile 3. 

Devil’s Elbow Cutoff – New channel that is proposed as part of the improvements to the Cedar Bayou Navigation 
Channel between Mile 3 and State Highway 146. 

dredged material – Material excavated from waters of the U.S. or ocean waters.  The term dredged material refers 
to material which has been dredged from a water body, while the term sediment refers to material in a water body 
prior to the dredging process. 

dredging – The excavation of bottom sediment to increase water depth and subsequent disposal of dredged material. 

ebb tide – The receding or outgoing tide; the period between high water and the succeeding low water. 

economy of scale – Relative saving realized when the size of a plant, enterprise, etc., is increased; reduction in cost 
per unit resulting from increased production, realized through operational efficiencies. 

Environmental Impact Statement (EIS) – A document prepared on the environmental impact of actions 
significantly affecting the quality of the human environment and used as a tool for decision-making. 

Environmental Justice – The fair treatment and meaningful involvement of all people regardless of race, color, 
national origin, or income with respect to the development, implementation, and enforcement of environmental 
laws, regulations, and policies. 

epifauna – Animal communities inhabiting the surface of the sediments or water surface. 

erosion – The process of eroding or wearing away. 

Essential Fish Habitat (EFH) – Those waters and substrate necessary to fish for spawning, breeding, feeding, or 
growth to maturity. 

estuarine – Of, relating to, or found in an estuary. 

estuarine marsh - Low-lying vegetated habitats that experience periodic or permanent inundation of brackish water. 

Executive Order – A government order having the force of law. 
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fauna – Entire animal life of a region. 

feasibility study – Study to determine the advantages or disadvantages, practicability, or capability of 
accomplishing a projected plan, study, or project. 

flora –  The plant life of an area. 

General Conformity Determination – 

groundwater – The supply of fresh water under the earth’s surface in an aquifer or soil that forms the natural 
reservoir for man’s use. 

Gilgai microrelief – A succession of microbasins and microknolls in nearly level areas. 

habitat – The specific area or environment in which a particular type of plant or animal lives. An organism’s habitat 
provides all of the basic requirements for the maintenance of life. Typical coastal habitats include beaches, marshes, 
rocky shores, bottom sediments, mudflats, and the water itself. 

HL&P Cutoff – Cutoff channel excavated in 1972 by Houston Lighting & Power (currently Reliant Energy) 
between Galveston Bay and Cedar Bayou at approximately Mile 5 to ensure an adequate cooling water supply at the 
Cedar Bayou Generating Station. 

impaired water – Stream segment listed on a Section 303(d) list for a specific water quality concern. 

impervious cover – Non-vegetated ground cover including pavement, buildings, and  

infauna – Animals which live within the sediment of the sea bottom. 

in situ – In the original position 

island habitats – Man-made islands of dredged material placed in shallow bays. 

Jurassic  – A geologic period of the Mesozoic era (210-140 million years before present).  

lacustrine –Living or growing in or along the edges of lakes 

larva (p1. larvae) – An embryo that differs markedly in appearance from its parents and becomes self-sustaining 
before assuming the physical characteristics of its parents. 

lead (Pb) – A heavy metal that may be hazardous to human health if breathed or ingested. 

littoral – Zone associated with the shorelines of rivers and seacoasts. 

low tide – The lowest limit reached by a falling tide. 

Lower Channel - The currently maintained portion of the Cedar Bayou Navigation Channel from the Houston Ship 
Channel to Mile 3 of Cedar Bayou. 

mean low tide (MLT) – The average height of all the low tides at a given place, usually over a period of 19 years. 

mean sea level (msl) – The mean surface water level determined by averaging heights at all stages of the tide over a 
19-year period.  MSL is usually determined from hourly height readings measured from a fixed predetermined 
reference level (chart datum). 

mercury – A heavy metal that is highly toxic if breathed or ingested.  Mercury is residual in the environment, 
showing biological accumulation in all aquatic organisms, especially fish and shellfish. Chronic exposure to 
airborne mercury can have serious effects on the central nervous system. 

millwright – One that designs, builds, or repairs mills or mill machinery. 
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mima mounds – A term used along the Gulf Coast of eastern Texas and southwestern Louisiana for one of 
hundreds of thousands of low, rudely circular or elliptical domes composed of loamy sand. Their basal diameter 
ranges from 3 meters to more than 30 meters and height ranges from 30 centimeters to more than 2 meters. 

mollusks – Large group of unsegmented invertebrates that are largely marine including clams, snails, squids, and 
octopus. 

National Ambient Air Quality Standards (NAAQS) – Uniform air quality goals established by the EPA. 

National Economic Development (NED) Plan – Plan that reasonably maximizes net economic development 
benefits consistent with the federal objective. 

National Environmental Policy Act (NEPA) – Cornerstone legislation that acts as an umbrella for federal and state 
laws regulating environmental compliance. 

nekton – Free-swimming organisms inhabiting the open water. 

neritic – Of, relating to, or inhabiting the ocean waters between the low tide mark and a depth of about one hundred 
fathoms (200 meters). 

nonattainment – Condition of not meeting the NAAQS for one or more criteria pollutants. 

Non-Federal sponsor –  Local sponsor who is responsible for finances and contact with the federal government. 

organism – Any living human, plant, or animal. 

particulate matter – Very fine solid or liquid particles in the air or in an emission, including dust, fog, fumes, mist, 
smoke, and spray, etc. 

pelagic – open ocean habitats. 

penaeid – Belonging to the family Penaeidae, such as shrimp. 

permitted – Used to mean 1) required to have a permit from an agency, or 2) having received such a permit through 
a process that includes a written application and a formal review by an agency. 

physiography – A landscape whose parts exhibit similar geologic structures and climate, and whose pattern of 
topographic relief differs significantly from that of adjacent landscapes, indicating a unified geomorphic history. 

phytoplankton – Plantlike, usually single-celled members (generally microscopic) of the plankton community. 

planktivores – Organisms that feed on plankton. 

plankton – Drifting or weakly swimming organisms suspended in water.  Their horizontal position is to a large 
extent dependent on the mass flow of water rather than on their own swimming efforts. 

planktonic – Floating in the water column. 

plastic – Capable of being shaped or formed. 

Pleistocene – Of, belonging to, or being the geologic time of the earlier epoch of the Quaternary Period, 
characterized by a succession of northern glaciations. 

polychaetes – Segmented worms, mostly marine, bearing paddle-like appendages on the body segments which, in 
turn, carry numerous bristles. 

polychlorinated biphenyls (PCBs) – a group of organic compounds used in the manufacture of plastics.  In the 
environment, PCBs exhibit many of the same characteristics as DDT and may, therefore, be confused with that 
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pesticide.  PCBs are highly toxic to aquatic life, they persist in the environment for long periods of time, and they 
are biologically accumulative. 

postlarvae –  Stage of a life cycle between the larval and early juvenile or adult forms. 

precursor –  A substance from which another substance is formed. 

producer – Photosynthetic green plant or chemosynthetic bacteria, constituting the first feeding level in a food 
chain. 

Programmatic Agreement –  Agreement that outlines a policy and/or procedure. 

Recent –  Of or pertaining to the present or existing epoch. 

Regional Analysis Zone (RAZ) –  Within the Houston−Galveston area, geographic units in which forecasts of 
employment, households, and population are prepared. 

Record of Decision (ROD) – A comprehensive summary required by the National Environmental Policy Act that 
discusses the factors leading to U.S. Army Corps of Engineers (USACE) decisions on regulatory and Civil Works 
matters and is signed by the USACE District Engineer after completion of appropriate environmental analysis and 
public involvement. 

runoff – The portion of rainfall, melted snow, or irrigation water that flows across ground surface and eventually is 
returned to streams.  Runoff can pick up pollutants from the air or the land and carry them to receiving waters. 

salinity – concentration of dissolved salt in water 

sciaenid – Fish species such as drums that belong to the Family Sciaenidae. 

Section 303(d) List –  List of waters with quality concerns (i.e., impaired waters) that is kept by states. 

sediment – The layer of soil, sand, and minerals at the bottom of surface water that absorbs contaminants. 

sedimentation – The act or process of depositing sediment. 

shell middens – An archeologically significant refuse pile that consists primarily of discarded mollusk shells but 
may contain other materials, indicating the subsistence strategies of the prehistoric and historic indigenous 
inhabitants. 

shoaling – Becoming shallower. 

State Implementation Plan (SIP) –  Plan that provides for the implementation, maintenance, and enforcement of 
NAAQS in each Air Quality Control Region. 

standard jumbo barge tow –  Barge−tug combination 

subsidence – the reduction of elevation on a regional scale resulting from over pumping of groundwater and 
hydrocarbon extraction. 

substrate – A surface on which an organism grows or is attached; an underlying layer, or substratum. 

super jumbo barge tow –  Barge−tug combination 

surface water – Water on the earth’s surface exposed to the atmosphere, such as rivers, lakes, streams, and oceans. 

Texas Commission on Environmental Quality (TCEQ) – On September 1, 2002, the Texas Natural Resource 
Conservation Commission changed their name to the Texas Commission on Environmental Quality. 
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Texas Natural Resource Conservation Commission (TNRCC) – On September 1, 1993, the Texas Air Control 
Board, Texas Water Commission, and parts of the Texas Department of Health merged and became the TNRCC. 

Texas Pollutant Discharge Elimination System (TPDES) – The major program for regulating municipal and 
industrial wastewater discharges through the permitting of wastewater treatment facilities.  In 1998, TCEQ (then 
TNRCC) took over the administration of this program in Texas, formerly the National Pollutant Discharge 
Elimination System (NPDES), administered by the U.S. EPA. 

triple tripping – Process used by some users of the Cedar Bayou Navigation where a three-tow barge tow is 
brought to Mile 3, where it is broken down, and each barge is shuttled to areas above Mile 3 separately.  

turbidity – An optical measure of the amount of material suspended in the water.  Increasing the turbidity of the 
water decreases the amount of light that penetrates the water column.  High levels of turbidity may be harmful to 
aquatic life. 

upland placement area – Area for placement of dredged material that occurs in uplands and is usually confined. 

Upper Channel - The unimproved portion of the Cedar Bayou Navigation Channel (Mile 3 to SH 146). 

wetlands – Areas that are inundated or saturated by surface or groundwater at a frequency and duration sufficient to 
support and that, under normal circumstances, do support a prevalence of vegetation typically adapted for life in 
saturated-soil conditions.  Wetlands generally include swamps, marshes, bogs, and similar areas (40 CFR Part 230), 
especially areas preserved for wildlife, zooplankton (planktonic animals that supply food for fish). 

zooplankton – Animal members of the plankton community. 

11.4 Index 

agency coordination, 1-10, 4-10 

air quality, i, 4-1, 4-13, 4-62, 4-63, 4-64, 5-28, 5-29, 5-30, 5-38, 5-49, 5-50, 5-51, 11-13, 11-23 

alternatives, i, vii, 1-1, 1-3, 1-13, 2-1, 2-3, 2-4, 2-5, 2-6, 2-17, 2-19, 2-20, 2-22, 2-23, 2-24, 2-32, 2-33, 2-34, 3-
15, 3-23, 3-30, 4-72, 5-3, 5-21, 5-25, 5-28, 5-32, 5-53, 6-3, 6-15, 6-19, 7-1, 9-2 

alternatives analysis, i, 2-1, 2-5, 2-17, 2-23, 2-24, 2-33, 2-34, 3-15, 3-23, 3-30, 6-19 

aluminum, 4-25 

amphipods, 4-25, 4-41, 4-42, 11-21 

Apparent Effects Threshold (AET), 4-25, 4-27, 11-15 

Ash Lake, 2-28, 2-29, 2-30, 6-21 

Atkinson Island, 2-28, 4-15, 4-16, 4-43, 4-44, 4-45, 4-49, 5-26, 5-45, 6-15 

Atlantic croaker, 4-35, 4-36, 4-38, 4-41, 4-43, 6-13 

Austroriparian Biotic Province, 4-43, 4-44 

bald eagle, 4-48, 5-27 

bank erosion, i, viii, 1-12, 1-13, 2-17, 4-80, 5-34, 5-35, 5-51, 9-2 
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barge, i, ii, vii, ix, 1-1, 1-3, 1-7, 1-8, 1-9, 1-12, 2-1, 2-20, 2-23, 2-29, 3-13, 3-14, 3-22, 3-27, 3-28, 4-25, 4-61, 4-
77, 4-83, 5-1, 5-3, 5-6, 5-8, 5-21, 5-28, 5-30, 5-33, 5-34, 5-35, 5-39, 5-41, 5-44, 5-45, 5-47, 5-48, 5-50, 5-53, 
6-18, 9-2, 11-20, 11-25 

barrier island, 4-1, 4-2, 4-53, 8-2 

basic 9-foot alternative, 2-5, 2-20, 2-21 

Bayer Polymers, LLC, 1-4, 1-8, 4-80, 6-25 

Baytown, 1-1, i, vii, viii, 1-1, 1-4, 1-7, 1-9, 1-12, 2-33, 4-9, 4-13, 4-27, 4-43, 4-55, 4-56, 4-57, 4-58, 4-65, 4-71, 
4-72, 4-73, 4-74, 4-77, 5-31, 5-32, 5-33, 5-39, 5-46, 6-21, 9-1, 9-2, 9-4, 11-1, 11-3, 11-6, 11-11, 11-12, 11-20 

Beaumont clay, 4-6, 4-83, 11-19 

Beaumont Formation, 4-2 

bend easing, ii, v, vii, 2-6, 2-20, 2-21, 3-2, 3-16, 3-22, 4-24, 4-30, 4-61, 4-68, 5-6, 5-8, 5-17, 5-19, 5-24, 5-32, 5-
36, 5-52, 6-13, 7-2 

beneficial use, 2-28, 5-41, 5-45, 5-47, 6-15, 9-1, 9-3, 9-4, 11-14, 11-20 

benefit-to-cost ratio (BCR), 2-17, 2-20, 2-21, 2-22, 2-23, 11-15 

benthic community, 4-36, 4-37, 5-23 

benthic habitat, 2-20, 2-21, 2-22, 5-47 

benthos, ix, 1-11, 5-23, 5-47, 5-52, 11-6, 11-20 

black drum, 4-35, 4-36, 4-41, 4-43, 11-10 

blue crab, 4-36, 4-37, 4-38, 4-42, 4-43 

brackish marsh, 4-33, 4-44, 4-49, 6-17 

Brazos River, 4-53, 4-55 

brick making, 4-5, 4-57 

brickyard, 4-58, 11-15 

bridge, 1-3, 2-23, 3-2, 3-13, 4-5, 4-72 

brown pelican, 4-48, 5-26, 5-49 

brown shrimp, 4-36, 4-38, 4-40, 6-13 

Cedar Bayou, 1-1, i, ii, v, vi, vii, viii, xiii, xiv, xvi, xvii, xviii, 1-1, 1-2, 1-3, 1-4, 1-5, 1-7, 1-8, 1-9, 1-10, 1-11, 
1-12, 1-13, 2-1, 2-5, 2-6, 2-19, 2-20, 2-23, 2-28, 2-29, 2-30, 2-31, 2-33, 3-1, 3-2, 3-12, 3-13, 3-14, 3-21, 3-22, 
3-23, 3-25, 3-27, 3-28, 4-1, 4-2, 4-5, 4-6, 4-7, 4-9, 4-10, 4-11, 4-13, 4-14, 4-15, 4-16, 4-19, 4-21, 4-24, 4-25, 4-
26, 4-27, 4-29, 4-30, 4-33, 4-34, 4-35, 4-37, 4-39, 4-41, 4-43, 4-47, 4-50, 4-52, 4-53, 4-57, 4-58, 4-59, 4-61, 4-
64, 4-65, 4-67, 4-68, 4-71, 4-72, 4-74, 4-77, 4-78, 4-79, 4-80, 4-81, 5-1, 5-2, 5-3, 5-4, 5-5, 5-7, 5-8, 5-18, 5-19, 
5-21, 5-23, 5-25, 5-26, 5-27, 5-28, 5-30, 5-31, 5-32, 5-33, 5-34, 5-35, 5-38, 5-39, 5-40, 5-41, 5-42, 5-43, 5-44, 
5-45, 5-46, 5-47, 5-48, 5-51, 5-52, 6-1, 6-2, 6-3, 6-18, 6-19, 6-21, 6-22, 6-23, 6-24, 7-1, 7-2, 8-2, 8-3, 9-2, 11-
1, 11-2, 11-3, 11-4, 11-5, 11-6, 11-10, 11-11, 11-12, 11-14, 11-15, 11-18, 11-20, 11-21, 11-22, 11-25 



FINAL ENVIRONMENTAL IMPACT STATEMENT 11-27 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Cedar Bayou Generating Station, 1-4, 1-7, 1-8, 3-21, 4-13, 4-14, 4-19, 4-29, 4-36, 4-71, 4-72, 4-77, 4-80, 5-2, 
5-3, 5-6, 11-5, 11-22 

Cedar Bayou National Register Archeological District, vi, xviii, 1-12, 2-19, 4-58, 4-59, 5-28, 7-2 

Cedar Bayou Navigation Channel (CBNC), i, ii, v, vi, vii, viii, ix, x, xi, xvi, 1-1, 1-3, 1-4, 1-7, 1-8, 1-10, 1-
11, 1-12, 1-13, 2-1, 2-3, 2-4, 2-5, 2-6, 2-17, 2-20, 2-21, 2-22, 2-23, 2-24, 2-27, 2-28, 2-31, 2-33, 2-34, 3-1, 3-2, 
3-13, 3-14, 3-15, 3-16, 3-21, 3-28, 3-30, 3-33, 4-1, 4-15, 4-19, 4-20, 4-29, 4-33, 4-34, 4-39, 4-64, 4-67, 4-68, 
4-80, 4-83, 5-1, 5-3, 5-5, 5-6, 5-17, 5-18, 5-19, 5-21, 5-24, 5-30, 5-31, 5-33, 5-34, 5-35, 5-37, 5-38, 5-39, 5-41, 
5-42, 5-44, 5-46, 5-47, 5-50, 5-51, 5-52, 5-53, 6-1, 6-2, 6-18, 6-19, 6-22, 7-1, 7-2, 9-1, 9-2, 9-3, 11-15, 11-18, 
11-20 

Cedar Bayou Tidal, 4-13, 4-15, 4-16 

Cedar Crossing Industrial Park, viii, 1-4, 5-39, 5-40, 5-41, 5-45, 5-46 

Central Flyway, 1-11, 4-30, 4-44, 6-22, 11-20 

Chambers and Harris Counties, i, xvi, xvii, 1-1, 4-6, 4-44, 4-45, 4-48, 4-49, 4-64, 4-66, 4-72, 4-74, 4-75, 4-76, 
4-79, 5-29, 5-30, 5-31, 5-38, 5-39, 5-40, 5-49, 5-50, 8-4, 11-2, 11-3, 11-11, 11-12, 11-13, 11-14 

Chambers County, 1-1, i, viii, 1-3, 1-4, 1-11, 2-29, 2-31, 2-32, 2-33, 3-23, 4-5, 4-9, 4-34, 4-46, 4-47, 4-50, 4-51, 
4-56, 4-58, 4-61, 4-64, 4-66, 4-72, 4-73, 4-74, 4-75, 4-76, 4-77, 5-27, 5-29, 5-30, 5-32, 5-33, 5-43, 5-52, 6-21, 
7-2, 8-2, 9-1, 9-4, 11-1, 11-3, 11-6, 11-14, 11-15, 11-20 

Chambers County-Cedar Bayou Navigation District (CCCBND), i, vi, ix, 1-3, 1-10, 2-4, 2-5, 2-22, 2-29, 2-
33, 4-25, 4-68, 4-72, 5-1, 6-1, 6-2, 6-4, 6-13, 6-21, 6-22, 6-26, 7-1, 8-1, 11-15, 11-20 

Chambers-Liberty Counties Navigation District (CLCND), 1-3, 11-16, 11-21 

Chinese tallow, 4-34, 4-35, 4-43, 5-17, 5-18, 5-19, 6-23, 6-25, 6-27 

Clean Air Act, 4-62, 8-4, 11-15 

coastal high hazard zone, 4-80, 11-21 

coastal plain, 4-2, 4-13, 4-48, 4-50, 11-11 

Comprehensive Environmental Response Compensation and Liability Act (CERCLA), 4-71, 11-16 

consumption advisory, 4-15, 4-37, 11-15 

containment, 2-28, 2-30, 3-12, 3-13, 3-14, 3-21, 3-22, 3-25, 3-28, 3-33, 3-34, 6-18, 6-19 

contaminant, vi, 4-25, 5-3, 5-4, 5-5, 5-20, 5-21, 5-23, 5-30, 5-42, 11-21 

copper, 4-25 

crabs, 2-28, 3-27, 4-33, 4-35, 4-36, 4-37, 4-38, 4-42, 5-8, 6-14, 11-21 

cultural resources, i, vi, viii, 1-12, 2-1, 2-17, 5-49, 5-51, 8-1, 9-1 

cumulative effect, viii, 5-37, 5-38, 5-39, 5-43, 5-44, 5-45, 5-46, 5-48, 5-49, 5-50, 5-51, 9-2 

cumulative impact, i, viii, 1-1, 5-1, 5-37, 5-38, 5-39, 5-40, 5-41, 5-46, 5-49, 5-50, 5-52, 11-21 
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dewatering channel, 2-33, 3-25, 3-27, 5-19, 5-36, 9-3 

dioxin, 4-15, 5-4, 5-5, 11-11, 11-13, 11-18 

dredged material, i, ii, v, vi, vii, viii, ix, 1-1, 1-14, 2-1, 2-4, 2-17, 2-19, 2-20, 2-21, 2-23, 2-24, 2-27, 2-28, 2-
30, 2-31, 2-32, 2-33, 2-34, 3-1, 3-2, 3-12, 3-14, 3-15, 3-16, 3-22, 3-23, 3-25, 3-27, 3-28, 3-30, 3-33, 4-9, 4-24, 
4-27, 4-33, 4-39, 4-43, 4-49, 5-1, 5-3, 5-6, 5-7, 5-19, 5-20, 5-21, 5-22, 5-24, 5-25, 5-28, 5-36, 5-41, 5-42, 5-44, 
5-45, 5-46, 5-48, 5-52, 5-53, 6-1, 6-2, 6-13, 6-15, 6-16, 6-17, 6-18, 6-19, 6-20, 7-1, 7-2, 8-3, 8-4, 9-2, 11-2, 11-
4, 11-6, 11-7, 11-9, 11-10, 11-11, 11-13, 11-15, 11-18, 11-20, 11-21, 11-22, 11-25 

dredged material management plan (DMMP), 1-1, 2-1, 2-17, 2-24, 2-27, 2-28, 2-29, 2-32, 2-34, 3-1, 3-2, 3-14, 
3-15, 3-21, 3-22, 3-23, 3-30, 3-33, 11-16 

dredging cycle, ix, 2-24, 2-30, 3-21, 5-5, 5-19, 5-23, 5-39, 5-46, 9-2 

East Bay, 4-1 

economic analysis, 1-3, 2-17 

effluent, v, 2-19, 3-25, 5-2, 5-3, 5-4, 5-43 

employment, 1-12, 4-72, 4-75, 4-76, 5-31, 5-50, 5-52, 11-24 

Endangered Species Act (ESA), 4-44, 4-48, 8-3 

environmental consequences, 5-1 

environmental impact, i, 1-1, 1-13, 2-4, 2-6, 2-17, 2-19, 2-20, 2-21, 2-22, 2-24, 3-27, 5-39, 7-1, 9-2, 11-4, 11-
11, 11-21 

Environmental Justice, xiii, xiv, 4-75, 5-32, 5-42, 5-50, 8-4, 11-21 

Environmental Protection Agency (EPA), 3-30, 4-19, 4-21, 4-26, 4-62, 4-63, 4-64, 4-65, 4-67, 5-4, 5-49, 5-50, 
11-13, 11-15, 11-16, 11-23, 11-25 

environmental setting, 1-1, 4-1, 5-1 

essential fish habitat (EFH), 1-11, 4-38, 4-39, 4-43, 5-24, 5-25, 5-48, 8-3, 11-7, 11-16, 11-21 

estuarine marsh, ii, v, vi, viii, ix, 1-11, 1-14, 2-17, 2-19, 2-20, 2-21, 2-22, 2-27, 2-28, 2-29, 2-30, 2-32, 3-13, 3-
27, 3-28, 3-30, 3-33, 3-34, 4-30, 4-35, 5-5, 5-6, 5-7, 5-8, 5-19, 5-20, 5-23, 5-24, 5-28, 5-45, 5-46, 5-47, 5-48, 
5-51, 5-52, 5-53, 6-1, 6-2, 6-3, 6-4, 6-13, 6-15, 6-17, 6-18, 6-19, 6-20, 6-23, 6-26, 7-1, 7-2, 8-2, 8-3, 8-4, 11-21 

Farmland Protection Policy Act (FPPA), 4-83, 11-16 

Feasibility Report, 1-3, 2-4, 2-17, 2-24, 3-22, 5-33, 5-34, 6-1 

Federal Highway Administration (FHWA), 4-66, 5-42, 5-46, 11-4, 11-16 

finfish, i, vi, 3-27, 4-13, 4-35, 4-36, 4-37, 5-8, 5-19, 5-20, 5-21, 5-24, 5-46, 5-47, 5-51, 11-14 

Finger Lakes, 2-28, 2-30 

Fisher Lake, 2-28, 2-29, 2-30, 4-79 

floodplains, viii, 1-12, 4-2, 4-78, 4-79, 5-34, 5-51, 8-2 
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fragmentation, 5-18, 5-25, 5-46, 5-48, 6-1, 6-21 

Galveston Bay, i, ii, v, xvi, 1-1, 1-3, 1-10, 1-11, 1-14, 2-27, 2-28, 2-29, 4-1, 4-5, 4-9, 4-10, 4-13, 4-14, 4-15, 4-
19, 4-29, 4-33, 4-34, 4-35, 4-36, 4-37, 4-38, 4-40, 4-41, 4-42, 4-43, 4-47, 4-48, 4-50, 4-55, 4-56, 4-57, 4-61, 4-
72, 4-79, 5-3, 5-20, 5-21, 5-26, 5-27, 5-33, 5-34, 5-38, 5-40, 5-43, 5-44, 5-45, 5-46, 5-47, 5-51, 6-1, 6-13, 6-14, 
6-21, 9-4, 11-1, 11-4, 11-5, 11-6, 11-7, 11-10, 11-12, 11-14, 11-15, 11-16, 11-22 

Galveston Bay Estuary Program (GBEP), 4-35, 4-36, 4-37, 5-43, 11-4, 11-16 

General Conformity Determination, vii, 1-12, 4-64, 4-66, 11-22 

Goose Creek, 4-5, 4-55, 4-56, 4-58, 4-61, 4-77 

Grand Parkway, viii, 1-9, 3-13, 5-39, 5-40, 5-41, 5-42, 5-45, 5-46, 6-21, 11-4 

groundwater, 4-2, 4-5, 4-10, 4-19, 5-1, 5-3, 5-4, 5-17, 5-18, 5-50, 6-24, 11-4, 11-22, 11-24, 11-25 

Gulf Coast Aquifer, 4-10 

Gulf of Mexico, 4-2, 4-38, 4-42, 4-43, 4-47, 4-48, 4-51, 4-79, 11-4, 11-5, 11-8, 11-16 

habitat, i, v, vi, 1-11, 1-14, 2-17, 2-20, 2-21, 2-22, 2-27, 2-28, 2-31, 2-32, 3-27, 3-30, 3-33, 4-13, 4-15, 4-30, 4-
33, 4-34, 4-35, 4-38, 4-40, 4-41, 4-42, 4-47, 4-48, 4-49, 4-50, 4-51, 4-52, 5-6, 5-7, 5-8, 5-18, 5-19, 5-20, 5-21, 
5-23, 5-24, 5-25, 5-26, 5-27, 5-28, 5-38, 5-45, 5-46, 5-47, 5-48, 5-49, 6-1, 6-2, 6-3, 6-4, 6-13, 6-14, 6-15, 6-16, 
6-17, 6-19, 6-20, 6-21, 6-22, 6-23, 6-24, 6-25, 6-26, 6-27, 8-2, 9-2, 11-5, 11-7, 11-10, 11-14, 11-15, 11-20, 11-
22 

Harris clay, 4-9, 4-83, 5-36, 11-20 

Harris County, vii, xvii, 1-4, 1-11, 2-29, 4-5, 4-9, 4-13, 4-34, 4-46, 4-50, 4-51, 4-58, 4-64, 4-65, 4-66, 4-73, 4-
74, 4-75, 4-76, 4-77, 4-78, 4-79, 5-27, 5-29, 5-30, 5-32, 5-43, 5-49, 5-52, 6-21, 9-1, 9-4, 11-4, 11-14, 11-15 

hazardous, toxic, and radioactive wastes (HTRW), vii, 1-12, 2-17, 2-19, 4-68, 5-31, 5-42, 5-51, 11-17 

high salt marsh, ix, 2-17, 4-30, 4-33, 6-4, 6-13, 6-22, 6-23, 6-26 

Houston, i, vi, 1-1, 1-3, 1-4, 1-9, 1-12, 2-28, 4-1, 4-5, 4-13, 4-37, 4-46, 4-51, 4-57, 4-61, 4-64, 4-75, 4-77, 4-78, 
5-27, 5-29, 5-39, 5-40, 5-43, 5-45, 5-48, 8-4, 9-1, 9-4, 11-1, 11-2, 11-4, 11-5, 11-6, 11-9, 11-11, 11-12, 11-13, 
11-14, 11-16, 11-17, 11-18, 11-20, 11-21, 11-22, 11-24 

Houston Lighting & Power (HL&P), 1-4, 1-7, 1-8, 2-1, 2-2, 2-3, 2-24, 2-31, 3-16, 3-21, 3-23, 4-14, 4-15, 4-19, 
4-24, 4-29, 4-35, 4-72, 4-77, 4-79, 4-80, 5-6, 5-39, 5-47, 11-5, 11-17, 11-22 

Houston Ship Channel (HSC), i, 1-1, 1-3, 1-4, 1-7, 1-10, 2-1, 2-2, 2-4, 2-17, 2-28, 2-29, 3-1, 4-14, 4-15, 4-16, 
4-25, 4-35, 4-37, 4-43, 4-68, 5-3, 5-4, 5-39, 5-40, 5-41, 5-44, 5-45, 5-47, 5-48, 5-49, 5-50, 11-15, 11-17, 11-20 

Houston-Galveston Air Quality Region, vi, 1-12, 4-64, 8-4, 11-16 

Houston-Galveston Area (HGA), xvii, 4-64, 4-66, 5-29, 5-30, 5-49, 5-50, 8-4, 11-16 

Houston-Galveston Area Vessel Emissions Inventory (HGAVEI), 5-29, 11-17 

hydraulic dredge, 3-13, 3-14, 3-22, 3-28, 6-18 

Ijam soils, 4-9 
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Ijams Gully, 2-30, 3-30, 4-14, 5-20, 6-16 

Ijams Lake, i, ii, v, viii, ix, xii, xiii, xv, xvi, xvii, xviii, 2-19, 2-28, 2-30, 2-32, 2-34, 3-1, 3-2, 3-12, 3-13, 3-14, 
3-15, 3-17, 3-23, 3-27, 3-28, 3-29, 3-30, 3-32, 3-33, 3-34, 4-1, 4-13, 4-58, 4-71, 5-1, 5-2, 5-5, 5-6, 5-7, 5-8, 5-
11, 5-20, 5-21, 5-22, 5-23, 5-24, 5-25, 5-28, 5-32, 5-35, 5-47, 5-48, 5-51, 5-52, 5-53, 6-2, 6-3, 6-4, 6-7, 6-13, 
6-15, 6-16, 6-17, 6-18, 6-19, 6-20, 7-2, 8-3, 9-3 

Ijams Lake Placement Area, ii, viii, ix, xii, xvi, xvii, xviii, 2-19, 2-32, 2-34, 3-1, 3-2, 3-13, 3-14, 3-15, 3-23, 
3-27, 3-28, 3-29, 3-30, 3-32, 3-33, 3-34, 4-58, 5-2, 5-11, 5-24, 5-28, 5-32, 5-35, 5-51, 6-3, 6-15, 6-17, 6-18, 6-
19, 7-2 

improved pasture, v, ix, 2-19, 2-31, 2-33, 3-23, 4-29, 4-35, 4-43, 5-17, 5-18, 5-19, 5-25, 5-46, 5-52, 6-4, 6-13, 
6-21, 6-22, 6-23, 6-25, 6-26 

industries, i, 1-1, 1-4, 1-8, 1-9, 4-9, 4-10, 4-30, 4-75, 5-32, 5-40, 5-45, 6-21, 9-1, 11-20 

initial dredging, 2-20, 2-21, 2-24, 2-31, 2-34, 3-2, 3-16, 3-22, 3-27, 3-28, 4-24, 5-1, 5-5, 5-23, 5-28, 5-29, 5-44, 
5-48, 6-17, 6-18 

Jurassic, 4-2, 11-22 

Lake Charles soils, 4-5 

landfill, vii, 1-12, 2-6, 2-19, 4-71, 4-72, 5-31, 11-3 

lead, i, v, 1-3, 1-9, 4-2, 4-25, 4-27, 4-62, 4-72, 11-18, 11-22 

levee, ii, 3-1, 3-13, 3-14, 3-27, 3-28, 3-30, 5-8, 5-20, 5-35, 5-51, 6-18, 6-19 

Liberty County, 1-3 

local sponsor, i, 1-3, 2-1, 6-22, 9-3, 9-4 

Locally Preferred Plan (LPP), i, ii, iii, v, vi, vii, viii, xi, xii, xvi, xvii, 2-1, 2-3, 2-4, 2-5, 2-6, 2-17, 2-19, 2-23, 
2-24, 2-27, 2-30, 2-31, 2-32, 2-33, 2-34, 3-1, 3-2, 3-12, 3-13, 3-14, 3-15, 3-16, 3-21, 3-22, 3-23, 3-27, 3-28, 3-
30, 4-1, 4-13, 4-24, 4-25, 4-67, 4-78, 4-80, 4-83, 5-1, 5-2, 5-3, 5-4, 5-5, 5-6, 5-7, 5-8, 5-17, 5-18, 5-20, 5-21, 5-
22, 5-23, 5-24, 5-25, 5-26, 5-27, 5-28, 5-29, 5-30, 5-31, 5-32, 5-33, 5-34, 5-35, 5-36, 5-37, 5-38, 5-39, 5-41, 5-
42, 5-44, 5-46, 5-47, 5-48, 5-49, 5-50, 5-51, 5-52, 5-53, 6-1, 6-2, 6-3, 6-4, 6-13, 6-15, 6-18, 6-21, 6-22, 6-23, 
6-24, 6-26, 7-1, 7-2, 8-1, 8-2, 8-3, 8-4, 11-17 

low salt marsh, 4-30, 4-33, 5-8, 6-2, 6-4, 6-13, 6-15, 6-23, 6-26 

Lower Channel, ii, 1-7, 1-8, 1-12, 2-1, 2-4, 2-6, 2-17, 2-21, 2-22, 2-24, 2-27, 2-28, 2-32, 2-33, 3-1, 3-21, 4-19, 
4-24, 4-29, 4-34, 4-72, 5-1, 5-3, 5-6, 5-19, 5-22, 5-24, 5-25, 5-39, 5-41, 5-42, 5-43, 5-44, 5-46, 5-47, 5-48, 5-
50, 11-18, 11-22 

Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), 4-38, 4-43, 5-25, 5-48, 8-3, 
11-17 

maintenance dredging, ii, v, 1-4, 1-11, 2-24, 2-29, 2-30, 2-31, 2-32, 2-33, 2-34, 3-1, 3-2, 3-21, 3-22, 4-67, 4-72, 
5-1, 5-5, 5-6, 5-19, 5-20, 5-21, 5-22, 5-23, 5-24, 5-29, 5-30, 5-31, 5-41, 5-44, 5-46, 5-47, 5-48, 5-50, 6-20, 11-
18 
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management plan, 1-1, 2-1, 4-38, 5-44, 5-48, 6-27, 9-3, 11-5 

marsh creation, ii, ix, 1-14, 2-28, 2-29, 2-30, 3-12, 3-14, 3-27, 3-28, 3-30, 4-61, 5-7, 5-41, 5-44, 5-45, 5-47, 5-
48, 5-52, 6-3, 6-15, 6-16, 6-18, 6-19, 6-20, 7-2, 9-3, 11-15 

mechanical dredging, 3-22 

meeting, 2-5, 9-1, 9-2, 11-23 

mercury, 4-25, 4-72, 11-22 

metal, 4-71, 5-3, 5-4, 11-22 

migratory bird, v, 1-11, 4-30, 4-44, 5-25, 5-46, 6-1, 6-17, 6-26, 8-3 

mitigation, ii, v, vi, ix, 1-1, 1-13, 1-14, 2-33, 3-1, 3-2, 3-15, 3-25, 3-27, 3-28, 3-30, 3-33, 3-34, 5-8, 5-17, 5-18, 
5-19, 5-25, 5-28, 5-36, 5-45, 5-46, 5-52, 5-53, 6-1, 6-2, 6-3, 6-4, 6-13, 6-14, 6-15, 6-17, 6-21, 6-22, 6-23, 6-24, 
6-25, 6-26, 6-27, 8-1, 8-2, 8-3, 9-1, 9-2, 9-3, 9-4, 11-14 

mollusk, 11-24 

mud bottom, 2-19, 4-39, 4-40, 5-7, 5-23, 5-24 

National Ambient Air Quality Standards (NAAQS), xvii, 4-62, 4-63, 4-64, 4-65, 5-49, 8-4, 11-17, 11-23, 11-
24 

National Economic Development (NED), 2-1, 2-3, 2-4, 2-33, 11-17, 11-23 

National Marine Fisheries Service (NMFS), vi, 3-28, 3-30, 4-38, 4-39, 4-40, 4-41, 4-43, 4-44, 4-45, 4-46, 4-
50, 4-52, 5-24, 5-25, 5-26, 5-27, 6-1, 6-4, 6-14, 6-15, 6-16, 6-18, 6-19, 6-21, 8-1, 8-3, 9-1, 11-7, 11-17 

National Oceanic and Atmospheric Administration (NOAA), 4-25, 4-27, 4-28, 5-4, 7-1, 11-8, 11-17 

National Register of Historic Places (NRHP), 4-58, 4-61, 4-62, 5-28, 8-1, 11-18 

native hardwoods, v, viii, ix, 2-20, 2-21, 2-22, 4-9, 4-34, 4-47, 5-17, 5-18, 5-25, 5-26, 5-46, 5-52, 6-1, 6-2, 6-3, 
6-4, 6-21, 6-22, 6-23, 6-24, 6-25, 6-26 

Natural Resources Conservation Service (NRCS), viii, 1-13, 4-5, 4-83, 5-36, 8-4, 11-18 

navigation channel, i, vi, ix, 1-1, 1-3, 2-5, 2-6, 2-17, 2-20, 2-21, 2-22, 2-27, 4-52, 5-24, 5-40, 5-44, 5-45, 5-50, 
7-2 

Negrohead Lake, 2-28, 2-29, 2-30, 6-21 

nekton, ix, 1-11, 4-38, 5-20, 5-21, 5-23, 5-52, 6-14, 11-6, 11-7, 11-23 

net economic benefits, 2-1, 2-6, 2-21, 2-22, 2-33 

nitrogen oxide (NOx), vi, vii, 1-12, 4-64, 4-66, 5-29, 5-30, 5-49, 11-17 

No-action Alternative, ii, v, vii, viii, xvii, 2-1, 2-4, 2-5, 2-6, 2-17, 2-19, 2-20, 2-21, 2-22, 2-33, 4-1, 4-80, 4-83, 
5-1, 5-2, 5-3, 5-4, 5-5, 5-6, 5-19, 5-21, 5-22, 5-23, 5-24, 5-25, 5-26, 5-27, 5-28, 5-30, 5-31, 5-32, 5-33, 5-34, 5-
35, 5-36, 5-51, 5-53, 7-1, 7-2 

noise, i, vi, vii, 1-12, 4-66, 4-67, 5-25, 5-26, 5-30, 5-33, 5-42, 5-48, 5-50, 5-51, 9-2, 11-17 
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nonattainment area, 1-12, 4-64, 4-66, 5-49 

Non-Federal sponsor, i, 1-3, 2-3, 2-4, 2-19, 2-22, 2-23, 2-33, 6-1, 6-13, 11-23 

non-structural measures, 2-23 

open-bay placement, 2-24, 2-27, 5-2, 5-44, 5-47 

organics, v, 1-11, 4-25, 5-4, 5-5 

oysters, 2-29, 4-36, 4-54, 5-22, 5-24 

ozone (O3), vi, 1-12, 4-62, 4-63, 4-64, 4-65, 5-29, 5-49, 8-4, 11-18 

Paleoindian period, 4-54 

passing lane, i, ii, 2-17, 2-23, 2-33, 5-35 

passing zone, i, 1-1, 1-8, 2-1, 2-4, 2-6, 2-17, 2-20, 2-21, 2-22, 2-23, 2-33, 3-1, 3-2, 5-21, 5-33, 5-35 

phosphorous, 4-25, 4-72 

phytoplankton, 4-37, 4-41, 5-22, 5-24, 5-47, 11-23 

pink shrimp, 4-36, 4-38, 4-40, 4-41, 4-43, 5-24, 6-13 

pipeline, 2-4, 3-13, 3-14, 3-22, 4-72, 5-4, 5-29, 5-31, 11-10 

piping plover, 4-48, 5-26, 11-14 

plankton, ix, 1-11, 4-38, 5-47, 5-52, 11-23, 11-25 

Planning Guidance Notebook (PGN), 2-4, 2-19, 2-23, 2-33, 11-18 

Pleistocene, 3-23, 3-25, 3-28, 4-2, 4-24, 4-53, 5-5, 6-18, 11-23 

polychlorinated biphenyls (PCBs), 4-25, 4-72, 11-23 

population, 1-12, 4-38, 4-48, 4-51, 4-54, 4-55, 4-72, 4-74, 4-75, 5-31, 5-32, 5-37, 5-49, 5-50, 5-52, 8-4, 8-5, 11-
14, 11-24 

preliminary alternative, 2-1, 2-3, 2-5, 2-33 

preservation, ii, vi, viii, ix, 1-13, 2-23, 2-33, 4-44, 5-48, 5-51, 6-3, 6-4, 6-22, 6-26, 8-3 

Prime Farmland, ii, viii, xi, xiii, xiv, xvii, 1-10, 1-13, 4-5, 4-10, 4-13, 4-83, 5-1, 5-36, 5-38, 5-42, 5-51, 8-4 

Probable Effects Level (PEL), 4-27, 11-18 

productivity, vi, ix, 1-14, 2-27, 3-30, 4-14, 4-37, 5-7, 5-22, 5-23, 5-52, 5-53, 6-3, 6-13, 6-14, 6-18, 6-27, 7-2, 8-4 

Programmatic Agreement, vi, viii, xv, 1-12, 5-28, 5-49, 5-52, 7-2, 8-1, 9-1, 11-24 

public involvement, ii, 1-1, 11-24 

public scoping meeting, 2-5, 4-77, 4-80, 9-1, 9-2 

quantitative sampling, 4-30, 5-7 

Recent, v, 3-23, 3-28, 4-24, 4-27, 5-5, 5-39, 5-40, 6-18, 11-24 
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recreational use, 1-7, 2-5, 4-72, 4-77, 5-32 

red drum, 4-35, 4-36, 4-38, 4-41, 4-42, 4-43, 5-24, 6-13, 11-9 

Regional Analysis Zones (RAZ), 4-74, 4-77, 11-18, 11-24 

Reliant Energy, 1-4, 1-7, 4-72, 4-77, 11-5, 11-17, 11-22 

relocation, 2-4, 3-2, 3-13, 5-29 

resource agencies, ix, x, 1-11, 1-13, 1-14, 2-27, 3-2, 3-30, 4-38, 4-80, 6-1, 6-2, 6-3, 6-4, 6-13, 6-18, 6-21, 6-22, 
6-27, 9-1, 9-3, 9-4 

riprap, 3-12, 3-14, 3-15, 3-30, 5-8, 5-18, 5-35, 5-36, 6-19, 6-24 

Rivers and Harbors Act of 1890, 1-3 

Roseland Park, vii, 1-7, 1-12, 2-31, 4-14, 4-16, 4-24, 4-30, 4-37, 4-58, 4-67, 4-77, 5-21, 5-30, 5-31, 5-33, 5-47 

salinity, ii, v, 1-10, 3-33, 4-13, 4-14, 4-27, 4-35, 4-40, 5-3, 6-16, 6-20, 11-24 

salt-meadow cordgrass, 4-33, 5-8, 5-18, 5-19, 6-23, 6-25 

saltwater wedge, 5-3 

San Jacinto River, 4-2, 4-13, 4-52, 4-53, 4-57 

scrub/shrub, v, ix, 1-11, 2-19, 2-32, 2-33, 3-23, 4-34, 5-17, 5-18, 5-19, 5-25, 5-46, 5-52, 6-4, 6-13, 6-17, 6-21, 6-
22, 6-25, 6-26 

sea turtle, 4-46, 4-50, 5-27, 11-7 

Secretary of the Army, 1-3, 11-15 

Section 303(d) list, 4-15, 11-22 

sediment, i, v, 1-8, 1-11, 3-21, 4-6, 4-9, 4-13, 4-14, 4-15, 4-19, 4-21, 4-22, 4-24, 4-25, 4-27, 4-29, 4-71, 5-2, 5-3, 
5-4, 5-5, 5-6, 5-8, 5-22, 5-42, 5-51, 6-15, 6-16, 11-2, 11-8, 11-21, 11-22, 11-24 

sediment load, v, 5-2, 5-6, 5-8 

sedimentation, 3-22, 4-19, 11-24 

Selected Plan, 2-3, 2-4, 2-5, 2-33 

SH 146, i, v, vii, xvi, 1-1, 1-3, 1-7, 2-1, 2-4, 2-5, 2-6, 2-17, 2-20, 2-21, 2-24, 2-31, 3-1, 3-2, 3-13, 3-16, 3-21, 4-
1, 4-2, 4-5, 4-13, 4-25, 4-27, 4-29, 4-30, 4-57, 4-61, 4-64, 4-65, 4-68, 4-71, 4-78, 4-79, 5-1, 5-5, 5-33, 5-38, 5-
39, 5-40, 5-53, 7-2, 11-11, 11-25 

SH 99, i, 1-4, 1-9, 2-20, 2-21, 3-2, 3-13, 4-15, 4-37, 4-77, 5-39, 5-40, 6-21, 11-11 

shell midden, 4-54, 4-56, 4-58, 4-61, 11-24 

shellfish, i, vi, 4-13, 4-33, 4-35, 4-36, 4-54, 4-61, 5-19, 5-20, 5-21, 5-46, 5-47, 5-51, 6-13, 8-3, 11-22 

shoaling, 1-8, 11-24 

shrimp, 2-28, 3-27, 4-35, 4-36, 4-38, 4-39, 4-40, 4-41, 4-42, 5-21, 6-14, 11-21, 11-23 
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slurry, 3-14, 3-22, 4-19 

smooth cordgrass, 4-33, 5-8, 6-13, 6-15, 6-20, 6-23 

socioeconomic, i, vii, 1-12, 4-1, 4-13, 5-38, 5-50, 5-51 

southern cattail, 4-33, 5-8, 6-13 

southern flounder, 4-35, 4-36, 4-41, 6-13 

Spanish mackerel, 4-38, 4-39, 4-42, 4-43, 5-24 

spill box, 3-13, 3-14, 3-28, 3-34, 4-24, 5-2, 5-22, 6-18 

split-flow, v, 5-2, 5-6, 5-8, 7-2 

spotted seatrout, 4-35, 4-36, 4-41, 4-43, 11-6 

standard jumbo barge, 1-7, 1-8, 2-17, 2-21, 11-24 

State Historic Preservation Officer (SHPO), vi, 1-12, 8-1, 9-1, 11-18 

State Implementation Plan (SIP), vi, vii, 4-64, 4-66, 5-29, 5-49, 5-50, 8-4, 11-18, 11-24 

striped mullet, 4-35, 4-36, 4-42, 4-43 

super jumbo barge, 1-7, 1-8, 2-6, 2-17, 2-21, 3-1, 4-83, 5-34, 11-24 

Sutton Gully, 4-14, 6-3, 6-23, 6-25, 9-3 

Tabbs Bay, i, xvi, 1-1, 1-3, 2-27, 4-5, 4-15, 4-16, 4-19, 4-24 

tallow-dominated woodland, v, 1-11, 2-19, 5-17, 5-19, 6-4, 6-13, 6-21, 6-22, 6-25, 6-26 

Texas Coastal Plain, 4-1 

Texas Commission on Environmental Quality (TCEQ), 3-30, 4-13, 4-14, 4-15, 4-24, 4-25, 4-35, 4-62, 4-64, 
4-71, 4-72, 5-43, 5-49, 5-50, 6-21, 6-26, 6-27, 8-2, 11-6, 11-18, 11-24, 11-25 

Texas General Land Office (GLO), 3-30, 4-19, 6-1, 6-4, 6-21, 9-1, 11-16 

Texas Historical Commission, 4-53, 9-1, 9-4, 11-2, 11-6 

threatened and endangered species, vi, 1-11, 2-17, 4-43, 4-44, 5-49, 8-1, 8-2, 11-13 

total maximum daily load (TMDL), 4-15, 4-24, 4-37, 5-4, 11-18 

toxicity, ii, 4-25, 4-27 

Triassic, 4-2 

Trinity Bay, 4-1, 4-2, 4-37, 4-53, 4-56 

Trinity River, 4-2, 4-55, 11-1, 11-3 

turbidity, v, vi, 1-11, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22, 2-27, 4-40, 5-1, 5-2, 5-6, 5-19, 5-20, 5-21, 5-22, 5-24, 5-
25, 5-27, 5-41, 5-42, 5-47, 11-10, 11-25 
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U.S. Army Corps of Engineers (USACE), i, vi, ix, 1-3, 1-4, 1-7, 1-8, 1-10, 2-1, 2-4, 2-19, 2-23, 2-24, 2-27, 2-
28, 2-31, 2-32, 2-33, 3-1, 3-21, 3-27, 3-30, 4-2, 4-15, 4-16, 4-19, 4-20, 4-29, 4-37, 4-64, 4-65, 4-66, 4-68, 4-78, 
4-79, 5-1, 5-3, 5-30, 5-34, 5-40, 5-41, 5-42, 5-44, 5-45, 5-46, 6-1, 6-2, 6-3, 6-4, 6-13, 6-21, 6-26, 7-1, 7-2, 8-1, 
8-2, 9-3, 9-4, 11-7, 11-9, 11-10, 11-12, 11-17, 11-18, 11-19, 11-24 

U.S. Fish & Wildlife Service (USFWS), vi, xv, 3-27, 3-30, 4-44, 4-45, 4-46, 4-47, 4-48, 4-49, 4-50, 4-51, 4-
52, 5-26, 5-34, 6-1, 6-3, 6-4, 6-14, 6-21, 6-26, 6-27, 8-1, 9-1, 9-2, 9-3, 9-4, 11-13, 11-19 

Union Pacific Railroad (UPRR), 2-23, 3-2, 3-13, 4-5, 4-72, 4-79, 11-19 

upland habitat, ii, v, vi, ix, 1-10, 1-11, 2-23, 2-31, 2-32, 2-33, 3-2, 4-29, 4-30, 4-34, 5-7, 5-17, 5-18, 5-19, 5-25, 
5-27, 5-33, 5-45, 5-46, 5-48, 5-52, 6-1, 6-2, 6-3, 6-13, 6-21, 6-23, 6-24, 6-26, 8-3 

upland placement area, i, v, vi, 1-11, 2-27, 2-30, 2-31, 2-32, 3-12, 3-14, 3-23, 3-25, 3-27, 3-30, 4-1, 4-10, 4-30, 
4-38, 4-61, 4-68, 5-1, 5-4, 5-5, 5-6, 5-17, 5-19, 5-36, 5-44, 5-46, 5-52, 6-2, 7-1, 7-2, 11-2, 11-25 

Upland Placement Area No. 1, xii, xviii, 2-32, 2-33, 3-1, 3-2, 3-23, 3-24, 3-25, 3-30, 5-17, 5-18, 5-19, 5-32, 5-
36, 6-2, 6-23, 6-24 

Upland Placement Area No. 2, xii, xviii, 2-31, 2-32, 2-33, 3-1, 3-2, 3-23, 3-25, 3-26, 3-30, 5-17, 5-19, 5-21, 5-
33, 5-36, 6-2, 6-23, 6-24, 9-3 

Upper Channel, xvi, 1-7, 1-8, 2-1, 2-4, 2-5, 2-6, 2-17, 2-20, 2-24, 2-31, 2-33, 3-21, 4-19, 4-21, 4-23, 4-28, 4-29, 
4-72, 4-80, 5-3, 5-5, 5-7, 5-39, 5-41, 5-44, 5-47, 5-48, 5-50, 11-25 

Upper Galveston Bay, i, ii, xvi, 1-1, 1-3, 1-10, 2-27, 2-28, 4-1, 4-13, 4-14, 4-15, 4-16, 4-25, 4-37, 4-39, 4-77, 5-
1, 5-2, 5-3, 5-4, 5-26, 5-41, 5-43, 5-45, 5-47, 6-2, 11-15 

volatile organic carbons (VOCs), vi, vii, 1-12, 4-64, 4-66, 4-72, 5-29, 5-49 

water chemistry, ii, 1-10, 4-13 

water column, v, 1-10, 4-15, 4-19, 4-33, 4-38, 4-39, 4-40, 4-42, 5-3, 5-4, 5-5, 5-20, 5-22, 5-23, 5-24, 11-23, 11-
25 

Water Oak Gully, 2-30, 3-30, 4-14, 5-20, 6-16 

water quality, ii, v, 1-10, 1-13, 2-17, 2-20, 2-21, 2-22, 3-33, 4-10, 4-13, 4-14, 4-15, 4-19, 5-1, 5-3, 5-5, 5-21, 5-
40, 5-41, 5-42, 5-43, 5-44, 5-52, 6-1, 6-20, 8-2, 11-5, 11-8, 11-11, 11-22 

Water Quality Certification, 8-2 

Water Resources Development Act (WRDA), i, 1-3, 2-1, 5-40, 11-19 

watershed, 3-21, 4-19, 4-29, 4-78, 5-18, 5-43, 6-24 

West Bay, 1-4, 4-1, 4-55, 6-25 

wetlands, viii, 1-10, 1-11, 2-23, 2-33, 4-33, 4-39, 4-50, 5-24, 5-25, 5-34, 5-42, 5-45, 6-1, 6-2, 6-3, 8-2, 8-3, 9-2, 
11-12, 11-25 

white shrimp, 4-36, 4-38, 4-40, 6-13 

whooping crane, 4-48, 5-26 
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wildlife, i, v, vi, 1-10, 1-11, 1-13, 2-27, 2-31, 4-30, 4-33, 4-43, 4-44, 5-19, 5-25, 5-45, 5-46, 5-48, 5-51, 6-1, 6-2, 
6-13, 6-16, 6-17, 6-20, 6-22, 6-23, 6-24, 6-26, 8-2, 8-4, 11-20, 11-25 

zooplankton, 4-37, 4-41, 5-21, 5-47, 11-25 
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11   
12   CEDAR BAYOU NAVIGATION CHANNEL
13     PUBLIC INFORMATION MEETING
14           March 16, 2005
15   
16   
17   
18   
19   
20   
21   
22   
23   
24   
25   
0002
 1                 COL. HAUSTEIN:  Let's begin, please.  Good
 2   evening, ladies and gentlemen.  I am Colonel Steve
 3   Haustein, the District Engineer for the Galveston
 4   District of the U.S. Army Corps of Engineers.  I would
 5   like to welcome you to this public information meeting
 6   on the Draft Environmental Impact Statement (EIS) for
 7   the Cedar Bayou Navigation Channel project.
 8                 The Galveston District has completed a
 9   Feasibility Study of the Cedar Bayou navigation channel
10   extension and prepared a Draft Feasibility Report and
11   EIS.  The study considered the economic, engineering,
12   and environmental feasibility of extending the
13   navigation channel up Cedar Bayou an additional eight
14   miles to the Highway 146 crossing in the city of
15   Baytown.  During the study the proposed navigation
16   channel was modified to reduce environmental impacts and
17   project costs.  These changes are discussed in the Draft
18   EIS that was released for a 45-day public review on
19   February 18, 2005.  The closing date for the public to
20   complete the review and provide written comments is



21   April 4, 2005.
22                 With me tonight at the table are Mr. Guido
23   Persiani, the Project Manager for the Chambers
24   County-Cedar Bayou Navigation District; Mr. Richard
25   Tomlinson, the Corps Project Manager; and Mr. Stephen
0003
 1   Gilbreath, Project Manager for Lockwood, Andrews &
 2   Newman, Inc.  In a minute, Mr. Persiani will introduce
 3   members of the Navigation District with us here tonight
 4   and Mr. Gilbreath will present information on the
 5   project impacts identified in the Draft EIS.
 6                 Before we start the presentation, I would
 7   like to introduce the following elected officials who
 8   took time from their busy schedules to join us.  First
 9   of all, as I mentioned, Mr. Guido Persiani, who is also
10   the Mayor of Beach City; Jimmy Sylvia, County Judge of
11   Chambers County; Tommy Clayton, Beach City Councilman.
12   We also have Pudge Wilcox, General Manager of the
13   Chambers-Liberty Counties Navigation District, and Billy
14   Combs, Commissioner of the District.
15                 Mr. Persiani will now introduce members of
16   the Chambers County-Cedar Bayou Navigation District.
17                 MR. PERSIANI:  Thank you.  We have
18   Mr. John Rocco, our Chairman of the Board; we also have
19   Dan Hall, Board Member; we also have Calvin Copeland,
20   Board Member; and Don Johnson as Counsel to the
21   District.
22                 COL. HAUSTEIN:  In addition, I'd like to
23   introduce other members from the Galveston District who
24   are here with me tonight.  Robert Van Hook.  Raise your
25   hand.  He's the Planning Lead.  Carolyn Murphy, who is
0004
 1   our Chief of Environmental Branch; Terry Roberts, also
 2   from Environmental; and Michele Thomas from our Public
 3   Affairs Office.
 4                 I hope everybody had an opportunity to
 5   read the information sheets and take additional copies
 6   with you to share with family and friends.  We encourage
 7   you to become knowledgeable about this project.
 8                 Everyone here should have filled out an
 9   attendance card.  If you wish to speak, it's absolutely
10   essential that you fill out this card and turn it in so
11   that we can recognize you in turn.  If you have not done
12   so, please raise your hand and we'll provide that card
13   now.
14                 Okay.  We've also provided some comment
15   cards.  These can either be left with Michele Thomas at



16   the end of the meeting, or they may be mailed to us in
17   Galveston.  They're franked and addressed to come back
18   to us.  Please, I encourage you to take as many of these
19   as you'd like and share them with your friends and
20   neighbors who could be here with us tonight.
21                 The purpose of this meeting is to provide
22   you with an opportunity to comment in person about your
23   concerns about the project and the environmental impacts
24   described in the Draft EIS.  You may also do this at
25   home and send your written comments to the Corps no
0005
 1   later than April 4, 2005.  We are interested in hearing
 2   your comments and opinions about the project, both pro
 3   and con.
 4                 The format for the meeting.  Let me
 5   discuss the format for tonight's meeting.  Mr. Persiani,
 6   will provide a short history of the Cedar Bayou
 7   Navigation Channel and Mr. Gilbreath will provide an
 8   overview of the results of the Feasibility Study and the
 9   Draft EIS.  Following these presentations, those
10   Federal, State, County and City officials who requested
11   to make a statement will do so and have the floor.
12                 After these presentations, I'll open the
13   floor up for public comment.  Because of our limited
14   time, we may not have a question and answer period.
15   However, each person who indicated on the registration
16   card that they wish to make a statement will have the
17   opportunity to do so tonight.  Again, if you wish to
18   make a comment but either do not have a card or have not
19   turned in a card, raise your hand and we'll provide that
20   to you when you raise your hand.
21                 Please give the speakers the courtesy of
22   not making any comments during the presentation.  All
23   individuals will have an equal right to be heard, and
24   you will as well.
25                 I would also ask that if you have a cell
0006
 1   phone with you that you turn it off at this time to
 2   avoid disturbing the speakers and the audience.
 3                 We do have a court reporter with us this
 4   evening who will record the meeting verbatim, and the
 5   record will be a public document available for anyone to
 6   review.
 7                 Sir, I'll turn it over to you at this
 8   time, Mr. Persiani.
 9                 MR. PERSIANI:  Okay.  Thank you.  My
10   presentation will be very short, because Steve has



11   included the history of the dredging project within the
12   presentation.  The only little piece of history I will
13   tell you is that I have been the Project Manager at this
14   project since around mid 2001; and with that, that
15   really is totally inclusive of the current project as it
16   stands today, a smaller channel regarding 10 x 100.
17   Prior to that, the larger size involving 125.  I've had
18   limited involvement, but it's great how we shifted from
19   one size to the other.  With that, I'll turn it over to
20   Steve.
21                 MR. GILBREATH:  I'm not sure which side is
22   better.  I'll try this side.  Again, my name is Steve
23   Gilbreath.  I'm the Project Engineer for the Cedar Bayou
24   Navigation Project.  I'm with Lockwood, Andrews &
25   Newman.  I've been involved with the project since 2000.
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 1   It's gone through a couple of iterations in terms of the
 2   size and magnitude of the project; and so I'll walk you
 3   through that, as well as how we came to a conclusion on
 4   what is the locally preferred plan of the project,
 5   discuss the costs and benefits associated with the
 6   project, and ultimately report on the impacts of the
 7   project.
 8                 A little history about the project.  The
 9   navigation project of Cedar Bayou was originally
10   authorized by the Rivers and Harbors Act of 1890.  The
11   improvements on the channel were reauthorized in 1930
12   and improvements were made from the Houston Ship Channel
13   to Mile 3 from 1931 to 1975.  If you're familiar with
14   the channel, Mile 3 represents the northern limit of the
15   federally maintained project, and it is the southern end
16   of the devil's elbow area.
17                 The U.S. Army Corps of Engineers did a
18   reconnaissance report in 1989 to look at possible
19   improvements to the channel from the Houston Ship
20   Channel all the way up to State Highway 146.  That would
21   extend the currently maintained project an additional
22   eight miles to that point, and it would basically cover
23   the industries that are using the channel to that
24   extent.
25                 In 1997, the Texas Legislature gave the
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 1   Chambers County Supervising Navigation District (sic) as
 2   an entity to improve the navigability of Cedar Bayou.
 3   In 1999, the district initiated a Feasibility Study and
 4   Draft Environmental Impact Statement for improvements to
 5   the channel.



 6                 In 2000, under Section 349 of the Water
 7   Resources Development Act, the project was reauthorized
 8   for the improvements from the Houston Ship Channel to
 9   Mile 11, representing 14 miles of improvements.  I'll
10   try to -- and, again, if anybody would like to come to
11   the front and see this, if you can't see it, we will
12   certainly take time to do that.
13                 The area shown in blue here, this is
14   Mile 3.  That is currently a 10 foot deep 100 foot wide
15   navigable channel that the U.S. Army Corps of Engineers
16   is authorized to maintain.
17                 MR. JOHNSON:  Steve, could I ask you to go
18   to the other side of the screen and --
19                 MR. GILBREATH:  Okay.
20                 MR. JOHNSON:  -- speak in this direction,
21   because she's sitting over here behind the flag.  We're
22   all straining to hear you.  You're not projecting quite
23   as much.  If you don't mind.  Thanks.
24                 MR. GILBREATH:  No problem.
25                 Okay.  So here is where the project
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 1   currently ends.  Again, I just want to emphasize that is
 2   a currently maintained section of the channel from a
 3   maintenance standpoint.  The area shown in yellow is
 4   what is being proposed all the way to State Highway 146.
 5   That represents eight miles of extension of that
 6   project.
 7                 Devil's Elbow is located in this area.  As
 8   part of the project, we're looking at straightening out
 9   this portion of the project and also including some
10   other features.  I'll go through that as we go along.
11   But essentially this project takes it from where the
12   currently maintained section ends and extends it all the
13   way to State Highway 146 as an initial dredging of the
14   project to 10 X 100 feet, as well as maintenance for
15   that section for the next 50 years.
16                 Back when we started the project in 2000,
17   we developed, I believe it was, about 11 alternatives as
18   well as evaluated a no action condition.  At that time
19   we looked at quite a number of things.  We looked at
20   extending the 10 foot X 100 foot channel up to 146.  We
21   looked at deepening the entire channel for 14 miles to
22   12 feet X 125 feet, which would match the gulf
23   intercoastal waterway dimensions.  We looked at
24   rerouting of the project to bypass some of this.  So we
25   did all of that, and our basis of comparison was the no
0010



 1   action condition.
 2                 Again, the lower six miles of Cedar Bayou
 3   is the maintained section of the channel.  The upper
 4   eight miles of it is not maintained.  Basically, the
 5   users of the channel are getting benefits from a
 6   dredging project that occurred back in the early 1970s
 7   that HL&P did when they actually got the channel down to
 8   20 feet and widened sections of the channel.  And over
 9   the last 30 years, it's gradually built up, but it
10   hasn't been maintained federally.
11                 This is just a list through of the number
12   of alternatives.  Again, just an extension of what we
13   looked at in 2001.  At that point, we had a project that
14   was well into the 20 million dollar range and the local
15   sponsor of the Chambers County-Cedar Bayou Navigation
16   District looked at it and said, "Even though there is a
17   benefit cost ratio that is positive for the project,
18   it's a little too much for us to fund at this time."
19   There is a cost component that the local sponsor has to
20   absorb as well as buying the land for the property and
21   so on.  And it got to the point that even though it was
22   beneficial, it was just too much for them to afford at
23   that time.
24                 So at that point we stopped the project
25   and took a different view.  And early in 2002 and 2004
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 1   we presented a new set of alternatives, and what we
 2   focused in on was not the current six miles that was
 3   being maintained by the Corp of Engineers but the
 4   extension, the 8 miles north of that to 146.  We looked
 5   at, of course, no action.  That's your basis of
 6   comparison.  And we looked at a series of 9 foot
 7   options, 9 feet deep X 100 feet wide.  This, again, is a
 8   cost reduction to say can barge users deal with this
 9   channel and generate not quite as much dredge material,
10   it would certainly lower the cost.  It would be about a
11   foot shallower than the maintained section of the
12   channel on the lower six miles.  We looked at that.  We
13   also added an option to put in 1300 linear feet of a
14   passing lane, 200 foot wide.  Currently Cedar Bayou does
15   not have a passing lane type feature in it so barges are
16   having to stay at various points along the channel.
17   And, really, it's also a safety issue that you would
18   like to have a good place for barges to pass.
19                 Another option we looked at was an
20   alternative to abort the Devil's Elbow cut off channel,
21   and I'll show you that a little bit more on another



22   slide.  The Devil's Elbow is difficult for barges to
23   navigate that.  If we had an opportunity to straighten
24   that section out, it would reduce transit times and make
25   shipping easier and safer along the channel.  So we
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 1   evaluated the impacts of that alternative.
 2                 Then we also looked at going to the
 3   10 foot X 100 foot channel, you know, 10 feet deep and
 4   100 feet wide, matching the lower section that the Corps
 5   of Engineers maintains.  Again, basically an extension
 6   of that project to Highway 146 as well as maintenance
 7   for 50 years.  We looked at the same addition of
 8   features, the 1300 foot passing lane, the Devil's Elbow
 9   bypass cutoff channel and Option 3 was really a
10   combination of both of those components.  What we
11   developed was a locally preferred plan, which, in
12   essence, was Option 3 from the 10 foot X 100 evaluation.
13   The project would be a 10 foot deep X 100 foot wide
14   channel that would extend from Mile 3 to State 146 or
15   Mile 11.  The channel would be dredged to 10 feet deep.
16                 Typically a dredging project like this
17   will excavate an additional foot for maintenance; so
18   that over the next ten years as the channel slowly silts
19   in, you still have a 10 foot channel that barges can
20   utilize.  So you build in a little bit of maintenance in
21   there.  And then an additional 1 foot allowable
22   tolerance for the dredge of when you're actually doing
23   the work.  This would include the 200 foot wide 1300
24   foot long passing lane at Mile 6 and we did include the
25   Devil's Elbow cutoff channel.
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 1                 We identified three placement areas that
 2   we were going to utilize.  Ijams Lake is a lake on the
 3   eastern side of the Chambers County side of the bayou
 4   and we are proposing in the project to include creation
 5   of 80.1 acres of estuarine marsh.  It would be
 6   constructed using dredge material excavated from the
 7   channel, particularly new cut material from the channel
 8   that the environment agency directed us that this is
 9   better material to construct with.  15 acres of it --
10   approximately 15 acres of it is more mitigation and the
11   remaining 60, I believe, is for beneficial use in
12   utilizing the dredge material generated in the project.
13                 Up on Placement Area No. 1 is previously
14   utilized county owned site.  Dredge material was placed
15   in it over the years.  It hasn't been used as a dredge
16   placement area for some time.  But, again, for cost



17   purpose, as well as it was previously used as a dredge
18   placement area, it would be natural to utilize this site
19   in the future.  Also, Placement Area No. 2 is to the
20   north of Area 1.  It is centrally located for the
21   project to avoid these extremely long dredging districts
22   that you can get into.  This area is currently a pasture
23   area.  It's offset from the channel.  We've left some
24   habitat that the environmental agency requested that we
25   leave as a buffer.  I'll touch on that a little bit
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 1   later.
 2                 There are two areas along the channel
 3   where the channel was restricted.  And designing a
 4   navigation channel is a lot like designing a highway.
 5   You have a design vessel or a vehicle, and as you go a
 6   certain speed you have to have enough space to navigate
 7   those tows.  You have to have enough width along that
 8   channel to do that, and in a couple of sections of the
 9   channel we did have to excavate in on the Chambers
10   County side just to the south and just to the north of
11   the bay in order to meet that criteria.  The duration of
12   the project -- of the initial dredging of the project is
13   on the order of about 12 months.  Beyond that, there is
14   a cost associated and frequency of dredging associated
15   with the project to maintain it to this 10 foot X 100
16   feet of width.  That's 50 years of maintenance.  We
17   believe we can do that in four ten-year cycles.
18                 Cedar Bayou has had very low sediment over
19   of the past 30 years.  It's silted in slowly from the
20   20 foot elevation when HL&P did their dredging until
21   where it is now.  And so we think you're not going to
22   see a dredge out there every year or every other year.
23   We think it's a very long cyclical time for the
24   maintenance dredging to occur.  It's not like the ship
25   channel or some other project.
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 1                 Equipment to be used on the project:
 2   Generally, for the initial dredging, we'll have a
 3   hydraulic cutter head suction dredge (sic) and we'll
 4   have a mechanical dredge.  This really shows the locally
 5   preferred plan in the area.  Again, along the channel
 6   shown here is the existing project that's currently
 7   maintained.  This is the Ijams Lake area that we would
 8   create the marsh area, approximately 80 acres.  This is
 9   Devil's Elbow as it currently exists.  The locally
10   preferred plan would excavate really all the areas shown
11   in red and really straighten this section out and avoid



12   barges having to navigate the tricky curves around here.
13   Material excavated from this work would go into the
14   Ijams Lake Placement Area.  Again, that's something that
15   the research agency had directed us on.
16                 This is Placement Area No. 1.  That is a
17   county owned site.  Actually, we reshaped a little of
18   that project.  Here is a little dimple here.  That area
19   has been reshaped.  The habitat that's out there is some
20   hardwoods that are located in the area.  The agency
21   asked that we reshape the project to preserve those and
22   we did.  Again, this piece of property is owned by the
23   county and will be utilized both in the initial dredging
24   and maintenance of the project.
25                 The second placement area is the discharge
0016
 1   channel along here where the -- and if you're not
 2   familiar with the dredging operation and construction,
 3   you fill up the containment dikes to the proper
 4   elevation so that when you discharge your dredge
 5   material in there, it has adequate time for the sediment
 6   to settle out so that -- and then you decant (sic) the
 7   water off of there meeting state standard for discharge
 8   requirements.  And, again, we've left a buffer in here
 9   in this area.  This area will not be excavated, will not
10   be cleared.  That, again, is a habitat issue that we
11   needed to preserve some of that property for habitat
12   reasons.  These two locations are the bend easements
13   that I referred to earlier.
14                 A little bit on the economics of the
15   project.  Over the 50 year life of the project, if under
16   existing conditions or no action conditions, however you
17   want to say it, the transportation cost for the project
18   for 50 years is 936 million dollars.  If we do the
19   locally preferred plan, the transportation cost for
20   barges is around 745 million dollars.  A total reduction
21   cost of 191 million dollars, or on an annual basis,
22   2.7 million dollars per year.  The annual average cost
23   of the project, the initial dredging of the project and
24   all the components of it and the maintenance of it for
25   50 years, the annualized cost of that is $1,212,000,
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 1   producing a benefit to cost ratio of 2.25 million.  So
 2   that the project is certainly justified on a benefit to
 3   cost ratio basis.  This is the overall project cost for
 4   the locally preferred plan.  The total cost of the land
 5   easements and right of ways is $1,860,000.  There are
 6   pipeline relocations on the order of 2 million dollars



 7   with the project.  And these are the various
 8   construction features associated with the initial
 9   project.  Contingencies and additional fees take the
10   total project cost to $14,284,600.
11                 Okay.  Now, I'm going to go over each of
12   the items again that's in the Draft Environmental Impact
13   Statement just to summarize.  These are specific items
14   that we addressed.  There are statutes and laws that
15   these have to follow and other agencies review to make
16   sure this plan complies with those.
17                 Water quality:  There are expected to be
18   increases in permitting with the project on the initial
19   dredging of the project.  These are viewed as temporary.
20   It's going to be for the 12 months when the dredge is
21   out there initially, and then every ten years there's
22   going to be a maintenance dredging cycle.  The proposed
23   action, however, is not expected to affect water flow
24   into Cedar Bayou or change Galveston Bay, nor is it
25   expected to change the salinity of the water in the
0018
 1   area.  There are no long-term effects on the water
 2   quality expected as a result of those actions.
 3                 Habitat Types:  The locally preferred
 4   channel alignment will temporarily impact 120 acres of
 5   open water and habitat.  That's the channel itself.  And
 6   permanently remove 3.8 acres of estuarine marsh.  The
 7   locally preferred plan, as part of this would convert 80
 8   acres of shallow water out at Ijams Lake and estuarine
 9   marsh.  Again, this is for beneficial use as well as
10   mitigation.  15 acres of it is considered for mitigation
11   for the 3.8 acres that was removed as far as the project
12   resulting in a net increase in acres of the marsh
13   habitat in the project area.
14                 The locally preferred plan impacts
15   approximately 131.8 acres of upland habitat, including
16   the Devil's Elbow cutoff area.  5.5 acres of the 131.8
17   are considered native hardwoods to the project.  And
18   compensatory mitigation propose the impact to the native
19   hardwoods totaling 51.8 acres.
20                 Effects to finfish and shellfish in the
21   area.  The effects of these resources are expected to be
22   minor and temporary.  Again, are not expected to take
23   away reasonable population within Galveston Bay.  The
24   project overall is going to have a positive impact on
25   productivity of the habitats by creation of the 81.1
0019
 1   acres of estuarine marsh.



 2                 Wildlife Resources:  Impacts to the upland
 3   habitat view by wildlife species will be mitigated by
 4   preservation.  A certain amount of property is being
 5   purchased and set aside and will remain, you know,
 6   basically as mitigation and for use in the site and will
 7   not be cleared as part of the project.  There are no
 8   federally listed endangered species that are impacted by
 9   the project.
10                 Cultural Resources:  As part of the
11   archaeological work associated with the project, three
12   previously archaeological sites have been identified by
13   the National Registry Archaeological District and could
14   potentially be impacted by the project.  The local
15   sponsors and Project Historic Preservation Office and
16   State of Corps of Engineers have consulted on this.
17                 Air quality:  The proposed project is
18   within the Houston/Galveston Air Quality.  The maximum
19   projected increases in NOX and VOCs as a result of the
20   dredging activities and management of the dredging
21   materials is 22.5 tons per year of Nox and 0.31 tons per
22   year of VOCs.  This overall would compose less than one
23   percent of the areas omissions and pollutants;
24   therefore, the project is in compliance with the state's
25   implementation plan and does not require general
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 1   conformity termination.
 2                 Noise:  During the project there is going
 3   to be dredging associated with it over the entire 80
 4   miles of this project as well as some additional work in
 5   the other placements areas.  During these activities, we
 6   made some estimates based on the type of equipment that
 7   would be used there, and those ranged depending on where
 8   you're at for the noise levels.  These would be
 9   short-term.  And, again, emphasizing that main dredging
10   is going to occur on the order of about every ten years.
11   Noise from the increase of barge traffic is expected to
12   increase slightly both under with the project and
13   without the project.  You know, again, it's expected to
14   increase under both alternatives.
15                 Hazardous Toxins and Radioactive Waste:
16   The locally preferred plan was designed to particularly
17   avoid the City of Baytown landfill.  The project was
18   specifically to avoid that area and not get into those
19   issues.  No HRW sites are expected to be impacted by the
20   project.
21                 Socioeconomic Issues:  Land use has
22   included municipal waste water treatment facilities and



23   industrial uses.  Land use of the Devil's Elbow cutoff
24   is currently unpopulated pasture.  And dredge material
25   placement areas are located in unpopulated portions of
0021
 1   the eastern bank of Chambers County side of Cedar Bayou.
 2   Based on this information, there are no displacement or
 3   relocations that we're aware of that are being proposed
 4   with this.  The socioeconomic impacts are expected to be
 5   minimal.
 6                 Flooding:  Flooding conditions under the
 7   locally preferred plan indicate that the plan itself
 8   will reduce the acres from flooding by 618 acres for the
 9   100 year event primarily on the Chambers County side of
10   the bayou.  This is just increased efficiency of the
11   channel, primarily due to the Devils Elbow's cutoff
12   channel.  The anticipated reductions from the 100 year
13   flow plan are expected to significantly affect
14   wetland -- is not going to affect wetlands or other
15   important habitats.  These hundred year events are
16   fairly rare and aren't the big driver for wetland.
17                 Bank Erosion:  As part of the Feasibility
18   Study, we did an analysis of potential impact of bank
19   erosion along Cedar Bayou.  We looked at the effects of
20   drawdown.  As the barges pass they do tend to draw water
21   down and through displacement, and then you also have
22   waves developed associated with the barges, as well, and
23   other personal craft along the channel.  Barges are
24   essentially going to happen with or without the project;
25   and looking at the loading conditions and transit
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 1   speeds, there is really no measurable impact between no
 2   action and the locally preferred plan.
 3                 The locally preferred plan does armor some
 4   sections of the channel, the Devil's Elbow cutoff and
 5   the placement area, the creation of 80.1 acres of marsh.
 6   We did want to protect a portion of that certainly from
 7   wave action just so that marsh could be established.  We
 8   also armored the Devil's Elbow cutoff section.  That's a
 9   brand-new cut.  It's a very high bank in that area.
10   There could be some sloughing that would silt in the
11   channel.  So the recommendation of the Feasibility Study
12   was to armor those sections of the channel.
13                 I'll show you the mitigation areas.  The
14   Ijams Lake area.  Again, not all of this is mitigation.
15   Only 15 acres of this is mitigation.  The remaining
16   portion is for beneficial use features.  This section of
17   the Devil's Elbow of the channel would not be maintained



18   by the Corps of Engineers nor would it be filled in.
19   There is some expected siltation in the channel, but
20   this section of this island that would be created would
21   be part of the project and preserved as also part of the
22   project.  We wouldn't put dredge material here or
23   anything like that.
24                 Moving further up.  Again, I'll identify
25   this small section.  I believe it's about four acres.
0023
 1   It is habitat that the agency had asked that we try to
 2   avoid as part of the project.  And then we have some
 3   additional areas west of this placement area and, of
 4   course, east of the channel that we would set aside also
 5   as part of the project.
 6                 In addition to that, we have investigated
 7   a site located here, and that area is going to be
 8   purchased and also set aside and preserved as part of
 9   the project.  These are the overall mitigation acreage
10   numbers.  The total mitigation --
11                 UNIDENTIFIED SPEAKER:  Speak a little
12   louder, please.
13                 MR. GILBREATH:  I'm sorry.  The total
14   native hardwoods that are going to be mitigated or that
15   we are offering mitigation for is 51.8 estuarine marsh,
16   a grand total of 43.9.  Total mitigation associated with
17   the project is 95.7 acres.
18                 This is just a close-up again on the Ijams
19   Lake section of the channel.  This is the island that
20   would be preserved as part of the project.  Once this
21   channel is cut, the area in light blue here represents
22   the bank armor associated with the project.  This is the
23   county owned site.  This is the four acres that are
24   going to be set aside and preserved.  This section of
25   this area that's going to be purchased would be set
0024
 1   aside also for mitigation purposes.  And this is a
 2   continuous piece of property that's going to be also
 3   offered, those northern sections of the channel for
 4   mitigation.  These are the two areas that I referred to
 5   earlier.
 6                 I won't go through each of these.  This is
 7   basically consistent with state and federal regulations.
 8   The EIS was developed in concert with all of these
 9   regulations and meets the intent of these.  And I'll
10   close with a schedule.  The final Environmental Impact
11   Statements comment period ends April 4th, so the final
12   EIS will be completed between April 2005 and



13   August 2005.  The design of the project is all pending
14   money on the federal side being available for the
15   project.  Design would start May 2005 and extend to
16   June 2006 and construction would be performed from
17   September '05 to September '07.
18                 COL. HAUSTEIN:  At this time, I would like
19   to recognize any public officials who would like to
20   speak concerning the project.
21                 We don't have any federal or state
22   officials; however, we do have some county and city
23   officials.  If any of those would like to speak, I would
24   like you to do that now.
25                 MR. SILVIA:  County Judge Silvia.  I just
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 1   want to say that the county fully supports this project
 2   and this has been very informative.  I appreciate that
 3   tonight.  Any questions, I'll be here until the end.
 4   
 5                 MR. BYAL:  Kevin Byal.  I'm the Flood
 6   Plain Administrator for the City of Baytown.  I would
 7   just like to say that we don't take the position against
 8   or for the project; but as with any development within
 9   the flood plain, we are interested in that.  We would
10   just ask that any engineers' analysis of impact to the
11   100 year water circuit be forwarded to the City of
12   Baytown for our records.
13                 COL. HAUSTEIN:  Any other county or city
14   officials?
15                 I would like to ask if we have anyone from
16   the Navigational District who wants to speak?
17                 Anyone from the board?
18                 MR. PERSIANI:  We're in favor of the
19   project.
20                 COL. HAUSTEIN:  I would now like to open
21   the floor to those who submitted a comment card and
22   indicated a desire to speak.  When you are called,
23   please come forward and state your name clearly so that
24   the court reporter can hear it.  You may have to spell
25   the name as well, if you have a difficult name such as
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 1   my own, so that we can get an official record.  I ask
 2   that you limit your oral comments to five or ten minutes
 3   or so, just so that others may have an opportunity to
 4   speak tonight.
 5                 I would like to remind you that the
 6   purpose of this meeting is to provide you with the
 7   opportunity to present your concerns and opinions on the



 8   Cedar Bayou Navigation Channel Project and the Draft
 9   EIS.
10                 I remind you that if you desire to submit
11   a written comment statement for the record, please give
12   your statement to Ms. Thomas, and we will get that into
13   the record.
14                 I have one card.  I now call on Kevin
15   Byal.
16                 MR. BYAL:  I've already stated my
17   comments.
18                 COL. HAUSTEIN:  Okay.  I have gone through
19   the list of cards.  Is there anyone else who wishes to
20   speak?
21                 MR. HAYES:  Yes, sir, I do.  My name is
22   Gerald Hayes.  I have a question.  I live at the Rosen
23   Park area.  I'm a property owner.  I'm assuming this
24   200 foot wide 1300 foot path, is that at the Rosen Park
25   area?  Is that where that's located?
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 1                 MR. GILBREATH:  No, sir.  It's further to
 2   the south.
 3                 THE WITNESS:  It's further to the south?
 4                 MR. GILBREATH:  Yes, sir.
 5                 MR. HAYES:  As if flows to that particular
 6   ares, is there going to be any dredging done at that
 7   part?
 8                 MR. GILBREATH:  At the Rosen Park area?
 9   It's confined to the existing banks of the channel,
10   10 feet deep 100 feet wide.  So there's some dredging.
11                 MR. HAYES:  Okay.  Because I'm right at
12   that particular point, and that's where -- you know, in
13   the past I've watched barges, you know, come in that
14   area -- because they've got the point going under the
15   bridge and coming from the railroad bridge.  And
16   watching how they come in -- because where I'm located,
17   when the barges do come, they come right at my -- they
18   point right at my property, you know.  So I'm assuming
19   those points would be cut off to make it a straight
20   line, you know, for the barges, you know.  I assume
21   that's been addressed.
22                 MR. GILBREATH:  The project does
23   (inaudible) --
24                 THE WITNESS:  Okay.  As far as going
25   towards our property, how far would they go in?  Would
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 1   it stretch --
 2                 MR. GILBREATH:  We could look at the map



 3   and you can see what area you're in.
 4                 THE WITNESS:  That's what I was trying to
 5   do.
 6                 MR. GILBREATH:  We can go back and do
 7   that.
 8                 THE WITNESS:  Okay.  I appreciate that.
 9   That's all.
10                 COL. HAUSTEIN:  Is there anyone else who
11   would like to speak?  Don't be shy.
12                 Let the record indicate that everyone who
13   wanted to speak has done so tonight.
14                 Since there are no other comments, let me
15   say for the record that this Cedar Bayou Navigation
16   Channel Project Information Meeting was convened at the
17   Cove Community Center, 5757 FM 565 South, Baytown, Texas
18   at 7:00 p.m. on March 16th, 2005.  The official record
19   will remain open for comments until April 4, 2005.  That
20   means that we will accept written comments from the
21   public until that date.  I encourage you and your
22   friends and your neighbors to provide comments related
23   to this project by April 4th, 2005.
24                 I would like to thank the local sponsors
25   for providing this meeting room, conducting the study
0029
 1   and joining us tonight, and those from both the Corps
 2   and the Chambers County-Cedar Bayou Navigation District
 3   and everyone else who helped with the publicity and the
 4   logistics for this meeting.
 5                 I would like to especially thank everyone
 6   from the community who attended and participated in this
 7   meeting.  We appreciate your interest and encourage you
 8   to continue to be part of this project.  Please drive
 9   home safely.  This meeting is adjourned.
10   
11                 (Proceedings           at            .m.)
12   
13   
14   
15   
16   
17   
18   
19   
20   
21   
22   
23   



24   
25   
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 1   STATE OF TEXAS
 2   COUNTY OF HARRIS
 3   
 4                    REPORTER'S CERTIFICATE
 5               CEDAR BAYOU NAVIGATION CHANNEL
 6                  PUBLIC INFORMATION MEETING
 7                        MARCH 16, 2005
 8   
 9       I, the undersigned Certified Shorthand Reporter in
10   and for the State of Texas, certify that the facts
11   stated in the foregoing pages are true and correct.
12       I further certify that I am neither attorney or
13   counsel for, related to, nor employed by any parties to
14   the action in which this testimony is taken and,
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16   counsel employed by the parties hereto or financially
17   interested in the action.
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NOTICE OF PUBLIC MEETING for the                                                                                                                             
CEDAR BAYOU NAVIGATION CHANNEL – CHANNEL IMPROVEMENTS PROJECT 

Wednesday, March 16, 2005 
7:00 pm – 9:00 pm 

Cove Community Center 
5757 FM 565 South 

Baytown, Texas 
 

The Chambers County Cedar Bayou Navigation District (CCCBND) will hold a public meeting for interested citizens on the 
Draft Environmental Impact Statement (DEIS) for proposed improvements to the Cedar Bayou Navigation Channel south 
of State Highway 146 in Harris and Chambers Counties.  The purpose of the meeting is to provide the public an overview 
of the project and associated DEIS, and to solicit public comments on the DEIS as part of the process of developing a 
Final EIS.  The DEIS along with other project information can be found on the U.S. Army Corps of Engineers (USACE) 
web site at: www.swg.usace.army.mil.  A limited number of CDs of the DEIS will also be available at the meetings.  There 
will be formal presentations followed by an opportunity for comments by the public. The proposed improvements consist 
of widening and deepening the existing Cedar Bayou channel to a width of 100 feet and a depth of 10 feet.   

Those not able to attend may submit written comments no later than April 4, 2005 to: 

U.S. Army Engineer District, Galveston  
Attention: Dr. Terrell Roberts 
CESWG-PE-PR 
P.O. Box 1229 
Galveston, TX  77553-1229 
E-mail:  Terrell.w.Roberts@usace.army.mil   

Proposed Project Location 
 

 



 





 















































 
 
 
 
 

 
 
Conference Memorandum Date:  1 June 2001 Project Number:  2061-20-001-200 
 
Project   Cedar Bayou Navigation Channel Page       1       of     1 
Client    Chambers Co. Cedar Bayou Navigation District 
Conference Location   Residence of Don and Janice Bishop Conference Date  15 May 2001 
 
 

 
 

Attendees Routing Data Code 1.5 
       
            
            
            
            
            
            

Gordon Christman (CCCBND) 
Ty Thomas (LAN) 
Steve Gilbreath (LAN) 
Attached lists of residents 
 

IC       
 
 
Purpose         
Discussion 
The following is our understanding of the subject matter covered in this conference.  If this differs from your understanding, please notify 
us in writing within five days. 
 
At the request of the residents near Ash Lake, a meeting was held for LAN to present the proposed project for the 
Cedar Bayou Navigation Channel.  Ty and Gordon discussed the role of the Navigation District, the study process, 
and the proposed dredging and placement plan. 
 
In summary, the group made the following comments: 
 
1. The citizens located along Tri-City Beach road indicated that they did not receive a flyer about the previous 
public meetings.  This appears to be the 77502 zip code. 
2. Everyone was in favor of doing upland placement for dredged material rather than build marshes, especially in 
Ash Lake. 
3. The citizens did not feel that building marsh in Ash Lake was a suitable replacement to the existing shallow water 
bottom. 
4. The group was in favor of placing material at Atkinson Island if possible. 
5. They wanted to know if the EIS accounted for the appreciation/depreciation of property near these marsh 
placement areas. 
6. The group questioned why the abandoned portion of the Devil’s Elbow channel was not considered for disposal 
 
Gordon indicated at the meeting that the board would consider removal of the Ash Lake beneficial use/mitigation 
site from the project in response to the lack of support. 
 

 

Distribution 
B. Bodson – RFW\ 

Prepared By 
Signature  
Print Name    Stephen A. Gilbreath, PE 

This memo is to be prepared by the conference chairperson. B-013-90 

 



 



















NOTICE 
PUBLIC SCOPING MEETING 

 
WHEN: MONDAY, DECEMBER 11, 2000, 7:00 P.M. 
WHERE: CEDAR BAYOU METHODIST CHURCH 
   2714 Ferry Road, Baytown, Texas 

 
THE CHAMBERS COUNTY CEDAR BAYOU NAVIGATION DISTRICT IS 
PROPOSING TO IMPROVE THE CEDAR BAYOU NAVIGATION CHANNEL 
BETWEEN STATE HIGHWAY 146 AND THE HOUSTON SHIP CHANNEL.  THE 
PROPOSED IMPROVEMENTS WOULD CONSIST OF WIDENING AND DEEPENING 
THE EXISTING NAVIGATION CHANNEL TO A WIDTH OF 125 FEET AND A DEPTH 
OF 12 FEET.  THE PURPOSE OF THE PUBLIC SCOPING MEETING IS TO RECEIVE 
COMMENTS FROM THE PUBLIC ON THE SCOPE OF THE ENVIRONMENTAL 
IMPACT STATEMENT THAT IS CURRENTLY BEING PREPARED BY ROY F. 
WESTON, INC., AN ENVIRONMENTAL CONSULTING FIRM.   
 

LOCATION OF CEDAR BAYOU 
 METHODIST CHURCH              PROJECT LOCATION MAP 

    
 

FOR FURTHER INFORMATION, CONTACT ROY F. WESTON, INC. AT (713) 985-6600 



 





 



 
 B-036-92 

Office Memorandum 
 
 
 
To    Ty Thomas   
 
From    Jennie Auster  
 
 

Date 
Routing 

5/26/00  
Project Number  
2061.20.001.200  
Data Code  

 

Re: May 22, 2000 Cedar Bayou Navigation Channel Improvements Community Meeting Notes 
 
 
The following are my notes from the May 22, 2000 Community Meeting detailing various community 
concerns. 
 
• Wayne Smith: Concerned with wave action and side slope stability 
• Timothy Griffith: Consider HL&P intake channel in hydraulic modeling 
• Jim Whitacre: Concerned about the “funnel affect” during a hurricane situation 
• Jerry Jones: Concerned about silting around Devil’s Elbow if cut is made, safety in pleasure boat 

passing barge traffic, mentioned that the “Finger Lakes” are currently used for fishing 
• Dolphin Lane storm drain empties into Cedar bayou and get clogged, concerned about how channel 

improvements will affect the drain. 



 



Name Address Phone
Albright, Betty S. 2014 A Kilgore Rd 281-422-7534
Allen, C. E. 281-420-1635
Archie, Paul and Julie 112 Bayou Dr 281-427-5366
Aubrey, James R. 110 Bayou Drive 281-837-2021
Benzenhoefer, Joe Bayer Corp 281-280-0940
Bland, Roddy 2303 Eaves 281-422-2672
Bozarth, John & Sandy 1906 Kilgore 281-422-8900
Cox, Lisa 2600 Spur 281-383-5006
Dean, Steve Cbunc 281-427-4754
Dunlap, Robert & Cheryl #6 Dolphin Circle 281-422-0913
Forehand, Janice 281-420-1635
Gervais, Jeff 4 Marlin Ln 281-427-2089
Griffith, Timothy Rt 2 Box 2812, Lufkin 409-824-2308
Heims, Jerry D. 700 W. James 281-420-2993
Johnson, Jimmy 2208 Elton 281-427-8747
Jones, Jerry L. 11 Marlin Lane 281-837-7225
Keeling, J. G. 6605 W Bay Rd 281-303-9600
Lannie, Andrew 3814 Hwy 146 281-422-9016
McBride, Carolyn 2100 Kilgore 281-427-2721
Myrna, Dunnam 1112 Kilgore Rd 281-422-4320
Nebin, A. N. 15707 Lakeview Dr 281-383-2143
Nguyen, Nhon T. 1212 E Texas 281-427-6287
Reynolds, Lois 4318 Hwy 146 713-661-1479
Salazar, Joe 2211 Bonita Way 281-422-7668
Smith, R. Wayne 26 Marlin Rd 713-450-1300
Whitacre, JoAnn & Jim 2214 Elton 281-420-9272
Willcox, Pudge & Kay Box 1089, Anahuac 409-267-6597



 



FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

Appendix A Section 3 
 

Public and Agency Comments
                                                      and Responses 



 FINAL ENVIRONMENTAL IMPACT STATEMENT 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

 



scarlson
number 1



 



RESPONSE TO COMMENTS 
 
Barney Austin, Ph.D. 
Director, Surface Water Resources Division 
Texas Water Development Board 
P.O. Box 13231 
Austin, Texas 78711-3231 
 
Comment No. Response 
 

1 The DEIS discusses that the project is not expected to change the salinity of Cedar 
Bayou or the saltwater wedge that occurs in the bayou (Section 5.2.1.2, Page 5-3).  
Cedar Bayou is tidal for some distance upstream of the project, which is not expected 
to change as a result of the project. 
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RESPONSE TO COMMENTS 

 
Bonnie Braganza 
Acting Chief, Office of Planning and Coordination 
United States Environmental Protection Agency Region 6 
1455 Ross Avenue, Ste. 1200 
Dallas, Texas 75202-2733 
 
Comment No. Response 
 

1 Thank you for your comments. 
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RESPONSE TO COMMENTS 

 
Mr. James M. Greenwade 
Soil Survey Section 
U.S. Department of Agriculture, Natural Resources Conservation Service 
101 South Main Street 
Temple, Texas 76501-7602 
 
Comment No. Response 
 

1 Thank you for your comments. 
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RESPONSE TO COMMENTS 

 
Mr. Steve Berckenhoff, P.E. 
6110 Clarkson Lane 
Houston, Texas 77055 
 
Comment No. Response 
 

1 Mr. Berckenhoff will be added to the distribution list for the Final Environmental 
Impact Statement.  He will also be notified of any project changes in the vicinity of the 
State Highway 99 right-of-way. 



 





 



 
RESPONSE TO COMMENTS 

 
Mr. Michael D. Talbott, P.E. 
Director, Harris County Flood Control District 
9900 Northwest Freeway 
Houston, Texas 77092 
 
Comment No. Response 
 

1 Use of bio-engineering alternatives or methods for bank armoring will be considered 
during the design phase of the project. 

 
2 Thank you for your comments. 
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RESPONSE TO COMMENTS 

 
Mr. Gary N. Johnson, P.E. 
Texas Division, U.S. Department of Transportation 
826 Federal Building 
300 E. 8th Street 
Austin, Texas 78701 
 
Comment No. Response 
 

1 Project coordination between TxDOT (Beaumont District) and Lockwood, Andrews & 
Newnam occurred in 2003, and was concluded after receiving a Letter of No Objection 
from TxDOT regarding the current SH 99 facility.  A copy of this letter has been added 
to Section 1 of Appendix A (State and Federal Agency Coordination) of the FEIS.  
Impacts pertaining to SH 99 and other transportation facilities crossing Cedar Bayou 
are detailed in Section 3.1.1.2 on Page 3-13 of the FEIS. 
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RESPONSE TO COMMENTS 

 
Mr. Jarrett O. Woodrow, Jr. 
Coastal Conservation Program Director, Texas Parks & Wildlife Department 
4200 Smith School Road 
Austin, Texas 78744-3291 
 
Comment No. Response 
 

1 The local sponsor and USACE will continue coordination of the design and 
implementation of the marsh creation features with the appropriate resource agencies 
throughout the PED and Construction phases. 

 



 









 



RESPONSE TO COMMENTS 
 
Mr. Robert Burgess 
Water Quality Division, Texas Commission on Environmental Quality 
P.O. Box 13087 (MC-150) 
Austin, Texas 78711-3087 
 
Comment No. Response 
 

1 The contaminant concerns mentioned in this comment appear to be based mainly on 
the EIS description of the 2001 sediment data.  These data were updated in 2004 
(Table 4.10) by the USACE to determine the validity of the anomalous high values and 
to fill in data gaps with elutriate data.  The concerns raised in this comment do not 
apply to this recent data set.  Only one sample site in the 2004 data exceeded any of the 
screening levels (1,2-Dichlorobenzene at Site 11); the screening value for this 
contaminant relates only to one species (Neanthes sp.) and is not an indicator of 
widespread contaminant problems in the shoaled material.  Samples from Sites 6 and 7 
immediately downstream and upstream of the Devil’s Elbow, respectively, did not 
show any contaminants above screening levels.  Overall, the 2004 data suggest that the 
sediments composing the maintenance material (shoaled sediments) do not pose a 
significant hazard and could possibly be used beneficially for marsh creation. 

 
All maintenance material will be deposited into confined, upland placement areas.  
Only the virgin (new-work) material from the Devil’s Elbow Cutoff will be placed in 
the marsh creation site at the Ijams Lake Placement Area.  This dredged material 
placement plan is described in Sections 3.2.3 and 3.2.4 of the EIS.  As part of the 
agreement with the resource agencies, a workgroup will be maintained to monitor the 
construction and maturation of the marsh creation site to ensure it functions as 
intended.  The resource agencies, including the TCEQ, will be consulted prior to using 
any maintenance material in Ijams Lake, should it be needed to complete construction 
according to plans coordinated with the agencies. 

 
2 The 618 acres of land that will be removed from the 100-year floodplain under project 

conditions is a theoretical estimate that was obtained from the FEMA HEC-1 and 
HEC-2 models using the with- and without-project conditions.  These models were run 
for general conditions to show that the project will not exacerbate flooding problems 
for surrounding communities.  Although the analysis indicated that most of the 
reduction in floodplain would occur on the Chambers County side of the bayou 
upstream of the Devil’s Elbow Cutoff, the models cannot provide any details about the 
specific location of the area that may be removed from the floodplain.  Since the 
floodplain along Cedar Bayou is generally flat and featureless, except for the incised 
character of the bayou and a few streams and ditches, it is reasonable to assume that 
the area of reduction will be along the higher ground at the edge of the floodplain.  It 
would also be reasonable to assume that this reduced area would probably consist of a 
thin strip of land along the outer perimeter of 100-year floodplain rather than a large 
discrete patch of bottomland wooded or wetland area. 

 
Based on a review of the USFWS’ National Wetland Inventory maps for the area and a 
field visit with the TCEQ on June 13, 2005, it was determined that the wetlands 
occurring within the 100-year floodplain of Cedar Bayou are typically narrow wetlands 
located along tributaries of Cedar Bayou; therefore, they are directly connected to 



waters of the U.S.  Larger potential wetland polygons are generally limited to the lower 
portion of Cedar Bayou, near its confluence with Galveston Bay, where the reduction 
in floodplains is expected to be minimal.  Based on this information, the proposed 
project is not expected to affect the jurisdictional status of wetlands. 

 
The discussion of the project’s impacts to flooding (Section 5.2.11) has been revised 
and expanded to provide additional information regarding the estimated change in 
floodplain and to discuss the potential effect of the floodplain reduction on the 
jurisdictional status of wetlands. 

 
3 As identified in the EIS, Cedar Bayou is currently used by barge traffic along the entire 

length of the project.  Even without the proposed project, the project area is expected to 
develop, and Cedar Bayou will experience increased navigation.  Table 1.2 in the EIS 
provides the projected annual tonnages transported on Cedar Bayou and identifies that 
the increase in tonnage is expected to be similar with or without the project.  However, 
with the project, it is expected that the improvements will actually reduce the number 
of tows (navigation activity) on the bayou by one tow per day compared to the 
without-project condition. 

 
All disturbances and encroachment by future development of the area were accounted 
for in the Wetland Value Assessment (WVA) – Bottomland Hardwood Model used to 
calculate habitat values for with- and without-project conditions.  The calculations for 
these values and a description of the WVA model can be found in Appendix C.  
Therefore, the amount of mitigation needed to compensate for project impacts fully 
reflects the lowered values of the existing habitat in the future with-project condition. 

 
4 As noted in the response to Comment 3, Cedar Bayou is currently used by barge traffic 

along the entire length of this project and is expected to experience increased 
navigation regardless of improvements; therefore, any losses of habitat incurred from 
barge traffic or future development would most likely occur anyway.  In the future, the 
proposed improvements are expected to reduce the number of barges traversing the 
bayou each day.  Cumulative impacts are discussed in Section 5.3 of the EIS. 

 
The amount of shallow water that is being removed, the isolation of wetlands, and 
shoreline stabilization for the proposed improvements are insignificant in comparison 
to the rest of the aquatic environment, with most of this impact occurring in the Devil’s 
Elbow Cutoff.  The channel dimensions of 10 feet by 100 feet were selected to reduce 
the amount of dredging and will require little deepening or widening in the existing 
deeply-incised channel; therefore, little shallow-water habitat will be removed by the 
project.  In addition, very little area of wetland would be isolated by the project 
because the Devil’s Elbow Cutoff would remove most of the wetland within and 
immediately adjacent to its alignment, and this impact has been mitigated.  The cutoff 
would route barges farther away from remaining marsh at the southern end of the 
Devil’s Elbow peninsula. 

 
Shoreline armoring (stabilization) is proposed only along the banks of the new cut at 
Devil’s Elbow and along Ijams Lake (a total of about 8,600 feet (Table 3.2, page 3-
15)), where erosion is thought to be critical and at the suggestion of resource agencies 
to protect habitats along the shore.  The armoring is designed to protect the shoreline 
and habitats along the shore and will either be applied directly to the non-vegetated 
sections of the banks or will be placed a short distance off the banks in open water, 



where necessary for engineering reasons.  Where the armoring is located away from 
the banks, gaps will be provided to allow for continued circulation along the shoreline 
and any ditches or channels connecting with interior resources.  The armoring will not 
isolate any aquatic resources. 

 
The project will increase the amount of aquatic habitats in the project area by dredging 
the Devil’s Elbow Cutoff and will increase the diversity of habitats by creating marsh 
in Ijams Lake and by the gradual silting in of Devil’s Elbow.  The loss of aquatic 
habitats is being more than compensated by the creation of 80.1 acres of marsh and 
shallow-water habitat in Ijams Lake, 15 acres of which is considered mitigation for 
direct impacts to estuarine marsh.  Additional shallow-water habitat will develop over 
time as the Devil’s Elbow channel (approximately 35 acres) silts in.  The development 
of these habitats will offset some of the impacts to aquatic resources from potential 
future activities. 
 
Based on a review of existing and proposed cross-sections of the Cedar Bayou channel 
and a field visit with the TCEQ on June 13, 2005, the potential impacts identified in 
this comment were determined to be a minor factor, and no further activities are 
required to address this concern. 

 
5 Dredging intervals for the proposed project are identified in several sections of the 

DEIS, including in Table 3.1 (page 3-1), which provides a summary of the proposed 
action, and on page 5-23, where the impacts to benthos are discussed (Section 5.2.4.2).  
Furthermore, Table 3.5 (page 3-22) provides details on the amounts of material that 
will be removed during each 10-year dredging cycle.  Benthic impacts are discussed 
further on page 5-47 of the DEIS.  A potential benefit for the benthos with the 
navigation project in place is a reduction in turbidity created when barges traversing 
the unimproved channel scrape the bottom and displace sediments and benthos.  This 
impact will be greatly reduced with an improved channel.  The National Marine 
Fisheries Service, which has the authority under the Magnuson-Stevens Fishery 
Conservation and Management Act to ensure that Essential Fish Habitat (EFH) is 
preserved, has concluded that any impacts to EFH, which includes the benthic 
communities, are fully compensated in the project mitigation plan. 

 
The discussion of impacts of the project to benthos located on page 5-23 of the Final 
EIS has been expanded to include additional information on benthic community 
recovery rates from existing literature.  Although impacts to these communities from 
dredging and placement activities are expected to occur (as identified in the EIS), 
studies indicate that benthic recovery begins immediately after the disturbance and that 
1 to 5 years are typically required for full recovery.  Therefore, the 10-year dredging 
interval proposed by the project is expected to provide the benthic community ample 
time to recover between dredging events. 

 
6 As noted in the responses to Comments 3 and 4 and in the EIS, Cedar Bayou is 

currently used by barge traffic along the entire length of this project, and the land 
surrounding the bayou is expected to develop even if the channel is not improved, 
resulting in increased navigation on the bayou and impacts to natural resources.  The 
Cumulative Impacts Section (Section 5.3, page 5-37 through 5-52) describes past, 
present, and reasonably foreseeable developments in the project area and region, 
including potential future expansion of highways, industrial parks, and residential 
development in the area as a result of general trends in population growth and the 



project.  The DEIS fully discloses that impacts from these developments will occur and 
will continue to accumulate. 

 
In the Final EIS, the concluding paragraph of the Cumulative Impacts Section (page 5-
52) has been expanded to reiterate that cumulative impacts are expected to occur due to 
future development of the area and that these developments will have to assess their 
impacts, including cumulative impacts. 

 
7 The Cedar Bayou study segment does not have any reported problems for dissolved 

oxygen according to the 2002 Texas Water Quality Inventory.  Under the proposed 
project, there is very little channel deepening for much of the project length because 
the bayou has already been dredged to deeper depths by Reliant Energy.  However, the 
bayou will be widened in some areas, especially in the bends.  Water flow into the 
bayou comes from two primary sources:  cooling water intake by the Cedar Bayou 
Generating Station and freshwater inflow from land runoff and rainfall.  The amount of 
these inflows should not change in the system as a result of the project.  Therefore, 
dissolved oxygen is not expected to change significantly from the No-action (existing 
conditions) to the proposed project conditions as a result of changes in deep-water 
additions to the bayou.  As a result, established Texas Water Quality Standards for 
dissolved oxygen are expected to remain above the criterion level with the proposed 
project in place. 

 
Further coordination and modeling of existing versus post-dredging dissolved oxygen 
levels by the TCEQ did not show the project to cause a significant decrease in dissolve 
oxygen. 

  
8 The mitigation plan developed to compensate for loss of aquatic and upland habitats 

caused by project impacts is described in detail in Section 6 of the DEIS.  These plans 
were fully coordinated and developed with the resource agencies that possess the 
necessary expertise and responsibility for the affected habitats.  The agencies agreed 
that the mitigation and marsh creation sites would be considered successful as long as 
the sites met the goals, objectives, and standards outlined in Table 6.4 on page 6-19.  
To provide continuity, the workgroup that helped produce the plans will continue to 
coordinate with the local sponsor and the USACE during site monitoring and provide 
advice for maintaining or correcting problems that may develop in the habitats.  This 
form of adaptive management has worked for other Federal projects in the area in the 
past, and there is no evidence that it will not work in the future for this project.  The 
resource agencies also will assist the local sponsor and USACE in identifying an 
appropriate entity to manage the upland mitigation sites.  The resource agencies and 
the managing entity will have the responsibility for developing a management plan for 
plant removal and manipulation within the upland sites once the local sponsor acquires 
the sites and provides a conservation easement for management in perpetuity. 

 
In the Final EIS, the TCEQ will be included in the list of agencies on pages 6-21 and 
6-27 that will participate in the development of management plans for the mitigation 
areas.
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COST EFFECTIVENESS AND INCREMENTAL COST ANALYSIS OF MITIGATION PLAN 

 

SUMMARY 

An incremental analysis was conducted for the proposed improvements to the Cedar Bayou Navigation 
Channel (CBNC) based on guidance in ER 1105-2-100.  The analysis was conducted for the marsh 
mitigation plan and for mitigation for native hardwoods.  Each feature was analyzed separately and 
considered several alternatives to compensate for project impacts. The recommended marsh mitigation 
plan proposes to create 15 acres of marsh at Ijams Lake.  This plan was determined to be cost-effective, is 
expected to compensate fully for the loss of productivity in 3.8 acres of natural marsh removed by the 
proposed project, and has been accepted by pertinent resource agencies.  Within the remaining 65.1 acres 
of the 80.1-acre Ijams Lake, estuarine marsh would be created but not considered mitigation. 

The recommended alternative for mitigating impacts to 5.5 acres of native hardwoods will preserve 
existing native hardwoods on properties that require purchasing as uneconomic remnants for other project 
activities or are otherwise available at no extra cost to the project.  This alternative is the most cost-
efficient alternative, does not incur additional costs for the project, provides appropriate mitigation for 
project impacts to hardwoods, includes preservation of other upland habitat types that would be impacted 
by the project, and has been accepted by pertinent resource agencies.  Preservation of native hardwoods 
would occur in four mitigation areas located near Cedar Bayou within the project limits. 

1.0 INTRODUCTION 

One of the principal requirements for complying with the guidance in ER 1105-2-100 on protecting 
ecological resources during the Feasibility Study Phase is to demonstrate that damages to significant 
ecological resources (wetlands and bottomland hardwoods) have been avoided or minimized to the extent 
practicable and that unavoidable damages to these resources have been compensated to the extent 
justified.  The CBNC project has been modified and reduced in scope since the Feasibility Study began to 
reduce the amount of dredging, placement area requirements, and impacts to wetlands and hardwood 
habitats (see Section 2.0 in the FEIS). 

ER 1105-2-100 also provides special requirements for bottomland hardwoods in that adverse impacts are 
to be mitigated in-kind, to the extent possible, so that the forest is mitigated as an ecological system rather 
than mitigating for faunal species in an upland forest habitat.  This analysis attempts to establish habitat 
quality and quantity through the use of the Bottomland Hardwoods Model, which is part of the Wetland 
Value Assessment (WVA) methodology developed by the U.S. Fish and Wildlife Service (USFWS) for 
use in prioritizing project proposals submitted under the Coastal Wetlands Planning, Protection, and 
Restoration Act (CWPPRA).  The model is a modification of the Habitat Evaluation Procedures (HEP) 
developed by the USFWS in 1980.  WVA models differ in that HEP generally uses a species-oriented 
approach, whereas the WVA models use a community approach.  Thus, the WVA models have been 
designed to function at a community level and attempt to define an optimum combination of habitat 
conditions for all fauna utilizing the habitat (CWPPRA Environmental Work Group 2002a). 
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For project impacts to wetlands (marshes), ER 1105-2-100 states that after avoidance and minimization, 
unavoidable losses will be fully compensated (mitigated) to meet the administration’s goal of no net loss 
of wetlands.  Again, the WVA methodology is used to measure quality and quantity of the natural and 
created marshes in the project area to determine how to compensate for losses due to project construction.  
The USFWS report (CWPPRA Environmental Work Group 2002b) explains that the marsh models 
initially were developed on a biologically-based system defining optimum habitat conditions for marsh 
cover as cover values between 60 percent and 80 percent.  This is the optimum system favored by the 
National Marine Fisheries Service (NMFS).  However, the USFWS modified the models to prevent an 
occasional inconsistency where the model would generate an analysis showing a net loss in habitat quality 
through time with a project when it was expected to increase in value.  For CWPPRA purposes, the 
environmental work group agreed to deviate from a strictly biologically-based habitat suitability index 
graph for one of the model variables and established the new optimal habitat conditions at 100 percent 
marsh cover. 

While this value for marsh cover may work for CWPPRA projects, it is not appropriate for measuring 
functional values of marshes.  Although the habitat units generated by the marsh models for this project 
are not entirely accurate, there are no better models available to measure ecosystem value of the marshes.  
The WVA models can be used to measure the ecosystem values of the marshes and used as comparisons 
between natural (impacted) and created (mitigation) marshes. 

Another concern with the marsh model is that it assumes the created marshes are functionally equivalent 
to natural marshes after three growing seasons.  Studies by NMFS (Minello and Webb 1997, Minello 
2000) have shown that created marshes in Galveston Bay are not functionally equivalent (equal biological 
productivity) to natural marshes for all estuarine species as much as 15 years after the marshes are 
planted.  Minello and Webb (1997) found that the created marshes are similar to natural marshes in 
physical appearance, but that densities of both fish and decapod crustaceans (shrimp and crabs) were 
significantly lower in created marshes than in natural marshes.  Also, plant roots, detritus, and species 
richness of macroinfauna (mainly polycheate worms) were all significantly lower in created marshes than 
in natural marshes.  The authors concluded that the determining factor for marsh function appeared to be 
tidal flooding rather than age since this variable was often related to nekton (mobile species) density.  
This hypothesis was tested by Minello (2000) by sampling three created marshes at the same water depth 
and tidal flooding frequency.  He found that while densities of most fish and some decapod shrimp and 
crabs in the created marshes were similar to natural marshes at equivalent water elevations, the densities 
of commercially-important shrimp and crabs never reached parity with natural marshes.  He concluded 
that while animal densities are assumed to be indicators of habitat quality, the value of a salt marsh for 
estuarine species involves ecological relationships that may not be expressed in animal densities. 

Based on these marsh studies and the reliance of the WVA marsh models on 100 percent vegetative cover 
rather than biological needs, it appears that more than a 1:1 ratio of created to natural marsh is needed to 
fully compensate for the loss of marsh productivity in the project area.  Furthermore, the created marsh is 
not likely to achieve the same tidal flooding frequency due to the difficulty in controlling dredged 
material fill to a precision of a few inches with settling over time.  Thus, it is easier (less time, labor, and 
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sediment reworking) to create a larger marsh to replace the lost natural marsh to achieve a functionally 
equivalent area at the proper elevation. 

This report provides information regarding the cost-effectiveness of several mitigation plan alternatives 
evaluated for the Cedar Bayou Navigation Channel Improvements Project located in Chambers and Harris 
Counties, Texas.  An incremental cost analysis was conducted on two separate mitigation components: 
mitigation for estuarine marsh and mitigation for native hardwoods.  The recommended mitigation plans 
have been accepted by pertinent resource agencies.  Letters from the NMFS, USFWS, Texas Parks and 
Wildlife Department (TPWD), and Texas General Land Office (GLO) regarding a review of the 
mitigation plans are included in Appendix A of the Final Environmental Impact Statement (FEIS) 
prepared for this project. 

This report provides the following: 

• Summary of the impacts of the proposed project and development of the mitigation plan alternatives 
(Section 2.0) 

• Summary of the recommended mitigation plan (Section 3.0) 

• Identification of Federal and Non-Federal mitigation obligations (Section 4.0) 

• Incremental cost analysis of the recommended mitigation plan and several alternatives (Section 5.0) 

The recommended mitigation and beneficial use plan is presented in more detail in Section 6.0 of the 
FEIS. 

2.0 DEVELOPMENT OF THE MITIGATION PLAN 

The CCCBND, as the Non-Federal sponsor, funded and developed the Feasibility Report and draft EIS 
for the proposed improvements to the CBNC and has submitted them to the USACE for approval as a 
Federal project.  The improvements to the CBNC are described in Section 3.0 of the FEIS and are referred 
to in this report as the Locally Preferred Plan (LPP).  During the Feasibility Study, the CCCBND 
reviewed the abovementioned guidance in ER 1105-2-100 on protecting ecological resources and 
consulted with the USFWS, NMFS, TPWD, and GLO concerning the project’s potential impacts to 
natural resources.  The resource agencies identified the presence of sensitive resources in the project area 
and the need to mitigate significant impacts to those resources.  While the resource agencies were 
concerned about impacts to all habitats, especially upland habitats that provide stopover points for 
migratory birds, they were particularly concerned with impacts to estuarine marsh and native hardwoods.  
For impacts to these two habitats, the resource agencies recommended compensatory mitigation at a ratio 
of 3:1 for estuarine marsh and 7:1 for native hardwoods (by area in acres).  While these recommendations 
reflected the resource agencies’ preferences, the USACE’s guidance requires that habitat-based analyses 
be used to determine the mitigation amount necessary to compensate for impacts. 

Based on the guidance in ER 1105-2-100, agency input, and the desire to minimize land acquisition costs 
associated with the project, the CBNC project has been modified and reduced in scope since the 
Feasibility Study began to reduce the amount of dredging, placement area requirements, and impacts to 
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wetlands and hardwood habitats (see Section 2.0 in the FEIS).  Specifically, the project was designed to 
allow most of the dredging to occur within the existing banks of Cedar Bayou, to align the Devil’s Elbow 
Cutoff so that impacts to both upland and wetland habitats are minimized, to minimize the number of 
bends that would be eased, and to use Ijams Lake as a dredged material placement area.  Additionally, 
upland placement areas were selected and configured to avoid higher quality habitats (i.e., native 
hardwoods). 

Although every practical attempt was made to avoid impacts to these resources, some impacts to estuarine 
marsh and upland habitats were unavoidable.  The habitats that would be impacted by the LPP are listed 
in Table 1.   

Table 1  Impacts of the LPP to Habitat Types (Acres) 
 Impact Zone  

Habitat Type Devil’s Elbow 
Cutoff 

Upland Placement 
Area No. 1 

Upland Placement 
Area No. 2 

Bend 
Easings 

Total 
Impacts 

Estuarine Marsh 3.6 (low salt 
marsh) 0 0 0.2 

(brackish) 3.8 

Upland Habitats      
Native Hardwoods 5.5 0 0 0 5.5 
Tallow-dominated 
Woodlands 0 0 5.0 0.9 5.9 

Scrub/Shrub 0 63.0 0.2 0.8 64.0 
Improved Pasture 4.7 0 51.7 0 56.4 

Total (all habitat types) 13.8 63.0 56.9 1.9 135.6 
 

To mitigate for the unavoidable impacts identified in Table 1, the CCCBND developed a project-specific 
mitigation plan that satisfied the USACE’s incremental analysis requirements in ER 1105-2-100 and was 
acceptable to the resource agencies.  The plan considered the quality and regional significance of the 
impacted habitats and focused on mitigating impacts to high-quality estuarine marsh and native hardwood 
habitats while minimizing additional land acquisition costs.  Discussion of the quality and regional 
significance of these habitats is provided in Section 5.0. 

To mitigate for impacts of the project to estuarine marsh, several alternative locations for creating marsh 
were evaluated.  Within Upper Galveston Bay, the established Atkinson Island marsh creation site and a 
new marsh creation site at PA 4 were evaluated.  Also, several small tidal lakes that border Cedar Bayou 
were evaluated, including Fisher Lake, Ash Lake, Negrohead Lake, Ijams Lake, and Finger Lakes (see 
Section 5.0).  These alternatives were compared for cost, fill capacity, future maintenance needs, conflicts 
with other project schedules/design, and public approval.  Further analysis of the mitigation alternatives is 
provided in Section 5.0.  The resulting analysis identified Ijams Lake as the recommended alternative in 
which to create marsh.  This site was selected based on cost, location near the excavation site, and 
because it could accommodate all the new-work material from the upland portion of the Devil’s Elbow 
Cutoff.  If a marsh creation site could not accommodate all of this material, another upland placement 
area would be needed, which would increase project costs. 
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The CCCBND’s recommended mitigation plan for native hardwoods included preserving existing 
habitats within four properties that require purchasing as uneconomic remnants for other project activities 
or are otherwise available at no cost to the project.  During the incremental analysis for this plan, two 
additional alternatives were evaluated.  One alternative would convert pastureland adjacent to Cedar 
Bayou to hardwood forest by planting young trees and shrubs, and the other alternative would preserve 
existing hardwood forests on the west side of Cedar Bayou.  All three of the alternatives evaluated would 
meet the goal of in-kind mitigation using an ecosystem approach.  The CCCBND’s recommended plan 
would also preserve native hardwoods in an amount similar to that recommended by the resource 
agencies and would provide compensatory mitigation for all upland habitat types impacted.  Further 
discussion of the analysis of mitigation alternatives is provided in Section 5.0.  The resulting analysis also 
identified the CCCBND’s recommended plan as the best plan for mitigating impacts to native hardwoods 
(see Section 5.0). 

3.0 SUMMARY OF RECOMMENDED MITIGATION PLAN 

The recommended alternative for mitigating the removal of natural marsh during construction of the LPP 
is the construction of 15 acres of marsh at Ijams Lake.  This area of marsh creation was established by 
comparing the estimated habitat value of the impacted and created marshes using the Wetland Value 
Assessment (WVA) methodology developed by the USFWS (see discussion in Section 5.0).  Since there 
is no method to adequately measure the difference in productivity between natural and created marshes, 
the best professional judgment of project scientists was used to achieve the USACE’s goal of no net loss 
of wetlands.  The 15 acres of marsh creation is a conservative estimate of the amount of mitigation 
needed to fully compensate for the lost wetland.  Within the remaining 65.1 acres of the Ijams Lake 
Placement Area, estuarine marsh would be created but would not be considered mitigation for project 
impacts. 

The recommended alternative for mitigating impacts to native hardwoods will preserve 51.8 acres of 
existing native hardwoods on properties that require purchasing as uneconomic remnants for other project 
activities or are otherwise available at no extra cost to the project.  This alternative is the most cost-
efficient alternative, does not incur additional costs for the project, provides appropriate mitigation for 
project impacts to hardwoods, includes preservation of other upland habitat types that would be impacted 
by the project, and has been accepted by pertinent resource agencies.  Preservation of native hardwoods 
would occur in the following four mitigation areas: 

• Devil’s Elbow Island Mitigation Area 
• Mitigation Area 2 
• Mitigation Area 3 
• Sutton Gully Mitigation Area 

Both of the recommended mitigation plans have the added benefit of preserving impacted habitats in 
amounts comparable to the replacement recommendation provided by the resource agencies without 
incurring additional costs for the project.  The agency recommendations were provided during extensive 
coordination while developing the project plans.  The mitigation proposals have been accepted by these 
agencies (see letters from the NMFS, USFWS, TPWD, and GLO in Appendix A of the FEIS).  Table 2 
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summarizes the impacts of the project to resources for which mitigation is proposed, as well as the 
mitigation proposal. 

Table 2  Summary of Impacts and Proposed Mitigation 
Habitat Type Impact (acres) Mitigation (acres) 

Estuarine Marsh 3.8 15.01 
Upland Habitats   

Native Hardwoods 5.5 51.8 
Tallow-dominated Woodlands 5.9 32.4 
Scrub/Shrub 64.0 16.0 
Improved Pasture 56.4 28.4 

Total 135.6 143.62 
1 In addition to the 15.0 acres of marsh mitigation, an additional 65.1 acres of estuarine marsh would be constructed in Ijams 

Lake using dredge material.  Therefore, 80.1 acres of estuarine marsh would be constructed in Ijams Lake as a result of the 
project. 

2 Note: Devil’s Elbow Island also contains approximately 28.9 acres of primarily high salt marsh that is not included as 
mitigation for marsh impacts 

 

4.0 FEDERAL AND NON-FEDERAL MITIGATION OBLIGATIONS 

In consultation with the CCCBND, the USACE indicated that tallow-dominated woodlands, scrub/shrub 
habitats, and improved pasture are not recognized as nationally significant resources; therefore, the 
USACE would not mitigate for those habitats or share the cost of the entire mitigation plan.  This section 
outlines the federal mitigation obligation and the portion of the mitigation for which the CCCBND is 
entirely responsible. 

4.1 Federal Mitigation Obligation 

Of the habitats impacted by the LPP, the USACE considers estuarine marsh and native hardwoods to be 
of national significance and to warrant mitigation.  Therefore, of the mitigation that is proposed for the 
project (15.0 acres of estuarine marsh and 157.5 acres of upland mitigation areas), the USACE has agreed 
to share the cost of the creation of 15.0 acres of estuarine marsh in Ijams Lake and the preservation of 
51.8 acres of native hardwoods.  In addition, the remaining 65.1 acres of marsh created in Ijams Lake 
would be cost-shared. 

4.2 Non-Federal Mitigation Obligation 

The CCCBND would share the costs with the USACE of the 15.0 acres of marsh mitigation and 
57.8 acres of native hardwood mitigation.  In addition, the CCCBND would share the cost of creating the 
remaining 65.1 acres of marsh in Ijams Lake. 

As the Non-Federal sponsor, the CCCBND would be entirely responsible for the remaining portion of the 
upland habitat mitigation (105.7 acres), which includes tallow-dominated woodlands, scrub/shrub, 
improved pasture, and primarily high salt marsh. 
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5.0 INCREMENTAL COST ANALYSIS 

Based on this separation of cost-sharing, the incremental cost analysis was conducted only for the Federal 
mitigation obligations identified in Section 4.0.  This includes the mitigation portion of the created 
80.1 acres of marsh and the preservation of 51.8 acres of native hardwoods as mitigation for the loss of 
5.5 acres of hardwood forest at the Devil’s Elbow Cutoff.  The following sections provide an incremental 
cost analysis of each component of the proposed mitigation plan.  In this analysis, marsh mitigation was 
kept separate from other marsh creation acreage even though the costs and habitat value of the marsh 
created would be the same for both components.  Separation of the two components facilitates calculating 
the value of the mitigation component to establish the habitat units used in the incremental analysis. 

5.1 Marsh Mitigation 

The marsh mitigation plan for the project was developed by evaluating two sites in Galveston Bay and 
several locations among the small tidal lakes that border Cedar Bayou in the project area.  Before 
applying incremental analysis to each location, each site was compared for cost, fill capacity, future 
maintenance needs, conflicts with other project schedules/design, and public approval.  Failure of a site to 
meet any of these requirements constitutes reason to delete the alternative from further analysis.  The 
local sponsor was particularly sensitive to public and resource agency opinion because of the sometimes 
conflicting needs and proposed uses for the sites along the bayou.  Fill capacity is an issue because the 
selected site must be able to accommodate all of the new-work material taken from the upland portion of 
Devil’s Elbow Cutoff, or additional upland placement areas will be needed, adding to the total project 
cost.  Future maintenance needs are important only for the PA 4 site as this site is also used for placement 
of maintenance material from the existing navigation channel in the bay.  The issue of conflicts with other 
project schedules is important only for the Atkinson Island marsh creation site since it was designed 
specifically for the Houston-Galveston Navigation Channel project, and it is still being developed. 

Table 3 presents the results of the availability analysis for each site.  The first two alternative locations in 
Galveston Bay can be eliminated from further analysis because they are the most expensive to construct 
and either do not meet future maintenance needs or conflict with other higher priority project schedules 
and designs.  The remaining sites are located along Cedar Bayou.  The Finger Lakes site is a man-made 
borrow pit and is located about 3.5 miles upstream of the Devil’s Elbow Cutoff.  Because the area around 
the site is currently undergoing industrial development and the long pump distance will increase the costs 
of constructing marsh at this site, this alternative is not a viable mitigation option for the project. 

Table 3  Summary of Site Characteristics for Mitigation Alternatives continued 
Alternative 

Sites 
Cost/Acre 

($) 
Public/Agency 

Approval 
Meet Capacity 
Requirements 

Meet Future 
O&M Needs 

Conflict with 
other Projects 

Atkinson Island 58,100 Yes Yes Yes Yes 
PA 4 Marsh 66,000 Yes Yes No No 
Fisher Lake 17,500 Yes No Yes No 
Ash Lake 17,300 No No Yes No 
Negrohead Lake 18,200 No No Yes No 
Ijams Lake 18,050 Yes Yes Yes No 
Finger Lakes Unknown No Yes Yes No 
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The remaining four sites are all located in small, shallow coves that had marsh prior to local subsidence 
caused by the earlier oil production boom and ground water withdrawal for the local communities.  Fisher 
Lake and Ash Lake are the least costly alternatives to construct, but they each fail the fill material 
capacity requirements test since they cannot accommodate all of the new-work material.  Negrohead Lake 
also fails the fill material capacity requirement and, like Ash Lake, does not meet with public approval for 
development, aesthetic, and recreational reasons as explained in Section 2.3.2.2 of the FEIS.  These sites 
are used by recreational watercraft or have plans for residential development around them.  This leaves 
Ijams Lake as the only viable alternative that meets all of the requirements.  This alternative will be 
developed further and subjected to an incremental analysis with several plans (scales) for meeting the 
mitigation needs of the project. 

Four different sizes (acres/habitat units) of marsh creation were analyzed to determine which plans are 
cost effective and would be needed to achieve full mitigation for the loss of 3.8 acres of marsh at the 
Devil’s Elbow Cutoff.  Full mitigation for these wetlands is required to meet the administration’s goal of 
no net loss of wetlands (ER 1105-2-100).  Each plan was developed to replace lost marsh using either 
acres or AAHU as the measure of output. 

• A0 – No action/No mitigation for lost habitat 
• A1 – Replace lost marsh on a 1:1 acre-basis 
• A2 – Replace lost marsh on a 1:1 AAHU-basis 
• A3 – Replace lost marsh on a 3:1 acre-basis 
• A4 – Replace lost marsh on a 3:1 AAHU-basis 

Plan increments A1 and A2 were chosen to meet the administration’s goal of no net loss of wetlands as 
measured on an acre for acre basis and on a habitat unit for habitat unit basis, respectively.  As explained 
in Section 1.0, the quality of the habitat measured for the natural marsh is higher than that measured for 
created marsh, which requires more acres of created marsh to provide the equivalent habitat units for 
replacement.  Thus, less marsh creation is needed to replace impacted natural marsh when size (acres) is 
used as the unit of measure compared to the amount of created marsh needed when habitat quality 
(AAHU) is used as the unit of measure. 

Increments A3 and A4 were selected because, in the absence of a direct measure for the difference in 
productivity between natural and created marshes, the project scientists used their best professional 
judgment to conservatively estimate the amount of mitigation needed to fully compensate for the 
difference in productivity.  Again, more marsh must be created to satisfy the AAHU replacement than a 
replacement based on acres of marsh.  Plans with greater replacement values were not analyzed since they 
would exceed the no net loss goal and there was no public or agency interest in this option. 

Table 4 presents the output and costs for each mitigation plan.  The costs are based on an average cost of 
$18,050/acre to construct the mitigation site at Ijams Lake.  The additional cost for creating channels, 
ponds, and mounds within the marsh would be the same per acre for each mitigation plan alternative and 
would be minimal because the new-work material to be used at the site is mostly stiff clay that will stack 
readily, and because the topographic features could be created primarily through moving the discharge 
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pipe around the site with a minimum amount of soil reworking after placement operations are completed.  
The WVA marsh model calculated a habitat value for the 3.8 acres of lost natural marsh as 11.85 
AAHUs, which will be used as a reference for calculating the AAHU replacement values.  A constant 
AAHU value per acre of created marsh cannot be used since the WVA marsh model calculates the habitat 
units based on the interaction of variables for emergent marsh size, percentage of open water to emergent 
marsh, and class of interspersion of emergent marsh to open water.  Thus, the output column in Table 4 
will have a different AAHU value per acre for each plan.  The value of created marsh is shown in the 
table along with the corresponding acres needed to achieve that quantity of habitat units. 

Table 4  Mitigation Plans Sorted by Output and Cost 
Plan Replacement Ratio Output (AAHU/Acres) Cost ($) 
A0 0 0 0 
A1 1:1 acres 10.43 / 3.8 68,590 
A2 1:1 AAHU 11.97 / 4.3 77,750 
A3 3:1 acres 28.24 / 11.4 205,770 
A4 3:1 AAHU 35.89 / 15 270,750 

 

The output and cost for constructing each of these plans was run through the software IWR-PLAN as 
independent solutions to the alternative of creating mitigation marsh at Ijams Lake.  The results of the 
analysis are displayed in Table 5. 

Table 5  Summary Data for Incremental Cost Analysis of the Best Buy Plan Combinations 
(ordered by output) 

Plan Output 
(AAHU) 

Costs 
($) 

Average Cost 
($/AAHU) 

Incremental 
Cost  ($) 

Incremental 
Output (AAHU) 

Incremental 
Cost/Output 

A0 0 0 0 0 0 0 
A2 11.97 77,750 6,496 77,750 11.97 6,496 
A3 28.24 205,770 7,287 128,020 16.27 7,869 
A4 35.89 270,750 7,544 64,980 7.65 8,495 

 

Plan A1 is not displayed because the software identified it as a cost-effective plan but not a best-buy 
solution.  The cost per output unit for this plan is higher than that for the next plan (A2), so it is deleted 
from the analysis.  The other three mitigation solutions are considered best buys and are carried forward 
in the decision-making analysis.  The information on incremental output and cost for each plan is also 
provided graphically in Figure 1 for additional clarity and to aid in the decision-making process. 

At this stage, each plan in Table 5 can be accepted as fulfilling the goal of no net loss of wetland habitat 
since the 3.8 acres of marsh lost to project dredging will be replaced on at least a 1:1 AAHU basis.  A 
final decision on selecting a mitigation plan was made after considering the results of NMFS field studies 
(see Section 1.0), which showed that created marshes did not reach parity with the functional values of 
natural marshes as much as 15 years after marsh construction.  The primary cause appeared to be related 
to duration and extent of tidal flooding in the different marshes.  Even if the created marsh could be “fine-
tuned” to a few inches of elevation to maximize the area and duration of tidal flooding, productivity in the  
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Figure 1  An Incremental Cost Display Graph for the Best Buy Alternatives for Creating Marsh at 
Ijams Lake 

created marsh would still be lower than that for a natural marsh for some commercial species, such as 
shrimp and crabs.  NMFS did not provide a direct measure of lost productivity for created marshes, nor is 
it expected that the lost productivity would be a constant over the entire bay, given the areal and temporal 
complexity and diversity of biological systems.  Therefore, in the absence of a measure for the difference 
in productivity between natural and created marshes, project scientists used their best professional 
judgment to select the best-buy plan that would provide the greatest habitat units in order to fully 
compensate for the impacted marsh.  This is a conservative estimate that was needed until a productivity 
value can be established for created marshes to compensate for lost productivity in natural marshes.  
Thus, Plan A4 is the best solution in the analysis and requires the designation of 15 acres of the 80.1-acre 
marsh creation site at Ijams Lake as full mitigation for the loss of 3.8 acres of natural marsh at the Devil’s 
Elbow Cutoff. 

When compared to placing the new-work material from the Devil’s Elbow Cutoff into an upland 
placement area, creating marsh in Ijams Lake as proposed by Plan A4 would be less expensive to 
implement.  An upland placement area would require the acquisition of at least 50 acres for one-time 
placement of dredged material, containment levees, and access corridors, at a cost of approximately 
$12,000 per acre (for a total land cost of $600,000).  The additional costs of dredging, pumping or 
hauling, and shaping of the upland placement area would be equivalent to the same operations at the 
Ijams Lake Placement Area, including the extra shaping needed to prepare the site for marsh creation and 
vegetation planting.  The extra cost for shaping at Ijams Lake is offset by the higher pumping costs 
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created by the lift to a higher upland placement area.  Upland placement areas and associated access 
corridors also have the potential to affect hardwood forests, which would require additional mitigation.  
Since there is no acquisition cost associated with the 80.1-acre Ijams Lake Placement Area, this 
alternative is least costly.  It also has the added benefit of providing mitigation for project impacts to 
existing marsh (without creating additional mitigation needs) and creating additional marsh for the local 
ecosystem. 

5.2 Mitigation for Native Hardwood Forests 

The 5.5 acres of native hardwood forest that will be removed from the Devil’s Elbow Cutoff are 
considered to be bottomland hardwoods due to the similarity of species composition and the habitat 
function of the forests in the area.  However, the hardwood forests along Cedar Bayou differ from other, 
high quality, bottomland hardwoods normally found in large river systems in east Texas in that they are 
not part of an extensive ridge-slough cypress swamp habitat.  Cedar Bayou is a small, sluggish stream that 
is still cutting through alluvial deposits and is actively eroding the banks at its headwaters.  The once 
extensive stream-side forests have been fragmented by residential, commercial, and industrial 
development, but they are flooded by occasional local torrential rain, which gives them a hydrologic 
connection to the bayou.  Because the remaining forests still function as bottomland hardwood habitat, 
they are suitable for habitat quality analysis using the WVA Bottomland Hardwoods Model. 

Three alternatives were analyzed for mitigating forest losses.  These alternatives were selected because 
they would meet the goal of in-kind mitigation using an ecosystem approach, and one would preserve 
native hardwoods in an amount similar to that recommended by the resource agencies and would include 
preservation of all habitats impacted.  The first examined the feasibility of purchasing nearby land 
containing mostly improved pasture with a thin strip of forest adjacent to the Devil’s Elbow Cutoff.  The 
pasture would be converted to hardwood forest by planting 5- to 7-foot trees and shrubs to mimic the 
impacted forest.  The other two alternatives would purchase land to preserve the existing forests. 

The second alternative consists of purchasing 21 acres of forested land on the west side of the bayou near 
the Devil’s Elbow for preservation, and the third alternative consists of designating portions of the land 
with mature hardwood forests that were purchased for other project activities and preserving it.  These 
two alternatives meet the requirements in ER 1105-2-100, which provides for in-kind mitigation by 
restoration or the increased management of bottomland hardwood forests to compensate for the loss of 
biological productivity (habitat quality).  The USFWS has the same goal since their policy designates 
bottomland hardwood habitat as Resource Category 2, which is high-value habitat for wildlife species that 
is relatively scarce on a national scale or in the ecoregion.  Their mitigation goal for this habitat is no net 
loss of in-kind habitat value. 

The significance and scarcity of this forest habitat on an ecoregion scale is demonstrated by the 
fragmentation that has occurred in the region in the past and is expected to accelerate in the future.  Much 
of the wooded area on the west (Harris County) side of the bayou has been developed for residences in 
Baytown and along Galveston Bay, and the remaining wooded areas to the south along the bayou are 
being planned for development (see discussions on Negrohead Lake and Ash Lake in Section 5.1).  The 
wooded area on the east (Chambers County) side of the bayou was extensively fragmented by agricultural 
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interests in the early to mid-1900s and later by commercial and industrial development.  The area’s close 
proximity to SH 99 (which will become part of the Grand Parkway with connections to IH 10) and the 
navigable stretch of Cedar Bayou has created a demand for the available, relatively cheap (about 
$12,500/acre) land.  Several industries have moved into the area and current owners are expanding their 
operations, Home Depot has recently opened a warehouse facility in the area, and Wal-Mart has 
announced plans for a major distribution center in the area.  The local sponsor has stated that with the 
proposed project in place, the remaining land near the bayou will be developed and the remaining forests 
will be removed within about 10 years.  Even without the project, development will continue because the 
area has the last remaining large parcels of land near major trucking and shipping infrastructure (see 
Section 1.5.5 and 5.3.3.1 in the FEIS), and the remaining forests will be removed due to development 
over the next 10 years. 

Additional significance of the hardwood forests at Cedar Bayou is found in their wildlife value, which is 
enhanced relative to the upland forests east of FM 1405.  The upland forests distant from Cedar Bayou 
have a low quality habitat due to the invasion of exotic tallow trees which frequently dominate the species 
composition.  Tallow trees are prolific, fast growing, and have little wildlife habitat value.  Once these 
trees have invaded an area, they quickly spread and can be found throughout the region, even in the 
forests proposed for preservation, but in lower densities.  Their removal will further increase the habitat 
values of the forests on the mitigation tracts if the land is turned over to the appropriate interests for 
control and management as proposed by the local sponsor (see Section 6.3.3 in the FEIS) at the 
suggestion of the resource agencies. 

The WVA Bottomland Hardwood Model used to calculate habitat value for the impacted and replacement 
forests evaluates several forest attributes, such as forest maturity, species composition, site hydrology, 
forest size, proximity to and type of disturbances, and time of projected loss of surrounding forests.  The 
5.5-acre forest that will be impacted is part of a 35.5-acre forest on the Devil’s Elbow and is given a Class 
3 value (mid-range) for forest size in the model.  The time (target year) of construction impacts for the 
project area is assumed to start in 2006 (projected construction start date) and will be completed in one 
year.  Under without-project conditions, it is assumed the area will be developed and the forests removed 
in about 10 years (2016).  Based on these assumptions, the WVA model calculated a habitat value for the 
5.5 acres of impacted forest as 8.0 AAHU.  This is the goal for the alternatives being evaluated for 
mitigation. 

A habitat value of 5 AAHUs was calculated for the 50-year project life for the trees that will be planted in 
the first alternative.  This is much lower than the value for the impacted forest since it will take time for 
the trees to reach the same maturity as the existing forest, which is estimated to be about 40 years old.  
Based on this value, it is estimated that at least 8.8 acres of planted trees will be needed to provide habitat 
units equal to that of the forest impacted by the project. 

This alternative is the most expensive of the three that were analyzed due to the need for additional 
manipulation of soil to prepare the site for planting.  The site must be scraped down about 3 feet to reach 
the same approximate elevation of the impacted site and the excess soil stored on about 9 acres of the 
mitigation site.  The upper 6 inches of topsoil will be removed from the impact site and spread over the 
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planting site.  Trees, shrubs, and native grass will be planted on both the mitigation site and the disposal 
mound.  However, seedlings will be used on the disposal mound to reduce costs and inhibit the invasion 
of tallow trees.  The remaining 12 acres of the proposed 30-acre mitigation site will not be planted but 
must be purchased as an uneconomic remnant.  The total cost of this mitigation feature is provided in 
Table 6. 

Table 6  Mitigation Plans Sorted by Output and Cost 
Plan Output (AAHU/Acres) Cost ($) 
A0 0 0 
A1 8 / 8.8 892,544 
A2 20 / 21 315,000 
A3 34 / 51.8 211,250 

 

The forests in the two preservation alternatives will not be managed by the local sponsor but will be set 
aside by conservation easement for preservation and management by an as yet unidentified agency.  The 
first of these alternatives (A2) in Table 6 would purchase 21 acres (the minimum necessary to qualify for 
Class 3 status in the forest size variable of the WVA model and the value of the forest on Devil’s Elbow) 
on the west side of Cedar Bayou opposite from the Devil’s Elbow.  It is not certain that such a small 
parcel of the large forested area would be available for purchase since this area represents prime housing 
development opportunities for aesthetic and recreational purposes.  Land in the area currently sells for 
about $15,000/acre.  The cost of this land represents an added cost to the project. 

The second of the preservation alternatives (A3) in Table 6 is the preferred plan of the local sponsor since 
the cost of this land is included in the purchase of land required for construction of the channel and the 
two new placement areas.  There will be no additional cost to the project to implement this alternative.  
This alternative also preserves native hardwoods in an amount comparable to the resource agencies’ 
recommendations.  These properties are described below. 

• Devil’s Elbow Island Mitigation Area – This island would be created by the Devil’s Elbow Cutoff 
and would be inaccessible by land; therefore, the property must be purchased as an uneconomic 
remnant for the project.  The forested area on Devil’s Elbow Island is 30.2 acres. 

• Upland Placement Area No. 1 – Approximately 4.2 acres of native hardwoods are located in the 
northwestern portion of a property that is currently owned by Chambers County.  The remaining 64 
acres of this site have been previously used for dredged material disposal and are proposed as an 
upland placement area for the Cedar Bayou project.  Chambers County has indicated that this 
property can be used at no cost.  Since the native hardwoods would be avoided by Upland Placement 
Area No. 1, the 4.2 acres are available for mitigation. 

• Upland Placement Area No. 2 – Upland Placement Area No. 2 is located on a property that is 
approximately 116 acres in size.  However, the upland placement area would only require about 56.9 
acres.  The entire property must be purchased since the 59.1 acres outside Upland Placement Area 
No. 2 would be an uneconomic remnant and can be used for compensatory mitigation.  
Approximately 0.5 acre of native hardwoods would be preserved in that mitigation area. 
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• Sutton Gully Mitigation Area– An opportunity to increase the AAHU value of this mitigation plan at 
no additional land acquisition cost to the project was provided by Bayer Polymers, LLC, which has 
offered to provide a conservation easement on one of its properties located at the intersection of West 
Bay Road and Sutton Gully.  This 23.2-acre site contains approximately 16.9 acres of native 
hardwoods.  Adding this mitigation area to the other three sites would increase the total area of native 
hardwoods proposed for preservation to 51.8 acres.  Although this site would have no cost associated 
with it, a cost of $12,500 (present cost for property on the east side of Cedar Bayou) was used for this 
analysis since the IWR software will not run without a cost assigned to an alternative.  Therefore, 
alternative A3 is assigned a total cost of $211,250 for land acquisition for calculation purposes, but in 
reality, has no additional cost to the project. 

The output and cost for constructing each of the mitigation plans were run as independent solutions in the 
software IWR-PLAN.  The results of the analysis are displayed in Table 7. 

Table 7  Summary Data for Incremental Cost Analysis of the Best Buy Plan Combinations (ordered 
by output) 

Plan Output 
(AAHU) 

Costs 
($) 

Average Cost 
($/AAHU) 

Incremental 
Cost  ($) 

Incremental 
Output (AAHU) 

Incremental 
Cost/Output 

A0 0 0 0 0 0 0 
A3 34 211,250 6,214 211,250 34 6,214 

 

Only Plans A0 and A3 were found to be cost effective and a best buy in the software analysis.  Plans A1 
and A2 were more costly, did not produce as many outputs (AAHU) as Plan A3, and are not displayed in 
the IWR table above.  Plan A0 is the No Action (No Mitigation) alternative and is not acceptable for this 
project since it does meet the guidelines in ER 1105-2-100.  Therefore, Plan A3 is the only acceptable 
plan and will be implemented for this project.   

In addition to being a cost-effective solution compared to other mitigation alternatives, the preservation of 
upland habitats proposed by Plan A3 is considered appropriate for this particular project because (1) past 
residential and industrial development in the area, along with expected future development within the 
next 10 years, has increased the scarcity of native hardwood forests and their significance as high-value 
habitat for resident wildlife and migratory birds; (2) the properties included in the plan are acceptable to 
the resource agencies and contain each habitat type that would be impacted in amounts comparable to 
those recommended by the agencies; and (3) the properties to be designated as mitigation areas are 
available at no additional cost to the project (three had to be purchased as uneconomic remnants for the 
Devil’s Elbow Cutoff and the upland placement areas, and the fourth was offered at no cost to the 
project). 

As part of the implementation of the upland habitats mitigation plan, a managing entity will be identified, 
and a detailed management plan will be developed to insure the habitats in the mitigation areas are 
preserved.  The management plan will list activities that may be implemented in the mitigation areas to 
increase their productivity and habitat value.  These activities may include but are not limited to removing 
Chinese tallow, removing livestock and fencing the areas, burning or otherwise improving the habitat, and 



FINAL ENVIRONMENTAL IMPACT STATEMENT C-15 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

monitoring and maintaining invasive species.  A team of state and federal resource agencies will work 
with the managing entity to develop the management plan. 

6.0 SUMMARY OF THE INCREMENTAL COST ANALYSIS FOR CEDAR BAYOU 
MITIGATION 

The recommended alternative for mitigating the removal of natural marsh during construction of the 
Devil’s Elbow Cutoff and easing at bend number 1 is the construction of 15 acres of marsh at Ijams Lake.  
This plan is the one most likely to fully compensate for the loss of productivity in 3.8 acres of natural 
marsh.  However, because there is no method to adequately quantify this loss, the best professional 
judgment of project scientists was used to estimate the amount of mitigation needed to fully compensate 
for the lost production of commercially important species such as shrimp and crabs.  Within the 
remaining 65.1 acres of the Ijams Lake Placement Area, estuarine marsh would be created but would not 
be considered mitigation for project impacts. 

Compensation for the bottomland hardwood forests will be in the form of preservation of existing forest 
tracts in the project area and granting conservation easements to an entity willing to manage the forests.  
The most cost-efficient alternative to achieve this purpose and one that does not incur additional costs for 
the project is to use land that must be purchased as uneconomic remnants for project construction and 
upland placement areas.  This alternative also includes properties that are acceptable to the resource 
agencies and that contain each habitat impacted in amounts comparable to those recommended by the 
agencies. 

Both of the recommended mitigation plans satisfy the USACE’s mitigation requirements and are 
comparable to the replacement recommendations provided by the resource agencies without incurring 
additional costs for the project. 
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Compliance with Texas Coastal Management Program 
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TEXAS COASTAL MANAGEMENT PROGRAM  
COMPLIANCE WITH GOALS AND POLICIES 

INTRODUCTION 

This report provides information pertaining to the compliance of proposed improvements to the Cedar 
Bayou Navigation Channel (CBNC) with the Texas Coastal Management Program (TCMP).  The report 
is divided into two parts.  The first includes a brief summary of the TCMP, followed by a description of 
the proposed project, impacts of the proposed project on natural resources managed by the TCMP, and a 
list of the goals and policies of the TCMP that were reviewed for compliance.  The second part of the 
report provides a detailed description of how the proposed project complies with those goals and policies. 

The TCMP was submitted to the National Oceanic and Atmospheric Administration (NOAA) for review 
pursuant to Section 306 of the Federal Coastal Zone Management Act of 1972, as amended (16 U.S.C. 
1451 et seq.).  The Office of Ocean and Coastal Resource Management approved the TCMP in 1996.  
Federal approval of the TCMP requires that Federal actions occurring within the TCMP boundary be 
consistent with the goals and polices of the TCMP.  To show compliance, Federal agencies responsible 
for these actions must prepare a consistency determination and submit it to the State for review.   

This consistency determination was prepared for the proposed improvements to the CBNC that are 
discussed in the Final Environmental Impact Statement (FEIS) and was prepared in accordance with the 
TCMP Final EIS (August 1996).  The purpose of the proposed project is to improve the efficiency, safety, 
and reliability of navigation along the CBNC while protecting the quality of the area’s natural resources.  
During project development, the U.S. Army Corps of Engineers (USACE) and the Chambers County-
Cedar Bayou Navigation District (CCCBND) evaluated several alternatives for improving the CBNC and 
for managing dredged material to identify the alternative that would meet the project’s purpose while 
being feasible from an engineering standpoint, being economically reasonable, and minimizing 
environmental impacts.  The two alternatives that were identified and carried forward in the FEIS to 
determine impacts of the project include the No-action Alternative and the Locally Preferred Plan (LPP).   

Details of the improvements proposed by the LPP, as well as environmental impacts, are presented in the 
various sections of the FEIS.  The main components of the LPP are summarized here. 

• Dredging the CBNC from Mile 3 to SH 146 to dimensions of 10 feet deep and 100 feet wide to match 
the dimensions of the currently maintained channel 

• Dredging a passing lane near Mile 6 that would be 200 feet wide and 1,300 feet long 

• Excavating approximately 3,200 feet of new channel to bypass a tight series of bends known as 
Devil’s Elbow (Devils Elbow Cutoff) 

• Easing two bends, which would require dredging outside the banks of Cedar Bayou 

• Placing dredged material in one shallow lake (Ijams Lake) and two upland placement areas 

• Maintaining the improved channel every 10 years for 50 years 
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• The LPP currently includes armoring banks to prevent erosion along both upland banks of the Devil’s 
Elbow Cutoff and along the proposed western levee of the Ijams Lake Placement Area. 

• The LPP currently provides for on-site, in-kind compensatory mitigation for impacts to estuarine 
marsh and upland habitats in the form of 15.0 acres of estuarine marsh creation and the preservation of 
157.5 acres of upland habitats within the Cedar Bayou project area.  Besides the proposed mitigation, 
65.1 additional acres of estuarine marsh would be created using dredged material. 

Figure ES.1 illustrates the limits of and the components included in the LPP.  The following sections 
discuss the proposed project’s impacts to coastal areas and compliance with the TCMP. 

IMPACTS ON COASTAL NATURAL RESOURCE AREAS 

The TCMP’s regulatory program focuses on management of 16 areas of particular concern identified as 
coastal natural resource areas (CNRAs) that are associated with coastal resources considered valuable, 
vulnerable, or unique (31 TAC 501.3).  The CNRAs that are located within the project area and would 
potentially be impacted by the project include: 

• CNRA 2 – Waters under Tidal Influence 
• CNRA 3 – Submerged Lands 
• CNRA 4 – Coastal Wetlands 
• CNRA 10 – Coastal Shore Areas 
• CNRA 13 – Special Hazard Areas 
• CNRA 15 – Coastal Historic Areas 

The following sections define these and the other CNRAs that are managed by the TCMP and discuss the 
potential for the proposed project to impact them. 

1) Waters of the Open Gulf of Mexico 

This CNRA includes the open water of the Gulf of Mexico located within the territorial limits of the 
State, including fishery habitat and resources therein.  The CBNC is located in the upper portion of 
Galveston Bay and is not adjacent to any waters of the open Gulf of Mexico.  Therefore, the proposed 
improvements to the CBNC would not impact this CNRA. 

2) Waters under Tidal Influence 

This CNRA includes those waters that are subject to tidal influence, including coastal wetlands, as 
mapped by the Texas Commission on Environmental Quality’s (TCEQ) stream segment map.  The 
proposed project is located within Cedar Bayou Tidal (TCEQ Stream Segment 0901), as defined by the 
TCEQ.  Therefore, all waters near the project are considered tidally influenced.  The proposed project is 
not expected to substantially affect the tides of the area.  The LPP includes a cutoff channel (Devil’s 
Elbow Cutoff) that would create a split-flow condition in the Devil’s Elbow area, where approximately  
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65 percent of the flow and sediment load would travel through the Devil’s Elbow Cutoff, and 
approximately 35 percent of the flow and sediment load would travel through the existing Devil’s Elbow 
channel.  Since the existing channel would not be dredged under the LPP, it would likely silt in to some 
extent.  Over the life of the project, the existing Devil’s Elbow channel is projected to silt in by 
approximately 7 feet, to a new elevation of -3.0 feet MLT (see FEIS Section 5.2.1).  This would result in 
4.4 feet of water depth at mean tide, which would allow Devil’s Elbow to remain navigable for 
recreational watercraft but not for commercial barge traffic.  This decrease in water depth would occur 
gradually and should improve the aquatic habitat and benefit recreational fishing by increasing the 
diversity of marine habitats in the area.  Devil’s Elbow would also provide an alternate route through 
which recreational watercraft can navigate the CBNC. 

In addition to the potential silting in of Devil’s Elbow, the proposed project would fill Ijams Lake with 
dredged material to create estuarine marsh.  This is expected to increase the productivity of the tidally 
influenced water by increasing habitat diversity in the area and providing important nursery and foraging 
areas. 

3) Submerged Lands 

Submerged lands are located under tidally influenced waters or under waters of the open Gulf of Mexico, 
independent of whether they are State-owned.  Dredging and placement activities associated with the LPP 
would temporarily affect approximately 128 acres of submerged lands within the existing navigation 
channel, would create approximately 12.2 acres of additional submerged lands by excavating the Devil’s 
Elbow Cutoff and dredging the banks along two bends, and would fill Ijams Lake (80.1 acres) to create 
estuarine marsh.  The loss of submerged lands in Ijams Lake would be offset by the increase in 
productivity of Ijams Lake by the creation of estuarine marsh. 

4) Coastal Wetlands 

Coastal wetlands include wetlands within rivers and streams that are tidally influenced and within one 
mile of the mean high tide of those rivers and streams.  As noted in Section 5.2.3.1 of the FEIS, the LPP 
would directly impact 3.8 acres of estuarine marsh.  However, these impacts would be compensated by 
15.0 acres of estuarine marsh that would be created within the Ijams Lake Mitigation Area.  An additional 
65.1 acres of estuarine marsh would also be created in the Ijams Lake Placement Area. 

5) Submerged Aquatic Vegetation 

Submerged aquatic vegetation includes rooted vegetation growing in permanently inundated areas in 
estuarine and marine systems.  No submerged aquatic vegetation is located within the project area; 
therefore, the LPP would not impact this CNRA. 

6) Tidal Sand and Mud Flats 

Tidal flats include silt, clay, or sand substrates that occur in intertidal areas and that are regularly or 
intermittently exposed and flooded by tides, including tides induced by weather.  The shallow lakes 
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located in the project area generally have bottom elevations of -0.5 feet below mean low tide; therefore, 
exposure of these areas would be considered unusual, and they would not be considered tidal flats.  The 
LPP would not impact this CNRA. 

7) Oyster Reefs 

The nearest oyster reefs to the LPP are located along the lower portion of the CBNC in Upper Galveston 
Bay.  These reefs would not be impacted by the proposed project. 

8) Hard Substrate Reefs 

This CNRA includes rocky outcrops and serpulid worm reefs, living and dead, found in intertidal or 
subtidal areas.  None of these features occur in the project area; therefore, this CNRA would not be 
impacted by the LPP. 

9) Coastal Barriers 

Coastal barrier resources include undeveloped areas on barrier islands, peninsulas, or other protected 
areas designated by U.S. Fish and Wildlife Service (USFWS) maps.  No designated coastal barrier areas 
are located in the project area; therefore, the LPP would not impact this CNRA.   

10) Coastal Shore Areas 

Coastal shore areas include the shoreline extending from the high water mark on submerged lands inland 
100 feet.  These CNRAs function as buffers, protecting upland habitats from erosion and storm damage 
and protecting adjacent marshes and waterways from water quality degradation.  The proposed project 
would include a new cutoff channel that would increase the length of shoreline in the Devil’s Elbow area 
and would excavate narrow strips of bank in two bend easings near SH 146.  In addition, the LPP would 
place dredged material into an existing confined upland placement area that is adjacent to the CBNC 
(Upland Placement Area No. 1) and into Ijams Lake for marsh creation.  Placing dredged material within 
these areas would add to their function as buffers between adjacent uplands and the CBNC.  Any impacts 
to coastal shore areas are expected to be minimal. 

11) Gulf Beaches 

Gulf beaches border the Gulf of Mexico and extend inland from the line of mean low tide to the natural 
line of vegetation.  No Gulf beaches are located in the project area; therefore, the LPP would not impact 
this CNRA. 

12) Critical Dune Areas 

Critical dune areas include dunes that are within 1,000 feet of the mean high tide line.  No critical dune 
areas are located in the project area; therefore, the LPP would not impact this CNRA. 
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13) 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 project is located within special flood hazard areas mapped within the 100-year coastal 
floodplain, with velocity, and within the 100-year floodplain (FEMA 1992).  Current trends in 
development within the project area are not expected to change as a result of the proposed project, 
although development in the area is expected to occur with or without improvements to the CBNC.  
Therefore, the project is not expected to induce development inside the 100-year floodplain over the No-
action Alternative.  The LPP is expected to result in a decrease in the area adjacent to Cedar Bayou that 
would be flooded by a 100-year storm event by 618 acres, mainly on the Chambers County side of the 
bayou.  The proposed project is not expected to have any effect on mudslides or flood-related erosion. 

14) Critical Erosion Areas 

Critical erosion areas include 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, 
Section 33.601(b).  No critical erosion areas are located within the project area; therefore, the LPP would 
not impact this CNRA. 

15) Coastal Historic Areas 

Coastal historic areas include sites listed or eligible for listing on the National Register of Historic Places 
(NRHP) and as State Archeological Landmarks (SALs).  Compliance with the TCMP regarding coastal 
historic areas is accomplished through procedures established by Section 106 of the National Historic 
Preservation Act of 1965 (NHPA), as amended.  The lower portion of the area proposed to be dredged, 
including the Devil’s Elbow Cutoff, is located within the Cedar Bayou National Register Archeological 
District (see Section 4.2.6 of the FEIS).  Previous investigations near Cedar Bayou and archival research 
indicate that potentially significant cultural resources or sites are present in the project area and that other, 
unknown resources may be present.  As discussed in Section 5.2.6 of the FEIS, consultation among the 
CCCBND, the USACE, and the State Historic Preservation Officer (SHPO) occurred, and a 
Programmatic Agreement was developed to address compliance with Section 106 of the NHPA.  
Additional survey and site evaluations will be conducted in accordance with the Programmatic 
Agreement in Appendix B of the FEIS to determine the project’s impacts to cultural resources. 

16) Coastal Preserves 

Coastal preserves include State-owned lands, including parks and wildlife management areas, that are 
designated by the TPWD as being coastal.  The nearest coastal preserve to the project area is Atkinson 
Island Wildlife Management Area, which is located on the north end of Atkinson Island, at the junction of 
the CBNC and the HSC.  This wildlife management area is well outside of the project limits and would 
not be impacted by the LPP. 
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COMPLIANCE WITH GOALS AND POLICIES 

The following goals and policies of the TCMP were reviewed for compliance. 

• Section 501.14(h) Development in Critical Areas 

• Section 501.14(j) Dredging and Dredged Material Disposal and Placement 

• Section 501.15 Policy for Major Actions 

A discussion of actions designed to comply with the specific requirements of these sections is included on 
the following pages. 

ENVIRONMENTAL BENEFITS 

The LPP has minimized impacts to CNRAs by utilizing upland placement areas and by improving the 
CBNC mainly within the existing banks of Cedar Bayou.  The LPP would benefit the environment by 
creating 80.1 acres of estuarine marsh and preserving 157.5 acres of upland habitats.  Therefore, the LPP 
should have an overall net benefit to the ecology of the Cedar Bayou area. 

CONSISTENCY DETERMINATION 

The project addressed in this FEIS has been reviewed for consistency with the goals and policies of the 
TCMP.  CNRAs in the project area are identified and evaluated for potential impacts from activities 
associated with the project.  Based on this analysis, the USACE finds that the project discussed in the 
FEIS is consistent with the goals and policies of the TCMP to the maximum extent practicable. 
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COMPLIANCE WITH GOALS AND POLICIES 
SECTION 501.14(h) – DEVELOPMENT IN CRITICAL AREAS, 

SECTION 501.14(j) – DREDGING AND DREDGED MATERIAL DISPOSAL AND PLACEMENT 
AND 

SECTION 501.15 – POLICY FOR MAJOR ACTIONS 
 

CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 
CHAMBERS AND HARRIS COUNTIES 

FINAL ENVIRONMENTAL IMPACT STATEMENT 

Section 501.14(h) Development in Critical Areas 

Of the 16 CNRAs identified by the TCMP, five are designated critical areas (Section 501.3).  The critical 
areas include coastal wetlands, oyster reefs, hard substrate reefs, submerged aquatic vegetation, and tidal 
sand or mud flats.  Of these critical areas, coastal wetlands would be impacted by the proposed 
improvements to the CBNC, as proposed by the LPP.  The proposed project would impact approximately 
3.8 acres of estuarine marsh.  The following paragraphs provide details concerning compliance of the 
proposed project with the subsections of this section.  

(1) Dredging and construction of structures in, or the discharge of dredged or fill material into, 
critical areas shall comply with the policies in this subsection.  In implementing this subsection, 
cumulative and secondary adverse effects of these activities will be considered. 

Compliance:  The project, as proposed by the LPP, was prepared by the CCCBND and the USACE 
to minimize impacts to coastal wetlands and other natural resources in the area.  During project 
development, numerous alternatives were considered for the dimensions and extent of the proposed 
improvements and methods and locations for the management of dredged material.  This analysis 
resulted in the identification of the alternative that would satisfy the project’s purpose while 
meeting the engineering capabilities of the USACE, being economically feasible, and minimizing 
impacts to the environment. 

(A) The policies in this subsection shall be applied in a manner consistent with the goal of 
achieving no net loss of critical area functions and values. 

Compliance:  Although the LPP would impact 3.8 acres of estuarine marsh, it would provide for 
the creation of 80.1 acres of marsh.  Therefore, there will be a net gain in coastal wetlands, the only 
critical area affected by the LPP. 

(B) Persons proposing development in critical areas shall demonstrate that no practicable 
alternative with fewer adverse effects is available. 

(i) The person proposing the activity shall demonstrate that the activity is water-
dependent.  If the activity is not water-dependent, practicable alternatives are 
presumed to exist, unless the person clearly demonstrates otherwise. 
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Compliance:  The improvements of the CBNC, as proposed by the LPP, are water-dependent. 

(ii) The analysis of alternatives shall be conducted in light of the activity’s overall 
purpose. 

Compliance:  The overall purpose of the project is to improve the efficiency, safety, and reliability 
of the CBNC.  Numerous alternatives were evaluated to identify the alternative that would satisfy 
that purpose while meeting the engineering capabilities of the USACE, being economically feasible, 
and minimizing impacts to the environment. 

(iii) Alternatives may include different operation or maintenance techniques or 
practices or a different location, design, configuration, or size. 

Compliance:  A detailed alternatives analysis is included in Section 2.0 of the FEIS prepared for 
this project.  Alternatives evaluated for the project varied in limits and dimensions, and included 
alternatives that extended as far as the HSC to SH 146, and dimensions of as much as 12 feet deep 
and 200 feet wide.  Improvements in the existing maintained portion of the CBNC, from the HSC to 
Mile 3, were eliminated due to the cost of the project, which resulted in the limitation of 
improvements in the upper portion of the channel to a maximum of 10 feet deep and 100 feet wide, 
as dictated by the lower channel’s dimensions.   

Alternative placement methods evaluated included open-bay placement, use of dredged material 
for island and marsh creation, and upland placement.  Open-bay placement and island creation 
were eliminated as placement alternatives based on the distance required for pumping dredged 
material compared to other alternatives, as well as potential environmental impacts of these 
methods.  Within the placement methods chosen (use for marsh creation and upland placement), 
alternative locations were evaluated.   

(C) In evaluating practicable alternatives, the following sequence shall be applied: 

(i) Adverse effects on critical areas shall be avoided to the greatest extent 
practicable. 

Compliance:  Adverse effects on critical areas have been avoided to the greatest extent practicable 
by improving most of the CBNC within the existing banks of Cedar Bayou and using upland 
placement areas.  There would be a net gain in coastal wetlands with the LPP alternative relative to 
the No-action Alternative since the LPP provides for the use of dredged material to create estuarine 
marsh within Ijams Lake. 

(ii) Unavoidable adverse effects shall be minimized to the greatest extent practicable 
by limiting the degree or magnitude of the activity and its implementation. 
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Compliance:  Although the purpose of the proposed improvements cannot be satisfied without 
impacts to coastal wetlands, as noted in the FEIS, impacts have been avoided to the extent 
practicable, and unavoidable impacts have been minimized. 

(iii) Appropriate and practicable compensatory mitigation shall be required to the 
greatest extent practicable for all adverse effects that cannot be avoided or 
minimized. 

Compliance:  Of the 80.1 acres of estuarine marsh that would be created by the LPP, 15.0 acres 
would be considered compensatory mitigation for the 3.8 acres of estuarine marsh that would be 
impacted by the LPP.  

(D) Compensatory mitigation includes restoring adversely affected critical areas or 
replacing adversely affected critical areas by creating new critical areas.  Compensatory 
mitigation should be undertaken, when practicable, in areas adjacent or contiguous to 
the affected critical areas (on-site).  If on-site compensatory mitigation is not practicable, 
compensatory mitigation should be undertaken in close physical proximity to the affected 
critical areas if practicable and in the same watershed if possible (off-site).  
Compensatory mitigation should also attempt to replace affected critical areas with 
critical areas with characteristics identical to or closely approximating those of the 
affected critical areas (in kind). The preferred order of compensatory mitigation is: 

(i) on-site, in-kind; 

(ii) off-site, in-kind; 

(iii) on-site, out-of-kind; and 

(iv) off-site, out-of-kind  

Compliance:  Compensatory mitigation for impacts to estuarine marsh includes on-site, in-kind 
mitigation in the form of creation of 15.0 acres of estuarine marsh within Ijams Lake. 

(E) Mitigation banking is acceptable compensatory mitigation if use of the mitigation bank 
has been approved by the agency authorizing the development and mitigation credits are 
available for withdrawal.  Preservation through acquisition for public ownership of 
unique critical areas or other ecologically important areas may be acceptable 
compensatory mitigation in exceptional circumstances.  Examples of this include areas of 
high priority for preservation or restoration, areas whose functions and values are 
difficult to replicate, or areas not adequately protected by regulatory programs.  
Acquisition will normally be allowed only in conjunction with preferred forms of 
compensatory mitigation. 
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Compliance:  Since the LPP includes on-site, in-kind compensatory mitigation for impacts to 
estuarine marsh, no mitigation banking is necessary. 

(F)  In determining compensatory mitigation requirements, the impaired functions and values 
of the affected critical area shall be replaced on a one-to-one ratio.  Replacement of 
functions and values on a one-to-one ratio may require restoration or replacement of the 
physical area affected on a ratio higher than one-to-one.  While no net loss of critical 
area functions and values is the goal, it is not required in individual cases where 
mitigation is not practicable or would result in only inconsequential environmental 
benefits.  It is also important to recognize that there are circumstances where the adverse 
effects of the activity are so significant that, even if alternatives are not available, the 
activity may not be permitted regardless of the compensatory mitigation proposed. 

Compliance:  Compensatory mitigation for coastal wetlands (estuarine marsh) under the LPP 
would be conducted in the form of 15.0 acres of estuarine marsh created for the 3.8 acres of marsh 
impacted.  This is a conservative estimate of the mitigation amount needed to fully compensate for 
the lost wetland based on the best professional judgment of project scientists and would result in a 
net gain of coastal wetlands in the area. 

(G) Development in critical areas shall not be authorized if significant degradation of critical 
areas will occur.  Significant degradation occurs if: 

(i) the activity will jeopardize the continued existence of species listed as 
endangered or threatened, or will result in likelihood of the destruction or 
adverse modification of a habitat determined to be a critical habitat under the 
Endangered Species Act, 16 United States Code Annotated, §§1531-1544; 

Compliance: The proposed project would not jeopardize the continued existence of species listed as 
endangered or threatened.  Short-term impacts to endangered or threatened species that may occur 
in the project area include temporary displacement and disturbance during dredging and 
placement activities.  These impacts would be considered short-term and generally insignificant. 

(ii) the activity will cause or contribute, after consideration of dilution and 
dispersion, to violation of any applicable surface water quality standards 
established under subsection (f) of this section; 

Compliance:  Violations of applicable surface water quality standards are not expected as a result 
of the LPP. 

(iii) the activity violates any applicable toxic effluent standard or prohibition 
established under subsection (f) of this section; 

Compliance:  Violations of applicable toxic effluent standards or prohibitions under subsection (f) 
are not expected as a result of the LPP. 
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(iv) the activity violates any requirement imposed to protect a marine sanctuary 
designated under the Marine Protection, Research, and Sanctuaries Act of 
1972,33 United States Code Annotated, Chapter 27; or 

Compliance:  The proposed project would not impact any marine sanctuary. 

(v) taking into account the nature and degree of all identifiable adverse effects, 
including their persistence, permanence, areal extent, and the degree to which 
these effects will have been mitigated pursuant to subparagraphs (C) and (D) of 
this paragraph, the activity will, individually or collectively, cause or contribute 
to significant adverse effects on: 

(I)  human health and welfare, including effects on water supplies, plankton, 
benthos, fish, shellfish, wildlife, and consumption of fish and wildlife; 

(II)  the life stages of aquatic life and other wildlife dependent on aquatic 
ecosystems, including the transfer, concentration, or spread of pollutants 
or their byproducts beyond the site, or their introduction into an 
ecosystem, through biological, physical, or chemical processes; 

(Ill)  ecosystem diversity, productivity, and stability, including loss of fish and 
wildlife habitat or loss of the capacity of a coastal wetland to assimilate 
nutrients, purify water, or reduce wave energy; or 

(IV) generally accepted recreational, aesthetic or economic values of the 
critical area which are of exceptional character and importance. 

Compliance:  The proposed project would not contribute to significant adverse effects on human 
health and welfare; aquatic life; ecosystem diversity, productivity and stability; or recreational, 
aesthetic, or economic values of the area. 

(2) The Texas Commission on Environmental Quality (TCEQ, formerly the Texas Natural Resource 
Conservation Commission) and the Railroad Commission of Texas (RRC) shall comply with the 
policies in this subsection when issuing certifications and adopting rules under Texas Water 
Code, Chapter 26, and the Texas Natural Resources Code, Chapter 91, governing certification of 
compliance with surface water quality standards for federal actions and permits authorizing 
development affecting critical areas; provided that activities exempted from the requirement for a 
permit for the discharge of dredged or fill material, described in Code of Federal Regulations, 
Title 33, §323.4 and/or Code of Federal Regulations, Title 40, §232.3, including but not limited 
to normal farming, silviculture, and ranching activities, such as plowing, seeding, cultivating, 
minor drainage, and harvesting for the production of food, fiber, and forest products, or upland 
soil and water conservation practices, shall not be considered activities for which a certification 
is required. The Texas General Land Office (GLO) and the School Land Board (SLB) shall 
comply with the policies in this subsection when approving oil, gas, or other mineral lease plans 
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of operation or granting surface leases, easements, and permits and adopting rules under the 
Texas Natural Resources Code, Chapters 32, 33 and 51—53, and Texas Water Code, Chapter 61, 
governing development affecting critical areas on state submerged lands and private submerged 
lands, and when issuing approvals and adopting rules under Texas Civil Statutes, Article 5421u, 
for mitigation banks operated by subdivisions of the state. 

Compliance:  No certification is required from the RRC.  A Section 401 water quality certification 
was received from the TCEQ by letter dated July 29, 2005, and is included in Section 1 of Appendix 
A of this FEIS. 

(3) Agencies required to comply with this subsection will coordinate with one another and with 
federal agencies when evaluating alternatives, determining appropriate and practicable 
mitigation, and assessing significant degradation.  Those agencies’ rules governing 
authorizations for development in critical areas shall require a demonstration that the 
requirements of paragraph (1)(A)-(G) of this subsection have been satisfied. 

Compliance:  The CCCBND and the USACE have coordinated the proposed project with pertinent 
agencies during the development of the proposed project to determine significant impacts to 
resources and to develop mitigation plans that offset those impacts. 

(4)  For any dredging or construction of structures in, or discharge of dredged or fill material into, 
critical areas that is subject to the requirements of §501.15 of this title (relating to Policy for 
Major Actions), data and information on the cumulative and secondary adverse affects of the 
project need not be produced or evaluated to comply with this subsection if such data and 
information is produced and evaluated in compliance with §501.15(b)-(c) of this title (relating to 
Policy for Major Actions). 

Compliance:  This project is subject to Section 501.15 and constitutes a major action.  Coordination 
has occurred among the State and Federal agencies having jurisdiction over the proposed activity. 

Section 501.14(j) Dredging and Dredged Material Disposal and Placement 

(1) 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 subsection are 
supplemental to any further restrictions or requirements relating to the beach access and use 
rights of the public.  In implementing this subsection, 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:  During project development, numerous alternatives were evaluated to identify the 
alternative that would satisfy the project’s purpose while meeting the engineering capabilities of the 
USACE, being economically feasible, and minimizing impacts to the environment.  The LPP has 
avoided impacts to CNRAs where practicable and minimized unavoidable environmental impacts 
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by minimizing the extent and dimensions of the proposed channel, utilizing upland placement 
areas, and creating estuarine marsh to offset impacts.  The LPP has 1) minimized impacts to 
existing fish and wildlife resources, including estuarine habitats and water quality; 2) considered 
the least disruptive construction techniques and methods; 3) avoided impacts to endangered and/or 
threatened species; and 4) considered significant historical and archaeological resources. 

The LPP would impact approximately 3.8 acres of estuarine marsh but would provide for the 
creation of 80.1 acres of estuarine marsh, thereby resulting in an overall positive impact to the area. 

(A) Dredging and dredged material disposal and placement shall not cause or contribute, 
after consideration of dilution and dispersions to violation of any applicable surface 
water quality standards established under subsection (t) of this section. 

Compliance:  Dredged material from the existing channel would be placed within upland confined 
placement areas.  Materials that would be placed within Ijams Lake would include upland clays  
(97 percent) from the Devil’s Elbow Cutoff and stiff clays from shallow water or estuarine marsh in 
the Devil’s Elbow Cutoff.  During placement, Ijams Lake and the upland placement areas would 
serve as confined placement areas.  Discharge of effluent from these sites is expected to meet 
applicable surface water quality standards.  Although dioxins have been recorded in the water 
column and sediments, and certain metals and organics have been detected in sediments within 
Cedar Bayou, these contaminants are present at sufficiently low concentrations such that they are 
not anticipated to adversely affect water quality at the point of dredging or effluent discharge.  No 
long-term effects to water quality are expected as a result of the proposed action.   

(B) Except as otherwise provided in subparagraph (D) of this paragraph, 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 subsection (h) of this section. 

Compliance:  Critical areas that would be impacted by the proposed project include coastal 
wetlands (estuarine marsh); however, these impacts have been minimized and would be more than 
offset by the creation of estuarine marsh within Ijams Lake. 

(C) Except as provided in subparagraph (D) of this paragraph, dredging and the disposal 
and placement of dredged material shall not be authorized if: 

(i)  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; 

(ii)  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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(iii) significant degradation of critical areas under subsection (h)(1)(G)(v) of this 
section would result. 

Compliance: During project development, numerous alternatives for improving the CBNC and 
managing dredged material were evaluated to identify the least environmentally damaging 
alternative that was within the engineering capabilities of the USACE and was economically 
feasible.  The LPP would minimize impacts to CNRAs and would provide for compensatory 
mitigation for impacts to coastal wetlands.  In addition, the LPP includes the use of dredged 
material to create estuarine marsh, which would result in a net increase in the productivity of the 
aquatic systems in the area.  No significant degradation of critical areas is expected as a result of 
the LPP.  Therefore, the criteria under (i)–(iii) have been met, and dredging and placement 
activities associated with the proposed project are not prohibited under this subparagraph. 

(D)  A dredging or dredged material disposal or placement project that would be prohibited 
solely by application of subparagraph (C) of this paragraph 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:  The action is not prohibited by subparagraph C. 

(2)  Adverse effects from dredging and dredged material disposal and placement shall be minimized 
as required in paragraph (1) of this subsection.  Adverse effects can be minimized by employing 
the techniques in this paragraph where appropriate and practicable. 

Compliance:  Adverse effects of the project have been minimized, as discussed under compliance 
with paragraph (1) of this subsection.  Numerous alternatives for improving the CBNC and 
management of dredged material were evaluated to identify the alternative that would satisfy the 
project’s purpose while meeting the engineering capabilities of the USACE, being economically 
feasible, and minimizing environmental impacts. 

(A) 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: 

(i)  locating and confining discharges to minimize smothering of organisms; 

(ii) locating and designing projects to avoid adverse disruption of water inundation 
patterns, water circulation, erosion and accretion processes, and other 
hydrodynamic processes; 

(iii) 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; 
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(iv) 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; 

(v) discharging materials at sites where the substrate is composed of material 
similar to that being discharged; and 

(vi) locating and designing discharges to minimize the extent of any plume and 
otherwise control dispersion of material.  

Compliance:  Preliminary alternatives evaluated varied in limits and dimensions, and included 
alternatives that extended as far as the HSC to SH 146, and dimensions of as much as 12 feet deep 
and 200 feet wide.  The minimum length and dimensions that would satisfy the project’s purpose 
were integrated into the LPP, which reduced environmental impacts.  The use of upland placement 
areas minimizes effects to aquatic resources.  Although the use of dredged material to create 
estuarine marsh in Ijams Lake would impact faunal communities within the lake, the estuarine 
marsh is expected to be more productive than the existing shallow water and will be recolonized by 
benthic organisms and other communities.  Other impacts include temporary, localized increased 
turbidity levels that would result in the area of dredging and from effluent release from the upland 
placement areas and the Ijams Lake Placement Area.  These impacts will be minimized to the 
extent practicable. 

(B) 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 discharged can be minimized by treatment of or limitations on the material 
itself.  Some ways to accomplish this include: 

(i)  disposal or placement of dredged material in a manner that maintains 
physicochemical conditions at discharge sites and limits or reduces the potency 
and availability of pollutants; 

(ii) limiting the solid, liquid, and gaseous components of material discharged; 

(iii) adding treatment substances to the discharged material; and 

(iv) adding chemical flocculants to enhance the deposition of suspended particulates 
in confined disposal areas. 

Compliance:  Although dioxins have been recorded in the water column and sediments, and certain 
metals and organics have been detected in sediments within Cedar Bayou, these contaminants are 
present at sufficiently low concentrations such that they are not anticipated to adversely affect 
water quality at the point of dredging or effluent discharge.  No long-term effects on water quality 
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are expected as a result of the proposed action.  The project is expected to comply with applicable 
sediment toxicity standards. 

(C) 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: 

(i) use of containment levees and sediment basins designed, constructed, and 
maintained to resist breaches, erosion, slumping, or leaching; 

(ii) use of lined containment areas to reduce leaching where leaching of chemical 
constituents from the material is expected to be a problem; 

(iii) capping in-place contaminated material or, selectively discharging the most 
contaminated material first and then capping it with the remaining material; 

(iv) properly containing discharged material and maintaining discharge sites to 
prevent point and nonpoint pollution; and 

(v) timing the discharge to minimize adverse effects from unusually high water flows, 
wind, wave, and tidal actions. 

Compliance:  The proposed project includes placement of dredged material into two upland 
confined placement areas and into Ijams Lake.  Ijams Lake will also serve as a confined placement 
area during placement since levees separating the placement area from the CBNC would be 
constructed.  Therefore, adverse effects of placement of dredged material to CNRAs would be 
limited primarily to temporary, localized increased turbidity during construction of levees at the 
Ijams Lake Placement Area and by release of effluent into Cedar Bayou from the Ijams Lake 
Placement Area and upland placement areas.  These impacts are expected to be minor and offset by 
the use of dredged material to create estuarine marsh within Ijams Lake. 

(D) 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: 

(i) where environmentally desirable, distributing the material in a thin layer; 

(ii) orienting material to minimize undesirable obstruction of the water current or 
circulation patterns; 

(iii) using silt screens or other appropriate methods to confine suspended particulates 
or turbidity to a small area where settling or removal can occur; 

(iv) using currents and circulation patterns to mix, disperse, dilute, or otherwise 
control the discharge; 
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(v) minimizing turbidity by using a diffuser system or releasing material near the 
bottom; 

(vi) selecting sites or managing discharges to confine and minimize the release of 
suspended particulates and turbidity and maintain light penetration for 
organisms; and 

(vii) setting limits on the amount of material to be discharged per unit of time or 
volume of receiving waters. 

Compliance:  Adverse impacts of dredged material placement to CNRAs would be confined to 
Ijams Lake.  These adverse impacts are minimized by containing solids within the levee system.  
Impacts would consist of temporary, localized increased turbidity levels that would result from 
effluent release from the site. 

(E) Adverse effects from dredging and dredged material disposal or placement operations 
can be minimized by adopting technology to the needs of each site. Some ways of 
accomplishing this include: 

(i)  using appropriate equipment, machinery, and operating techniques for access to 
sites and transport of material, including those designed to reduce damage to 
critical areas; 

(ii) having personnel on site adequately trained in avoidance and minimization 
techniques and requirements; and 

(iii) 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:  All dredging and placement of dredged material and equipment to construct levees 
within the Ijams Lake Placement Area would be from waterborne equipment, and no roads would 
be necessary.  The construction of temporary channels within Ijams Lake may be required to allow 
barge access for strategic material placement for constructing levees.  These channels would be 
filled during placement of hydraulically dredged material and construction of the estuarine marsh.  
Dredged material management and levee construction within the two upland placement areas 
would not affect CNRAs. 

(F) Adverse effects on plant and animal populations from dredging and dredged material 
disposal or placement can be minimized by: 

(i) avoiding changes in water current and circulation patterns that would interfere 
with the movement of animals; 
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(ii) 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; 

(iii) avoiding sites having unique habitat or other values including habitat of 
endangered species; 

(iv) 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; 

(v)  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; 

(vi) timing dredging and dredged material disposal or placement activities to avoid 
spawning or migration seasons and other biologically critical time periods; and 

(vii) avoiding the destruction of remnant natural sites within areas already affected by 
development. 

Compliance:  The LPP would have minor temporary impacts to wildlife in the area due to noise 
and physical disturbance during dredging and placement activities.  The LPP would minimize 
permanent impacts to aquatic and upland habitats and would provide compensatory mitigation for 
estuarine marsh and upland habitats that are impacted by the project.   

Although not expected, if sea turtles occur in the project area, they should not be impacted 
negatively by dredging activities.  Dredging activities would increase turbidity in the project area, 
but sea turtles are mobile enough to avoid disturbed sites.  Project impacts would be temporary and 
local in nature.  Cutterhead suction dredges, which move very slowly and can be avoided by all 
species of sea turtles, would be used.  Studies have indicated that cutterhead dredges, since they act 
on only small areas at a time, do not impact sea turtles (NMFS 1998).  Since all dredging of the 
project area would be performed by cutterhead dredges, with the exception of the Devil’s Elbow 
Cutoff (which would be dredged using mechanical dredges), no effects to sea turtles are anticipated 
from the LPP.  The NMFS has concurred with this determination (see letter in Section 1 of 
Appendix A of the FEIS). 

(G) Adverse effects on human use potential from dredging and dredged material disposal or 
placement can be minimized by: 
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(i) 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; 

(ii) selecting sites which are not valuable as natural aquatic areas; 

(iii) 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 

(iv) selecting sites that will not increase incompatible human activity or require 
frequent dredge or fill maintenance activity in remote fish and wildlife areas. 

Compliance:  Dredging associated with the LPP would be temporary and would have insignificant 
effects on human activities.  Recreational fishing would be temporarily affected in areas where 
turbidity may occur.  Upland Placement Area No. 1 is an existing placement area, and Upland 
Placement Area No. 2 is located on private property.  Therefore, placement of dredged material in 
these sites would not affect recreational or other human activities.  In addition, Upland Placement 
Area No. 2 is configured to be set back from Cedar Bayou, which will make it less visible to 
residents in the area.  Ijams Lake is shallow but may be used for recreational fishing.  Converting 
this lake into estuarine marsh would provide important nursery and foraging habitat, which should 
increase the value of the habitat for fisheries.   

(H) Adverse effects from new channels and basins can be minimized by locating them at sites 

(i) that will ensure adequate flushing and avoid stagnant pockets; or 

(ii) 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 

(iii)  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; 

(iv)  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 subparagraph if such data and 
information is produced and evaluated in compliance with §501. 15(b)(1) of this 
title (relating to Policy for Major Actions). 
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Compliance:  The LPP would follow the existing natural channel in Cedar Bayou, except where it 
would excavate a new channel (Devil’s Elbow Cutoff) to bypass the tight series of bends known as 
Devil’s Elbow.  This channel would cause a split-flow condition in the area, where approximately 65 
percent of the flow and sediment load would travel through the Devil’s Elbow Cutoff, and 
approximately 35 percent of the flow and sediment load would travel through the existing Devil’s 
Elbow channel.  This would result in gradual and partial siltation of the existing Devil’s Elbow 
channel, to a water depth of approximately 4.4 feet at mean tide.  This would allow recreational 
watercraft to navigate the channel and would increase the habitat value of the area for fish.  This 
new channel is not expected to induce development, especially since one side of the channel would 
be an island inaccessible for development. 

(3) 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 paragraph (1) of this subsection unless modified in design, size, use, or function. 

Compliance:  Although Upland Placement Area No. 1 is an existing placement area, it has not been 
used for some time and has re-established shrubby vegetation.  Therefore, all placement areas 
proposed for the LPP are addressed in the FEIS. 

(4) Dredged material from dredging projects in commercially navigable waterways is a potentially 
reusable resource and must be used beneficially in accordance with this policy. 

(A) 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. 

(B)  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: 

(i) environmental benefits, recreational benefits, flood or storm protection benefits, 
erosion prevention benefits, and economic development benefits; 

(ii) the proximity of the Beneficial Use site to the dredge site; and 

(iii) the quantity and quality of the dredged material and its suitability for Beneficial 

(C) Examples of the Beneficial Use of dredged material include, but are not limited to: 

(i) projects designed to reduce or minimize erosion or provide shoreline protection; 

(ii) projects designed to create or enhance public beaches or recreational areas; 
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(iii) projects designed to benefit the sediment budget or littoral system; 

(iv) projects designed to improve or maintain terrestrial or aquatic wildlife habitat; 

(v) projects designed to create new terrestrial or aquatic wildlife habitat, including 
the construction of marshlands, coastal wetlands, or other critical areas; 

(vi) projects designed and demonstrated to benefit benthic communities or aquatic 
vegetation; 

(vii) projects designed to create wildlife management areas, parks, airports, or other 
public facilities; 

(viii) projects designed to cap landfills or other waste disposal areas; 

(ix) projects designed to fill private property or upgrade agricultural land, if cost-
effective public Beneficial Uses are not available; and 

(x) projects designed to remediate past adverse impacts on the coastal zone. Use. 

Compliance:  A portion of the new-work material from the initial dredging of the LPP would be 
beneficially used for the creation of 80.1 acres of estuarine marsh within Ijams Lake.   

(5) If dredged material cannot be used beneficially as provided in paragraph (4)(B) of this 
subsection, to avoid and otherwise minimize adverse effects as required in paragraph (1) of this 
subsection, preference will be given to the greatest extent practicable to disposal in: 

(A) contained upland sites; 

(B) other contained sites; and 

(C) open water areas of relatively low productivity or low biological value. 

Compliance:  Under the LPP, a portion of the material from the initial dredging and all 
maintenance material would be placed into fully confined upland placement areas. 

(6)  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:  The placement areas will not migrate across the boundaries of submerged lands 
between public and private properties. 
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(7) Emergency dredging shall be allowed without a prior consistency determination as required in 
the applicable consistency rule when: 

(A) there is an unacceptable hazard to life or navigation; 

(B) there is an immediate threat of significant loss of property; or 

(C)  an immediate and unforeseen significant economic hardship is likely if corrective action 
is not taken within a time period less than the normal time needed under standard 
procedures. The council secretary shall be notified at least 24 hours prior to 
commencement of any emergency dredging operation by the agency or entity responding 
to the emergency. The notice shall include a statement demonstrating the need for 
emergency action. Prior to initiation of the dredging operations the project sponsor or 
permit-issuing agency shall, if possible, make all reasonable efforts to meet with 
council’s designated representatives to ensure consideration of and consistency with 
applicable policies in this section. Compliance with all applicable policies in this section 
shall be required at the earliest possible date, The permit-issuing agency and the 
applicant shall submit a consistency determination within 60 days after the emergency 
operation is complete. 

Compliance:  Not Applicable 

(8)  Mining of sand, shell, marl, gravel, and mudshell on submerged lands shall be prohibited unless 
there is an affirmative showing of no significant impact on erosion within the coastal zone and no 
significant adverse effect on coastal water quality or terrestrial and aquatic wildlife habitat 
within any CNRA 

Compliance:  Not Applicable 

(9) The GLO and the SLB shall comply with the policies in this subsection when approving oil, gas, 
and other mineral lease plans of operation and granting surface leases, easements, and permits 
and adopting rules under the Texas Natural Resources Code, Chapters 32, 33, and 5 1-53, and 
Texas Water Code, Chapter 61, for dredging and dredged material disposal and placement. 
TxDOT shall comply with the polices in this section when adopting rules and taking actions as 
local sponsor of the Gulf Intracoastal Waterway under Texas Civil Statutes, Article 54 15e-2. The 
TNRCC and the RRC certifications and adopting rules under Texas Water Code, Chapter 26, and 
the Texas Natural Resources Code, Chapter 91, governing certification of compliance with 
surface water quality standards for federal actions and permits authorizing dredging or the 
discharge or placement of dredged material. The TPWD shall comply with the policies in this 
subsection when adopting rules at Chapter 57 of this title (relating to Fisheries) governing 
dredging and dredged material disposal and placement. The TPWD shall comply with the 
policies in paragraph (8) of this subsection when adopting rules and issuing permits under Texas 
Parks and Wildlife Code, Chapter 86, governing the mining of sand, shell, marl, gravel, and 
mudshell. 
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Compliance:  Not Applicable 

Section 501.15 Policy for Major Actions 

(a) For purposes of this section, “major action” means an individual agency or subdivision action 
listed in §505.11 of this title (relating to Actions and Rules Subject to the Coastal Management 
Program), §506.12 of this title (relating to Federal Actions Subject to the Coastal Management 
Program), or §505.60 of this title (relating to Local Government Actions Subject to the Coastal 
Management Program), relating to an activity for which a federal environmental impact 
statement under the National Environmental Policy Act, 42 United States Code Annotated, 
§4321, et seq is required. 

Compliance:  This project is subject to Section 501.15 and constitutes a major action.  A draft 
Environmental Impact Statement has been prepared for the action. 

(b) Prior to taking a major action, the agencies and subdivisions having jurisdiction over the activity 
shall meet and  coordinate their major actions related to the activity.  The agencies and 
subdivisions shall, to the greatest extent practicable, consider the cumulative and secondary 
adverse effects, as described in the federal environmental impact assessment process, for each of 
its major actions relating to the activity.  

Compliance:  Coordination among State and Federal agencies having jurisdiction over the 
proposed activity has occurred throughout the development of this project.  In addition, the project 
has considered cumulative and secondary impacts and has included discussions of these in the draft 
Environmental Impact Statement. 

(c) No agency or subdivision shall take a major action that is inconsistent with the goals and policies 
of this chapter.  In addition, an agency or subdivision shall avoid and otherwise minimize the 
cumulative adverse effects to coastal natural resource areas of each of its major actions relating 
to the activity. 

Compliance:  The recommended plan is consistent with the goals and policies of this chapter in that 
it was developed through the evaluation of several alternatives and has minimized direct and 
indirect adverse effects to CNRAs to the extent practicable; therefore, it has minimized cumulative 
adverse effects. 
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SECTION 404(b)(1) EVALUATION 

CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 
CHAMBERS AND HARRIS COUNTIES, TEXAS 

This Section 404(b)(1) evaluation addresses discharges of dredged and fill material into waters of the U.S. 
that would occur as a result of placement of dredged material associated with the proposed improvements 
to the Cedar Bayou Navigation Channel (CBNC) in Chambers and Harris Counties, Texas. 

I. Project Description 

a. Location 

The proposed improvements to the CBNC would occur along Cedar Bayou between Mile 3 and State 
Highway (SH) 146 (Figure ES.1).  Between these limits, Cedar Bayou forms a natural boundary 
separating Chambers County from Harris County.  A detailed description of the existing navigation 
channel between these limits is provided in Section 1.4 of the Final Environmental Impact Statement 
(FEIS) prepared for the project.  The U.S. Army Corps of Engineers (USACE), Galveston District, has 
improved and currently maintains the remaining portion of the CBNC, from the Houston Ship Channel 
(HSC) to Mile 3.  The study area for the project generally includes the CBNC from its confluence with 
Galveston Bay to SH 146, as well as an area extending 1 mile on either side of the bayou. 

b. General Description 

As noted above, this Section 404(b)(1) evaluation addresses the discharge of dredged and fill material into 
waters of the U.S. associated with the proposed improvements to the CBNC, as proposed by the Locally 
Preferred Plan (LPP) identified in Section 2.0 and described in Section 3.0 of the FEIS.  The purpose of 
the project is to improve the efficiency, safety, and reliability of navigation along the CBNC while 
protecting the quality of the area’s natural resources.  Details of the improvements proposed by the LPP, 
as well as environmental impacts, are presented in various sections of the FEIS.  The main components of 
the LPP are summarized here. 

• Dredging the CBNC from Mile 3 to SH 146 to dimensions of 10 feet deep and 100 feet wide to match 
the dimensions of the currently maintained channel 

• Dredging a passing lane near Mile 6 that would be 200 feet wide and 1,300 feet long 

• Excavating approximately 3,200 feet of new channel to bypass a tight series of bends known as 
Devil’s Elbow (Devils Elbow Cutoff) 

• Easing two bends, which would require dredging outside the banks of Cedar Bayou 

• Placing dredged material in one shallow lake (Ijams Lake) and two upland placement areas 

• Maintaining the improved channel every 10 years for 50 years 
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• The LPP currently includes armoring banks to prevent erosion along both upland banks of the Devil’s 
Elbow Cutoff and along the proposed western levee of the Ijams Lake Placement Area. 

• The LPP currently provides for on-site, in-kind compensatory mitigation for impacts to estuarine 
marsh and upland habitats in the form of 15.0 acres of estuarine marsh creation and the preservation of 
157.5 acres of upland habitats within the Cedar Bayou project area.  Besides the proposed mitigation, 
65.1 additional acres of estuarine marsh would be created using dredged material. 

Figure ES.1 illustrates the limits of and the components included in the LPP.  The following sections 
address the discharge of dredged and fill material into waters of the U.S. associated with the proposed 
project, which would occur by the placement of dredged material into the Ijams Lake Placement Area  
and return of effluent from the Ijams Lake Placement Area during the initial dredging of the LPP, as well 
as the return of effluent from the two upland placement areas during initial and maintenance dredging. 

c. Authority and Purpose 

Although the USACE has improved the CBNC between the HSC and Mile 3, improvements to the CBNC 
above Mile 3 have never been made due to the lack of economic justification and/or the lack of a local 
sponsor.  Consequently, that portion of the channel was deauthorized by the 1986 Water Resources 
Development Act (WRDA) [Public Law (P.L.) 99-662]. 

The USACE Galveston District prepared a reconnaissance report in 1989 that recommended improving 
the CBNC from the HSC to SH 146 (USACE 1989).  The reconnaissance report analyzed alternatives and 
identified a selected plan that would deepen and widen the channel and straighten a series of bends that 
restrict efficient navigation.  The economic analysis in this study indicated that the selected plan would 
produce net benefits (i.e., the average annual benefits resulting from the project would be greater than the 
average annual costs); however, no subsequent action was taken due to the lack of a cost-sharing Non-
Federal sponsor. 

In 1997, the 75th Texas Legislature created the Chambers County-Cedar Bayou Navigation District 
(CCCBND) as an entity to improve the navigability of Cedar Bayou.  In 1999, the CCCBND, with 
support from the Chambers-Liberty Counties Navigation District (CLCND), initiated the feasibility study 
and EIS for improvements to the CBNC.  In 2000, Section 349 of the WRDA (P.L. 106-541) reauthorized 
the improvement of the CBNC from the HSC to Mile 11.0. 

During the development of this study, the CCCBND has been the lead sponsor and has funded the 
Feasibility Report and EIS for subsequent submission to the Assistant Secretary of the Army for Civil 
Works [ASA(CW)]; therefore, it is considered the Non-Federal sponsor for this project.  After review and 
approval, the project would become a federal project, and the USACE Galveston District would request 
appropriations for the project for design and construction by the USACE.  The CCCBND would share the 
cost of the design and construction of the project. 
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As noted above, the purpose of the proposed project is to improve the efficiency, safety, and reliability of 
navigation along the CBNC while protecting the quality of the area’s natural resources.  The project 
components that are subject to the Section 404(b)(1) evaluation include placement of dredged material 
into the Ijams Lake Placement Area and the return of effluent to Cedar Bayou from the Ijams Lake 
Placement Area and the two upland placement areas. 

d. General Description of Dredged or Fill Material 

The following paragraphs describe the characteristics of the three placement areas and the dredged 
material that would be placed in them.  Table 1 summarizes these characteristics. 

(1) General Characteristics of Material 

All dredged material that would be placed in Ijams Lake would be new-work material from the Devil’s 
Elbow Cutoff and includes Pleistocene and Recent materials.  The material would consist of stiff to very 
stiff clays.   

Materials that would be placed in the two upland placement areas would include Pleistocene and Recent 
materials from the Devil’s Elbow Cutoff and the existing CBNC.  These materials range from very soft to 
very stiff clays.  A complete description of the dredged material can be found in the Dredged Material 
Management Plan (DMMP) located in Section 3.0 of the FEIS. 

(2) Quantity of Material 

A total of 896,000 cubic yards (cy) of materials would be dredged during the initial dredging of the LPP.  
Approximately 331,000 cy of the total would be removed mechanically from the Devil’s Elbow Cutoff, 
while the remaining 565,000 cy would be removed through hydraulic dredging. 

During each maintenance dredging cycle, approximately 704,000 cy of materials would be dredged using 
a hydraulic dredge.  The amount of dredged material by material type and the distribution of the materials 
within the three placement areas are provided in the DMMP in Section 3.0. 

Approximately 342,000 cy of materials from the Devil’s Elbow Cutoff would be deposited into Ijams 
Lake during the initial dredging of the LPP (see Table 1).  Of this amount, approximately 145,900 cy 
would be used to construct containment levees.  Approximately 331,030 cy (97 percent) of the total 
would be Pleistocene soils from the upland portion of the cutoff.  The remaining 10,970 cy (3 percent) 
would be Recent materials from the shallow water or estuarine marsh portion of the cutoff.  Bulking 
factors for the Pleistocene and Recent materials are 2.3 and 2.0, respectively.  Therefore, the volume of 
the Ijams Lake Placement Area that would be filled by these materials would be 783,000 cy. 

The remaining 554,000 cy of dredged material from the initial dredging would be placed within the two 
upland placement areas.  In addition, the 704,000 cy of materials dredged during each maintenance cycle 
would be placed within the upland placement areas.  Table 1 provides the amount of dredged materials 
that would be placed in each placement area. 
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(3) Source of Material 

The materials that would be placed within the Ijams Lake Placement Area would be dredged mainly from 
the upland portion of Devil’s Elbow Cutoff but also from the estuarine marsh or shallow water portion 
(see Section d(2) above).  These stiff to very stiff clays were preferred by resource agencies for creation 
of estuarine marsh. 

Upland Placement Area No. 1 would be used for the placement of materials dredged from Stations 
300+00 to 400+00 (Mile 3 to the vicinity of Upland Placement Area No. 1) that would not be placed in 
Ijams Lake.  Upland Placement Area No. 2 would be used for the placement of materials dredged from 
the entire navigation channel. 

e. Description of the Proposed Discharge 

(1) Location 

Ijams Lake is located on the east side of Cedar Bayou, between Galveston Bay and Mile 3.  Upland 
Placement Areas No. 1 and No. 2 are located on the east side of Cedar Bayou, near Mile 6 and 7, 
respectively (see Figure ES.1). 

(2) Size 

The Ijams Lake Placement Area would be approximately 80.1 acres in area.  Upland Placement Areas 
No. 1 and No. 2 would be 63.0 acres and 56.9 acres, respectively, in area. 

(3) Type of Site and Habitat 

Ijams Lake is currently a shallow lake with a mean bottom elevation ranging from -0.5 feet to -2.0 feet 
mean low tide (MLT).  The lake has an unvegetated mud bottom, and the edges contain a narrow strip of 
estuarine marsh dominated by smooth cordgrass (Spartina alterniflora). 

Upland Placement Area No. 1 is an existing confined placement area that has re-established successional 
scrub/shrub habitat in its interior. 

Upland Placement Area No. 2 is a new upland site that contains approximately 51.7 acres of improved 
pasture, 5.0 acres of tallow-dominated woodlands, and 0.2 acre of scrub/shrub.  This placement area 
would be set back approximately 1,100 to 1,400 feet from Cedar Bayou to minimize impacts to upland 
habitats; therefore, a dewatering channel would be excavated to convey the maximum amount of effluent 
from the site. 

(4) Time and Duration of Discharge 

Ijams Lake would be constructed and filled to capacity with dredged material during the initial dredging.  
Once filled to the construction design height, the area would no longer be used as a placement site unless 
state and federal resource agencies determine additional filling is needed to improve marsh productivity.  
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The area would be allowed to consolidate to the functional design height, then planted with appropriate 
marsh vegetation.  In the event that target elevations are not met in areas, additional measures would be 
taken to enhance the site, such as placing maintenance dredged material to attain target elevations and 
planting additional vegetation. 

The two upland placement areas would be used throughout the 50-year life of the project. 

f. Description of Disposal Method 

Ijams Lake would be constructed and filled using new-work materials from the Devil’s Elbow Cutoff.  
Levees around the entire placement area would be constructed using approximately 145,900 cy of in situ 
stiff clays from the Devil’s Elbow Cutoff.  This material would be excavated using a mechanical dredge 
mounted on a barge and would be transported by barge down Cedar Bayou to Ijams Lake.  The 
construction of temporary channels within Ijams Lake may be required to allow barge access to the areas 
of levee construction.  Materials excavated to create temporary channels would be placed within the Ijams 
Lake Placement Area.  Containment dikes would be raised to a height of +8.4 feet MLT, and a spill box 
for decanting water during placement of hydraulically dredged material would be constructed along the 
western edge of Ijams Lake, adjacent to Cedar Bayou.  The construction layout for the Ijams Lake marsh 
creation site is shown in Figure 3.13 in the FEIS.   

Placement of dredged material into Ijams Lake would be conducted by mechanical and hydraulic 
dredging.  Materials would be pumped to the Ijams Lake Placement Area prior to placement in the upland 
sites to insure the proper and complete construction of the estuarine marsh creation site.  Temporary 
channels created for barge access during the construction of containment dikes would be filled during 
hydraulic dredged material placement and construction of the estuarine marsh.  The temporary channels 
located between the Cedar Bayou channel and the Ijams Lake Placement Area may be used for future 
activities associated with the construction of the Ijams Lake Placement Area (i.e., decommissioning and 
armoring the outside levee, sculpting materials and constructing marsh within Ijams Lake, or providing 
flow between Cedar Bayou and the created marsh).  After completion of the Ijams Lake marsh, these 
areas of temporary channel would be allowed to silt in naturally to minimize impacts and prevent dredged 
material from flowing back into the CBNC.  Approximately 342,000 cy of in situ material from the 
Devil’s Elbow Cutoff would be deposited into Ijams Lake during the initial dredging of the LPP for 
construction of levees (145,900 cy) and creation of marsh.  Approximately 331,030 cy (97 percent) of the 
total material would be Pleistocene soils from the upland portion of the cutoff.  The remaining 10,970 cy 
(3 percent) would be Recent materials from the shallow water or estuarine marsh portion of the cutoff.  
Bulking factors for the Pleistocene and Recent materials are 2.3 and 2.0, respectively.  Therefore, the 
volume of the Ijams Lake Placement Area that would be filled by these materials would be approximately 
783,000 cy. 

Once the Ijams Lake Placement Area is filled to the design height, the area would no longer be used for 
placement of dredged material unless state and federal resource agencies determine additional filling is 
needed to improve marsh productivity.  The material would be allowed to consolidate and settle to the 
functional height of 2.0 feet MLT, which is the approximate elevation of estuarine marshes that are 
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present in the project vicinity.  Appropriate marsh vegetation would then be planted to stabilize the area 
and to provide a marsh environment.  A typical marsh construction sequencing plan is shown in 
Figure 3.14 of the FEIS.  

The levee along the west side of the Ijams Lake Placement Area would be armored to protect the newly 
created marsh from erosive forces.  The armoring would consist of riprap stones ranging in size from 150 
to 200 pounds (15 to 16 inches in diameter), with a geofabric layer underneath the stones to prevent the 
erosion of fine sediments.  Five vertical feet of riprap from an elevation of +4.6 MLT to –0.4 MLT is 
proposed along the new shore, with a layer thickness of 1.5 times the diameter of the average stone size 
(24 inches).  The slope of the bank would be 1:3 (V:H).  A plan and section view of this project feature is 
provided in Figure 3.9 of the FEIS. 

The remaining portion of the initial dredging (554,000 cy) and all maintenance dredging would be 
conducted using a 20- to 24-inch cutter suction hydraulic dredge with sufficient horsepower to complete 
the work.  The hydraulically dredged material would be pumped through a pipeline in slurry form to its 
area of placement upon direct removal from the bayou floor by the dredge.  Dikes would be constructed 
in each of the upland placement areas prior to hydraulic dredging activity with the features and 
dimensions described in the DMMP by the work of bulldozers and other equipment.  Placement area 
dikes would be constructed to allow for a 2-foot freeboard and a 2-foot ponding depth.  Appropriately 
sized and strategically placed spill boxes would decant runoff from each placement area back into the 
bayou. 

II. Factual Determinations 

a. Physical Substrate Determinations  

(1) Substrate Elevation and Slope 

The estimated final elevation of the Ijams Lake Placement Area would average +2.0 MLT, which is 
suitable for Spartina growth based on elevations of estuarine marsh in the area and based on 
recommendations from the National Marine Fisheries Service (NMFS).  During placement, Ijams Lake 
would be confined and protected from erosional forces by levees that would be +8.4 feet MLT. 

The average elevation of Upland Placement Area No. 1 is currently +9 feet MLT.  Containment levees 
would be constructed initially to +18.9 feet MLT and raised three times over the 50-year period to a 
maximum elevation of +29.7 feet MLT in 2046.  The ultimate final elevation of dredged material within 
Upland Placement Area No. would be +25.7 feet MLT. 

The existing elevation of Upland Placement Area No. 2 ranges from +5.0 feet MLT on the west side to 
+20 feet MLT on the eastern boundary.  The initial containment dikes would be constructed in 2006 to an 
elevation of +22.1 feet MLT using existing material from the site.  The dikes would be raised three times 
over 50 years (using on-site materials) to a maximum height of +34.5 feet MLT in 2046 to accommodate 
future maintenance material.  The final consolidated fill height is estimated to be +30.5 feet MLT, or an 
average of 15 feet above the average existing ground elevation.   
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(2)  Sediment Type 

The new-work material from the Devil’s Elbow Cutoff would be stiff to very stiff clays.  Sediments to be 
placed in the upland placement areas would range from very soft to very stiff clays. 

(3)  Dredged/Fill Material Movement 

The dredged material would be confined to Ijams Lake and the upland placement areas by containment 
levees. 

(4)  Physical Effects on Benthos 

Benthic organisms confined within the Ijams Lake Placement Area would be buried by stiff upland clays 
and would not be expected to survive.  Once the material consolidates, marsh is established, and the area 
is reconnected with Cedar Bayou, the placement area is expected to be recolonized by benthic organisms.  
The placement of materials within the upland placement areas would probably result in mortality of 
benthic organisms that are removed with the sediment. 

(5)  Other Effects 

None known. 

(6)  Actions Taken to Minimize Impacts 

This project has been coordinated with State and Federal resource agencies, and information and 
recommendations gathered were used to develop the LPP, including placement areas, and the estuarine 
marsh mitigation plan.  The LPP minimizes direct impacts to coastal wetlands and essential fish habitat 
(EFH). 

b. Water Circulation, Fluctuation, and Salinity Determinations  

(1)  Water 

Impacts to water quality are discussed more fully in the FEIS Section 5.2.1.  The main impact includes 
temporary turbidity during dredging and levee construction for the Ijams Lake Placement Area, as well as 
effluent released from Ijams Lake and the upland placement areas.  Although dioxins have been recorded 
in the water column and sediments, and certain metals and organics have been detected in sediments 
within Cedar Bayou, these contaminants are present at sufficiently low concentrations such that they are 
not anticipated to adversely affect water quality at the point of dredging or effluent discharge.  No long-
term effects on water quality are expected as a result of the proposed action. 

(a) Salinity 

The proposed project should have no impact on the salinity of Cedar Bayou or Upper Galveston Bay 
(FEIS Section 5.2.1.2) because the primary mechanism for transferring salt water into Cedar Bayou is the 
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intake at the Cedar Bayou Generating Station, which is located at Mile 9.  The LPP would not affect the 
intake of water by the Cedar Bayou Generating Station and does not include modifications to the Lower 
Channel in Galveston Bay; therefore, the minor changes in depth and width of the Upper Channel are not 
expected to change the salinity of Cedar Bayou or the saltwater wedge that occurs in the bayou. 

 (b) Water Chemistry 

Although dioxins have been recorded in the water column and sediments, and certain metals and organics 
have been detected in sediments within Cedar Bayou, these contaminants are present at sufficiently low 
concentrations such that they are not anticipated to adversely affect water quality at the point of dredging 
or effluent discharge.  No long-term effects on water quality are expected as a result of the proposed 
action.  

(c) Clarity 

There would be some temporary, localized increase in turbidity levels during dredging operations, levee 
construction at Ijams Lake, and effluent released to Cedar Bayou from Ijams Lake and the upland 
placement areas.  Water clarity is expected to return to ambient levels shortly after these activities are 
completed. 

(d) Color 

Water immediately surrounding the area of dredging, levee construction, and effluent discharge may 
become discolored temporarily due to disturbance of the sediment. 

(e) Odor 

There may be a short period when foul odors are emitted by the dredged material, depending on the 
organic and oxygen content of the sediments. 

(f) Taste 

No detectable impacts to taste are expected.  

(g) Dissolved Gas Levels 

No dissolved gas levels are expected during dredging and placement activities, unless minor amounts of 
hydrogen sulfide are released during dredging. 

(h) Nutrients 

Nutrient levels may be temporarily elevated in the area of dredging and levee construction due to the 
potential release of organic compounds by disturbed sediments.  Increases in nutrient levels are expected 
to be minor and temporary. 
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(i) Eutrophication 

Nutrients are not expected to reach levels high enough for periods long enough to lead to eutrophication 
of waters in the Cedar Bayou area. 

(j) Others as Appropriate 

None known. 

(2) Current Patterns and Circulation  

(a) Current Patterns and Flow 

The LPP would result in a split-flow condition at Devil’s Elbow, where approximately 65 percent of the 
flow and sediment load would travel through the Devil’s Elbow Cutoff, and approximately 35 percent of 
the flow and sediment load would travel through the existing Devil’s Elbow channel.  Since the existing 
channel would not be dredged under the LPP, it would likely silt in to some extent.  Using a siltation rate 
of 1.7 cy/foot/year, the total length of time that it would take for the entire Devil’s Elbow channel to silt 
in completely was calculated in every cross-section (separated by 500 feet) from Station 305+00 to 
390+00.  This analysis resulted in an average amount of time for complete silting in to occur of 
approximately 104 years, with a minimum of 77 years in some portions of the channel to a maximum of 
164 years in other portions of the channel.  Using a much more conservative flow through Devil’s Elbow 
of 67 percent, the average time it would take the channel to completely silt in would decrease to 
approximately 52 years, with times ranging from 39 to 82 years.  These estimates are conservative in that 
they assume constant flow and sediment load through Devil’s Elbow.  However, as the channel silts in 
over time, it is anticipated that less sediment would be deposited in the channel due to increased velocity 
and increased diversion of flow and sediment load through the maintained Devil’s Elbow Cutoff for the 
life of the project.  These analyses indicate that complete siltation of Devil’s Elbow is not anticipated 
during the life of the project.   

Over the life of the project, the existing Devil’s Elbow channel is projected to silt in by approximately 7 
feet, to a new elevation of -3.0 feet MLT.  This would result in 4.4 feet of water depth at mean tide, which 
would allow Devil’s Elbow to remain navigable for recreational watercraft but not for commercial barge 
traffic.  This decrease in water depth would occur gradually and should improve the aquatic habitat and 
benefit recreational fishing by increasing the diversity of marine habitat in the area.  The existing Devil’s 
Elbow channel would also provide an alternate route through which recreational watercraft can navigate 
the CBNC. 

(b) Velocity 

Velocities in Devil’s Elbow may decrease initially due to the diversion of flow through the new Cutoff 
Channel.  Velocities may increase again as the channel gradually silts in.  

(c) Stratification 
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No impacts are expected.  

(d) Hydrologic Regime 

No impacts are expected. 

(3) Normal Water Level Fluctuations  

No impacts are expected. 

(4) Salinity Gradients 

No impacts are expected. 

(5) Actions That Will Be Taken to Minimize Impacts  

No actions required. 

c. Suspended Particulate/Turbidity Determination 

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

An increase in suspended particulates and turbidity levels is expected during dredging activities, 
construction of levees at Ijams Lake, and effluent release to Cedar Bayou from all placement areas.  
These are temporary and localized events and are discussed in more detail in Sections 5.2.1 and 5.2.4 of 
the FEIS. 

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

(a) Light Penetration 

Light penetration in the areas surrounding dredging activities would be temporarily reduced by increases 
in turbidity levels.  Increased turbidity is a temporary and localized event and is discussed in more detail 
in Sections 5.2.1 and 5.2.4 of the FEIS. 

(b) Dissolved Oxygen 

No adverse impacts to dissolved oxygen are expected. 

(c) Toxic Metals and Organics 

Although dioxins have been recorded in the water column and sediments, and certain metals and organics 
have been detected in sediments within Cedar Bayou (see FEIS Sections 4.2.1 and 4.2.2), these 
contaminants are present at sufficiently low concentrations such that they are not anticipated to adversely 
affect water quality at the point of dredging or effluent discharge.  No long-term effects on water quality 
are expected as a result of the proposed action. 
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(d) Pathogens 

The portion of Cedar Bayou in the project area was listed on the 2000 State of Texas Water Quality 
Section 303(d) List for elevated bacterial levels; however, the draft 2002 and 2004 Section 303(d) lists 
indicate that levels of bacteria have fallen below criteria levels.  Therefore, no impacts are expected. 

(e) Aesthetics 

Increased turbidities during dredging and levee construction would temporarily impact recreational 
fishing in the area.  However, normal conditions are expected to return soon after completion of dredging.  
The use of dredged material to create estuarine marsh should increase the diversity and productivity of 
aquatic habitats in the area, which should benefit recreational fisheries. 

(f) Others as Appropriate 

None known. 

(3) Effects on Biota 

Impacts to special aquatic resources (coastal wetlands in the form of estuarine marsh); finfish and 
shellfish resources, including EFH; wildlife; and threatened and endangered species are discussed in 
Sections 5.2.3, 5.2.4, and 5.2.5.  The LPP would impact 3.8 acres of estuarine marsh but provides for 15.0 
acres of compensatory mitigation in the form of marsh creation in Ijams Lake.  In addition, 65.1 acres of 
estuarine marsh that is not considered mitigation would be created within Ijams Lake and should provide 
an overall increase in the productivity of aquatic habitats, including EFH, in the area.   

Impacts to finfish and shellfish resources and threatened and endangered species are expected to be minor 
and temporary.   

Impacts to wildlife habitats include 5.5 acres of native hardwoods, 5.9 acres of tallow-dominated 
hardwoods, 64.0 acres of scrub/shrub, and 56.4 acres of improved pastures.  These impacts are a result of 
excavating the Devil’s Elbow Cutoff and upland banks in two bend easings and placing dredged material 
in the two upland placement areas.  The LPP provides for compensatory mitigation for these habitats in 
the form of the preservation of 157.5 acres of habitats in four mitigation areas. 

(4) Actions Taken to Minimize Impacts 

The LPP has minimized impacts to resources in the area by limiting the dimensions and extent of the 
proposed project, keeping the proposed improvements largely within the existing banks of Cedar Bayou, 
and selecting and configuring upland placement areas to impact relatively low-quality habitats. 

d. Contaminant Determinations 

Inspection of the laboratory analysis of sediments sampled in the CBNC show that none of the 14 collected 
samples exhibited volatile organics, herbicides, pesticides, or PCBs.  Three of the samples exhibited one or 
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more semivolatile organic compounds.  All of the sample sites exhibited some level of oil and grease, 
nitrogen, phosphorous, organic carbon, and metals including aluminum, arsenic, barium, chromium, 
copper, lead, manganese, nickel and zinc.  Mercury and silver were below detection limits in all samples.  
In general, samples from Site 2 and Site 8 appear to exhibit higher concentrations of metals than the other 
sample locations.  Site 5 and Site 9 exhibit the highest levels of oil and grease, while Site 3 exhibits the 
highest levels of the nutrients nitrogen and phosphorous.  Sites 6, 11 and 13 are the only sites that contain 
semivolatile organics, while Site 6 also exhibits an anomalously high lead concentration. Sampling 
performed in June 2001 at Site 6 (near Mile 3) showed high levels of lead; however, recent testing 
(December 2004) of the sediments in this location did not confirm this level. 

e. Aquatic Ecosystem and Organism Determinations  

(1) Effects on Plankton 

Placement operations are expected to have only minor temporary, local impacts on plankton due to 
increased turbidity levels. 

(2) Effects on Benthos 

The LPP would bury 80.1 acres of estuarine mud bottom habitat in Ijams Lake during the initial dredging 
cycle, which would negatively impact benthic organisms in the area.  This area would be converted to 
estuarine marsh, which should be recolonized by benthic organisms after it is reconnected to Cedar 
Bayou.  Effluent from the placement areas is not expected to have a significant effect on the benthos. 

(3) Effects on Nekton 

The use of the Ijams Lake Placement Area would directly impact any fish species that are confined within 
the lake.  It would also impact prey for these species and temporarily make the shallow, open water 
habitat unavailable for use.  These impacts are not expected to significantly impact regional populations 
of fish species, and the estuarine marsh created within Ijams Lake is expected to be more productive than 
the shallow, open water habitat. 

Effluent from placement areas would temporarily increase turbidity levels, which would temporarily 
affect nekton.   

(4) Effects on Aquatic Food Web 

Plankton, benthic organisms, and nekton are expected to be impacted by dredging activities and 
placement of dredged material into the Ijams Lake Placement Area.  Impacts would include increased 
turbidities, direct mortality by placement of dredged material, temporary loss of habitat in Ijams Lake, 
and effects to food sources.  Plankton, benthos, and nekton are expected to re-establish in the estuarine 
marsh created in Ijams Lake. 
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(5) Effects on Special Aquatic Sites 

The only special aquatic sites that would be impacted by the LPP are coastal wetlands.  Approximately 
3.8 acres of estuarine marsh would be impacted by the proposed project.  The creation of 80.1 acres of 
estuarine marsh within Ijams Lake would more than offset these impacts. 

f. Proposed Disposal Site Determinations  

(1) Mixing Zone Determination 

An appropriately sized mixing zone would be incorporated into each of the three placement areas as 
necessary to dilute effluent to acceptable concentrations of total suspended solids (TSS) or contaminants. 

(2) Determination of Compliance with Applicable Water Quality Standards 

The placement areas would be operated in a manner to comply with applicable State Water Quality 
Standards.  If TCEQ changes the State Water Quality Standards in the future, the USACE would modify 
the placement areas, if environmentally and economically feasible, to comply with relevant standards.  No 
water quality concerns have been identified during the maintenance dredging of the lower portion of the 
CBNC. 

(3) Potential Effects on Human Use Characteristics 

(a) Municipal and Private Water Supply 

The proposed project will not impact any municipal or private water supplies. 

(b) Recreational and Commercial Fisheries 

As noted in Section 5.2.4.1 of the FEIS, the proposed project is not expected to significantly affect 
recreational and commercial fisheries in Cedar Bayou and Galveston Bay and may improve recreational 
fisheries by providing a net increase in estuarine marsh in Cedar Bayou. 

(c) Water Related Recreation 

Recreation activities related to Cedar Bayou are not expected to be adversely affected by the proposed 
project.  As noted above, recreational fishing should benefit from the creation of estuarine marsh in Ijams 
Lake. 

(d) Aesthetics 

No significant impacts to the aesthetic value of Cedar Bayou are expected as a result of the proposed 
project. 
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(e) Parks, National and Historic Monuments, National Seashores, Wilderness Areas, Research 
Sites, and Similar Preserves 

No special sites would be impacted by the recommended plan. 

g. Determination of Cumulative Effects on the Aquatic Ecosystem 

The proposed project (LPP) is not expected to contribute largely to cumulative water quality impacts in 
the area and is expected to have an overall positive cumulative effect on the aquatic habitats in the region. 

h. Determination of Secondary Effects on the Aquatic Ecosystem 

No significant secondary effects on the aquatic ecosystem should occur as a result of the proposed 
project. 
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FINDINGS OF COMPLIANCE WITH SECTION 404(b)(1) GUIDELINES FOR 
CEDAR BAYOU NAVIGATION CHANNEL IMPROVEMENTS PROJECT 

CHAMBERS AND HARRIS COUNTIES, TEXAS 

1. No significant adaptations of the guidelines were made relative to the evaluation for this project. 

2. The recommended plan is the result of evaluation of several alternative placement methods for the 
LPP.  Within each method selected, alternative locations were analyzed.  Alternatives for the 
beneficial use of dredged material included seven locations along the CBNC (see Section 2.3 of the 
FEIS).  Ijams Lake was selected because it is located near the Devil’s Elbow Cutoff, which would be 
the source of dredged material placed in the lake; it provides a large area within which to create 
estuarine marsh; and it is supplied with flow from drainages that would help create features such as 
channels and open water areas within the marsh to diversify the habitat. 

3. The planned disposal of dredged material would not violate any applicable State water quality criteria 
or toxic effluent standards of Section 307 of the Clean Water Act. 

4. Placement of dredged material would not adversely impact any State or Federally-listed threatened or 
endangered species or their critical habitat or violate any protective measures for any sanctuary. 

5. The recommended plan would not result in adverse effects on human health and welfare, including 
municipal and private water supplies, recreation and commercial fishing, plankton, fish, shellfish, 
wildlife, and special aquatic sites.  This plan would not result in significant adverse impacts to 
estuarine ecosystem diversity, productivity, and stability, nor would it significantly affect 
recreational, aesthetic, and economic values.  The beneficial use of dredged material to create 
estuarine marsh in Ijams Lake would increase the diversity and productivity of the area. 

6. Appropriate steps to minimize potential adverse impacts of discharge on the estuarine system include 
placing dredged material within Ijams Lake only during the initial dredging cycle and confining the 
placement area during placement. 

7. Based on the guidelines, the recommended plan is specified as complying with the requirements of 
the Section 404(b)(1) guidelines. 
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