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CALCASIEU-SABINE COOPERATIVE RIVER BASIN STUDY
(FROM PLANNING TO IMPLEMENTATION-A TRUE PARTNERSHIP SUCCESS STORY)

By Bruce Lehto!, Ron Marcantel?, and W. Britt Paul®

ABSTRACT

People living and working in western Cameron Parish, Louisiana witnessed a
progressive loss of coastal wetlands bécause of natural and man-made problems. During

In May, 1989 personnel from the Sabine National Wildlife Refuge (SNWR) met
with Soil Conservation Service (SCS) personnel to discuss a strategy for involving the

that threatened the refuge and adjacent wetlands. The group determined that an overall
plan was needed for the entire area in order to avoid a piece-meal approach in attempting
to provide protection for the coastal wetlands.

The plan was intended to be a "program neutral® plan and was not developed to
meet the requirements of a specific implementation program or funding source. The plan
serves as a guide for landowners or local, state, and federal agencies to select
conservation measures for implementation with funds under their control.

Many of the conservation practices and conservation management systems
proposed in the study report have been implemented as envisioned. Private landowners
have installed measures with their own funds. Several measures were installed as
mitigation for damage caused to wetlands by development elsewhere. Projects have been
installed through the Wetland Conservation Act in support of the North American
Waterfowl Management Plan, and numerous projects have been approved for funding
and installed through PL-101-646 Coastal Wetlands Planning, Protection, and
Restoration Act. One project has been proposed for implementation under PL-83-566
Small Watershed Program.

Cooperative planning effort among landowners, land users, volunteers, local units of
government and local, state, and federa] agencies. This group developed and is

H

implementing a comprehensive resource plan that addressed environmental concerns in a

475,000-acre coastal wetland eco-system.
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IMPLEMENTATION SUCCESS

Probably the best indication of the value of this planning effort is to review success in
implementing elements proposed in the recommended plan. Some of the conservation
practices were implemented prior to release of the final report. Practices that were
identified during the CRBS planning process and installed since 1991 are:

Mgt Unit Element Project Description
NO-1 4 The US Army Corps of Engineers in cooperation with

LDNR and Amoco Corp. created approximately 350
acres of marshland, by placing confined spoil on an
area of highly deteriorated marshland in the vicinity of
Brown Lake.

NO-1 9 Brown Lake vegetative project was a DNR/SCS/SWCD
‘ project that aliowed the planting of approximately
16,000 feet of Smooth Cordgrass along the Brown Lake
shoreline. Amoco’s lessee also planted an additional
20,200 feet of Smooth Cordgrass along the Alkali ditch
and adjacent oil production canals..

NO-2 13 Approximately 6,000’ of Black Lake levee was repaired
' and planted with Smooth Cordgrass with SCS
assistance. :
NO-2 14 The Amoco lessee has installed one 48” diameter

.variable crest weir inlet structure for water control.

NO-2 16 Armor-plating 2,000 feet of the levee was done Sept 98
as an Amoco mitigation project. Amoco lessee installs
1,000 feet of wave break fence.

NO-2A 21 Approximately 2,000’ of Smooth Cordgrass was
planted adjacent to the eastern boundary of NO-4 as
part of an Amoco/Shell western mitigation project.

NO-3 22 Approximately 2,000’ of wave stilling/sediment fence
was constructed in 1990 by DNR/CRD. 1,500’ of fence
was constructed by DNR/SWCD. Approximately
2,000° Smooth Cordgrass was planted behind these
fences. 4,000 feet of Smooth Cordgrass was planted
along GIWW in 1997 by NRCS/SWCD/DNR,

NO-3 23 Amoco’s lessee installed one fixed crest box structure
for water control along the southern boundary of NO-3.
2-48” variable crest structures installed in 1996,



NO-3

NO-4

NO-4

NO-5

NO-5

NO-8

NO-8

SA-1A

SA-1A

SA-1A

24

25

26

31

Unnum,

34

35

77

77

79

Amoco’s lessee repaired approximately 500 f, of
exterior levee along the Alkalie Ditch, and planted
canal bank with Smooth Cordgrass.

Approximately 10,000 feet of smooth Cordgrass was
Planted along the bage of the levee that formsg the
eastern boundary of the unjt. This was a 1993
DNR/SCS/SWCD planting project to provide shoreline
protection along the Black Lake levee,

10,000 of California Bulrush was planted in interior
marsh in 1994, This was a landowner project designed
to demonstrate the effectiveness of California Bulrush
planted on sites having deeper (24”) water.

2,000 of waye stilling/sediment fence was installed by
DNR/Cameron Parish Policy Jury. 1,000 f Smooth
Cordgrass planted, 1999, by NRCS/SWCS/DNR.

Four 48” variable crest weir inlet structures have been
installed and one variable crest flapgated sheetpile weir
was installed as part of the DNR Rycade Canal Coastal

restoration project.

Approximately 6,000 f of wave stilling/sediment fence
was constructed and approximately 28,000 fi of
California Bulrush was planted as part of the SCS
sponsored West Hackberry PL-646 project,

Approximately 30,000 ft of Californja Bulrush was
Planted as part of 2 mitigation project.

Approximately 10,000 £t of California Bulrush was
planted on the northern boundary of this unjt in 1994 a5
part of a mitigation project.

Approximately 21,000 ft of California Bulrush were
planted as wave stilling/sediment trapping measures in
shallow open water areas of this unit, as a mitigation
project.

Approximately 1,800 of breached Jevee was repaired
along the northern boundary of this unit, as part of a
mitigation project.



SA-1B

SA-3

SA-3

SA-5

SA-6

SA-6

SA-7

SA-9

SA-9

Unnum.

84 & 86

86

93

100

100
106

Unnum.

112

Unnum.

Install pilings and rock revetment along the Sabine
NWR nature trail as part of a mitigation project.

Approximately 42,000 ft. of natural meandering
channels were opened to improve interior water
exchange. 480 wildlife islands were created utilizing
the spoil. These islands were hay mulched and the
island perimeters planted with California Bulrush.
These projects were constructed as part of mitigation
projects.

Approximately 42,000 ft of California Bulrush were
planted as wave stilling/sediment measures in shallow
open water areas of this unit, as mitigation.

Approximately 27,000 f& of levee was repaired and rock
lined along the western boundary of Pool 3, three water
control structure sites were protected with rock
revetment, and matted alligator crossings were
constructed as part of US F& WS sponsored PL-646

project.

Approximately 26,000 f& of California Bulrush was
planted to serve as windbreak/wave break structures in
shallow open water areas. As part of a mitigation
project.

Three 300 ft wave stilling/sediment trapping terraces
were constructed utilizing round haybales, as part of a
mitigation project.

Install pilings and rock revetment along the outfall
channel of the West Cove Canal structure as part of a
mitigation project.

Approximately 100 acres of open shallow water has
been converted to marsh by the construction of wave
stilling/sediment trapping earthen terraces, which were
constructed as part of a DNR coastal restoration project. -

Install pilings and rock revetment along the outfall
channel of the Hog Island Gully structure as part of a
mitigation project.



SA-10

SO-5

S0-6

SO-8

NO-1

NO-6

NO-7

NO-12

NO-13

NO-13

NO-13
NO-13

NO-15

NO-15

NO-17

117

131

135

Unnum.

5-8,
11,12

Unnum.

Unnum.

Unnum.

Unnum.

44

44

Unnum.

52

50

56

Approximately 450 acres of marsh was created and
additional 400 acres of marsh enhanced by the
beneficial use of spoil material from a 1993 US Army
Corps of Engineers maintenance dredging project.

Water control structure modified by installation of
variable crest inlets to stabilize excessive water level
fluctuations, by Cameron Parish Gravity Drainage
District #7.

Approximately 20,000 ft of Smooth Cordgrass planted

- in 1993 and 1994 3s part of DNR/SCS/SWCD planting

program.

Approximately 3,000 ft of Smooth Cordgrass planted in
1994 as part of a mitigation project. '

CWPPRA Brown Lake Project, 1999,

1,000 ft levee repair by landowner.

Dugas Landing Bank Stabilization. 10,000 ft of Rock
Revetment installed by COE. :

One 48” VC structure installed.

80,000 ft plowed terraces and 160,000 ft Smooth
Cordgrass planted, CWWPRA 1999.

10,000 ft California Bulrush planted in 1996 by
NRCS/SWCD/DNR.

2,000 ft, Smooth Cordgrass planted for mitigation, 1997
1,000 ft levee repair by landowner for mitigation.

2,000 ft Smooth Cordgrass planted in 1996 by
NRCS/SWCD/DNR.

2-200 ft Rock Plugs installed for mitigation by
landowner in 1997.

3,000 ft California Bulrush, 1 acre Smooth Cordgrass
by NRCS/SWCD/DNR in 1996



NO-18

NO-19

SA-7

SA-8

SA-8

SA-10

SO-1

S0-5

SO-5

SO-8A

SO-6

SO-7

60

Unnum.

101

108

109

114

Unnum.

‘132

131

143

133

137

2,000 ft California Bulrush planted by
NRCS/SWCD/DNR in 1997.

3,000 ft Smooth Cordgrass along GIWW Bank planted
by NRCS/SWCD/DNR in 1996,

1,000 ft Smooth Cordgrass planted for mitigation

Replace West Cove Structure, by CWPPRA/USFW S,
in 1999,

Replace Headquarters canal structure by
CWPPRA/USFWS in 1999

Replace Hog Island Gully structure
By CWPPRA/USFWS in 1999, .

Clean 25,000 ft of canal, installed 3 VC structures
Cameron Parish GDD #6, and Global Industries in 1998

Two-48” VC structures for mitigation by Fina in 1998,

Three-48” VC structures by Cameron Parish GDD #7 in
1994,

25,000 ft Rock Breakwater installed along Gulf shore
by DNR in 1994, :

CWPPRA/NRCS Mud Lake Project in 1996

2,000 Smooth Cordgrass planted by
NRCS/SWCD/DNR in 1997,
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EXECUTIVE SUMMARY

Coastal Wetlands in Louisiana are being lost at the rate of about 25 square
miles per year. Louisiana contains forty percent of the nations coastal
wetlands and has eighty percent of the total loss to these habitats annually.
Wetlands are not only an important Tinkage for wildlife. and fisheries

productivity, but alse-the-productivity-of-man- - Wetlands “prodiice an “ibundince

of diverse wildlife and fisheries species, many of which are commercially and
industrially valuable to man-kind.

The Calcasieu-Sabine River Basin study area is losing one and one-half square
miles per year of these fragile habitats.. Without efforts to reduce these
loses, the quality of life for the area residents will be impaired. Therefore
the Gulf Coast Soil and Water Conservation District requested the
investigation and documentation of the area problems along with alternative
solutions. The focus of this study is on the conservation, restoration, and
enhancement of wetland resources.

The Calcasieu-Sabine Cooperative River Basin Study is authorized under Section
6 of Public Law 83-566, as amended. The Soil Conservation Service,
representing the United States Department of Agriculture, worked with State,
Federal, and local agencies and private citizens in compiling the information
and preparing this document. Participants include the Gulf Coast Soil and
Water Conservation District, Louisiana Department of Agriculture and Forestry,
United States Fish and Wildlife Service, Louisiana Department of Wildlife and
Fisheries, United States Army Corps of Engineers, Louisiana Department of
Natural Resources, Louisiana Department of Environmental Quality, Louisiana
Geological Survey, Cameron Parish Gravity Drainage Districts No. 7 (Johnsans
Bayou) and No. 9 (Hackberry), Imperial Calcasieu Planning Commission, Amoco
0i1 Company, and John Walthers (USFWS-retired) of Sabine National Wildlife
Refuge.

Cooperating agencies include the United States Environmental Protection
Agency, National Marine Fisheries, Louisiana Department of Transportation and
Development, Louisiana State University-Department of Agricultural Economics
and Agricultural Business, McNeese State University, Sabine River Authority,
Sulphur Gravity Drainage District No. 5, and Vinton Gravity Brainage District.

The study analyzed four alternatives: 1) No Action; 2) Basin Wide Contro]l
Structures; 3) Hydrologic Unit Treatment; and 4) Extended Hydrologic Unit
Treatment. The study does not include an extended economic evaluation of the
impacts of each alternative. It contains information relative to location of

potential structures and costs for each alternative on nominal dollar
construction cost.

The study results indicate that an individual Hydrologic Unit Treatment
approach would be less costly ($36,7000,000), provide for greater '
opportunities to restore habitats in smaller areas, and allow for individual
Tandowners to implement a plan on their property. The No Action alternative
did not seem to be beneficial because it does not improve the long-term
problems associated with wetland loss. The Basin Wide Control Structures
Alternative provides for increased control of wetland loss at a basin Teve]
but construction costs were estimated to be $500,000,000. The Extended
Hydrologic Unit Treatment alternative provides for the greater opportunities



than the Hydrologic Unit Treatment alternative, but would be costly, ’Il;

i

$22,100,000, for additional wetland improvement features.

Arresting wetland habitat loss in the study area will require a concentrated

and concerted effort by landowners, Federal and State agencies, local
governments, and.industry... Local organizations must-initiate-request-for——~-:-
assistance when possible, but also take a personal initiative to protect,
conserve, and enhance our coastal wetlands.
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coordinated water and related Jand resource development programs. Planning
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1Lemt:i Loss Rates, Report 2, Louisiana Chenier Plain, Joseph P, Dunbar, Louis D, Britsch, and E. Burton Kemp
ITI, United States Army Corps of Engineers, New Orleans, LA, November, 1990.
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SPONSORS, PARTICIPANTS, AND COOPERATING AGENCIES E

Sponsors for the study are the Gulf Coast Soil and Water Conservation

District, Louisiana Department of Agriculture and Forestry, United States Fish
and Wildlife Service, Lowisiana Department of Wildlife and Fisheries,.and ... _
Cameron Parish Police Jury. The Soil Conservation Service has overall
responsibility for the study.

Other participants in the study are the United States Army Corps of Engineers,
Louisiana Department of Natural Resources, Louisiana Department of
Environmental Quality, Louisiana Geological Survey, Cameron Parish Gravity
Drainage Districts No. 7 (Johnsons Bayou) and No. 9 (Hackberry), Imperial-
Calcasieu Planning Commission, Amoco 0il Company, and John Walthers (USFWS-
retired) of the Sabine National Wildlife Refuge.

Cooperating agencies include the United States Environmental Protection
Agency, National Marine Fisheries, Louisiana Department of Transportation and
Development, Louisiana State University-Department of Agricultural Economics
and Agricultural Business, McNeese State University, Sabine River Authority,
Sulphur Gravity Drainage District No. 5, and Vinton Gravity Drainage District.

'USE OF THE REPORT

An overall plan was developed for the entire study area with forty-seven

management (hydrologic) units designated within the area. The objective of

the overall plan is to provide a method wherein plans for each'of the forty-

seven hydrologic units may be installed independently of one another and still . {
fit into the overall plan. Federal, state, and local government agencies,

private companies; or individuals can install structural or vegetative

measures in hydrologic units in accordance with the overall plan.

The report is designed with the goal of easier use and readability by
separating hydrologic units. Each hydrologic unit will have a description of
its physical setting, problems, alternatives, and analysis of "with" and
"without project" conditions. The format allows one to look at one section of

the report and find a particular hydrologic unit and get the needed
information.

Maps

The report has a special map folder in the back cover that holds the maps to
be used in the description of each hydrologic unit. The maps should be
removed from the folder for referral while reading about a particular unit.

Hydrologic Units. The map containing the hydrologic unit boundaries, Map 1,

will be referred to when describing a hydrologic unit. The map shows the

basin study area to be divided into three areas: 1) North of the Sabine

National Wildlife Refuge (NO’s); 2) Sabine National Wildlife Refuge (SA’s);

and South of Sabine National Wildlife Refuge (SO’s). These areas are further
sub-divided by a red dashed line to delineate hydrologic unit boundaries and o
will be useful as a location map. The map also shows element numbers for the ‘Ilg

location of proposed structural and non-structural components for wetland
conservation,
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General Soil Map. The map containing the general soils information, Map 2,
will be referred to in discussing the soils located in each hydrologic unit.
This information is important in planning for engineering structures and
associated cost estimates.

Important Biological Areas. The map containing the important bioTegicai =~

areas, Map 3, shows locations of environmentally sensitive bird species and
oystering grounds. Nesting and roosting areas of herons, egrets, cormorants,
and seabirds are depicted, as are areas normally harvested for oysters. Two
Christmas Bird Counts are incTuded within the basin, these counts are
conducted annually and not only identify species found within a 24-hour time
period, but include the numbers of individual birds observed.

0i1 and Gas Fields and Pipelines. The map containing oil and gas fields and
pipelines, Map 4, will be used to help locate structures for planning
purposes.

Marsh Land Water 1956-1978. The map containing the marsh land water changes
between the time period of 1956 to 1978 is useful in estimating future rates
of change in those resources. The map has a legend on the left-hand-side for
interpretation of changes within the area wetlands. The results can be
compared to Map 6, 1984 Classified Landsat Thematic Mapper Satellite Data.
However, the satellite image data is calculated differently than the Map 5
data. Therefore, the maps are roughly comparable for general planning
purposes only.

1984 Classified Landsat Thematic Mapper Satellite Data. The map containing
the landsat data, Map 6, is useful to see the changes in land, marsh, and
water from 1956-1978 Marsh Land Water Change Map. The map has a legend on the
left hand side to explain classification of the colors. Llandsat data has a
classification scheme different from the comparative map of 1956-1978. The
reasons are that satellite information makes it difficult to discern one marsh
type from another, and the other map has only changes from one time period to

another. The broken marsh category can be interpreted as a half marsh and
half water ratio.

1931 Vegetative Map. This vegetative map, Map 7, contains the numbers and
boundaries of hydrologic units, and the marsh types and predominant vegetative
cover on the Sabine National Wildlife Refuge and some surrounding units. The
right-hand-side of the map contains a Tegend for vegetative species acronyms
used on the map. The information is useful to compare across all the

vegetative maps, Map 7 to 11, to measure the change of the marsh environment
over time.

1949 Vegetative Map. This vegetative map, Map 8, contains information
regarding the marsh types and predominant marsh species in the river basin.
The map is outlined with the hydrologic unit boundaries and numbers for
reference purposes. The right-hand-side of the map contains a legend showing
the different vegetative categories. The information is useful to compare
across all the vegetative maps, Map 7 to 11, to measure the change of the
marsh environment over time.

1968 Vegetative Map. This vegetative map, Map 9, contains information
regarding the marsh types and predominant marsh specie; in the river basin.



INTRODUCTION

The right-hand-side categorizes the vegetative communities according to marsh "')
categories and a non-marsh category. It differs from the 1949 marsh ‘
categories, but is still useful for some comparative purposes. The
information is useful to compare across all the vegetative maps, Map 7 to 11,
to measure the change of the marsh environment over time. The vegetative map
data was compiled by-Robert Chabreck:-- - rmrmsmememr: s 7 s =

1978 Vegetative Map. This vegetative map, Map 10, contains information
regarding the marsh types and predominant marsh species in the river basin.
The right-hand-side categorizes the vegetative communities according marsh
categories and a non-marsh category. The information is useful to compare
across all the vegetative maps, Map 7 to 11, to measure the change of the
marsh environment over time. The vegetative map data was compiled by Robert
Chabreck and Greg Linscombe.

1988 Vegetative Map. This vegetative map, Map 11, contains information
regarding the marsh types and predominant marsh species in the river basin.
The right-hand-side categorizes the vegetative communities according marsh
categories and a non-marsh category. The information is useful to compare
across all the vegetative maps, Map 7 to 11, to measure the change of the

marsh environment over time. The vegetative map data was compiled by Robert
Chabreck and Greg Linscombe.

Landuse Map. The landuse map, Map 12, contains a color coding system that »
delineates areas by the predominant landuse. The categories are ’
urban/indrustry, agriculture, forest, non-forested wetlands, gnd other. :

Land Ownership Map. The land ownership map, Map 13, contains a color coding
system that delineates areas by the predominant land owner or land owner size
tract. The categories are federal land, Cameron Parish School Board (Section
16 of every township), private lands predominantly held by landowners with

more than 500 acres, and private lands predominantly held by land owners with
less than 500 acres.

Appendices

The report has several appendices that contain information that may be useful
when detailed planning is initiated on a hydrologic unit. These sections will
also provide more detailed information that participants and readers will find

helpful in understanding the report or for further research on the river
basin.

Appendix A: Plant Species Found in Basin Area. Taxonomic listing of the
plants and there relative abundance found within the river basin project area.

This appendix provides information for plant species listed in the document by
common name only.

Appendix B: Animals that Inhabit Basin Area. Taxonomic listing of the animal
species that are found with the river basin project area. This appendix
provides information for animal species listed in the document by common name

only. The appendix list includes marine invertebrates, fish, amphibians, o
reptiles, birds, and mammals. : b i
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Appendix C: Summary of Coastal Marsh Inventory. An inventory of the marsh
resources was made in 1984-1986. The basin inventory information was
collected on a grid format, however is presented as a summation by hydrologic
unit. Each point in the grid had a sample of vegetation, soil type, and
elevation taken. The information is useful for general planning purposes.

Appendix D: Ssabine Christmas Bird Count. Summary of the species
and individuals observed during the day of the count for years
conducted.

Ahpemﬁx E: Johnsons Bayou Christmas Bird Count. Summary of the
species and individuals observed during the day of the count for
years conducted.

Appendix F: Range Report for the Calcasieu-Sabine River Basin Area. The report

details the impact of range landuse and livestock production within the basin.
It includes utilization of livestock on specific soil and wetland types,

Eanagement practices, and economic and cultural impacts of ranching in the
asin.

Appendix G: Summary of Project Costs. The appendix itemizes the construction
components and costs for each hydrologic unit for Alternatives 3 and 4.



PHYSICAL SETTING

LOCATION AND SIZE

The Calcasieu-Sabine River Basin study area is located in southwest Louisiana
in Calcasieu and Cameron Parishes. The study area consists of approx1mate1y
475,000 acres with 7,000 acres in Calcasieu Parish and 468,000 acres is
Cameron Parish, The study area boundaries are the Lou1s1ana Texas
border(Sabine Lake) on the west, the Intracoastal Waterway on the north, the
east bank of Calcasieu Lake on the east, and the Gulf of Mexico on the south.
The area includes all of Calcasieu Lake and about one-half of Sabine Lake.
The Sabine National Wildlife Refuge covers a large part of the study area,
126,000 acres, and is located approximately in the middle of the study area.
Three towns or communities are in the area; Hackberry, Holly Beach, and
Johnsons Bayou.

TOPOGRAPHY

Most of the study area is flat and consists of coastal marsh which is one to
one and one-half feet above mean low gulf. The topography ranges from level
to nearly level with elevations ranging from at or below sea-level in the
southern part of the study area to about 16 feet above sea-level west of
Hackberry Louisiana. Most of the area is comprised of marsh of varying
salinity rates.

Rising slightly above the surrounding marshes are several long, narrow, sandy
ridges that run roughly parallel to the gulf coast. They are_sharply
localized, well drained, fertile and support naturally lTuxuriant vegetational
cover and are called "chenlers“ by the local inhabitants.

Cheniers (oak ridges) are believed to be formed from debris blown inland by
hurricane and later covered by shell, and finally by sand. They are generally
five to nine feet above sea-level and can range from a few hundred feet to
nearly a mile in width and generally are covered with 1ive oak trees. One of
the most complex sets of cheniers known along the Gulf coast begins near
Peveto Beach and radiates 1ike an elongated feathered fan to the west. The
oldest distinct chenier in this area is known as the Smith Ridge. Smith Ridge
extends from Hamilton Lake to Johnsons Bayou. Blue Buck Ridge, the second
main chenier, starts at Peveto Beach and extends about eighteen miles to the
west.

CLIMATE

The study area’s climate is humid, subtropical with a strong maritime -
character. The climate is influenced to a large degree by the amount of water
surface in the immediate area and the proximity to the Gulf of Mexico.
Prevailing winds from the Gulf reduce extreme summer heat, shorten the
d*{at1on of infrequent winter polar air masses and provide abundant rain in

all seasons.

Records of temperatures are available from "Climatological Data" for Louisiana
published by the National Climate Center. The study area can be described by
using the temperature data observed at Lake Char]es, Lou1s1ana The annual
normal temperature based on the per1od 1951- 1980 is 68° Fahrenhe1t (F) with
monthly normal temperatures varying from 82.3% in July to 51. 5°F in January.
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The maximum temperature recorded over the Beriod was 102°F-in July 1980. The ..'2
overall maximum temperature record was 106“F during June 1930. The lowest
temperature during the period was 18°F and occurred in January 1977. The
record low was 3°F and occurred in February 1899. The average winter and
summer temperatures are 55.5°F and 80.8CF, respectively.

The average annual precipitation based on records taken at Hackberry for the
period 1951-1980 is 54.7 inches. Hackberry’s monthly extremes were a maximum
of 20.81 in June 1989 and a minimum of 0.00 inches occurring during several
different months. These extremes cover the period 1942-1989. The greatest
24-hour rainfall measured 9.63 inches for 10 November 1940 at Hackberry. The
heaviest rainfall usually occurs in the summer (July-September) with July
being the wettest month having an average monthly normal of 6.3 inches. The
driest month for the normal period is March with an average normal of 3.2
inches.

Wind records are available from the Lake Charles Airport. Prevailing winds

are southerly during most of the year and average 8.7 mph based on the period
1973-1989.

SOILS

The total study area within the basin is about 475,000 acres with 215,000

(45.26%) acres of water and 260,000 (54.74%) acres of land and marsh. The -
coastal marsh within the study area totals approximately 230,000 acres. The f
soils of the marsh are fragile, that is they are easily broken or dispersed -
and subsequently washed away. They developed in Holocene deposits. The ;
source of these deposits are pulses of Mississippi and Red River alluvial ‘
sediments transported westward along the coastline via littorial drift. The
intermittent reworking of these sediments produced the sequence of mud flats;

and sand or shell ridges known as cheniers.

The soils of the marsh (Table 1) are composed of fluid or firm mineral, and
organic materials. For classification purposes, the two broad soil classes,
organic and mineral, are subdivided into three groups. - saline, brackish and
fresh (non-brackish). Soils of the cheniers are composed of mineral soil
materials and shell fragments.

The fluid, mineral soils of the marsh are the Scatlake series (saline); and
Bancker, Gentilly and Creole series (brackish). The Ged series is a firm
mineral marsh soil (fresh). The fluid organic soils of the marsh are the
Clovelly series (brackish) and the Allemands series (fresh).

The firm, mineral soils of the chenier are the Hackberry series and the
depressional areas between the cheniers are the Mermentau series.

As long as sedimentation is taking place, the marsh will remain static or

grow, depending on the amount of sediment delivered. The nutrients in the

sediment are very important to plant growth. Vigorous plant growth

contributes to the organic fraction of the soil and helps build the marsh. -
However, when sediment delivery ceases, the combined forces of subsidence,

rapid salinity changes and erosion cause marsh deterioration. ’
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PHYSICAL SETTING

Table 1. Distribution of River Basin Soil Associations

Acreage Percent
Coastal Prairie Ridge

Loamy Terrace Lowlands. 9,360 3.60
Mowata
Morey
Loamy Terrace Upland 4,680 1.80
Crowley
Vidrine
Clayey Terrace Lowland
Midland 1,560 0.60
Fresh Marsh '
Mineral
Ged 16,302 6.27
Organic
Allemands 12,298 4.73

Brackish Marsh
Firm Mineral

Gentilly 25,012 9.62
Mermentau 5,772 2.22
Creole 44,252 17.02
Fluid Mineral
Bancker 90,428 34.78
Organic .
Clovelly 26,936 10.36
Salt Marsh
Scatlake 10,400 4.00
Chenier and Beach Ridges
Hackberry 4,940 1.90
Peveto 260 0.10
Spoil Banks
Udifluvents 4,056 1.56
Aquents 3,744 1.44

The fragile soils of the marsh are held in place primarily by profuse
vegetative root systems. When the vegetative community is altered, the soil
is easily displaced. Saltwater is an agent which contributes to severe
alteration of the plant community and displacement of soil materials. As
plant species die, they lose their “grip" on the soil. Also, saltwater tends
to disperse the organic and soft, semifluid, mineral soil material. This loss
of binding forces within the soil profile further contributes to soil .
displacement. Organic soils are more susceptible to the forces of erosion
than are the mineral soils.

GEOLOGY

The study area is in the Quaternary Period of the Cenozoic Era. Most of it is
in the Holocene (Recent) Series with small remnants of the Pleistocene Series.
The Holocene Series include the Cheniers, the saline marsh of the Chenier
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Plain, and the fresh marsh of the Chenier Plain. The Cheniers are a series of
long narrow sandy ridges running roughly parallel to the Gulf coast. They
range in elevation from four to nine feet above sea-level; no more than a few
hundred yards wide; and up to eighteen miles long. The saline marsh of the
Chenier Plain is generally adjacent to the cheniers. They consist of gray to
black clays and silts of moderate-organic matter content-with-varying-satinity-
contents. The fresh marsh of the Chenier Plain is more inland and is fed by
freshwater sources. They consist also of gray to black clays but generally
have high organic matter contents.

The Pleistocene Series of the Quaternary period consist of remnants of the
northern Prairie Terraces. They are in the northern part of the study area
around Hackberry Island; in the central part around Gum Cove Ridge; and a
small area to the western part known as Pine Ridge and Perry Ridge. Hackberry
Island is believed to be part of the Pleistocene Mississippi .Delta while the
other Ridges are thought to be part of the Pleistocene delta of the Sabine
River.




EXISTING CONDITIONS

Calcasieu and Sabine Lakes are the dominant water bodies within the basin.
Beaches and cheniers along the Gulf Coast support residential,
commercial/industrial, and agricultural uses. The prairies north of the
coastal wetlands support similar landuses. The Gum Cove ridge and north of

Hackberry are isoTated portions 6f coastal prairie. The primary Tanduses in ™~

these areas are residential and agricultural. Other small outcroppings of
prairie occur within the coastal marshes which contain forest land, covered
with prairie, shrub/scrub, or marsh vegetation.

Major oil and gas fields exist at Cameron Meadows, Black Bayou, East and West
Hackberry, Black Lake, Second Bayou, and near Broussard Lake. A number of
access canals, and board roads are due to the natural resource extraction
facilities located within the basin. Numerous small access canals have been
dredged through marshes between Calcasieu and Sabine Lakes.

Navigation channels dominate the hydrology of the basin. The 40-foot-deep by
400-foot-wide Calcasieu Ship Channel extends from the Gulf of Mexico to Lake
Charles along the eastern edge of the basin. The Gulf Intracoastal Waterway
(GIWW) is maintained at 12-foot-deep by 125-foot-wide across the northern
portion of the basin. The reach between the Sabine River and the Calcasieu
Ship Channel was dredged to 30-feet-deep during 1927. Along the western side
of Sabine Lake is the Sabine-Neches Waterway. The channel is 40-foot-deep by
400-foot-wide between the Gulf and Port Arthur, Texas. Between Port Arthur
and Orange, Texas, the channel is 30-foot-deep by 200-foot-wide. Both the
Sabine-Neches Waterway and the Calcasieu Ship channel have long jetties that
extend into the Gulf on both sides of the channel.

Marshes within the basin generally drain into Sabine and Calcasieu Lakes.
Those lakes exchange water with the Gulf via the channelized outlets.
Freshwater inflow into the coastal basin occurs primarily through the
Calcasieu and Sabine Rivers. The Vinton Drainage Canal, Choupique Bayou, and
several other small drainage canals also drain uplands into the northern
portion of the basin.

The Sabine River is a much larger river than the Calcasieu, hence Sabine Lake
tends to be fresher than Calcasieu Lake. The timing of freshwater input into
the Sabine Estuary has been altered by operation of the Toledo Bend Dam, for
the generation of electricity, on the Sabine River, and the Sam Rayburn
Reservoir Dam on the Neches River. In order to generate electricity during
the peak demand summer months, more water is discharged than normally. This
tends to reduce summer salinities in Sabine Lake and may adversely impact
recruitment of white shrimp in June and July.

The hydrology of marshes between Sabine and Calcasieu Lakes has been altered
by several relatively small access canals which run east to west and north to
south. The GIWW and this network of small access canals has established
hydrologic connections between the Sabine and Calcasieu estuaries.
Additionally, bayous which once drained adjacent marshes into either Sabine or
Calcasieu Lakes have been connected to one another. Consequently, marshes
between Sabine and Calcasieu Lakes have become large interlinked system with
water draining to the north, east, and west.

12
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Because of saltwater intrusion and associated marsh loss, a number of water ’II}
control structures have been installed along the edges of Calcasieu Lake to
retard saltwater intrusion and protect deteriorating marshes. Several water
control structures exist to regulate water exchange between Calcasieu Lake and
marshes west of the lake. The largest of those structures are located on Hog
1§Tand GUITTy CanaT and West Cove CanalThose structures in-combinatiomwith——
the smaller Headquarters Canal culvert are used to reduce penetration of
saltwater into interior marshes via man-made canals. Water control structures
and spoil banks are also used in other areas to preserve and restore

deteriorated marshes north and west of Black Lake. Marsh areas have also been
leveed for cattle grazing adjacent to the cheniers in Johnsons Bayou, and
westward to Sabine Lake. Some wetlands adjacent to the prairies are also

leveed and under various forms of agriculture.

Marshes between Sabine and Calcasieu Lake range from saline to fresh., Saline
marshes are primarily located adjacent to Calcasieu Lake and Sabine Pass.
Brackish marshes are located adjacent to both Sabine and Calcasieu Lakes and
extend inland where they grade into intermediate and low-salinity marshes.
The once vast interior fresh marshes south of the GIWW have been reduced to
that within three fresh marsh impoundments. Although totally impounded,
excess freshwater is discharged into adjacent low-salinity marshes.

Because of severe marsh deterioration and loss during the 1960’s, and 1970's,
large areas of turbid shallow open water and broken marsh exist. The most
extensive of such areas are adjacent to Black Lake, south and southwest of
Hackberry, and in the vicinity of Black Bayou, Greens Lake, and Willow Bayou.
Marshes adjacent to these large open water areas experience erosion due to
wave action. Wind action across these areas may also produce tides that
exacerbate the export of eroded soils.

Excessive rainfall during the last several years has reduced the frequency and
magnitude of saltwater intrusion events. In some interior broken marsh areas,
cattails, California bulrush, and seashore paspalum have expanded into shallow
open water areas and begun to rebuild deteriorated areas. In these and other
more brackish areas, marshhay cordgrass appears to be stressed by excessive
water levels. Vegetation in other areas appears to be healthy. In some

saline areas, smooth cordgrass appears to also be expanding gradually into
shallow open water.

Wetlands within the basin provide extensive nursery habitat for estuarine-
dependent species such as brown shrimp, white shrimp, blue crab, Gulf
menhaden, Atlantic croaker, striped mullet, spotted seatrout, red drum, black
drum, southern flounder, and many other species of fish and shellfish. Low-
salinity tidally-influenced marshes, such as those midway between Sabine and
Calcasieu Lakes, support both freshwater and estuarine-dependent fish and
shel1fish. Such areas also provide high quality habitat for resident and
migratory waterfowl, furbearers, white-tailed deer, American alligator, and
numerous species of reptiles and amphibians (Appendix B). Brackish marshes
having abundant widgeongrass and three-cornered grass may also provide high
quality habitat for waterfowl and furbearers. Wetlands throughout the basin
provide habitat for herons, egrets, ibises, bitterns, and rails. Saline and
brackish marshes may also provide habitat for numerous species of shorebirds.
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The Gulf of Mexico shoreline is retreating across the basin. Losses appear to
be greatest west of the jetties at the Calcasieu Ship Channel. Losses are

also high east of the jetties at Sabine Pass. Segmented breakwaters have been
installed along the shore at Constance Beach to reduce beach erosion. Several
times a year, during periods of strong southerly winds, Gulf waters are pushed
over the beach and inte interior marshes-- During hurricanes—and tropical-—
storms, beach erosion and Gulf overwash is most severe.
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This section contains information on many of the basic commercial and
recreational resources in the river basin study area. The commercial
resources include: 1) Shipping and navigation; 2) Fisheries; 3) Alligator and
Fur harvests; and 4) Mineral extraction and oil storage facilities. The
recreational resources include: 1) Fisheries; 2)- Hunting; 3) Visual---- - =—
utilization, and 4) Water quality of the basin water bodies and watercourses.

COMMERCIAL RESOURCES
Shipping and Navigation

Shipping and navigation has an important influence on the economic and
environmental welfare of the Calcasieu-Sabine river basin study area. The
entire study area is encapsulated by three federal navigation projects and
water bodies: 1) Sabine Lake with the Sabine-Neches Waterway; 2) Gulf
Intracoastal Waterway; and 3) Calcasieu Lake with the Calcasieu Ship Channel.

The Sabine-Neches Waterway provides for commerce with ports in Southeast
Texas. The waterway was initially constructed in the 1870's and today
provides for deep draft navigation with a depth of 40 feet. The Gulf
Intracoastal Waterway is a portion of the Inland Waterway system authorized by
Congress in 1910. It provides for shipping of goods and commodities on boats
that do not have a deep draft. The waterway is maintained with a bottom depth
of 12 feet and primarily utilized for barge traffic. The Calcasieu Ship
Channel was initially began in 1874 and today has a depth of 40 feet. It is
used for deep draft navigation to the Lake Charles Deep Water Port. These
navigation projects will be addressed in more detailed in the Historical
Events and Impacts of Historical Events subsections.

Fisheries

This subsection contains information on important marine and estuarine species
that utilize the inland marshes during their life cycles. The discussion will
include landings data and limiting factors of productivity.

Tidally-influenced marshes throughout the study area serve as nursery habitat
for many estuarine-dependent fish and shellfish. Estuarine-dependent species
typically spawn in the Gulf of Mexico and migrate into the marsh as post-
larvae or juveniles. Upon becoming sub-adult, they typically migrate to the
Gulf to complete their life cycle (Table 2). Because of the many different
species and differing 1ife cycle requirements, migration occurs throughout the
year.

Many of the commercially important species harvested within the study area
include blue crab, white and brown shrimp, red drum, black drum, spotted and
sand seatrout, sheepshead, southern flounder, Atlantic croaker, striped mullet
and Gulf menhaden. Calcasieu Lake supports a large, viable shrimping industry
(Table 3). Sabine Lake serves as an estuary for much of the year, however,
due to freshwater discharge from the Toledo Bend and Sam Rayburn Reservoirs,
during summer for hydroelectric power, white shrimp recruitment and harvest
may be adversely affected (Table 2).
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Table 2. Ingress and Egress of Commercial and Recreational Important {
Estuarine Organisms~—.

Species Ingress Egress
Gulf Menhaden __. ... _ Feb. and March _ ... QOct, to Jan. . .
Red Drum Sept. and Oct. : Dec. and Jan
Spotted Seatrout Aug. and Sept. Nov. and Dec.
Sand Seatrout April, May, and Sept. June and July
Atlantic Croaker Dec. to Feb. Sep. to Nov.
Striped Mullet Jan. and Feb. ?

Southern Flounder Jan., Feb., and March Oct. to Dec.
Brown Shrimp - February to May June and July
White Shrimp August and Sept. Oct. to Dec.
Small Blue Crab Jan., July to Sept. ?

Limiting factors to the productivity of estuarine-dependent organisms may
include the food and cover accessibility, and salinity ranges. The impact of
salinity ranges can be seen in Table 3 where freshwater discharge (Sabine
Lake) affected the salinity regime needed for optimal productivity during an
organisms life cycle. Food and cover needs are met by emergent and submergent
wetland vegetation. Submerged aquatic vegetation and emergent vegetation
provide cover and food, while deterioration of emergent marsh and submerged
aquatic vegetation provides the detrital material that drives the food chain
in a nursery system. Upon the depletion of the resource base, erosion of .
marsh substrate, the food and cover will disappear. However, detrital \
material stay in the system for several years. Submerged aquatic vegetation, -
will be impacted by increased turbidity which 1imits photosynthesis for plant {
survival.
Table 3. Brown and Hhitg Shrimp Landings for Calcasieu and Sabine Lakes from
' 1980 to 1989¢<.

Calcasieu Lake Sabine Lake

Brown White Brown White

Year _ Shrimp Shrimp Shrimp Shrimp
1980 - - 1,099 49,300
1981 6,245 341 60,856 47,042
1982 - - - 173,568
1983 483 - - 582
1984 3,507 1,470 8,923 9,592
1985 2,980 - -

1986 1,297,157 1,606,906
1987 936,251 479,922
1988 1,131,978 1,409,657
1989 395,027 228,316

1Ruger and Herke, 1985, Temhoral Patterns and Size Characteristics of Migrating Juvenile Fishes and
Crustaceans in a Louisiana Marsh. '

2pata is from Leryes Usie of National Marine Fisheries Service, New Orleans, Louisiana. Data is heads-on H
landings in pounds.
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Brown_Shrimp

The brown shrimp is the major species of in the Gulf shrimp industry, which is
the most valuable fishery in the United States. Shrimping begins in May,
peaks in June and July during seaward migration and continues. offshore through. .
November. Spawning is reported to occur in offshore waters deeper than 60
feet and possibly as deep as 450 feet. The major spawning occurs from
September to December, with a minor peak from March to May. Eggs hatch into
planktonic larvae which grow by molting through nauplius, protozoea, mysis to
the post-larval stage in ten to twenty-five days. Larval development takes
place in Gulf waters.

The portion of the brown shrimp’s life cycle spent in estuaries is critical.
Peak recruitment of post-larvae may occur months after the peak of spawning.
Overwintering brown shrimp post-larvae may burrow into the bottom and wait for
warmer temperatures before entering the estuary. February through May are
normally the peak months for ingress (Table 2), however this may vary year to
year. Post-larvae are most often found in the upper portions of the water
column and may modify their position according to 1ight. As they grow and
move to shallow, soft-bottom areas of the estuary, they become randomly
distributed throughout the nursery areas. During this phase of their 1ife
cycle they are opportunistic omnivores, feeding on a variety of organic
matter. - Brown shrimp are significantly more dense in vegetated habitat than
in non-vegetated water bottoms.

Their greatest abundance generally occurs in salinities of 10 to 30 parts per
thousand (ppt), however they have been collected from fresh areas to over 60
ppt. Peak ingress is in most cases associated with increased salinities,
while egress is associated with declining salinities. June and July are
normally .the peak months of brown shrimp emigration, and is correlated with
full moon and outgoing tide at twilight and on into the night.

White Shrimp

White shrimp compose about forty percent of the Gulf shrimp fishery. The
offshore commercial fishery begins in late August and September when the
shrimp leave the estuaries, and is generally concentrated with the thirty foot
contour. Adult white shrimp spawn in shallow offshore Louisiana waters from
the latter part of March or early April through September with a peak in June
or July. The same shrimp may spawn as many as four times in one season.
Growth is similar to the brown shrimp with larval development in offshore
waters and movements largely governed by currents. Post-larval white shrimp
begin entering the passes in small numbers in late May, but peak in August and-
September in Louisiana (Table 2). Often post-larvae appear in waves,
depending upon environmental conditions of temperature and salinity.

Within the estuary the juveniles disperse rapidly and are associated with the
marsh-water interface, but generally in the non-vegetated areas with no
seasonal difference between vegetated and non-vegetated bottoms. Juvenile
white shrimp are found in lower salinity waters than brown shrimp and have
been collected from freshwater to over 30 ppt, however they are more abundant
in salinities ranging from 0.05 to 10 ppt. White shrimp are a warmer water
species than brown shrimp. As the weather cools they begin to migrate to
higher salinities and deeper waters. The magnitude of migration is dependent
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on total amount and abruptness of the temperature drop. White shrimp Tike
brown shrimp are omnivorous, ingesting amphipods, polychaetes and organic
detritus.

tlantie Croaker

The Atlantic croaker ranges from the Gulf of Maine to Argentina, and is one of
the most abundant inshore fishes of the Gulf of Mexico. They are the prime
target species of the groundfish industry, as a protein source, in the Gulf.
Sport fisherman also harvest this fish even though it is less preferred than
spotted seatrout and red drum.

Spawning has not been observed but is believed to take place in the open Gulf
near the mouths of various passes that lead into shallow bays. Spawning
occurs from September to late March with a distinct peak in October. Eggs
hatch in less than a week and the larvae are planktonic. By late November
post-larvae croaker begin migrating into estuaries and peak in December and
January (Table 2). Young-of-the-year croaker remain in estuarine nursery
areas, especially deeper low salinity areas, through spring and early summer.

Emigration may begin as early as June in Louisiana (Table 2). Gulfward
migration peaks from September to November and is correlated with decreasing
temperatures. Very young croaker feed on zooplankton while larger croaker are
omnivorous, feeding on micro and macro benthic animals, small fishes and
organic detritus. Adults feed on small fishes, shrimp, crabs, and mollusks.
The largest catches of post-larvae and juveniles are in salinities of 15 to 19
ppt. Sudden and prolonged cold snaps can cause mass mortalities when they are

in shallower estuarine waters. Croaker rarely live longer than four or five
years.

Spotted Seatrout

Spotted seatrout (commonly called "speckled trout") are probably the most
popular and sought after fish by the greatest number of people along the Gulf
coast. The estimated sport catch is substantially greater than the commercial
catch. Adults start appearing along the shoreline, especially at tidal
passes, in March and early April (Table 2).

Spawning occurs throughout the summer in both estuaries and the Gulf.

Spawning is dependent upon salinity and temperature with optimum at 28 ppt and
289C, respectively. The first minor peak of post-larvae ingress occurs in
April (Table 1) and is associated with submergent vegetation such as
widgeongrass and marsh edge. As they grow seatrout move and feed throughout
the estuary during summer, gradually moving to lower bays as they finally
migrate to the Gulf in the fall and winter.

Spotted seatrout change their feeding preférence from nearly all invertebrates’
such as shrimp and worms to mostly fish such as anchovies, menhaden, mullet,
sheepshead minnow, and silversides as they become adults. Sexual dimorphism
exists in this species. As the size of the fish increases there are
proportionally fewer males. By the eighth year all spotted seatrout are
females, the female grows faster than the male and Tives as long as ten years.
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Red Drum

The red drum or redfish is a highly valued estuarine-dependent sport and food
fish. Large schools of adult red drum often occur along the Gulf shoreline,
especially near the tidal passes, from August to November. Along the

Louisiana coast” "BuTl™ red drum begin spawning Vn August, ~ Peak Spawning
occurs in September and October and tapers off in November. Larva drum have
been captured in the passes as early as September. Post-larvae and young
Juveniles immigrate to sheltered coves and bayous where they rest among
shallow water grassbeds. They forage in clumps of grass, oyster beds, and
muddy bottoms for small invertebrates. As they mature, during their first
winter, young red drum move farther into the estuary and deeper waters.

Some migrate to the open Gulf by spring, however, the main emigration occurs
with the cooling of waters in.the fall (Table 2). By the time they reach the
Gulf their diet has changed to crabs, penaeid shrimp, and polychaetes. They
reach sexual maturity in four to five years and about thirty-five inches in
length. Most captures of older juvenile and adult drum are from salinities
greater than 20 ppt. The red drum is susceptible to sudden cold shocks and
massive fish kills have been reported after sudden freezes.

Southern Flounder

The southern flounder is common to the Gulf coastal waters and is a valuable
food and sport fish. Adult flounder are most often found on soft muddy
bottoms of shallow bays and lagoons, but frequently occur on sandy beach
areas. Large flounder have been captured as far inland as freshwater which
suggests that the species moves extensively within the estuary. Adult
southern flounder apparently migrate from estuaries to nearshore Gulf waters
from October to December (Table 2) to spawn, with the peak emigration of males
occurring prior to that of females. Males over three years old are not
usually caught in the estuary and either may spend the latter part of their
life in the Gulf or die after their third year. Growth studies indicate that
males grow slower than females.

Post-larvae and juveniles have been captured from the beach near Barataria Bay
and in the Caminada Pass area from December through April. Tidal stages
rather than day-night cycles appear to be the more important factor affecting
migration. Post-larvae and juveniles appear to concentrate in quieter waters
of tidal channels during ebb tides and disperse during flood tides.

Recruitment of young flounder into inland waters occur mainly from December
through April with peak ingress during February and March. Marshes of either -
low to high salinity may serve as nurseries. Ninety-five percent of the food
items found in the stomachs of small flounder are invertebrates, while larger
flounders feed mainly on fish.

Gulf Menhaden

Gulf menhaden (commonly called pogies) range along the coastline of the Gulf
from Florida to Veracruz, Mexico. They support the largest single fishery by
weight in the United States. Menhaden are a schooling species throughout their
Tife which accounts for the success of the purse seine fishery. The bony,
mealy fleshed, oily fish is not a food fish, but is processed for fishmeal and
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0il. The Gulf fishery, which occurs from April to October, is dependent on
age-1 and age-2 fish.

Spawning has not been observed, but is reported to occur in the open Gulf from

October through March- in waters 6 to- 420-foot- deep. Menhaden- may spawn- four or

five times during a spawning season, releasing spherical eggs that float near
the surface. Larvae may spend three to five weeks in offshore waters prior to
moving through the passes into the estuaries. Peak movements may vary year to
year, and generally occur from December through March or April (Table 2).

Juveniles remain in low salinities, where they travel in dense schools often
near the surface. The length of time they spend in the estuary is variable,
ranging from six to twelve months after hatching. Emigration of adults and
maturing juveniles has been reported to occur from midsummer through winter,
with peak movement from October to January (Table 2). Movement back into
inshore waters by surviving members of all age groups following overwintering
in the Gulf occurs early the following spring in March or April. Gulf menhaden

live to a maximum of four years, therefore, this cycle may be repeated several
times.

Menhaden have two distinct feeding stages - Tarvae feed on individual
zooplankton, while juveniles and adults are omnivorous filter-feeders.
Research on the closely related Atlantic menhaden indicate that algal
production in an estuary is insufficient to sustain even the juveniles.
Juvenile Atlantic menhaden ingest significant quantities of vascular plant
material and are able to digest cellulose with 75 percent efficiency. This

demonstrates an efficient direct 1ink from marsh primary production to fishery
utilization.

Trapping

Fur trade was an integral part of Louisiana’s coastal economy in the
early 1900's. The productivity of Louisiana’s marshes for fur production
is the highest in the North American Continent for nutria. This is noted
in Linscombe and Kinler 1985.

Stanley Arthur wrote in 1831, Louisiana produced more pelts of fur animals than any other state

in the union, or providence and territory in Canada. He further stated that the peak period of

the late 1920's, Louisiana produced more pelts of fur animals than all of the Bominion of Canada

with Alaska’s harvest thrown in for good measure. Between the 1813-14 season and the 1928-30

season average statewide production was over five million pelts. During the 1922-23 season N
estimates from fur trade indicated that ten to fifteen million muskrats were shipped from the

state. Louisiana has continued to held this prominent position in fur production. Harvest data

from the 1981-82 season indicated that Louisiana was the number one state in fur production.

However, the average fur harvest during the past twenty years was two and a quarter million

pelts, only 45 percent of the early 1800's production.

Louisiana produced 87 percent of the North American nutria harvested during 1870-71 season
through 1980-81 season. Coastal area of the state accounted for 97 percent of the harvest. The
Chenier Plain parishes, comprising 36 percent of the coastal marshes (excluding salt marsh),
accounted for 19 percent of the nutria harvest during this period.
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The market for furs has drastically declined in recent years and
overpopulation of some species have had a detrimental effect in some marsh
areas.

Muskrat and Nutria

Fresh marshes have the lowest muskrat populations and the highest nutria
population. Muskrat numbers generally increase as salinities increase and are
most abundant in brackish areas. These two animals can occupy the same area
without significant conflict. Their selection of food overlaps on some plant
species, but generally nutria feed on coarser vegetation above the ground and
the muskrat takes more of its food below the surface in the form of roots,
tubers, and rhizomes.

The muskrat is widespread throughout the coastal marshes of south Louisiana.
In areas near sea level it builds houses from readily available vegetation,
These houses are three to five feet in diameter at the base and two to four
feet in height. The main food source for muskrats is vegetation, but small
quantities of fish, snails, mussels, insects, crabs and crawfish are also
eaten. The preferred vegetation eaten by muskrat include Olney and saltmarsh
bulrush, cattail, alligatorweed, roseau shoots, and pickerelweed.

Nutria, a native of South America, was introduced into Louisiana in 1938. By
1943 the species was widespread in the southern parishes, and today the
distribution is statewide. In marsh areas nutriafeed largely on bulrushes,
cattail, alligatorweed, and many other plants. Often a feeding platform of
vegetation is erected which is a resting area used during feeding.

Linscombe and Kinler (1985), calculated the differential rates of productivity
for nutria and muskrat on fresh, intermediate, and brackish marshes (Table 4).
These estimates are in acres of marsh needed to support one furbearer. Nutria
were found to be the most productive furbearer with a 3.4 acre to animal unit
in the Chenier Plain fresh marsh. Muskrat was found to most productive in the
brackish marshes with 8.5 acres per animal unit. This rate is still less than
nutria in the brackish marsh with a 7.3 acre per animal unit productivity rate
(Table 4). The value per acre for nutria is $1.94, $1.18, and $.90 per acre
for fresh, intermediate, and brackish marshes (Table 5) with a total value to
the study area of $192,846 per year.. Muskrat value per acre was $.15, $.05,
and $.63 per acre for the marsh types with a total value to the basin of ‘
$71,725 per year. ’

Raccoon

Raccoons are found statewide in a wide variety of habitats. They are
omnivorous, eating berries, shoots and buds of many different plant species,
and consuming crawfish, crabs, snails, clams, frogs, earthworms, and insects.

Raccoon was found to be most productive in the brackish marshes (Linscombe and
Kinler 1985). This furbearer needs 68 acres of marsh per animal unit (Table
4) for a value of $.02 per acre (Table 5). The total value of raccoon
productivity is estimated at $3,558 per year to the basin.
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Mink

Mink live in areas always adjacent to a water source. The largest populations
occur in the coastal marsh. They often live in dens abandoned by other

animals, such as nutria and muskrat. These nests are lined with soft
materials, such as feathers, fur and grass. The diet of the mink is dépendent
upon the availability of food items. In the coastal area they feed largely. on
fish, crabs, crawfish and frogs. '

Mink was found to be most productive in the fresh marshes (Linscombe and
Kinler 1985). This furbearer needs 223 acres of marsh per animal unit (Table
4) for a value of $.02 per acre (Table 5). The total value of mink
productivity is estimated at $1,943 per year to the basin.

Otter

Otter occur throughout the state wherever water is abundant. The largest
populations occur in the Atchafalaya Basin and coastal marshes. Although they
usually dig their own den on the banks of stream, with the entrance hole under
water, they have been known to utilize abandoned nutria or muskrat dens. Their
diet consists largely of frogs, snakes, fish, turtles, crawfish and crabs,
however they will also eat birds, rats and mice.

Otter was found to be most productive in the brackish marshes (Linscombe and
Kinler 1985). This furbearer needs 752 acres of marsh per animal unit (Table
4) for a value of $.02 per acre (Table 5). The total value of otter
productivity is estimated at $2,834 per year to the basin.

Linscombe and Kinler (1985) examined the fur harvest in the eastern and -
western zones of lLouisiana’s coastal marshes. They looked at each of the
furbearing species within these zones and determined the amount of acreage
necessary for the various marsh types to produce a single individual of these
species. These rates according to species and marsh type within the Chenier
Plain are depicted in Table 4.

Table 4. Fur Harvest Rates {acres yielding one animal) for Chenier Plain by
Vegetative Type?d.

Species Fresh Intermediate Brackish
Nutria - 3.4 5.6 7.3
Muskrat 36.0 99.0 8.5
Raccoon 86.0 73.0 68.0
Mink 223.0 329.0 466.0
Otter 2,036.0 1,258.0 752.0

Linscombe and Kinler using fur harvest data placed a dollar value obtainable
for each species by acre according to marsh type. Table 5 examines these
figures according to species and marsh type within the Chenier Plain.

3pata from Linscombe and Kinler 1985, Fur Harvest and Distribution in Coastal Louisiana.
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Table 5. Fur Harvest Value (dollars per acre) for Chenier Plain by Vegetative

Type“.

Species Fresh Intermediate Brackish
Nutria $1.94 $1.18 $0.90 o
Muskrat $0.15 $0.05 - $0.63 ST
Raccoon $0.02 $0.02 $0.02
Mink $0.02 $0.01 $0.01
Otter $0.01 $0.01 $0.02

TOTAL $2.14 $1.27 $1.58

Using the value figures developed by Linscombe and Kinler and the acreages of
these marsh types (16,400 acres of fresh marsh; 56,000 acres of intermediate;
and 105,500 acres of brackish marsh) within the project area, an annual value
estimate of $272,906 was obtained for the basin. Table 6 shows this estimate
of annual value according to species and marsh type within the project area.

Table 6. Annual Value Estimates of Fur Harvest by Vegetative Type for
Calcasieu-Sabine River Basin.

Species Fresh Intermediate Brackish Total

Nutria $31,816 $66,080 $ 94,950 $192,846
Muskrat $ 2,460 $ 2,800 $ 66,465 $ 71,725
Raccoon $§ 328 $ 1,120 $ 2,110 $ 3,558
Mink $ 328 $§ 560 $ 1,055 $ 1,943
Otter $ 164 $ 560 $ 2.110 $ 2.834

TOTAL $35,096 $71,120 $166,690 $272,906

Agriculture

Agriculture is a major landuse in the river basin. The 1987 Census of
Agriculture shows that 256,000 acres of the river basin’s 475,000 acres is in
agricultural production of one type or another. Out of the approximately 1200
households in the basin, 442 are involved in agricultural production. Table 7
displays information from the 1982 and 1987 Census of Agriculture:

Table 7. Agricultural Information for Basin in 1982 and 1987.

: 1982 1987
Farm Numbers 446 442
Land in Farms 260,012 255,447
Average Size 583 578
Cropland (Farms) 328 295 .
Cropland (Acres) 67,811 63,048
Woodland (Farms) 21 34
Woodland (Acres) 10,656 6,464
Pasture (Farms) 345 345
Pasture (Acres) 210,981 207,343
Expenses (Avg) 7,921 13,594
Revenue (Avg) 16,175 17,025
Net Returns 8,254 3,431

4Data from Linscombe and Kinler 1985, Fur Harvest and Distribution in Coastal Louisiana.
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The information indicates that farm number, size, and landuse in the river

basin has remained relatively unchanged. The basin contains 63,000 acres of
cropland which produce a variety of products. These include corn, rice,
soybeans, and forages. The list of forages include alfalfa, grass silage, and
other types of haylage. These products are sold as commodities and used on
the farm for farm animal production such as cattle, hogs, and pouTtry. The
basin does produce some truck crops which include sweet corn, green cowpeas,
green southern peas, and Irish potatoes.

The remaining agricultural land in the river basin is used for forestry and
livestock production. The forest 1and dropped from 10,700 acres to 6,500
acres between the two census’s. The forest land is also used for some cattle
grazing the basin. The predominant use of agricultural lands in the basin is
for cattle grazing. In fact, 207,000 acres or 81 percent of the agricultural
lands are for cattle production. A further detailed discussion of rangeland
and cattle production is presented in Appendix F.

Mineral Extraction

The importance of oil and gas production can be seen by the number of
production fields and infrastructure for transport of these resources (Map 4).
The basin contains the following production fields (East to West on Map 4): 1)
East Hackberry 0i1 and Gas Fields; 2) East Mud Lake 0il and Gas Fields; 3)
East Holly Beach Gas Field; 4) Second Bayou Gas Field; 5) Mud Lake Gas Field;
6) South Black Bayou 0il and Gas Fields; 7) Southeast Black Bayou Gas Fields;
8) Black Bayou 0il Fields; 9) East Cameron Meadows Gas Field; 10) Cameron
Meadows Oil1 and Gas Fields; 11) Deep Bayou 0il and Gas Fields; 12) Northwest
Johnsons Bayou Gas Field; 13) Johnsons Bayou 0il and Gas Field; 14) West
Johnsons Bayou Gas Field; and 15) Blue Buck Point Gas Field. The basin is
innervated with hundreds of miles of oil, gas, and product pipelines {Map 4).

The number of 0il and gas fields and the pipelines display the tremendous
investment in extractive industries for the river basin. It also shows the
relative importance of this industry to the economy of the basin.

NON-COMMERCIAL

Recreation

The Calcasieu-Sabine study area offers many recreational opportunities,
including fishing for both saltwater and freshwater species. The basins
hunting resources offer an abundance of migratory and non-migratory waterfowl
and various small (rabbits, quail, etc.) and large (deer) game. The basin i
also offers non-consumptive use of recreation for bird watchers and campers
who visit and enjoy the abundance and diversity of the basin’s coastal

marshes.

Fisheries

The basin’s residents and many visitors purchase both saltwater and freshwater
fishing licenses to pursue the various species of fish that abound. The )
marine and estuarine-dependent species include the species listed in the .."
Commercial Fisheries subsection and: 1) Spanish mackerel, 2) blue fish, and 3)
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grey snapper. These recreationally important species spend some of their 1ife
cycle in Calcasieu Lake and surrounding marshes.

Low-salinity marshes within the study area support an abundance of freshwater

sport fishes such as largemouth bass, yellow bass, bluegill, redear sunfish,

-

crappie, freshwater drum, blue catfish, and channeT catfish. Trawl samples on
the Sabine National Wildlife Refuge have routinely demonstrated that
freshwater fishes and estuarine-dependent species simultaneously occupy the
same habit. Depending upon the season bay anchovies, naked gobies, hogchoker,
Atlantic croaker, Gulf menhaden, blue crab, and white shrimp were frequently
caught in trawl samples containing freshwater fishes. These samples were
taken in waters with salinities of up to four ppt.

The geographic distribution of freshwater fisheries in tidally-influenced
areas is largely dependent upon isohalines (ridges of constant salinity).
During high rainfall years, red swamp crawfish are occasionally abundant

within the tidally-influenced Tow-salinity marshes.

During 1991, an estimated 58,000 anglers fished the interior marshes on Sabine
National Wildlife Refuge for freshwater game species. This occurred during
the 26-week long period in which public fishing is allowed in the refuge (SNWR
1991).

Hunting

The Calcasieu-Sabine study area is blessed with vast and diverse hunting
resources. This section will concentrate on waterfowl, and selected small and
large game species.

Waterfowl

The study area is part of the Mississippi River and Flyway Flyway and winters
millions of migratory waterfowl every year. The basin also contains the non-
migratory duck, mottled duck, which makes its home in the Louisiana coastal
marshes (Table 8).

Bucks. Ducks actually favor the fresh and intermediate marsh areas, but if
the food supply and water conditions are suitable, the brackish marshes may
also be utilized.

Most marsh management for ducks involves puddle ducks rather than diver ducks,
which prefer deeper lakes and bays (Table 8). MWater depth is a critical
factor to consider in management for ducks. If a marsh is dry, or if the
water is too deep, puddle ducks will not utilize the area. Normally fifteen
inches of water cover is the maximum feeding depth for puddle ducks.

The earlier successional stages of plant species furnish the greatest
abundance of duck food. Saltgrass and tender shoots of marshhay cordgrass are
good food items. Excellent food plants are Olney bulrush, saltmarsh bulrush,
and widgeongrass. A program of prescribed burns in selected areas favors the
growEh of larger stands of the bulrushes and tender leaf growth in marshhay
stands.
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Table 8. Common Species of Waterfowl in the Calcasieu-Sabine BasinS. ﬁ.'J
Chenier

Common Name Scientific Name Miqratory Type Plain (%)

Gadwall . Anas strepera Yes Puddle 23.0

Green-winged Teal Anas crecca Yes " Puddle - 2l.2” e

American Wigeon Anas americana Yes Puddle 18.5

Northern Pintail Anas acuta Yes Puddle 19.

Mallard Anas platyrhynchos Yes Puddle 10.7

Northern Shovler Anas clypeata Yes Puddle 4.5

Mottled Duck “Anas fulvigula No Puddle 1.5

Blue-winged Teal Anas discors Yes Puddle 0.9

Lesser Scaup Aythya affinis Yes Diver

Greater Scaup Aythya marila Yes Diver

Ring-billed Duck Aythya collaris Yes Diver

Redhead Aythya americana Yes Diver

Canvasback Aythya valisneria Yes Diver

Bufflehead Bucephala albeola Yes Diver

Common Goldeneye Bucephala clangula Yes Diver

White-fronted Goose Anser albifrons Yes

Snow Goose Chen caerulescens Yes

Ross’ Goose Chen rossii Yes

Canada Goose Branta canadensis Yes

Geese. Southwestern Louisiana is a primary wintering area for geese, and is
of special importance for Snow Geese. A1l geese that winter in Louisiana
(Table 8) are primarily grazers. Favorite food types are rice, rice sprouts,
Olney bulrush, saltmarsh bulrush and the leaves of freshly burned marshhay
cordgrass. The brackish marsh is the favorite zone for geese since Olney and
saltmarsh bulrushes are common there.

A fair food plant for geese is smooth cordgrass. The burning of brackish
areas from September to February favors the production of tender young shoots
and clears the ground of heavy roughage so the geese can get to the roots and
tubers of marsh plants. Burning encourages the growth of the bulrushes and
results in the production of tender leaves of marshhay cordgrass.

A good management practice for geese is the initiation of a prescribed burn
two or three weeks before the arrival of geese into the area. A series of
these burns two or three weeks apart can be spread over the winter months to
assure the continuing production of young and tender vegetation.

Other

The marsh provides food and cover for many important hunting species. These
include large game such as whitetail deer, small game such as rabbits and
birds such as quail and dove. This section will concentrate on whitetail deer
and swamp rabbit.

Wwhitetail Deer. The whitetail deer is found in all areas of Louisiana where -
suitable habitat is present. The extent of the home range of the animal :
varies seasonally. During most of the year, the range varies from 300 to 600 "IJ

5puddle ducks percentages are from A.W. Palmisano 1972.
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acres. With the advent of the breeding season, males will move further in
search of receptive females.

Deer are completely herbaceous in their food habits and the number of plant
species they are known to consume is over one hundred. In the marshes, their
diet consists of tender marsh vegetation and browse from bushy canaT spoiT ™~
banks and natural levees and bayous.

Deer living in marsh areas are normally found in greater numbers in fresh and
intermediate locations. Their numbers diminish in brackish areas and they are
seldom found in saline marshes, Like many other species, deer utilize bushy
cover found on spoil areas. Deer in these areas usually feed in the marsh and
retreat to the bushy cover to escape enemies or to find shaded resting places.
Care should be taken to avoid the burning of these areas during prescribed
burning procedures.

Swamp Rabbit. The swamp rabbit differs from the eastern cottontail in that it
is larger and has a darker coat color. The species is found in all parts of
Louisiana. It tends to thrive best in coastal marshes and areas that are
heavily wooded. In marshes, the swamp rabbit populations are heaviest in
areas where canal banks and wooded ridges provide good cover, but it will also-
live in a cover of roseau cane, paille fine, or Olney bulrush. Nests are
constructed in shallow depressions on the ground and are made of a mixture of
grass and rabbit hair. :

This species is herbivorous and will utilize food types such -as grasses,
sedges, cane and aquatic emergents. They usually feed at night, but at
particular times, Tike after a rainfall, the swamp rabbit may be seen feeding
in the daylight hours.

Visual Utilization {Non-Consumptive Use)

The basin study area has a diverse ecosystem and culture that offers
opportunities to see historical land marks and natural habitat. The beauty of
wildlife can be seen along nature trails and tours. One can see alligator,
various species of migratory and non-migratory birds, and other wildlife
species foraging in the basin marshes. A listing of known animals that occur
in the basin is in Appendix B.

The National Register of Historic Places 1ists Sabine Pass Lighthouse
(C81000290) located on Light House Bayou along Sabine Pass in the southwestern
corner of the study area. It was used in the Civil War. The basin has many
archaeological sites ranging from burial mounds to shell middens. Johnsons
Bayou has three known burial mounds that have been excavated and contained
bones, pottery, and projectile points.

The basin area has legends of several treasure burial sites that have been
found by residents, some in their back yardsé. The basin also offers several
campsites along the beaches and around the town of Hackberry.

BCameron Parish Rural Development Committee, 1970. Appraisal of Potential for Outdoor Recreation for
Cameron Parish.
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Nature trails offer a unique opportunity to observe wildlife in their native
habitat. Nature photography and bird watching are just two of the many
opportunities offered along these trails.

Bird watching is a major attraction in the area bringing visitors from many

states. During migration periods Species congregate in the area prior to
crossing the Gulf, and on their return gather reserves to continue northward.
The Louisiana Ornithological Society holds annual meetings in the parish, and
many unusual western species are recorded by these avid birders. The coastal
wetlands of Louisiana provide habitat for some of the largest concentrations
of nesting egrets, herons and ibises in North America. These species along

with shore birds and marine species add interest to those enjoying this sport.

Christmas Bird Counts (CBCs) were started in the northeastern states in 1901
with 25 counts conducted by 27 participants. In 1916 a 15 mile diameter
circle was designated as the standard count area. Since then the counts have
increased to include all states within the United States, Canada, Mexico, and
Central America. In 1992 a total of 1,646 counts were conducted and published
in American Birds. The basin area contains two CBCs. The Sabine count was
first held in 1943 (Appendix D), and the Johnsons Bayou count was begun in

1976 (Appendix E). These appendices contain the species found on these counts
each year.

Table 9. Threatened and Endangered Species Potentially in Basin Area?.

Common_Name Scientific Name Class
Loggerhead sea turtle Caretta caretta T
Atlantic (Kemp’s) Ridley’s turtle Lepidochelys kempii E
Hawksbill sea turtle Eretmochelys imbricata E
Green turtle Chelonia mydas T
Leatherback turtle Dermochelys coriacea E
Southern Bald Eagle Haliaeetus leucocephalus E
Arctic Peregrine Falcon Falco peregrinus tundrius E
American Brown Pelican Pelecanus occidentalis E
Eskimo Curlew Numenius borealis E
Least Tern Sterna antillarum £
Piping Plover Charadrius melodus T
Red wolf Canis rufus E
Finback whale Balaenoptera physalus E
Humpback whale Megaptera novaeangliae E
Sei whale Balaenoptera borealis E
Sperm whale Physeter catodon E
Right whale Eubalaena glacialis E

The possibility exists that some endangered or threatened species may be found
within or adjacent to the basin area. Table 9 provides a listing of theses
species. The large turtles occur in tropical seas and may turn up at beaches
or in bays. No nests of the Southern Bald Eagle have been found in the
southwestern part of Louisiana, however, since they feed on both live and dead
fish the habitat is suitable and could be part of their nesting range. Like
the Bald Eagle, the Peregrine Falcon has not been reported as nesting, but

7Endangered and Threatened Species of the Southeastern United State {The Red Book}, 1992. "T" stands for a
threatened species classification and "E" stands for an endangered species classification.
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they are Tikely to be observed along the Gulf shores attempting to catch
gulls, terns, sandpipers, or plovers. Nesting colonies of the American Brown
Pelican have been reestablished in the southeastern part of Louisiana, and .
sightings are possible along the shore. The Eskimo Curlew migrates from
Argentina to Alaska, with the eastern edge of its spring migration path just

touching Louisiana, therefore it is~possible that it might be observed within—

the basin area. The Piping Plover has been declining since the 1950’s with the
inland nesting habitat greatly threatened. The Least Tern is still fairly
common in the coastal areas, however the interior population is endangered.
The range of the Red Wolf has drastically decreased with the study area
encompassing the remaining possible range as of 1970. The whales might be
sighted just offshore, or perhaps accidently moving into the deeper lakes or
bays.

WATER QUALITY

The Calcasieu-Sabine River Basin study area is surrounded by water bodies and
watercourses and is innervated with bayous and canals. Investigation of
Louisiana Department of Environmental Quality (LDEQ) report on water quality
inventory for 1992 shows that all water bodies and watercourses are fully
supporting designated uses for primary and secondary contact. This
information is for LDEQ sampling stations within the basin study area.

A problem does exist in the basin interior marshes with turbidity. The
suspended soil particles in the water column due to soil transport of eroded
particles reduces water clarity. The effect of reduced water clarity impacts
light penetration into the water column and thus decreases submerged aquatic
vegetative productivity. This reduced productivity leads to additional open
water in the marshes and decreased habitat for waterfowl and estuarine-
dependent organisms.

SOCIAL, CULTURAL, AND ECONOMIC

The Calcasieu-Sabine Cooperative River Basin study area includes two political
districts: 1) District 1 - Johnsons Bayou; and 2) District 2 - Hackberry.
These districts contain close to half of the land resources of Cameron Parish
and one-third of the population. The area population, education level and
employments statistics are below:

Table I0. Population and Education Estimates from 1990 Census.

25+ with 25+ with

above 25 High-school .College
Population Years of Age Education Education
State Average 68.3% 16.1%
Dist. I 1,147 622 64.8% 6.4%
Dist. 2 1,730 1,067 67.9% 10.2%

Table 10, above, reflects that people of the basin are similar to the state
average as far as adults with High-school educations. However, the percent of
college educated residents is below the state average. This may be a result
of the types of industries within the basin study area. Table 11 below, shows
that the percent of residents in some work status similar to the state
average, but that the rate of employment and overall income is above the state
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average. The summation of these results would indicate a predominantly highly
skilled, well paid blue collar work force.

Table 11. Labor and Median Income Estimates from 1990 Census.

Percent
Labor in Labor Percent Median
Force - Forcer - -~ Unemployment-- - Income ~——— -~ -
State Average - 59.3% 9.6% $21,949
Dist. 1 768 58.7% 8.2% $20,735
Dist. 2 1,301 57.8% 5.5% $25,677

The marsh is extremely valuable to the local economy, the parish, the state,
and the nation. Louisiana has 40 percent of the nations coastal marshes and
is experiencing 80 percent of the nation’s annual loss of coastal marshlands.
The economy is basically extractive with 0i1 and gas extraction, and export of
farm raw products. The basin also has tremendous amounts of wildlife and
fisheries of commercial and recreational value.

0i1 and Gas Resource

0il and gas extraction are the major direct sources of income through tax
revenues as well as corporate and personal income. In 1985, 16 percent of the
nation’s oil and 29 percent of natural gas production came from the Louisiana
coastal marsh. This volume of hydrocarbon extraction translated into $27.1
billion (United States Army Corps of Engineers, no date).

In assessing the importance of hydrocarbon revenues to energy Eompanies,
corporate, individual, and parishes, that the best interest of these entities
is to keep the marsh intact (Van Beek et al., 198x),

Under present state laws, oil and gas royalties are derived by the parish from production
under parish-owned lands. Ownership of lands is determined by present shoreline positions
where water bodies are involved, unless a fixed boundary has been established under Act 839
of 1984, Accordingly, the continued value of o0il and gas resources with regard to income
to the parish may in some cases be dependent on the present distribution of wetlands and
assaciated shoreline locations (1986:2-57}.

What this means is that if marshland converts to open water, ownership -
can revert to the state government. This decreases parish tax revenues
and results in a loss of land rights to previous owners of the
marshlands. Shoreline modifications can change who receives tax
revenues and well ownership.

The state owns all in-shore water bottoms, while, the federal government
owns all water bottoms beyond the three mile 1imit of the .Gulf coast to

international waters. The state has a set three mile 1imit which means

regardless of the shoreline retreat that state water bottoms will not be
lost to the federal government.

The change in the shoreline results in a major reduction in revenues to
the parishes and thus, local communities. The monetary, social, and
political effects of the marsh’s erosion would cause massive changes in
the fabric of social relationships within the area. Unemployment and
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underemployment would likely rise, and with it, federal expenditures
would need to increase on programs such as welfare, food stamps, housing
subsidies, etc.

Fisheries . e © e et e et e e

Louisiana provides 36 percent of the nation’s volume of commercial fisheries
with value of $680 million annually, and 40 percent of the wild fur and hide
harvest with an annual value of $17 million (Corps of Engineers, Crisis on
Louisiana’s Coast. America‘s Loss). The marsh provides a nursery ground for
estuarine species such as, white and brown shrimp, red drum, blue crab,
speckled trout, spot, and menhaden. :

The basin has several fisheries processing plants for shell fish and fin fish.
The Port of Hackberry serves as the primary shrimp dock for shrimp boats under
thirty feet in length which fish mainly in inland water of Calcasieu Lake,
Black Lake, and the Calcasieu Ship Channel. Both white and brown shrimp are
important to the inland shrimp industry. Holly Beach has a menhaden
processing plant for processing these fish into meal and oil.

The oyster industry is another important commercial fishery which seasonally
provides an important source of income to many parish fishermen. Oysters are
primarily harvested from reefs located in Calcasieu Lake, and are processed at
three of the five parish oyster shucking plants located in Hackberry.
Hackberry also has three volume buyers of live crabs where the majority of
commercially caught blue crabs are sold. »

Wildlife

The importance of the marsh for its diversity in fish and wildlife also
provides opportunities for consumptive and non-consumptive recreation. The
marshes of southwest Louisiana are a resting place along the Mississippi
Flyway for many waterfowl. Hunters may spend up to $3,000 to lease a duck
blind for a hunting season. Many residents in and around the river basin
purchase hunting and fishing licenses for consumptive recreation. Also, some
residents will go visit the marsh for non-consumptive recreation such as
sightseeing or bird watching. These hunters, anglers, and wildlife observers

purchase many goods and services which provide revenue to both vendor and
taxing authorities.

Agriculture

The area also contains agricultural resources which generates revenue and
provides for a culturally rewarding way of 1ife. The basin has several
thousands of acres of forest and agricultural land. The lands produce row
crops such as corn, soybeans, rice and haylage. A large percent of
agricultural land is being used for cattle production.

The agricultural acreage (Table 3) for the basin is 260,000 acres in 1982 and
256,000 acres in 1987. The total farm sales for 1982 and 1987 were $7,214,000
and $7,508,000, respectively. Most of the land is in pasture land, hence the
importance of livestock production within the basin’s agricultural community.
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1n 1991, the Louisiana beef cattle industry had a gross farm value of about

$287 million. Cameron Parish has the second highest number of beef cattle in

the state with over 36,000 head. The cattle industry in Cameron Parish had a

$14 million gross farm value in 1991. About half of the livestock in Cameron
Parish are headquartered or spend a portion of the year grazing in the basin.

In addition, a large number of cattle headquartered in Calcasieu Parish spend

a portion of thé year grazing in the CSRB area: The gross farm-vatuefor-- ——
these cattle is attributed to Calcasieu Parish.

Almost all of the cattle in the river basin are in the cow-calf phase of the
industry. Weaned calves are sold as rodeo roping calves or as weaning calves.
Very few calves are kept in the stocker calf phase. Therefore, most of the
value added economic returns from livestock are derived outside the river
basin area.

Agriculture influences the culture as well aé the economy of the basin. It is
estimated that 1200 households reside in the study area with 442 of these
associated with agriculture. This influence extends from the home to school
activities.

The family unit is evident in the livestock operations in the basin. Often
one family member is responsible for the day to day management of the
livestock enterprise while actual ownership is distributed between various
family members. Its not unusual to find 5 or 6 ownership brands in one herd
of cattle. Family members and neighbors pool their labor and resources to
carry out the major management endeavors such as moving, working, and
marketing. livestock. .

Youth activities in the basin are highly influenced by the agriculture and {
livestock industry. Participation in 4-H, FFA, and High School Rodeos are
major activities for a large percentage of the area youth.
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The objective of this section is to list the problems of the study area, then
discuss historical events that lead to the present conditions, and describe
the impacts of the historical events. The subsections will be Problems,
Historical Events, and Impacts of Historical Events.

PROBLEMS

The problems associated with the Calcasieu-Sabine River Basin are both natural
and man-made. The natural occurrences are apparent sea level rise, saltwater
intrusion, increased water level fluctuations, and shoreline erosion. The
man-made events are saltwater intrusion, increased water level fluctuations,
rapid freshwater removal, ponding, and erosion of interior marsh. Some of the
man-made problems are the same as natural occurrences because they are
aggravated by man-induced changes to hydrology.

Natural Occurrences

Several factors that cause marsh loss occur naturally. These include relative
sea level rise, subsidence, tides, saltwater intrusion, and shoreline. erosion.

Relative sea level rise

The described as the net sum of subsidence and global sea level rise.
Relative sea level rise impacts the design, construction, and operation of
water resource projects and the regulation of natural resources in Louisiana,
both in water control operations and permit authority. N

In 1929, Mean Sea Level (MSL) at Biloxi, Mississippi, was used to determine
the zero elevation for the North American Sea Level Datum (in 1978 this was
renamed National Geodetic Vertical Datum (NGVD), of 1929). Thus in 1929, zero
NGVD was equal to MSL at Biloxi and was used to establish the vertical control
for the North American Continent. In recent years, as a result of subsidence,
global sea level rise, and possibly other geologic factors, the mean elevation
of local sea Tevel has increased with respect to NGVD.

A report entitled Relative Sea Level and Subsidence in Louisiana and the Gulf
of Mexico by the Louisiana Geological Survey (LGS), dated 1989, establishes
the disparity between local Mean Sea Level and NGVD in terms of relative sea
level rise. Tide data collected by the National Oceanic Service (NOS) and the
United States Army Corps of Engineers, New Orleans District, are the basis for
the LGS study. The study showed the relative sea leve] rise in Galveston,
Texas (approximately 100 miles from the study area) had a rate of .62
centimeters per year.

Subsidence

The term is defined as the net effect of numerous processes that result in the
downward displacement of land relative to a fixed datum. These processes
include but are not limited to, sediment compaction; regional downwarping of
the Gulf Coast Geosyncline; and local sources of subsidence which may be
associated with the environments of deposition, faulting, salt extraction, and
man-induced processes related to subsurface fluid withdrawal and drainage.

The LGS study, discussed above, showed the subsidence rate for Cameron and
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Hackberry to be .42 and .32 centimeters per year after correction for the Gulf
of Mexico Sea Level Rise.

Tides

Along the coast of Louisiana, the range, timing, and extent vary with the
meteorological conditions, plan form of the shoreline, and seasonal freshwater
runoff. Astrological tides are generally semi-diurnal along the Chenier
Plain, thus the study area.

Tides and storm surge resulting from the wind blowing over the waters of the
Gulf, bays, and lakes. Generally the term wind-tide is used to describe set-
up of the water surface in a lake or on the open coast of the Gulf or a bay.
On the open coast, an onshore wind of 10 miles per hour can increase the tide

by one foot. Usually tidal currents are 1/2 foot to one foot per second or
less.

Saltwater intrusion

Saltwater intrusion is the result of an insufficient freshwater hydraulic head
(flow) to push higher saline waters gulfward. It has been exacerbated by
navigation channels and resulted in local salinity peaks that enter interior
marshes via canals which increase vegetative loss. The result of saltwater
intrusion into a marsh can cause stress or death of an emergent vegetative
community. If plant death results, then the plant roots will detach from the
soil substrate and leave the exposed soil vulnerable to erosive conditions.
The eroded soil then becomes suspended in the water column which increases
turbidity and decreases 1ight penetration necessary for productivity of
submerged aquatic vegetation. Thus, eroded areas have a lower probability of
becoming productive waterfowl and fisheries habitat due.to lowered 1ight
penetration and thus become open water.

Shoreline erosion

This erosion is the result of several factors combined to produce erosion
along the coastline and waterbody and waterway boundaries. Much of the
erosion can be prevented and controlled. Currents and waves can be prevented
from eroding banks and shorelines by using hardened structures such as
bulkheads and revetments. In low energy areas, banks, levees and lake rims
can be strengthened by levee refurbishment, vegetative plantings, and wave
dampening devices.

Reduced Orgdnic Production

This is one of the problems which causes a marsh to not keep pace with
subsidence. Organic production is the build-up of a marsh via its own
vegetative production in fresh and low salinity marshes. As the natural
process of soil subsidence occurs, organic material or introduced sediments
must be deposited to maintain proper elevation for wetland plant survival.
The inability of marsh vegetation to keep up with subsidence can be a factor
in the loss of fresh and low salinity marsh.
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Herbivores

These plant eating animals, are a cause of marsh denuding and marsh loss to

open water in coastal Louisiana. Scientific evidence indicates that, under
certain conditions, grazing of marsh and cypress/tupelo swamp by nutria
(Myocaster coypus) and muskrat® (Ondatra- ziberthicus)y s havinga negative—— -
effect on these habitats. Muskrat "eatouts” are easy to identify by large
numbers of muskrat dens and denuded areas of marsh whereas effects of nutria
grazing are less obvious. While effects are not as obvious, it appears that
high concentrations of nutria cause a long-term stress on marsh by

continuously grazing selected species, uprooting other species in search of
preferred roots, and grazing the fresh shoots of other species. :

Nutria are non-native animals introduced into the United States from South
America in 1938. Many people believe that nutria are causing much greater
damage than muskrats because they are more numerous, they occur in greater
range of habitats, and their eating habits are less specific. Normally high
muskrat concentrations are found only in intermediate and brackish marshes
containing abundant amounts of three-cornered grass (Scirpus olneyi). Geese
have also been known to cause "eatouts"™ in marshes that have resulted in
conversion to open water, however this problem appears to have declined in
recent years and is not of serious concern.

The problem of overgrazing by nutria and muskrat is considered a very serious
threat to marshes. These furbearing animals were, until the early 1980’'s, a
valuable resource, harvested in great quantities for their pelts. The
commercial harvest of these animals helped keep their populations under
control. However, due to the worldwide downturn in the fur industry they now
have a very reduced economic value and the populations are expanding rapidly.

Hurricanes

These storms strike the Louisiana Gulf Coast on the average of once in 4
years, though locations and frequencies at any one location are longer. High

ginds, waves and water levels (often exceeding 10 feet) are detrimental to
eaches,

Major storms can cause direct losses to wetlands, especially to areas that are
vulnerable or in the process of deterioration. In addition, hurricanes can
force large volumes of saltwater into interior marshes, where they can cause
acute stress to fresh and intermediate vegetation (Coleman et al., 1986).
However, hurricane-borne sediments are an important resource in some areas,
such as the Calcasieu/Sabine basin. The value of wetlands in protecting
resources and reducing economic impacts from hurricane damage is often
apparent when storm surge energy is blunted by marshes. Between 1917 and
1979, about 7 hurricanes made Tand fall at Cameron Parish. The most sever
being Hurricane Audrey which was a category 4 storm carrying wind speeds up to
144 miles per hour when it landed on June 25, 1957.

Man Induced Problems
Several problems associated with marsh loss are the result of man’s activities

or natural problems which are magnified due to man’s activities. The problems
that are exacerbated by man’s activities are saltwater intrusion and interior
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marsh erosion. The problems which are more of result of man’s activities are pu,)
increased water level fluctuations, rapid freshwater removal, and ponding.

Saltwater intrusion

This is the result of an insufficient freshwater hydrautic head-to-push-higher—-
saline waters Gulfward. However, the result of deepening connections to the
Gulf of Mexico for navigation and the dredging of access canals for natural
resource extraction has exacerbated the problem. The deep channels dredged

for navigation allow for entrance of the saline waters throughout the year.

This is‘due to the fact that higher saline water have greater densities than
fresher water and thus travel lower in the water column. Therefore, deep

draft navigation has provided avenues for saltwater intrusion higher in the
basin than would naturally occur.

Dredging of access canals for natural resource extraction purposes has created
more connections between the water bodies and waterways that carry more saline
water to inland marsh areas. These canals have helped to exacerbate interior
mars: erosion by providing direct avenues for saltwater into these interior
marshes.

Increase water fluctuation

This is defined as the increased tidal exchange and range within a hydrologic

unit than would naturally occur. This is a result of excessive openings, )
exchange points, into a marsh area which allow for greater tidal influence (rm)
than would normally occur. The greater tidal range increases ‘the erosive '{,w
force of water movements in the marsh area and thus detach soil particles and -
wash away vegetation. The problem is most noticeable during frontal passages

when strong winds resuspend/erode soils and outgoing tides flush material out
of the marsh.

Rapid freshwater removal

This result of rapid freshwater removal is a reduction the hydraulic head,
flow, necessary to keep saltwater from entering an area. This is the result
of increased openings into a hydrologic unit that would not occur naturally.
These excessive openings allow for an increased rate of discharge of
freshwater from a marsh system, thus greater chance of saltwater intrusion.

Ponding

This term is defined as excessive water levels in an marsh environment. The
excessive water levels stress and eventually kill marsh vegetation which
increases the opportunity of soil detachment thus erosion.

Erosion of interior marsh

This is the result of several factors, saltwater intrusion; increased water
level fluctuations; and ponding of marsh. These factors can work
independently or in a cumulative fashion. Saltwater intrusion can stress or
ki1l lower salinity tolerant communities. Increased water level fluctuations (ﬁﬁj
can provide greater erosive force due to tides or wave fetch. Ponding can '

§
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stress or kill vegetative communities and eventually convert emergent
vegetative communities to aquatic.communities or open water.

HISTORICAL EVENTS

The history of the study area had been dominated by-the- implementation-of-— —- -

three federal navigation projects. Two of the projects, the Sabine-Neches
Waterway and the Calcasieu Ship Channel, were begun during the 1870‘s. In
1910 Congress authorized the construction of the Inland Waterway, which
created the Gulf Intracoastal Waterway. Besides navigation, The area has also
been developed for mineral extraction.

A chronological 1isting has been prepared for each of the navigation projects.
Another chronological listing of activities has been developed for other
historical events in the basin that have had a major influence on the basin
ecosystem. Each of these events have led to changes in basin hydrology either
basin wide or for large land areas within the basin.

Calcasieu Ship Channel

Prior to navigation improvement projects, a series of natural 3 to 5-foot-deep
bars and shell reefs located in Calcasieu Lake at the head of Calcasieu Pass,
hindered commercial commerce on the Calcasieu River system {Cameron Parish
Pilot 1988, United States Army corps of Engineers 1891 and 1912). A 80-foot-
wide by 5-foot-deep channel was dredged through those bars in 1874. Because
of resilting, that channel was redredged 3 times during the 1880’'s (United
States Army corps of Engineers 1891 and 1912). 1In 1893, an 8-foot-deep
channel was dredged through the lake bars at the head of Calcasieu Pass. To
facilitate maintenance of that channel, a revetment on either side of that
channel was also constructed (United States Army Corps of Engineers 1912).
That channel was redredged in 1894, 1898, and 1902. During 1906 and 1907,
that channel was enlarged to 100-foot-wide, 7-foot-deep, and 4.5 miles long.
The revetment was also rebuilt (United States Army Corps of Engineers 1912).

Table 12. Calcasieu Ship Channel

Year Activity

1874 Dredged channel to 80 ft. wide and 5 ft. deep (COE 1891 and 1912).

1880's Redredged channel five times because of siltation (COE 1891 and
1912).

1893 Dredged lake bars at head of Calcasieu Pass to 8 ft. deep and

constructed a revetment on either side of channel (COE 1912).
1894-1902 Dredged channel three times (COE 1912).

1900 Jetties 1.5 miles in length were placed at the mouth of Calcasieu
Pass (COE 1923).
1903 Dredged a channel 12 ft. deep and 200 ft. wide between the jetties

at the mouth of Calcasieu Pass (COE 1923).
1906-1907 Channel was enlarged to 100 ft. wide, 7.5 ft. deep and 4.5 miles
long. The revetment was reconstructed (COE 1912). .
1941 Calcasieu Ship Channel was complete. It was 30 ft. deep and 250
ft. wide. The Channel ran from Lake Charles through portions of
Calcasieu Lake through Long Point Lake, and into the Gulf of

Mexico to the 32 ft. depth contour (COE 1951).
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1951 Channel was enlarged to 35 ft. deep and the jetties were extended <;’/
into the Gulf of Mexico to the 10 ft. depth contour. The jetties
were 8,050 and 8,620 ft long respectively (COE 1951).

1968 Channel was enlarged to a depth of 40 ft. and a bottom width of
400 ft. (COE 1985).

A series of 5 to 6-foot deep bars in the Gulf at the mouth of Calcasieu Pass
also hindered commercial navigation (United States Army Corps of Engineers
1912). To overcome that hinderence, a pair of converging 1.5-mile-long
jetties were constructed into the Gulf from the mouth of Calcasieu Pass and
were completed in 1900. Excavation of a 12-foot-deep by 200-foot-wide channel
from the Gulf, between the jetties, and to the foot of the pass was also
completed in 1903 (United States Army Corps of Engineers 1923).

Shallow bars at the north end of Calcasieu Lake, at the mouth of the Calcasieu
River, also hindered commercial navigation. By 1893, an 8-foot-deep channel
was excavated through those bars and revetments were constructed on either
side (United States Army Corps of Engineers 1923).

During 1941, the Lake Charles Ship Channel (Calcasieu Ship Channel) was

completed (United States Army Corps of Engineers 1951). This 30-foot-deep,
250-foot-wide (bottom width) channel extended from Lake Charles, Louisiana,

through portions of Calcasieu Lake through Long Point Lake, and into the Gulf,

to the 32-foot-depth contour. During 1951, the channel was enlarged to a

depth of 35 feet and jetties were extended into the Gulf to the 10-foot-depth o
contour. The west jetty was 8,050-foot-long. The east jetty.was 8,620-foot- (;_;)
long (United States Army Corps of Engineers 1951). The channel was again {
enlarged in 1968 to a depth of 40 feet and bottom width of 400 feet (United \
States Army Corps of Engineers 1985).

Sabine-Neches Waterway

Federal projects to improve navigation through Sabine Pass and Sabine Lake
were begun during the late 1800’'s. Prior to those projects, it was determined
that the river mouth bars of soft mud, 5 to 6-foot-deep, hindered passage of
vessels between the Gulf and Sabine Pass. Consequently, during the late
1870’s, several dredging projects were implemented in an attempt to improve
navigation across the river mouth bars. Because of equipment breakdowns and
resilting, those projects were of little success (United States Army Corps of
Engineers 1977). Subsequently, army engineers recommended that jetties be
constructed in lieu of additional channel dredging projects. Construction of
the east jetty was completed in 1920 and the west jetty in 1929. As a result
of jetty construction, a 25-foot-deep channel was scoured through the river
mouth bars between the jetties (United States Army Corps of Engineers 1977).

Table 13. Sabine-Necheslwaterway

Year Activity
1870's Several dredging projects were implemented, but were of little
success due to equipment breakdown and resilting (COE 1977).
~1890's Rice farming became a thriving business along Taylor’s Bayou. ‘”w
1897-1899  Kansas City Railroad, Gulf Railroad, and the Port Arthur Channel ‘;v/

and Dock Company dredged a 75 ft. wide by 25 ft. deep.canal from ‘
the north end of Sabine Pass to Taylor’s Bayou (COE 1977).
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Rice growers along Taylor’s Bayou suffered saline contamination to
their irrigation water. The water contamination was due to a
combination of a drought, increased drain on the freshwater
supply, and modifications to the Port Arthur Canal. Later that
year saltwater contaminated irrigation water was found in the L
Neches River above Beaumont (COE™ 1977y, - oo e
011 was discovered south of Beaumont at what is now known as the
Spindle Top 0i1 Field. The Sabine and Neches Rivers, which are in
close proximity to one another, had a increasing demand for
navigational use due to industrial demands and associated demands
(COE 1977).

The Federal government acquired, free of charge, the privately dug
Port Arthur Canal (COE 1977). :

The Sabine-Neches waterway excavation was complete to a 9 ft.
depth by 100 ft. wide channel. The channel extended north from
Port Arthur Canal to the west side of Sabine Lake, up the Neches
River to Beaumont, and up the Sabine River to Orange, TX (COE
1977).

The Port Arthur Canal became part of the Sabine-Neches Waterway
(COE 1977).

A project to deepen the Sabine-Neches Waterway to 25 ft. was
complete. A saltwater barrier was installed 6 miles north of Port
Arthur to reduce problems of saltwater contamination to freshwater
supplies (COE 1977).

Construction of the east and west jetties were completed in lieu
of 'dredging. As a result of jetty construction, a 25 ft. deep
channel was scoured through the river mouth bars between the
jetties (COE 1977). .
Legislation was authorized to modify the existing Port Arthur
Canal and the Sabine-Nechgs Waterway to 30 ft. deep and 150 ft
wide (COE 1947 & 1989).

Sabine-Neches Canal was widened from 100 ft. to 125 ft. (COE 1977)
After a salinity study, the Corps of Engineers concluded that the
lock should be removed. Subsequently, a bypass channel was
constructed around the Tock (COE 1977).

Widening of the Port Arthur Canal to 200 ft. and the Sabine-Neches
Waterway, below the mouth of the Neches River, to 150 ft. was
authorized.

Port Arthur Canal was authorized for a width of 250 ft. and a
depth of 34 ft. The Sabine-Neches Waterway was also authorized
for a width of 250 ft. and a depth of 32 ft. (COE 1947).

Congress authorized the enlargement of the Port Arthur Canal to
400 ft. and Sabine-Neches to 350 ft. (COE 1947).

LegisTation was passed authorizing the deepening of the Sabine
Pass outer bar channel to 37 ft., the deepening of the Port Arthur
Canal and Sabine-Neches Waterway to 36 ft., the widening of the
Sabine-Neches Waterway to 400 ft., and widening that segment of
the Sabine-Neches Waterway between the Sabine and Neches Rivers
to 150 ft. (COE 1982).

Authorized improvements were completed that provided a 500 ft.
wide by 40 ft. deep channel from the Gulf of Mexico to Port

Arthur, a 400 ft. wide by 40 ft. deep channel from Port Arthur, up
the Neches River to Beaumont, and a 200 ft. wide by 30 ft. deep

39



PROBLEMS <r”\)
channel from the mouth of the Neches River up the Sabine River to [
Orange (COE 1982).

During the period 1897 through 1899, Kansas City Railroad, Gulf Railroad, and
the Port Arthur Channel and Dock.Company dredged. a 75-foot-wide, 25-foot-deep
canal from the north end of Sabine Pass to Taylor’s Bayou. This canal, the
Port Arthur Canal, was dredged several hundred feet inland from the edge of
Sabine Lake, along the southwest bank of Sabine Lake (United States Army Corps
of Engineers (1977). During the mid to late 1890’s, rice farming along
Taylor's Bayou had became a "booming business." A drought in 1901, together
with increased drain on the freshwater supply and modifications due to the
Port Arthur Canal, caused rice growers along Taylor’s Bayou to suffer saline
contamination of their irrigation water for the first time. Llater that same
year, saltwater contaminated irrigation water in the Neches River above
Beaumont, Texas (United States Army Corps of Engineers 1977). Thereafter,
area rice farmers began to oppose future navigation projects and began calling
for a saltwater protection structure in either Taylors Bayou or the Port
Arthur Canal (United States Army Corps of Engineers 1977).

In 1901, oil was discovered south of Beaumont, Texas. Because the Sabine and
Neches Rivers were located near the newly discovered Spindletop 0il Field,
industrial development and associated demands for navigation grew rapidly.
Consequently, the Sabine-Neches Waterway, a 9-foot-deep, 100-foot-wide
channel, was completed in 1908 (United States Army Corps of Engineers 1977).

This channel extended northward from the end of the Port Arthur Canal, along (:“T)
the west side of Sabine Lake, up the Neches River to Beaumont,:Texas, and up —
the Sabine River to Orange, Texas. In 1906 the federal government acquired, {

free of charge, the privately dug Port Arthur Canal. Maintenance of the Port
Arthur Canal became a responsibility of the Army Corps of Engineers and that
canal became part of the Sabine-Neches Waterway in 1912 (United States Army
Corps of Engineers 1977).

Because of the area’s rapid commercial growth, interests along the Sabine-
Neches Waterway were soon reguesting that the channel be deepened to 25 feet.
Fearful that the deepened channel would cause further saltwater contamination
of their freshwater supplies, area rice farmers were successful in including
in the proposed project, a saltwater barrier (saltwater guard lock), to be
located 6 miles north of Port Arthur, Texas (United States Army Corps of
Engineers 1977). During 1916, the deepening of the Sabine-Neches Waterway and
construction of the guard lock was completed. The guard lock was not
successful in halting all saltwater intrusion up the Sabine-Neches Waterway.
Additionally, it created a navigation problem on the busy waterway. After a
salinity study, the Corps concluded in 1923 that the lock should be removed.
A bypass channel was constructed around the guard lock, and the lock was
removed during 1952 and 1953 (United States Army corps of Engineers 1977).

In 1922, the Sabine-Neches Canal was widened from 100 to 125-foot-wide (United

States Army Corps of Engineers 1977). During 1922, legislation was authorized

to deepen to 30 feet, and widen to 150 feet, the existing Port Arthur Canal

and the Sabine-Neches Waterway (United States Army Corps of Engineers 1947 and

1989). In 1927, the widening of the Port Arthur Canal to 200 feet and the ”
Sabine-Neches Waterway, below the mouth of the Neches River, to 150 feet was (:;;)
authorized. In 1935, the Port Arthur Canal was authorized for a width of 250

feet and a depth of 34 feet. The Sabine-Neches Waterway was also authorized
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for a width of 250 feet and a depth of 32 feet. In 1938, Congress authorized
the enlargement of the Port Arthur Canal to 400 feet, and the Sabine-Neches
Waterway to 350 feet (United States Army Corps of Engineers 1947). In 1946,
legislation was passed authorizing the deepening of the Sabine Pass outer bar
channel to 37 feet, the deepening of the Port Arthur Canal and Sabine-Neches

Waterway to 36 feet, the wideriing of the Sabine-Neches Waferway, to 400 feet,
and widening that segment of the Sabine-Neches Waterway between the Sabine and
Neches Rivers to 150 feet (United States Army Corps of Engineers 1982).

In 1922, the Sabine-Neches Canal was widened from 100 to 125-foot-wide (United
States Army Corps of Engineers 1977). Legislation was authorized to deepen to
30 feet, and widen to 150 feet, the existing Port Arthur Canal and the Sabine-
Neches Waterway (United States Army Corps of Engineers 1947 and 1989). 1In
1927, the widening of the Port Arthur Canal to 200 feet and the Sabine-Neches
Waterway, below the mouth of the Neches River, to 150 feet was authorized. In
1935, the Port Arthur Canal was authorized for a width of 250 feet and a depth
of 34 feet. The Sabine-Neches Waterway was also authorized for a width of 250
feet and a depth of 32 feet. ’

In 1938, Congress authorized the enlargement of the Port Arthur Canal to 400
feet, and the Sabine-Neches Waterway to 350 feet (United States Army Corps of
Engineers 1947). 1In 1946, Tegislation was passed authorizing the deepening of
the Sabine Pass outer bar channel to 37 feet, the deepening of the Port Arthur
Canal and Sabine-Neches Waterway to 36 feet, the widening of the Sabine-Neches
Waterway, to 400 feet, and widening that segment of the Sabine-Neches Waterway
between the Sabine and Neches Rivers to 150 feet (United States Army Corps of
Engineers 1947 and 1989). '

During 1972, additional authorized improvements to the channel system were

complete. Those improvements provided a 500-foot-wide, 40-foot-deep channel

from the Gulf to Port Arthur, Texas, a 400-foot-wide by 40-foot-deep channel
from Port Arthur, Texas, up the Neches River to Beaumont, Texas, and a 200-
foot-wide, 30-foot-deep channel from the mouth of the Neches River up the
Sabine River to Orange, Texas (United States Army Corps of Engineers 1982).

Gulf Intracoastal Waterway

In 1910, Congress authorized construction of an inland waterway, 5-foot-deep
by 40-foot-wide, from the Sabine River to the Mermentau River. The Sabine
River to Calcasieu River section was constructed during the period 1913 to
1915 (United States Army Corps of Engineers 1914). By 1925, the government
owned a continuous inland waterway between the Mississippi River and the
Sabine River to Orange, Texas (United States Army Corps of Engineers 1978).

Table 14. Gulf Intracoastal Waterway

v

Year Activity
1910 Congress authorized construction of an inland waterway, 5 ft. deep

by 40 ft. wide, from the Sabine River to the Mermentau River (COE
1978)
1913-1915  Construction of a waterway between the Sabine and Calcasieu Rivers
. was complete (COE 1978).
1925 The government, by this time, owned a continuous inland waterway
between the Mississippi and Sabine Rivers to Orange (COE 1978).
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1925 Congress authorized the enlargement of the inland waterway, Gulf
Intracoastal Waterway (GIWW), to 100 ft. wide by 9 ft. deep.
1927 An enlargement from the GIWW from Sabine River to Calcasieu River

of 125 ft. wide by 30 ft. deep was completed (COE 1928). This
portion of the GIWW is known as the Lake Charles Deep Water
Channel. It was authorized for the period 1935-41 (COE 1978 &
. 1983).
1941 Calcasieu Ship Channel was completed. Federal maintenance of the
Lake Charles Deep Water Channel was deauthorized and the channel
was thereafter maintained as part of the GIWW (COE 1978 & 1983).
1942-1949 The GIWW was deepened to 12 ft. and remains so today (COE 1978 &
1983). :

During that same year, Congress authorized the enlargement of the inland
waterway, the Gulf Intracoastal Waterway, to 100-foot-wide by 9-foot-deep.
Eager to attract ocean-going commerce from the Sabine-Neches Waterway to Lake
Charles, the Calcasieu Parish Police Jury received permission from the Corps
to enlarge the Sabine River to Calcasieu River portion of the inland waterway
to 125-foot-wide by 30-foot-deep. This enlargement was completed in 1927
(United States Army Corps of Engineers 1928). This enlarged portion of the
Gulf Intracoastal Waterway became known as the Lake Charles Deep Water
Channel, and was authorized for the period 1935-41.

In 1941, construction of the Calcasieu Ship Channel was completed. Because
the latter channel provided a more direct deep-water route to the Gulf than
did the Lake Charles Deep Water Channel, federal maintenance of the Lake
Charles Deep Water Channel was deauthorized and the channel was thereafter
maintained as part of the Gulf Intracoastal Waterway (GIWW). During the .
period 1942 to 1949, the GIWW was deepened to 12 feet and remains so today
(United States Army Corps of Engineers 1978 and 1983).

Other Historical Events Within the Project Area

Historically several events, other than major navigation projects, have
impacted the marsh system within the river basin. These items include small
federal and private navigation projects, oil and gas exploration, water
quality degradation, and natural occurrences such as hurricanes.

During 1899, the Corps of Engineers dredged a 6-foot-deep channel through the
2.5-foot-deep bar at the mouth of Johnsons Bayou (United States Army Corps of
Engineers 1901).

Landowners within the study area dredged numerous small access canals such as °

Burton Canal, Starks Canal, South Line Canal, Beach Canal, and Willow Bayou
Canal during the period 1900 to 1917 (1990 John Walther, personal
communication). Roadside Canal was constructed by a barge mounted dredge
during 1917 (1991 John Walther, personal communication). To access the
construction site, the dredge dug a channel from West Cove (Calcasieu Lake)
which is now the West Cove Canal. Shell Canal was dug later to barge in shell
for road construction material. Upon completion of the highway embankment,
the dredge dug a canal to leave the marsh and return to West Cove. That canal

enters West Cove at its western extremity and is locally known as West Cove
Canal.

O
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Grays Ditch was dredged in the early 1920’s (1991 John Walther, personal
communication). Spoil was placed on the canal’s west bank to create a
continuous embankment. That canal and embankment, in combination with several
bridges, was constructed to provide a cattle walkway between Johnsons Bayou
and The Pines ridge.

0i1 exploration activities began occurring in the project area in 1902. In
that year, several wells were drilled into the Hackberry Saltdome (now the
West Hackberry 0i1 and Gas Field). Between 1902 and 1920, at least 8 wells
were drilled. Between 1920 and 1935, 134 wells were drilled. The first oil-
producing well was completed in 1928 at a depth of 3,152 feet. Subsequent oil
production occurred between depths of 3,100 to 3,400 feet (Howe et al 1935).

Table 15. Other Historical Events Within the Project Area

Year . Activity
1899 The Corps of Engineers dredged a 6 ft. deep channel through a 2.5

ft. deep bar at the mouth of Johnsons Bayou Canal (COE 1901).

1900-1917  Landowners within the study area dredged numerous small access
canals such as, Burton Canal. Starks Canal, South Line Canal,
Beac? Canal, Roadside Canal, and Willow Bayou Canal (SNWR 1990 &
1991).

1900’s Shell Canal was dug to barge in shell for road construction.
Another canal was dredged to leave the marsh and return to West
Cove. It is locally known as the West Cove Canal (SNWR 1991).

1920's Gary’s Ditch was dredged. Spoil was placed on the canal’s west
bank to create a continuous embankment. The canal and embankment,
in combination with several bridges, was constructed to provide a
cattle walkway between Johnsons Bayou and the Pines Ridge.

1902 0il exploration began in the project area and several wells were
drilled in the Hackberry Saltdome. The area is now known as the
West Hackberry 0i1 and Gas Field (Howe et al. 1935).

1920-1935 The West Hackberry 0i1 and Gas Field produced 134 wells (Howe et
al 1935).

1920's Seismic crews worked the Hackberry Saltdome and discovered the
East Hackberry Saltdome. The area is now known as the East
Hackberry 0i1 and Gas Field (Howe et al. 1935).

1927-1935  The East Hackberry 0il and Gas Field produced 160 wells (Howe et
al 1935).

1927-1935 The Black Bayou Saltdome was discovered. The area is now known as
the Black Bayou 0il and Gas Field (Howe et al. 1935).

1928-1935  The Black Bayou 0i1 and Gas Field had over 40 wells drilled (Howe
et al. 1935).

1926 The Cameron Meadow Saltdome was discovered by trappers when they
noticed gas seepage from marshes along 01d North Bayou. The area
became known as the Cameron Meadow 0il and Gas Field (Howe et al.
1935).

1930-1935 The Cameron Meadow 0i1 and Gas Field had 18 wells drilled (Howe
et al. 1935).

1937 Bureau of Fish and Wildlife purchased 139,308 acres (124,160 acres
in the river basin) of marsh on the east and west sides of
Calcasieu Lake. The area, Sabine National Wildlife Refuge, was
established to provide a sanctuary for wintering waterfowl.
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1951 Construction of a 26,400 acre marsh impoundment (Pool 3) was {
completed on the SNWR for waterfowl habitat enhancement.

1957 Hurricane Audrey struck Cameron, Louisiana and the associated
tidal surge virtually flooded all of the Cameron Parish marshes.

1959 Two additional impoundments were constructed, 5,180 acre and 1,800
acre on the SNWR for waterfowl habitat enhancement.” "~ — 7

1961 Hurricane Carla struck Cameron, Louisiana and the associated tidal
surge virtually flooded all of the Cameron Parish marshes.

1965 Construction of Sam Rayburn Reservoir was completed for freshwater
and hydroelectric power supply to nearby communities and
industries.

1966 Toledo Bend Reservoir was completed for freshwater and

hydroelectric power supply to nearby communities and industries.

1979-1980  SNWR personnel redredged several canals to six-foot-deep by
sixteen-foot-wide.

1981 Water control structures were installed on SNWR at Hog Island and
West Cove Canal. Another structure was installed between
Headquarters Canal and Shell Canal. The structures were designed
to reduce saltwater intrusion by limiting the amount of high
salinity waters entering the area from the Calcasieu Ship Channel.

1988 The entire Calcasieu estuary was found to be contaminated with
hexachlorobenzene and hexachlorobutadiene.

During the late 1920’s, seismic crews working the perimeter of the Hackberry

Saltdome discovered another saltdome, the East Hackberry Saltdome (now the
East Hackberry 0i1 and Gas Field). In 1927 the first well was drilled. The (:“>
first oil-producing well was also completed in 1927. Between 1927 and 1935, e

at least 160 wells were drilled in that field. Those wells produced both oil

and gas. 0il production occurred at depths from 2,600 feet to 7,400 feet
(Howe et al. 1935).

Because of natural gas seepages and other surface expressions, the Black Bayou
Saltdome was discovered in 1927 (Black Bayou 0il and Gas Field). The first
well was drilled in 1927. The first oil producing well was completed in 1929,
Between 1928 and 1935, 40 wells were drilled. Fifteen of those wells produced
0il. 0il1 production occurred at depths of 3,900 to 5,200 feet. Because of
its remote location, access was by boat or vessel. Consequently, canals were
dredged to provide access for exploration and production equipment to
prospective drill sites (Howe et al. 1935).

Reports from trappers of gas seepages from marshes along 01d North Bayou in
south central Cameron Parish resulted in the discovery of the Cameron Meadows
Saltdome in 1926 (now the Cameron Meadows 0il1 and Gas Field). The first well -
was drilled in 1930 and the first oil-producing well was completed in 1931.
Through mid 1935, 18 wells were drilled, 12 of which produced oil. 0il
production occurred at depths ranging from 3,300 to 5,200 feet. Because of
North Bayou, canals, and Sabine Lake. Consequently, canals were dredged to

provide access by exploration and production equipment to drill sites (Howe et
al. 1935).

Sabine National Wildlife Refuge was established in 1937 when the Bureau of -
Fish and Wildlife purchased 139,308 acres of marsh on the east and west side (;:)
of Calcasieu Lake (124,160 acres of refuge marsh are within the study area).
At that time, the marshes of Sabine Refuge supported large concentrations of
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wintering waterfowl and the area was considered a "jewel™. The refuge was
established for the purpose of providing a sanctuary for wintering waterfowl.

Construction of a 26,400 acre marsh impoundment (Pool 3) on Sabine National
Wildlife Refuge was completed in 1951. During 1959, two small marsh

impoundmentS”(SjTSOPHCFe"UﬁTt“TA"EﬁH‘TjBOU“EEFé_UﬁﬁT‘TBJ”Wére constructed on
Sabine National Wildlife Refuge. Backridge Canal was created by the
construction of the impoundments. Those impoundments were constructed to
maintain high water levels and open up otherwise solid unbroken marsh for the
purpose of improving waterfowl habitat.

Hurricane Audrey struck Cameron, Louisiana, on June 27, 1957. The tidal surge
associated with that storm flooded virtually all of Cameron Parish’s marshes.
In several places the tidal surge damaged levees surrounding Sabine Refuge’s
Unit 3. Hundreds of acres of marsh in the five lakes area (Unit 3) were
peeled from the substrate and rolled back (1990 John Walther, personal
communication). In tidally-influenced areas, ponds and open water areas were
enlarged by wave action. After the storm, the tidal surge drained off quickly
(Sabine Refuge 1957a). In some areas "shallow marsh and ridge terrain" was
"completely denuded" by storm effects (Sabine Refuge 1957b). Over subsequent
years, some of those barren areas increased in size and large areas of
sawgrass throughout the refuge began to die (Sabine Refuge 1959b and 1959¢).

Aided by a series of adverse conditions, deterioration of area sawgrass
marshes continued (Map 8). A severe drought occurred in 1960 during which
many ponds on the refuge dried up. Valentine (1988) observed that in 1960,
sawgrass was dead and dying throughout the refuge. By the end of 1960, refuge
personnel observed that sawgrass was "almost nonexistent" on the refuge
(Sabine Refuge 1960c). Then in September 1961, Hurricane Carla struck Cameron
Parish and the project area was again inundated. Unlike Hurricane Audrey,
Carla’s tidal surge lingered 3 weeks before water levels returned to normal.
Because little rain fell during the storm, and for a month and a half
afterward, area marshes were not flushed with freshwater as they had been
after Hurricane Audrey (Sabine Refuge 1961b and 1961c}).

During January 1962, a hard freeze (15 degrees Fahrenheit) was reported to
have killed seashore paspalum on Sabine Refuge. Later that year, a severe
drought occurred during the growing season. Again, many ponds on the refuge
dried and the bottom sediments cracked (Sabine 1962a and 1962b). The
resulting high soil salinities and severe nutria depredation resulted in the
loss of California bullrush, roseau cane, hogcane, and Cyperus spp. that had
formerly grown in association with the sawgrass (Valentine 1967 and Valentine
1988) attributed some of the die-offs to nutria. During the summer of 1963, a.
severe drought once again dried and cracked pond bottom throughout the refuge.
Refuge personnel reported that refuge canals contained "Gulf Water" (Sabine
Refuge 1963a and 1963b).

Following the die-offs of sawgrass and associated plant species, 12,000 acres
on Sabine Refuge’s Unit 1 were left as "large mucky mudflats or water areas"
(Valentine 1988). Some mudflat areas were colonized by annual grasses,
sedges, and dwarf spikerush (Sabine Refuge 1960b and 1961b). Bulltongue and
even some sawgrass re-established itself in parts of Sabine Refuge’s Unit 1
and Unit 5. However, droughts, canal-induced saltwater intrusion, and unknown
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causes killed those plants (Sabine Refuge 1962b, 1967, 1968, and Valentine &‘”)
1988).

Gradually over a number of years, saltmeadow had been colonized by annual
vegetation (Valentine 1988). Many of the mudflat areas would support no
vegetation, except occasional large strands of dwarf spikerush (Sibine Refugé -
1962c, 1963b, and 1966). Unvegetated organic soils of the sawgrass die-off
areas were lost to oxidation and erosion (Valentine 1988 and 1976). Valentine
(1988) noted that "immense" amounts of organic material were suspended by wave
action and carried about by currents. Subsequently, organic material filled
portions of North Line Canal and Black Ridge Canal and some piled up against
remaining saltmeadow cordgrass island allowing those islands to "expand
slightly” in size. Valentine (1988) observed however, "that most water areas
have become deeper (8 to 16 inches)." Presently, the sawgrass die-off areas
identified by Valentine are characterized by large relatively deep bodies of
turbid open water and adjacent eroding and deteriorating marsh.

During 1965, construction of Sam Rayburn reservoir was completed. Located on

the Neches River, that project was constructed to supply freshwater to nearby
communities and to generate hydroelectric power. During 1966, Toledo Bend

Reservoir was completed. Toledo Bend is located on the Sabine River and was

also built to supply freshwater and hydroelectric power to nearby communities

and industries. To meet peak electricity demands during the summer months,

Toledo Bend and Sam Rayburn release large volumes of freshwater. This has

resulted in a considerable freshening of Sabine Lake during those months, P
virtually eliminating the commercial harvest of white shrimp in Sabine Lake { )
(Texas Department of Water Resources 1981).

During 1979 and 1980, refuge personnel used a low-pressure hydraulic dredge to
clean-out Roadside Canal, South Line Canal, Grays Ditch, Three Mile Canal,
Marceaux Ditch, Beach Canal, and portions of Central Canal. Those canals were
redredged 6-foot-deep and 16-foot-wide. The spoil slurry was discharged into
the adjacent marsh (Sabine Refuge 1979 and 1980).

Water control structures on Sabine National Wildlife Refuge at Hog Island
Gully Canal, West Cove Canal, and Headquarters Canal were completed during
1981. The Hog Island Gully structure consists of a fixed-crest weir (crest
elevation +1.5' mean sea level) with an 11-foot-wide, tainter gate (bottom
depth -8.0’ mean sea level). The West Cove Canal structure also included a
fixed-crest weir (crest elevation +1.5' mean sea level) with a 7-foot-wide
tainter gate (bottom depth -8.0’ mean sea level). A 48-inch-diameter
flapgated culvert was also installed in Headquarters Canal to regulate water
exchange between Headquarters Canal and Shell Canal (West Cove). Those
structures were installed to reduce the rapid deterioration of refuge marshes
caused by the intrusion of high-salinity water into refuge marshes from the
Calcasieu Ship Channel.

Upon completion of those water control structures, the tainter gates at both

structures were maintained in the open position until approximately 1988. At

that time, refuge personnel began conducting short-term closures of the

tainter gates to reduce saltwater intrusion. Presently, the tainter gates and R
the Headquarters Canal culvert are actively operated by refuge personnel to ‘ )
reduce saltwater intrusion, introduce freshwater, sediment, and nutrients,
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retard export of suspended marsh soil, and provide for ingress and egress of
estuarine-dependent fish and shellfish.

During 1988, the entire Calcasieu estuary was found to be contaminated with
hexachlorobenzene and hexachlorobutadiene. Consequently, the Louisiana
Department of Environmental Quality and the Louisiana Department-of-Healthand—
Hospitals issued a joint advisory on February 24, 1989, warning against the
"sale and consumption of speckled trout and white trout from anywhere in the
entire Calcasieu River Estuary system from the saltwater barrier to the Gulf
of Mexico". That advisory was an expansion of a January 1987 advisory against
eating fish and shellfish or other seafood from Bayou d’Inde, Prien Lake, and
the Calcasieu River from just north of the I-210 bridge to just north of Moss
Lake. ‘ '

IMPACTS OF HISTORICAL EVENTS

This subsection 1inks the problems of the basin with many of the historical
events. The information is discussed in a chronological fashion for problems.

Prior to canalization, study area marshes consisted primarily of vast unbroken
stands of fresh and low-salinity marshes. Brackish marshes occurred primarily
around the border of Calcasieu and Sabine Lakes. Small meandering bayous such
as Black Bayou, Willow Bayou, Johnsons Bayou, Deep Bayou, Black Lake Bayou
(Kelso Bayou), and 01d North Bayou provided drainage and water exchange for
the vast unbroken interior marshes. Given the lack of watercourses throughout
much of the interior marshes, the hydrology of those areas must have been
dominated by sheetflow with extremely 1ittle tidal influence.- In those areas,
the fresh and Tow-salinity conditions prevailed, and over time, organic matter
accumulated, giving rise to soil types such as Allemands, which are
characterized by a shallow surface layer (1 to 4 feet) of organic material
overlying a clay substrate. The soils of marshes located near the Gulf and
adjacent to Calcasieu and Sabine Lakes were characterized by a greater mineral
content than interior marsh soils.

Prior to canal dredging and other man-made alterations, physical and
biological processes functioned naturally within study area marshes.
Disturbances, such as storms, fires, freezes, droughts, and animal eat-outs
have occurred. However, because the physical and biological processes were in
harmony, the marsh was often able to repair itself and thus maintain its
virtually unbroken character. Even the dredging of numerous small access
canals by landowners in the early 1900’s did not seem to adversely affect
project-area marshes as those marshes remained virtually unbroken until the
1940’s and 1950's.

These canals and their associated spoil banks disrupted the regional hydrology
by dividing the marsh into units which were hydrologically independent of each
other. Canal spoil banks may have partially impounded some marshes and
diverted sheetflow of excess freshwater away from other marsh areas. Those
canals also served to increase water exchange rates, consequently reducing
retention of freshwater with the region.

Unfortunately, 1ittle ecological information is available regarding study-area

marshes prior to 1930’s. Prior to construction of the Calcasieu Ship Channel,
Calcasieu Lake was used as a source of irrigation water for rice fields
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)
Jocated on the east side of Calcasieu Lake (personal communication, Tommy s:w/
Wright 1992). Prior to construction of the Calcasieu Ship Channel, Black Lake

was also used as a source of irrigation water for rice agriculture in the

vicinity of Hackberry (James Lowery, personal communication 1992). These

facts are significant because rice is adversely affected by salinities in

excess of 2.0 ppt (1982 United States Department of Agriculture}. ‘

Consequently, for a water body to serve as a source for rice irrigation water,

the water has to be essentially fresh from April through June (1992 Ron

Marcantel, Soil Conservation Service District Conservationist, Cameron and

Calcasieu Parishes).

While conducting a survey for the proposed Gulf Intracoastal Waterway during
1874, Mr. H.C. Ripley recorded characteristics of some portion of the study
area (United States Army Corps of Engineers 1874-1876). Mr. Ripley noted that
along the banks of Black Bayou "a few willow and cypress trees are to be found
here and there." Mr. Ripley also noted the presence of numerous shell middens
throughout adjacent marshes. Regarding hydrology of Black Bayou, Mr, Ripley
stated that the current "rounds in and out as the tide rises and falls in the
lake. The water is generally fresh, but brackish water has been known to
reach up the bayou as far as Smith’s, 13.5 miles from its mouth."

Mr. Ripley described Black Lake as being "everywhere over 6 feet deep 800 feet

from shore. The banks are about 2 feet under water, and covered with a thick

growth of sea-cane. West from the Take, the swamp is filled with a thick

growth of broad-bladed, three edged grass, about 5 feet high, the roots of -
which form a matting over the soft mud beneath. This characteristic of land ‘:;:)
is known as TERRE TREMLANTE, or trembling prairie, and it may be well to (
mention....that all of the swamp, in this portion of the survey, is of this

character.” The vegetation described by Ripley as "sea cane," was probably

Roseau cane. Similarly, the broad-bladed, three-edged grass was likely

Jamaica sawgrass. Marshes adjacent to Black Lake were dominated by sawgrass
until the 1950’s. : '

The most significant environmental problem affecting project-area marshes has
been deterioration and conversion to open water of those marshes. Prior to
the mid 1950’s, study area marshes were relatively stable. An analysis of
land loss during the period 1934 to 1951 revealed that those areas (covered by
USGS 15-minute quadrangles for Cameron and Johnsons Bayou) were densely
vegetated and were not deteriorating (Gagliano and van Beek 1970). However,
recent land loss mapping studies indicate that marshes within the central and
northern portions of the study area have suffered extremely rapid and
extensive marsh loss beginning in the mid 1950’s (Map 5).

Adams et al. (1978) determined that the marshes in the area of Black Lake

(south of the Gulf Intracoastal Waterway, west of the Alkali Ditch, and east

of the Cameron Farms ridge) experienced an 81 percent loss during the period

of 1952 to 1974. That loss rate was greater than that of any other area

examined throughout the Louisiana coastal zone and area "may well have the

highest intensity of marsh loss for any area of comparable size over a similar

time period in coastal Louisiana" (Adams et al. 1978). The deterioration and

loss of study area marshes has also been documented through other reports .
(Valentine 1967 and Valentine 1988) U

i
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Study area marsh deterioration may have involved numerous factors. Nutrients
and suspended sediments from the Calcasieu River are now largely contained
within the spoil banks of the Calcasieu Ship Channel and the GIWW. Only
during major floods does appreciable riverine sediment and nutrients enter
project-area marshes. The Sabine-Neches Waterway may have had a similar
affect on nutrient and sediment distribution within marshes adjacent to Sabine
Lake. Additionally, the Louisiana Highway 27 embankment, the Grays Ditch
cattle walkway, and spoil banks of the GIWW and other canals may also restrict
movement of suspended sediments and nutrients and deposition of suspended
sediments, marshes may become weakened and over time, deteriorate.

Prior to man-made hydrologic alterations, interior marshes probably received
little or no riverine sediment and nutrients because of their hydrologic
isolation from sediment sources. The highly organic nature of surface
substrates in those areas bears out this fact. Therefore, reductions in
suspended sediment input and the anticipated accretion deficit may not have
contributed significantly to the deterioration of interior project-area
marshes, Additionally, if an accretion deficit was the primary factor
responsible for marsh loss, marsh loss rates would likely exhibit a gradual
acceleration over time. Marsh loss studies have indicated however, that marsh
Toss rates have decreased after peaking 20 to 30 years ago. Consequently,
reduced sediment deposition does not appear to be a primary cause of study
area marsh loss. However, introduction of additional nutrients or suspended
sediment would 1ikely reduce the rate of current marsh deterioration and Tloss.

Sediment/nutrient introduction should be implemented when and wherever
feasible,

Construction of the Calcasieu Ship Channel appears to be the most
environmentally damaging event to impact marshes within the study area. Van
Sickle (unpublished manuscript) noted that during the early 1900’s, salinities
in Calcasieu Lake were reported to range from fresh to brackish and that
freshwater conditions were frequent and relatively long-lasting. Brackish
conditions prevailed most frequently during the summer months. The frequency
of freshwater and/or lTow-salinity events was also reported to adversely impact
oyster reefs in Calcasieu Pass making that area "marginal" habitat for oysters
(Crassostrea virainica). The above-mentioned conditions prevailed after
construction of jetties, dredging of a channel through the bars at the head of
Calcasieu Pass and between the jetties. The fact that oysters now inhabit
much of the Take suggest that the salinity regime within Calcasieu lake has
been further increased, compared to that of the early 1900’s (Van Sickle
unpublished manuscript).

Construction of the ship channel greatly increased the efficiency of water -
exchange through Calcasieu Pass. Freshwater retention within the Calcasieu
Basin was consequently reduced and saline water was able to enter in greater
quantities and penetrate further north than ever before. The salinity regime
within Calcasieu Lake therefore became much more variable and peak salinities
were probably higher than ever before. Similar alterations of salinity
regimes have been ?ocumented at Lafitte, Louisiana, after enlargements of the
Barataria Waterway' (Taylor and Day 1988).

IThe Barataria Waterway was enlarged in 1963 from a five feet deep by fifty feet wide channel to a twelve
feet deep by 125 feet wide channel.
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As part of the study, the influence of canals on the hydrology of marshes at §7T>
Jean Lafitte Historic Park was investigated. It was determined that canal \
salinities were extremely variable and responded rapidly to "outside

environmental factors such as tides and rains.”

Residents of Hackberry, Louisiana, recall that in 1960, Black-Lake was much
different compared to its present condition (James Lowery 1992 personal
communication). Recreational angling for largemouth bass was good and a
commercial fishery existed for freshwater catfish. Living beds of Rangia
occurred in Black Lake and water 1ilies were found along the lake’s north
shore. These living resources vanished after enlargement of the Calcasieu
Ship Channel in 1968 (James Lowery 1992 personal communication).

Additional evidence regarding a salinity increase within Calcasieu Lake is
available through examination of vegetative type maps. According to the 1931
refuge vegetation map (Map 7), the refuge was dominated by fresh and
intermediate plant communities. The 1968 and 19867 vegetative maps (Maps 9
and 10) as compared to the 1874 vegetative observations from the Black Lake
area (United States Corps of Engineers 1874-1876), show a definite salinity
increase has occurred in that area.

The 1931, 1968, and 1978 (Maps 7, 9, and 10) vegetation maps also indicate
that the Sabine Lake estuary has experienced a substantial salinity increase.
John Walther, former manager of Sabine National Wildlife Refuge (1990 personal
communication) recalls that cypress trees along Black Bayou appeared to have

been dead for 10 or more years prior to his being stationed at the refuge in (Ti)
the mid 1950’s. Today, only a few stumps-and snags can be found. The nearest .
viable stand of cypress trees occurs much further north in the vicinity of (

Orange, Texas. Since the mid-1960’s, marshes adjacent to Sabine Lake, have
experienced increased discharges of freshwater from reservoirs on the Neches
and Sabine Rivers during the peak of the growing season. Fortunately for
those marshes, this has served to counteract salinity increases and partially
restore the former low-salinity regime of the Sabine Lake estuary.

Salinity increases in the Sabine and Calcasieu estuaries are likely a result
of the Port Arthur Canal/Sabine-Neches Waterway and the Calcasieu Ship
Channel. Similar deep-draft navigation channels have been shown to reduce
freshwater retention, increase saltwater intrusion, and increase the magnitude
of salinity fluctuations (Turner and Cahoon 1987, and Taylor and Day 1988).
Using a water level model of Calcasieu Lake and Ship Channel, Suhayda et al.
1988, compared water level effects of a 15-foot-deep channel versus a 40-foot-
deep channel. They found greater duration of tidal flooding and tides having
twice the amplitude with the 40-foot-deep channel. Coupled with canal-induced
saltwater intrusion such channel-induced hydrologic alterations would be
extremely damaging to affected fresh and low-salinity marshes.

Project-area navigation channels are hydrologically connected to interior

marshes via a network of small canals and bayous such as West Cove Canal, Hog

Island Gully, Black Lake Bayou, Alkali Ditch, Black Bayou, Black Bayou Cutoff,
Backridge Canal, Beach Canal, Central Canal, North Line Canal, South Line

Canal, Rycade Canal, Burton Canal, and others. Because this canal network is
hydrologically connected to the Calcasieu Ship Channel and the Gulf .(Ti)
Intracoastal Waterway, virtually all project-area marshes have experienced (u



S

PROBLEMS

increased tidal exchange, saltwater intrusion, and reduced freshwater
retention.

Because of its Tocation on the western side of Sabine Lake, the Sabine-Neches
Waterway was not directly connected to project-area canals or bayous.
Consequently, project-area mirshes bérdeéring Sabine Like were not as Severely
impacted as those marshes directly linked to the Calcasieu Ship Channel.
Nevertheless, substantial impacts did occur resulting in conversion to open
water of former fresh and Tow-salinity marshes.

Adverse impacts to project-area marshes resulting from construction of the
Calcasieu Ship Channel and the Port Arthur Canal/Sabine Neches Waterway did
not begin immediately after channel completion. Affected plant communities
may not have been too severely affected by the initially small channel sizes.
However, after enlargement to the present size, the hydrologic alterations
were substantial (Suhayda et al. 1988). Weakened by resulting saltwater
intrusion, the fresher plant communities (sawgrass) began dying.

During the severe 1954 drought, refuge personnel observed that saltwater
intrusion brought sargassum into interior refuge canals (Sabine Refuge 1954a).
On Sabine Refuge, deterioration of sawgrass was noted during the mid 1950's
prior to Hurricane Audrey (1990 John Walther, 1992 Allen Ensminger personal
communications). Natural disturbances such as Hurricane Audrey, Hurricane
Carla, and the severe droughts of the early 1960's served to convert the marsh
into open water and mudflats by stressing the sawgrass and fresh marsh
vegetation. Fresh and intermediate vegetation was unable to revegetate
because of the greater salinity levels throughout the entire region. Because
of the low substrate elevation (typical of interior fresh marshes), the
unstable and semi-fluid nature of the organic substrate, and the slow rate of
saltmeadow cordgrass colonization, those marshes were never able to recover
from the storms as they might have done had the biological and physical
processes been unaltered.

In portions of the Mermentau Basin not adversely impacted by the Sabine-Neches
and Calcasieu Ship Channels sawgrass marshes were converted to open water
following Hurricane Audrey (Valentine 1967). However, within 16 years, fresh
marsh emergent vegetation recolonized the open water areas and a healthy marsh
ecosystem (93 percent emergent vegetation) was restored (Valentine 1967).

After the die-off of study-area sawgrass marshes, the unvegetated organic
substrate was affected by increased tidal exchange due to interior canals and
nearby navigation channels. Immense quantities of the organic substrate were
washed away (Valentine 1988), and thousands of acres of former sawgrass marsh .
became unvegetated open water. The sawgrass areas experiencing the most
extensive conversion to open water (northeast portion of the study area) were
those areas having direct or near direct hydrological connection to the
Calcasieu Ship Channel and areas having the most organic, semi-fluid soils.

The former sawgrass communities now consist of saline marsh, brackish marsh,
intermediate marsh, and shallow open water. In highly organic areas, emergent
brackish marsh appears to be slowly deteriorating. Although slower, the
process is very similar to that described by Valentine (1988). The open water
areas are extremely turbid and devoid of submergent vegetation. Those open
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water areas continue to expand as adjacent organic soils are eroded by wave g:”
action and tidal exchange.

Frequent heavy rain events and closure of refuge water control structures
during saltwater intrusion events and resulted in low salinity conditions
during most of 1990 and 1991. In some interior brokén marsh areas, fresh
marsh emergent species invaded and expanded into shallow open water areas. A
reversal of marsh deterioration has been observed in these areas. Such
observations reveal that salinity has a pronounced effect upon marsh loss.

Considering the above-described events, the construction of deep-draft
navigation channels and subsequent saltwater intrusion appear to be most
responsible for the rapid deterioration of project-area marshes during the
1960's and 1970's. :

Localized marsh deterioration may have been caused by the discharge of brine
water from mineral exploration activities and saltdome leaching prior to the
regulation of such discharges. The extent to which brine discharges may have
adversely affected project-area marshes is not known. Because changes in
vegetative composition and marsh deterioration occurred throughout the entire
project area, brine discharge was probably not a major cause for the
widespread deterioration of project-area marshes.

Nutria populations peaked during the late 1950’'s and early 1960’s. During

December 1959, refuge trappers were catching 30 to 50 nutria per day without -
moving their traps (Sabine Refuge 1959b). During the summer of 1960, refuge (~:)
personnel observed that nutria were extremely abundant. Dead nutria were {
observed floating in the water. Some living nutria were observed having :
paralysis of the hind quarters. In Miami Corporation marshes east of

Calcasieu Lake, nutria were observed "acting crazy", such as biting their

tails, swimming in Calcasieu Lake, and trying to get into boats (Sabine Refuge

1960b). As sawgrass and other fresh marsh plants were dying, nutria were also

digging up California bullrush and other plants in order to eat their roots

and tubers (Sabine Refuge 1960a). Valentine (1988) attributed some of the

vegetation die-offs to severe nutria depredation. During 1963 and 1964, a

downward trend in nutria harvest on Sabine Refuge was noted (Sabine Refuge

1963a and 1964).

Because nutria populations peaked simultaneously with the die-off of sawgrass
and fresh marsh plants, one could speculate that nutria were the cause.
Unfortunately the extent to which nutria adversely affected project-area
marshes is unknown. Given the existing information, it appears that the
nutria’s preferred habitat (fresh and low-salinity marshes) collapsed during a
period of high and increasing nutria populations. Consequently, nutria
assisted in the devastation begun earlier as a result canal-induced saltwater
intrusion. .

As demonstrated by the historical events and impacts of historical events, the

basin marshes have been affected by various natural and man-made problems.

Nature can adapt and heal itself from natural occurences, however, the

additional affect of many man-made hydrologic modifications have exacerbated (;:)

the problems and caused potentially irreversible damage to the fragile wetland
ecosystem. '
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SALINITY SOURCES

A1l water bodies surrounding the project-area serve as salinity sources to
varying degrees, especially during droughts. At times, some of those
surrounding water bodies may also serve as freshwater sources. Salinities may
vary daily depending upon rainfall, wind direction, precipitation, and stage ~
of the Calcasieu and Sabine Rivers. Salinity fluxes are usually greatest in
project-area marshes adjacent to the Calcasieu Ship Channel. Salinities of
interior marshes are relatively stable. Under ordinary conditions, several
generalizations may be made.

1. Calcasieu Lake is usually mdre saline than Sabine Lake.

2. Incoming water at the Hog Island Gully water control structure is
usually more saline and salinity fluxes greater than that of incoming
water at the West Cove Canal water control structure.

FRESHWATER SOURCES

Precipitation is the most significant source of freshwater for project-area
marshes. Consequently, lowest salinities generally occur within interior
project-area marshes. Although Sabine Lake, Calcasieu Lake, and the Gulf
Intracoastal Waterway usually serve as saltwater sources, they may
occasionally serve as freshwater sources, especially during floods. The
Sabine Refuge’s Impoundment 3 may also serve as an important freshwater source
for adjacent tidally-influenced marshes during flood events. .

WATER FLOW REGIME

Except for the three fresh marsh impoundments on Sabine National Wildlife
Refuge, and several privately-owned fresh marsh impoundments in the northeast
portion the project-area, the remaining marsh is tidally-influenced. Water
level and flow direction may vary daily depending upon tide, wind,
precipitation, river stage, barometric pressure, and water control structure
operations. Wind is often the primary force determining water flow patterns.
Strong winds stack water on the windward side of large open water bodies.

Such conditions often result in localized flow patterns that overpower the
effects of Tunar tides. Described below are the most predominant wind-induced
water flow patterns.

1. . Strong prolonged southeast, and south winds push large volumes of Gulf
water into Calcasieu Lake causing a rise in lake water levels. Such
conditions often occur prior to a frontal passage and result in -
continuous or near-continuous incoming tides at water exchange points
bordering Calcasieu Lake . Strong prolonged south winds may also push
large volumes of Gulf water into Sabine Lake, resulting in continuous or

near-continuous incoming tides at water exchange points bordering Sabine
Lake.

2. Strong prolonged northwest, north, and northeast winds lower water

levels in the nearshore Gulf of Mexico and push large volumes of
Calcasieu Lake and Sabine Lake water southward into the Gulf. Such
conditions occur after frontal passages and often result in continuous
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tidal outflow at water exchange points bordering Calcasieu Lake and
Sabine Lake.

The large expanse of deteriorated marsh and shallow open water extending
northward from Sabine Refuge’s Impoundment 1A to Hackberry and the Gum

““Cove ridge (Sawgrass die-out area) is also subject to wind-induced water

stacking. Prior to a frontal passage, strong prolonged southeast and
south winds push water northward. Consequently, water levels at the
southern end of the open water area are lowered while water levels at
the northern end are elevated. The low water level condition produced
at the southern end of the open water area facilities flow into that
area from several sources. The dominant source of inflow is from
Calcasieu Lake via Hog Island Gully, and Kayo Bayou. Because lake water
levels are elevated under such conditions (see #1 above), a large head
differential occurs. Consequently, large volumes of lake water are
subsequently imported. Additionally, Roadside Canal (from the West Cove
Canal water control structure to North Line Canal) also flows strongly
toward the southern end of the open water area. The Roadside Canal flow
also serves to import Calcasieu Lake water via the Headquarters Canal
water control structure and the West Cove Canal water control structure.
Under such winds, Backridge Canal also flows northward toward the
southern end of the open water area.

At the northern end of the open water area, wind-induced high tides
discharge through several canals. Rycade Canal drains water toward
Black Lake. Because those winds also lower water levels in the southern
end of Black Lake, a substantial head differential may be created, and
the flow through Rycade Canal is often very strong. North Line Canal
also serves to discharge large volumes of water from the wind-induced
high tide area toward Sabine Lake, via Black Bayou. Typically, waters
draining from the wind-induced high tide area (sawgrass die-out area)
are extremely turbid due to resuspended and eroded organic material.

The large expanse of deteriorated marsh and shallow open water discussed
above (from Sabine Refuge’s Impoundment 1A northward toward Hackberry
and the Gum Cove ridge) is also affected by strong northwest and north
winds following a frontal passage. Under those conditions, water levels
are elevated at the southern end of the open water area. Because water
levels in Calcasieu Lake are also lowered, strong flows toward Calcasieu
Lake are produced. Backridge Canal and Roadside Canal also serve to
discharge large volumes of water from the wind-induced high tide area
toward Calcasieu Lake via the Headquarters Canal and West Cove Canal .
water control structures. Typically, waters draining from the wind-
induced high tide area (sawgrass die-out area) are extremely turbid due
to resuspended and eroded organic material.

At the northern end of the open water area, water flows patterns in
Rycade Canal may vary. Following a frontal passage, flow through North
Line Canal is usually toward the west to Sabine Lake.

Lunar tides often determine flow pattern during the summer months when winds
are typically light and variable. Normal flow pattern during outgoing tides
are very similar to outflows associated with frontal passages (see number 4
above). Additionally, normal flow patterns associated with incoming tides are
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very similar to that during inflows associated with strong southerly winds
preceding a frontal passage (see number 3 above). Flow velocities associated
with Tunar tides are often less than velocities associated with tides induced
by strong winds.

The Gulf Intracoastal Waterway, South Line Canal, Central Canal, and North
Line Canal provide hydrologic connections between Sabine Lake and Calcasieu
Lake. During ebb tide, project-area marshes adjacent to those canals may
drain simultaneously into both Sabine and Calcasieu Lakes. This creates zones
of divergent flow. East of the zone, water flows east toward Calcasieu Lake.
West of the zone, water flows west toward Sabine Lake. In other cases, canals
allow project-area marshes to drain into Sabine Lake via two watersheds. This
also creates a zone of divergent flow. The location of the divergent flow
zone varies depending upon wind, water levels, river stage (Calcasieu and
Sabine Rivers), and the degree to which refuge water control structures are
open. These observations were made by- refuge personnel during 1990 and 1991.

Because of insufficient data, the location of the divergent flow zone on the
GIWW is not known. It does appear however, that a zone usually exists under
normal circumstances. Available data suggest that salintiesat the old Gum
Cove Ferry crossing, reflect salinities within the upper portion of Sabine
Lake. The divergent flow zone may therefore be located east of the old ferry
crossing. During the 1988 Sabine River flood, tugboat captains reported that
eastward flows in the GIWW were so strong that some vessels could barely make
headway. This however, was a unusual condition resulting from excessive water
in the Sabine River and normal water levels in the Calcasieu River.

Monitoring has revealed that a divergent flow zone is often seen on the upper
portion of Black Bayou. West of the zone, water drains normally down Black
Bayou toward Sabine Lake. East of the zone, water flows "backwards" up Black
Bayou toward the GIWW. On several occasions refuge personnel determined that
the zone was located at the intersection of Right Prong and Black Bayou. The
fact that water flows backward up Black Bayou illustrates the degree to which
the GIWW has altered water circulation in the area.

Two zones of divergent flow have been observed in Central Canal. Fast of its
intersection with Beach Canal, flow during outgoing tide is usually to the
east. The zone of divergent flow is often oberved on Central Canal between
Burton and Bush Canals. The location of this zone may occasionally move a
mile or two westward depending upon weather and hydrologic conditions. This
zone marks the separation between the Calcasieu and Sabine drainages.

The second zone of divergent flow on Central Canal delineates the boundary of ~
the Willow Bayou/Canal and Right Prong/Burton Canal watersheds. This zone is
wide and has often been observed in the vicinity of the intersection of Three
Mile Canal and Central Canal. Organic material carried from open water areas
south of Central Canal have a tendency to settle out in the divergent flow
zone. During the summer of 1990, mudflats and emergents vegetation closed the
canal in this area. Frequent maintenance dredging is needed to maintain small
boat navigation through this reach of Central Canal.

In interior marsh areas, flow in South Line Canal is extremely sluggish. Flow

data is theses areas have not been collected. Refuge personnel believe that
flows in South Line Canal mirror those observed to the north in Central Canal.
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SEDIMENT SOURCES AND DISTRIBUTION

Suspended sediment available to project-area marshes from off site sources,
originate from either riverine sources, lake bottom sources or from Gulf
sediments, carried in by storm surges. Suspended sediments from the Calcasieu
and Sapine Rivers enter project-area marshes primarily during flood events.
During periods of strong southerly winds, resuspended lake bottom sediments
enter project-area marshes as a result of the predominantly incoming tides.
Flow patterns of water entering the project area are described in the section
on Water Flow Regime. Sediments carried by such flows must then enter the
marsh though canal spoil bank breaks or small tidal channels along naturail
bayous.

Rates of sediment deposition in project area marshes have not been measured.
However, visual observations of water turbidity indicate that little suspended
sediment is carried into interior areas from the source canals or bayous. In
such areas, the only significant source of resuspended sediment may be that
from hurricane storm surges. Otherwise maintenance of viable marsh elevations
must apparently depend upon accumulation of organic materials.

In highly deteriorated or fragmented marshes large interior open water areas

often serve as sources of sediment. During periods of high velocity winds,

bottom sediments of such open water areas are resuspended. Provided that )
water levels are high enough, those sediments may then be deposited on the SO
marsh surface. Generally, sediments from such interior sources are composed \ )

largely of organic materials whereas sediments from outside sources are of {

higher mineral content.

Water discharge from Sabine Refuge’s 26,000 acre Unit 3 (fresh marsh
impoundment) can often be a source of suspended organic material. High
concentration of suspended materials may be discharged from the unit’s east
water control structure, particularly during periods of high velocity winds.
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The goals of this section will be to present alternatives and display the
analysis of these alternatives for conservation, restoration, and enhancement
of fragile wetlands. In addition to a "No Action” alternative, three other
alternatives are evaluated. Alternative 2 relies on the use of perimeter . _
structures to treat many of the wetland loss problems. Alternatives 3 and 4
are based on treatment for individual hydrologic units to correct marsh loss
problems on an individual unit basis.

ALTERNATIVES

The Calcasieu-Sabine River Basin Study area is a large, diverse coastal
section of Louisiana and with many problems of varying degrees. Conversely,
solutions to these problems will vary depending upon effectiveness of the
measure, landowner desires, environmental acceptability, access to the area,
management capability, cost, transportation, drainage needs of local
residents, and others. The alternatives were developed with the consideration
of these conditions.

Alternative 1

The first alternative is the no actién or status quo alternative. Under this
alternative the basin will be left in its present condition and coastal
wetlands will continue to deteriorate.

Alternative 2

The second alternative is the perimeter structure alternative. Installation
of this alternative will require structures along major waterways for
protection of the entire basin. The project components are:

a. Locks and/or floodgates at Calcasieu Pass above Cameron. See number 1
on the project map (Map 1).

b. Locks and/or floodgates at Sabine Pass. See number 2 on the project map
(Map 1). ‘

c. Locks and/or floodgates on the Gulf Intracoastal Waterway (GIWW) between
the Calcasieu and Sabine Rivers. See number 3 on the project map (Map

1).

- The purpose of these structures would be to restrict saltwater flow to the

interior portion of the area and to partially restore hydrologic conditions to
pre-ship channel conditions. The installation of these structures would
eliminate the need for many of the project components to be discussed in
alternatives 3 and 4.

The costs of these structures is estimated at a total of 5500,000,0001 which
is as follows:

GIWW Structure $150 million
Calcasieu Channel Structure $250 mi11jon
Sabine Channel Structure $350 million

1Construction cost on these locks are on a nominal basis.
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Alternative 2 components would provide the structural measures on the
perimeter of the basin to reduce saltwater intrusion, but would impact
navigation. The use of locks would require ship and barges to stop for short
periods of time to allow for opening and closing of the Tocks. The time would
add to the cost. of operation for ships and barges. Also, locks require
personnel to operate and maintain these facilities. The proposed Houma
Navigation Canal lock (which is based on the Leland-Bowman Lock in the
Mermentau Basin) requires almost a $1 million a year for operation and
maintenance. These three locks would then add a $3 million a year cost of
operation and maintenance to the construction cost.

Alternative 3

The third alternative is for the installation of conservation practices on a
hydrologic unit basis. Each hydrologic unit has specified treatments for
reducing the effects of most natural and man-made problems affecting the unit.

The study area is divided into forty-seven hydrologic units. Twenty-four
hydrologic units are located north of the Sabine National Wildlife Refuge
(SNWR), and are designated as NO-1 through NO-21. Twelve hydrologic units are
Jocated on the Sabine SNWR, and are designated as SA-1 through SA-10. The
remaining 11 hydrologic units are south of the Sabine National Widllife
Refuge, and are designated as S0-1 through S0-9.

Alternative 4 R

The fourth alternative is for the installation of the conservation practices
on the hydrologic units with additional components for specified units. The
additional components will provide greater protection and enhancement of the
“wetland resources as compared to Alternative 3. The specific components
usually added are additional vegetative plantings and wave stilling/sediment
trapping devices. These help to reduce turbidity, reduce erosion, and improve

vegetative productivity.
COMPONENT GROUPS FOR HYDROLOGIC UNITS

The components proposed for alternatives 3 and 4 are grouped according the
action item proposed and 1ist as Group A through Group K below.

Group A - Placing dredge material in wetlands for marsh creation.

Group B - Vegetative plantings to reduce erosion rates along levees and
shoreline and provide improved genetic vegetative stock for inner -
marshes.

Group C - Wave stilling/sediment trapping devices - Theses devices are

recommended in open water areas, water depth 1.5 feet or less, 500
acres or greater open water with at least 0.5 miles of fetch.
Terraces or fences could be installed in areas with mineral soils;
fences only should be installed in organic soil areas. Generally,
these wave stilling devices are planned for installation in a 500
to 1,000 foot spacing.

Group D - Hydrologic boundary - streambanks, levee maintenance or
reconstruction.

Group E - New hydrologic boundaries.

O
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Group F - Passive management structures - rock weirs, fixed crest weirs,
open culverts with or without flapgates.

Group G - Active management structures - variable crest weirs, culverts with
screw gates and/or manipulated gates.

Group H - Plugs in man-made canals.

Group I - Gaps in spoil banks to marsh level or slightly below.

Group J - Boat wake reduction.

Group K - Gulf shoreline protection.

HYDROLOGIC UNITS

Each hydrologic unit will be discussed as to the present conditions and with
or without project components for Alternatives 3 and 4. The hydrologic units
will be discussed in order from north of Sabine National Wildlife Refuge,
Sabine National Wildlife Refuge, and south of Sabine National Wildlife Refuge
(Map 1). Map 1 also contains the component numbers and locations within each
hydrologic unit.

DESCRIPTION OF HYDROLOGIC UNITS
North Unit 1 (NO - 1)

The hydrologic unit is a 2,800 acre area located in the northeast portion of
the study area (Map 1). It contains equal portions of Gentilly-Ged and
Clovelly soil associations (Map 2). The land is non-forested wetland (Map 12)
dominated by landowners that have 500 acres or more (Map 13).. The unit has an
0;1 pipeline that runs along the southeastern edge of the hydrologic unit (Map
4). '

The unit was historically a solid emergent, Tow salinity marsh. Open water
areas included the 200 acre Browns Lake and a small, unnamed bayou that
provided a drainage outlet into Kelso Bayou. In the 1940’s it was almost
solid emergent with little open water, presently it is 15 percent marsh with
85 percent open water (Map 5). The only emergent marsh left is in a narrow
band parallel to Louisiana Highway 27 on the east and the GIWW on the north
(Map 6). The marsh vegetation has been representative of an intermediate to
brackish marsh since 1949 (Maps 8-11).

The problems include wave erosion in Brown’s Lake, salinity, and sediment
deprivation. Louisiana Highway 27 will be exposed to direct wave action if
erosion rates continue. The salinity rates should be stabilized in order to
promote vegetative growth and reduce the erosive energies of waves. Most open
water areas are too deep to manage for emergent vegetation and should be -
managed for aquatics. Therefore, the goals should be to reduce wave fetch and
energy, moderate salinity, and increase sediment into the system.
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HYDROLOGIC UNIT
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- Figure 1. Hydrologic Unit NO-1.
Alternative 3

The plan objective for the hydrologic unit is to actively manage for brackish
marsh, stabilize salinities and water level fluctuations. The water salinity
levels in the surrounding area makes managing for lower salinity marsh types
impractical. The objective will be accomplished by installing two water
control structures, maintaining existing and constructing new perimeter
Jevees, and installing a freshwater/sediment introduction structure from the
GIWW. ‘

Element 6 calls for installation of five-48 inch culverts with flapgates to
stabilize the south boundary by placing them in oil field canals. Element 7
calls for the installation of a variable crest weir with a boat bay in the
south boundary levee. The plan also calls for four-48 inch pipes with
flapgates to be placed through the levee spoil for freshwater introduction
(element 5). The plan includes rebuilding 20,000 linear feet of the south
bound levee (element 8) and 12,000 feet of the east levee of Alkali Ditch

- (element 12).

Additional measures include dredge spoil disposal, wave stilling/sediment
‘trapping structures in open water areas and vegetation plantings throughout
the unit. The plan for marsh creation via dredge spoil disposal includes
100,000 cubic yards of spoil. The wave stilling devices (element 11), 50,000
linear feet, will be installed to capture suspended sediments for marsh
accretion. The alternative utilizes 12,000 linear feet of vegetation along
Alkali Ditch and interior areas (element 9). The Department of Energy plant
operator will be asked to use a smaller boat on trips through the GIWW and
Alkali Ditch. The smaller boat will reduce wave energy and thus, wave erosion
along the banks and levees.

O
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The planned components for Alternative 3 will cost a total of $1,803,000.
Specific structure design has not been determined, but should incorporate
design or operation features that allow opportunities to stabilize water and
salinity levels and provide access for marine organisms.

Table 16. Hydrologic Unit NO-1. Components for Alternative 3.
2,800 Acres - Plan Objective: Stabilize salinities and water level
fluctuations; will be actively managed.

Element Mgt . Unit Units Element

Number Opt.  Units Cost Required  Cost
4 A cubic yards of Spoil $3.00 100,000 $300,000
5 G 48" Pipe w/gates $26,250 4 $105,000
6 G 48" culvert w/gates $14,000 5 $70,000
7 G VC Weir w/boat bay $80,000 1 $80,000
8 D South Levee Repair (Ft) $15.00 20,000  $300,000
9 B Vegetation (Ft) $1.50 12,000 $18,000
10 9 Request of DOE $0
11 C Wave stilling Device (Ft) $15.00 50,000  $750,000
12 D East Levee Repair (Ft) $15.00 12,000  $180,000

"Total Alternative Cost $1,803,000

Alternative 4

The alternative includes an additional 8,000 linear feet of vegetative
plantings (element 9) for a total of 20,000 linear feet of plantings and an
extra 84,000 linear feet of wave stilling devices be planned over alternative
3. The wave stilling devices will be installed for additional opportunities
to_reduce emergent marsh erosion and capture suspended sediments in the water

- column for marsh accretion. The total construction cost of Alternative 4 is

$3,075,000 which is $1,272,000 more than alternative 3.
Eﬁ?leAlﬁa. H¥?586ogic Unit NO-1. Additional Components for Alternative 4.

creage
Element Mgt . ‘ Unit Units Element
Number Opt.  Units Cost Required  Cost
9 B Vegetation (Ft) $1.50 8,000 $12,000
11 c Wave Still Device (Ft) $15.00 84,000 $1,260,000
Sub Total Alternative $1,272,000
Total Alternative Cost $3,075,000

North Unit 2 (NO - 2)

The hydrologic unit is a 1,300 acre intermediate/brackish marsh area located
in the northeast quadrant of the study area (Map 1). The unit soils are
predominantly Clovelly association, however the northwestern part of the unit
contains Gentilly-Ged associated soils (Map 2). The unit acreage is non-
forested wetlands (Map 12) and 1and ownership is by landowners with 500 or
more (Map 13). The unit contains a product pipeline that intersects the
northeastern fringe area (Map 4).
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The unit historically was mapped as brackish marsh on the eastern half and o
intermediate marsh on the western half of the unit (Map 8). The unit was
mapped as brackish in 1968 (Map 9) and 1978 (Map 10). The 1988 vegetative map

showed the unit to be intermediate in the northern half and brackish in the
southern half (Map 11).

According to 1940 aerial photography the area was almost solid emergent marsh.
The 1983 photography shows that the area had changed to an open water pond.
The 1956-1978 Marsh Land Water Change Map (Map 5) showed that the unit marsh
had predominantly converted to open water. By 1984, only the northeast corner
of the unit contained marsh and broken marsh (Map 6).
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Figure 2. Hydrologic Unit NO-2.
Alternative 3

The hydrologic unit will be under an active management plan and operated
according to the permitted plan. The objectives are to stabilize salinity and
water level fluctuation, and stimulate emergent vegetation growth. The water _
salinity levels in the surrounding area makes managing for the historical

marsh type impractical. This area will be managed for brackish/intermediate
marsh by manipulating the water control structures to control salinity and
water levels. Special operation provisions will insure fisheries access. The
operation schedule also contains provisions to periodically lower water levels
to encourage natural revegetation of adapted emergent species in shallow water
areas.

The plan components, Table 17, includes maintaining the existing perimeter (:j)
levee system (element 13 and 16), installing a freshwater introduction )
structure in the north boundary (element 15), replacing two existing water

control structures in the south boundary with variable crest, flapgated
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structures and installing a 18" flapgated culvert for fisheries access
(element 14). The final component, vegetation, will be used for shoreline
protection and to help improve the vegetative productivity of shallow open
water areas (element 17). The system of components proposed for the
hydrologic unit will cost $691,000 to construct.

Table 17. Hydrologic Unit NO-2. Components for Alternative 3.

1,300 Acres - Plan Objective: Stabilize salinity and water level fluctuation,
stimulate emergent vegetation growth. Actively managed.

Element Mgt. Unit Units Element
Number Opt. _ Units Cost Required  Cost
13 D Levee Repair (ft.) $8.00 6,000 $48,000
14 G Water Control Structures $50,000 3 $150,000
15 G North Side Pump $150,000 1 $150,000
16 D Armor-Plate (ft.) $65.00 5,000 $325,000
17 B Vegetation (ft.) $1.50 12,000 $18,000
Total Alternative Cost $691,000

Alternative 4

The alternative, Table 17a, includes an additional 4,000 feet of armor plated
levee, element 16, for a total of 9,000 feet of armor plated levee work in the
hydrologic unit. The construction cost of the additiona] levee work will be
$260,000 and bring the total cost of the alternative to $951,000.

Table 17a. Hydrologic Unit NO-2. Additional Components for Alternative 4.
Unit Acreage 1,300 3

Element Mgt. Unit Units Element

Number Opt. Units . Cost Required Cost

16 D Armor-Plate (ft.) $65.00 4,000 $260,0000
Sub Total Alternative $260,0000
Total Alternative Cost $951,0000

North Unit 2A (NO - 2A)

The hydrelogic unit is a 800 acre area located in the northeast quadrant of
the study area (Map 1). The unit soils are mapped as Clovelly association
(Map 2). The landuse is non-forested wetlands (Map 12) and land ownership is
by landowners of 500 acres or more (Map 13). The southwestern portion of the
unit is traversed by an oil pipeline (Map 4).

The unit was historically mapped as intermediate marsh with some sawgrass -
marsh in the northwest corner (Map 8). The 1968 and 1978 vegetative maps have
the unit as a brackish marsh (Maps 9-10). The 1988 vegetative map has the
unit mapped as intermediate marsh on the northern two-thirds and brackish on
the southern one-third (Map 11).

The area was historically a solid fresh/intermediate emergent marsh. In 1940,
the area contained approximately only small isolated areas of open water. The
area is now basically open water with small isolated areas of emergent marsh
and classified as intermediate to brackish marsh. The 1956-1978 Marsh Land
Water Change Map (Map 5) shows that most of the unit has converted from marsh
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to water. The 1984 data shows the unit as predominantly water with small i sjfi)
areas of marsh and broken marsh (Map 6).
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Figure 3. Hydrologic Unit NO-2A.
Alternative 3 '

The water salinity levels in the surrounding area makes managing for the
historical marsh type impractical. The proposal for this area is to stabilize
water level fluctuation, reduce turbidity, and passively manage for
brackish/intermediate marsh. Features, listed in Table 18, of the proposal
include re-establishing the historic Black Lake shoreline (element 18),
maintaining the existing freshwater introduction structure in the north
boundary, and installing one water control structure in the south boundary
(element 19). Specific structure design has not been determined, but should
incorporate design or operation features that allow for opportunities to
stabilize water and salinity levels and provide access for marine organisms.

The addition of wave stilling devices (element 20) and vegetation (element 21)
will allow for an improvement in the turbidity of the unit’s waters and
provide an opportunity to accrete marsh near the wave stilling devices and
vegetation. The vegetation will reduce erosion in the project area and help
to increase vegetative productivity in the unit.

Table 18. Hydrologic Unit NO-2A. Components of Alternative 3.

800 acres - Plan Objective: Stabilize water level fluctuation, reduce
turbidity, and passively manage.
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Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost

18 D Armor-Plate Levee (ft.) $65.00 8,000 $520,000

19 G VC Weir (slotted) (ft.) $80,000 1 $80,000

20 C  Wave Still Device (ft.) '$15.00 10,000 $150,000

21 B Vegetation (ft.) $1.50 15,000 $22.500
Total Alternative Cost $772,500

Alternative 4

The alternative, Table 1Ba, includes additional wave stilling devices (element
20) for additional protection of the area and a greater opportunity to
captured suspended sediments in the water column for accretion of emergent
marsh habitat. The wave stilling devices cost a total of $600,000 for the
additional 40,000 feet of protection. The total cost of alternative 4 will be
$1,372,500 to construct. '

Table 18a. Hydrologic Unit NO-2A. Additional Components of Alternative 4.
Unit Acreage 800

Element Mgt. Unit Units Element
Number Opt. Units Cost Reguired Cost

20 C Wave Still Device (ft.) $15.00 40,000 $600,000
Sub Total Alternative $600,000
Total Alternative Cost ‘ $1,372,500

North Unit 3 (NO - 3)

The hydrologic unit is a 4,100 acre area located in the northeast quadrant of
the study area bordering the Gulf Intracoastal Waterway (Map 1). The unit
soils are predominantly Gentilly-Ged association with some Clovelly
association in the southern one-quarter (Map 2). The landuse for the area is
non-forested wetlands (Map 12) with ownership by landowners with 500 acres or
more (Map 13). The unit has an oil pipeline in the southeast portion and
c?ntains 0il, gas, and product pipelines latitudinally crossing the unit (Map
4).

The unit was historically mapped as fresh marsh (Map 8). The area was mapped
with the eastern three-fifths as brackish and the western two-fifths as
intermediate in 1968 (Map 9). Vegetative mapping done in 1978 showed the area
to be brackish (Map 10). Recent vegetative mapping, completed in 1988, shows
the area to be predominantly intermediate marsh (Map 11). -

The unit had a small amount of conversion from land and marsh to water between
1956 and 1978 (Map 5). The 1984 classified satellite data shows the unit is
interspersed with solid marsh, some agricultural and pasture land, and broken
marsh (Map 6). :
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Figure 4. Hydrologic Unit NO-3.
Alternative 3

The plan objective for the unit is to maintain fresh and intermediate marsh in
a passively managed approach. The area was managed as an agricultural pump-
of f between the 1960’s and early 1980’s. Water levels were artificially
lowered to improve cattle grazing. The area experienced moderate oxidation of
the soil surface during this time period. The area is now being managed as
fresh to intermediate marsh for waterfowl and freshwater fisheries habitat.

Features, Table 19, of the proposal is to maintain the existing perimeter
levee system (elements 22 and 24) and provide outlets for excess water
(element 23) from this unit into adjacent wetlands. Levee maintenance will
require 1,000 feet of armor plated levee and 4,500 feet of levee repair to
maintain the present impoundment conditions. The addition‘of the two water
control structures will provide the water manipulation capabilities needed to
control water level conditions for enhancement of emergent and submergent
aquatic species desirable for waterfowl and freshwater fisheries. The
components of the alternative will cost $252,500 for construction.

Table 19. Hydrologic Unit NO-3. Components for Alternative 3.
4,100 Acres - Plan Objective: Maintain freshwater marsh, passively managed
unit.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
22 D Armor-Plate (ft.) $65.00 1,000 $65,000
23 F Water Control Structures $60,000 2 $120,000
24 A Levee Repair (ft.) $15.00 4,500 $67.500

Total Alternative Cost $252,500
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Alternative 4

Alternative 4, Table 19a, will require an additional 2,000 linear feet of
armor-plating (element 22) for the present levees. The additional work will
provide for long-term protection of the levee and reduce the need for leyee
maintenance. The additional cost of the added levee armor-plating will be
$132,000 for a total construction cost of $382,500.

Table 19a. Hydrologic Unit NO-3. Additional Components for Alternative 4.
Unit Acreage 4,100

Element Mgt. Unit Units  Element
Number Opt. Units Cost Required Cost

22 D Armor-Plate (ft.) $65.00 2,000 $130,000
Sub Total Alternative $130,000
Total Alternative Cost $382,500

North Unit 4 (NO - 4)

The hydrologic unit is a 6,600 acre area located northeast quadrant of the
study area, south of Unit NO-3 (Map 1). The unit is predominantly mapped as
Clovelly association soils with some Gentilly-Ged association in the southwest
portion (Map 2). The unit landuse is predominantly non-forested wetlands with
agricultural lands in the southwest corner (Map 12). Land ownership is
dominated by landowners with 500 acres are more (Map 13).

The unit was historically mapped as sawgrass marsh on the eastern half and
intermediate marsh on the western half of the marsh (Map 8). The 1968
vegetative mapping showed an increase in salinities in the unit with the
eastern half as brackish marsh and the western half as intermediate marsh (Map
3). The salinity migration increase by 1978 with only the unit’s northwest
corner being intermediate and the remaining area being brackish (Map 10). The
1988 mapping showed an increase in freshwater with the unit’s northwest corner
being freshwater marsh and the remaining marsh being brackish (Map 11).

The unit has had conversion of most of the marsh to water between 1956 and
1978 (Map 5). This is also shown by comparison of the 1953 and 1985 aerial
photography of the area. The 1953 aerial photography shows the area to be
almost solid emergent marsh. The 1985 photography shows that the area the
area had changed to open water with small isolated spots of broken marsh. The
1984 classification shows the area has mostly water with broken marsh in the
southeastern portion of the unit (Map 6). -

Alternative 3

The hydrologic unit will be actively managed for intermediate emergent
vegetation. The water salinity levels in the surrounding area makes managing
for the historical marsh type impractical. The area will be managed for
intermediate marsh by manipulating the water control structures to control
salinity and water levels. The proposed features, Table 20, for this area
include maintaining the existing perimeter levee system (element 25),
maintaining existing water control structures, installing shoreline protection
measures on the east boundary adjacent to Black Lake, and planting adapted
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emergent plant species in the marsh interior (element 26). The construction
cost for these components total $368,000.
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Figure 5. Hydrologic Unit NO-4.

Special operation provisions will insure maintaining fisheries access. The
operation schedule also contains provisions to periodically lower water levels

to encourage natural revegetation of adapted emergent species in shallow water
areas.

Table 20. Hydrologic Unit NO-4. Components for Alternative 3.
6,600 Acres - Plan Objective: Manage for emergent vegetation for fresh-
intermediate marsh. Unit is actively managed.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
25 D Armor-Plate (ft.) $65.00 5,200 $338,000
26 B Vegetation Demo (Ac.) $1,500 20 $30,000

Total Alternative Cost $368,000
Alternative 4 |

Additional protection and vegetative enhancement can be afforded by increasing
the acreage of vegetative plantings in the unit. The addition of 30 acres of
vegetation (Table 20a, element 26) could be added to the project area at an
additional cost of $45,000 for a total alternative construction cost of
$413,000.

Table 20a. Hydrologic Unit NO-4. Additional Components for Alternative 4.
Unit Acreage 6,600
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Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost

26 B Vegetation Demo (Ac.) $1,500 30 $45,000
Sub Total Alternative $45,000
Total Alternative Cost $413,000

North Unit 5 (NO - 5)

The hydrologic unit is a 11,700 acre unit located in the northeast corner of
the study area below Unit NO-1 (Map 1). The unit soils east of Highway 27 are
mapped primarily as the Mowata-Vidrine-Crowley association. The area east of
Alkali Ditch and west of Highway 27 are mapped as Clovelly association in the
western portion of this area. The eastern portion contains Gentilly-Ged
association. The southern portion contains soils in the Scatlake association.
The remaining portion of the unit east of Alkali Ditch is mapped as Clovelly
association with some Scatlake associated soils in the lower area next to
Alkali Ditch (Map 2). The unit landuse is predominantly non-forested wetlands
with some urban/industrial lands in the southwest portion of the unit (Map
12). The land is predominantly owned by landowners with 500 acres or more in
the unit (Map 13). The unit has part of the East Hackberry 0il1 and Gas fields
and has oil and product pipelines crossing the area (Map 4).

The unit was historically mapped as a brackish three-corner grass marsh (map
8). The vegetative mappings of 1968, 1978, and 1988 have the unit as brackish
marsh (Maps 9-11). The 1956-1978 change maps show the unit having some
conversion from land and marsh in the northern portion to water (Map 5). The
1984 classified satellite data shows the northern portion to be broken marsh
and the southern portion to be an intermingling of land and solid marsh (Map
6).

Alternative 3

The objective for this hydrologic unit is to maintain and enhance the
vegetation. The unit consists of Black Lake, brackish marsh areas, and spoil
disposal areas along the Calcasieu Ship Channel. Brackish marsh occupies
approximately 60 percent of the area. Much of this area is in the East
Hackberry 0i1 and Gas Field. Historically, Kelso Bayou was the only water
exchange point for Black Lake and the surrounding marshes. Construction of
the Alkali Ditch, GIWW, and Calcasieu Ship Channel increased the number of
water exchange points for Black Lake and has resulted in; 1) Increased
salinities 2) Increased water fluctuations 3) increased opportunities for
saltwater intrusion 4) Increased tidal scouring and erosion. This area
experienced the same marsh type change and marsh loss discussed in Units No-1,
2A, 2, and 4. : :

The project components, Table 21, for the alternative include dredge spoil
placement, water control structures, plugging abandoned canals, gapping spoil
banks on abandon canals, wave stilling devices, and vegetation. The concept
for the water control structure, element 25, is to reduce water fluctuations
and salinities by controlling water at either Kelso Bayou or the Alkali Ditch.
The reason for proposing Kelso Bayou is that it is closer to the Ship Channel
(source of tidal influence). Commercial boat traffic will still be provided
for through the Alkali Ditch. No decision has been made, as of yet, to put in
a boat bay, but the design should provide provisions for fisheries access.
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Figure 6. Hydrologic Unit NO-5. N

Dredge material from Alkali Ditch (element 27) and the Calcasieu Ship Channel
can be used (element 29) for marsh creation. The dredge material will provide
for more emergent marsh and thus, a greater edge effect for wildlife and
fisheries habitat. Plugging inactive o0il field canals (element 32) will
provide for greater hydrologic control of the unit and allow for potential
spoil bank gapping of these plugged canals (element 33). The wave stilling
devices (element 31) will provide protection from wave energy by reducing wave
fetch and allowing for suspended sediments to drop out of the water column for
marsh accretion. The vegetation (element 28) will provide for increased
vegetative cover and reduced wave fetch in the marsh area. Implementation of
any of the proposed elements should be coordinated with oil exploration
activities. The construction cost of this alternative is $3,165,000.

Table 21. Hydrologic Unit NO-5. Components of Alternative 3.
11,700 Acres - Plan Objective: Maintain and/or enhance internal vegetation.

Element Mgt. Unit Units Element

Number Opt.  Units Cost Required Cost
27 A cubic yards of Spoil $3.00 80,000 $240,000
28 B Vegetation (Ac.) $15,00 50 $75,000
29 A cubic yards of Spoil $3.00 170,000 $510,000
30 F Water Control Structure $1,500,00 1 $1,500,000
31 C Wave Stilling Devices (ft.) $15.00 50,000  $750,000
32 H Plug Canal $70,000 1 $70,000
33 I Gap Spoil Banks $20,000 1 $20,000

Total Alternative Cost $3,165,000

oy
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Alternative 4

The alternative, Table 2la, would provide for additional protection of the
unit from erosion due to wave fetch. The vegetation (element 28) and wave
stilling devices (element 31) will provide the additional protection. The
added vegetation and wave stilling devices will cost $1,335,000 over the cost
of Alternative 3 for a total construction cost of $4,500,000.

Table 2la. Hydrologic Unit NO-5. Additional Components of Alternative 4.
Unit Acreage 11,700

Element Mgt. Unit . Units  Element
Number Opt.  Units Cost Required Cost
28 B Vegetation (Ac.) $1,500 50 $75,000
31 C Wave Stilling Device (ft.) $15.00 84,000 $1,260,000
Sub Total Alternative $1,335,000
Total Alternative Cost ” $4,500,000

North Unit 6 (NO - 6)

The hydrologic unit is a 6,700 acre area that is predominantly the inhabited
area of Hackberry and is located in the northeast quadrant of the study area
below Unit NO-5 (Map 1). The unit soils are predominantly Mowata-Vidrine-
Crowley association (Map 2). The primary landuse is agriculture with some
small areas of forest land and urban/industrial lands (Map 12). The lands are
mostly owned by landowners with 500 acres or more, except thé northwest
portion is owned by the federal government (Map 13). The unit contains a
portion of the East Hackberry 0il and Gas Fields (Map 4).

The southeastern portion of the unit was historically mapped as brackish
three-corner grass and southwest portion was mapped as intermediate marsh (Map
8). By 1968 only a small portion of the southern boundary was mapped as
brackish marsh (Map 9). The 1978 vegetative mapping showed that the southeast
boundary was mapped as saline marsh (Map 10). The 1988 vegetative mapping
showed most of the unit to be non-marsh with a small portion of the southeast
being brackish (Map 11). The 1956-1978 change map showed the unit to have
only small conversions from land to marsh (Map 5). The 1984 classified
satellite data shows the area to be an intermixing of agricultural land and
marsh with pockets of broken marsh (Map 6).

The major objective of the local residents for this unit is to maintain
adequate flood control and drainage facilities in the area. Also, insure that
wetland practices installed in adjacent hydrologic units do not increase
flooding of the inhabited areas and that any future drainage discharge is
utilized to benefit wetlands. A1l wetland conservation and restoration
elements installed in adjacent hydrologic units will be compatible with this
objective. Therefore, no specific elements are proposed for the hydrologic
unit.

7t
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Figure 7. Hydrologic Unit NO-6. ? (')
North Unit 7 (NO - 7) | {

The hydrologic unit is a 1,660 acre area located in the northeast quadrant of
the study area below the intersection of Units NO-4 and NO-5 (Map 1). The-
unit soils are mapped as Mowata-Vidrine-Crowley association on the eastern
fringe with the remaining area is Gentilly-Ged association (Map 2). The unit
landuse is predominantly non-forested wetlands with the northeast corner
having some urban/industry lands (Map 12). The land is predominantly owned by
Jandowners with 500 acres or more (Map 13). The unit northeast portion is
part of the East Hackberry 0il and Gas Fields and has oil and product
pipelines traversing the area (map 4).

The unit was historically a sawgrass marsh with the western fringe containing
fresh marsh (Maps 7-8). The 1968 vegetative mapping showed the eastern and
northwestern portion as brackish and the southwestern portion as intermediate
marsh (Map 9). The 1978 and 1988 vegetative maps_show the area as brackish
marsh. The 1956-1978 change maps showed only small pockets of conversion from
marsh to water (Map 5). The 1984 classified satellite data show the area as
marsh and agricultural lands with some broken marsh in the northern portion
of the unit (Map 6).

The plan objective for the unit is to maintain the present system of levees
and water control structures of the actively managed freshwater marsh. The
system is functioning well under the present management scheme, therefore, no .
additional elements proposed for this unit. ( )

{
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Figure 8. Hydrologic Unit NO-7.
North Unit 8 (NO - 8)

The hydrologic unit is a 4600 acre area located in the northeast quadrant
below Unit NO-4 (Map 4). The unit soils are Clovelly association (Map 2). _
The Tanduse is mostly non-forested wetlands with the western one-quarter being
used for agricultural purposes (Map 12) and the land ownership is dominated by
landowners with 500 acres or more (Map 13). The unit is traversed by a
product pipeline and an oil pipeline (Map 4). The unit does have an important

biological area where a heron rookery (601015) is located (Map 3).

The unit was historically mapped as freshwater marsh on the eastern portion
(Map 8). The 1968 vegetative mapping has the northern portion as
predominantly brackish marsh and the southern portion as intermediate marsh.
The 1978 vegetative mapping showed the unit as brackish marsh with the western
edge containing intermediate marsh (Map 10). The 1988 vegetative maps has the
area as brackish marsh.

The 1956-1978 change map shows that the unit converted from marsh to water
during this period with a few small pockets of marsh left in the southeast
section (Map 5). The 1984 classified satellite data showed the area to be
almost all water with a few small pockets of broken marsh in the southeast
portion (Map 6).

Alternative 3
The plan objective for the hydrologic unit is to stabilize salinity and water

level fluctuations passively manage for a fresh to intermediate marsh.
Presently no submerged aquatic vegetation is present in the open water areas.
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By stabilizing the salinity and ‘water level fluctuations, the problem of
turbidity can be reduced and submerged aquatic productivity can be improved.
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Figure 9. Hydrologic Unit NO-8. {
The proposed elements, Table 22, include maintaining a perimeter levee system
(element 36), installing passively managed water control structures (element

37), installing wave stilling/sediment trapping devices (element 34) in open

water areas and planting adapted species of emergent vegetation (element 35)
throughout the marsh interior. The construction cost for this alternative is
$1,957,400.

Table 22. Hydrologic Unit NO-8. Components of Alternative 3.
4,600 Acres - Plan Objective: Stabilize salinity and water level fluctuation.
Passively managed for fresh/intermediate marsh.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
34 C Wave Stilling Devices (ft.) $15.00 100,000 $1,500,000
35 B Vegetation (Ac.) $1,500 50 $75,000
36 D Levee Maintenance (ft.) $8.00 22,800 $182,400
37 F VC Weirs $50,000 4 $200,000
Total Alternative Cost. $1,957,400

Alternative 4

The additional work for alternative 4 involves more wave stilling devices and
vegetation. The plan calls for an additional 168,000 linear feet of wave
stilling devices (element 34), and 50 additional acres of vegetative plantings
(element 35). The extra work items cost $2,959,000 over alternative 3 for a
total construction cost of $4,552,400.

O
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Table 22a. Hydrologic Unit NO-8. Additional Components of Alternative 4.
Unit Acreage 4,600

Element Mgt . Unit Units Element
Number Opt. Units Cost Required  Cost
34 o Wave Stilling Devices (ft.) $15.00 168,000 $2,520,000
35 B Vegetation (Ac.) $1,500 50 $75.000
Sub Total Alternative $2,595,000

Total Alternative Cost $4,552,400
North Unit 8A (NO - 8A) ‘

The hydrologic unit is a 1,110 acre area located in the north central portion
of the study area west of Unit NO-8 (Map 1). The soils are mapped as Clovelly
association on the southern half and predominantly Gentilly-Ged association in
the northern half (Map 2). The landuse is non-forested wetlands (Map 12) with
the Tands being owned by landowners with 500 acres are more (Map 13). The
western portion of the unit contains part of the South Black Bayou 0il and Gas
Fields and is traversed by a product pipeline (Map 4).

The area was historically mapped as fresh marsh (Map 8). The 1968 vegetative
map shows the southeastern portion of the unit as intermediate marsh and the
remaining area as fresh marsh (Map 9). The 1978 and 1988 vegetative maps show
the area as intermediate marsh (Map 10-11). The 1956-1978 change map has had
a marsh conversion to land in the western fringe and predominantly marsh
conversion to water in the southeastern portion of the hydrologic unit (Map
5). The 1984 classified satellite data shows the southern and western
portions of the unit to contain broken marsh (Map 6).
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Figure 10. Hydrologic Unit 8A.
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Alternative 3

The plan objective for the hydrologic unit is to enhance existing vegetation
via a passive management scheme. The planned component, Table 23, is to
install wave stilling/sediment trapping devices (element 38) across open water
areas. * The component will reduce wave fetch and thus, wave erosion within the
unit. The devices will also enhance marsh accretion by capturing suspended
sediment in the water column. The alternative will cost $90,000.

Table 23. Hydrologic Unit NO-8A. Components of Alternative 3.
1,110 Ac. - Plan Objective: Enhance existing vegetation. Passive management.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost

38 C Wave Still Device (ft.) $15.00 6,000 $90,000
Total Alternative Cost $90,000

Alternative 4

The alternative calls for an additional 14,000 linear feet of wave stilling

devices (Table 23a, element 38). The additional work will cost $210,000 for a
total cost of $300,000.

Table 23a. Hydrologic Unit NO-8A. Additional Components of Alternative 4. .
Unit Acreage 1,100 : K\j)
-

Element Mgt. Unit Units Element
Number Opt. Units Cost Required  Cost

38 c Wave Still Device (Ft) $15.00 14,000 $210,000
Sub Total Alternative $210,000
Total Alternative Cost _ $300,000

North Unit 9 (NO - 9)

The hydrologic unit is a 310 acre area located in the north central portion of
the study area west of Unit NO-4 (Map 1). The soils map shows the unit to
contain Clovelly association (Map 2). The landuse is predominantly non-
forested wetlands with the southwest eighth used for agriculture (Map 12).

The land is owned by the Cameron Parish School Board (Section 16).

The unit was historically mapped as a fresh marsh (Map 8). The 1968

vegetative map has the area mapped as intermediate marsh (Map 9). The 1978

vegetative map shows the unit as intermediate with the southeastern portion

being brackish (Map 10). The 1988 vegetative map shows the area as

predominantly brackish marsh with the northwest corner as fresh marsh (Map

11). The 1956-1978 change map shows the unit as solid marsh with only the

extreme southern fringe converted to open water (Map 5). The 1984 classified LT
satellite data shows the area as broken marsh and marsh (Map 6). \~;>
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Figure 11. Hydrologic Unit NO-9.

The unit is surrounded by a continuous Jevee with no water ekbhange with
adjacent units. The unit has no specific work items for implementation.

North Unit 10 (NO - 10)

The hydrologic unit is a 800 acre area located north central portion of the
study area west of Unit NO-9 (Map 1). The soils were mapped as Clovelly
association on the eastern portion, Gentilly-Ged association on the west
portion, and Morey-Mowata-Midland associated soils in the northwest (Map 2).
The landuse is primarily non-forested wetlands with pockets of agricultural
lands (Map 12). The southeast one-fourth of the unit lands belong to the
Cameron Parish School Board (Section 16) with the remaining land belonging to
Tandowners with 500 acres or less (Map 13).

The area was historically mapped as a fresh marsh (Map 8). The 1968 and 1978
vegetative maps show the unit to be intermediate marsh (Maps 9-10). The 1988 -
vegetative map shows the unit to be mostly fresh marsh with the southern one-
fourth being brackish marsh (Map 11). The 1956-1978 change maps show that the
area had some marsh to land conversion (Map 5). The 1984 classified satellite
data showed the unit to be land (ag/pasture), marsh, and some broken marsh in
the middle of the unit (Map 6).

Alternative 3

The hydrologic unit is in the Water Bank Program and will be maintained in its
current condition. The area was converted to an agriculture pump off and was
in crop production until approximately 1980. The unit is now being managed as
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fresh marsh for waterfowl habitat. Drainage is facilitated by a pump on the
east boundary of the unit.

HYDROLOGIC UNIT

NO-10

Alaw (=]
39
STABILIZATION
= ] (& ] sTmucriee [ PLANTINGS
SHELL ROAD (o] WATER CONTROL WAVE
STRUCTURE STILLING
S288) DEPOSIT
1 0 1 Z

| A O I D O T T A i J

Scale in Miles

Figure 12. Hydrologic Unit NO-10.

The proposed structural component, Table 24, for the unit is to move the
present pump (element 39). The pump will be relocated to the southeast corner
of the area. Routing the discharge to the south would enhance water control
capabilities in Unit NO-4 and provide freshwater introduction into Unit NO-8.
The cost of the pump moval is estimated at $180,000. No additional work was
proposed for the unit, so Alternative 4 is not presented.

Table 24. Hydrologic Unit NO-10. Components for Alternative 3.
800 AC. - Plan Objective: Maintain the area. It is in the water bank program.

Element Mgt. ‘Unit Units Element
Number Opt. Units Cost Required Cost

39 G Move Pump $180,000 1 $180,000
Total Alternative Cost $180,000

North Unit 11 (NO - 11)

The hydrologic unit is a 12,800 acre area located in the north central portion
of the study area bordering the Gulf Intracoastal Waterway (Map 1). The
unit’s soil are mapped predominantly as Morey-Mowata-Midland association,
Gentilly-Ged association on the eastern and northwestern fringes, and Mowata-
Vidrine-Crowley association on the southern portion (Map 2). The area is
predominantly agricultural land with forest land in the southwest corner (Map
12). Land ownership in the unit has predominantly landowners with 500 acres or

O
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more with the Tower west central area having landowners with 500 acres or less
(Map 13). The area also contains an important biological area with a heron
rookery (588001) in the center of the unit (Map 3).

The area was historically mapped as a sawgrass marsh with a band of fresh
marsh is the western part of the unit (Map 8). The 1968 vegetative maps shows
the eastern one-third as intermediate marsh with the a smal) area in southern
fringe as fresh marsh (Map 9). The 1978 vegetative map has the eastern one-
third and western fringe mapped as intermediate marsh, the extreme southwest
as brackish marsh, and northwest as fresh marsh (Map 10). The 1988 vegetative
map shows the northeast and northwest as fresh marsh, the southeast as
brackish marsh, and the remaining area as non-marsh (Map 11).

The 1956-1978 change maps showed fhat the western fringe area had some
conversion from marsh to land (Map 5). The 1984 classified satellite data

shows the area to be interspersed with agricultural land, marsh and broken
marsh (Map 6).

o HYOROL OGIC UNIT
_; NO-1171

Figure 13. Hydrologic Unit NO-11. )

The objective of the unit will be to maintain in the present condition. The
unit includes all of Gum Cove Ridge and is composed of prairie (non-marsh)
soils and small areas of wetland marsh soils. A water control structure has
been permitted and planned for installation in the northeast corner of this
unit. The structure will provide water level control and a drainage outlet.
No other elements are proposed for this unit.
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North Unit 12 (NO - 12)

The hydrologic unit is a 2,870 acre area located in the north central portion
of the study area, west of Units NO-8 and NO-8A (Map 1). The unit soils are
broken down as Mowata-Vidrine-Crowley association in northeast portion,
northwest and central portions contain Morey-Mowata-Midland association, and
Gentilly-Ged association on the southern portion (Map 2). The landuse is
predominantly non-forested wetland except for the northern one-sixth of the
unit which is used for agriculture (Map 12). The land in the unit is
predominantly owned by land owners with 500 acres or more (Map 13). South

Black Bayou 0il1 and Gas Fields and a portion of the Southeast Black Bayou Gas
Fields are within the unit.

The 1931 vegetative map showed the area to be grazing land (Map 7). The 1949
vegetative map shows that the western one-fifth contained sawgrass marsh with
the remaining land as predominantly fresh marsh (Map 8). The 1968, 1978, and
1988 vegetative maps show that the unit is predominantly intermediate marsh
(Map 9-11). The 1956-1978 change maps show that the unit has remained

unchanged (Map 5). The 1984 classified satellite data_ shows that the unit is

most1ly marsh, with some broken marsh and agricultural land (Map 6).
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Figure 14. Hydrologic Unit NO-12.

The objective for this unit is to maintain in its current condition. Elements
proposed for adjacent units address the hydrologic needs of this unit.

North Unit 13 (NO - 13)

The hydrologic unit is a 4600 acre area located in the north central portion
of the study area. The unit soils are mainly Clovelly association with the

N’
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northern one-third containing Gentilly-Ged associated soils (Map 2). The area
landuse is mapped as non-forested wetlands (Map 12). The unit is dominated by
landowners owning 500 acres or more except the southwest portion which has-
landowners with 500 acres or less (Map 13). The southwest portion contains
part of Black Bayou 0il Fields and also has several oil, gas, and product
pipelines traversing the area (Map 4).

The area was mapped as sawgrass marsh with the northern one-third being fresh
marsh (Map 8). Between 1968 and 1988 the unit made a conversion to freshwater
and intermediate marsh (Maps 9-11). The marsh had converted from marsh to
mostly water except for some marsh and land located in the northern and
central portions of the unit (Map 5). The 1984 classified satellite data
shows that most of the area is open water with marsh and agricultural land in
%he ng;thern portion and broken marsh and marsh in central portion of the unit
~(Map 6).
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Figure 15. Hydrologic Unit NO-13.
Alternative 3

The objective for this unit is to manage for fresh marsh habitat. The unit is
now a fresh/intermediate marsh with large open water areas. Open water is now
estimated to compose over 85 percent of the unit. Chabreck’s 1988 Vegetative
Type Map shows this unit to contain the only remaining area of fresh marsh
west of the Gum Cove Ridge north of the Sabine National Wildlife Refuge.

The proposed components for the for the unit are listed in Table 25. These
elements include closing breaches in the GIWW spoil bank (element 40),
replacing the existing structure on the west boundary (element 41), replacing
the three structures on the south boundary (elements 42 and 43), vegetative
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plantings (element 44), and installing wave stilling/sediment trapping devices g‘”)
(element 45).

Closing the breaches on the GIWW will allow for more control of water level
fluctuations within the unit. The replacement of the three failed structures
in the south boundary levee will provide for water and salinity control needed
to reduce the fluctuating conditions in these water parameters. By reducing
water and salinity fluctuations, the area will have an opportunity to remain
in a fresh condition and decrease the soil erosive forces prevalent in an
unnaturally fluctuating environment. The wave stilling devices will reduce
wave fetch and allow for suspended sediments to be trapped and accrete marsh,
The vegetative plantings will provide necessary plant materials to increase
vegetative productivity within the system and capture sediments in the water
column. The reduction of suspended sediments in the water column will reduce
turbidity, increase light penetration, and enhance conditions to improve
productivity of submerged aguatic vegetation.

Specific structure designs have not been determined, but should incorporate
design and operation features that allow opportunities to stabilize water and
salinity levels, allow management for freshwater/sediment introduction on the
west boundary, and freshwater flow-through into Unit NO-14 at the south

boundary. The total construction cost of the components will be $1,200,000
for the alternative.

Table 25. Hydrologic Unit NO-13. Components of Alternative 3. TN
4,600 Ac. - Plan Objective: Manage for fresh marsh, actively managed (_ )
Element Mgt. Unit Units Element l
Number Opt. Units Cost Required Cost

4 D Repair Spoil Bank (ft.) $65.00 2,000 $130,000

4] G Replace Water Control Str. $100,000 2 $200,000

42 G Replace Str. S Boundary $15,000 2 $30,000

43 G Replace Str. S Boundary $15,000 1 $15,000

4 B Vegetation (Ac.) $1,500 50 $75,000

45 C Wave Stilling Device (ft.) $15.00 50,000 $750,000
Total Alternative Cost $1,200,000
Alternative 4 ’

The additions to alternative 4 over alternative 3 will provide for a greater
opportunity to capture suspended sediments and increase emergent and
submergent vegetative productivity. The components, Table 25a, include an
additional 50 acres of interior marsh vegetative plantings (element 44) and
100,000 linear feet of wave stilling devices (element 45). The cost of the
extra work would be $1,575,000 over alternative 3 for a total construction
cost of $2,775,000 for alternative 4.
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Table 25a. Hydrologic Unit NO-13. Additional Components for Alternative 4.
Unit Acreage 4,600

Element Mgt. Unit Units = Element
Number Opt. Units Cost Required Cost
4 B Vegetation (Ac.) $1,500 50 $75,000
45 C Wave Stilling Device (ft.) $15.00 . 100,000_$1,500.000
Sub Total Alternative $1,575,000
Total Alternative Cost $2,775,000

North Unit 14 (NO - 14)

The hydrologic unit is a 4,200 acre area located in north central part of the
study area below Unit NO-13 (Map 1). The soils are mapped as Gentilly-Ged
association, with some Morey-Mowata-Midland association in the south central
fringe and Clovelly association in the northwest part of the unit (Map 2). The
Tanduse is mostly non-forested wetlands except for the southeast part of the
unit which is agricultural lands (Map 12). The Cameron Parish School Board
owns a section of land within the unit (Section 16), and the remaining land is
owned by landowners holding 500 acres or more (Map 13). The southeastern part
of the unit contains the Southeast Black Bayou Gas Field (Map 4).

The area was historically a Sawgrass marsh (Map 8). The area made a slow
conversion to fresh marsh and non-marsh lands (Map 9-11). The 1956-1978
change map shows that the central one-third of the area had marsh convert to
water, the northeast part converted from ]and to marsh, while the area
remained intact (Map 5). The 1984 classified satellite data showed the
central one-third of the unit to be open water and broken marsh and the
remaining area to be intermixed with marsh and agricultural lands (Map 6).
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Figure 16. Hydrologic Unit NO-14.
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ALTERNATIVES AND ANALYSIS

Alternative 3

The plan objective for the hydrologic unit is to passively manage for a fresh
to intermediate marsh. Marsh is estimated to occupy approximately 90 percent
of the unit. The prairie areas occur as islands, some of which are connected
by cattle walkways. The south boundary of the unit is a hydrologic boundary

formed by prairie and cattle walkways. The north boundary is Bancroft Canal.

Drainage of this unit is now to the north, through Bancroft Canal, then into
Black Bayou.

Elements proposed include installing rock weirs (element 46) in openings
through the Black Bayou natural levee and a water control structure (element
46) under the cattle walkway in the southwest part of the unit. The
structures along Black Bayou should be designed to reduce water fluctuation
and saltwater intrusion. The structure under the cattle walkway should be
designed for one-way flow toward Black Bayou. Additionally, 5,000 linear feet
of vegetation (element 47) is planned for the unit. The total construction
cost of the alternative is $407,500. No additional components are recommended

for extra protection of the wetland resources, therefore Alternative 4 will
not be discussed.

Table 26. Hydrologic Unit NO-14. Components of Alternative 3.

4,200 Ac. - Plan Objective: Maintain as a fresh/intermediate marsh, passively
managed.

Element Mgt. Unit Units Element (‘:>
Number Opt.  Units Cost Required _ Cost {

46 F  Rock Weirs at Black Bayou $50,000 8 $400,000

47 B  Vegetation (ft.) $1.50 5,000 $7.500
Total Alternative Cost $407,500

North Unit 14A (NO - 14A)

The hydrologic unit is a 3500 acre area Jocated in the north central part of
the study area below Unit NO-14 (Map 1). The unit is bound on the east by a
levee, on the north by non-marsh soils, on the west by Black Bayou and Right
Prong of Black Bayou and on the south by the spoil bank of Starks North Canal.
The unit is characterized by Clovelly associated soils with the eastern edge
containing Gentilly-Ged and the south and central western portion containing
Bancker associated soils (Map 2). The landuse is mostly non-forested wetlands
(Map 12) and most of the land is owned by landowners with 500 acres or more.

The 1931 vegetative map showed the southwest portion of the unit contained
some timberland (Map 7). The 1949 vegetative maps showed that the eastern
half of the unit was sawgrass marsh and the western half was intermediate
marsh (Map 8). By 1968 the eastern half had converted to a fresh marsh and
the western half had converted to a brackish marsh (Map 9). The 1978 and 1988
vegetative maps show that the unit converted to predominantly intermediate
marsh with only the western one-third being brackish marsh (Map 10-11).

The 1956-1978 change map showed only a small amount of marsh to open water (hﬁj
conversion in the central part of the unit (Map 5). The 1984 classified '

i
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ALTERNATIVES AND ANALYSIS

satellite data shows the central part of the unit is water and broken marsh
and the remaining area to be marsh (Map 6).
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Figure 17. Hydrologic Unit 14A.
Alternative 3

The objective for the unit is to passively manage for a fresh to intermediate
marsh condition. The components, Table 27, installing rock weirs (element 48)
along Black Bayou to reduce water level fluctuations and to maintain the south
hydrologic boundary with 13,000 l1inear feet of levee repair (element 49). The
components will ensure the needed hydrologic control to create and maintain
the fresh and intermediate condition as planned. The construction cost of
this alternative is $395,000. No additional components are recommended for
extra protection of the wetland resources, therefore Alternative 4 will not be
discussed.

Table 27. Hydrologic Unit NO-14A. Components of Alternative 3.
3,500 Ac. - Plan Objective: Maintain fresh/intermediate marsh, passively
managed

Element Mgt. Unit Units Element
Number Opt. Units Cost Required _ Cost
48 F Rock Weirs at Black Bayou $50,000 4 $200,000
49 D Levee Repair (ft.) $15.00 13,000 $195.000
Total Alternative Cost $395,000
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North Unit 15 (NO - 15)

The hydrologic unit is a 900 acre area located in the north central part of
the study area west of Unit NO-13 (Map 1). The unit soils are predominantly
Gentilly-Ged association except for the northeast and southwest one-half which
are Clovelly associated soils. The landuse is non-forested wetlands (Map 12)
with land ownership being landowners with 500 acres or more (Map 13). The
unit is traversed by several oil, gas, and product pipelines (Map 4).

The area is historically a fresh marsh with the southern one-fifth being
sawgrass (Map 8). The area converted to intermediate marsh by 1968 and was
mapped as intermediate marsh in-1978 and 1988 (Map 9-11). The 1956-1978
change map showed that the northern one-third of the unit converted from marsh
to water (Map 5). In 1956 this area was 84 percent fresh marsh 9 percent open
water and remaining was forest and scrub shrub. The 1984 classified satellite
data showed that the northern one-third to still be open water and the-
remaining area to be marsh and broken marsh (Map 6). Field work shows the
unit to be composed of fresh and intermediate marsh, approximately 20 percent
of which is open water, 42 percent broken marsh and the remaining 38 percent
is vegetated marsh. ’
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Figure 18. Hydrologic Unit NO-15.

Alternative 3

The objective for the hydrologic unit is to reduce excessive water exchange
which results in unnatural water level fluctuations and thus erosion and
potential drowning of emergent vegetation. The components, Table 28, include
repairing the spoil bank along the Black Bayou Cutoff Canal (element 50) and
reducing or closing the Vinton drainage ditch (element 51) and/or old Black

.....
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Bayou at the GIWW to reduce excess water exchange. Wave stilling and sediment
trapping devices (element 52) are proposed in open water areas to encourage
emergent and aquatic vegetation. The construction cost of the alternative is
$529,000.

Table 28. Hydrologic Unit NO-15. Components for Alternative 3.
900 Acres - Plan Objective: Reduce excess water exchange and fluctuation.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
50 D Levee Repair (Ft) $65.00 600 $39,000
51 H Plugs $200,000 2  $400,000
52 C Wave Still Device (Ft) $15.00 6,000 $90.000
Total Alternative Cost $529,000

Alternative 4

The extra work associated with this alternative would be an additional 14,000
linear feet of wave stilling devices (element 52) to encourage emergent and
aquatic vegetation. The work will cost an additional $210,000 for a total
construction cost of $739,000.

Table 28a. Hydrologic Unit NO-15. Additional Components for Alternative 4.
Unit Acreage 900

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost

52 c Wave Still Device (Ft) - $15.00 14,000 $210,000
Sub Total Alternative $210,000
Total Alternative Cost $739,000

North Unit 16 (NO - 16)

The hydrologic unit is a 1,500 acre area located in the northwestern part of
the study area below Unit NO-15 (Map 1). The unit is predominantly mapped as
Clovelly associated soils with Gentilly-Ged associated soils in the northwest
portion (Map 2). The landuse is predominantly non-forested wetlands with the
eastern half containing Urban/Industrial lands (Map 12). The land is owned by
landowners with 500 acres or more (Map 13). The unit contains part of the
Black Bayou 0il Field and has a gas pipeline traversing the northwest portion
of the unit (Map 4).

The area was historically mapped as sawgrass marsh (Map 8). The 1968
vegetative map showed the unit to be mostly intermediate marsh with the
northeast one-fifth being fresh marsh (Map 9). The 1978 and 1988 vegetative
maps show the area to be intermediate marsh (Map 10-11). The 1956-1978 change
map showed that the area had stayed as marsh except for the fringe areas of
the unit which had some conversion from marsh to land (Map 5). The 1984
classified satellite data showed the area to be marsh with broken marsh on the
western fringe (Map 6).
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Figure 19. Hydrologic Unit NO-16. \ o
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The unit is an active oil field and is to be maintained in its present {
condition. The only request for this unit is that brine discharge, produced '
- water, be disposed of properly in order to minimize impacts to the unit’s
marshlands. '

A system of components will be used for Units 17, 18, 19, 20, and 21 where the
concepts are:

1) to control flow of water from the north (GIWW) as much as possible and
still allow freshwater to flow from Black Bayou Cutoff Canal through
Units NO-17 and NO-18

2) to Teave Black Bayou Cutoff Canal open, :

3) to reduce overall water movement and prevent ponding,
4) to maintain as a fresh/intermediate marsh and
5) install wave stilling/sediment trapping devices in open water areas of

all units to encourage emergent and aquatic vegetation.

North Unit 17 (NO - 17)

The hydrologic unit is a 2,950 acre area located in the northwestern part of

the study area (Map 1). The unit predominantly mapped as Gentilly-Ged

associated soils with the western one-eighth containing Morey-Mowata-Midland

associated soils (Map 4). The landuse for the unit is predominantly non-

forested wetlands (Map 12) with most of the area being owned by 1andowners -
with 500 acres or more (Map 13). The unit is traversed by oil, gas, and ‘ }
product pipelines (Map 4).
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The area was historically sawgrass marsh with fresh marsh in the northeast and
central part of the unit (Map 8). The unit converted to intermediate marsh by
1968 and was recorded as intermediate marsh in the 1978 and 1988 vegetative
maps (Maps 9-11). The 1956-1978 change map showed the unit has primarily
converted from marsh to open water (Map 5) and was basically open water with
broken marsh in the southeastern part of the unit in 1984 (Map 6).
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Figure 20. Hydrolegic Unit NO-17.
Alternative 3

The objective for the unit is to passively manage the unit as a
fresh/intermediate marsh and allow flow through this unit to Unit NO-18. It
requires control of inflows from the GIWW and allow freshwater input from
Black Bayou Cut-0ff Canal to enter the marsh system. The components, Table
29, include 8,500 feet of spoil bank repair (element 53) along Black Bayou
Cut-Off Canal to increase water control capabilities. Place two rock weirs
(element 54) in openings along Black Bayou Cut-Off Canal, structure height -
will be set to prevent ponding of excess water, to reduce water flux yet allow
marine organism access. A flapgated structure (element 55) will be placed
under the road at the southern-most part of the hydrologic unit to prevent
northward flow from Unit NO-18.  Install about 22,000 feet of sediment
trapping/wave stilling devices (element 56) in order to capture suspended
sediments and reduce wave fetch within the unit. The result should be
improved productivity of emergent and submerged aquatic vegetation. The last
component is to gap some of the interior spoil banks (element 57) within the
unit. The gapping of existing oil field canal spoil banks in the interior
will enhance the flow through of freshwater. The total cost of the
alternative set of components is $867,500.
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Table 29. Hydrologic Unit NO-17. Components of Alternative 3.
Unit Acreage 2,950

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
53 D Repair Spoil Bank (ft.) $15.00 8,500 $127,500
54 F Rock Weirs $150,000 2  $300,000
55 F Flapgated Structure $80,000 1 $80,000
56 C Wave Stil] Device (Ft) $15.00 22,000  $330,000
57 I Gap Spoil Banks $30,000.00 1 $30,000
Total Alternative Cost . $867,500

Alternative 4

The scheme for this alternative includes all of the above components for
Alternative 3 plus 45,000 feet of additional sediment trapping/wave stilling
devices (element 56). The additional sediment trapping/wave stilling devices
will provide for additional opportunities to capture suspended sediment in the
water column and reduce wave fetch, thus erosion potential, within the
hydrologic unit. The results will be greater productivity of emergent and
submergent aquatic vegetation within the unit. The cost of this alternative

will be an additional $675,000 for a total construction cost of $1,542,500
(Table 29a).

Table 29a. Hydrologic Unit NO-17. Additional Components for*Alternative 4. (;2)
Unit Acreage 2,950. {
Element Mgt. ‘ Unit Units  Element ‘
Number Opt. Units Cost Required Cost

56 o “Wave Still Device (Ft) $15.00 45,000 $675.000
Sub Total Alternative _ $675,000
Total Alternative Cost $1,542,500

North Unit 18 (NO - 18)

The hydrologic unit is a 4800 acre area located in the northwestern portion of
the study area below Unit NO-17 (Map 1). The unit soils are predominantly
Clovelly association with central part being Gentilly-Ged association (Map 2).
The landuse in the unit is mostly non-forested wetlands with the lower central
portion containing some forest land. (Map 12). The landowners in the unit
have 500 or more acres in the unit (Map 13). The eastern half of the unit
contains some gas pipelines (Map 4).

The unit was historically mapped as intermediate marsh on the southern half

and sawgrass marsh on the northern half (Map 8). In 1954 the area was over 50
percent fresh marsh. The 1968, 1978, and 1988 maps show the area to be
predominantly intermediate marsh with varying amounts of brackish marsh (Maps

9-11). The 1956-1978 change map showed that only the central portion of the

unit converted from marsh to open water (Map 5). The 1984 classified

satellite data shows that the central part of the unit has open water and -
broken marsh (Map 6). At present the unit is composed of 13 percent open

water, 66 percent intermediate marsh (approximate 50 percent broken marsh), 11 {
percent brackish marsh, and 10 percent prairie.
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Figure 21. Hydrologic Unit NO-18.
Alternative 3

The proposal is to passively manage this unit as fresh/intermediate marsh and
allow water to flow through this unit to Black Bayou and into Unit NO-19. The
components, Table 30, include installation of 22 rock Tiners (element 58) in
openings along Black Bayou and installation of a culvert (element 59) through
an existing cattle walkway between Units NO-18 and NO-19 to allow for flow
through to Unit NO-19. Lastly, installation of 18,000 feet of wave
stilling/sediment trapping devices and vegetation (element 60) will allow for
the enhanced production of emergent and submergent aquatic vegetation within
the unit. The total construction cost of the alternative is $786,000.

Table 30. Hydrologic Unit NO-18. Components of Alternative 3.
Unit Acreage 4,800

Element Mgt. Unit Units  Element
Number Opt.  Units Cost Required  Cost
58 F Rock Liners $20,000 22 $440,000
59 F Control Structure 540,000 - 1 $40,000

60 Wave Still Device/vegetation (ft.) §17.00 18,000  $306,000
Total Alternative Cost $786,000
Alternative 4
The scheme for this alternative includes all of the above components for

alternative 3 plus 29,000 feet of additional sediment trapping/wave stilling
devices and vegetation (element 60). The additional sediment trapping/wave

N1
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stilling devices will provide for additional opportunities to capture
suspended sediment in the water column and reduce wave fetch, thus erosion
potential, within the hydrologic unit. The results will be greater
productivity of emergent and submergent aquatic vegetation within the unit.
The cost of this alternative will be an additional $493,000 for a total cost
of $1,279,000 (Table 30a).

Table 30a. Hydrologic Unit NO-18. Additional Components for Alternative 4.
Unit Acreage 4,800

Element Mgt. Unit Units Element
Number Opt. Units Cost Required _ Cost

60 c Wave Still Device/vegetation (ft.)$17.00 29,000 $493,000
Sub Total Alternative $493,000
Total Alternative Cost $1,279,000

North Unit 19 (NO - 19)

The hydrologic unit is a 10,920 acre area located in the northwestern part of

the study area west of Units NO-17 and NO-18 (Map 1). The soils of the unit

are predominantly a mixture of Gentilly-Ged and Bancker associated soils with
Morey-Mowata-Midland soils in the northeastern part and Clovelly soils in the
southwestern part of the unit (Map 2). The landuse in the unit is non-

forested wetlands (Map 12). The center of the unit contains Cameron Parish -
School Board Land (Section 16) and the remaining lands are mostly landowners (Pi>
with 500 acres or more (Map 13). The unit is traversed by several oil, gas, [
and product pipelines (Map 4).

The unit was historically mapped as sawgrass marsh with some intermediate
marsh in the southeast and brackish marsh on the edge (Map 8). In 1956 this
unit was 58 percent fresh marsh. The 1968 vegetative map had the area mapped
with intermediate marsh in the northern and lower central portion and brackish
marsh in the western and southern fringe. The 1978 vegetative map showed the
area as brackish marsh (Map 10), and the 1988 map showed the marsh conversion
to a lower salinity intermediate marsh (Map 11).

The eastern part of the unit converted from marsh to open water between 1956
and 1978 (Map 5). The 1984 classified satellite data shows that the area is
solid marsh except for the center of the unit which has open water and broken
marsh (Map 6). The unit is presently composed of 13 percent open water, 62
percent intermediate marsh (approximate 50 percent broken marsh), and 25
percent brackish marsh.

Alternative 3

The objective is to passively manage this unit as fresh/intermediate marsh.

The components, Table 21, include rock liners, vegetation, and wave stilling

devices. Element 61 is seven rock liners to be installed in openings along

Black Bayou. Approximately 60,000 1linear feet of interior vegetative

plantings (element 62) will be used to enhance sediment capture and increase

vegetative productivity within the unit. Element 63 calls for 60,000 linear ‘)
feet of wave stilling/sediment trapping devices to be installed along with the o
vegetation in order to improve sediment capture and wave stilling
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capabilities. A canal plug (element 64) will be placed at the junction of
Units NO-19 and NO-20 along the Sabine River. A rock plug (element 65) will
be installed in the bayou at Units NO-19 and NO-20 and Black Bayou junction.
The installation of rock liners in the openings along Black Bayou, a plug in
the canal at the junction of unit 19 and 20 at the Sabine River and a plug in
the opening at the junction of unit 19, 20 and Black Bayou will allow
freshwater introduction from the Sabine River at northwest corner of unit
through the existing man-made canal. The total construction cost of this
alternative is $1,310,000.
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Figure 22. Hydrologic Unit NO-19.

Table 31. Hydrologic Unit NO-19. Components of Alternative 3.
Unit Acreage 10,920

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
61 F Rock Liners $20,000 7 $140,000
62 F Vegetation (Ft) $1.50 60,000  $90,000
63 C Wave Still Device (Ft) $15.00 60,000 $900,000
64 H Canal Plug $80,000 1 $80,000
65 F Rock Plug $100,000 1 $100.000

Total Alternative Cost $1,310,000

Alternative 4

This alternative requires the addition of 140,000 linear feet of sediment
trapping/wave stilling devices (element 63) and vegetation (element 62). The
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B

additional sediment trapping/wave stilling devices and vegetation will provide
for additional opportunities to capture suspended sediment in the water column
and reduce wave fetch, thus erosion potential, within the hydrologic unit.

The results will be greater productivity of emergent and submergent aquatic
vegetation within the unit. The cost of this alternative will be an
additional $2,310,000 for a total cost of $3,620,000 (Table 31a).

Table 31a. Hydrologic Unit NO-19. Additional Components for Alternative 4.
Unit Acreage 10,920

Element Mgt. Unit Units Element
Number Opt. Units Cost Required  Cost
62 F Vegetation (Ft) $1.50 140,000 $210,000
63 C Wave Still Device (Ft) $15.00 140,000 $2.100,000
Sub Total Alternative $2,310,000
Total Alternative Cost $3,620,000

North Unit 20 (NO - 20)

The hydrologic unit is a 1,680 acre area located in the northwest corner of

the study area west of Unit NO-19 (Map 1). The unit soils Bancker association

with the eastern one-third being Clovelly association. The landuse in the

unit is non-forested wetland (Map 12). The northwest part of the unit .
contains landowners of 500 acres or less and the remainder of .the unit lands <'h>
are owned by landowners own 500 acre or more (Map 13). The area unit is

traversed by several oil, gas, and product pipelines (Map 4).

The unit was historically a brackish three-corner grass marsh (Map 8). The
unit remained brackish until the 1988 vegetative mapping when the unit
vegetation indicated an intermediate marsh environment (Maps 9-11). The area
has remained a solid marsh (Map 5) until 1984 when the south central portion
began to show a broken marsh condition (Map 6). The unit is presently
composed of 50 percent of intermediate marsh (approximate 30 percent broken
marsh), 50 percent brackish marsh, and very little open water.

Alternative 3

The objective for the unit is to passively manage for fresh/intermediate
marsh. This will be accomplished by installing five rock liners (element 66)
in openings along Black Bayou to allow water exchange while reducing overall
water movement (Table 32). Element 64, in Unit NO-19 is on the border between
Units NO-19 and NO-20, is proposed to plug a canal going into the Sabine River
which will improve freshwater retention in the unit. The total construction
cost of alternative 3, rock liners only, will be $100,000.

Table 32. Hydrologic Unit NO-20. Components of Alternative 3.
Unit Acreage 1,680

Element Mgt. Unit Units Element
Number Opt. Units Cost Required  Cost (Thj>
66 F Rock Liners $20,000 5 $100.000 |

Total Alternative Cost ' $100,000
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Figure 23. Hydrologic Unit NO-20.

North Unit 21 (NO - 21)

The hydrologic unit is a 6,650 acre area located in the northwest part of the
study area below Unit NO-20 (Map 1). The unit soils are mapped as mostly
.Bancker association with Gentilly-Ged in the southwest and some Clovelly
association in the north and east portion of the unit (Map 2). The landuse is
non-forested wetlands (Map 12). The northern part of the unit is split
between landowners owning 500 or more and 500 or Jess acres, while the
southern unit acreage is federal land.

The unit was historically mapped as grazing land on the southern one-third and
the other areas contained Saw grass, Delta patato, cane, and needle grass (Map
7). The other vegetative maps show the unit to be brackish marsh (Maps 8-11).
The central part of the unit had some marsh to water conversion by 1978 (Map -
5). The 1984 classified satellite data show the area to be marsh except in
the center of the unit which is broken marsh and water (Map 6)

Alternative 3

The objective of the unit is to passively manage the area as a fresh /
intermediate / brackish marsh. It will be accomplished by installing rock
liners, wave stilling/sediment trapping devices, and vegetation (Table 33).
Element 67 requires twelve rock liners be installed along Black Bayou to allow
water exchange while reducing overall water movement. An additional rock
Tiner (element 68) will be placed in the opening between the marsh and Sabine
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Lake at the Units NO-21 and SA
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Figure 24. Hydrologic Unit NO-21.

Table 33. Hydrologic Unit NO-21. Components of Alternative 3.
Unit Acreage 6,650
Element Mgt. Unit Units Element
Number Opt. Units Cost Required _Cost

67 F Rock Liners $20,000 12 $240,000

68 F Rock Liners $20,000 1 $20,000

69 C Wave Still Device/vegetation (ft.)$17.00 10,000 $170.000
Total Alternative Cost $430,000

Alternative 4

This alternative requires the
trapping/wave stilling devices
trapping/wave stilling devices
opportunities to capture suspe
wave fetch, thus erosion poten

addition of 23,000 linear feet of sediment
(element 69). The additional sediment

and vegetation will provide for greater
nded sediment in the water column and reduce
tial, within the hydrologic unit. The results

will be greater productivity of emergent and submergent aquatic vegetation.
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The cost of this alternative will be an additional $170,000 for a total
construction cost of $600,000 (Table 33a).

Table 33a. Hydrologic Unit NO-21. Additional Components for Alternative 4.
Unit Acreage 6,650

Element Mgt. Unit Units  Element
Number Opt. Units Cost Required Cost

69 C Wave Still Device/vegetation (ft.)$17.00 10,000 $170.000
Sub Total Alternative $170,000
Total Alternative cost ‘ $600,000

97
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Sabine National Wildlife Refuge Unit 1 (SA-1) (:i)

The hydrologic unit is a 28,500 acre area located in the central part of the
study area below Unit NO-8 (Map 1). Small access canals which delineate the
unit boundaries were dredged prior to 1920. Canals were never dredged through
the area nor do any major bayous innervate the area. The southeast side of
the unit is bordered by Backridge and Backridge Canal. Backridge extends from
Lost Ridge southwestward into Unit SA-2. It ranges from 150 to 300 feet wide
and consists of low prairie-like brackish marsh. During the late 1950's,
Backridge Canal was dredged adjacent to and in several places, through
Backridge. Dredged material was used to construct levees around units SA-1A
and SA-1B. :

The project area contains mostly Gentilly-Ged and Bancker associated soils
with the remaining soils being Clovelly, Scatlake, and Mowata-Vidrine-Crowley
associated soils (Map 2). The land is predominantly non-forested wetlands
(Map 12). The predominant land owner of the hydrologic unit is the Federal
government which is the land in the Sabine National Wildlife Refuge. The
remaining land contains Cameron Parish School Board Land (Section 16), and
acreages for landowners above and below 500 acres (Map 13). The area was
included in the Sabine Christmas Bird Count and found to contain Green Back
Heron nesting sites in the northeast corner of the hydrologic unit (Map 3).

The land was mapped in 1931 and was found to be a fresh and intermediate

wetland (Map 7). The 1949 vegetative map shows the central eastern part of N
the unit to be sawgrass marsh, and the remaining area is an intermixing of ’
fresh and intermediate marsh (Map 8). According to the 1955 quadrangle map .
and 1953 aerial photography, an area of deteriorated marsh existed in the b
southwest corner of Unit SA-1. The 1983 aerial photography revealed that the

area had recovered. During the mid 1950’s through the 1960’s large areas of

sawgrass and associated Tow-salinity emergent vegetation (bulltongue, cattail,

and bullwhip) died. Some of the die-off areas converted to marshhay

cordgrass, however, hundreds of acres changed to unvegetated open water.

These changes have been attributed primarily to saltwater intrusion associated

with construction and enlargement of the Calcasieu Ship Channel.

The 1968, 1978, and 1988 vegetative maps document a slow conversion from an
intermediate to brackish marsh environment (Maps 9-11). By 1978 about one-
third to one-half of the unit had converted from marsh to open water (Map 5).
Examination of 1983 and 1988/89 color infrared aerial photography indicates
that broken marsh throughout the northern and eastern (adjacent to Backridge
Canal) portions of SA-1 experienced a marsh gain. Those gains occurred
primarily as clusters of small islands welded together. This appears to be a .
reversal of the previous deterioration trend. Despite this trend erosion of
marsh edges continues in some areas. The remainder of the unit appeared to be
relatively unchanged over the same period of time. The 1984 classified
satellite data show the area to have open water on the eastern one-half,
broken marsh on the southern and central portions, and the remaining areas to
be solid marsh in the unit (Map 6). '

This reversal of marsh deterioration might be due to the construction of the -
water control structure at Hog Island Gully in 1981, the construction of board '
road (approximately 1985) extending westward from Louisiana Highway 27 then ‘~_,)
northward from near the western side of Brown’s Lake, and to the accelerating
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colonization of shallow water areas by smooth cordgrass, Spartina
alterniflora. The Hog Island Gully structure and the board road reduced
saltwater intrusion and tidal exchange. Lower salinities allowed seashore
paspalum, Paspalum vaginatum, to colonize pond edges and encroach outward as
it trapped suspended organic material. Adjacent to Backridge Canal, marsh
expansion is attributed primarily to reduced tidal scour and expansion of
smooth cordgrass into shallow water areas.

Currently, Unit SA-1 consists of intermediate, brackish, and saline marsh.
Since 1989, water control structures at Hog Island Gully, West Cove Canal, and
Headquarters Canal have been actively managed to reduce canal-induced
saltwater intrusion. Abundant rainfall has also served to moderate
salinities. In many formerly brackish interior areas, bullwhip, cattail,
sawgrass, and white water 1ily have colonized pond bottoms. Some small ponds,
1 to 2 acres in size, have been completely filled in by cattail. In many of
those areas however, Spartina patens appears to be waterlogged and is
gradually dying. Erosion of marsh edges adjacent to large open water areas
continues in northern portions of the study area.

The primary threat to marshes within the area is the waterlogging and break-up
of interior brackish marsh. This coupled with salinities that preclude
vigorous growth of cattail, bullwhip, sawgrass, and other intermediate marsh
plants would result in accelerated marsh deterioration and loss. Proposed
elements address these problems by establishing more effective salinity
control capabilities and by providing for additional water discharge
capabilities to avoid ponding of excess water following floods or storm tidal
surges. Wave stilling and sediment trapping devices are proposed in large
open water areas to reduce wind-induced erosion of marshes. Other features
serve to correct small scale hydrologic problems within Unit SA-1.
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Figure 25. Hydrologic Unit SA-1.
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Alternative 3

The objective for the hydrologic unit is to reduce excess water ponding by
improving water discharge capacity and to preclude excessive saltwater
intrusion (Table 34). Salinity control would be more effective by replacement
or modifications to the Hog Island Gully and West Cove water control
structures (elements 114 and 108 in Units SA-10 and SA-8), construction of
additional structures (element 73), and plugging of West Cove Canal near its
junction with the Calcasieu Ship Channel (element 113 in Unit SA-10).
Construction of a water control structure on North Line Canal (element 85)
would conserve freshwater by restoring the hydrologic barrier breached by
North Line Canal. Conserved freshwater would reduce adverse affects of canal-
induced saltwater on marshes within units SA-1, SA-2, and SA-4,

Ponding impacts would be reduced through construction of additional water

control structures at Headquarters Canal and Long Point Bayou (elements 109

and 73). Canal plugs (elements 70 and 71), would reduce the wind-induced

sloshing of water through Backridge Canal, conserve freshwater discharged into

the canal from Units SA-1A and SA-1B, and reduce loss of eroded and

resuspended sediment. Introduced freshwater would drain northward benefiting

Unit SA-1 marshes. Element 72, a rock weir, would reduce saltwater intrusion

into interior marshes via an existing board-road borrow ditch. Spoil bank
reconstruction adjacent to open water areas (element 74) would reduce export

of eroded and resuspended organic material into adjacent canals and would o
promote increased growth of submerged vegetation. The total construction cost (‘i)
of the alternative is $959,000.

Table 34. Hydrologic Unit SA-1. Components for Alternative 3.
28,800 Ac. - Plan Objective: Reduce ponding and preclude excessive saltwater

Intrusion.
Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
70 H Earthen Canal Plug $20,000 1 $20,000
71 H Rock Plug $75,000 1 $75,000
72 F "Rock Weir $90,000 1 $90,000
73 G Culverts and Water Str. $68,000 3  $204,000
73 G Levee $25.00 300 $7,500
74 D Rebuild Levee (ft.) $15.00 12,500 $187,500
75 B Vegetation (Ac.) $1,500 50 $75,000
76 C Wave Still Device (Ft) $15.00 20,000  $300,000
Total Alternative Cost : $959,000

Alternative 4

The additional components of this alternative include vegetation and wave
stilling/sediment trapping devices (Table 34a). The plan calls for an
additional fifty acres of vegetation (element 75) and 17,000 linear feet of
wave stilling/sediment trapping devices (element 76). The work will improve
emergent and submergent vegetative productivity and reduce erosion potential.
The added cost of these components are $330,000 for a total construction cost

of $1,289,000 o
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Table 34a. Hydrologic Unit SA-1. Additional Components for Alternative 4,
28,800 Acres - Plan Objective: Reduce ponding and preclude excessive saltwater
Intrusion.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
7% B Vegetation (Ac.) $1,500 50 $75,000
76 C Wave Still Device (Ft) $15.00 17,000  $255.000
Sub Total Alternative : $330,000
Total Alternative $1,289,000

Sabine National Wildlife Refuge Unit 1A (SA-1A)

The hydrologic unit is a 5,138 acre area located in the eastern central
portion of the study area southeast of Unit SA-1. The southeastern portion is
Gentilly-Ged association, southwestern is Bancker association, and the
remaining area is Scatlake association. The landuse is non-forested wetlands
(Map 12) and the land is part of the Sabine National Wildlife Refuge (Map 13).
The unit was part of the Christmas Bird Count and was found to contain a
Black-Crowned Night Heron nesting area.

The unit was historically vegetated by fhresh and intermediate marsh plants
(Map 7). The unit was in transition from predominantly brackish marsh to
intermediate marsh between 1949 and 1988 (Maps 8-11). By 1978 the northern
half of the unit had converted from marsh to open water (Map 5). The 1984
classified data showed that the northern one-third of the unit was open water
and the remainder of the unit was marsh and broken marsh (Map 6).

The impoundment was constructed during the late 1950’s in fresh and
intermediate marshes. Water levels within the unit are maintained using a
large variable-crest weir located in the southeast corner. Aerial photography
dated 1953 shows that the area consisted of solid marsh. Hurricanes Audrey
and Carla flooded the unit with saltwater. Extensive stands of sawgrass
located in the northern portion of the unit subsequently died. Those areas
have converted to relatively deep open water. A pumping station was recently
constructed to augment water level control within the unit.

Currently, marshes adjacent to those large open water areas experience wind-
induced erosion. High water levels stress vegetation and may also contribute
to marsh loss. Comparison of 1983 and 1989 aerial photography indicated that
there has been net loss of marsh within the unit. Additionally, the northern
levee is threatened by wind-induced erosion. A levee breach in that location
would expose much of the enclosed marshes to severe saltwater intrusion
impacts.

Alternative 3

The objective for the hydrologic unit is to maintain the area as an
impoundment. Vegetative plantings, element 77, along the eroding northern
levee, would protect against levee breaching, saltwater intrusion, and
subsequent marsh loss. The construction of an additional drainage structure,
element 78, would improve water level control, especially the ability to '
reduce water levels and encourage the colonization of shallow open water areas
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[

by emergent species. The structure would also benefit brackish marshes within (:Tj)
Unit SA-1 by redirecting freshwater discharge into those marshes. The unit

needs some canal and levee maintenance (element 79) work in order to ensure

the unit can be maintained in its current impounded condition. The total

construction cost of the alternative is $393,500.
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Figure 26. Hydrologic Unit SA-1A.

Table 35. Hydrologic Unit SA-1A. Components of Alternative 3.
Unit Acreage 5,000 - Plan Objective: Maintain as an impoundment.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
77 B Vegetation (Ft) $1.50 9,000 $13,500
78 F Drainage Structure $110,000 1 $110,000
79 D Levee Maint. (ft.) $15.00 18,000 $270,000
Total Alternative Cost $393,500

Sabine National Wildlife Refuge Unit 1B (SA-1B)

The hydrologic unit is a 1,961 acre area Tocated in the east central portion
of the study area (Map 1). The unit contains Bancker soils in the southwest
to eastern central and Creole soils on the remaining fringe of the unit (Map
2). The unit was included in the Sabine Christmas Bird Count and was found to
contain Black-Crowned Night Heron nesting area (Map 3). The landuse is non-
forested wetlands (Map 12) and is federally owned as part of the Sabine
National Wildlife Refuge (Map 13).

O
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The unit was historically a fresh to intermediate marsh (Map 7). The 1949,
1968, 1978, and 1988 vegetative maps show a slow conversion from brackish
marsh to fresh marsh (Maps 8-11). The 1956-1978 change map showed the unit
was remaining stable (Map 5). However, by 1984 the central area contained
broken marsh and open water while the remaining area stayed in marsh (Map 6).

Aerial. photography dated 1953 shows that the area consisted of solid marsh.
The impoundment was constructed during the late 1950’'s and contained fresh and
intermediate marshes., Water levels within the unit are maintained using a
large variable-crest weir located in the eastern corner. Following
construction, high water levels have been maintained to open up the marsh for
improving fish and wildlife habitat. A pumping station was recently
constructed to augment water level control within the unit.

Ground truthing and a comparison of 1983 and 1989 color infrared aerial
photography revealed that expanding stands of California bulrush have
converted substantial portions of shallow open water to emergent marsh.
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Figure 27. Hydrologic Unit SA-1B.

Alternative 3

‘The objective for the hydrologic unit is to ensure long-term maintenance of

the area as an impoundment. An additional water control structure, element
82, is proposed for this unit (Table 36). Although this element could be used
to improve water level manipulations, its primary purpose is to redirect
freshwater discharge into Unit SA-1 brackish marshes. The unit will need
levee maintenance (element 80) in order to maintain the present impoundment
condition. Vegetative plantings (element 81) within the unit will provide for
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opportunities to reduce wave energies and capture suspended sediment within (:i:)
the impoundment. The total construction cost of the alternative is $265,000.

Table 36. Hydrologic Unit SA-1B. Components of Alternative 3.
1,800 Acres - Plan Objective: Maintain as an impoundment.

Element Mgt. Unit Units Element
Number Opt.  Units Cost Required Cost
80 D Levee Maint. (ft.) $8.00 20,000 $160,000
8l B Vegetation (Ft) $1.50 10,000 $15,000
82 F Drainage Structure $90,000 1 $90,000
Total Alternative Cost $265,000

Sabine National Wildlife Refuge Unit 2 (SA-2)

The hydrologic unit is a 7,552 acres area located in the eastern central
portion of the study area below SA-1 (Map 1). The unit soils are distributed
with Creole association located in a portion of the southeast, northeast, and
eastern fringe. The northwest portion of the unit contains Clovelly
association and the remaining area is Bancker association (Map 2). The
eastern two-thirds of the unit were included in the Sabine Christmas Bird
Count Area (Map 3). The unit also has a gas pipeline traversing the area (Map
4). The landuse is non-forested wetlands (Map 12). The unit land is mostly
federal owned by the Sabine National Wildlife Refuge with the southeast corner
of the unit containing Cameron Parish School Board (Section 16) land (Map 13).

The unit was historically a fresh and intermediate marsh according to the (r~:)
vegetation recorded in the 1931 vegetation maps (Map 7). The 1949, 1968, P
1978, and 1988 vegetative maps showed a gradual increase in intermediate marsh

and decrease in brackish marsh between the 1949 and 1988 time frame. ' The 1949

map showed the unit to have half brackish and half intermediate marsh and the

1988 map shows one-eighth of the unit to be brackish marsh and remaining area

to be intermediate marsh (Maps 8-11).

The marsh change map from 1956-1978 shows the unit to remain a stable marsh
(Map 5). However, the 1984 classified satellite data shows that the central
part of the unit shows the marsh breaking up (Map 6).

Alternative 3

Historically this area consisted primarily of fresh and intermediate marsh and
contained very few ponds. Access canals which delineate the unit’s boundaries
were dredged prior to 1920. One small canal ‘has been dredged across the
southwest tip of the unit. No bayous or other watercourses innervate the
area. Backridge extends from the western tip of Unit SA-1B into the center of
Unit SA-2. This low ridge, 150-300 feet wide, consists of brackish prairie
marsh.

Despite the conversion from fresh/intermediate to intermediate/brackish

vegetation, the marsh has remained very stable. Currently, the most brackish

areas are found in the northeast portion of the unit. The western portion of

unit supports the freshest plant communities. In some of those areas, the top =
12 inches of substrate consists of poorly consolidated semi-fluid organic (:w>
material. Soils throughout most of the eastern portion of the unit or |
generally much firmer.
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Figure 28. Hydrologic Unit SA-2.

Examination of 1983 and 1988 color infrared aerial photography indicates that
there may have been slight closure of ponds in western and central portions of
the unit. Otherwise, 1ittle or no change was noted. In recent years however,
vegetation in western portions of the unit have occasionally been impacted by
canal-induced saltwater intrusion. Marsh loss might accelerate if spoil banks
along the north side of the unit erode and allow saltwater to enter fragile
organic soil areas. Ponding of flood water or saline storm surges might also
cause marsh loss within the unit.

Saltwater intrusion damage would be prevented or greatly reduced by
replacement or modifications of the Hog Island Gully and West Cove water
control structures (elements 114 and 108 in Units SA-10 and SA-8).
Maintenance of the Central Canal south spoil bank (element 83) would prevent
additional saltwater entry points, thus protecting low-salinity fragile marsh
areas. The water control structure on North Line Canal (element 85 in Unit
SA-3) would conserve freshwater by restoring the hydrologic barrier breached
by North Line Canal. Conserved freshwater would reduce adverse affects of
canal-induced saltwater on marshes within Unit SA-1, SA-2, and SA-4.
Potential ponding impacts would be reduced through additional water control
structures at Headquarters Canal and Long Point Bayou (elements 109 and 73 in
Units SA-8 and SA-1).

Table 37. Hydrologic Unit SA-2. Components of Alternative 3.
6,800 Acres - Plan Objective: Maintain in present condition.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required _ Cost

83 D Levee Maint. (ft.) $15.00 18,000 $270.000
Total Alternative Cost $270,000
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Sabine National Wildlife Refuge Unit 3 (SA-3) (;H)

The hydrologic unit is a 26,356 acre area located in the center of the study
area (Map 1). The unit is predominantly Allemands soils in the center with
small areas of Bancker, Gentilly-Ged, and Clovelly soils in the remaining area
(Map 2). The unit contains some important bird areas. The southeast portion
contains a Black-Crowned Night Heron nesting areas and the eastern central and
western fringe areas contain 7 sites for winter Olivaceous Cormorant nesting
and spring heron rookeries (Map 3). The unit has a product pipeline that runs
along the Sutton-Burton Canal (Map 4). The landuse is non-forested wetlands
(Map 12). Land ownership is predominantly federal for the Sabine National
Wildlife Refuge with two sections of land belonging to the Cameron Parish
School Board (Section 16) in the east central and west central portion of the
unit (Map 13).

The unit was historically a fresh marsh as indicated by the vegetation mapped
in 1931 (Map 7). The 1949 vegetative map showed the northeast corner to be
fresh marsh, the southern half as intermediate marsh, and the remaining area
as a sawgrass marsh (Map 8). The 1968, 1978, and 1988 vegetative maps have
the area mapped as a fresh marsh (Map 9-11).

The unit had a conversion in the eastern and southern central marsh to water

along with the western fringe marsh areas (Map 5). By 1984, the unit marsh

had mostly converted to open water and brackish marsh with solid marsh being

located in the northeast part of the unit (Map 6). This was due to a three- -
year waterlevel drawdown during 1979-81 was conducted to promote revegetation {h;>
of open water areas. Through this effort, emergent vegetation was restored to :
portions of theformer open water area.
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106



ALTERNATIVES AND ANALYSIS

Alternative 3

The construction of this freshwater impoundment was completed during 1951.
Except for a small area of broken marsh in the southeast corner and several
small lakes in the east central area, fresh marshes within the impoundment
were very solid at that time. The north central portion of the impoundment
includes some high prairie-l1ike fresh marsh. This is the southern most
extension of the Gum Cove ridge. When construction of the impoundment was
complete, water levels within the area were maintained above marsh level to
improve habitat for freshwater game fishes and migratory waterfowl. Three
large variable-crest weirs are used to regulate impoundment water levels.

In 1957, the tidal surge of Hurricane Audrey breached impoundment levees and
caused mechanical damage to organic marshes in the east central portion of the
impoundment. The tidal surge of Hurricane Carla also breached impoundment
levees in 1961. Following Hurricane Audrey, damaged marshes continued to
deteriorate. By the late 1970’s, much of the marsh located in the southeast
quadrant had converted to shallow, turbid open water. A three-year-long
drawdown period during the early 1980’s served to restore several perimeter
areas of the large open water area. The central open water area remained
turbid despite water level lowering, but open water areas along the western
side of the unit are full of aguatic vegetation.

Examination of 1981/1983 and 1989 color infrared aerial photography reveals
that noticeable closure of marsh occurred during that period. Additionally,
floating-leaved and aquatic vegetation appeared to be more abundant within
interior ponds. These trends are Tikely the result of low water levels during
one or more growing seasons.

The primary threat to emergent marshes within Unit SA-3 are wind-induced
erosion and stresses associated with high water levels. The plan objective
for the unit is to keep it in a freshwater impoundment condition. Element 87
(Table 38) would allow for installation of additional flapgate/stoplog
assemblies to improve water level reduction capabilities. A water control
structure with a boat bay (element 85) will be placed in the North Line Canal
for greater water control capabilities. Wave stilling devices and vegetation,
elements 84 and 86, would serve to reduce wind induced-deterioration of
marshes adjacent to large open water areas and improve vegetative
productivity. The total construction cost of these components is estimated at
$1,064,000. :

Table 38. Hydrologic Unit SA-3., Components of Alternative 3.
26,800 Acres - Plan Objective: Manage as fresh marsh and pool.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required  Cost
84 B Vegetation (ft.) $1.50 26,000 $39,000
85 F Water Ctr. Str.(w/boat bay) $250,000 1 $250,000
86 C Wave Stilling Device(ft.) $15.00 45,000 $675,000
87 F Drainage Structure $100,000 1 $100,000
Total Alternative Cost $1,064,000
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Alternative 4

The additional components of this alternative include vegetation and wave
stilling/sediment trapping devices (Table 38a). The plan calls for 24,000
linear feet of vegetation (element 84) and 225,000 linear feet of wave
stilling/sediment trapping devices (element 86). The result of the additional
work will improve emergent and submergent vegetative productivity and reduce
erosion potential within the unit. The added cost of these components are
$3,411,000 for a total construction cost of $4,475,000

Table 38a. Hydrologic Unit SA-3. Additional Components of Alternative 4.
Unit Acreage 26,800

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
84 B Vegetation (ft.) $1.50 24,000 $36,000
86 c Wave Stilling Device (ft.) $15.00 225,000 $3.375.000
Sub Total Alternative $3,411,000
Total Alternative Cost $4,475,000

Sabine National Wildlife Refuge Unit 4 (SA-4)

The hydrolegic unit is a 13,614 acre area located in south central part of the

study area below SA-3 (Map 1). The unit’s soils are predominantly Bancker ™
association, with Allemands in the north central, Clovelly in: the northeast, (:;;)
and Creole in the southeast parts of the unit (Map 2). The unit contains some \

important bird sites with Black and Turkey Vulture winter roost (300 bird
average between November and January) in the northeast corner. The west
southwest part of the unit was included in the Johnsons Bayou Christmas Bird
Count (Map 3). There are product and oil pipelines running along the west
side and a gas pipeline crossing the southeast portion of the unit (Map 4).
Landuse is predominantly non-forested wetlands (Map 12). The land is owned by
the Federal government for the Sabine National Wildlife Refuge with two
sections of land for the Cameron Parish School Board (Section 16) in the
southwestern edge and south central portions of the unit (Map 13).

The area was historically mapped as a fresh to intermediate marsh according to
the 1931 vegetative map (Map 7). The 1949, 1968, 1978, and 1988 basically
show the unit being intermediate marsh (Map 8-11). The 1956-1978 change map
shows the unit to have some conversion from marsh to water in the north
central part of the unit (Map 5). The 1984 classified satellite data show
that the eastern center of the unit to have converted to open water and broken
marsh (Map 6).

Alternative 3

Historically 1ittle open water existed and the area was dominated by fresh
marsh. Prior to 1920, access canals were dredged through the marsh around the
perimeter of the unit.

Following construction and enlargement of the Calcasieu Ship Channel, canal- (\W)
induced saltwater intrusion impacted sawgrass and associated low-salinity '
vegetation in the northern part of the unit. The increased salinity regime
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resulted in a conversion to more saline vegetative types and a conversion of
some marsh to open water. Marshes in the southeast portion of the unit have
remained very solid despite hydrologic changes. Due to abundant rainfall and
subsequent low salinity conditions since 1990, cattail, bullwhip, three-corner
grass, and seashore paspalum have colonized some of the shallow open water
areas in the northern broken marsh areas. Despite this healing, Spartina
patens appear to be severely stressed and dying in some areas. Consequently,
preservation of marshes will depend heavily upon the presence and growth of
cattails and other low-salinity emergent marsh species. Preservation features
must avoid causing increased water levels since that would likely result in
accelerated rates of Spartina loss.
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Figure 30. Hydrologic Unit SA-4.

Examination of 1981/1983 and 1989 color infrared aerial photography indicated
that a very slight loss of marsh occurred. Visual inspection of marshes
within Unit SA-4 suggest that those marshes have begun to heal as cattail and
other intermediate marsh species colonize shallow open water areas. This
trend is likely due to heavy rainfall and subsequent low-salinity conditions
over the past two years. Increased Sabine Lake or Calcasieu Lake salinities
entering area marshes through spoil bank breaks along Burton Canal and Central
Canal could threaten marshes within Unit SA-4. Marshes might also be damaged
through slow drainage and ponding of saline storms surges.

Element 85, a water control structure on North Line Canal, would improve
freshwater retention (Table 38, Unit SA-3). Consequently, additional
freshwater would be available around the northeast portion of the unit and
would buffer against canal-induced saltwater intrusion from the east via
Central Canal and from the west via Burton and Central Canals. Replacement or
modification of the structures at Hog Island Gully and West Cove (elements 114
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and 108 in Units SA-10 and SA-8) would increase the ability to prevent
saltwater intrusion from Calcasieu Lake. The additional structures planned on
Headquarters Canal (Elements 109 and 73 in Units SA-8 and SA-1) would also
improve .the capability to drain excess water or saline surges off the marsh.

The objective of the unit is to maintain as a fresh/intermediate marsh, but
reduce interior erosion and improve vegetative productivity (Table 39). The
unit plan will require the use of vegetation (element 88) and wave
stilling/sediment trapping devices (element 89). These components will reduce
the erosion potential by reducing wave fetch and improve submerged aquatic
productivity by reducing the suspended sediment in the water column. The
total construction cost of the alternative is $249.000.

Table 39. Hydrologic Unit SA-4. Components of Alternative 3.
12,200 Acres - Plan Objective: Maintain as fresh/intermediate marsh.

Element Mgt. Unit Units Element
Number Opt. Units Cost Required _Cost
88 8 Vegetation (ft.) $1.50 16,000 $24,000
89 C Wave Stilling Device(ft.) $15.00 15,000 $225,000
Total Alternative $249,000

Alternative 4

The additional components of this alternative include vegetation and wave
stilling/sediment trapping devices (Table 39a). The plan calls for an
additional 10,000 linear feet of vegetation (element 84) and 7,000 Tinear feet
of wave stilling/sediment trapping devices (element 86). The result of the
additional work will improve emergent and submergent vegetative productivity
and reduce erosion potential within the unit. The added cost of these
components are $120,000 for a total construction cost of $369,000

Table 39a. Hydrologic Unit SA-4. Additional Components of Alternative 4.
12,200 Acres - Plan Objective: Maintain as fresh/intermediate marsh.

Element Mgt. Unit Units  Element
Number Opt. Units Cost Required Cost
88 B Vegetation (ft.) - $1.50 10,000 $15,000
89 ¢ Wave Stilling Device(ft.) $15.00 7,000 $105,000
Sub Total Alternative $120,000
Total Alternative Cost $369,000

Sabine National Wildlife Refuge Unit 5 (SA-5)

The hydrologic unit is a 26,378 acre area in the western central portion of
the study area (Map 1). The soils in the unit are distributed with Gentilly-
Ged association in the northern one-third, some Clovelly association around
Greens Lake and Willow Bayou, and the remaining unit area is Bancker
association (Map 2). The northwest portion of the unit contains a year round
heron roost site (Map 3). Some product and gas pipelines cross the unit (Map
4). The landuse map shows the northwest portion to contain some agricultural
land along the pleistocene island known as "The Pines" with the remaining area
being non-forested wetlands (Map 12). The land ownership map shows the
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agricultural land to be owned by landowners with 500 acres or more and the
remaining area to be mostly Federal land for the Sabine National Wildlife
Refuge (Map 13).

The unit was historically mapped as containing fresh, intermediate, and some
brackish marsh vegetation according to the 1931 vegetative map (Map 7). The
1949 vegetative map showed the unit to contain fresh marsh, intermediate, and
sawgrass marsh (Map 8). The 1968, 1978, and 1988 maps show a slow conversion
from a mixed intermediate and brackish marsh to a brackish marsh (Maps 9-11).

The 1956-1978 change map shows that the central north central portion had a
conversion from marsh to open water. The remaining unit has pockets of marsh
with a few small pockets of conversion from marsh to water (Map 5). The 1984
classified satellite data shows that the south central part of the marsh had
deteriorated to broken marsh and open water (Map 6).
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Figure 31. Hydrologic Unit SA-5.
Alternative 3

The unit currently consists of brackish and intermediate marsh. A small area-
of relatively high prairie-like marsh known as the Marceaux Tract, is located
along the lower west side of the unit. Near Sabine Lake, marshes are higher
and underlain by soils having greater mineral content than compared to
interior areas.

Historically, the unit consisted of fresh and intermediate marsh. According
to 1953 aerial photography, marshes within the unit were very solid. Greens
Lake was the largest body of open water. Greens Bayou and Three Bayous
innervated the northeast and west central marshes respectively. Willow Bayou
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and associated unnamed tributaries innervated marshes along the southern €f~j
boundary. Prior to 1920, access canals were dredged through the marsh around b
the eastern and southern perimeter of the unit. Grays Ditch was dredged

during the early 1920’s in order to construct an earthen embankment for moving

cattle from Johnsons Bayou to The Pines. The embankment was constructed on

the west side of the ditch. To facilitate cattle access, bridges were built

over Willow Bayou and Three Bayous.

Sawgrass and associated low-salinity vegetation adjacent to Greens Lake and
throughout the interior marshes experienced rapid deterioration and loss
during the mid 1950’s through the 1960’s. These changes occurred throughout
the study area suggesting that a basin-wide salinity increase had occurred.
The timing of marsh loss within Unit SA-5 and throughout the entire study area
coincides very well with the 1951 enlargement of the Calcasieu Ship Channel
(Table 12) and the enlargements of the Port Arthur Canal and Sabine-Neches
Waterway authorized in 1946 (Table 13).

In recent years, the marsh has been relatively stable. However, numerous
small isolated marsh islands have been lost to erosion over the past ten
years. Recent aerial inspection suggests that in response to low salinities
during 1990-1992, cattail has spread throughout much of the interior marsh.
If salinities remain favorable, these and other low-salinity plant species
might be able to colonize shallow open water areas and heal broken marsh
areas. Despite this healing, Spartina patens appears to be severely stressed
and dying in many areas. Consequently, preservation of marshes within the
area will depend heavily upon the expansion of cattails and other aggressive
low-salinity emergent marsh species. Preservation features must avoid causing (j~>
increased water levels since that would likely promote accelerated rates of
Spartina loss.

The plan objective of this unit is to enhance vegetative productivity and
density (Table 40). In order to facilitate the healing process, some of the
proposed project elements would serve to reduce saltwater intrusion. Element
92, a water control structure on Greens Bayou, could be operated to reduce or
prevent high salinity water from entering Unit SA-5. Passive salinity
reduction would be achieved by plugging Three Bayous (element 96) at the Grays
Ditch cattlewalk embankment. This would increase the length of Three Bayous
and make it a tributary of Willow Bayou. Element 94 would plug a small bayou
which connects Grays Ditch with Sabine Lake. This plug would make element 96
much more effective.

The remaining elements would address issues other than salinity. Element 93
would use rip-rap to prevent additional enlargement of spoil bank breaches
along Burton Canal. Wave stilling/sediment trapping devices, element 95,
would be installed in large open water areas to reduce wind-induced erosion of
adjacent marshes. Elements 90 and 91 would block off an abandoned access
canals and re-establish hydrologic connections between it and adjacent marsh.
The total construction cost for this alternative is $1,938,500.
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Table 40. Hydrologic Unit SA-5. Components of Alternative 3.
26,700 Acre - Plan Objective: Enhance vegetation.

Element Mgt. Unit Units Element

Number Opt. Units Cost Regquired Cost
S0 H Plug North End of Canal $80,000 1 $80,000
91 F Culverts from canal to marsh $9,500 3 $28,500
92 ' F VC Weir $250,000 1 $250,000
93 F Rock Liners $20,000 1 $20,000
94 F Plug in Bayou $40,000 1 $40,000
g5 C Wave Stilling Devices ft.) $15.00 100,000 $1,500,000
96 H Plug in Canal $20,000 1 $20,000

Total Alternative Cost $1,938,500

Alternative 4

The additional component of this alternative is wave stilling/sediment
trapping devices (Table 40a). The plan calls for an extra 235,000 linear feet
of wave stilling/sediment trapping devices (element 95). The result of the
work will improve emergent and submergent vegetative productivity and reduce
erosion potential within the unit. The added cost of this component is
$3,525,000 for a total construction cost of $5,463,000

Table 40a. Hydrologic Unit SA-5. Additional Components of Alternative 4.
Unit Acreage 26,700

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost

95 C Wave Stilling Devices (ft.) $15.00 235,000 $3,525,000
Sub Total Alternative $3,525,000
Total Alternative Cost . . $5,463,500

Sabine National Wildlife Refuge Unit 6 (SA-6)

The hydrologic unit is a 7,418 acre area in the west central part of the study
area below Unit SA-5 (Map 1). The area contains Bancker associated soils (Map
2). The unit was part of Johnsons Bayou Christmas Bird Count area and the
southwest portion of the unit contains a winter Olivaceous Cormorant nesting
and spring heron rookery area (Map 3). The eastern portion of the unit has
product and gas pipelines (Map 4). Land in the unit is categorized as non-
forested wetlands (Map 12) and owned by the Federal government for the Sabine
National Wildlife Refuge (Map 13).

The unit was historically a fresh marsh as indicated by the 1931 vegetative -
map (Map 7). The 1949, 1968, 1978, and 1988 vegetative maps document a shift
from predominantly intermediate marsh to predominantly brackish marsh (Maps 8-
11).

The 1956-1978 change map shows that the northwest and north central areas of
the unit have large amounts of open water that was previously marsh (Map 5).
By 1984, the northwest and north central was still predominantly open water,
but small areas of broken marsh were beginning in other areas of the unit (Map
6).
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Figure 32. Hydrologic Unit SA-6. (:::)

Alternative 3

Prior to 1920, access canals were dredged through the marsh around the
perimeter of the unit. During the mid 1950’s, the northwest portion of the
unit consisted of a deep fresh marsh characterized by sawgrass and bullwhip.
The north boundary of this deep fresh marsh consisted of what appears to be a
natural ridge or stranded lakeshore berm. The remainder of Unit SA-5 was
characterized by solid emergent marsh with few open water areas.

Sawgrass and associated low-salinity vegetation located in the deep fresh
marsh area experienced rapid deterioration and loss during the mid 1950’s
through the 1960’s. These changes occurred throughout the study area
suggesting that a basin-wide salinity increase had occurred. The timing of
marsh Toss within Unit SA-6 and throughout the entire study area coincides
very well with the 1951 enlargement of the Calcasieu Ship Channel (Table 12)
and the enlargements of the Port Arthur Canal and Sabine-Neches Waterway
authorized in 1946 (Table 13).

Examination of 1981 and 1989 color infrared aerial photography reveals that

substantial marsh recovery has occurred along of the southern shore of the

large open water area. In 1983, that shoreline was very broken and appeared

to be a deteriorating condition. The 1988 photo shows that the shoreline had

become much more uniform (less broken) and had encroached outward across the

mouths of small bays and indentations. Additionally, many island clusters

welded together to form one or more larger islands. Many small isolated oo
islands did disappear, presumably due to erosion. Most interior areas showed ‘ )
Tittle change over that period.
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Currently the area consists primarily of intermediate marsh. The former deep
fresh marsh area in now mostly turbid open water with a few deteriorating
marsh islands. As a result of oil and gas exploration activities, board roads
and earthen wave-stilling levees have been constructed (during 1992) in the
western portion of the open water area. The northeast portion of the unit
consists of broken marsh with a few medium-sized lakes scattered throughout.
Marshes in the southern half of the area are relatively isolated from tidal
influences, characterized by fresh marsh vegetation, and appear to have
experienced minimal change.

Recent aerial inspection revealed that cattail occurs with fair to moderate
frequency throughout much of the interior broken marsh. If salinities remain
favorable, these and other low-salinity plant species might be able to
colonize shallow open water areas and heal broken marsh areas. Despite the
colonization by cattails, Spartina patens appears to be stressed and dying in
some areas. Consequently, preservation of marshes within the area will depend
heavily upon the expansion of cattails and other aggressive low-salinity
emergent marsh species. Preservation features must avoid causing increased
water levels since that would likely promote accelerated rates of Spartina
loss.

The major factor causing marsh loss within Unit SA-6 is wind-induced erosion
of marshes adjacent to large open water areas and continued loss of broken
marsh areas. Eroded and suspended marsh soils are being exported out of the
unit through several breaks in the Willow Bayou Canal spoil bank. Because
flows in the canal are very weak, sediments immediately settle out in the
canal. Every several years, Willow Bayou Canal becomes plugged with sediment
and emergent vegetation making boat access through that portion of the canal
difficult or impossible.

The plan objective of this hydrologic unit is to enhance the present
vegetation. Measures proposed to reduce saltwater intrusion into surrounding
units are anticipated to provide protection against intrusion of saltwater
into Unit SA-6. This may stimulate increased colonization of intermediate
marsh species resulting in restoration of broken marsh areas. Wave stilling
devices and vegetation, elements 100 and 97 (Table 41), in the open water
areas would reduce erosion of marsh edges, reduce turbidity, and increase the
abundance of submergent vegetation. Elements 98 and 99, rock liners, would
serve to maintain the desired amount of water exchange between area marshes
and Willow Bayou and Burton Canals. The total construction cost of this
alternative is estimated to be $238,000.

Table 41. Hydrologic Unit SA-6. Components of Alternative 3.
7,400 Acre - Plan Objective: Enhance vegetation. -

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
97 B Vegetation (Ft) $1.50 12,000 $18,000
98 F Rock Liner $20,000 1 $20,000
99 F Rock Liner $20,000 1 $20,000
100 C Wave Still Device (Ft) $15.00 12,000 $180,000
Total Alternative Cost $238,000
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Alternative 4 &ww)

The additional component of this alternative is wave stilling/sediment
trapping devices and vegetation (Table 4l1a). The plan calls for an extra
5,000 linear feet of wave stilling/sediment trapping devices and vegetation
(elements 3100 and 97). The result of the work wil)l improve emergent and
submergent vegetative productivity and reduce erosion potential within the

unit. The added cost of this component is $82,500 for a total construction
cost of $320,500 :

Table 4la. Hydrologic Unit SA-6. Additional Components of Alternative 4.
Unit Acreage 7,400

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
97 B Vegetation (Ft) $1.50 5,000 $7,500
100 C Wave Still Device (Ft) $15.00 5,000 $75,000
Sub Total Alternative $82,500
Total Alternative Cost $320,500

Sabine National Wildlife Refuge Unit 7 (SA-7)

The hydrologic unit is a 6,286 acre area in the west central part of the study
area below Unit SA-5 (Map 1). The unit is predominantly Bancker associated
soils with some Creole and Clovelly associated soils (Map 2).. The unit is
part of the Johnsons Bayou Christmas Bird Count area and was found to contain
winter Olivaceous Cormorant nesting and spring heron rookery (Map 3). The
land is non-forested wetlands (Map 12) and is predominantly owned by the
federal government for the Sabine National Wildlife Refuge (Map 13).

The unit was historically mapped as an intermediate to brackish marsh
according to the 1931 vegetative map (Map 7). The 1949, 1968, 1978, and 1988

ve?etative map shows the unit has been converting to brackish marsh (Maps 8-
11).

The 1956-1978 change map shows that the northeast portion of the unit
converted from marsh to open water (Map 5). By 1984, additional acreage had
converted to broken marsh in the north central part of the unit (Map 6).

Alternative 3

Adjacent to Sabine Lake, marshes are higher and underlain by soils having
greater mineral content than interior marshes. A natural ridge or stranded
Takeshore rim exists in the northeast portion of the unit. This rim forms the
northern boundary of a former deep fresh marsh area. Willow Bayou and its
tributaries drain most of the unit into Sabine Lake. Double Island Gully is a
major tributary which used to provide water exchange for marshes in the
southwest and central portions of the unit. Prior to 1920, access canals were
dredged through the marsh around the perimeter of the unit.

Sawgrass and associated low-salinity vegetation located in the deep fresh F
marsh area experienced rapid deterioration and loss during the mid 1950's &kﬁ)
through the 1960’s. These changes occurred throughout the study area
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suggesting that a basin-wide salinity increase had occurred. The timing of
marsh loss within Unit SA-7 and throughout the entire study area coincides
very well with the 1951 enlargement of the Calcasieu Ship Channel (Table 12)
and the enlargements of the Port Arthur Canal and Sabine-Neches Waterway
authorized in 1946 (Table 13).
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Figure 33. Hydrologic Unit SA-7.

Examination of 1981 and 1989 color infrared aerial photography reveals that
within the Targe open water area, clusters of nearby islands welded together
to form larger islands. In marshes adjacent to the open water areas, some
ponds and small lakes closed in. Throughout most to the interior marsh there
was little net change.

Currently the are consists of brackish and intermediate marsh. The brackish
areas are located near Sabine Lake. The former deep fresh marsh is now mostly
turbid open water. A large break in the southern Willow Bayou Canal spoil
bank currently allows very rapid water exchange between the large open water
area and Willow Bayou. By providing a shorter more direct water exchange
route, Willow Bayou Canal has captured the flow of the middle and upper
reaches of Willow Bayou.

Cattails occur with Tow to medium frequency throughout much of the unit’s
interior. Inspection and ground truthing of 1989 and 1991 aerial photography
indicates that cattail and other Tow-salinity species have recently colonized
some shallow open water areas. Recent aerial inspection revealed that
deterjoration of Spartina patens is occurring in the Double Island Gully
watershed. As elsewhere throughout the study area, waterlogging appears to be
the primary cause of this deterioration. Consequently, proposed project
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elements have been planned to avoid increases in water level and associated ' (:;)
waterlogging stresses.

The plan objective of this hydrologic unit is to enhance vegetation. Many
proposed project elements serve to reduce or mitigate adverse affects of
canals. Element 102 (Table 42) consists of five plugs in Willow Bayou Canal.
Those plugs would restore flow through Willow Bayou and its tributaries.
Elements 103 and 104 would maintain the desired amount of water exchange
between Grays Ditch and marshes along the southern portion of the unit.
Element 101 would armor the Sabine Lake shore at a point where further retreat
threatens to connect the lake with an upstream section of Willow Bayou.
Elements 106 and 105 involve construction of wave stilling/sediment trapping
devices and planting of vegetation in the large open water areas and along
unit shorelines. The total construction cost of this plan is $618,000.

Table 42. Hydrologic Unit SA-7. Components of Alternative 3.
6,400 Acre - Plan Objective: Enhance vegetation

Element Mgt. Unit Units Element

Number Opt. Units Cost Required __Cost
101 D Shoreline Protection (ft.) $65.00 1,500 $37,500
102 H Plugs in Canal- $40,000 4 $160,000
103 F Rock Liners (along Sec.16) $20,000 2 $40,000
104 F Rock Liners (Grays Ditch) $20,000 2 $40,000
105 D Vegetation (Ft) $1.50 17,000 $25,500
106 C Wave Still Device (Ft) $15.00 17,000  $255,000

Total Alternative Cost $618,000

Alternative 4

The additional component of this alternative is wave stilling/sediment
trapping devices and vegetation (Table 42a). The plan calls for an extra
11,000 1inear feet of wave stilling/sediment trapping devices and vegetation
(elements 106 and 105). The result of the work will improve emergent and
submergent vegetative productivity and reduce erosion potential within the

unit. The added cost of these component is $181,500 for a total construction
cost of $799,500

Table 42a. Hydrologic Unit SA-7. Additional Components of Alternative 4.
Unit Acreage 6,400

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
106 D Vegetation (Ft) $1.50 11,000 $16,500
106 C Wave Still Device (Ft) $15.00 11,000 $165.000
Sub Total Alternative $181,500
Total Alternative Cost : $799,500

Sabine National Wildlife Refuge Unit 8 (SA-8)

The hydrologic unit is a 718 acre area located in the eastern central portion &h—)
of the study area below Unit SA-1A (Map 1). It contains some Scatlake
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associated soils on the eastern half of the unit and the remaining area is
Creole association (Map 2). The unit was included in the Sabine Christmas
Bird Count Area (Map 3). The land is Federally owned for the Sabine National
Wildlife Refuge (Map 13) and its use is non-forested wetlands (Map 12).

The area was historically mapped as brackish marsh according to the 1931
vegetative map (Map 7). The 1949, 1968, 1978, and 1988 vegetative maps show
the area to be brackish marsh (Maps 8-11). The 1956-1978 change map showed
that the marsh was fairly stable with only the northeast portion where some
marsh converted to water (Map 5). The 1984 classified satellite data showed
the marsh to still be a stable condition (Map 6).
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Figure 34. Hydrologic Unit SA-8.
Alternative 3

The western half of the unit drains through several spoil bank breaks into the
extension of Central Canal (section connecting West Cove and Roadside Canal).
Historically this area was brackish marsh, however, it now is a saline marsh.
The eastern half of the unit contains some broken marsh. The majority of this-
area is dominated by brackish vegetation, however, saline marsh vegetation is
becoming more abundant. The eastern portion of the unit drains through
several spoil bank breaks into Headquarters Canal near its junction with
Roadside Canal. :

Lakeshore retreat constitutes the greatest threat for marshes within this
unit. Interior marshes within the western portion of the unit are very
stable. Examination of 1983 and 1988 color infrared photography indicated
that interior marshes experienced no net change. During high water periods,
lake water tops the lakeshore rim and enters the broken marsh area. Once
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there, it flows into Headquarters Canal and thence, to Roadside Canal. This (::>
flow circumvents the water control structures at Hog Island Gully,
Headquarters Canal, and West Cove. Continued lakeshore retreat will only make

this problem worse and uncontrolled saltwater intrusion might become a
problem.

The objective for this hydrologic unit is to maintain and enhance the current
vegetative community (Table 43). Element 107, Units SO-7 and SA-8 boundary,
will be rebuilt to maintain greater hydrologic control between each unit.
Element 110 would plug the breaks in the Headquarters Canal spoil bank. A new
water exchange point would be established by constructing a water control
structure (element 110) along the western spoil bank of Shell Canal. Element
108 proposes the modification of an existing structure in order improve flow
regulation and reduce saltwater intrusion.

Table 43. Hydrologic Unit SA-8. Components of Alternative 3.
720 Acre - Plan Objective: Maintain and enhance vegetation

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
108 G Modify Structure $500,000 1 $500,000
109 G 48" Culv, flap & screw gates $33,000 2 $66,000
110 G Plug Canal $20,000 1 $20,000
110 G 24" Culv. screw gates $7,800 3 $23.,400
Total Alternative Cost $616,900 »
Sabine National Wildlife Refuge Unit 9 (SA-9) : (‘;>

The hydrologic unit is a 1,787 acre area located in the east central part of
the study area and east of Unit SA-8 (Map 1). The soils are Creole
association on the southern rim with the remaining being Scatlake association
(Map 2). The area was part of the Sabine Christmas Bird Count Area (Map 3).
It is Federal land used for the Sabine National Wildlife Refuge (Map 13) with
a landuse classification of non-forested wetlands (Map 12).

The historical vegetation, as mapped in 1931, indicate an intermediate to
brackish marsh with cane, bulrush, wiregrass, and three square grass (Map 7).
The 1949, 1968, 1978, and 1988 vegetative maps document the influence of
Calcasieu Lake as the marsh went from a brackish to predominantly saline
condition. (Maps 8-11). The 1956-1978 change map shows the north central and
south central parts of the marsh had converted from marsh to open water (Map
5). The 1984 classified satellite data shows the unit had further
deterioration to open water and broken marsh with only the western fringe
areas contain solid marsh (Map 6).

Alternative 3

Hog Island Gully Bayou historically drained area marshes into West Cove. West
Cove Canal and Shell Canal were dredged around 1917. Saltwater flooding over
a marsh burn contributed to some of the marsh break-up adjacent to West Cove
Canal (1991 John Walther personal communication). Interior marshes have

converted to brackish and saline marshes. Those areas have also experienced -
moderate to severe deterioration. -
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Figure 35. Hydrologic Unit SA-9.
West Cove Canal appears to have captured the flow of the old Hog Island Gully

Bayou. Consequently, the bayou has filled in considerably. As a result, the
‘natural sediment delivery and deposition mechanisms to a large portion of

interior marshes have been reduced and altered. Examination of 1983 and 1988
color infrared aerial photography reveals that their has been no net change in
marsh area. Recent field observations reveal that some areas of marshhay
cordgrass and saltgrass adjacent to old Hog Island Gully Bayou appear to be
dying. In 1990, the Louisiana Coastal Restoration Division constructed a
terracing project in the southern part of the unit. That project appears to
be successful in creating new marshes and promoting accretion of nearby
natural marshes.

The plan objective of the hydrologic unit is to maintain and enhance existing
vegetation. Installation of similar wave stilling/sediment trapping devices
(element 112) is proposed to create marsh and restore marsh functions in Targe
open water areas. Element 111 would provide additional money necessary to
have the Corps of Engineers deposit dredged spoil in open water areas to
create marsh. The Corps of Engineers is required to have local cost-share or
payment for the incremental cost of dredging operations when not using the
Federal Standard. Construction of a plug across West Cove Canal (elemént 113
in Unit SA-10) would revive flow through Hog Island Gully Bayou, increase
accretion rates of marshes in the western portion of the unit, and reduce
excessive canal-induced water exchange and salinity fluxes. This element
might also provide benefits to Unit SA-1 by reducing salinities entering via
the Hog Island Gully water control structure. The total construction cost of
this alternative is $390,000.
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Table 44. Hydrologic Unit SA-9 Components of Alternative 3. (:f;)
1,800 Acre - Plan Objective: Maintain & enhance vegetation.
Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
111 A Cubic yards of Spoil $3.00 80,000  $240,000
112 c Wave Stilling Devices (ft.) $15.00 10,000 $150,000
Total Alternative Cost $390,000

Alternative 4

The additional component of this alternative is wave stilling/sediment
trapping devices (Table 44a). The plan calls for an extra 10,000 linear feet
of wave stilling/sediment trapping devices (element 112). The result of the
work will improve emergent and submergent vegetative productivity and reduce
erosion potential within the unit. The added cost of this component is
$150,000 for a total construction cost of $540,000.

Table 44a. Hydrologic Unit SA-9., Additional Componenis of Alternative 4.
Unit Acreage 1,800 :

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
112 C Wave Stilling Device (ft.) $15.00 10,000 $150,000
Sub Total Alternative $150,000
Total Alternative Cost . $540,000 (:;)

Sabine National Wildlife Refuge Unit 10 (SA-10)

The hydrologic unit is a 4,600 acre area located in the east central part of
the study area below Unit NO-6 (Map 1). The unit soils are Gentilly-Ged
association on the northern part and Scatlake on the southern part of the unit
(Map 2). The area was part of the Sabine Christmas Bird Count area (Map 3).
The landownership is split with southern land being owned by the Federal
government for the Sabine National Wildlife Refuge, and the northern part of
the unit being owned by small and large land owners (Map 13) The northern
fringe area is used for agricultural purposes, the eastern and central parts
of the unit are used for other purposes and the southern lands are non-
forested wetlands (Map 12).

The unit historically had bulrush and sawgrass in the northern part, a small
forested island in the center, and submerged vegetation along with wiregrass,
cane, and three square grass in the southern part of the unit (Map 7). The
1949, 1968, 1978, and 1988 vegetative maps document the unit converting from
brackish to a part brackish and part saline condition (Maps 8-11). The 1956-
1978 change map shows the central and southern areas had large areas of marsh
converted to water equal to about one-third of the unit (Map 5). The 1984
classified satellite data shows the further deterioration of marsh as only the
northern one-fifth of the unit was still solid marsh and the remaining unit
was water and broken marsh (Map 6).
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Figure 36. Hydrologic Unit SA-10.
Alternative 3

The unit consists of brackish and saline marsh and open water. Interior
marshes -have experienced moderate deterioration. In existing open water
areas, physical erosion of adjacent marshes could be reduced by the
construction of wave-break devices.

The objective of the hydrologic unit is to maintain the present physical
condition and enhance vegetative productivity (Table 45). West Cove Canal
currently has an outlet into West Cove and the Calcasieu Ship Channel. The
purpose of element 113 is to reduce the amount of flow directly into the ship
channel and insure that major water exchange occurs at the West Cove outlet by
installing a plug across the outlet at the channel.

The purpose of element 114, modification of existing structure, is to increase
its capability to regulate flow and reduce saltwater intrusion from the
Calcasieu Ship Channel into the marshes west of Louisiana Highway 27 by adding
flapgates and/or stoplogs to the existing Sabine NWR structure. This is a
major fisheries access site and any modification will address this issue.

This structure would be actively managed by the Sabine NWR.

Element 116 is proposed to replace flapgates on the two culverts under
Louisiana Highway 27. These culverts were initially equipped with flapgates
on the east side of Louisiana Highway 27 to prevent westward flow of tidal
waters. These flapgates have since deteriorated and no Tonger exist.

Element 117 proposes the use of wave stilling/sediment trapping devices.
Those devices would reduce erosion, serve to trap suspended sediment and
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promote growth of submerged vegetation. It is also proposed to utilize dredge (sw)
material (element 115) from the Calcasieu Ship Channel to fill in the deeper

ponds and establish emergent vegetation. The total construction cost of this

plan is $1,195,000.

Table 45. Hydrologic Unit SA-10. Components of Alternative 3.
4,600 Acre - Plan Objective: Maintain & enhance vegetation.

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
113 H Plug with Armor Plating $80,000 1 $80,000
114 G Modify Existing Structure $500,000 1 $500,000
115 A Cubic yards of Spoil $3.00 100,000 $300,000
116 F Replace Culv. w/flap gates $30,000 3 $90,000
117 € Wave Still Device (Ft) $15.00 15,000 $225.000

Total Alternative Cost _ $1,195,000

Alternative 4

The additional component of this alternative is wave stilling/sediment
trapping devices (Table 45a). The plan calls for an extra 4,000 linear feet
of wave stilling/sediment trapping devices (element 117). The result of the
work will be improvement in emergent and submergent vegetative productivity
and reduce erosion potential within the unit. The added cost of this
component is $60,000 for a total construction cost of $1,255,000.

Table 45a. Hydrologic Unit SA-10. Additional Components of Alternative 4.
Unit Acreage 4,600

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
117 C Wave Still Device (Ft.) $15.00 4,000 $75,000
Sub Total Alternative $75,000
Total Alternative Cost $1,270,000
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South Unit 1 (SO - 1)

The hydrologic unit is a 42,650 acre area located in the southwestern part of
the unit above Unit SO-2 (Map 1). The unit has several soil types with
Mermentau-Hackberry association Tocated in the southeast and south central
fringe areas, Scatlake association on the western edge, a band of Creole
association running from the south central to north central part of the unit,
and the remaining association being Bancker (Map 2). The unit was part of
Johnsons Bayou Christmas Bird Count Area (Map 3). The unit contains several
0il and gas fields running from the east to west it contains Cameron Meadows
0i1 and Gas Field, Deep Bayou 0il and Gas Fields, Northwest Johnsons Bayou Gas
Field, and Blue Buck Point Gas Field. The unit also traversed by several oil,
gas, and product pipelines (Map 4). Landuse is urban/industrial lands in the
northeast corner, agricultural land in the south central and southeast, and
remaining land being non-forested wetlands (Map 12). The unit lands are
privately owned with small Tandowners in the agricultural lands of the south
central and southeast, and large landowners in the remaining parts of the unit
(Map 13).

The unit was historically mapped as intermediate marsh in the north central
and northwest part of the unit, sea rim and excessively drained salt marsh on
the west central part of the unit and the central area contained a band of sea
rim (map 8). The 1968 vegetative map showed the area to be predominantly
intermediate marsh with brackish and saline marsh on the western one third of
the unit (Map 9). The unit was mapped as predominantly intermediate marsh
with brackish marshes on the western part of the unit (Maps 10-11).

The 1956-1978 change map showed the marsh to stay in stable condition (Map 5).
The 1984 classified satellite data showed the unit to have small spots of open
water and broken marsh throughout the unit (Map 6). Water exchange occurs
between the marsh and Sabine Lake at four natural bayous. The area presently
is predominantly emergent marsh with Tess that 10 percent open water.

Alternative 3

The proposal for this unit is to reduce excessive water exchange and maintain
present marsh types. The objective requires several components (Table 46)
which are rock liners and plugs. Element 118 calls for sixteen rock liners
along natural openings of Johnsons, M. Johnsons, Greens, and B. Forge Bayous.
Fourteen plugs (element 119) will be required to close man-made openings in
the bayous. Two shell dredging sites exists in the unit at Sabine Lake.
Elements 120 and 121 will use plugs to close these openings and re-establish
the historic lake shoreline. A man-made channel was constructed from Sabine
Lake to Greens Bayou. This channel increased removal of freshwater from the
bayou system and provided potential for circulation of water through the
channel & bayou from Sabine Lake. A plug (element 122) is proposed for
installation in the man-made channel to prevent water circulation problems in
the Greens Bayou system and to improve freshwater retention. The total
construction cost of the elements are $920,000.
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Figure 37. Hydrologic Unit SO-1.

Table 46. Hydrologic Unit SO-1. Components of Alternative 3.

42,650 Acre - Plan Objective: Reduce excessive water exchange Install
structures in openings. '

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
118 F Rock Liners $20,000 16 $320,000
119 H Plugs $20,000 14 $280,000
120 H Plug Shell Oredge Site $150,000 1 $150,000
121 H Plug shoreline opening $90,000 1 $90,000
122 H Plug cut at Greens Bayou $80,000 1 $80.000

Total Alternative Cost $920,000

South Unit 1A (SO - 1A)

The hydrologic unit is a 3,950 acre area located southwest part of the study
area below Unit SO-1 (Map 1). The unit has a bank of Bancker soils running
from the north central to northwest part of the unit with the remaining area
being Creole soils (Map 2). The unit was included in the Johnsons Bayou
Christmas Bird Count Area (Map 3). The unit is traversed by gas and product
pipelines (Map 4). The Tands in the northeast to north central part of the
unit are used for agricultural while the remaining area is non-forested

wetlands (Map 12). The unit lands are mostly owned by large landowners with
500 acres or more (Map 13).

The unit was historically mapped as a brackish marsh with sea rim in the
central part of the unit (Map 8). The 1968, 1978, and 1988 vegetative maps
show a conversion from brackish marsh to a combination of brackish and
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intermediate marsh (Maps 9-11). The 1956-1978 change map showed the unit
marsh to remain in a stable condition (Map 5). The 1984 classified satellite
data showed the unit to contain a small amount of water and broken marsh (Map
6).
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Figure 38. Hydrologic Unit SO-1A,
Alternative 3

The objective of this unit is to manage the area as a fresh/intermediate
marsh. This will be accomplished by maintaining the levees and may need the
installation of new water control structures with variable crest headers and
flapgates. The levee maintenance requires 48,000 linear feet of levee work
for a total construction cost of $240,000. The water control structures
element has not been finalized and thus, are not priced or on the unit map.

Table 47. Hydrologic Unit SO-1A. Components of Alterative 3.
3,950 acre - Plan Objective: Maintain as a freshwater impoundment.

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
123 A Levee Maintenance (ft.) $5.00 48,000  $240.000

Total Alternative Cost $240,000

South Unit 2 (SO - 2)

The hydrologic unit is a 22,200 acre area located in the southwest part of the
study area (Map 1). This unit is bounded on the west by Sabine River, the
north by Louisiana Highway 82, the south by the Gulf of Mexico and extends
eastward just pass Johnsons Bayou. The unit contains several soil
associations with Mermentau-Hackberry in the southeast part of the unit, small
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bands of Scatlake in the middle of the unit, Udifluvnets-Aquents (dredge
material) on the western fringe, and remaining area Creole soils (Map 2). The
unit was part of the Johnsons Bayou Christmas Bird Count area and contains a
heron rookery/sea bird colony (601011) on the coastal south central part of
the unit (Map 3). The unit contains the Johnsons Bayou 0il and Gas Field,
West Johnsons Bayou Gas Field, and oil and gas pipelines. The land in the
north central and eastern part of the unit is used for agriculture while the
remaining lands are predominantly non-forested wetlands (Map 12). The lands
are owned by a mixture of small and large landowners and two sections are
owned by the Cameron Parish School Board (Section 16) (Map 13).

The historical vegetative mapping shows the eastern and southern area and west
central to northwest fringe as sea rim, the southwest as excessively drained
salt marsh, and remaining area as Brackish marsh (Map 8). The 1968, 1978, and
1988 maps show the unit converting from a salt and brackish marsh condition to
a salinity gradient with intermediate, brackish, and saline marshes within the
unit (Maps 9-11).

The 1956-1978 change map shows the unit marshes to basically remain in a
stable condition- (Map 5). The 1984 classified satellite data show the marsh
beginning to deteriorate in the central and west central part of the unit (Map

6).
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Figure 39. Hydrologic Unit SO-2.

Alternative 3

The objective for the unit is to maintain the present marsh types and control
shoreline erosion. The alternative (Table 48) will call for breakwaters, use
of dredge material, rock liners and water control structures. Element 124
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calls for the installation of breakwaters on the east side of the Sabine River
at the Gulf where there is no beach. The erosion rate is estimated at 7 feet
per year. Element 124, wave breaking structures, should be similar to the
Louisiana Department of Natural Resources structures west of Holly Beach.
Dredge material (element 125) from Sabine Pass could be deposited to reclaim
land already lost to shoreline erosion in order to maintain a beach rim. A
rock liner (element 126) should be installed in Lighthouse Bayou to protect
the exiting channel cross-section from further erosion. A structure should be
installed in the North-South Canal to also protect the intermediate marsh area
from saltwater intrusion. The total construction cost of the project
components is $2,020,000.

Table 48. Hydrologic Unit S0-2. Components of Alternative 3.
22,200 Acre - Plan Objective: Protect eroding shoreline.

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
124 K Breakwaters (ft.) $70.00 15,000 $1,050,000
125 A Cubic yards of Spoil $3.00 250,000 $750,000
126 F Rock Liner $160,000 1 $160,000
127 H Water Control Structures $30,000 2 $60,000

Total Alternative Cost $2,020,000

South Unit 3 (SO - 3)

The hydrologic unit is a 13,200 acre area located in the south central part of
the study area below Unit SA-4 (Map 1). The unit is bound on the north by the
Starks South Canal, the east by Unit SO0-4, the west by the Magnolia Vacuum
Canal and the south by Unit SO-2. The unit contains Creole associated soils
in the southern part of the unit and predominantly Bancker associated soiis in
the northern part of the unit (Map 2). The western part of the unit was
HUSO3.SPL; 6" ;4" ;HPGL
Figure 40. Hydrologic Unit SO-3.

included in the Johnsons Bayou Christmas Bird Count (Map 3). The unit has
the East Cameron Meadows Gas Field in the southwest part of the unit and
contains several oil and gas pipelines (Map 4). The northwest corner of the
unit contains urban/industrial lands and the remaining area is non-forested
wetlands (Map 12). The unit is privately owned by both small and large
Tandowners (Map 13).

The unit historically contained wiregrass, bulrush, and cane in the northern .
fringe. The eastern fringe contains wiregrass, bulrush, cane, cattail and
aquatic. The southeast part of the unit has three square grass and bulrush
(Map 7). The 1949, 1968, 1978, and 1988 vegetative maps show the unit’s
conversion from a predominantly brackish marsh to an intermediate marsh (Maps
8-11). The 1956-1978 change map showed the center of the unit had some
conversion from marsh to water (Map §). The 1984 classified satellite data
shows some deterioration of the southern and western part of the unit (Map 6).
The unit has no elements proposed at this time.
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South Unit 4 (SO - 4)

The hydrologic unit is a 6,800 acre area located in the south central portion
of the study area below Unit SA-4 (Map 1). The unit is bound on the north by
the Starks South Canal, the south by the Gulf, the east by the Beach Canal and
the west by Unit S0-3. The area contains some Creole associated soils in the
northern part of the unit, but is mainly Bancker association (Map 2). The
unit contains several gas pipelines (Map 4). It is owned by large landowners
with 500 or more acres (Map 13) and has a use classification of non-forested
wetlands (map 12).

The unit historically contained cane, wiregrass, cattail, burush, three square
grass, and aquatics (Map 7). The 1949, 1968, 1978, and 1988 vegetative maps
document the marsh’s conversion from a predominantly brackish marsh to an
intermediate marsh (Maps 8-11). The 1956-1978 change map shows a small amount
of conversion from marsh to water in the unit (Map 5). The 1984 classified
satellite data shows that the fringe marshes have been converted to open water
and broken marsh while the remaining marsh has remained stable (Map 6).
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Figure 41. Hydrologic Unit SO-4.

Alternative 3

The objective for this unit is to manage for fresh to intermediate marsh. The
components (Table 49) to accomplish the objective include perimeter levee

repair and water control structures. Approximately 20,000 linear feet of

levee repair (element 128) on the perimeter of the unit will maintain T
hydrologic control. Element 129 calls for installing and actively managing ‘ )
four water control structures. No specific structure design and marsh plan !
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has been developed. The total construction cost of the components are
$420,000.

Table 49. Hydrologic Unit S0-4. Components of Alternative 3.
6,800 Acre - Plan Objective: Manage for fresh-intermediate marsh, actively
managed.

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
128 D Perimeter Levee Repair (Ft) $15.00 20,000  $300,000
129 G Water Control Structures $30,000 4 $120,000

Total Alternative Cost $420,000

South Unit 5 (SO - 5)

The hydrologic unit is a 9,800 acre area located in the south central portion
of the study area below Unit SA-2 (Map 1). The unit’s soils are Creole
association in the southern and eastern part of the unit and remaining area is
Bancker association (Map 2). The eastern part of the unit was included in the
Sabine Christmas Bird Count (Map 3). The unit has some petroleum activity
with the northeast portion containing Second Bayou Gas Field, the southeast
and central portions containing the Mud Lake Gas Field, and having several gas
pipelines running through the unit (Map 4). The unit’s landuse classification
is non-forested wetlands (Map 12) and is owned by large landowners with 500
acre or more (Map 13).

The unit historically contained wiregrass, cane, cattail, and. some submerged
aquatics in the northern one-third, several small communities of three square
grass in the area, and cane, wiregrass, cattail, bulrush, sawgrass, and
submerged aquatics in the remaining portions of the unit (Map 7). The 1949
vegetative map showed the southern fringe area to contain sea rim, the
southeast portion to contain leafy three corner grass or coco grass, the
northwest portion to contain intermediate marsh, and the remainder as brackish
(Map 8). The 1968, 1978, and 1988 vegetative maps show the area to be
fluctuating between intermediate and brackish marsh (Maps 9-11).

The 1956 to 1978 change map shows the eastern one-half of the unit experienced
pockets of -conversion from marsh to open water (Map 5). The 1984 classified
satellite data shows the west central and southeastern portion of the unit
contains broken marsh and water while the remaining area is solid marsh (Map
6).

Alternative 3

The objective of the hydrolegic unit is to passively manage to maintain the
existing marsh types. The alternative components (Table 50) include culvert
maintenance, variable crest weir and the addition of double flapgated
culverts. Interior water movement can be improved by lowering existing
culverts and adding additional culverts (element 130) under oil field roads.

A variable crest header can be added to an existing structure (element 131)
under Louisiana Highway 27 in the southeast corner of the unit. The only
structure manipulation would be to remove stoplogs during high water events to
remove excess water from west of Louisiana Highway 27. Installation of double
flapgated culverts (element 132) under oil field roads will also improve
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interior water circulation and thus, improve emergent and submergent aquatic (TW>
productivity. The total construction cost of this alternative is $290,000.
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Figure 42. Hydrologic Unit SO-5.

Table 50. <Hydrologic Unit SO-5. Components of Alternative 3.

8,100 Acre - Plan Objective: Maintain for fresh-intermediate, passively
managed. .

Element Mgt. Unit Units Element

_Number Opt. Units Cost Required Cost
130 F Culverts maint. & additional $6,000 5 $30,000
131 6 VC Weir $180,000 1 $180,000
132 G Culvert double flap gates $40,000 2 $80,000

Total Alternative Cost ‘ $290,000

South Unit 6 (SO - 6).

The hydrologic unit is an 8,100 acre area located in the southeastern portion-

of the study area and east of Unit SO-5 (Map 1). The area is bounded on the

north by Unit 50-7 on the east by Unit SO-8, on the south by Louisiana Highway

82 and on the west by Louisiana Highway 27. The unit contains mostly Creole

associated soils, except for some Bancker associated soils in the central

portion of the unit (Map 2). The area was included in the Sabine Christmas

Bird Count but had no known nesting sites found (Map 3). Part of the East Mud

Lake 0i1 and Gas Field and several gas pipelines are in this unit (Map 4).

The land is owned by landowners with 500 acres or more (Map 13) and the .
landuse is classified as non-forested wetlands (Map 12). (\4)
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The area historically contained cane, wiregrass, bulrush, and submerged
aquatics with several plots of three square grass within the unit (Map 7).

The 1949, 1968, 1978, 1988 vegetative maps show the unit to be brackish marsh
(Maps 8-11). The 1956-1978 change map show the north central part of the unit
contained some marsh to water conversion (Map 5). The 1984 classified
satellite data shows the open water in Mud Lake and the remaining unit lands
to be broken marsh (Map 6).
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Figure 43. Hydrologic Unit SO-6.
Alternative 3.

The objective of this hydrologic unit are to manage the area according to the
permitted marsh plan. The project was approved for construction under the
Coastal Wetlands Planning, Protection, and Restoration Act (Public Law 101-
646) It is proposed to install all the permitted features. The area will be
actively managed as permitted. The cost of the alternative is $1,920,000.

Table 51. Hydrologic Unit SO-6. Components of Alternative 3.
Unit Acreage 8,100

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
133 Fina Plan Elements $945,000 1 $945,000
134 ¢ Wave Still Device (Ft) $15.00 50,000 $750,000
135 B Vegetation (Ft) $1.50 150,000 $225.000

Total Alternative Cost $1,920,000
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Alternative 4 (:M)

The productivity of the marsh could be improved through the addition of extra
wave stilling/sediment trapping devices (Table 5la). This alternative calls
for an extra 84,000 linear feet of wave stilling/sediment trapping devices
(element 134) be installed to improve sediment trapping capabilities and
reduce wave fetch. The work would cost an extra $1,260,000 and have a total
construction cost of $3,180,000.

Table S5la. Hydrologic Unit S0-6. Additional Components of Alternative 4.
Unit Acreage 8,100

Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost
134 C Wave Still Device (Ft) $15.00 84,000 $1.260,000
Sub Total Alternative $1,260,000
Total Alternative Cost $3,180,000

South Unit 7 (SO - 7)

The hydrologic unit is a 2,400 acre area located in the southeast portion of

the study area above Unit S0-6 (Map 1). The unit is bounded on the south by

S0-6, on the north by West Cove and West Cove Canal, on the west by Louisiana

Highway 27 and on the east by West Cove. Organic soils make up approximately e
70 percent of the unit which are Creole associated soils (Map:2). The unit (\M>
was included in the Sabine Christmas Bird count, but was found to contain no B
significant nesting sites (Map 3). Portion of East Mud Lake 0il1 and Gas Field

and several gas pipelines are in the unit (Map 4). The unit landuse is non-

forested wetlands (Map 12) and is owned mostly by the Federal government (Map
13).

The area historically contained wiregrass, bulrush, and cane according to the
1931 vegetative map (Map 7). The 1949, 1968, 1978, and 1988 vegetative maps
show the are to be brackish marsh (Maps 8-11). The 1956-1978 change map shows
that the southern fringe marshes had some conversion from marsh to water (Map
5). The 1984 classified satellite data show the western and southeastern
fringe to be broken marsh and the remaining as marsh (Map 6). Approximately
50 percent of the emergent marsh on the organic soils have eroded to shallow
open water areas. The severe marsh breakup on the organic soil types is due
to high salinities and excessive water fluctuations and high water levels.

Marshes adjacent to West Cove are relatively high and stable. The center of °
the unit is an area of deeper organic marshes. Construction of the canal
between the western tip of West Cove and Roadside Canal, and the subsequent
breaks in its southern spoil bank breached the hydrologic barrier of the high
lake rim marshes and allowed water exchange to occur between West Cove and the
interior deep organic marshes. The eastern boundary of the unit consists of a
canal which also cuts through the high like rim marsh and connects West Cove
with interior marshes. Interior marshes in the vicinity of that canal have
experienced some deterioration and loss but not as much as in the area of deep

organic marsh. (;/)
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Construction and enlargement of the Calcasieu Ship Channel increased
salinities and tidal exchange and promoted the deterioration and loss of
marshes in the deep marsh area. Adjacent to the canal spoil bank breaks and
southward for approximately one-half mile, the central deep marsh area appears
to be in transition from a deteriorating brackish marsh to a
building/expanding saline marsh. Open water area and mud flats here are being
closed in by Spartina alterniflora.
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Figure 44, Hydrologic Unit SO-7.
Alternative 3

The objective of the hydrologic unit is to maintain the unit as a brackish
marsh by reducing canal-induced water exchange between the lake and interior
marshes. The components (Table 52) include spoil bank maintenance, a rock
liner, wave stilling/sediment trapping devices and a water control structure.
The boundary spoil bank between Units SA-8 and SO-7 will be rebuilt. The
installation of a rock liner (element 136) in the canal that leads into West
Cove would protect the existing channel crossOsection from further erosion.
The installation of a water control structure (element 138), in the spoil -
breaks, at the marsh opening into West Cove Canal will reduce water level
fluctuation, salinities and tidal scouring for Units S0-7 and SO-6. The wave
stilling/sediment trapping devices will improve vegetative productivity in the
unit by placement in open water areas to reduce erosion of marshes adjacent to
open water areas. Installing these elements would reduce the need to install
or actively manage some of the elements in the permitted plan for Unit SO-6.
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Table 52. Hydrologic Unit SO-7. Components of Alternative 3. Q‘#)
2,400 Acre - Plan Objective: Maintain as a brackish marsh. =
Element Mgt. Unit Units Element
Number Opt. Units Cost Required Cost

107 A Rebuild Spoil Bank (ft.) $15.00 500 $7,500

136 F Rock Liner $50,000 1 $50,000

137 € Wave Still Device (Ft) $15.00 10,000 $150,000

138 F Water Control Structure $80,000 1 $80.000
Total Alternative Cost $287,500

Alternative 4

Installation of 5,000 1inear feet of additional wave stilling/sediment
trapping devices (element 137) will provide additional protection to the inner
marshes from erosion (Table 52a). The construction cost of additional wave
stilling/sediment trapping devices is $75,000 for a total construction cost of
$362,500 for this alternative.

Table 52a. Hydrologic Unit SO-7. Additional Components of Alternative 4.
Unit Acreage 2,400

Element Mgt. Unit Units Element
- _Number Opt. Units Cost Required Cost
137 C Wave Still Device (Ft.) $15.00 5,000 $75.000
Sub Total Alternative . $75,000
Total Alternative Cost 3362,500

South Unit 8 (SO - 8)

The hydrologic unit is a 12,600 acre area located in the southeastern portion
of the study area east of Unit S0-6 (Map 1). The unit is bounded on the south
by Louisiana Highway 82, on the north by West Cove, on the west by Unit SO-6
and on the east by the Calcasieu Ship Channel. Organic soils make up
approximately 60 percent of the unit. The unit contains Bancker associated
soils in the central part of unit and the remaining area is Creole associated
soils (Map 2). The area was included in the Sabine Christmas Bird Count (Map
3). The East Holly Beach Gas Field and several gas pipelines are located
within the unit (Map 4). The unit land is classified as non-forested wetlands

(Map 12) and the acreage is owned by both large and small land owners (Map
13). -

The area historically contained wiregrass, bulrush, and sawgrass according to -
the 1931 vegetative map (Map 7). The 1949 vegetative map shows the eastern
central area as excessively drained salt marsh, the southern rim as sea rim,
and the remaining area as three corner. grass brackish marsh (Map 8). The
19?8, 1978, and 1988 show the area to basically be a brackish marsh (Maps 9-
11).

The 1956-1978 change maps show the area to have a few small pockets of marsh

to water conversion with the remaining area being marsh and land (Map 5). The N
1984 classified satellite data show the central and western portions of the kh#)
unit to be broken marsh and the remaining area as marsh and land (Map 6). {
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Approximately 50 percent of the emergent marsh on the organic soils has eroded
to shallow open water areas. The area is experiencing very severe marsh
breakup on the organic soil types due to high salinities and excessive water
level fluctuations and high water levels.

The area has two openings directly into the West Fork of the old Calcasieu
River. The openings provide access for tidal scouring, Gulf strength water
salinities and tidal fluctuations without any source of freshwater dilution
other than rainfall. Any freshwater head that could be achieved by rainfall
is quickly removed due to the tidal fluctuations.
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Figure 45. Hydrologic Unit S0-8.
Alternative 3

The objective of the hydrologic unit is to reduce water level fluctuations.
This will be accomplished with the installation of rock liners and addition of
dredged spoil for marsh creation (Table 53). The proposal calls for rock
Tining Mud Bayou (element 140) to maintain the present size of the opening
going into West Fork. Dredge spoil (element 141) from the Gulf and the
Calcasieu Ship Channel would benefit the building of pond bottoms -and help
restore emergent marsh vegetation. The total cost of construction for this
alternative is $650,000.
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Table 53. Hydrologic Unit SO-8. Components of Alternative 3,
12,600 Acre - Plan Objective: Reduce water level fluctuation.

Element Mgt. Unit Units Element

Number  Opt. Units Cost Required Cost
139 Water Control Structure $1,000 1 $1,000,000
140 * F Rock Liner $50,000 1 $50,000
141 A Cubic yards of Spoil $3.00 200,000 $600,000

Total Alternative Cost $1,650,000

Alternative 4

This alternative requires the installation of a large structure (Table 53a).
The large water control structure (element 139) will be installed in Oyster
Bayou near the opening into West Fork. The structure needs to be designed for
fisheries access because the marshes are a very important nursery area for
nursery depended marine organisms. The additional component will cost
$1,000,000 for construction for a total construction cost of $1,650,000.

Table 53a. Hydrologic Unit SO0-8. Additional Components of Alternative 4.

Unit Acreage 12,600 Alternative 3A Additions

Element Mgt. Unit Units Element

Number Opt. Units Cost Required Cost
139 G Oyster Bayou Structure $1,000,000 1 $1.000,000

Sub Total Alternative . $1,000,000

Total Alternative Cost $1,650,000

South Unit 8A (SO - 8A)

The hydrologic unit is an 1,100 acre area located in the southeast portion of
the study area below Unit S0-8 (Map 1). The unit is bounded on the south by
the Gulf, on the north by Louisiana Highway 82, on the west by Louisiana
Highways 27 and 82, and on the east by the Calcasieu Ship Channel. The unit
soils are Mermentau-Hackberry association (Map 2). The unit was included in
the Sabine Christmas Bird count and contains a sea bird colony (601012) (Map
3). The landuse is predominantly non-forested wetlands {Map 12) and is owned
by both large and small landowners (Map 13).

The unit was first vegetatively mapped as sea rim in 1949 (Map 8) and mapped
as non-marsh in 1968 (Map 9). The 1978 and 1988 maps show the southeastern
portion of the unit as saline marsh and the remaining unit as non-marsh (Maps
10-11). The 1956-1978 change map shows the southeastern corner to have
converted from marsh to water and the remaining area stayed as land and marsh
(Map 5). The 1984 classified satellite data shows the southeastern portion of
the unit as broken marsh (Map 6).

Alternative 3

The objective of the hydrologic unit is to maintain the unit in its present
condition. The objectives require the use of dredge material and rock
breakwaters (Table 54). The dredge material {element 142) could be used for
beach nourishment in order to protect the present shoreline. The rock
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breakwaters (element 143) will afford shoreline protection by reducing wave
energies near the beach line. Shoreline erosion on the Gulf is being
addressed by the State’s Coastal Wetlands Conservation and Restoration Plan.
The total construction cost of these components is $5,350,000.
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Figure 46. Hydrologic Unit SO-8A.

Table 54. Hydrologic Unit SO-8A. Components of Alternative 3.
1,100 Acre - Plan Objective: Maintain as is.

Element Mgt. Unit Units Element

Number  Opt. Units ' Cost Required Cost
142 A Cubic yards of Spoil $3.00 200,000 $600,000
143 K Breakwaters (ft.) $190 25,000 $4.750,000

Total Alternative Cost $5,350,000

South Unit 9 (SO -9)

The hydrologic unit is a 300 acre area located in the eastern central portion
of the study area above Unit SO-8 (Map 1) and is composed of all of Rabbit
Island. The unit soils are Creole association (Map 2). The unit was included
in the Sabine Christmas Bird Count area and was found to contain a heron
rookery site (601002) (Map 3). The unit is a very important nesting area for
several species of shorebirds and wading birds.

The area was not vegetatively mapped until 1978 and was found to be brackish
(Map 10). The 1988 vegetative map showed the area as not mapped (Map 11). The
1956 to 1978 change map showed the area to have several small pockets of marsh
to water conversion (Map 5). The 1984 classified satellite data shows the
area to be broken marsh (Map 6).
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Figure 47. Hydrologic Unit S0-9.
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Alternative 3

The objective is to create emergent marsh where the marsh has eroded into
shallow water areas. The component (Table 55) calls for use of dredge
material (element 144) from the Calcasieu Ship Channel which would be used to

restore the open water areas into emergent marsh. The alternative has a total
construction cost of $78,000.

Table 55. Hydrologic Unit S0-9. Components of Alternative 3.
300 Acre - Plan Objective: Maintain as a nesting habitat for water birds.

Element Mgt. Unit Units Element

Number _ Opt. Units’ Cost Required Cost
144 A Cubic yards of Spoil $3.00 26,000 $78,000

Total Alternative Cost $78,000
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RECOMMENDED PLAN

The Calcasieu-Sabine River Basin Study area is a large, diverse coastal
section of Louisiana with many problems of varying degrees. Several
alternatives were presented in the previous section of this document, each
with its merits and short comings.

Alternative one, the no action alternative, will not require expenditure of
public and private funds. However, the costs associated with further wetland
loss and deterioration will not only have a local but a national impact.
Further marsh deterioration will have a long-term impact on the culture and
economy of the basin residents.

This Toss will reduce the income generated through vendor sales of goods and
services to commercial and recreational users of the basin wetlands. This
loss will also impact the tax collections at the local, state, and Federal
Tevels. As the coastal marsh is Tost and the coast line recedes from its
present locale, millions of dollars worth of infrastructure will be damaged
and require greater maintenance or be lost.

Alternative two, perimeter structure alternative, will provide for greater
control of the problems associated with saltwater intrusion. However, it will
not completely solve many of the problems associated with increased water
lTevel fluctuations and marsh erosion in the interior marsh areas. The locks
will also increase the operation cost of shipping by increasing travel time
through these locks. The cost of this alternative could be as high as $750
million. >

Alternative three, hydrologic unit treatment, will help solve the probiems for
interior marsh areas and allows for implementation by both public and private
interests. It does not completely solve the problem of saltwater intrusion
from navigation projects. However, it will provide ample protection to
interior marsh areas from saltwater intrusion. This alternative has a total
construction cost of $36.7 million.

Alternative four, extended hydrologic unit treatment, is similar to
alternative 3, except it provides for additional marsh protection and
opportunity for emergent and submergent vegetative productivity. This
additional productivity increase would further enhance the recovery of coastal
wetlands within the basin. However the total construction cost of this
alternative is $58.8 million which is $22.1 million greater than alternative
three.

The criteria for selecting the best alternative is multi-faceted and requires
the analysis of each issue. These issues include cost, ease of installation
for both public and private interests, and solve many of the probiems
associated with wetland deterioration and loss. Under these conditions
alternative three provides the best opportunity to protect and enhance the
basin wetlands and has a benefit to cost ratio above unity. Also, alternative
four is an extension of alternative three which allows project impiementors to
choose ahigher level of protection if current conditions warrent.
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INTRODUCTION

Implementation of his river basin plan can be accomplished by government
agencies, corperations, or individuals who could potentially institute certain
portions of a conceptual plan. It is not designed to say that a certain group
or individual will perform tasks to fulfill the plan requirements. The groups
discussed in this section will be both private and public. The public groups
will be local, state, and Federal government.

PRIVATE

The Selected Plan is designed so that individual landowners and landusers can
implement the proposed components to arrest or reduce wetland loss within
particular hydrologic units. Some of the unit proposals may be too costly and
require funding sources or technical expertise beyond individual capabilities.
However, other financial and technical sources can be sought at the local,
state, and federal level.

STATE AND LOCAL

Louisiana Department of Natural Resources Coastal Restoration Division
(LDNR/CRD)

The primary function of LDNR/CRD is to conserve and restore vegetated wetlands
in coastal Louisiana. A statutorily dedicated trust fund was created by Act 6
of the Second Extraordinary Session of the 1989 Louisiana Legislature to
provide a lTong-term funding source for coastal wetlands projects. The agency
prepares a Coastal Wetlands Conservation and Restoration Plan for each fiscal
year and evaluates all submitted projects for funding and implementation.

State Soil and Water Conservation Committee (SSWCC)

The primary function of the SSWCC is to provide program, administrative, and
financial support to Louisiana’s 40 soil and water conservation districts. As
the leading soil and water conservation agency in Louisiana, this committee is
responsible for planning and implementing all soil and water conservation
programs in the state. Recognizing the need to provide direction for future
soil and water conservation programs, as well as guidance for funding
activities, the SSWCC developed, in concert with others, the Louisiana
Statewide Resource Conservation Program. This plan represents proposals for
program needs, priorities, operational funding levels, and a schedule for
implementation.

State Soil and Water Conservation District iSHCD)

In Louisiana, SWCD’s have been charged with the responsibility of conserving
Louisiana’s soil and water resources since 1938 when the Louisiana Legislature
passes the Soil Conservation District Law, Act no. 370. The objectives, as
stated in the Taw, are to provide for conservation of the State’s soil and
water resources, control and prevent soil erosion, preserve wildlife, protect
public lands, and promote the health, safety, and general welfare of the
people of the state. The Act recognized Louisiana’s farm, grazing, and
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forestlands as assets basic to survival of mankind. The Gulf Coast Soil and (i;)
Water Conservation District covers the entire study area.
FEDERAL GOVERNMENT
United States Department Of Agriculture Programs

Soil and Water Conservation

The Soil Conservation and Domestic Allotment Act, Public Law 74-46, approved
April 27, 1935, is the authorizing legislation that created the Soil
Conservation Service. The objectives of the legislation was to plan and carry
out a national soil and water conservation program, and to provide leadership
in conservation, development, and productive use of the nations soil, water,
and related resources.

The Soil Conservation Service provides technical assistance to individuals and
groups in planning and applying soil and water conservation practices, and
furnishing technical soil and water conservation information to units of
government.

The SCS in Louisiana has 10 field offices that provide technical assistance to
marsh landowners. This is not a new concept, because assistance has been
provided since the 1940’s. Over the years, SCS personnel have provided
essential interdisciplinary input into preparing complex coasta] wetland

restoration plans. (::;)

Currently, there are 946 cooperating landowners that control 2,191,000 acres
of coastal wetlands. During the period of 1981-1984, 185 rescurce management
plans were developed, covering 663,600 acres.

Watershed Protection and Flood Prevention

This program was authorized under the Watershed Protection and Flood
Prevention Act, Public Law 83-566, as amended. The objectives are to provide
financial and technical assistance in planning and carrying out works of

improvement to protect, develop and utilize the land water resources in small
watersheds.

Assistance is prOV1ded in planning, designing, and installing watershed works
of improvement; in sharing costs of flood prevention, irrigation, drainage,
watershed protection, sedimentation control, and public water based fish and
wildlife and recreation; and in extending long-term credit to help local
interests with their share of the costs.

Public Law 566 funds have been used in Louisiana to provide protection for
marsh areas in two watersheds. About 26 miles of levees and several
structures for water control have been installed.

River Basin Surveys and Investigations
The program was authorized under the Watershed Protection and Flood Prevention (;J)

Act, Public Law 83-566, as amended, Section 6. The objectives are to assist
Federal, State, and local agencies in collecting decision making information
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regarding water and related land resources with specific objectives of
improving national economic development and environmental quality. Studies
are carried out in cooperation with State, Federal and local agencies.

Special priority is given to solving non-point pollution problems including
erosion and salinity; protecting and improving important farmlands, wetlands,
flood plains, and other special resources; improving irrigation efficiencies;
and identifying flood hazards and other flood plains resources to assist local
governments develop a local flood plain management program,.

Parts of Louisiana’s coastal area have been included in six river basin
studies since 1967 as follows: '

Name Type Completion Date
Sabine Bl 1967
Coastal & Independent Streams CgBS2 1971
Lower Mississippi River 1 1974
Southwest Louisiana Basin : CRBS 1974
Louisiana Statewide CRBS 1974
Lafourche-Terrebonne CRBS 1986
East Central Barataria CRBS 1989

The major objectives of each study are to identify water and related land
resource problems. Each study further identifies those USDA project-types and
related programs which can be used effectively to meet the needs for water
related goods and services in the study area and to ensure that agricultural
interests are identified and protected in any overall water and related land
development program.

River basin studies have provided input for the State water plan, coastal zone
management plan, and Section 208 planning process. The State Soil and Water
Conservation Districts have based parts of their long-range programs on
information provided by river basin studies. :

Inventory and Monitoring

The program was authorized under the Soil Conservation and Domestic Allotment
Act, Public Law 74-76, April 27, 1935; Rural Development Act, Public Law 92-419,
Section 302, Title III, August 30, 1982; and Resources Conservation Act, Public
Law 95-192, November 18, 1977. The objectives are to provide for field
collection, interpretation, and publication of natural and related resource data.
These data and interpretations serve many agency and department needs as well as
those of individuals, groups, and units of government. They permit users to
examine the relations and interaction of natural and related resources to
determine how they are used, how they are managed, to define resource problems,
and to identify resource potential.

Inventories will provide data on prime, unique, and other important farmland that
are used to carry out surface mining regulations, prepare environmental impact
statements, and appraise the rural lands that produce food, feed, forage, fiber,

1C0mprehensive Detailed Study
ZCooperative River Basin Study
3F ramework Study
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and oilseed crops for domestic use and export. Other inventories made on the kw;)
status and condition of natural and related resources furnish data for resource

analyses and evaluation, programming, and planning at the State and National

levels.

The "Coastal Marsh Inventory," a three-year inventory of Louisiana’s Coastal
Marsh, was completed in 1986. The inventory was designed to consider all program
and agency resource data needs; and data collected permits an in-depth evaluation
of the coastal marshland and its degradation. Although the 1982 National
Resources Inventory (NRI) did not inventory marshland erosion, data is being
collected on the 1982 Primary Sample Units (PSU’s) so that erosion trends can be
established from future monitoring of the PSU’s.

Plant Materials for Conservation

The program was authorized under the Soil Conservation and Domestic Allotment
Act, Public Law 74-76, approved April 27, 1935. The objectives are to assemble,
evaluate, select, release, and introduce into commerce new and improved plant

materials for soil, water, wildlife conservation, and environmental improvement.

Plant materials are used in all phases of the soil and water conservation

program. Plant material centers produce only enough of any variety for field

testing to prove value in conservation on cooperator’s properties and to provide
commercial producers with breeder and foundation quality seed or propagules.
Large-scale production is conducted by cooperating commercial producers in T
conjunction with Soil Conservation Districts, State Agricultural Experiment L&;)
Stations, State Crop Improvement Associations, and other Federal and State

agencies.

Other Federal Programs

Coastal Wetlands Planning, Protection, and Restoration Act (PL 101—6461

The act was enacted by the 101st Congress as House Bill No. 646 to provide for
the long-term protection, restoration, and enhancement of Louisiana coastal
wetlands. A Restoration Plan will be prepared fiscal years 1992 to 1996. The
projects that go into the annual plan are evaluated as to need and cost-
effectiveness for implementation purposes. The Act calls for a monitoring plan
for each project in order to evaluate the effectiveness of the project in
protecting and restoring vegetated coastal wetlands.

PROJECT COORDINATION AND REGULATION

Hydrologic unit treatment will require coordination with natural resource

conservation agencies at the State and Federal level. The coordination can be

in the form of consultation over water control structural operation with the

U.S. Fish and Wildlife Service, the National Marine Fisheries Service, USEPA,

and the Louisiana Department of Wildlife and Fisheries. This coordination can

also be required permits from the Corps of Engineers, Louisiana Department of

Natural Resources Coastal Management Division, and the Louisiana Department of
Environmental Quality, and possibly the Louisiana Department of Health and R
Hospitals. Coordination will expedite issue resolution by allowing the early K“,)
exchange of information to allow for project installation and conservation of -
wildlife and fisheries resources.



O
N

)

LITERATURE CITED

Adams, R.D., P.J. Banas, R.H. Baumann, J.H. McIntire. 1978.
Shoreline erosion in coastal Louisiana: inventory and assessment.
Final Report to the Louisiana Department of Transportation and
Development.

Cameron Parish Pilot 1988. Do you remember dredging of pass by Keith
Hambrick. Cameron. Louisiana, August 18, 1988.

Cameron Parish Rural Development Committee, 1970. Appraisal of Potential for
Outdoor Recreation for Cameron Parish, published by the United State
Department of Agriculture - Soil Conservation Service, 1970.

Chabreck, R.H., T. Joanen, and A.W. Palmisano. 1968. Vegetative type map of
the Louisiana coastal marshes.

Chabreck, R.H. 1972. Vegetation, water and soil characteristics of the
Louisiana Coastal Region. Louisiana State University Agricultural
Experimental Station Bulletin No. 664. 72 pp.

Chabreck, R.H. and G. Linscombe. 1978. Vegetative type map of the Louisiana
coastal marshes. Published by the Louisiana Department of Wildlife and
Fisheries, New Orleans.

Chabreck, R.H. and R.G. Linscomb. 1982. Changes in vegetative types in
Louisiana coastal marshes over a 10-year period. Louisiana Academy of
Sciences Vol. XLV. Pages 98-102. :

Gagliano, S.M., and J.L. van Beek. 1970. Hydrologic and geologic studies of
coastal Louisiana. Volume 1, Geologic and geomorphic aspects of deltaic
processes, Mississippi Delta system. Prepared for Department of the
Army, New Orleans District, Corps of Engineers, Contract No. DACW 29-69-
C-0092.

Gooselink, J.G., C.L. Cordes and J.W. Parsons. 1979. An ecological
characterization study of the Chenier Plain coastal ecosystem of
Louisiana and Texas. 3 volumes. United States Fish and Wildlife Service,
Office of Biological Services. FWS/0BS-78/9 through 78/11.

Gooselink, J.G., L.M. Bahr Jr., P.A. Byrne, and W.G. McIntire. 1979. Man's
Impact of the Chenier Plain of Louisiana and Texas. In: J.W. Day Jr.,
D.D. Culley Jr., R.E. Turner, and A.J. Mumphrey Jr., eds Proceedings
Third Coastal Marsh and Estuary Management Symposium. Louisiana State
University Division of Continuing Education, Baton Rouge, LA

Herke, W.H., B.D. Rogers, and J.A. Grimes. 1984. A study of the seasonal
presence, relative abundance, movements, and use of habitat types by
estuarine-dependent fishes and economically important decapod
crustaceans on the Sabine National Wildlife Refuge. Louisiana
Cooperative Fisheries Unit, School of Forestry and Wildlife Management,
Louisiana Agricultural Experiment Station, Louisiana Sate University
Agricultural Center. 3 volumes.

146



LITERATURE CITED

Howe, H.V., R.J. Russell, J.H. McGuirt, B.C. Craft, M.B. Stephenson 1935.
Geology of Cameron and Vermilion Parishes. Louisiana Department of
Conservation, Geological Survey, New Orleans, La. 242 pp.

Linscombe, Greg, and Noel Kinler 1985. Fur harvest distribution in coastal
Loujsiana. Louisiana Department of Wildlife and Fisheries, Fourth
Coastal Marsh and Estuary Management Symposium, 1985, pp. 187-199.

Louisiana Department of Environmental Quality, State of Louisiana Water
Quality Management Plan: 1992 Louisiana Water Quality Inventory, Volume
5. Office of Water Resources, Water Quality Management Division, Baton
Rouge, Louisiana, 1992.

Louisiana Department of Natural Resource-Coastal Restoration Division, Coastal
Wetlands conservation and Restoration Plan Fiscal Year 1990-1991, Baton
Rouge, Louisiana, 149 pp.

Palmisano, A.W., 1972. Habitat preference of waterfowl and fur animals in the
northern Gulf coast marshes, Proceedings of the Coastal Marsh Estuary
Management Symposium, Robert Chabreck, editor, 1972, pp. 163-190.

Penland, S., Ramsey, K.E., McBride, R.A, Moslow, T.F. and K.A. Westphal,
Relative Sea Level Rise and Subsidence in Louisiana and the Gulf of
Mexico: Coastal Geology Technical Report No. 3, Louisiana Geological
Survey, Baton Rouge, LA, 1989, 65 pp.

Rogers, B.D., W.H. Herke, and E.E. Knudsen. 1987. Investigation of a weir- C;;)
design alternative for coastal fisheries benefits. School of Forestry,
Wildlife, and Fisheries, Louisiana State University Agricultural Center,
Baton Rouge, LA. 98 pp.

Sabine Refuge 1954a. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. January, February, Marsh, and April 1954. United
States Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1957a. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. January, February, March and April 1957. \United
States Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1957b. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. January, February, March and April 1957. United
States Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1959b. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. May, June, July, and August 1959. United States
Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1959c. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. September, October, November, and December 1959.
United States Department of the Interior, Bureau of Sport Fish and
Wildlife.



LITERATURE CITED

Sabine Refuge 1960b. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. May, June July, and August 1960. United States
Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1960c. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. September, October, November, and December 1960.
United States Department of the Interior, Bureau of Sport Fish and
Wildlife.

Sabine Refuge 1961b. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana., May, June, July, and August 1961. United States
Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1961lc. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. September, October, November, and December 1961.
United States Department of the Interior, Bureau of Sport Fish and
Wildlife.

Sabine Refuge 1962a. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. January, February, March, and April 1962. United
States Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1962b. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. May, June, July, and August 1962. United States
Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1962c. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. September, October, November, and December 1962.
United States Department of the Interior, Bureau of Sport Fish and
Wildlife.

Sabine Refuge 1963a. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. January, February, March, and April 1963. United.
States Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1963b. Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. May, June, July, and August 1963. United States
Department of the Interior, Bureau of Sport Fish and Wildlife.

Sabine Refuge 1964. 1964 Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. United States Department of the Interior, Bureau of
Sport Fish and Wildlife.

Sabine Refuge 1966. 1966 Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. United States Department of the Interior, Bureau of
Sport Fish and Wildlife.

Sabine Refuge 1967. 1967 Narrative report, Sabine National Wildlife Refuge,
Sulphur, Louisiana. United States Department of the Interior, Bureau
of Sport Fish and Wildlife.

Sabine Refuge 1968. 1968 Narrative report, Sabine National Wildlife Refuge,

Sulphur, Louisiana. United States Department of the Interior, Bureau
of Sport Fish and Wildlife.

148



LITERATURE CITED

Sabine Refuge 1979. Annual narrative report, calendar year 1978. Sabine
National Wildlife Refuge, Hackberry, Louisiana. United States
Department of the Interior, Fish and Wildlife Service, Refuge Division.

Sabine Refuge 1980. Annual narrative report, calendar year 1980. Sabine
National Wildlife Refuge, Hackberry, Louisiana. United States Department
of the Interior, Fish and Wildlife Service, Refuge Division.

Sabine Refuge 1991. Annual narrative report, calendar year 1991. Sabine
National Wildlife Refuge, Hackberry, Louisiana. United States Department
of the Interior, Fish and Wildlife Service, Refuge Division.

Suhayada, J., M. Young, R. Xugui 1989. Simulation study of natural and man-
made changes in estuarine systems. Symposium Proceedings, M.H. Hamza,
Editor. Applied Simulation & Modelling 1989. Santa Barbara,
California, November 13-15, 1989. Publication of the International
Association of Science and Technology for Development. ISBN 0-88986-
133-1. .

Taylor, N.C. and J.W. Day, Jr. 1988. Ecological characterization of Jean
Lafitte National Historic Park, Louisiana: basis for a management plan.
Unpublished report, Center for Wetland Resources, Louisiana State
University, Baton Rouge, Louisiana 30 pp. + figures.

Texas Department of Water Resources 1981. Sabine-Neches Estuary: A study of
the influence of freshwater inflows. Texas Department of Water
Resources. LP-116. Austin, Texas.

Turner, R.E. and D.R. Cahoon, editors 1987. Causes of wetland loss in the
coastal central Gulf of Mexico. Volume II: technical narrative. Final
report submitted to Minerals Management Service, New Orleans, Louisiana.
Contract No. 14-12-0001-30252. OCS Study/MMS 87-0120. 400 pp.

United States Army Corps of Engineers 1891. Annual Report of the Chief of
Engineers for 1891. Government Printing Office, Washington, D.C.

United States Army Corps of Engineers 1901. Annual Report of the Chief of
Engineers for 1901. Government Printing Office, Washington, D.C.

United States Army Corps of Engineers 1912. Annual Report of the Chief of
Engineers, United States Army, Part 1. Government Printing Office,
Washington, D.C., pp. 661-665.

United States Army Corps of Engineers 1914. Annual Report of the Chief of
Engineers, Appendix S: Report Upon the Improvement of Rivers and
Harbors in the New Orleans, Louisiana, District. Government Printing
Office, Washington, D.C.

United States Army Corps of Engineers 1923. Annual Report of the Chief of
Engineers, Extract: Report Upon the Improvement of Rivers and Harbors .
in the New Orleans, Louisiana, District. Government Printing Office, ‘ }
Washington, D.C. -



LITERATURE CITED

United States Army Corps of Engineers 1928. Annual Report of the Chief of
Engineers: Report Upon the Improvement of Rivers and Harbors in the New
Orleans, Louisiana, District. Government Printing Office, Washington,
D.C., pp. 918-923.

United States Army Corps of Engineers 1947, Annual Report of the Chief of
Engineers: Galveston, Texas, District. United States Government
Printing Office, Washington, D.C.

United States Army Corps of Engineers 1951. Annual Report of the Chief of
Engineers, United States Army, Part 1, Volume 1. United States
Government Printing Office, Washington, D.C., pp. 804-807.

United States Army Corps of Engineers 1977. Custodians of the Coast: United
States Army Corps of Engineers, Galveston, Texas, District. Lynn M.
Alperin, Editor. Galveston District Corps of Engineers, Galveston,
Texas. 318 pp.

United States Army Corps of Engineers 1978. Gulf Intracoastal Waterway,
Louisiana-Texas Section: Draft Plan of Study. Prepared in the offices
of the district engineers, New Orleans District Corps of Engineers, New
Orleans, Louisiana and Galveston District Corps of Engineers, Galveston,
Texas.

United States Army Corps of Engineers 1982. Sabine-Neches Waterway, Texas:
Feasibility Report and Environmental Impact Statement. United States
Army Corps of Engineers, Galveston District. Galveston, Texas.

United States Army Corps of Engineers, 1983. Project Book. New Orleans
District.

United States Army Corps of Engineers, 1985. Project Book. New Orleans
District.

United States Army Corps of Engineers, 1989. Fiscal Year Annual Report of the
Chief of Engineers on Civil Works Activities: Report of the Galveston
District, 1989. United States Army Corps of Engineers, Galveston,
Texas, District. pp. 31.28-31.30.

United States Department of Agriculture 1982. Louisiana irrigation ghide.
Soil Conservation Service, Alexandria, Louisiana.

United States Department of Commerce 1984. 1982 Census of Agriculture:
Geographic Area Series Louisiana, Economic and Statistics Administration
Bureau of Census. 1982 AC82-A-18

United States Department of Commerce 1989. 1987 Census of Agriculture:
Geographic Area Series Louisiana, Economic and Statistics Administration
Bureau of Census. 1987 AC87-A-18

United States Department of Commerce 1982. 1980 Census of Population: General

Population Characteristics Louisiana, Economic and Statistics
Administration Bureau of Census. 1980 PC80-1-B20.

150



LITERATURE CITED

United States Department of Commerce 1992. 1990 Census of Population and
Housing: Summary Social, Economic, and Housing Characteristics
Louisiana, Economic and Statistics Administration Bureau of Census. 1990
CPH-5-20.

United States Department of Commerce 1992. 1990 Census of Population: General
Population Characteristics Louisiana, Economic and Statistics
Administration Bureau of Census. 1990 CP-1-20.

~ United States Fish and Wildlife Service. 1992. Endangered and Threatened
Species of the Southeast United States (The Red Book). Prepared by the
Ecological Services, Division of Endangered Species, Southeast Region.
Government Printing Office, Washington, DC. 1,070 pp.

Valentine, J.M. Jr. 1976. Plant succession after saw-grass mortality in
southwestern Louisiana. Southeastern Association of Game and Fish
Commissioners, Thirtieth Annual Conference. pg. 634-640.

Valentine, J.M. Jr. 1988. The vegetation of units 1, 2, 4, 5, and 6 on the
Sabine National Wildlife Refuge, Cameron Parish, Louisiana. Unpublished
Report, United States Fish and Wildlife Service, Sabine National
Wildlife Refuge, Hackberry, Louisiana.

Van Beek, J.L., S.M. Gagliano, R.E. Emmer, and D.W. Roberts. 1988. -
Priortization and implementation of protection measures for Louisiana’s -
coastal wetlands. Coastal Environments, Inc. Baton Rouge, LA. (f\j

Van Sickle, V. Unpublished manuscript.



APPENDICES

152



O

APPENDIX A

LIST VEGETATION IN THE
CALCASIEU-SABINE RIVER BASIN

The vegetation that could occur within the Calcasieu-Sabine River Basin was
taken from Allen (1975), Dutton (1985), Montz (1979) and Thieret (1980), and
follows the format of USDA-SCS’s National List of Scientific Plant Names
(1984). This taxonomic listing provides the family (using family number
according to USDA-SCS National List of Scientific Plant Names), common name,
scientific name, and abundance.

Abundance is shown by the following codes: A = abundant,

F = frequent, VC = very common, C = common, U = uncommon,

0 = occasional, R = rare, E = escaped from cultivation, and
X = shown to occur however abundance not recorded.

References:
Allen, Charles M. 1975. Grasses of Louisiana, Univ. Southwest. La., 358pp
Dutton, Bryan Eugene. 1985. A Preliminary Survey of the Vascular Flora of
Cameron Parish, LA. Northeast La. Univ., MS Thesis, 141lpp
Montz, Glen N. 1979. Distribution of Selected Aquatic Species in Louisiana,

Us-CE, 33pp.
Thieret, John W. 1980. Louisiana Ferns and Fern Allies, Laf. Nat. Hist.
™ Mus., Lafayette, 123pp.
K“’> USDA-SCS, National List of Scientific Plant Names. 1984. Wash. DC, 2 volumes
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001
005
008
008
008
008
008
009
012
013
014
014
017
017
017
023
023
023
023
023
023
025
025
028
028
028
028
028
028
028
029
032
032
032
032
032
032
032
032
034
034
034
034
034
034
036
036
036
036
036
036
036
036

Scouringrush Horsetail
Blackfoot Quillwort
Ebony Spleenwort
Japanese Holly-fern
Ressurrection Fern
Widespread Maiden Fern
Southern Marsh Fern
American Waterfern
Japanese Climbing Fern
Royal Fern
Mosquito-fern

Salvinia

Bulbous Adders-tongue
Limestone Adders-tongue

Long-stemmed Adders-tongue

Eastern Redcedar
Slash Pine

Longleaf Pine
Loblolly Pine
Baldcypress

Northern White Cedar
Southern Cattail
Common Cattail

Curly Pondweed
Waterthread Pondweed
Long-leaved Pondweed
Sago Pondweed

Small Pondweed

Wigeongrass
Southern Naiad
Creeping Burhead
Upright Burhead
Coastal Arrowhead
Grassy Arrowhead
Broadleaf Arrowhead
Hooded Arrowhead
Nipplebract Arrowhead
Delta Arrowhead
Blyxa

Elodea

Hydrilla

American Frog’s-bit
Ducklettuce
Wildcelery

E1liot Bentgrass
Ticklegrass
Carolina foxtail
Bushy Bluestem
Broomsedge

Purple Silkyscale
Slimspike Threeawn
01dfield Threeawn

Scientific Name

Equisetum hyemale

- Isoetes melanopoda

Aspelenium platyneuron
Cyrtomium falcatum
Polypodium polypodioides
Thelypteris kunthii
Thelypteris thelypteroides
Ceratopteris pteridoides
Lygodium japonicum

Osmunda regalis

Azolla caroliniana
Salvinia minima
Ophioglossum crotalophoroides
Ophioglossum engelmannii
Ophioglossum petiolatum
Juniperus virginiana

Pinus elliottii

Pinus palustris

Pinus taeda

Taxodium distichum

Thuga orientalis

Typha domingensis

Typha latifolia

Potamogeton crispus
Potamogeton diversifolius
Potamogeton nodosus
Potamogeton pectinatus
Potamogeton pusillus
Potamogeton tenuissimus
Ruppia maritima

Najas guadalupensis
Echinodorus cordifolius
Echinodorus rostratus
Sagittaria falcata
Sagittaria graminea
Sagittaria latifolia
Sagittaria montevidensis
Sagittaria papillosa
Sagittaria platyphylla
Blyxa aubertii

Egeria densa

Hydrilla verticillata
Limnobium spongia
Ottelia alismoides
Vallisneria americana
Agrostis elliottiana
Agrostis hyemalis
Alopecurus carolinianus
Andropogon glomeratus
Andropogon virginicus
Anthaenantia rufa
Aristida longespica
Aristida oligantha
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Fam#

036

Common Name

Fringed Arthraxon
Giant Reed

Common Oats
Carpetgrass

Big Carpetgrass
Awnless Bluestem
King Ranch Bluestem
Silver Bluestem
Broadleaf Signalgrass
Sprawling Panicum
Little Quakinggrass
Rescuegrass
Southern Sandbur
Coast, Sandbur

Dune Sandbur
Longleaf Uniola
Rhodesgrass
Pampasgrass
Bermudagrass

Durban Crowfootgrass
Needle Panicum
Woolly Panicum
Variable Dichanthelium
Clute Panic
Scribner Panicum
Velvet Panicum
Roundseed Panicum
Southern Crabgrass
Hairy Crabgrass
Seashore Saltgrass
Junglerice
Barnyardgrass
Walter’s Millet
Goosegrass

Virgina Wildrye
Bahia Lovegrass
Gummy Lovegrass
ElTiott Lovegrass
Teal Lovegrass
Carolina Lovegrass
Red Lovegrass
Purple Lovegrass
Centipedegrass
Sugarcane Plumegrass
Prairie Cupgrass
Louisiana Cupgrass
Stiffleaf Chloris
Meadow Fescue
African Jointgrass
Little Barley
Watergrass

Clubhead Cutgrass
Rice Cutgrass
Whitegrass

Scientific Name

Arthraxon hispidus
Arundo donax

Avena sativa

Axonopus affinis
Axonopus furcatus
Bothriochloa exaristata
Bothriochloa ischaemum
Bothriochloa saccharoides
Brachiaria platyphylla
Brachiaria reptans

Briza minor

Bromus unioloides
Cenchrus echinatus
Cenchrus incertus
Cenchrus tribuloides
Chasmanthium sessiliflorum
Chloris gayana
Cortaderia selloana
Cynodon dactylon
Dactyloctenium aegyptium
Dichanthelium aciculare
Dichanthelium acuminatum
Dichanthelium commutatum
Dichanthelium dichotomum
Dichanthelium oligosanther
Dichanthelium scoparium
Dichanthelium sphaerocarpon
Digitaria ciliaris
Digitaria sanguinalis
Distichlis spicata
Echinochloa colonum
Echinochloa crusgalli
Echinochloa walteri
Eleusine indica

Elymus virginicus
Eragrostis bahiensis
Eragrostis curtipedicellata
Eragrostis elliottii
Eragrostis hypnoides
Eragrostis pectinacea
Eragrostis secundiflora
Eragrostis spectabilis
Eremochloa ophiuroides
Erianthus giganteus
Eriochloa contracta
Eriochloa punctata
Eustachys petraea
Festuca pratensis
Hemarthria altissima
Hordeum pusillum
Hydrochloa caroliniensis
Leersia hexandra

Leersia oryzoides
Leersia virginica
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Common Name

Bearded Sprangletop
Neally Sprangletop
Amazon Sprangletop
Mexican Sprangletop
Ozarkgrass
Perennial Ryegrass

Shoregrass
Thintail

Hairawn Muhly
Nimblewill

Common Basketgrass
Rice

Bitter Panicum
Beaked Panicum
Witchgrass

Fall Panicum
Paille Fine

Torpedograss

Redtop Panicum
Switchgrass
Sicklegrass

Water Panicum

Combs Paspalum
Fringeleaf Paspalum
Dallasgrass

Mudbank Paspalum
Knotgrass

Florida Paspalum
Water Paspalum
Field Paspalum
Rustyseed Paspalum
Longtom

Mat Paspalum
Gulfdune Paspalum
Bahiagrass
Brownseed Paspalum
Early Paspalum
Fringeleaf Paspalum
Sand Paspalum
Vaseygrass

Seashore Paspalum
Pearl Millet
Timothy Canarygrass
Carolina Canarygrass
Savannah Panic
Common Reed

Annual Bluegrass
Rabbitfootgrass
American Cupscale
Brown Beardgrass

Scientific Name

Leptochloa fascicularis
Leptochloa nealleyi
Leptochloa panicoides
Leptochloa uninervia
Limnodea arkansana
Lolium perenne
Manisuris exaltata
Monanthochloa littoralis
Monerma cylindrica
Muhlenbergia capillaris
Muhlenbergia schreberi
Oplismenus hirtellus
Oryza sative

Panicum amarulum
Panicum anceps

Panicum capillare
Panicum dichatum
Panicum dichotomiflorum
Panicum hemitomon
Panicum ramosum
Panicum repens

Panicum rigidulum
Panicum virgatum
Parapholis incurva
Paspalidium geminatum
Paspalum almum

Paspalum ciliatifolium *
Paspalum dilatatum
Paspalum dissectum
Paspalum distichum
Paspalum floridanum
Paspalum hydropilum
Paspalum ]aeve

Paspalum langei
Paspalum lividum
Paspalum minus

Paspalum monostachyum
Paspalum notatum
Paspalum plicatulum
Paspalum pracox
Paspalum setaceum
Paspalum stramineum
Paspalum urvillei
Paspalum vaginatum
Pennisetum typhoides
Phalaris angusta
Phalaris caroliniana
Phanopyrum gymnocarpon
Phragmites australis
Phyllostachys aurea

Poa annua

Polypogon monspeliensis
Sacciolepis striata
Schizachyrium scoparium
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Common Name

Slender Bluestem
Knotroot Bristlegrass
Giant Bristlegrass

Indiangrass

Sorghum
Johnsongrass
Smooth Cordgrass
Big Cordgrass
Marshhay Cordgrass
Gulf Cordgrass
Prairie Wedgescale
Tall Dropseed
Smutgrass

Whorled Dropseed
Seashore Dropseed
Gaping Panicum

St. Augustinegrass
Texas Needlegrass
Purpletop
Longspike Tridens
Eastern Gammagrass
Seaoats

Sixweeks Fescue
Giant Cutgrass
Greenish-white Sedge
Atlantic Sedge
Carolina Sedge
Woodbank Sedge
Cherokee Sedge
Blue Sedge
Crowfoot Sedge
Fescue Sedge
Thinfruit Sedge
Frank’s Sedge

Pale Sedge

Meadow Sedge
Thinscale Sedge
Bristlestalk Sedge
Louisiana Sedge
Hop Sedge

Cedar Sedge
Reflexed Sedge
Bristlebract Sedge
Warty Sedge

Fox Sedge

Jamaica Sawgrass
Taperleaf Flatsedge
Jointed Flatsedge
Shortleaved Flatsedge
Poorland Flatsedge

Sticky Flatsedge

Scientific Name

Schizachyrium tenerum
Setaria geniculata
Setaria magna

Setarra pallide-fusca
Sorghastrum avenaceum
Sorghum almum

Sorghum bicolor
Sorghum halapense
Spartina alterniflora
Spartina cynosuroides
Spartina patens
Spartina spartinae
Sphenopholis obtusa
Sporobolus asper
Sporobolus indicus
Sporobolus pyramidatus
Sporobolus virginicus
Steinchisma hians

Stenotaphrum secundatum

Stipa leucotricha
Tridens flavus
Tridens strictus
Tripsacum dactyloides
Uniola paniculata
Vulpia octoflora
Zizaniopsis miliacea
Carex albolutescens
Carex atlantica
Carex caroliniana
Carex cephalophora
Carex cherokeensis
Carex complanata
Carex crus-corvi
Carex festucacea
Carex flaccosperma
Carex frankii

Carex glaucescens
Carex granularis
Carex hyalinolepis
Carex leptalea
Carex louisianica
Carex lupulina
Carex reniformis
Carex retroflexa
Carex tribuloides
Carex verrucosa
Carex vulpinoidea
Cladium jamaicensis
Cyperus acuminatus
Cyperus articulatus
Cyperus brevifolius
Cyperus compressus
Cyperus digitatus
Cyperus elegans
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Common Name

Redroot Flatsedge
Chufa

Nerved Flatsedge
Baldwin Flatsedge
Sheathed Flatsedge
Southcentral Flatsedge

Ricefield Flatsedge

Fragrant Flatsedge

Globe Flatsedge
Sharpscale Flatsedge
Manyspiked Flatsedge
Green Flatsedge
Nutgrass

Strawcolored Nutsedge
Thinleaved Flatsedge
Green -Flatsedge
Starrush Whitetop-Sedge
Sandswamp Whitetop-Sedge
Needle Spikesedge
Saltmarsh Spikesedge
Purple Spikesedge
Baldwin’s Spikesedge
Gulfcoast Spikesedge
Water Spikesedge
Northern Jointed Spikesedge
Crowned Spikesedge
Yellow Spikesedge
Capitate Spikesedge
Creeping Spikesedge
Torrey’s Spikesedge
Mountain Spikesedge
Sand Spikesedge

Blunt Spikesedge
Bright-green Spikesedge
Dwarf Spikesedge
Squarestem Spikesedge
Weak Fimbry

Slender Fimbry

Hairy Fimbristylis

Corm Fimbry

Twoleaf Fimbristylis
Globe Fimbry

Hairy Fimbry

Saltmarsh Umbrellasedge
Umbrellagrass

Shortbeak Baldrush
Baldwin’s Beakrush
Falling Beakrush

Horned Beakrush
E1liott’s Beakrush

Scientific Name

Cyperus erythrorhizos
Cyperus esculentus
Cyperus filicimus
Cyperus globulosus
Cyperus haspan
Cyperus hermaphroditus
Cyperus huarmensis
Cyperus iria

Cyperus ochraceus
Cyperus odoratus
Cyperus ovularis
Cyperus oxylepis
Cyperus polystachyos
Cyperus pseudovegetus
Cyperus rotundus
Cyperus strigosus
Cyperus tenuifolius
Cyperus virens
Dichromena colorata
Dichromena latifolia
Eleocharis acicularis

‘Eleocharis albida

Eleocharis atropurpea
Eleocharis baldwinii
Eleocharis cellulosa
Eleocharis elongata
Eleocharis equisetoides
Eleocharis fallax
Eleocharis flavascens
Eleocharis geniculata
Eleocharis macrostachya
Eleocharis microcarpa
Eleocharis montana
Eleocharis montevidensis
Eleocharis obtusa
Eleocharis olivacea
Eleocharis parvula
Eleocharis quadrangulata
Fimbristylis annua
Fimbristylis autumnalis
Fimbristylis caroliniana
Fimbristylis castanea
Fimbristylis dichotoma
Fimbristylis miliacea
Fimbristylis puberula
Fimbristylis spadicea
Fimbristylis tomentosa
Fuirena breviseta
Fuirena squarrosa
Psilocarya nitens
Rhynchospora baldwinii
Rhynchospora caduca
Rhynchospora corniculata
Rhynchospora elliottii
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Fam#

037
037
037
037
037
037
037
037
037
037
037
037
037
037
037

037
037
037
038
040

040
040
041
041
041
04]
041
041
041
046
046
046
049
049
050
050
050
050
050
050
050
051
051
051
051
051
053
053
053
053
053
053

Common Name

Fasciculate Beakrush
Grasslike Beakrush
Clustered Beakrush
Nodding Beakrush
Tall Beakrush
Littleseed Beakrush
Millet Beakrush

Thread Beakrush
Hardstem Bulrush
American Bulrush
California Bulrush
Swamp Bulrush
Keeled Bulrush
Salt-marsh Bulrush
Olney Bulrush
Saltmarsh Bulrush
Softstem Bulrush

Dwarf Palmetto
Taro

Goldenclub
Arrow-Arum
Waterlettuce
Lesser Duckweed
Minute Duckweed
Pale Duckweed
Common Ducksmeat

Florida Mudmidget
Tongue Mudmidget
Southern Yellow-eye-grass
Irisleaf Yellow-eye-grass

Small Ballmoss
Spanishmoss

Spreading Dayflower
Narrowleaf Dayflower

Hairystem Spiderwort
Prairie Spiderwort
Ohio Spiderwort
Waterhyacinth
Longleaf Mudplantain
Pickerelweed

Lance Pickerelweed
Waterstargrass
Tapertip Rush

Short-fruited Rush
Toad Rush

Forked Rush
Diffuse Rush

Scientific Name

Rhynchospora
Rhynchospora
Rhynchospora
Rhynchospora
Rhynchospora
Rhynchospora
Rhynchospora
Rhynchospora
Rhynchospora

fascicularis
globularis
glomerata
inexpansa
macrostachya
microcarpa
miliacea
perplexa
rariflora

Scirpus acutus
Scirpus americanus
Scirpus californicus
Scirpus etuberculatus
Scirpus koilolepsis
Scirpus maritimus
Scirpus olneyi
Scirpus robustus

Scirpus validus

Kebsteria submersa

Sabal minor

Colocasia antiquorum
Orontium aquaticum
Peltandra virginica
Pistia stratiotes

Lemna minor

Lemna persusilla
Lemna valdiviana
Spirodela polyrhiza
Spirodela punctata
Wolffiella floridana
Wolffiella lingulata
Xyris difformis
Xyris iridifolia

Xyris jupicai

Tillandsia recurva
Tillandsia usneoides
Commelina caroliniana
Commelina diffusa
Commelina erecta
Rhoeo spathacea

Tradescantia
Tradescantia
Tradescantia

hirsutiflora
occidentalis
ohioensis

Eichhornia crassipes

Heteranthera

limosa

Pontederia cordata

Pontederia cordata lanceolata

Zosterella dubia
Juncus acuminatus
Juncus biflorus
Juncus brachycarpus
Juncus bufonius
Juncus dichotomus
Juncus diffusissmus
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Common Name

Soft Rush

Bog Rush

InTand Rush

Shore Rush

Stout Rush
Manyheaded Rush
Creeping Rush
Black Needlerush
Slender Rush
Torrey Rush
Roundhead Rush
False Garlic
Canada Garlic
Tawny Daylily

Saw Greenbrier

Cat Greenbrier
Bristly Greenbrier
Small’s Greenbrier
Aloe Yucca

Swamp Lily

Carolina Spiderlily
Eula Spiderlily

Bristleseed Goldstar

Autumn Zephyrlily
Herbertia

Lamance Iris
Giantblue Iris

Yellow Iris

Southern Blue-Flag
Stout Blue-eye-grass
Eastern Blue-eye-grass
Yellow Blue-eye-grass
Pale Blue-eye-grass
Least Blue-eye-grass

. Annual Blue-eye-grass

Spearbract Blue-eye-grass
Common Banana

Golden Canna

Common Garden Canna
Louisiana Canna

Indian Canna

Powdered Thalia
Waterspider Orchid
Grassieaf Ladies’-tresses
Spring Ladies’-tresses
Lizard’s-tail

White Poplar

Eastern Cottonwood
Weeping Willow

Black Willow

Southern Waxmyrtle

Scientific Name

Juncus effusus

Juncus elliottii
Juncus interior

Juncus marginatus
Juncus nodatus

Juncus polycephalus
Juncus repens

Juncus roemerianus
Juncus tenuis

Juncus torreyi

Juncus validus

Allium bivalve

Allium canadense
Hemerocallis fulva
Smilax bona-nox

Smilax glauca

Smilax hispida

Smilax smallii

Yucca aloefolia

Crinum americanum
Habranthus tubispathus
Hymenocallis caroliniana
Hymenocallis eulae
Hymenocallis liriosome
Hypoxis micrantha
Narcissus tazetta
Zepranthes canida 2
Alophia drummondii

Iris brevicaulis

Iris giganticaerulea
Iris pseudacorus

Iris virginica
Sisyrinchium angustifolium
Sisyrinchium atlanticum
Sisyrinchium exile
Sisyrinchium langloisii
Sisyrinchium minus
Sisyrinchium rosulatum
Sisyrinchium sagittiferum
Musa x paradisiaca
Canna flaccida

Canna generalis

Canna glauca

Canna indica

Thalia -dealbata
Habenaria repens
Spiranthes preacox
Spiranthes vernalis
Saururus cernuus
Populus alba

Populus deltoides
Salix babylonica

Salix nigra

Myrica cerifera
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Common Name

Bitter Pecan
Common Pecan
Black Walnut
Cherrybark Oak
Cherrybark Oak
Laurel Oak
Overcup Oak
Swamp Chestnut Oak
Water Oak
Nuttall’s Oak
Willow Oak
Delta Post Oak
Live Oak
Sugarberry
Hackberry

Water Elm
Winged Elm
American Elm
Chinese Elm
Slippery Elm
Paper Mulberry
Common Fig
Osage Orange
White Mulberry
Black Mulberry
Red Mulberry
False Nettle
Pennsylvania Pellitory
Stinging Nettle
Buckwheat Vine
Prostrate Knotweed
Pink Smartweed

Cepitose Knotweed
Stout Smartweed
Mild Water Pepper
Willow Weed

Water Smartweed
Bristly Smartweed
Jumpseed
Amamastla

Curly Dock
Mexican Dock

Fiddle Dock

Swamp Dock
Seabeach Orach
Fathen Saltbush
Lamb’s-Quarters
Wormseed
Goosefoot

Bigelow Glasswort
Glasswort

Scientific Name

Carya aquatica

Carya illinoiensis
Juglans nigra

Quercus falcata leucophylla
Quercus falcata pagodaefolia
Quercus laurifolia
Quercus lyrata

Quercus michauxii
Quercus nigra

Quercus nuttalliiy
Quercus phellos
Quercus stellata paludosa
Quercus virginiana
Celtis laevigata

Celtis reticulata
Planera aquatica

Ulmus alata

Ulmus americana

Ulmus parvifolia

Ulmus rubra
Broussonetia paprifera
Ficus carica

Maclura pomifera

Morus alba

Morus nigra

Morus rubra

Boehmeria cylindrica
Parietaria pensylvanica
Urtica chamaedryoides
Brunnichia cirrhosa
Polygonum aviculare
Polygonum bicorne
Polygonum brasiliense
Polygonum cespitosum
Polygonum densiflorum
Polygonum hydropiperoides
Polygonum lapthifolium
Polygonum punctatum
Polygonum setaceum
Polygonum virginianum
Rumex chrysocarpus
Rumex crispus

Rumex mexicanus

Rumex obovatus

Rumex paraguayensis
Rumex pulcher

Rumex verticillatus
Atriplex arenaria
Atriplex patula
Chenopodium album
Chenopodium ambrosioides
Chenopodium berlandieri
Salicornia bigelovii
Salicornia europaea
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Common_Name

Woody Glasswort
Annual Seepweed
Alligatorweed
Chaff-flower
Amaranth Tumbleweed
Gulf Coast Water-hemp
Seaside Amaranth
Pigweed

Redroot Pigweed
Nuttali’s Water-hemp
Sticky Careless
Pigweed

‘Bloodleaf

Tidestroemia
Scarlet Spiderling
Upright Spiderling
Common Four-0’Clock
Maritime Saltwort
Poke

Pigeon-Berry
Carpetweed

Seaside Purslane
Coast Purslane
Spring Beauty
Common Purslane
Hairy Purslane
Sandwort

Mouse-ear Chickweed
Trailing Pearlwort
Sleepy Catch-fly
Bristleseed Sand-Spurry
Marine Sand-Spurry
Common Chickweed
Chickweed
Watershield
Carolina Fanwort
American Lotus
Spadderdock

Blue Waterlily
White Waterlily
Coontail

Pimpled Hornwort
Windflower

Blue Jasmine

Sweet Autumn Clematis
Tiny Mousetail
Spearwort

Roughseed Buttercup
Sticktight Buttercup

Low Spearwort

Hairy Buttercup
Celeryleaf Buttercup
Threelobed Buttercup

Scientific_Name

Salicornia virginica
Suaeda linearia

‘Alternanthera philoxeroides

Alternathera paronychioides
Amaranthus albus
Amaranthus australis
Amaranthus greggii
Amaranthus hybridis
Amaranthus retroflexus
Amaranthus rudis
Amaranthus spinosus
Amaranthus viridis
Iresine rhizomatosa
Tidestroemia lanuginosa
Boerhaavia diffusa
Boerhaavia erecta
Mirabilis jalapa

Batis maritima
Phytolacca americana
Rivina humilis

Mollugo verticillata
Sesuvium maritimum
Sesuvium portulacastrum
Claytonia virginica
Portulaca oleracea
Portulaca pilosa
Arenaria seryllifoloa
Cerastium glomeratum
Sagina decumbens

Silene antirrhina
Spergularia echinosperma
Spergularia mariana
Stellaria media
Stellaria prostrata
Brasenia schreberi
Cabomba caroliniana
Nelumbo lutea

Nuphar Tuteum

Nymphaea elegans

, Nymphaea odorata

Ceratophyllum demersum
Ceratophyllum muricatum
Anemone caroliniana
Clematis crispa
Clematis ternifolia
Myosurus minimus
Ranunculus laxicaul’is
Ranunculus muricatus
Ranunculus parviflorus
Ranunculus platensis
Ranunculus pusillus
Ranunculus sardous
Ranunculus sceleratus
Ranunculus trilobus
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Fam#

112
113
121
121
123
123
124
124
124
124
124
124
124
124
124
124

124
124

124
131

136
136
142

145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
147
147
147
147
147
147
147
147
147
147

Common_Name

Red-berried Moonseed
Southern Magnolia
Camphor Tree
Sassafras

White Prickly Poppy
Scrambled Eggs

Leaf Mustard

Turnip

American Sea-Rockets
Gulf Sea-Rockets
Hairy Bitter Cress
Small-flowered Bitter Cress
Pennsylvania Bitter Cress
Swine Cress
Whitlow-Grass
Pepperwort

Virginia Pepperweed
Sessile-flowered Yellow Cress
Marsh Cress

Mustard
Hedge-Mustard

Dwarf Sundew

Common Pigmy-Weed
Little People

Ditch Stonecrop
Sweetgum

American Sycamore
Green Hawthorn
Loquat

White Avens
Chickasaw Plum
Cherry Laurel
Big-tree Plum

Peach

Wild Black Cherry
Firethorn

Common Pear

Yeddo Hawthorn
McCartney Rose
Cherokee Rose
Multiflora Rose
Champney Rose
Louisiana Blackberry
Southern Dewberry
Sweet Acacia
American Joint-Vetch
Joint Vetch

Mimosa

False Monkeywort
Dull-leaf Indigo
American Potatobean
Slimpod Milkvetch
Nuttal Milkvetch
Cream Wild Indigo

Scientific Name

Cocculus carolinus
Magnolia grandiflora
Cinnamomum camphora
Sassafras albidum
Argemone albiflora
Corydalis micrantha
Brassica juncea
Brassica rapa

Cakile edentula

Cakile geniculata
Cardamine hirsuta
Cardamine parviflora
Cardamine pensylvanica
Coronopus didymus
Draba brachycarpa
Lepidium ruderale
Lepidium virginicum
Rorippa sessiliflora
Rorippa teres

Sinapis arvensis
Sisymbrium officinale
Drosera brevifolia
Crassula aquatica
Lepurapetalon spathulatum
Penthorum sedoides
Liquidambar styracifera .
Platanus occidentalis
Crataegus viridis
Eriobotyra japonica
Geum canadense

Prunus angustifolia
Prunus caroliniana
Prunus mexicana

Prunus persica

Prunus serotina
Pyracantha coccinea
Pyrus communis
Raphiolepis umbellata
Rosa bracteata

Rosa laevigata

Rosa multiflora

Rosa noisettiana

Rubus louisianus

Rubus trivialis

Acacia smallii
Aeschynomene americana
Aeschynomene indica
Albizzia julibrissin
Alysicarpus vaginalis
Amorpha fruticosa
Apios americana
Astragalus leptocarpus
Astragalus nuttalianus
Baptisia bracteata glabrescens
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Common Name

Plains Wild Indigo
Round Wild Indigo
Ringworm Senna
Partridge Pea

Maryland Senna
Sicklepod

Coffee Senna
Butterfly Pea

Redbud

Prairie Clover
Bunchflower

I111inois Bunchflower
Canada Tickclover
Littleleaf Tickclover
Dillen Tickclover
Cherokee Tickclover
Coral-Bean

Milkpea

Downy Milkpea

Honey Locust

Anil Indigo
Australian Pea
Japanese Bush Clover
Black Medic

Bur Clover

Sour Clover

Yellow Sweet Clover
Herbaceous Mimosa
Tropical Neptunia

“Jerusalem Thorn

Scurf-Pea

Snoutbean

Black Locust
Sensitive Briar
Sensitive Briar
Drummond’s Rattlebush
Colorado River-Hemp
B1adderpod

Trailing Wildbean
Slick-seed Bean
Pink Wildbean
Pencil Flower

Hoary Pea

Big Hop Clover
Carolina Clover

Red Clover

Dutch White Clover
Persian Clover
Deerpea Vetch
Deerpea

Kentucky Wisteria
Wild Geranium
Creeping Lady Sorrel

Scientific Name

Baptisia bracteata laevicaulis

Baptisia sphaerocarpa
Cassia alata
Cassia fasciculata

Cassia fasciculata puberula

Cassia marilandica
Cassia obtusifolia
Cassia occidentalis
Centrosema virginianum
Cercis canadensis
Dalea emarginatum
Desmanthes brevipes
Desmanthes illinoensis
Desmodium canescens
Desmodium ciliare
Desmodium dillenii
Desmodium tortuosum
Erythrina herbacea
Galactia macreei
Galactia volubilis
Gleditsia tricanthos
Indigofera suffruticosa
Lathyrus aphaca
Lespedeza striata
Medicago Tupulina
Medicago polymorpha
Melilotus indica
Melilotus officinalis
Mimosa strigillosa
Neptunia pubescens
Parkinsonia aculeata
Psoralea rhombifolia
Rhynchosia minima
Robinia pseudo-acacia
Schrankia hystericina
Schrankia microphylla
Sesbania drummondii
Sesbania exalta
Sesbania vesicarium
Strophostyles helvola
Strophostyles leiosperma
Strophostyles umbellata
Stylosanthes biflora
Tephrosia onobrychoides
Trifolium campestre
Trifolium carolinianum
Trifolium pratense
Trifolium repens
Trifolium resupinatum
Vicia ludoviciana

Vigna luteola

Wisteria macrostachya
Geranium sphaerospermum
Oxalis corniculata
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Fam#

150
150
150
150
157
157
157
160
165
165
165
165
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
168
168
169
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173
173
177
177
177
183
185
185
185
189
189
190
190
190
190
190
190

Common Name

Yellow Lady Sorrel

Yellow Wood Sorrel
Violet Wood Sorrel
Satsuma Orange
Trifoliate Orange
Prickly Ash
Chinaberry

Pink Milkwort
Swamp Milkwort
Maryland Milkwort
Whorled Milkwort
Slender Copperleaf
Hophornbeam Copperleaf
Caperonia

Goatweed

Tropic Croton
Prairie-Tea
Beach-Tea

Heartleaf Euphorbia

Spotted Spurge
Large Spotted Spurge

Chinese Tallow Tree
Queen’s-Delight
Larger Water-Starwort
Mat Water-Starwort
Small-Teaf Boxwood
Winged Sumac

Smooth Sumac

Poison Ivy
Deciduous Holly
American Holly
Yaupon

Drummond Red Maple
Balloon-vine Heartseed
Golden Rain-Tree
Western Soapberry
Rattanvine

Carolina Buckthorn
Peppervine

Raccoon Grape

Ivy Treebine
Virginia Creeper
Summer Grape

Pigeon Grape

Scientific Name

Oxalis dillenii

Oxalis rubra

Oxalis stricta

Oxalis violacea

Citrus reticulata
Poncirus trifoliata
Zanthoxylum clava-herculis
Melia azedarach
Polygala incarnata
Polygala leptocaulis
Polygala mariana
Polygala verticillata
Acalypha gracilens
Acalypha ostryaefolia
Caperonia palustris
Croton capitatus

Croton glandulosus
Croton monanthogynus
Croton punctatus
Euphorbia ammannioides
Euphorbia cordifolia
Euphorbia dentata
Euphorbia glyptosperma
Euphorbia heterophylla
Euphorbia maculata
Euphorbia nutans
Euphorbia prostrata
Euphorbia serpens
Euphorbia spathulata
Phyllanthus caroliniensis
Phyllanthus urinaria
Sapium sebiferum
Stillingia sylvatica
Callitriche heterophylla
Callitriche peploides
Buxus microphylla

Rhus copallina

Rhus glabra
Toxicodendron radicans
I'lex decidua

Ilex opaca

Ilex vomitoria

Acer rubrum drummondii
Cardiospermum halicacabum
Koelreuteria paniculata

Sapindus saponaria drummondii

Berchemia scandens

Rhamnus caroliniana
Ampelopsis arborea
Ampelopsis cordata

Cissus Tncisa
Parthenocissus quinquefolia
Vitis aestivalis

Vitis cinerea
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Common Name

Mustang Grape

Muscadine

Orinoco Jute

Rough Rose-Mallow
Large-flowered Rose-Mallow
Halberd-leaved Rose-Mallow
Swamp Rose-Mallow

Wooly Rose-Mallow
Virginia Saltmarsh-Mallow
Malva-De-Caballo

False Mallow

Texas Mallow

Carolina Bristly-Mallow
Showy Sida

Broomjute Sida

Prickly Teaweed

Chocolate Weed

Broom-wood

St. Andrew’s Cross

St. Peter’s Wort

Shrubby St. John’s Wort
Nits-and-Lice

Bedstraw St. John’s Wort

Scientific Name

Vitis mustangensis
Vitis rotundifolia
Corchorus hirtus
Hibiscus aculeatus
Hibiscus grandiflorus
Hibiscus laevis
Hibiscus moschuetos
Hibiscus moschuetos lasiocarpus
Kosteletzkya virginica
Malachra capitata
Malvastrum coromandelianum
Malviscus arboreus
Modiola caroliniana
Sida Iindheimeri

Sida rhombifolia

Sida spinosa

Melochia corchorifolia
Melochia pyramidata
Ascyrum hypericoides
Ascyrum stans
Hypericum densiflorum
Hypericum drummondi i
Hypericum galioides

Clasping-leaved St. John’s Wort Hypericum gymnanthum

Dwarf St. John’s Wort
Purple St. John’s Wort

Salt Cedar

Stemless Blue Violet
Lance-leaved Violet
Bayou Violet

Yellow Liliko’i
Prickly Pear

Texas Prickly Pear
Prickly Pear

Purple Ammannia
Tarweed Cuphea
Water-Willow

Crape Myrtle

Winged Lythrum
Linear-leaved Loosestrife
Toothcup .
Maryland Meadow-Beauty
White Gaura

Bigflower Gaura
Velvetleaf Gaura
Primrose-Willow

Hypericum mutilum
Triadenum virginicum
Elatine triandra
Tamarix gallica
Lechea tenuifolia
Viola esculenta
Viola lTanceolata
Viola langloisiy
Passiflora edulis
Opunthia vulgaris
Opuntia lindheimeri 1lehmanni
Opuntia stricta
Ammannia coccinea
Cuphea carthagensis
Decodon verticillatus
Lagerstroemia indica
Lythrum alatum
Lythrum 1ineare
Rotala ramosior
Rhexia mariana

Gaura lindheimeri
Gaura longifiora
Gaura parviflora
Ludwigia decurrens

Cylindric-fruited Water Primrose Ludwigia glandulosa

Anglestem Water-Primrose
Narrowleaf Water Primrose
Shrubby Water-Primrose
Marsh Purslane

Perennial Water-Primrose

Ludwigria leptocarpa
Ludwigra linearis

Ludwigra octovalvis
Ludwigia palustris
Ludwigia peploides
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Common_Name

Hairy Ludwigia
Globe Ludwigia
Uraguay Water-Primrose
Beach Evening Primrose

Cutleaf Evening Primrose
Showy Evening Primrose
Parrotfeather
Variable Water-Milfoil
Pinnate Water-Milfoil
Eurasian Water-Milfoil
Marsh Mermaidweed
Bowlesia

Spadeleaf

Wild Chervil

Marsh Parsley

Spotted Water Hemlock
Mexican Water Hemlock
Dwarf Wild Carrot
Creeping Eryngo
Rattlesnakemaster
Large-leaf Pennywort
Floating Pennywort -
Umbrella Pennywort
Whorled Pennywort
Carolina Lilaeopsis
Eastern Lilaeopsis
Pinnate Cynosciadium
Dog-sunshade

Parsley

Mock Bishop’s-weed
Nuttall Mock Bishop’s-weed
Black Snakeroot

Spiny Scale Seed
Aethusa-1ike Trepocarpus
Rough-Tleaf Dogwood
Swamp Dogwood
Tupelogum

Blackgum

Farkleberry

Scarlet Pimpernel
Chaffweed

Bractless Brookweed
Water Pimpernel
Carolina Sea-Lavender
Gum Bumelia

Buckthorn Bumelia
Persimmon

Two-winged Silverbell
Small Snowbell

White Ash

Green Ash

Jasmine

California Privit

Scientific Name

Ludwigia pilosa

Ludwigia sphaerocarpa
Ludwigia uraguayensis
Oenothera drummondii
Oenothera grandis
Oenothera laciniata
Oenothera speciosa
Myriophyllum brasiliense
Myriophyllum heterophyllum
Myriophyllum pinnatum
Myriophyllum spicatum
Proserpinaca palustris
Bowlesia incana

Centella asiatica
Chaerophyllum tainturieri
Ciclospermum leptophyllum
Cicuta maculata

Cicuta mexicana

Daucus pusillus
Eryngium prostratum
Eryngium yuccifolium
Hydrocotyle bonariensis
Hydrocotyle ranunculoides
Hydrocotyle umbellata
Hydrocotyle verticillata
Lilaeopsis attenuata
Lilaeopsis chinensis
Limnosciadium pinnatum
Limnosciadium pumilum
Petroselinum crispum
Ptilimnium capillaceum
Ptilimnium nuttalliy
Sanicula canadensis
Spermolepis echinata
Trepocarpus aethusae
Cornus drummondi i

Cornus foemina

Nyssa aquatica

Nyssa sylvatica
Vaccinium arboreum
Anagallis arvensis
Centunculus minimus
Samolus ebracteatus
Samolus parviflorus
Limontum carolinianum
Bumelia lanuginosa
Bumila lyciordes
Diospyros virginiana
Halesia diptera

Styrax americana
Fraxinus americana
Fraxinus pensylvanica
Jasminium ovalifolium
Ligustrum ovalifolium
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Common_Name

Chinese Privit

Lax Hornpod

Wand Hornpod

Yellow Jasmine
Juniperweed

Lady Bird’'s Centaury
Catch-fly Gentian
Big Floating-Heart
Prairie Rose-Gentain
Blue-star

Willow Amsonia
Indian-Hemp Dogbane
Oleander

Climbing Dogbane
Pacific Milkweed
Longleaf Milkweed
Savannah Milkweed
Whorled Milkweed
Antelope-Horn

Marsh Shallow-wort
Anglepod

Hedge Bindweed
Field Bindweed

Lovevine

Gonovius Dodder
Showy Dodder

False Pennywort
Evolvulus

Red Morningglory
Ivyleaf Morningglory
Railroad Vine

Common Morningglory
Marsh Morningglory
Beach Morningglory

Small-flowered Pink Morningglory Ipomoea trichocarpa

Pitted Morningglory
Tie Vine

Hairy Waterleaf
Waterpod

Small-flowered Nemophila

Phacelia

Seaside Heliotrope
Indian Heliotrope
Fourspike Heliotrope
Gromwell

White Forget-Me-Not
Hairy False Gromwell
French Mulberry
Glorybower

West Indian Lantana

Scientific Name

Ligustrum sinense
Cynoctonum mitreola

Cynoctonum sessilifolium
Gelsemium sempervirens
Polypremum procumbens

Centaurium texense
Eustoma exaltatum
Nymphoides aquatica
Sabatia campestris
Amsonia glaberrima

Amsonia tabernaemontana

Apocynum cannabinum
Nerium oleander

Trachelospermum difforme

Asclepias lanceolata
Asclepias longifolia
Asclepias obvata

Asclepias verticillata

Asclepias viridis

Cynanchum angustifolium

Matelea gonocarpa
Calystegia sepium
Convolvulus arvensis
Cuscuta campestris
Cuscuta compacta
Cuscuta cuspidata
Cuscuta glabrior
Cuscuta gronovii
Cuscuta indecora

Dichondra carolinensis

Evolvulus sericeus
Ipomocea coccinea
Ipomoea hederacea
Ipomoea pes-caprae
Ipomoea purpurea
Ipomoea sagittata
Ipomoea stolonifera

Ipomoea x leucantha

Jacquemontia tamnifolia

Hydrolea ovata

Hydrolea quadrivalvis

Nemophila aphylla
Phacelia hirsuta

Heliotropium curvassicum

Heliotropium indicum

Heliotropium procumbens

Lithospermum incisum
Myosotis macrosperma

Onosmodium molle hispidissimum

Callicarpa americana
Clerodendron bungei
Lantana camara
Lantana urticoides
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Fam#

277
277
277
277
277
277
277
277
277
277
277
278
278
278
278
278
278
278
278
278
278
278
278
278
278

278
278
278
278
278
278
278
278
278
278
278
278
278
280
280
280
280
280
280
280
280
280
280
280
280
280
280
281

Common Name

Northern Frog-fruit
Common Frog-fruit
Frog-fruit

South American Vervain
Brasilian Vervain

Rose Vervain

Texas Vervain

Sandpaper Vervain
Gulf Vervain
Chaste-Tree

Rough Pennyroyal
Cluster Bushmint
Henbit

Dead Nettle

Lion’s Ears

Stalked Water-Hoarhound
Applemint

Spearmint

Spotted Beebalm
Beefsteak Plant
Correll’s Dragonhead
False Dragonhead
Self-Heal

White-leaved Mountain-Mint

Slender Mountain-Mint
Blue Sage

Scarlet Sage
Lyre-leaf Sage
Skullcap

Hyssop Skullcap
Heart-leaved Skullcap

Shade Betony
Chinese Artichoke
Smooth Hedge-Nettle
Canada Germander
Germander

Forked Blue Curls
Bird Pepper
Carolina Wolf-Berry
Tomato

Seaside Petunia
Cutleaf Ground-Cherry

Downy Ground-Cherry
Prairie Ground-Cherry
Beach Ground-Cherry
Nightshade

Carolina Horsenettle
Silver-leaf Nightshade
Jerusalem-Cherry
Jerusalem-Cherry
Fascicled False-Foxglove

Scientific Name

Phyla lanceolata
Phyla nodiflora

Phyla x intermedia
Verbena bonariensis
Verbena brasiliensis
Verbena canadensis
Verbena halei

Verbena montevidensis
Verbena scabra
Verbena xutha

Vitex agnus-castus
Hedeoma hispidum
Hyptis alata

Lamium amplexicaule
Lamium purpureum
Leonotis nepetaefolia
Lycopus rubellus
Mentha rotundifolia
Mentha spicata
Monarda punctata
Perilla frutescens
Physostegia correllii
Physostegia virginiana
Prunella vulgaris
Pycnanthemum albescens

Pycnanthemum tenuifolium °

Salvia azurea

. Salvia coccinea

Salvia lyrata
Scutellaria drummondii
Scutellaria integrifolia
Scutellaria ovata
Scutellaria parvula
Stachys agraria
Stachys floridana
Stachys tenuifolia
Teucrium canadense
Teucrium cubense
Trichostema dichotomum
Capsicum annuum

Lycium carolinianum
Lycoperscon esculentum
Petunia parviflora
Physalis angulata
Physalis cordata
Physalis pubescens
Physalis pumila
Physalis viscosa maritima
Solanum americanum
Solanum carolinense
Solanum elaeagnifolium
Solanum pseudocapsicum
Solanum pseudogracile
Agalinis fasciculata
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Common Name

Prairie False-Foxglove

Seaside Purple False-Foxglove

Blue Water-Hyssop
Coast Bacopa
Roundleaf Bacopa
Florida Bluehearts
Sticky Hedge-Hyssop
Clammy Hedge-Hyssop
Hairy Hedge-Hyssop
Round-fruited Hedge-Hyssop
Limnophila

Blue Toad-Flax
Texas Toad-Flax

Scientifi¢ Name

Agalinis heterophylla
Agalinis maritima
Bacopa caroliniana
Bacopa monnieri
Bacopa rotundifolia
Buchera floridana
Gratiola brevifolia
Gratiola neglecta
Gratiola pilosa
Gratiola virginiana
Limnophila indica
Linaria canadensis
Linaria texana

Linaria (int. between L. can. & L. tex.)

Clasping False Pimpernel
Mazus

Purple Mecardonia

Sweet Broomwort

Common Mullein

Common Sppedwell

~ Purslane Speedwell

Trumpet Creeper

Catalpa

Two-flowered Bladd