CHAPTER 4
PLAN FORMULATION
AND
CONCEPTUAL SOLUTIONS
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7KLV chapter describes the plan formulation processes undertaken to screen and
analyze solutions to water resource problems and needs in the investigation area. Plan
formulation rationale for solving these regional problems is also addressed in this chapter.

PLANNING OBJECTIVES
Planning objectives reflect an expression of public and professional concerns about
the use of water and related land resources for existing and future conditions in the
investigation area. These planning objectives were considered in the development of
alternative plans and their evaluation for the fifty year period of analyses (2000 to 2050).
As noted earlier, one of the primary purposes for conducting these preliminary
investigations was to document resources in the watershed and determine the potential for
providing environmental restoration, recreation, source water protection and added flood
protection measures to alleviate flooding within the Cypress Bayou Watershed. Plans were
to be identified which could be implemented by others or carried out by the Corps.
To proceed to the Feasibility Phase as a Corps study, a plan must be formulated
which (1) is economically feasible, (2) is in the Federal interest of flood damage reduction,
navigation, or environmental restoration, and (3) has non-Federal support.
Based on the problems and needs as discussed in chapter 3, the following specific
planning objectives were incorporated into the plan formulation process:
a. Contribute to the preservation and restoration of fish and wildlife resources of the
existing stream and lake environments, including the preservation of wetlands in
the investigation area and maximization of opportunities for aesthetic
appreciation of the environmental attributes of the area.
b. Reduce the flood hazard and damage to existing flood prone properties within
the investigation area to a level which would protect against possible loss of life
and hazards to health and safety and is acceptable to the majority of the
investigation area’s population, thus, helping to constitute an acceptable plan for
the non-Federal sponsor(s).
c. Increase water supply storage in the watershed, especially in the area of Lake O’
the Pines and Caddo Lake -- but only in conjunction with objectives a and b as
listed above.
d. Preserve, conserve, or restore the environmental and cultural resources of the
investigation area and mitigate for any adverse impacts to the existing natural
environment and identified cultural resources caused by any economically
feasible flood damage reduction plan.
e. Maintain existing open space areas and maximize public recreational
opportunities within the investigation area.
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PLANNING CONSTRAINTS
In development of alternative plans, the following constraints or limitations were
considered to direct plan formulation efforts in that beneficial impacts of a project could be
maximized and adverse impacts could be minimized:
a. The project(s) should be limited to the investigation area within the
Cypress Valley watershed.
b. To the maximum extent practical, existing information from recently completed
reports, available topography, and existing hydrologic and hydraulic models are
to be used.
c. Flood damage reduction projects that solve problems in one area but
compound them in other areas should be avoided.
d. The project must be generally acceptable to the public.
e. For a project to be considered for feasibility studies, the project must meet three
criteria: 1) have a Federal interest, 2) have a benefit to cost ratio equal to or
greater than one (unless purely environmental restoration, in which case
monetary and non-monetary benefits are assumed to equal costs), and 3) have
an identified non-Federal sponsor.
f. For project implementation: 1) Projects found feasible and meeting Federal
criteria above are eligible for continued Federal study and possible
implementation by the Federal government; 2) Projects found feasible and not
meeting Federal criteria will be identified for possible implementation by others.

PLAN FORMULATION RATIONALE
The plan formulation rationale used to develop effective long-term solutions to the
various problems of the investigation area consisted of identifying alternative measures with
consideration given to the economic, social, and environmental impacts associated with each
alternative.
The following paragraphs discuss the technical, economic, environmental, and social
criteria used to develop the formulated alternatives to meet the stated objectives.

TECHNICAL CRITERIA
In order to develop a plan that would satisfy the primary objective of restoring the
environment and reducing flood damages within the investigation area, the following technical
criteria were adopted for use in developing, evaluating, and comparing alternative plans:
a. The plan should be effective and efficient with regard to alleviating
the specified problems and achieving the specified goals and
opportunities.
b. The plan must be technically feasible using engineering methods
and equipment available in this region.
c. Plans should be adequate to provide a project life of at least 50
years.
d. Existing project facilities should be utilized to the maximum extent
possible.
e. The plan is to be complete within itself and not require additional
future improvements other than normal replacements, and operation
and maintenance.
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f.

The plan is to be designed using engineering criteria taken from
appropriate Corps of Engineers engineering and design manuals and
regulations related to flood damage reduction alternatives.

ECONOMIC CRITERIA
Economic feasibility of a plan is measured as a relationship of benefits-to-costs, the
benefit/cost ratio. Flood damage reduction benefits are the monetary savings due to
damages prevented, reduction in the cost of emergency services, and the reduced disruption
of the local economy. These project benefits are subsequently annualized to represent a
yearly benefit applicable for the life of the project. The project cost, which includes the
construction or first cost, the interest on the first cost during construction, the operation and
maintenance costs, and the interest to amortize the project cost over the life of the project,
are also annualized such as to represent an annual project cost applicable for the analysis
period of the project. The annual benefits and the annual costs are then related in a ratio of
benefits to costs. To be economically feasible, a plan must have benefits which equal or
exceed costs, i.e., a benefit/cost ratio equal to or greater than 1.0.
Plans formulated to provide for flood protection and other water resource needs
should be designed to make a contribution to the national water resource development goal
of National Economic Development (NED) and be consistent with protecting the nation’s
environment as established in the Water Resources Council, Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies,
March 10, 1983. The NED goal is to enhance the value of the nation’s output of goods and
services and thereby improve national economic efficiency. To be consistent with protecting
the nation’s environment, the quality of certain natural and cultural resources and ecological
systems would require preservation by management, conservation, preservation, creation,
restoration, or improvement.
The NED objective is the maximization of the economic worth of alternative plans as
set forth in Principles and Guidelines. This relates to a plan’s capability to prevent inundation
from stream overflow by comparing the plan’s economic benefits with the project cost. The
amount that a project’s economic benefits exceed the project cost is defined as "net" benefits.
In the plan formulation process, the plans that yield the greatest net benefits are the plans
that fare better in meeting the NED objective.
To meet the Federal guidelines for planning water resource projects, the following
economic criteria were followed:
a. All plans must be economically feasible, which dictates that the plan’s flood
reduction benefits must exceed the cost of the plan. Measures for mitigation,
restoration, and protection of environmental resources must be justified based on
a combination of tangible and intangible benefits.
b. The plan selected as the recommended plan should be the plan which
reasonably maximizes benefits over costs consistent with protecting the Nation’s
environment (the NED plan) and has the greatest net benefits, unless the nonFederal sponsor supports a locally preferred plan. The locally preferred plan
must be economically justified and be in compliance with Federal rules and
statutes applicable to the Corps of Engineers projects developed in accordance
with the principles and guidelines. In addition, any additional expense of the
locally preferred plan will be the responsibility of the non-Federal sponsor.
c. Each separable unit or purpose of a given alternative plan must provide benefits
at least equal to its costs.
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d. Alternative plans should be evaluated using the current price level, a 50-year
period of analysis, and the current Federal discount rate for water resource
projects as determined by the U.S. Department of Treasury (7%).
e. Annualized costs include the cost of operation, maintenance, repair,
replacement, and rehabilitation (OMRR&R).

ENVIRONMENTAL AND SOCIAL CRITERIA
Plans formulated under Federal directives should be consistent with protecting the
existing environment by the management, conservation, preservation, creation, restoration,
or improvement of the quality of certain natural and cultural resources and ecological systems
in the proposed project area. Structural and nonstructural measures must be evaluated in
accordance with guidelines established by the National Environmental Policy Act of 1969
(Public Law 91-190), as amended, and the Principles and Guidelines.
The following environmental and social criteria were considered:
a. Protect against possible loss of life, property, and hazards to the health and
safety of area residents.
b. Preserve, maintain, or enhance community cohesion and desirable community
and regional growth.
c. Preserve and/or enhance social, cultural, educational, and aesthetic values as
well as historical and cultural attributes of any sites within the project area.
d. Restoration of the quality aspects of water, land, and air resources in the project
area.
e. Promote the development of areas of natural beauty and human
enjoyment and protect areas of valuable natural resources.

ALTERNATIVES INVESTIGATED
Various alternatives were investigated to achieve the defined planning objectives.
The primary focus for this Investigation was to determine if any viable water resource
alternatives existed for the Cypress Valley watershed investigation area. These alternatives
included:
Environmental Restoration
Source Water Protection/Water Quality Improvement
Floodplain Development
Flood Damage Reduction
Water Supply Needs
Caddo Lake Modification
Erosion Protection
Lake and River Recreation
Lake Operations
Historic Restoration
Public Education/Environmental Education
Economic Development
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ENVIRONMENTAL RESTORATION
SECTION 1135 ENVIRONMENTAL RESTORATION
Under Section 1135 of the Water Resources Development Act of 1986, the Corps is
authorized to modify the structures or operations of projects that were constructed prior to
1986 for the purpose of improving the quality of the environment in the public interest. The
Secretary of the Army is authorized:

“...to determine the need for modifications in the structures and operations of
such projects for the purpose of improving the quality of the environment in
the public interest. The objective of the project modification should be
restoring degraded ecosystem structure, function, and dynamic processes to
a less degraded, more natural condition, which will involve consideration of
the ecosystem's natural integrity, productivity, stability and biological
diversity.”
Projects conducted under the authority of Section 1135 must be cost-shared with a
non-Federal sponsor on a 75% Federal / 25% non-Federal basis. Section 1135 projects
must propose a modification in the structures or operations of a permanent water resources
project constructed by the Secretary of the Army in response to a Corps construction
authority. The objective of the project modification should be restoring degraded ecosystem
structure, function, and dynamic processes to a less degraded, more natural condition, which
will involve consideration of the ecosystem’s natural integrity, productivity, stability and
biological diversity.
Potential Section 1135 projects were investigated as part of this resource document.
A summary of the potential projects follows.
Stream Flow Restoration
Modification of the scheduled releases from Lake O’ the Pines to provide overbank
flooding during the fall would create beneficial conditions for resident wood ducks and
migrating waterfowl. Establishing nest box structures would also contribute to increasing the
habitat value for waterfowl. Releases in the spring will benefit stream fishery spawning and
overbank larval and juvenile nursery areas.
Paddlefish Restoration
The paddlefish (Polyodon spathula) was once endemic to the Big Cypress Bayou
area and was placed on the Texas Endangered Species List in 1977. The Texas Parks and
Wildlife Department is currently stocking paddlefish in the Big Cypress Basin as part of the
Texas Paddlefish Recovery Program. Providing high flows in Big Cypress Bayou during the
spring and creating gravel bars would create beneficial conditions for paddlefish spawning,
which would contribute to the efforts of the Recovery Plan.
Habitat Restoration at Jefferson
A multi-objective restoration project adjacent to the historic port and the
environmental learning center (currently under construction) consists of habitat restoration of
approximately 30 acres of riparian bottomland hardwood forests, development of 2.9 acres of
bottomland hardwood wetlands, establishment of 5 acres of native wildflower/flowering and
fruiting shrubs, improvements to approximately 0.25 acres of emergent wetlands and creation
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of 1.84 acres of instream spawning habitat for approximately 40 species of fish, including
paddlefish. In addition, bat roosting habitat would be provided.
During the time this resource document has been under review, this project received
advance approval to be placed into the Section 1135 process. The draft Integrated
Ecosystem Restoration Report (ERR) and Environmental Assessment (EA) entitled, Big
Cypress Bayou Fish and Wildlife Habitat Restoration Report, dated September, 1998 is
currently under internal technical review and is scheduled to be released for public review in
Spring of 1999.
Bottomland Hardwood Forest Restoration
Forest restoration efforts would involve revegetating bottomland hardwood species in
areas that once supported this forest type and providing the hydrologic regime required for
their establishment and development. Because hydrology is such an important factor to
bottomland hardwoods, revegetation efforts should be restricted to areas that receive
frequent flooding or in areas where hydrology can be manipulated (as discussed in the
following section on wetland restoration). Several sites (1 - 4) were identified during field
investigations as having potential for bottomland hardwood revegetation (Photographs 4-1
thru 4-3). These sites have recently been logged over and their locations are shown in
Figure 4-1. Additional potential sites were identified by the U.S. Fish and Wildlife Service
(FWS) in their report (Appendix J) and are listed below. These sites have been identified for
general information on potential restoration opportunities within the Cypress Valley
Watershed.
Black Cypress Bayou at FM11 (Site 1)
Flat Creek at FM 11 (Site 2)
FM 1975 and FM 557 (Site 3)
East of City of Jefferson Inside Existing Levee (Site 4)
Big Cypress Bayou, North of Central Lake
Big Cypress Bayou at Jefferson
Big Cypress Bayou, Southwest of Jefferson
Big Cypress Bayou at French Creek
Little Cypress Bayou Near Highway 134
Little Cypress Bayou at Highway 450
Little Cypress Bayou and Moccasin Creek
Little Cypress Bayou at Highway 2879
Little Cypress Bayou, West of Highway 259
Little Cypress Bayou, South of Highway 155
Black Cypress Bayou, North of Berea
Black Cypress Bayou at Cunningham Creek
Turkey Creek, East of Highway 49

Wetland Restoration
Lake O’ the Pines was constructed on Big Cypress Bayou in 1958 for the purposes of
flood control and water supply. The water control gates on the dam will release a maximum
of 3000 cfs. Wetland restoration along Big Cypress Bayou would involve manipulating
releases from Lake O’ The Pines dam to increase overbank flows to sloughs, oxbows,
depressional areas, and meander scrolls in the floodplain. Increased flows would saturate
the floodplain soils or pool in areas that were already saturated. Site visits conducted by the
Corps, FWS, and Texas Parks and Wildlife Department (TPWD) personnel during the fall of
1994 indicate that substantial overbank flooding begins to occur when 1500 cfs is released
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from the dam. However, inundated areas in the floodplain drain fairly rapidly when water
levels in Big Cypress Bayou decrease.
Placement of various types of retention structures in internal drainage areas, sloughs,
and breeched sections of the natural berm along the bayou would hold floodwaters in the
floodplain. Retaining floodwaters with such types of control structures would have to be a
local action done in cooperation with area landowners. Possible areas of wetland restoration
are identified on Figure 4-1. An additional possible site has been identified by the USFWS in
their report (Appendix J) and is Big Cypress Bayou between Jefferson and the Black Cypress
Bayou confluence.
Environmental Preservation
Caddo Lake has been internationally recognized for its unique flora and diverse
fauna. Other areas within the Cypress Valley Watershed also merit special consideration for
environmental preservation, namely areas along Big Cypress Bayou, Black Cypress Bayou,
and Little Cypress Bayou that have been identified as priority sites by the U.S. Fish and
Wildlife Service under the Texas Bottomland Hardwood Preservation Program. Locations
and descriptions of these priority sites along Black Cypress Bayou, Big Cypress Bayou, and
Little Cypress Bayou are listed in Appendix J (U.S. Fish and Wildlife Report) and itemized
below. It is important for private landowners, local, state, and federal governments to
recognize these and other high quality habitats and to work together to preserve them.
Caddo Lake (12,800 acres)
Black Cypress Creek (12,800 acres)
Big Cypress Bayou (5, 350 acres)
Little Cypress Bayou (5,452 acres)
Mitigation Banking
In 1988, the National Wetlands Policy Forum, a group consisting of representatives
from state and local governments, agricultural, and environmental groups, published a report
that presented the goal of “no net loss” of wetlands. Specifically, the Forum stated that:

“...the nation establish a national wetlands protection policy to achieve no
overall net loss of the nation’s remaining wetlands base, as defined by
acreage and function, and to restore and create wetlands, where
feasible, to increase the quality and quantity of the nations’s wetland
base.”
The concept of mitigation banking was established on the premise of providing
advanced compensation of unavoidable losses from development activities that are subject to
permitting regulations. There has been added emphasis on creating wetland mitigation
banks since the “no net loss” goal was presented and because impacts to wetlands and other
aquatic resources are subject to federal regulations. This report focused on wetland
mitigation banking opportunities. Depending on hydrology, soil type, and vegetational
composition, many bottomland hardwood forests can be classified as wetlands.
Banks are designed to provide mitigation for multiple development activities, and
differ from specific mitigation projects that are designed to fulfill requirements for a single
project. As such, mitigation banks must be created where large tracts of land are available
for acquisition. This design has both an environmental and economic foundation. Creating a
large-scale mitigation bank with contiguous, unfragmented habitat will usually result in a
higher quality system that supports a diversity of plants and animals, which, in the long term,
may have more value than smaller, individual mitigation sites. Given the high cost of habitat
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creation, restoration, and maintenance, it is more economically feasible to develop a larger
habitat system that will have a higher functional value, increased self-maintenance, and
resilience to degradation. Within the Cypress Valley Watershed, large tracts of undeveloped
land are located along floodplains and terraces of Big Cypress, Black Cypress, and Little
Cypress bayous. Since most, if not all, of these areas are in private ownership, participation
and coordination among private landowners would be paramount to establishing a mitigation
bank in the investigation area.
Establishment of a mitigation bank requires land be acquired to create, restore, or
enhance a wetland system, thereby increasing its functional value. The increased value of
the system can be institutionalized as credits or a positive bank balance that can be drawn
from to mitigate future unavoidable habitat losses. The use of a professionally accepted and
standardized evaluation technique, such as the U.S. Fish and Wildlife Services’ Habitat
Evaluation Procedure, provides a scientifically-based approach to establish banking values.
Mitigation credits may then be purchased by developers who need to compensate for project
induced wetland losses. The bank is operational as long as it maintains a positive balance.
Regarding mitigation banking, it is important that all development projects that incur
wetland impacts and are subjected to federal regulations, go through a sequenced evaluation
process. First, a project should be relocated or modified, when feasible, to avoid impacts
altogether. Second, any projects that cannot be relocated or redesigned to avoid impacts
should be modified to minimize impacts. When impacts cannot be avoided or minimized,
they must be compensated. This raises the question of how and where the lost functions and
values of the impacted area can be regained. In most cases, it is preferable to create,
restore, or enhance a wetland system that is at or near the project site where impacts will
occur, or at least within the same watershed. This is to maintain, to the highest extent
possible, the hydrologic, biologic, and biogeochemical integrity of the landscape. Off-site
compensatory mitigation is considered when on-site alternatives are unavailable or deemed
infeasible.
Mitigation banking should be considered not only when on-site compensation
opportunities are not practicable but when the use of a mitigation bank is environmentally
preferable to on-site compensation. For example, the loss of wildlife habitat may be more
successfully compensated by an off-site mitigation bank that provides large-scale, contiguous
habitat and biodiversity.
However, other wetland functions such as flood storage,
groundwater recharge, and water quality, which have regional value or watershed-based
functional importance, would be more successfully compensated by on-site mitigation.
One of the advantages of a mitigation bank is that advanced compensation is
provided for unavoidable impacts. The mitigation bank must be in place and functioning as a
viable system in order for it to become operational. This reduces the risk and uncertainty of
whether or not a mitigation project will actually replace lost habitat functions and values.
However, the mitigation bank must be continuously monitored and managed to ensure that
the system remains viable.
The danger of developers using mitigation banking as a pay-off to pave the way for
their projects, or as a means to justify impacts that could otherwise be avoided or minimized,
is a valid concern. Again, mitigation banking should be considered as part of an impact
evaluation process that involves developers, resource agencies, and regulatory agencies.
The objective of the parties involved should be to use resourcefulness, innovation, and
flexibility in developing and operating a mitigation bank while not losing sight of the regulator’s
obligations or the developer’s interests.

Cypress Valley Watershed Resource Document - Page 4-11

Success of a mitigation bank depends highly on how it is established and managed.
Operators and participants of a bank must coordinate with, and enter into a formal agreement
with the appropriate regulatory agencies to set up guidelines for establishment, use, and
maintenance of the bank. Professionally accepted scientific techniques must be used to
evaluate the functions and values of the bank and to provide a basis for calculating available
mitigation credits. The mitigation credits must be recognized by the regulatory agencies as
providing suitable and acceptable compensation for wetland impacts. Federal guidance for
the establishment, use, and operation of mitigation banks was published in the Federal
Register, Volume 60, Number 43, dated March 6, 1995. This publication contains policy
guidance for the Army Corps of Engineers, the Environmental Protection Agency, the Natural
Resources Conservation Service, the Fish and Wildlife Service, and the National Oceanic
and Atmospheric Administration. The purpose of the guidance is to "clarify the manner in
which mitigation banks may be used to satisfy mitigation requirements associated with the
permit program of the Clean Water Act and the wetland conservation, or "Swampbuster"
provisions of the Food Security Act (60 FR 43, 6 March 95).
Early and open coordination among participants, good planning techniques, and
scientific principles are essential in order to reduce the risk and increase the success of
establishing, operating, managing, and maintaining a functionally viable mitigation bank. If
participants follow the framework discussed above, mitigation banking provides an effective
tool in rebuilding and strengthening the nation’s natural resource base.

SECTION 306 ENVIRONMENTAL RESTORATION
Engineering Circular 1105-2-210 (ECOSYSTEM RESTORATION IN THE CIVIL
WORKS PROGRAM), dated 1 June 1995, states:
“Section 306, WRDA 1990 authorizes the Secretary of the Army to include environmental
protection as one of the primary missions of the Corps. ... In some instances, it is appropriate to
include protection measures as part of Corps ecosystem restoration initiatives. Such measures
are most appropriate if they require Corps engineering expertise in accomplishing the protection
measure. Protection measures can also be undertaken as part of natural resource management
and environmental dredging studies. Section 307(a), WRDA 1990 establishes "no net loss of
wetlands" and an "increase in the quality and quantity of the Nation's wetlands" as goals of the
water resources development program. Sections 306 and 307, WRDA 1990 support the Corps
pursuit of opportunities to protect and restore existing ecological resources and their values in
conjunction with planning for new projects and in the operation of existing projects.”

No opportunities for environmental restoration were identified under the Section 306
guidelines.

SECTION 206 ENVIRONMENTAL RESTORATION
Under Section 206 of the Water Resources Development Act of 1996, the Corps is
authorized to carry out aquatic ecosystem restoration and protection if the project will improve
the quality of the environment, is the public interest and is cost-effective. The Secretary of
the Army is authorized:
“...to determine whether such projects will improve the quality of the environment and are in the
public interest and whether the environmental and economic benefits, both monetary and nonmonetary, of the projects to be undertaken pursuant to this section justify the cost.”

Projects conducted under the authority of Section 206 must be cost-shared with a
non-Federal sponsor on a 65% Federal / 35% non-Federal basis. The objective of a Section
206 project should be restoring degraded aquatic ecosystem structure, function, and dynamic
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processes to a less degraded, more natural condition, which will involve consideration of the
ecosystem’s natural integrity, productivity, stability and biological diversity.
Section 206, Aquatic Ecosystem Restoration, was part of WRDA, 1996 and as such,
investigations undertaken as part of this resource document were completed prior to final
authorization of program legislation. Subsequently, the Corps has been approached by the
Texas Parks and Wildlife Department about a potential aquatic ecosystem restoration project
dealing with Caddo Lake. Further investigations for this potential project would be needed to
determine whether it meets the requirements of a Section 206 project study.

IDENTIFIED ENVIRONMENTAL RESTORATION OPPORTUNITIES
The only environmental restoration plan currently under study and recommended by
the Corps is a Section 1135 project for habitat restoration at Jefferson. This project is
currently being pursued as a separate study for which a Preliminary Restoration Plan (PRP)
has already been approved and a draft Ecosystem Restoration Report (ERR) completed.
The following restoration opportunities were identified within Big Cypress Bayou during the
course of this investigation:
Χ

Χ

Χ
Χ
Χ
Χ

Streamflow and Aquatic Habitat Restoration. It would be possible for the Corps to
work within its existing authorities to modify winter pool releases to restore riverine
aquatic and wetland habitats downstream of the dam at Lake O’ the Pines. It would
also be possible for the Corps of Engineers, under Section 206 (WRDA 1996) to
pursue opportunities to work with non-Federal partners for restoration of aquatic
ecosystems within the Cypress Valley watershed.
Habitat Restoration at Port of Jefferson. Efforts have continued under the Corps
Section 1135 (WRDA 1986) program to address the habitat restoration needs that
exist in the Jefferson area. A project is being pursued which complies with Corps
guidance and for which a non-Federal sponsor (City of Jefferson) has been identified.
Bottomland Hardwood Forest Restoration. The possibility exists for the Corps of
Engineers, under the Section 1135 (WRDA 1986) program, to pursue opportunities to
accomplish forest restoration at sites noted earlier.
Wetland Restoration. The areas identified on Figure 4-1 could be further
investigated under the Corps existing authority, Section 1135 (WRDA 1986).
Environmental Restoration. The areas identified along Caddo Lake, Black Cypress
Bayou, Big Cypress Bayou, and Little Cypress Bayou could be pursued either under
the Corps Section 306 authority or by State/local/private interests.
Mitigation Banking. Mitigation banking represents an opportunity to establish
compensatory mitigation credit prior to development impacts. The development of
mitigation banking sites should be pursued by private interests. The Corps of
Engineers (and other Federal agencies) involvement would be in the form of the
Mitigation Bank Review Team (MBRT). The primary role of the MBRT is to facilitate
the establishment of mitigation banks through the development of mitigation banking
instruments (documentation of agency concurrence on the objectives and
administration of the bank).
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WATER QUALITY IMPROVEMENT AND
SOURCE WATER PROTECTION
WATER QUALITY AND SOURCE WATER PROTECTION INITIATIVES
Over the past quarter century, America has made great strides in improving the water
quality of the nation’s surface waters -- its rivers, lakes and coastal waters. The results are
largely due to the aggressive implementation of a wide array of programs to protect and
restore water quality. The basic approach of the Clean Water Act, enacted by Congress in
1972 in response to public outrage over the deplorable condition of the nation’s waters, has
been successively more stringent control of “point sources” of water pollution – primarily the
control of discharges from municipal sewage treatment and industrial facilities, along with
controls on activities that destroy wetlands. Despite tremendous progress, 40 percent of the
nation’s waterways assessed by states are still unsafe for fishing and swimming. While
pollution from factories and sewage treatment plants, soil erosion and wetland losses have
been dramatically reduced; the runoff from city streets, rural areas and other sources
continues to degrade the quality of rivers, lakes and coastal waters and affects quality of life
by reducing recreational opportunities, undermining local economic prosperity and
threatening drinking water supplies and public health.
Unfortunately, implementation of existing programs at the current pace will not
eliminate threats to public health, natural resources and the nation’s waterways, particularly
from polluted runoff, because these programs lack the strength, resources and framework to
successfully finish the job. President Clinton, in his 1998 State of the Union Address,
announced a new Clean Water Initiative which aims to achieve clean water by strengthening
public health protections and targeting community-based watershed protection efforts. The
new Clean Water Action Plan builds on the solid foundation of existing clean water programs
and proposes new actions to strengthen efforts to restore and protect water resources.
In addition to the Clean Water Act which ensures protection of surface waters, other
environmental laws -- the Safe Drinking Water Act (SDWA), the Resource Conservation and
Recovery Act (RCRA), the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) and the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) –
provide authorities financial support and technical assistance to protect sources of drinking
water, especially ground water. Amendments to the SDWA of 1986 established wellhead
protection (WHP), watershed protection, sole source aquifer (SSA), underground injection
control (UIC) and reservoir management programs. States have implemented programs
under Section 319 of the Clean Water Act to reduce polluted runoff from non-point sources
such as farms, urban areas, forestry, ranching and mining operations. The U.S. Department
of the Interior (DOI) and the U.S. Agriculture Department (USDA) oversee several
conservation programs that reduce soil erosion, prevent pollution of streams and lakes,
improve water quality, establish aquatic life and wildlife habitats, and improve forest and
wetland resources. Programs such as the Conservation Reserve Program and the Wetlands
Reserve Program encourage farmers to restore environmentally sensitive areas. The
Environmental Quality Incentives Program and the Wildlife Habitat Incentives Program
provide landowners with technical, educational and financial assistance to improve
management of their operations to prevent pollution and improve wildlife habitat. The new
Clean Water Action Plan envisions a collaborative effort by federal, state, tribal and local
governments, the public, and private sector building upon the foundation of existing
environmental laws and programs to restore and sustain the health of our nation’s
watersheds. The central core of this Action Plan is built around four key tools to achieve
clean water goals. These include:
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A Watershed Approach
Today, there is growing recognition that clean water is the product of a healthy
watershed in which urban, agricultural, range and forest lands, and all other parts of the
landscape are well-managed to prevent pollution. Focusing on the whole watershed helps
strike a balance among efforts to control point and non-point source pollution and protect
drinking water and sensitive natural resources such as wetlands. All surface water within a
basin that is not consumed, contained or evaporated eventually reaches the major rivers of
that basin. Consequently, all human and natural activities upstream have the potential to
affect water quality and quantity downstream. The results of all industrial, municipal,
agricultural and other activities are interrelated, therefore management by watershed is both
logical and necessary, in order to improve the overall health of the ecosystem and preserve
biodiversity. Working at the watershed level encourages the public to get involved in efforts to
restore and protect “their” water resources, provides a foundation for building strong
partnerships by bringing state, tribal, federal and local programs together to more effectively
and efficiently clean up and protect waters, and helps identify the most cost-effective
strategies to meet clean water goals.
Strong Federal and State Standards
The strong clean water standards established in the 1972 Clean Water Act and other
subsequent statues have served the nation well.
Preserving these standards and
establishing national standards for additional industrial categories are critical to maintaining
progress in cleaning up the water and ensuring accountability. For many years, the
Environmental Protection Agency (EPA) and states have worked to develop and issue
permits to large point source dischargers, such as sewage treatment plants and industrial
facilities. Recently, attention has been focused on point sources that discharge polluted
runoff from urban areas and large facilities such as confined animal feeding operations.
Permits for these activities are expected to make a significant contribution to reducing the
water quality impacts from polluted runoff. Additionally, the Action Plan commits the EPA to
develop strong criteria that protect public health and the environment, expand efforts to
assess the overall health of waters, and work with states and tribes to assure adoption of a
full set of needed water quality standards.
Natural Resource Stewardship
Natural resources -- croplands, forests, wetlands, rangelands and riparian areas -are the building blocks of most watersheds. The health of the nation’s watersheds and the
quality of the water are a direct reflection of how well these resources are cared for. Effective
stewardship of natural resources is the fundamental first step toward clean water and
pollution prevention and restoring watersheds where water quality is impaired. A majority of
the lands in the United States is in the care of farmers, ranchers and federal land managers.
Linking federal natural resource conservation and federal land management programs more
closely with federal and state clean water programs is a promising opportunity to accelerate
the pace of clean water efforts across the country. The Action Plan calls on all federal natural
resource and conservation agencies to apply their collective expertise and resources to
support and work with states, tribes and others to improve natural resources essential to
clean water.
Excluding Alaska, nearly 70 percent of the United States is held in private ownership.
The principal tool for making progress toward attaining the new clean water program goals
will be a substantial increase in the technical and financial assistance available to private
landowners. The USDA, in cooperation with federal, state, tribal and private partners, will
establish conservation buffers to reduce polluted runoff, direct new funding to support
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watershed restoration and develop agreements with states to use the Conservation Reserve
Enhancement Program to improve watersheds. New and innovative methods will be
developed to provide incentives for private landowners to implement pollution prevention
plans, including risk management protection for adoption of new pollution prevention
technologies.
Informed Citizens and Officials
Effective management of water resources requires reliable information about water
quality conditions and new tools to communicate that information to the public. Following the
lead of the U.S. Geological Survey (USGS), federal agencies will work with states and tribes
to improve monitoring and assessment of water quality. Some of this work has already
begun.
The 1996 amendments to the Safe Drinking Water Act (SDWA), the primary statue
for protection of the nation’s drinking water supply, initiated a new era in cost-effective
prevention of drinking water contamination and in citizen involvement in drinking water
programs. The new law strengthens protection for the public, while allowing the EPA to focus
on the highest risks to human health and to develop responsible solutions to problems such
as microbial contamination. Source water protection is at the core of the SDWA’s prevention
focus. The law requires States to identify areas that are sources of public drinking water,
assess water systems’ susceptibility for contamination, and inform the public of the results.
Assessment is one of the law’s key initiatives. It is the information gathered from completed
assessments that will be used to make informed decision about where to concentrate
resources to best protect drinking water sources. Through source water assessments and
consumer right-to-know reports, States and watershed authorities will inform the public about
their water, and can engage consumers, States and upstream neighbors in partnerships to
meet the needs for treatment or prevention of water quality problems. Changing the focus
from the traditional treatment approach to protection of regional watersheds allows the new
clean water initiatives to bring the problems and solutions for protecting water quality to a
more personal level. Local citizens become major stakeholders in the process and public
involvement will provide guidance to local officials, river authorities, and States.

State of Texas Water Quality Initiatives
The State of Texas had the foresight to realize that water resource issues were not
being addressed in a holistic manner and in response, the Texas Legislature passed the
Texas Clean Rivers Act of 1991. This legislation requires that ongoing water quality
assessments be conducted for each river basin in Texas using an integrated approach that
addresses water quality issues within a river basin or watershed, much like the new federal
clean water initiatives. The law also directs the Texas Natural Resources and Conservation
Commission (TNRCC) to assess a fee to permit holders for water use and wastewater
discharges in order to fund the program. Basin-wide assessments are summarized into a
comprehensive statewide assessment report every two years.
In response to these legislative directives, the TNRCC initiated the Clean Rivers
Program (CRP) in 1991 by contracting with 16 regional entities, including river authorities,
municipal water authorities, and councils of government to conduct regional water
assessments for 21 of the 23 river and coastal basins throughout the state. In the remaining
two basins, where there is no contractor available to participate in the program, the TNRCC
performs the assessments.
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In addition to requiring water quality assessments on a watershed basis, the Texas
Clean Rivers Act established a way for the citizens of Texas to build the foundation for
effective statewide watershed planning activities. Each participating CRP contractor
established a steering committee to help set the water quality priorities for that basin. The
members of these committees represent the diverse interests in each watershed and include
broad representation from government, industry, business, agriculture and environmental
interests, in addition to members of the general public. These steering committees ensure
that local concerns are addressed and regional solutions are recommended (TNRCC 1996).
In Texas, the Clean Rivers Program provides a vehicle for local, regional, statewide,
and federal interests to study water quality issues on a watershed basis. Planning and
management under the CRP allow the complex relationships between water resources and
human activities to be examined and water quality assessments to address the cumulative
impacts of a variety of potential pollutant sources within the context of the natural setting of a
particular watershed. In this way, more informed decisions are possible on permits and other
management practices that protect the water resources.

CYPRESS VALLEY WATERSHED QUALITY ISSUES
Clearly, there are water quality issues that need to be addressed in the Cypress
Basin. The Regional Assessment of Water Quality Report for the Cypress Creek Basin, dated
October 1, 1996, the third assessment of water quality in the watershed since initiation of the
Clean Rivers Program in 1992, reports that nutrients and other constituents in discharges
from non-point sources and unregulated point sources from cities, commercial and
agricultural activities are the primary threats to water quality, particularly in the upper reaches
of the basin. Population changes and other growth factors in these areas will eventually
impact water quality in the lower parts of the basin. Dissolved oxygen (D.O.) levels below
segment standards are common in the creeks and streams of this region during seasonal low
flow periods. It is anticipated that the TNRCC may reclassify some stream segments based
on the D.O. evaluation. Surface water supplies for drinking water are generally of excellent
quality. However, total organic carbon (TOC) levels may impact some suppliers affected by
the Disinfection By-Products Rule that has been proposed for inclusion in the Safe Drinking
Water Act. It is also noted in the report that there is a problem with current water quality
assessments in the basin due to the lack of reliable long-term data in the existing database.
Future water quality monitoring should help determine the sources of the pollution
problems, both point and non-point. Whether the pollution problems are from concentrated
livestock operations and agricultural activities, oil and gas operations, industrial plants and
mines, urban stormwater runoff, and/or inadequate wastewater treatment, the sources need
to be identified and an effort made to minimize or reduce further degradation of the
environment.
Specific, well designed and costly water quality monitoring programs for each
segment or station are required to conclusively determine a cause and effect relationship
between the concentrations of contaminants in solution and the sources of the contamination.
However, implementation of a long-term basin-wide monitoring plan – one that utilizes
consistent collection and use of analytical methods and allows the flexibility for monitoring
efforts to be periodically concentrated in segments experiencing significant water quality
problems -- should produce invaluable information for the future protection and enhancement
of the environment.
The potential exists to minimize and reduce non-point sources of pollution.
Agricultural and silvicultural practices are generally recognized as land use activities that can
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generate pollutants. Pollutants from non-point sources of pollution such as livestock
concentrations and agriculture and silviculture practices are discharged into waters almost
always as a result of rainfall runoff. Runoff collects and transports sediments through surface
erosion, to which herbicides, pesticides, and fertilizers can become attached and, to some
extent, dissolved in the water. Therefore, a key component of non-point source pollution
control of fertilizers and potentially toxic chemicals used in these practices is the proper
management of land to minimize erosion. Restoration of the riparian habitat along stream
and creek banks in the Cypress Valley watershed has the potential to help protect source
water and aquatic habitats from land-use activities and reduce the amounts of pollutants that
reach the affected stream segments from polluted runoff. The restoration of this vegetative
habitat would create buffers strips that would slow water runoff, trap sediments, fertilizers,
pesticides, pathogens, and heavy metals, enhance filtration and cut down on blowing soil in
areas with strong winds. If properly restored and maintained, riparian buffers have the
capacity to:
½
½
½

remove up to 50 percent or more of nutrients and pesticides
remove up to 60 percent or more of certain pathogens
remove up to 75 percent or more of sediment

Riparian buffers would also serve as habitat for many wildlife species by providing
sources of food, nesting cover and shelter and connecting corridors that enable wildlife to
move safely from one habitat area to another. Riparian vegetation can also help stabilize a
stream, reduce its water temperature, and provide foraging habitat and refuge sites in root
wads located along the banks.
In addition to the periodic source water protection and water quality monitoring
undertaken as part of the state’s Clean Rivers Program and reported in The Regional
Assessment of Water Quality Report for the Cypress Creek Basin, the Bureau of Reclamation
(BOR) published a report entitled, "Water/Wastewater Engineering Appraisal Report" as part
of the Caddo Lake Initiative. The report describes options for future water supply and
wastewater treatment in the Caddo Lake area of Harrison County, Texas, including the
communities of Karnack, Uncertain, Pine Island Point, Mossey Acres, Cypress Village, Taylor
Island, and Longpoint. The report identified specific options which address the future supply,
treatment and conveyance of potable water and would improve wastewater services to
reduce or eliminate continued contamination of Caddo Lake caused by improperly treated
sewage. The options include a variety of alternatives that would involve upgrading/expanding
existing facilities or the construction of new regional facilities.

AQUATIC PLANT GROWTH - CADDO LAKE
Management Options
Caddo Lake provides nearly ideal conditions for the growth of aquatic plants. Its
shallow depth and sheltered coves, Cypress brakes, sloughs, and backwater areas provide
abundant habitat for emergent, submersed, and floating-leaved and floating growth forms.
These Cypress breaks and backwater areas also provide numerous refuges from chemical
and mechanical control measures, making plant eradication impractical.
Any future
management or restoration efforts should realize that even under the best-case scenario (reestablishment of native plant community), Caddo Lake will likely have periodic occurrences of
localized oxygen depletion.
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Flow alteration
Based on preliminary investigations, it is unlikely that alteration of flows into Caddo
Lake alone would completely alleviate many of the water quality or aquatic plant problems in
the lake. Even removal of LOP would unlikely have lasting effects. Although unregulated (by
LOP) storm flows entering Caddo Lake would periodically clear out large areas of vegetation,
these areas would be rapidly recolonized. On a day-to-day basis it is not anticipated that a 2
or 3 fold change in water flow into Caddo Lake would produce measurable changes in the
lake’s water quality. Most of this increased flow would simply be channelized through the
dense vegetation and therefore affect only a small area. Further, it is anticipated the plant
community exerts the major controlling influence on dissolved oxygen levels in the lake by
restricting flow, impeding gas exchange, reducing mixing, and contributing to oxygen
demand.
Improvement in the water quality and overall health of the Caddo Lake ecosystem will
likely require changes in both the hydrologic regime and the plant community. Alone,
increases in water flushing and mixing will undoubtedly improve water quality. Restoration of
the native aquatic plant community may be required as well.
Control of aquatic plants with grass carp
The use of herbivorous fish provides a means to biologically manage aquatic plant
problems. The stocking of grass carp (Ctenopharyngodon idella) into waters in Texas is
restricted by state law and requires a permit from the Texas Parks and Wildlife Department. It
is possible that the use of grass carp might reduce the amount of aquatic vegetation in Caddo
Lake. Grass carp have large, grooved pharyngeal (throat) teeth and a long intestine which
allow it to effectively shred and digest aquatic plants as its principal food. Some research
studies have shown that in small waterbodies, the use of grass carp can provide benefits
extending more than seven years (Shireman, Colle, and Canfield 1985).
Some preliminary studies indicate that grass carp seem to show a preference for
selectively feeding on certain aquatic plants (see list below) and that they probably will not
effectively control other aquatic plant species, of which water hyacinth is one. In addition, it is
known that that in situations where food supply is limited, grass carp will eat any and all
vegetation they can reach, either in the water or along the shoreline of lakes or streams.
Concern over this, and the potential for diploid grass carp to reproduce naturally, has caused
considerable controversy over their use as a biological control agent and has led to the
production of sterile, triploid grass carp. Unfortunately, even the use of triploid grass carp is
not without some controversy. The functional sterility of triploid grass carp is a primary factor
in their selection as a biological control agent for aquatic plants. Unfortunately, absolute
guarantees that a triploid will never reproduce are tenuous, given longevity (10+ years),
variability in size (four orders of magnitude) and the absence of long-term studies (Wiley and
Gorden 1984).
In addition, there are several factors that influence the capablity of triploid grass carp
to effectively control problem plant species that need to be considered. To be effective,
triploid grass carp must be stocked in sufficient number such that the rate of total plant
consumption by the fish is equal to or exceeds the growth rates of those plants.
Consumption and stocking rates depend on several factors, including the size of the fish, the
size of the waterbody, the water temperature during the growing season, and whether the
grass carp are to be used in conjunction with any other mechanical or herbicide treatments.
An additonal consideration for stocking large waterbodies, such as Caddo Lake, is the
movement of grass carp. While they may stay near their release points for awhile after
stocking, as the grass carp grow and reached sexual maturity, they can undertake extensive
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migrations that lead to their dispersing outside target areas. It has also been shown that poor
water quality conditions (such as low dissolved oxygen and high water temperatures) in
vegetated areas may influence grass carp movement, causing the fish to move away from
dense plant beds. The use of fish containment barriers can be used to restrict the migration
to areas that might provide more suitable habitat. The use of containment barriers to keep
grass carp in target areas is difficult unless the target areas are in isolated coves or inlets.
This allows the barriers to be of relatively short length and facilitates being able to barricade
the area from boat traffic that would potentially damage the barrier and compromise its
integrity as a fish containment barrier. In large water bodies, such as Caddo Lake, the
construction and maintenance of these barriers becomes much more costly and timeconsuming. As in any attempt to control nuisance aquatic plants, managers must balance
the risk and cost factors against the potential benefits.

Grass Carp Feeding Preferences
Plants consumed perferencially or controlled
Sagittaria graminea, coastal arrowhead
Hydrilla verticillata, hydrilla
Cabomba caroliniana, fanwort
Chara spp., muskgrass
Najas quadalupensis, southern naiad
Lemna spp. and Spirodela spp., duckweeds
Egeria densa, Brazilian elodea
Wolffi, watermeal
Elodea canadensis, elodea
Utricularia gibba, eastern bladderwort
Plants sometimes preferred or controlled
Eleocharis, spikerush
Azolla caroliniana, azolla or water-fern
Potomogeton spp., pondweeds
Nasturtium officinale, watercress
Bacopa spp., water hyssop
Spirogyra sp., algae
Plants not preferred and sometimes not controlled
Najas flexilis, stonewart
Ceratophyllum demursum, coontail
Typha spp., cattail
Nuphar spp., spatterdock
Nymphaea spp., water lily
Myriophyllum spicatum, Eurasian watermilfoil
Vallisneria americana, tapegrass or eel-grass
Myriophyllum aquaticum, parrot-feather
Eichhornia crassipes, water hyacinth
Hydrocharis morsus-ranae, frogbit
Carex Pseudo-Cyperus, sedge
Scirpus spp., bulrush
Ludwidgia repens, water primrose
Myriophyllum heterophyllum, variable leaf milfoil
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Control of aquatic plants with mechanical harvesters
Harvesters will be unable to effect acceptable economical control of the aquatic plant
problem in Caddo Lake. Mechanical harvesting has the potential to expand a plant
population through the growth of fragments produced during the harvesting process, and
thereby making the situation worse. The cost per acre for using harvesters is high and must
be performed on a continuing basis during the growing season. However, it is anticipated
their judicious use to open and maintain water flow channels through submersed vegetation,
harvesters would often show a slight improvement in the lake’s water quality.
Restoration of the native plant community
By replacing exotic canopy-forming species with less troublesome native species the
potential exists to improve the overall health of the Caddo Lake ecosystem. Stands of
emergent native aquatic plants could be established to help contain water hyacinth
populations, thin out the submersed plant canopy, enhance gas exchange, reduce levels of
respiring biomass in the water column, increase water flow and flushing, and provide more
favorable levels of dissolved oxygen. Emergent species that might be considered for this
effort include the softstem bulrush (Scirpus validus), arrowhead (Sagittaria), and buttonbush
(Cephalanthus occidentalis).
Replacement of exotic submersed species with native ones would likely require
small-scale treatment with herbicides to first eliminate the problem exotic. The goal of this
activity would be to restore the historical native submersed plant community. Restoration of
the submersed plant community would have to be done on a small-scale and under close
scrutiny, since opening up areas with herbicides and not successfully establishing an
appropriate native plant to occupy the opened niche could increase the risk of expansion of
target exotic species, which are known to rapidly colonize open sites. Wild celery (Vallisneria
americana) would be a desirable and appropriate submersed species which could be used
for restoration.
Control of aquatic plants with herbicides
Continued annual chemical treatment of water hyacinth is recommended to prevent
this species from regaining dominance in Caddo Lake. If water hyacinth were to expand
significantly, even for a relatively short period, it potentially could displace less-problematical
submersed and floating-leaved species. Although the expanded water hyacinth population
could ultimately be brought back under control, areas vacated by displaced species would be
vulnerable to invasion by Eurasian watermilfoil and hydrilla. The herbicide used to control
water hyacinth (2,4-D) will not appreciably damage floating-leaved or submersed aquatic
plants if carefully applied according to label recommendations. Therefore there is little
danger that chemical treatment of water hyacinth will contribute to a worsening of the
problem and considerable indication that it will help. Control of water hyacinth in Caddo Lake
should continue through efforts of the State of Texas and the Corps' Aquatic Plant Control
Program.
The use of herbicides to reduce levels of floating-leaved or submersed aquatic plants
or to open channels to improve flow entails a number of risks. In fact, by opening sites for
hydrilla invasion, the use of herbicides may worsen long-term problems in Caddo Lake.
Conversely, small-scale, localized use of herbicides in combination with planting of desirable
native species appears to offer some opportunities.
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SOURCE WATER PROTECTION AND WATER QUALITY IMPROVEMENT
OPPORTUNITIES
Based on identified solutions to address current problems and needs, the following
opportunities were identified:
River and Stream Quality. Entities with specific water quality problems should
pursue assistance from appropriate state and Federal agencies. Funding and assistance for
the development of water management programs and facilities of larger scope are available
through various Federal agencies, such as the Environmental Protection Agency and Bureau
of Reclamation. Additionally, there are grants/appropriations from the Bureau of Reclamation
and EPA, in conjunction with the TNRCC, for water quality monitoring programs.
Corps’ Environmental Restoration programs, Section 306 and Section 1135 (WRDA
1986) and Section 206 (WRDA 1996), have the potential to help protect source water and
reduce water quality problems in conjunction with restoring aquatic and terrestrial
ecosystems to a less degraded, more natural state.
Aquatic Plant Growth - Caddo Lake. The Corps has an on-going aquatic plant
growth control program, which includes efforts at the Lake O’ The Pines and Caddo Lake.
This program is not applicable to stream and rivers. Additionally, other aquatic plant control
measures which could be pursued by state and Federal agencies are:
Χ
Χ
Χ
Χ

Χ

Continue annual monitoring and chemical treatment (as necessary) of water
hyacinth. (Texas Parks and Wildlife Department)
Continue monitoring the spread of hydrilla in the lake and initiate a treatment program
using a variety of means, including chemical treatment, grass carp, etc. (Texas
Parks and Wildlife Department)
Establish small-scale test plots of emergent and floating-leaved plant species and
evaluate their performance in controlling water hyacinth and hydrilla and in improving
water quality. (Waterways Experiment Station - Aquatic Plant Control Program)
Establish small-scale test plots of native, submersed species and evaluate their
ability to withstand invasion by exotic plants, such as water hyacinth and hydrilla.
Monitoring will be essential and chemical treatment may be necessary to get the
plots established. (Waterways Experiment Station - Aquatic Plant Control Program)
Evaluate the use of harvested flow channels to improve water flushing, water quality,
and boat access. (Texas Parks and Wildlife Department)

FLOODPLAIN DEVELOPMENT

FEMA NATIONAL FLOOD INSURANCE PROGRAM
General Information
For decades, the national response to flood disasters has focused on constructing
flood control works such as dams, levees, seawalls, and the like and providing disaster relief
to flood victims. Disaster relief did not reduce losses or discourage unwise development. To
compound the problem, in many instances the public could not buy flood coverage from
insurance companies, and building techniques to reduce flood damage were often
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overlooked. In the face of mounting flood losses and escalating costs to the general
taxpayers of disaster relief, Congress created the National Flood Insurance Program (NFIP).
The intent was to mitigate future damage and provide protection for property owners against
potential losses through an insurance mechanism that allows a premium to be paid for the
protection by those most in need of it.
Congress established the NFIP with the passage of the National Flood Insurance Act
of 1968. The Act was broadened and modified with the passage of the Flood Disaster
Protection Act of 1973 and other legislative measures. The NFIP is administered by the
Federal Insurance Administration (FIA), a component of the Federal Emergency
Management Agency (FEMA), an independent agency.
The NFIP is a federal program enabling property owners to purchase flood insurance.
This insurance is designed to provide an insurance alternative to disaster assistance to meet
the escalating costs of repairing damage to buildings and their contents caused by floods and
was, until recently, generally unavailable from private-sector insurance companies. The NFIP
is based on an agreement between local communities and the federal government which
states that if a community will implement measures to reduce future flood risks to new
construction in Special Flood Hazard Areas the federal government will make flood insurance
available within the community as a financial protection against flood losses which do occur.
Community participation in the NFIP is voluntary. Each identified flood-prone
community must assess its flood hazard and determine whether flood insurance and
floodplain management would benefit the community’s residents and economy. However, a
community that chooses not to participate within one year after the flood hazard has been
identified and a flood risk map has been provided is subject to the ramifications explained
below. Because participation or non-participation can significantly affect current and future
property owners in the community’s floodplains and the availability of federal financial
assistance in the floodprone areas of the community, the decision should be made with a full
awareness of the consequence of such action. Some states require NFIP participation as part
of their state floodplain management program.
If the community’s Special Flood Hazard Areas have been identified on a Flood
Hazard Boundary Map (FHBM) or Flood Insurance Rate Map (FIRM) for a year and the
community does not take necessary steps to participate in the NFIP, federal financial
assistance such as a Veterans Administration loan or a mortgage from a federally regulated
bank is not available if the building used to secure the assistance is in a Special Flood
Hazard Area.
If a Presidentially declared disaster due to flooding occurs in a nonparticipating
community, no federal financial assistance can be provided for the permanent repair or
reconstruction of insurable buildings in Special Flood Hazard Areas. Eligible applicants may
receive, however, most forms of disaster assistance that are not related to permanent repair
and reconstruction of buildings.
Full coverage is available only in participating communities. Records show nearly all
of the nation’s communities with serious flooding potential have joined the NFIP. To
determine if a community is participating in the NFIP, contact a property insurance agent or
broker or community officials.
FEMA publishes maps indicating communities’ flood hazard areas and the degree of
risk in those areas. Flood insurance maps usually are on file in a local repository in the
community such as the town hall or county building. A property owner may consult these
maps to determine if the property is in an Special Flood Hazard Area. If maps are not
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available at this location, maps may be obtained by calling the NFIP toll-free numbers or by
mailing a Flood Insurance Map Order Form to: Federal Emergency Management Agency,
Flood Map Distribution Center, 6930 (A-F) San Tomas Road, Baltimore, MD, 21227-6227.
Delivery is usually within two to four weeks
NFIP coverage is available to any owner of insurable property (a building or its
contents), including condominium associations, owners of residential condominium units, and
builders of buildings in the course of construction in participating communities. Residential
condominium unit owners may purchase building and contents (personal property flood
insurance to supplement any insurance purchased by the condominium owners’ association.
Tenants living in participating communities may also insure their personal property against
flood loss, as may owners of non-residential condominium units.
Almost every type of walled and roofed building that is principally above ground and
not entirely over water may be insured if it is in a participating community. In most cases, this
includes manufactured (i.e., mobile) homes that are anchored to permanent foundations, but
does not include travel trailers or converted buses or vans. Contents of insurable walled and
roofed buildings also may be insured.
Flood Study Information
Before the flood hazard assessment is initiated, FEMA considers all existing
information for use in the study. Public meetings may be conducted at which interested
parties may present relevant facts to help ensure accurate results. FEMA also works closely
with each community’s officials before and during the study to describe the technical
procedures and to obtain community input before publication of the Flood Insurance Study
(FIS) and Flood Insurance Rate Map (FIRM). Before the FIS is initiated, community officials,
FEMA representatives, and the study contractor meet to discuss the areas that need to be
studied. This is called the time and cost estimate meeting.
Flood hazard areas are determined using statistical analysis of records of river flow,
storm tides, and rainfall; information obtained through consultation with the community;
floodplain topographic surveys; and hydrologic and hydraulic analyses. The detailed FIS
covers those areas that are subject to flooding from rivers and streams, along coastal areas
and lake shores, or in shallow flooding areas.
FEMA works with state and community governments to identify their flood hazard
areas and publishes a Flood Hazard Boundary Map (FHBM) of those areas. When the
community chooses to join the NFIP, it then must require permits for all construction or other
development in these areas and ensure that construction materials and methods used will
minimize flood damage. In return, the federal government makes flood insurance available.
Subsidized premium rate schedules based on building occupancy are available for an
insurable buildings and their contents regardless of their flood risk if the start of construction
of the building preceded the publication of an effective Flood Insurance Rate Map (FIRM).
FEMA will issue the community’s FIRM, usually after a Flood Insurance Study of risk zones
and elevations.
The FIRM will indicate base flood elevations and flood hazard zones for insurance
rating and floodplain management purposes. The community then must adopt or amend its
floodplain management ordinances so they meet or exceed the additional standards for the
Special Flood Hazard Areas (SFHAs) identified on the FIRM. The community is then
converted to the regular program of the NFIP, and increased amounts of flood insurance are
made available, with insurance for new and substantially improved buildings being rated on
an actuarial or actual risk basis.
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For general program information or inquiries about the laws, regulations, or
administrative policies related to the NFIP, write:
Federal Emergency Management Agency
Federal Insurance Administration
500 C Street, S.W.
Washington, D.C. 20472

For information pertaining to hazard identification mapping and floodplain management,
contact the following FEMA Regional Office:
REGION VI
(Arkansas, Louisiana, New
Mexico, Oklahoma, and Texas)
Federal Region Center
800 North Loop 288
Denton, Texas 76201
(817) 898- 9399

Current FIS Status
Most of the cities and counties within the Cypress Bayou watershed are (or have
been) participants in the program. Hydrologic and hydraulic studies have been performed
which define the 100-year flood plains within these cities and counties. The results of the
studies are shown primarily in the form of flood plain delineation maps. The following table
provides a list of the known Flood Insurance Studies conducted with the Cypress Bayou
watershed study area and their effective date or date the community was removed from the
program.
Current Floodplain Study Needs
Based on observed changes that have occurred to the existing levee in Jefferson, a
new FEMA map should be prepared. Additional areas that could need map revisions (based
on observed changes in the floodplain, are Hughes Springs and Daingerfield, TX).
Flood Insurance Studies
Performed within the Cypress Bayou Watershed
City or County
Effective Date
City of Atlanta
May 19, 1981
City of Daingerfield
Dec 7, 1982
City of Gilmer
Nov 19, 1985
City of Hughes Springs
Jan 1, 1992
City of Jefferson
Nov 26, 1982
City of Linden
Jun 19, 1985
City of Marshall
Sep 16, 1981
City of Longview
Dec 15, 1977
City of Mt Pleasant
Dec 16, 1980
City of Pittsburg
Jun 19, 1985
City of Shreveport
Apr 17, 1995
Caddo Parish
Mar 1, 1978
Camp County
N/A
Cypress Valley Watershed Resource Document - Page 4-25

N/A
*

Cass County
Franklin County
Gregg County
Harrison County
Hopkins County
Marion County
Morris County
Titus County
Upshur County
Wood County
=> Never in program
=> Date sanctioned by FEMA

Jul 5, 1978*
N/A
Jan 3, 1990
Nov 1, 1989
Dec 27, 1978*
May 25, 1989
Aug 9, 1978*
Jun 3, 1978*
May 1, 1987
May 31, 1978*

FLOODPLAIN DEVELOPMENT OPPORTUNITIES
Based on identified needs, the following activities are suggested for local
consideration:
FEMA Floodplain Mapping – Perform new floodplain delineations under existing
FEMA interagency agreements for the cities of Jefferson, Hughes Springs, and Daingerfield.

FLOOD DAMAGE REDUCTION
FLOOD DAMAGE REDUCTION ALTERNATIVES
For the purposes of these preliminary investigations, the possible alternatives for
flood damage reduction in urban and rural areas focused on structural measures. A general
description of the flood damage reduction measures considered is discussed in the following
paragraphs.
Structural Measures
Structural measures for flood damage reduction normally incur greater negative
environmental impacts than nonstructural measures. Impacts from structural measures will
vary considerably depending on environmental importance of the affected area and
magnitude of construction. Construction in undisturbed natural areas will generally have a
greater adverse impact than a modification to an existing structure in a previously disturbed
stream corridor.
Structural measures consist of structures designed to control, divert, or exclude the
flow of water from flood prone areas to the extent necessary to reduce damages to property,
hazard to life or public health, and general economic losses. All structural plans were
developed in accordance with the planning objectives, planning constraints, and plan
formulation rationale as summarized earlier in this chapter. Each alternative plan was then
evaluated for its effectiveness. These parameters formed the basis for evaluating the
beneficial and adverse contributions of the alternatives and provided a basis for
recommending more detailed investigations of selected alternatives.
The structural
measures considered most appropriate in dealing with the character of the flood problems
encountered in the investigation area were levees and floodwalls, and modification of existing
structures.
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Levees and Floodwalls
Levee systems traditionally provide high levels of protection to flood prone areas but
often require substantial amounts of real estate between the stream and the structures being
protected unless an existing levee is in-place and only a small strip of real estate is required.
Floodwalls (usually made of concrete) are used in lieu of levees in situations where the
acquisition of real estate for the levee or other topographic problems may be prohibitive. The
feasibility of either of these measures is based on the cost and availability of real estate, the
number of structures along the proposed alignment, and the additional costs necessary to
alleviate interior drainage problems to prevent induced damages in adjacent areas.
Construction of individual levees or floodwalls around specific structures or small groups of
structures is normally considered cost prohibitive unless the individual structure is very
valuable and/or has cultural significance and is prone to frequent flooding.
Modifications to Existing Structures
This measure would consist of modifying existing structures to provide flood damage
reduction storage to detain peak flood flows and lessen flood damages. The feasibility of this
measure depends heavily on the volume and timing of the flood flows and the associated
cost of constructing/modifying an existing embankment and spillway.
No Action
A final alternative in any flood damage reduction investigation is the No Action
alternative. Adoption of this alternative implies acceptance of the existing and future flood
damages and other adverse impacts caused by continued flooding. The No Action
alternative would recommend no nonstructural or structural plan(s) be implemented and
would require no expenditure of Federal funds.

DETAILED AREAS OF INVESTIGATION
The areas studied in detail during this investigation are from Lake O’ the Pines along
Big Cypress Bayou through Caddo Lake. Figure 2-1 shows the detailed investigation area.
One of the alternatives investigated for this reconnaissance report, the restoration of the city
of Jefferson levee, is presented in the following section. Following paragraphs describe the
preliminary structural plan investigated and its ability to address the area's problems and
needs. The baseline condition assumes 2000 land use conditions. The annual cost for the
solution investigated is based on October 1998 price levels using the applicable Federal
discount interest rate of 71/8 percent, and a 50-year amortization period.

RESTORATION OF CITY OF JEFFERSON LEVEE
The city of Jefferson is located in Marion County, Texas, on Big Cypress Bayou, 14
miles downstream of Lake O’ the Pines and 48 miles upstream of Caddo Lake.
Situation
The city of Jefferson was afforded some flood protection by a non-Federal levee built
in the early 1940's, and the Lake O’ the Pines which was completed in 1957. Although Lake
O’ the Pines provides 50-year protection to the city of Jefferson, the levee has been breached
in various locations since the lake’s completion (Photographs 4-4 thru 4-7). A portion of the
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city is still within the 100-year floodplain and as such is still subject to flooding, mainly from
backwater of the Red River. The alignment of the levee and location of the breaches are
shown on Figure 4-2.
PotentialSolution
Five breaches exist along the old Non-Federal levee. The first breach starting on the
south side of Highway 59 was to allow for passage of the highway and the railroad over the
bayou. The second breach allows access to the city’s raw water intake structure. The third
breach accommodates the tourist railroad station and rail line. The fourth breach allows
access to the city dumping ground. The fifth breach allows for a crossing of the tourist rail
line. Since the original intent of each breach must be left intact, it was determined that the
breaches would not be structurally rebuilt with earth. Alternatives to include the use of stoplog structures and floodgates were considered.
Due to the high costs associated with existing highway and railroad relocations, it
was determined that no action be taken at the first breach. Stop-log structures 5 ft high by 20
ft wide could be placed at the second, third and fifth breach. In addition the third breach could
include a partial earthen rebuild of the levee behind the train station to accommodate the
stop-log structure. Each stop-log structure will require a 4,000 lb capacity jib crane. A
floodgate 10 ft high by 46 ft wide is proposed at the fourth breach. (The alternatives for the
levee restoration are shown on Figures 1 - 4, Appendix F). This alternative would have a
project first cost of approximately $202,000, based on October, 1998 price levels.
Economics
An investigation of urban flood damages for the city of Jefferson was conducted.
This investigation relied upon information from the Federal Emergency Management Agency
(FEMA) and from discussions with hydraulic and hydrologic engineers with the Fort Worth
District, as well as historic flood information.
Due to the limited availability of hydraulic and topographic data, no alternatives were
analyzed in detail. The assumption is made that a fifty-percent reduction in damages could
be obtained with an alternative. This assumption is a reasonable approximation based on
past Fort Worth District studies.
An inventory was made of the flood plain lands to identify existing flood plain
development. The inventory included enumeration, classification and value estimation of the
numbers and types of structures within the 100-year limits. Based on the FEMA delineation
(Flood Insurance Rate Map dated October 1982), it was determined that sixteen structures
fall within the 100-year limits. Of these structures, five are residential (including three mobile
homes), and the remaining eleven are commercial structures. The existing condition
expected average annual damages (EAD) was estimated to be $37,400.

FLOOD DAMAGE REDUCTION
Preliminary analyses indicate the levee restoration alternative offers a potential
opportunity to develop flood damage reduction measures for the City of Jefferson.
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FUTURE WATER NEEDS
Within the Cypress Valley Watershed, water use is expected to increase 45 percent
above 1990 levels by the year 2050. While resources in the watershed may have the
potential to meet this increased demand, the city of Shreveport, Louisiana is also expected to
experience significant growth and will need to draw more heavily on Caddo Lake to meet its
needs. The Texas Water Development Board’s forecasts suggest that environmental
impacts from potential significant lowering of Caddo Lake levels through expanded water
supply use, especially during prolonged periods of dry weather, should preclude it from being
a viable source. To meet Shreveport’s needs, without adversely affecting the environment,
the best solution is to raise the normal pool elevation of Caddo Lake. The Red River
Compact gives Louisiana the right to 50% of the conservation storage capacity of any
enlargement of Caddo Lake. Shreveport has estimated that their needs will increase to such
a point that they will need to request such enlargement so that the dependable yeild of the
lake will increase to 84 mgd in 2040. A more detailed analysis of Shreveport’s future water
needs would be performed in any Feasibility Report involving any Caddo Lake modification.
In addition to the projected demand from Shreveport, the city of Longview, Texas,
which currently holds rights to 20,000 acre feet of Lake O’ the Pines water, is negotiating to
contract for an another 20,000 acre feet of water to meet its future needs.
A solution which has the potential to help address the region’s future water needs, as
well as providing ecosystem restoration, recreation, navigation, and measures to alleviate
flooding within the Cypress Bayou Watershed is presented in the following section, Caddo
Lake Modification.

MULTI-OBJECTIVE MANAGEMENT OF CADDO LAKE
Caddo Lake is located in Marion and Harrison Counties, Texas, and Caddo Parish,
Louisiana. The lake is approximately 19 miles northwest of Shreveport, Louisiana, in the
Cypress Bayou Basin on Big Cypress Bayou just downstream of the confluences of Black
Cypress and Little Cypress Bayous. The study area is within Texas Congressional District
Number 1 (Honorable Max Sandlin) and Louisiana Congressional District Number 4
(Honorable Jim McCrery).
Numerous technical reports previously have been published that document prior
investigations made concerning the Cypress Bayou watershed and, in many cases, have
resulted in implementation and/or construction of projects by the Corps of Engineers, other
Federal agencies, and local interests. Several of these previous studies addressed either the
environmental restoration opportunities or flooding problems within the Cypress Bayou
watershed study area. A complete listing of studies can be found in Appendix M.
As the name “Cypress Bayou” implies, the basin is characterized by its unique bald
cypress (Taxodium distichum) swamps, shrub swamps, vegetated littoral zones of open
water, and emergent wetlands. These wetlands perform multiple functions that are both
valuable to man and the environment. These functions include flood flow alteration, sediment
stabilization, sediment and toxicant retention, groundwater recharge, nutrient removal and
transformation, production export, fish and wildlife habitat, and aesthetic and recreational
opportunities.
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The bald cypress swamp wetland habitat type at Caddo Lake occupies less than one
percent of the Cypress Valley Watershed and represents one of the best examples of this
habitat type in the state of Texas. Caddo Lake provides high value habitat for numerous fish
and wildlife species, including restrictive wetland species such as the American alligator and
river otter. The U.S. Fish and Wildlife Service (FWS) has designated Caddo lake as
Resource Category 1. The upper portion of Caddo Lake, namely the Caddo Lake State Park
and Wildlife Management Area, has been recognized by the Ramsar Convention as a
Wetland of International Importance. The Ramsar Convention, which went into effect in
1975, is an intergovernmental treaty that provides a framework for international cooperation
for the conservation of wetland habitats. More than seventy countries from all regions of the
world are now contracting parties to the Convention.
Caddo Lake is a broad and very shallow water body which covers areas in Louisiana
and Texas. Once the only “natural” lake in Texas, and originally formed as backwater of the
Great Red River Log Jam, Caddo Lake now has an uncontrolled weir structure to control or
stabilize the water surface elevation. The dam, located in Caddo Parish, Louisiana, about 19
miles northwest of Shreveport, at the head of Twelve Mile Bayou was constructed in 1914 by
the Corps of Engineers. Construction of the current dam at the same location was completed
by the Corps of Engineers in 1971. Prior to 1976, the dam was owned and maintained by the
Caddo Lake Levee District. The Water Resources Development Act of 1976 transferred
maintenance responsibility to the Corps of Engineers.
The lake basin drains approximately 2,744 square miles. The major tributaries
providing inflow to the lake are Black Cypress Bayou, Little Cypress Bayou, and Big Cypress
Bayou. The lake covers 26,800 acres and provides storage of 128,600 acre-feet at mean lake
elevation of 168.5 feet, NGVD. At the current normal pool elevation, mean depth is 4.5 ft.
and median depth is about 2.5 ft. The spillway is comprised of a 860-foot-long low section at
elevation 168.5 feet, NGVD, and two adjoining high sections (920 and 620 feet long, each) at
elevation 170.5 feet, NGVD. The water surface elevation for a discharge of 20,000 cfs at the
existing Caddo Dam is approximately 176.75 with an average velocity across the weir of 1.2
feet per second. Downstream of Caddo Lake, Twelvemile Bayou appears to be an old
meander of the Red River. It is now separated from the Red River by an agricultural area
which has been surrounded by levees. The Twelvemile Bayou channel runs south from
Caddo Lake and enters the Red River above Shreveport, Louisiana. The bayou carries the
flows out of Caddo Lake and the runoff from Black Bayou (drainage area 231 square miles at
Hosston, La.). The capacity of the leveed Twelvemile Bayou is about 20,000 cfs at top of
levee.
Situation
In flood flow conditions, Caddo Lake has appreciable slope between the dam and the
headwaters. The headwaters of Caddo Lake would be approximately at Karnack, Texas;
however, backwater effects from the lake extend upstream as far as Jefferson, Texas, over
47 river miles. The embankments for Highway 1 and Highway 538 extend out into the lake
causing conveyance problems and increasing the backwater effect. Between Caddo Lake
and the City of Jefferson, Texas, Little Cypress Creek (drainage area 675 square miles) and
Black Cypress Bayou (drainage area 365 square miles) combine with Big Cypress Bayou.
While still at risk from backwater effects from Caddo Lake, Black Cypress Bayou and Little
Cypress Creek, the City of Jefferson is largely protected from the flooding of Big Cypress
Bayou by the flood control provided by Ferrel’s Bridge Dam and Lake O’ the Pines reservoir
which controls much of Big Cypress Bayou (drainage area of 850 square miles at the dam
site). In spite of these hydraulic alterations, many residential developments located adjacent
to Caddo Lake, and along the backwater areas of Big Cypress Bayou upstream to Jefferson
remain susceptible to flood damages. Under existing conditions (based on field surveys
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performed in 1994), it is estimated there are 728 residential, 38 commercial, 7 public, and 3
institutional structures in the 500-year floodplain.
The reduction in overbank flooding afforded by the above referenced developments
has lowered the water table elevations in the floodplain’s backwaters and has contributed to
deterioration of natural terraces and berms deposited by the stream during periods of high
discharge and sediment transport. In some instances landowners have also taken advantage
of the reduced flood elevations to breach natural bank levees and assist in the drainage of
backwater sloughs. These breaches offer potential for ecosystem restoration of sloughs if
modified.
Hydrology is probably the most important defining factor of a wetland and the most
crucial factor in wetland restoration. Impoundments alter the hydrology of downstream areas
by reducing flood flows, thereby drying up the flood plain and increasing access and
development of areas that were previously too wet. At Caddo Lake, studies by the National
Biological Survey indicate that the age classes of bald cypress are increasing and that there
is a notable lack of regeneration and stands of younger age classes. The various age
classes of cypress exist as a result of dynamic changes in hydraulic regime at various and
random intervals through time. Due to stable water surface elevation at the current Caddo
Lake spillway elevation 168.5 feet NGVD there is insufficient to nonexistent exposed
substrate for cypress germination and regeneration. Subsequently, as the older trees die off,
they are not being replaced. As pointed out by the National Biological Survey, however, this
should be taken in context of the fact that bald cypress trees or stands normally live to about
600 years of age and many trees have been documented to be well over 1,000 years of age.
The oldest trees at Caddo Lake are approximately 400 years in age and most of the stands
are about 100 years in age, indicating that the Cypress swamps will probably continue to
thrive for centuries to come without human efforts to encourage regeneration.
Additional wetland losses also occur in the basin due to clearing and filling for
agriculture, urbanization and other development. The altered hydraulic conditions discussed
above have influenced the productivity of the flood plains by reducing overbank flows and
altering the seasonal water availability to the vegetation. Hydrologic modifications to the
floodplain have allowed increased human development due to the reduced potential for
flooding. Improved access to low sites for timber harvest, pasture development, and oil and
gas production have been the most common impacts. Computer simulation of the
hydrological conditions which would occur in Little Cypress Bayou with construction of
previously proposed Little Cypress Reservoir confirmed that the reservoir would eliminate
most of the overbank flushing flows required to maintain the swamps and bottomland
hardwood forests of the floodplain. Note that this project was not designed with flood control
purposes in mind and it was never constructed.
Water quality and noxious, aquatic vegetation are of primary concern in the study
area. The State of Texas designates water uses of Caddo Lake and Big Cypress Bayou
below Lake O’ the Pines as contact recreation, high quality aquatic habitat and public water
supply. There are two permitted domestic outfalls and four permitted industrial outfalls (a
total of 6 outfalls) in the lake. The Texas Natural Resources Conservation Commission
(TNRCC) reports that dissolved oxygen, temperature, and pH measurements fall outside
criteria in 9 percent of samples from Caddo Lake. There are 4 permitted domestic outfalls
and 3 permitted industrial outfalls (a total of 7 outfalls) along Big Cypress Bayou downstream
of Lake O’ the Pines. TNRCC reports that dissolved oxygen, pH, and fecal coliforms fall
outside State criteria in 23-31 percent of samples from this segment. Low aeration rates and
natural organic loads create a naturally stressed condition. The Texas parks and Wildlife
Department (TPWD) reports that in the upper end of Caddo Lake anoxic conditions persist
through most of the growing season.
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Modification of flow regime has increased densities of native aquatic plants in Caddo
Lake. Increases in plant biomass contribute to seasonal habitat degradation with anoxic
conditions occurring on 50% of the Texas side annually from June through November. In
spite of the extensive coverage by submersed aquatic plants, the only chemical treatment
currently being done on Caddo is for water hyacinth.
Water hyacinth in Caddo Lake
continues to be treated under a maintenance control program and since 1990, with upwards
to 157 acres being treated annually. Boat lanes remain marginally navigable due to the
volume of boat traffic utilizing them. Although hydrilla was not observed during 1995 site
visits, a small population had been reported in Big Cypress Creek, upstream of Caddo Lake
by the TPWD at that time. In late 1996, the State reported an infestation of about 500 acres
in the mid-lake area. By late 1997, TPWD reported that hydrilla had spread from 500 acres
to more than 5,000 acres.
As noted earlier, the natural hydrology of the watershed’s floodplain has been greatly
altered through the construction of various flood control and other construction activities,
primarily within the Big Cypress drainage. Reservoir development has resulted in reduced
magnitude, frequency, and duration of peak flows downstream of the structures, and in some
cases, shifted the seasonal timing of peak flows. As an example, operational discharges
from Lake O’ the Pines are restricted to a maximum of approximately 3,000 cubic feet per
second (cfs), comparatively, prior to construction of the reservoir, flood flows within Cypress
Bayou had exceeded 57,000 cfs. In addition, peak flows downstream of the reservoir now
occur most often in the late winter months rather than spring due to the reservoir operation
schedule.
In summary, problems identified at Caddo Lake during the watershed investigation
include the following:
$
$
$
$
$

Sedimentation and water quality degradation;
Noxious aquatic vegetation problems associated with excessive nutrient
loading and lack of lake flushing;
Degraded bottomland hardwood and other wetland habitats due to altered
hydrologic regime;
Nuisance flood damages at Caddo Lake and its backwaters along Big
Cypress Bayou; and,
Lack of regeneration of bald cypress due to stable pool elevation.

Alternative Plans
Investigations undertaken were a cooperative endeavor.
Study participants,
including U.S. Fish and Wildlife Service (USFWS), Texas Parks and Wildlife Department
(TPWD), and National Biological Survey (NBS), along with the Bureau of Reclamation (BOR)
and the Corps, were all full and equal partners. The major problems associated with Caddo
Lake as identified by consensus of these resource agencies related primarily to hydrology
and hydraulic regime issues.
A number of measures were considered which might meet the planning objective of
bald cypress restoration. Studies by the National Biological Survey and others indicate that
while plantings of cypress seedlings and saplings in selected areas of the lake can provide
limited successful regeneration, the ability to manipulate water levels is critical to insure
successful regeneration over the long term.
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Various measures have been considered to control noxious aquatic vegetation as
were noted in the AQUATIC PLANT GROWTH - CADDO LAKE section of this report. Past
efforts at chemical and mechanical control of noxious aquatics have shown that these
measures are not cost effective for the long term. In addition, the expanded use of chemical
treatments is not environmentally acceptable to many local interests. Working with TPWD
and Louisiana Wildlife and Fisheries, a number of additional measures were considered.
These included selective and controlled introductions of grass carp, with various fish
containment barriers. Measures to increase turbidity (and decrease light penetration),
including introduction of turbid Red River water, were also considered and determined to be
environmentally unacceptable. There was a general consensus of the planning team that the
ability to manipulate the pool elevation of Caddo Lake would create opportunities for
dessication, freezing, and for general biomass and nutrient removal. Additionally, recharge of
the pool through releases from Lake O’ the Pines would provide potential for manipulating
depth, turbidity, and flushing characteristics of Caddo Lake.
Residential and second home development along the berms of Caddo Lake and its
backwater areas experience periodic flood damages as the result of the current hydrologic
regime. Water surface profile studies showed that control of the water surface of Caddo Lake
shifted from the dam to Twelvemile Bayou and the agricultural levee for events of greater
magnitude than the 25 year (4% probability) flood. For events more frequent than the 25year event, modifications to the Caddo Lake Dam could provide greater reductions in the
flood damages.
An apparent solution to all of these identified problems and opportunities would be to
provide the ability to manipulate water surface elevations of Caddo Lake. One non-structural
alternative identified that could partially meet the objective of manipulation of surface
elevation at Caddo Lake is a modification of releases from Lake O’ the Pines. Two
preliminary structural alternatives were identified which could increase the rate of release of
water from Caddo Lake. The following alternatives were investigated to address the multiple
objectives of aquatic weed control, bottomland hardwood and aquatic habitat restoration,
flood damage reduction, and cypress regeneration.
Labyrinth Weir. Use of a labyrinth weir is considered as one method to either
increase pool elevations or to allow for faster drawdown of lake surface elevations, or both.
During initial formulation, it was considered that the 860-foot-long low section of the
uncontrolled weir would be raised from 168.5 feet, NGVD, to 170.5 feet, NGVD. This would
allow fluctuation of the mean lake levels from 170.5 feet, NGVD, to the existing elevation of
168.5 feet, NGVD. Hydraulic design criteria of a labyrinth weir were based upon the
estimates of the ability of the downstream channel to carry away flows, the elevation at which
structural damages began to occur around Caddo Lake, the currently expected pool levels of
Caddo Lake, and the capability of Caddo Lake to deliver flows to the dam site. The hydraulic
design criteria for the labyrinth weir were 20,000 cubic feet per second discharge at a
reservoir elevation of 172.0 above mean sea level (M.S.L.) with the weir crest at 170.0 M.S.L.
and an approach invert at 158.0 M.S.L. Within the current guidance on design of labyrinth
weirs, this design criteria yielded preliminarily acceptable results. A design was selected for
further evaluation based upon length, volume of concrete and estimated earth work costs.
The length criteria came from the requirement that the labyrinth be constructable in the south
abutment of the Caddo Lake Dam without impinging on the existing weir, as one of the
planning alternatives to be considered left the existing weir in place. As stated, however, a
design elevation which could potentially result in a permanent raise in pool elevation above
168.5 was considered to be unacceptable to natural resource agencies and many local area
residents. Within these constraints, a labyrinth weir with ability to decrease time for
drawdown to normal pool elevation (168.5) has an estimated project cost of $15,044,000
based on October, 1998 price levels.
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Tainter Gate. Caddo Lake was not constructed for flood control purposes and thus
has no flood storage capabilities. The use of tainter gates would permit drawdown for
environmental management purposes, pre-release of water for flood damage reduction, and
more efficient systems operation of Lake O’ the Pines and Caddo Lake. The variable weir
concept (i.e., tainter gates) was developed to reduce the risk of induced flooding during
passage frequent events through the lake during high water season. Tainter gate design
criteria was derived from the Corps of Engineers Hydraulic Design Criteria 320-4 through
320-8/1 and assumed that the gates would compliment a labyrinth weir. Tainter gates were
designed to operate in conjunction with a labyrinth weir to release up to 5000 cfs
corresponding to a 2-year event and the conveyance capacity of the natural channel
downstream. Analyses indicate that allowing drawdown would not significantly impact the
natural and human resources and that if Caddo Lake were drained completely, it should refill
within a single year under normal conditions, especially with the ability to more effectively
utilize releases from Lake O’ the Pines. The alternative of tainter gates with a labyrinth weir
would significantly decrease time to drawdown to normal pool elevation and would allow
additional drawdown below elevation 168.5. It would have a project cost of $20,822,000
based on October, 1998 price levels.
Modification of Releases from Lake O’ the Pines. A change in the reservoir release
plan for Lake O’ the Pines has the potential to increase overbank wetted area along Big
Cypress Bayou and the headwaters of Caddo Lake, but could do nothing in regard to
lowering surface elevations at Caddo Lake. The reservoir release plan currently includes a 2foot winter pool which is evacuated to collect Spring rains. There is also capability to revise
the release of stored flood waters from Lake O’ the Pines. Modification of reservoir releases
is within the Corps’ existing authority and would have no first cost other than study costs.
Because this alternative would not fully meet the planning objectives for Caddo Lake, it is not
considered to be a complete independent solution to the area’s identified problems and
needs but should be considered in conjunction with the aforementioned structural solutions.
Ecosystem Restoration and Source Water Protection. Nutrient and contaminant
loading of Big Cypress Bayou and Lake O’ the Pines and Caddo Lake contribute to the water
quality deterioration and aquatic weed problems in the basin. Both point and non-point
sources in the upper portion of the basin were identified as contributing factors. While the
restoration of functional values of floodplain wetlands could not, by itself, fully meet any of the
multi-objective goals of improving water quality, controlling aquatic weeds, reducing flood
damages, and potentially developing additional water supply, such measures could make
significant cumulative contributions over the long term. Opportunities prevail to restore
degraded bottomland hardwoods, cypress stands, and emergent wetlands in the upper
portion of the Big Cypress Bayou. Such restoration would not only enhance habitat values
for wetland dependant species but would also contribute to other functional values such as
flood water damping, ground water recharge and water quality improvement.
The commonality of the identified problems of eutrofication and subsequent biomass
accumulation of noxious aquatic vegetation, general loss of naturally functioning bottomland
hardwoods and other wetlands, lack of cypress regeneration due to constant pool elevation,
and nuisance flood damages is the timing, depth, and duration inundation. The weir alone
could be used to increase the rate of discharge for a given lake water surface which would
allow manipulation of water surface elevations above 168.5 feet NGVD. This could provide
some capability for cypress regeneration at elevations above 168.5 and offer flood relief for
events less than the 25 year due to quicker drawdown to the 168.5 elevation. Construction of
tainter gates set at a lower elevation than 168.5 in conjunction with a weir would offer an
even more effective method to draw down the lake for resource management purposes or in
anticipation of a flood event. Such a structure would also make better use of the limited
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conveyance capabilities of Twelvemile Bayou. Modification of the release plan for Lake O’
the Pines would enhance the management options for Caddo Lake surface elevations
associated with Caddo Lake spillway modifications and restoration of wetland systems in the
upper basin could additionally contribute efficiencies on a watershed scale.
Although each feature of the plan identified during this investigation was formulated
as an independent alternative, the combination plan of a labyrinth weir, tainter gates,
modification of releases from Lake O’ the Pines and riparian ecosystem restoration appears
to have merit.

Evaluation of Alternatives
Initial formulation efforts considered a two foot higher lake level provided by the
labyrinth weir at elevation 170.5. This would have permanently inundated an additional 3,277
acres of land in Texas and 1,143 acres in Louisiana. The lake at this elevation would have a
total surface area of approximately 31,220 acres. In conjunction with initial design of a
labyrinth weir at elevation 170.5, a preliminary assessment was performed to investigate the
effects of higher mean lake levels on the cypress trees within the lake. A pool raise of any
depth or duration has the potential to adversely affect some areas of mature cypress swamps
and bottomland hardwoods. It should also be recognized though, that the area that would be
potentially inundated by higher pool elevations is currently dominated by hydrophytic species
and currently withstands prolonged periods of inundation to elevation 170.5. Increasing the
lake level would inundate about 4,000 acres of woodland and 480 acres of open land. Areas
of mature bottomland hardwoods (other than Cypress) occurring on the high ridges within the
upper end and along some of the shoreline and draws of Caddo Lake would be adversely
affected by a higher pool elevation and areas of increased inundation.
While a weir that would provide more control over the pool elevation between 168.5
and 170.5 would allow additional area for cypress regeneration, it is the view of the natural
resource agencies that a permanent increase in pool elevation of two feet would result in
extensive if not complete mortality of bottomland hardwoods and up to 50% mortality within
existing bald cypress stands. If the increase in pool elevation was less than the full two feet
and the duration was less than 100% of the time some cypress tree mortality could still be
induced. A significant environmental area, Harrison Bayou within the Louisiana Army
Ammunition Plant, contains a 1,300 acre special management area of both virgin (300 acres)
and reforested timber. Inundation of a portion of this area along the bayou could produce
some tree mortality as well as positive successional vegetative changes depending upon the
operating regimen. Nevertheless, it was determined that given the risk involved with any
potential pool raise, the potential for adverse effects to bottomland hardwoods and cypress
far outweighs any potential benefit of additional cypress regeneration. Any permanent
increase in pool elevation is considered to be unacceptable to the natural resource agencies
and lake area residents.
A labyrinth weir at elevation 168.5, on the other hand, would allow for more rapid
drawdown to the normal pool elevation than the current notched weir while not adversely
effecting existing cypress and bottomland hardwoods. A labyrinth weir at the current spillway
notch elevation of 168.5, while allowing for quicker evacuation of flood waters above
elevation 168.5, would not inundate any additional lands than those periodically flooded with
the existing fixed spillway. The tainter gates combined with releases from Lake O’ the Pines
would allow for further drawdown and other manipulation of the pool elevation for aquatic
habitat restoration, reductions in shoreline erosion (at Lake O’ the Pines), some cypress
regeneration and flood damage reduction purposes. Such coordinated operation of both
lakes would also have the potential to increase their joint yield.
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With the proposed tainter gates, areas below elevation 168.5 would be subject to
periodic drawdowns that currently do not currently occur. In the case of cypress stands
(including the 1,300 acre “special management area”), this lack of periodic drawdown has
resulted in a lack of regeneration. Drawdown capability on Caddo Lake would provide
opportunity for natural cypress regeneration and restoration by enhancing success of
revegetation with saplings in the new fluctuation zone. The benefits of cypress regeneration
below elevation 168.5 as well as restoration of hydrologic regimes along Big Cypress Bayou
more favorable to bottomland hardwoods, and general wetland and habitat values will be
incrementally analyzed during a feasibility study and quantified economically to the extent
practicable. Studies during the feasibility phase would analyze opportunities to avoid and
minimize any potential adverse effects. If, in coordination with the resource agencies, it is
determined that an operating plan can be developed which would result in reasonably
acceptable losses, a mitigation plan wouldl also be developed. An incremental cost analysis
would be used to optimize operating regime and any potential mitigation of unavoidable
habitat losses to bottomland hardwoods. Such costs, which may involve O&M, revegetation,
land acquisition, or some combination thereof, would be incorporated into plan formulation
and selection. It is anticipated, however, that adverse affects to bottomland hardwoods will
be minimal, and that costs associated with mitigating any adverse effects would not approach
the potential benefits attributable to the restoration potential of the project.
Another aspect of the proposed combination plan is modification of the winter pool
and flood pool release schedule of Lake O’ the Pines reservoir upstream of Caddo Lake. The
purposes of modifying the releases would be to optimize flows through Caddo Lake for
habitat management and flood damage reduction, to address overbank flows needed to
restore bottomland hardwood, wetland, and fishery values between Lake O’ the Pines and
Caddo Lake and to address shoreline erosion at Lake O’ the Pines. Releases from Lake O’
the Pines will be optimized for these purposes but also to provide high flows of short duration
in the Fall and Spring. These modified releases will contribute to improving conditions for
wintering and resident waterfowl (Fall release) and for spawning fish (Spring release) along
Big Cypress.
The current lack of lake level fluctuation at Caddo Lake, which is partially the result of
the Corps’ constructed dam on this previously natural lake as well as the construction and
operation of Lake O’ the Pines upstream, has resulted in a very significant loss of flushing
action in the backwater areas of the lake, thereby creating a nutrient sink. Drawdown
capability will allow for dessication of noxious aquatic biomass (Nelumbo, water hyacinth,
hydrilla, etc.,), exposure to freezing temperatures, and possible nutrient and biomass removal
in-the-dry. Chemical, biological, and mechanical treatments have been ineffective in past
decades due to nutrient recycling, however, dessication, freezing, and biomass removal has
potential for aquatic habitat restoration and water quality improvement. Increased flow
through the lake and over the modified spillway would result in improvement in water quality
through aquatic vegetation biomass and nutrient removal and by the “flushing” of Caddo
Lake. Nutrient removal and reduction in nutrient recycling would, in turn, help reduce the
aquatic plant problem.
These measures are considered to be highly effective for the native aquatics, but
would probably not be as effective on hydrilla. It is likely that additional measures such as
introduction of triploid grass carp may be necessary to control hydrilla. At the request of the
Fisheries Division of Texas Parks and Wildlife Department, a design and estimated were
made of a containment barrier for introduced grass carp. Assumptions included a maximum
discharge across the spillway of 20,000 cfs and the need to contain introduced
young-of-the-year triploid grass carp. Total first cost of a barrier structure on the dam and
spillway is estimated at $260,000 based on October, 1998 price levels. It would be expected
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that maintenance costs would be high and there could be no guarantee that the structure
would not fail as debris accumulated against the barrier during high flow.
Incidental benefits for water quality improvements associated with water surface
elevation manipulation for aquatic plant control are estimated at $153,000 annually. This
monetized amount is based on an alternative cost method for improving water quality using
information developed during the investigation by the Bureau of Reclamation (BOR). Other
significant non-monetized benefits would accrue to both aquatic habitat restoration and water
quality with this proposal.
In terms of impacts to fisheries, the ability to draw the lake down periodically with
tainter gates would have mixed effects, depending upon time of year and duration. The
associated reduction in nuisance aquatic vegetation would have a net beneficial effect on
game species since structure in the lake is not limiting. Reduction in spatial extent of noxious
aquatics would open areas for reproduction and availability of prey. Short-term negative
impacts due to decreased water quality could be periodically experienced during instances of
turbulence and nutrient recycling as the lake refills. These effects should be more than offset
over the long-term due to improved water quality resulting from removal decaying vegetation
biomass and nutrients. Further, modification of the release schedule from Lake O’ the Pines
will be designed to optimize overbank wetted areas along Big Cypress Bayou in the Spring
and Fall. This would not only provide conditions favorable to restoration of bottomland
hardwoods, but would provide spawning and nursery habitat for stream fishes including game
fish and desirable prey species. Restoration benefits to both the lake fishery and the stream
fishery would occur which cannot easily be monetized.
Potential widespread ecosystem restoration benefits could be gainved for the
proposed modifications. One small example of the many opportunities occcurs in the
immediate vicinity of the spillway. With modification, the current spillway channel would be
plugged and flows over the spillway directed over the total area. With proper design and the
planting of suitable vegetation, the area would be restored to a productive wetland. The 50
acre site could be developed as a wet sedge meadow with irregular shaped ponded areas of
varying water depths to benefit a variety of shorebirds, wading birds and waterfowl. Benefits
of this restoration, along with cypress restoration on Caddo Lake, bottomland hardwood
restoration along Big Cypress Bayou, opportunities for some control of noxious aquatic
vegetation, restoration of stream and lake fishery values and the associated habitat values of
each would occur with the proposed plan. Many, if not all, of these values would be to
resources of national and international importance which cannot be quantified in economic
terms. As has been pointed out, the 7,000 acre upper end of Caddo Lake is designated as a
“wetland of international importance” under the Ramsar Treaty. Bottomland hardwoods are
recognized as a Category 2 resource of national importance, for which restoration values will
occur but which cannot be monetized.
Reduction in on-going shoreline erosion in Lake O’ the Pines could also be achieved
with the proposed combination plan. Flood waters currently held in Lake O’ the Pines which
cause a higher erosion rate around the lake could be released quicker. Benefits for reduction
of shoreline erosion at Lake O’ the Pines are estimated at $354,000 annually. Additionally,
the on-going stream bank erosion in Twelvemile Bayou could be alleviated by less variability
in flows through the bayou.
Current recreational usage at Caddo Lake is estimated at 800,000 to 900,000 visitor
days annually. Minor impacts would include the need to extend existing boat-launching
ramps landward, etc. Minor beneficial aspects would include increased fisheries for
sportsmen and better boat access through portions of the lake which currently have very
shallow boat lanes. Caddo Lake State Park located in Texas along Cypress Bayou would not
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be significantly impacted. This recreational area is located approximately 14 miles northeast
of Marshall; Texas, on Highway 43 and east 1 mile on Farm-to-Market Road 2198 in Harrison
County, Texas. The park covers an area consisting of 480 acres of piney woods, hardwood
bottomlands, and cypress swamps. The park is operated by the Texas Parks and Wildlife
Department. Below Caddo Lake within the Twelvemile Bayou system, with possible
increased or more consistent flows, the potential would exist for more intensive water based
recreation to develop. The 1990 Texas Outdoor Recreation Plan states that this area
currently (and in the future) needs additional facilities for fishing, boating and other water
borne recreation.
A total of 45 known archeological sites, both prehistoric and historic, are located
along the periphery of Caddo Lake. The entire periphery of the lake has not been
systematically surveyed; therefore, the existence of the 45 known sites suggests that more
sites could be found around the lake. The primary cause of impacts to cultural resources
would be inundation of the sites, erosion of the sites and disturbance of the sites from land
alteration for structural modifications. This latter cause of impacts would not be significant for
the labyrinth weir or tainter gates. Inundation and erosion of the sites would pose the
greatest threat to archeological finds.
The proposed combination plan as formulated, which is considered a compromise or
trade-off in terms of minimizing detrimental impacts, would generate flood damage reduction
and incidental water supply benefits. The plan would provide a 25-year level of protection for
the Caddo Lake portion of the study area and a 10-year level of protection for the Big
Cypress Bayou, Little Cypress Bayou, and Black Cypress Bayou portions of the study area.
The expected annual flood damage reduction benefits to existing developments attributable
to the labyrinth weir with the tainter gates, and associated ability to draw down the lake level
in anticipation of flooding conditions, are $201,000 annually. Given these lands are currently
inundated by periodic flooding, it is not precisely known at this time if any additional lands
would needed. The proposed plan would reduce the frequency of flooding and therefore
possibly negate additional land requirement. The effect on the flood elevations experienced
upstream of the dam and the potential for the induced damages downstream would need to
be thoroughly evaluated if more detailed studies were undertaken. At that time, detailed real
estate surveys would also be performed to determine the exact numbers and which
improvements, if any, would have to be relocated.
The ability to pre-release water from Caddo Lake through tainter gates would allow
for more efficient release and recapture of flood flows from Lake O’ the Pines reservoir. This
would create the potential to generate additional water supply yield estimated at 84 MGD.
Benefits for this potential incidental water supply are estimated at $271,000 annually. The
calculated dependable yield is based largely on an allowable drawdown elevation. The
existing condition simulation of the worst drought on record (which occurred from May
through December 1956) resulted in a minimum stage of 166.6 feet, NGVD. The elevation set
as the allowable drawdown limit for all periods of record with project conditions simulations
was 166.0 feet, NGVD, which is the actual historical minimum lake elevation. The new mean
lake level was set at 170.5 feet, NGVD, in lieu of 172.0 feet, NGVD, to minimize impacts to
terrestrial habitats and residential developments and to minimize real estate requirements
and associated costs. Setting a lower mean lake elevation requires allowing a lower
drawdown limit in order to allow for the same net water supply.
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EROSION PROTECTION
Erosion protection was investigated for two areas: along the shoreline of Lake O’ the
Pines and an area in Jefferson in the vicinity of the Historic Powder Magazine. Descriptions
of the problems and possible solutions follow.

LAKE O’ THE PINES SHORELINE EROSION
Situation
Because of the erosive nature of the soils around the lakeshore of Lake O’ the Pines,
many areas have experienced extensive soil losses. As the reservoir operates to store
floodwater for subsequent release downstream in a controlled manner, the lake level rises
upstream of the dam. During this time, soils become saturated and subjected to vigorous
wave action. As the lake level recedes these soils are exposed, but continue to absorb the
force of waves. These combined forces often cause large-scale sloughing of the shoreline
which can be observed in many places around the lake. Federal funds made available for
operation and maintenance of the lake are insufficient to adequately address this problem,
except in isolated areas where park facilities are being threatened.
In order to collect baseline data for possible future studies, a reconnaissance-level
real estate cost estimate was developed. Investigations revealed a lack of recent real estate
activity around the lake, indicating a stagnant market. Portions of many of the properties
exist within the floodplain/floodway as well as outside of any flooding areas. The highest and
best use of the lands in question are variable. There are properties which are, or have the
potential for commercial, residential and agricultural (crop production or timber). For planning
purposes, the average value of vacant land is estimated at $275 per acre. Individual
subdivision lots are estimated at $10,000 each.
While some critical sites in the public recreation areas may be best dealt with through
structural protection of the shoreline, the acquisition of additional real estate by the
Government may be the most economical, but not the best environmental solution. It was
beyond the scope of this study effort to estimate the amount of land that might be needed to
properly resolve erosion concerns. A detailed investigation of the number and type of private
improvements around the lake which might be impacted was not undertaken. In general,
however, since the Government holds flowage easement up to elevation 254.5' NGVD, much
of the acquisition would involve conversion of these flowage easements to fee. Under
Federal law, no such acquisition of private property rights can be done by the Government
without payment of fair market value.
Proposed Solution
Alternatives to stabilize lake shorelines range from tires and car bodies to more
sophisticated methods, such as bio-engineering (use of natural materials). With the large
amount of shoreline experiencing erosion, and with no significant adverse impacts on
adjacent property, no detailed alternatives were addressed.
With proper planning, site preparation, appropriate plant establishment methods used
at the right time, and postplanting monitoring and maintenance, large segments of the
reservoir shoreline could be vegetated to satisfy several objectives including shoreline
erosion control. Revegetating the reservoir shoreline could help prevent and control erosion,
reduce turbidity and improve water quality, establish fisheries and wildlife habitat, and
enhance reservoir esthetic values.
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Economics
No benefits were evaluated for this alternative at this time.

JEFFERSON POWDER MAGAZINE EROSION
The Civil War-era powder magazine is a brick structure located on the south side of
Cypress Bayou just east of the town of Jefferson (Figure 4-2). The structure is located about
65 feet from the bank of the bayou, a bank which is now actively eroding. Unless the
bankline is stabilized at this location, it is probable that continued erosion would eventually
result in the destruction of the powder magazine. A photograph of the existing powder
magazine is shown on Photograph 4-11.
Situation
Underwater archaeological investigations were conducted as part of the Red River
Waterway Project, Shreveport, Louisiana, To Daingerfield, Texas, Reach Reevaluation
Study, performed by the Vicksburg District, Corps of Engineers. The objective of the dive at
the powder magazine was to make a thorough examination of the river bottom adjacent to the
site and record the findings. Only one dive was conducted at that location. The diver reached
a maximum depth of 24-foot in the strong current that prevailed at this bend in the river. While
the strong current made diving difficult, visibility on the bottom was on the order of 1 to 2 ft. It
should be noted that the current was actively causing erosion of the steep, freshly cut, river
bank immediately in front of the powder magazine; undercut lumps of soil were observed
falling into the river during the investigation. The diver covered the river bottom from upriver
of the magazine to downriver of the magazine. The area covered by the diver was centered
on the extant brick structure and extended approximately 130 feet along, and 65 feet out
from, the river bank. Several artifacts were recovered. The artifacts were conserved and
turned over to the Jefferson Historical Museum for final disposition.
Proposed Solutions
Structural Solution: This alternative investigated the bank erosion problem along the
right bank of the Big Cypress Bayou at the site of the historic powder magazine. A traditional
structural solution can be used to alleviate the toe scour problem. Over a period of time, the
streambank beneath the Jefferson Powder Magazine has eroded to the point of risking the
total loss of the structure. To preserve the structure, the means of streambank protection that
was considered as a solution was the use of crib walls. These walls are constructed from a
variety of structural members stacked to form a series of interconnected boxes or cribs.
These cribs are then filled with stone and compacted to form a gravity retaining structure. In
keeping with the historical appeal of the structure, the structural members would consist of a
treated timber framework lined with a wire mesh to contain filler stone. The cribs gain added
stability by driving the corner posts down into the riverbed materials. The crib wall used in
this particular case is approximately 245 ft in length with 18 ft sides, 9 ft high and 6 ft deep
(See Figure 5, Appendix F). Approximately 1,100 CY of backfill will be required behind the
wall. This alternative would have a project cost of $77,400 based on October, 1998 price
levels.
Bio-Engineered Solution 1: This alternative to alleviate the bank erosion problem
along the right bank of the Big Cypress Bayou at the site of the historic powder magazine is a
non-traditional structural solution to alleviate the toe scour problem. This alternative (Figure
6, Appendix F) consists of a twelve-foot high gravity retaining wall incorporating stacked
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horizontal sections of 8-inch geocell filled with either compacted soil or gravel. Geogrid is
present between every other geocell section, extending back into the embankment. The
retaining wall rests on a gravel base that extends out into the channel, and back into the
embankment. The gravel is wrapped with a woven geotextile. The outer one-foot of each
geocell section is filled with gravel, with compacted backfill (clay) used to fill the remainder of
the section. Vegetation is planted in each of the exposed geocell sections. Topsoil may
need to be placed on the extreme outer surface of the wall to aid in the growth of the
vegetation. The wall is approximately 100 feet long, and has riprap placed on the upstream
edge. This alternative would have a project cost of $120,000 based on October, 1998 price
levels.
Waterways Experiment Station - Water Operations Technical Support: The solutions
proposed by the WES-WOTS personnel are described below. The following bioengineering
solutions were provided based upon the site visit on July 10, 1995, and subsequent
information obtained from Fort Worth District. These treatments are fairly generic since no
stage data or cross-sections were available for the site.
a. There should be minimal grading of the site with revegetation of existing slopes.
b. Root Wads . Root wads are live or dead logs with root masses attached. The
fans of the root wads provide an interlocking wall protecting the streambank from erosion.
The voids within and between the root wads are filled with a soil mix and planted with live,
willow clumps. The root wads are laid on top of a keyed-in shelf of stone and support logs.
This shelf includes a layer of bottom support logs flush with one another, shingled together,
and running parallel to the streambank. The root mass should be a minimum of 5-ft in
diameter and angled slightly upstream towards stream flow. This treatment should be placed
at a base elevation that is consistent with water levels during the major part of the growing
season, i.e., June through September. The bottom two thirds of the root wad should be in
water during that period of time.
c. Brush Layers. Brush layering is a treatment where live willow branches are
placed in a "V-like  WUHQFK FXW LQWR WKH IDFH RI WKH VORSH  7KH WUHQFK UXQV SDUDOOHO WR WKH
contours of the slope. The willow branches are laid in the trench to form a 4-6" layer of criscrossed stems that is backfilled leaving only the top 6 inches or so of the willow exposed for
sprouting. This treatment should be installed about 5 vertical feet above the root wads.
Depending on the terrain conditions, another brush layer might be employed further up the
slope.
d. Erosion Control Fabric Erosion control fabric is recommended between the root
wads and the brush layers to help control rilling and gullying on the bare slope. Before the
fabric is applied, a seed mix of native grasses should be seeded on the slope and covered
with a COIR fabric which is biodegradable and made from Coconut husk fibers. This should
be one such as DeKowe 700 made by Belton Industries. The fabric should be keyed in at the
top and at the bottom. The fabric should run under the willow branches of the brush layer at
the top and down to the willow clumps in the root wads at the bottom.
e. Live willow cuttings. These are live willow cuttings and should be 3-4 ft long and
WR LQFKHVLQGLDPHWHUDWWKHEDVH7KHVHDUHSODFHG RQ -ft centers in zones between
and above the root wads and brush layering treatment. They are buried to a distance so that
only about 2 to 6 inches are exposed at the top. They can be inserted into the COIR fabric
and into the soil with the aid of a pipe and hammer. The pipe can be used to create a pilot
hole and then the willow cuttings hammered gently into the hole. The hole should be closed
around the cuttings by driving the pipe down adjacent to the cutting; this tightens the soil
around the cutting.
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f. The above treatments are illustrated in profile and perspective views (Figures 4-5
and 4-6). It is important to note that all woody plants, such as willow, be planted in the
dormant season, either in the late fall or late winter.
g. The treatments should be complimented by keyed-in rock refusals both upstream
and downstream from them to provide transition and prevent flanking.
The above treatments’ success is highly dependent on the probability of the willow
becoming established fairly quickly at the onset of the growing season. Slopes will be
stabilized with the combination of hard materials, e.g. rock, logs, and the living attributes of
the willow and other plants, e.g., roots holding soil together, branches trapping sediment and
slowing velocities. This alternative would have a project cost of $500,000.
Economics
It is expected that the most likely future scenario to be an extension of the current
situation, with periodic preventive maintenance and bank repair being performed by the
Historic Jefferson Society. A non-structural plan was not considered to be a viable option at
this site. The erosion of the riverbank will continue to reduce the area available for relocation
of facilities. The historic feature cannot be moved or it will lose its historic value in situ. As
mentioned earlier, continued bank erosion could lead to the loss of buried historic resources
dispersed throughout the foot print of the old magazine site.
As this is a cultural resource whose significance has been demonstrated by its listing
on the National Register of Historic Places. Therefore, this project meets the criteria for
protection under the Corps of Engineers authority.
Selecting the WES-WOTS alternative for protection of the powder magazine from the
on-going erosion results in a cost estimate for this alternative of $545,000.

EROSION PROTECTION SOLUTIONS
Based on the identified problem areas, the following solutions were made:
Χ

Χ

Lake O’ the Pines Shoreline. Lake shoreline erosion is pursuing a natural
phenomenon (seeking a natural slope of the shoreline), and properties have been
bought due to encroachment of the shoreline into private property. Although none of
the alternatives described above were investigated in detail, the possibility exists that
remediation of this erosion problem could be pursued in further study by the Corps
under Section 216, FCA 1970.
Jefferson Powder Magazine Erosion. The plan which is recommended for
implementation consists of the WES-WOTS -plan (as described above) and a trail
from the historic port location. The trail is necessary for the protection of the
vegetation used in the erosion protection. As visitation to the site increases, there
will be increased pressure from river traffic to dock at the site. By providing trail
access from the historic port visitors will not be inclined to “make their own path”
through the erosion protection vegetation. The WES_WOTS plan is recommended
due to the availability of suitable materials and desires of the local citizens to have an
environmentally/ aesthetically harmonious solution.
These erosion protection
alternatives could be further addressed by the Corps under Section 14, FCA 1946, if
a suitable non-Federal sponsor is identified.
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LAKE AND RIVER RECREATION
Since the area adjacent to the Big Cypress Bayou and the city of Jefferson is largely
wooded, it provides an ideal location to provide trail access for general public hiking, pleasure
walking, bird watching, nature study, and photography. Short hiking trails originating from the
historical district and adjacent parking areas would provide opportunities for hikers to travel
into the wooded areas and along the Big Cypress Bayou.

CITY OF JEFFERSON LEVEE TRAIL
Preliminary investigations showed a need for trail development in and around the city
of Jefferson. Further, whether the existing Non-Federal levee is restored or not, an excellent
opportunity exists to add a trail on top of the levee.
Proposed Solution
A proposed nature trail, from downtown Jefferson to approximately State Highway
49, along the top of the existing Non-Federal levee east of downtown to the end of the levee
was evaluated. The location of the levee was previously shown on figure 2-3. The trail would
be unpaved/primitive, consisting of cutting a cleared path along the top of the levee. The
total first cost of the natural surface primitive trail was estimated to be $40,340.
Economics
Based on current applicable procedures, the average annual benefits are estimated
to be $38,160.

POWDER MAGAZINE TRAIL
Situation
A need for more trails in and around the city of Jefferson exists. If the historic
Powder Magazine is restored and/or stabilized, there would be an excellent opportunity to
add this trail as part of the proposed erosion protection plan.
Proposed Solutions
A multi-purpose trail designed to provide access for hiking, jogging, and bicycling is
proposed. The trail system would be 1,900 feet in length and will extend from Business U.S.
Highway 59, southeast of the bayou and continue to the Powder Magazine. The trail would
be an 8-foot wide and will be routed on the top of the bank of the Big Cypress Bayou.
Surface Option number 1: The use of concrete is recommended for the entire length
of the trail system to minimize overall operation and maintenance costs and engineering
concerns. The initial construction cost will be higher than surface option 2. The trail system is
expected to be occasionally inundated by floodwaters, and subjected to some damage from
low to moderate overflow water velocities and floating debris.
Surface Option number 2: The use of crushed stone is recommended for the entire
length of the trail system to minimize the initial construction cost. The overall operation and
maintenance costs will be higher than surface option 1. The trail system is expected to be
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occasionally inundated by floodwaters, and subjected to some damage from low to moderate
overflow water velocities and floating debris.
Economics
The project first cost of the concrete surface trail was estimated to be $71,750. The
annual costs for this project would be about $8,100 including operation, maintenance, and
replacement cost. Operation and Maintenance costs would be the responsibility of the local
sponsor.
The project first cost of the crushed rock surface trail was estimated to be $46,900.
The annual costs for this project would be about $7,300 including operation, maintenance,
and replacement cost. Operation and Maintenance costs would be the responsibility of the
local sponsor.

LAKE AND RIVER RECREATION OPPORTUNITIES
Based on the identified needs in this section, the following observations are offered:
City of Jefferson Levee Trail
Χ

A proposed trail on the city of Jefferson levee offers the opportunity to develop
additional recreation facilities in the region.

Powder Magazine Trail
Χ

A proposed trail in and around the area of the historic Powder Magazine in
Jefferson offers the opportunity to develop additional recreation facilities in the
region.

LAKE OPERATIONS
Mathematical model outputs were used to plot annual and monthly elevation duration
and flow duration curves for Caddo Lake. Daily average flows in cfs and evaporation in
inches for the period of record 1938 through 1990 were used. The model was developed by
using elevation/area/capacity curves, outflow rating curves and storage parameters for
Caddo Lake as part of the input with linkage to nineteen other reservoirs and 35 control
points. Computers runs were made, based on existing conditions, and then on proposed
conditions. All of the data shows significant changes in elevations of Caddo Lake, depending
upon criteria used for Lake O’ the Pines releases.

RELATIONSHIP BETWEEN LAKE O’ tHE PINES AND CADDO LAKE
Situation
There exists a perpetual upstream/downstream relationship situation between Lake
O  The Pines upstream and Caddo Lake downstream -- and the city of Jefferson in the
middle. Releases made from Lake O’ the Pines directly affect lake levels in Caddo Lake.

Cypress Valley Watershed Resource Document - Page 4-54

Public meetings have been held over the years with views of the public from both
lakes desiring changes. The current operating sequence in use (changed in the early 1980’s
after Fort Worth District took over the management and operation of Lake O’ the Pines) is
based on input from these meetings.
Proposed Solution
A study of changes in operating rules for Lake O’ the Pines was made as a part of
the scope of this reconnaissance study. Under the proposed operational changes, the pool
would be raised from elevation 228.5 to 230.0 starting 1 March and drawn down to elevation
228.5 during the period of 6 - 20 April. The pool would be raised to the summer elevation
(230.0 NGVD) starting 20 May and be drawn down to the winter pool (228.5 NGVD) during
the period of 7 - 16 October. These changes would be made for Fish and Wildlife
(Environmental) Restoration.
It has been suggested that transferring jurisdiction of Caddo Lake to Fort Worth
District from Vicksburg District would facilitate more coordinated releases and result in fewer
problems with flood flows. This action was also beyond the scope of the reconnaissance
study and would have to be pursued under a different authority.
Economics
No economic data was calculated for this situation.

LAKE OPERATION SUGGESTIONS
Based on the investigations made of a modified release schedule for Lake O’ the
Pines, this change would have no significant impacts on Caddo Lake. However, it would
result in operations that could have positive impacts on Fish and Wildlife (Environmental)
Restoration.

RESTORATION AT JEFFERSON
HABITAT RESTORATION AT JEFFERSON
A multi-objective habitat restoration project is being pursued in a separate document
under the Corps’ Section 1135, Ecosystem Restoration Program. The proposed restoration
project would be located adjacent to the historic port and the environmental learning center
(currently under construction) and consists of habitat restoration of approximately 30 acres of
riparian bottomland hardwood forests, development of 2.9 acres of bottomland hardwood
wetlands, establishment of 5 acres of native wildflower/flowering and fruiting shrubs,
improvements to approximately 0.25 acres of emergent wetlands and creation of 1.84 acres
of instream spawning habitat for approximately 40 species of fish, including paddlefish. In
addition, bat roosting habitat would be provided.
During the time this resource document has been under review, this project was
placed into the Section 1135 program for further processing. The draft Integrated Ecosystem
Restoration Report (ERR) and Environmental Assessment (EA) entitled, Big Cypress Bayou
Fish and Wildlife Habitat Restoration Report, dated September, 1998 is currently under
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Headquarter’s review for approval and is scheduled to be released to the public in Spring of
1999.

CULTURAL HISTORY
HERITAGE AREA: THE CYPRESS VALLEY WATERSHED
The Cypress Valley Watershed (CVW) is a unique region within the states of Texas
and Louisiana. An excellent opportunity exists to protect and enhance its cultural heritage,
while encouraging development and economic growth. This could be accomplished by
designating it as a heritage area. This has already been done elsewhere, such as, the Los
Caminos del Rio Heritage Project (LCRHP), a joint effort between the two countries which
focuses on the area along the border of the United States and Mexico.
Methods similar to those applied in the LCRHP could be applied to the CVW. Such a
heritage area in Northeast Texas would broaden the experience of visitors. Those visiting the
watershed for recreational purposes would also have the opportunity for heritage tourism.
This would contribute to the economic development of the area and enhance regional
community pride. Developing the CVW as a heritage area, as was done along the Rio
Grande, would combine history, ecology, and recreation activities. Opportunities would be
increased by presenting a full range of activities for visitors. Such activities as birding, visiting
nature preserves, boating, fishing, and antique hunting would be combined with heritage
tourism to increase the number of potential visitors.

REGIONAL AND LOCAL ORGANIZATION
It is recommended a regional non-profit organization be created to oversee such a
project. The board should consist of local interests that would help establish and achieve
goals. A number of issues would be addressed by the board, such as cultural resource
preservation, tourism and other economic development, environmental protection, and
transportation.
A small permanent staff would be needed to provide professional
consultation. The staff could administer the organization, provide technical assistance to
local communities, develop preservation ordinances and historic zoning for interested
communities, and coordinate marketing efforts. Public and private funding should be pursued
to support the organization. The organization, staff, and board would work together to
promote the CVW as a visitor destination and heritage area.

DESIGNATION AND INTERPRETATION
One of the first objectives would be to delineate the CVW. The best way to define
this area would be to utilize the county boundaries for all counties located in the watershed.
The ten county and one parish area would be identified with directional highway signs. The
signs would be uniform, displaying, perhaps, the logo for the CVW. The Cypress Valley
Center, which is currently being planned by the firm Inside/Outside, would be an excellent
starting place for a tour of the heritage area. Brochures, audio cassettes, and/or tour guides
would be available for tourists to help them plan their stay and select activities. Appropriate
interpretive media, such as roadside pavilions, would be placed throughout the heritage area
to identify important sites.
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THEMES OF THE CYPRESS VALLEY WATERSHED
An in-depth historical study of the CVW would assist in identifying and interpreting a
variety of regional themes. These themes, such as Native Americans, early Anglo
Settlements, Agriculture, and River Transportation, would help to characterize the
distinctness of area. Thematic landmarks, sites, and structures could then be identified for
preservation. With interpretive media, the historic resources would orient the visitor and tell
the story of the CVW within a coordinated, thematic framework. Local museums or area
offices could direct visitors to landmarks within the heritage area.
The area’s historic properties and distinct cultures would be used to illustrate major
themes of the region, such as early settlement, river commerce, and agriculture. Properties
would be developed into a coordinated tourism experience to acquaint visitors with region’s
cultural resources. Part of the focus would be on the cultural continuity within the CVW
Heritage Area between Louisiana and Texas that transcends political boundaries. Several
preservation scenarios should be developed utilizing high-priority properties throughout the
CVW as focal points.
By developing these resources as focal points, secondary
developments would occur. These tourism-related entrepreneurial efforts, such as hotels,
restaurants, and shops, would provide economic development to the communities in which
they occur.

THE HERITAGE AREA CONCEPT
The heritage area concept complements a holistic, multi-disciplined regional
approach. The U.S. Fish & Wildlife Service and the Wildlife Corridor Task Force are currently
addressing this concept. Tours of the bayou and lake would address heritage as well as
wildlife conservation and water quality. Heritage education would instill local students with
regional pride, and restored landmarks, in addition to attracting tourists, would be living
examples of their heritage and the need to preserve it. Archeological sites, from prehistoric
villages to shipwrecks in the bayou, would add to the knowledge of the region’s historical
development. Restoration work in the region might encourage an interest in arts & crafts of
the past. Artist colonies might foster the local production of historical crafts, which would
educate residents and visitors about arts, crafts, of folklore. An artist-in-residence program
could be started for the region.

HISTORIC RESTORATION OPPORTUNITIES
The following opportunities are offered for historic restoration/preservation. All of
these opportunities are more appropriately the responsibility of state/local/private entities and
as such, no Corps involvement is proposed.
Χ

Inter-governmental Coordination--a task force should be created which would
coordinate agency activities, assist in project development, and encourage
partnering.

Χ

Inventory and Protection--County surveys should be undertaken to identify tourist
attractions in the CVW, such as historic and natural landmarks and sites. Potential
threats should be identified and efforts should be made to insure the protection of
these valuable resources.
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Χ

Planning--A master plan for the CVW should be developed which integrates tourism,
community and land-use planning, transportation, and historic site management.

Χ

Designations--Resources in the CVW should be designated, when applicable, as
regional, state, and national landmarks. This would include the nomination of historic
properties to the National Register of Historic Places, designation of historic districts,
county-wide historic resource surveys, and research for National Historic Trail and
National Historic Landmark designation. Efforts should be made to have the area
designated as a National Scenic Byway. The CVW offers visitors and residents
quality natural, scenic, cultural, and recreational resources.

Χ

Promotion--A touring map should be developed for the CVW which would guide
tourists and interpret heritage sites.

PUBLIC EDUCATION/ENVIRONMENTAL EDUCATION
The Cypress Valley Watershed sustains a broad array of nature study, outdoor
education, and environmental science programs aimed at educating students and adults
about environmental issues. Taken together, these programs represent a considerable
commitment on the part of teachers, students, government and non-governmental agencies
in the Cypress Valley Watershed to environmental education. As with environmental
education nationwide, however, the difficulty is that the programs are generally not taken
together. Nationwide, environmental education is not universally infused across the
curriculum at any educational level in any set of courses. Environmental education is
commonly paired with science education, and in fact, results of two studies conducted in
1986 suggest that "teachers view environmental education in a scientific context despite
evidence of its legitimacy in other subject areas." While there have been a great deal of
curricular improvements in the field over the past three decades, environmental education is
less a particular curriculum than it is a policy, and the environmental educator is the educator
that chooses to teach for the environment.
Thus, the extent to which environmental
education already exists in the watershed is due to a conscious decision on the part of staff
and administrators of educational and cultural institutions to teach for the environment.

ENVIRONMENTAL EDUCATION
Situation
To bend the disciplinary educational curriculum to the interdisciplinary needs of
environmental education requires time and resources usually unavailable to teachers and
administrators. Nevertheless, teaching for the goal of developing responsible environmental
behavior requires the kind of synthesis that occurs with interdisciplinary studies. The
fostering of responsible behavior requires exposure to more than the scientific principles
affecting environmental quality. Students must also be exposed to human behavior issues,
issue investigation and evaluation skills, and environmental action skills. Students must
receive instruction in developing synthesis and drawing generalizations. Environmental
education programs that do not provide the connection between people and place; that do
not "represent a particular place as a moment in a long historical process, are in danger of
turning that environment into a thing, rather than representing it as the living process it truly
is". There is a significant potential in the watershed for cooperative efforts that build bridges
between existing environmental education programs and between curricular subjects.
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Potential Solution
The following paragraphs focus on improving access to current data on the natural
and cultural history of Cypress Valley Watershed, and promoting local and regional
collaborations for interdisciplinary studies.
Access to Information
Key to the success of environmental education programs, is an educator’s ability to
target the local environment as the focal point of discussions. Educators must have ready
access to accurate, reliable data on the physical, biological and cultural features of their local
environment, and must stay abreast of developments in the field of environmental education.
1. Create an information database on the Cypress Valley Watershed, and
determine the most effective means to make the database readily accessible to educators in
the region. Utilize existing databases including the U.S. Army Corps of Engineers GIS
database generated for the Cypress Valley Watershed Management Study.
2. Create a clearinghouse for information on outdoor education, conservation
education, nature study and environmental education programs in the Cypress Valley
Watershed. Work in cooperation with the existing clearinghouse operated by the Texas
Environmental Education Advisory Committee.
3. Continue the Cypress Basin Advisor newsletter as a link between educators,
planners and government agency interests in the region.
4. Expand the Cypress Valley Speaker Series to include a Speaker’s Bureau
responsible for updating planners, educators and residents alike on current issues affecting
environmental quality throughout the watershed.
5. Sponsor a public outreach and education conference to examine to role of
environmental education in the Cypress Valley Watershed.
Local and Regional Collaborations
Cross-curricular collaborative programs would allow teachers to effectively represent
the interdependence of man and nature and to teach students to think critically and creatively
about environmental issues. Collaborative programs extend an organization’s resources and
academic scope.
1. Form campus collaborations between history, science, math, language arts, fine
arts, and physical education teachers to create an environmental education campus. Initial
collaborative efforts might include school fairs, contests, curriculum reviews or teacher
inservice training workshops.
2. Encourage collaborative programs between local university faculty and primary
and secondary teachers.
3. Encourage resource sharing between school campuses, school districts and
cultural organizations to make the limited resources available to a wider audience. Initially
this might include teacher exchanges, rotating exhibits, or a scheduled tour of another
campus’ nature trail.
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4. Establish links with existing religious, cultural, volunteer, and professional
organizations and networks as a means to reach new audiences.
Watershed Task Force on Environmental Education
Establish a task force made up of educators, local planners, representatives of the
Texas Environmental Education Advisory Committee and community leaders to develop a
plan of action and serve initially as a clearinghouse for information.
1. Conduct further research on environmental education in the Cypress Valley
Watershed, compiling information on existing programs and outlining areas of improvement.
2. Sponsor an environmental awareness campaign that would focus on the
connections between people and place. As a part of the campaign, design brochures,
posters, bookmarks and other literature that educate the public on the goals of environmental
education in-school and out-of-school. Develop an environmental awareness checklist for
the Cypress Valley Watershed for use in classrooms and board rooms.
3. Initiate experimental collaborative programs and resource-sharing networks
between educators and campuses throughout the watershed.
Economics
Because there were no costs estimated for an actual “project”, an economic analysis
was not performed.

PUBLIC EDUCATION/ENVIRONMENTAL EDUCATION OPPORTUNITIES
It is suggested that an environmental education program be initiated/continued within
the watershed. This program would be funded at the state and local level, as Corps funding
would not be appropriate.

ECONOMIC GROWTH
ECONOMIC DEVELOPMENT
Situation
In order to be effective in successfully developing the opportunities presented above,
economic development must proceed with more regional consensus and cooperation, more
regional marketing, and more financial dedication to the goals. The region has pockets of
exceptional economic development organization in both large and small cities: Longview,
Pittsburg and Mount Pleasant are examples. However, many areas are not assertive about
correcting their hindrances to business.
Potential Solution
Economic development policy opportunities, reported in the Final Economic
Development Study, Cypress Bayou Watershed report, dated August 1995, will hopefully
be integrated into industrial development policy and help to build local consensus on specific
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economic development strategies. (This economic development study was conducted by the
Technology and Economic Development Division of the Texas A&M Engineering Extension
Service under a Memorandum of Agreement with the Fort Worth District.) Much of this
information came from industry requirements and the Baseline Conditions Reports, which
revealed ways that the area can better utilize state and federal economic development
programs, coordinate local resources and leverage public and private development agendas.
Policy suggestions for the region includes training for economic developers and
economic development boards. These groups should be made aware of the importance of
strategies that include multi-community cooperation, entrepreneurial development and
sensible incentive planning. Training will probably be effective only if it is delivered locally
and involves all community stakeholders, such as banks, existing business and the education
sector. Companies are now looking for areas that understand their unique training and
resource needs and have this type of “soft” infrastructure already developed to minimize their
set-up costs.
The policy opportunities also include development of a manufacturing entrepreneurial
assistance center. This center, known as a manufacturing incubator service, would provide
the following services:
•

Access to manufacturing prototyping facilities and engineering planning.

•

Business planning, including capital sourcing, state agency advocacy and
loan/grant preparation.

•

Access to a network of service providers (including technology sources,
accounting and legal advisors) as well as to other entrepreneurs.

•

Contacts for joint ventures and contract manufacturing as appropriate.

•

Office and manufacturing space at low cost.

In addition, the study makes proposes solutions for the watershed's direct incentives
programs. The economic development leadership in the Cypress Bayou will be more
effective in the recruitment and development of companies if it considers these tactics in
helping companies obtain debt and equity financing:
•

Establish a "one-stop" financial planning center that emphasizes manufacturing
and has the ability to finance and package federal and state loans, loan
guarantees and grants.

•

Encourage legislation that will make existing loan programs large enough to
cover highly capital-intensive manufacturing entities, which consistently provide a
higher economic impact turnover than service businesses.

•

Provide long-term, reliable loans with commitments to future loans at similar
interest rates to those businesses that continue to operate in the state and
employ a specified number of employees.

•

Support the Texas Capital Network, a non-profit economic development
corporation located in Austin, which operates the largest venture capital network
in the country. The company provides a "matching" service for entrepreneurs
and investors that has helped entrepreneurial ventures raise more than $20
million.
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Indirect incentives are those that aid business by providing additional efficiencies to
their operations. An example is development of infrastructure needed in an industrial park.
Most companies are unwilling to look at any sites without basic infrastructure in place, unless
locational advantage or some other business-related factor makes and unimproved site
highly desirable. A first step for community economic development is the construction of an
industrial park or at least improvement of an industrial site. For small communities, the Texas
Capital Fund (TCF) is available. This program provides infrastructure grants, Main Street
programs (downtown redevelopment), and real estate grants to communities of less than
50,000 people. Another program available is the TCF Infrastructure Grant Program. The
program provides grants for eligible communities for construction and/or improvements of
water and waste water facilities, public road construction, natural gas line services, electrical
power services and railroad spur construction and improvements.
Tax incentives include any type of tax exemption, deduction or credit. With regard to
tax incentives, research findings indicated that the following guidelines are the most effective
in promoting economic development and provide flexibility to decision-makers:
•
•
•
•

Allow officials to vary the size or degree of tax abatement among applicants.
Give local officials discretion in granting abatements rather than following
statewide policies.
Allow officials to give larger abatements to projects that would impose smaller
infrastructure costs on the jurisdiction.
Allow abatements to vary with the length of projects.

Non-financial incentives generally refer to human capital investments that translate
into reduction in costs of doing business, increased labor productivity or both. The
recommended policy includes development of a recruitment and training program for
personnel of new businesses, provide lists of qualified personnel seeking employment, and
business management training for incoming businesses and current business owners.
Special incentives include programs such as export promotion assistance, enterprise
zones and other promotional programs for new businesses. Export promotion assistance
should be developed due to the increasing NAFTA trade. Enterprise zone programs are
geographically targeted tax, expenditure, and regulatory inducements. In addition, regulatory
compliance assistance can further economic development by providing a much-needed
service to small business owners.
This section presented a brief summary of an extensive study of economic
development opportunities for the watershed counties. Detailed information about the
methodology, sources, assumptions and other considerations used in the study are available
in the report Final Economic Development Study, Cypress Bayou Watershed, dated
August 1995. The following table presents a summary of target industries for the watershed
economic development planners to pursue in their economic development efforts.
Economics
There was no cost analysis done for this economic development plan. The costs
would be incurred over a broad public and private sector, and the benefits would be even
wider based.
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ECONOMIC DEVELOPMENT OPPORTUNITIES
Based on the findings in the Final Economic Development Study, there exists a
variety of opportunities for development activities in the study area.
None of the
opportunities, however, fall within the purview of the Corps, and therefore, it is not
recommended to study economic development in further feasibility studies.
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Summary of Target Industries for the
Cypress Bayou Watershed
(by county)
County

New Manufacturing

Spin-Off Manufacturing

Agriculture

Camp

Manufactured homes

Plastic bags & shrink wrap

Aquaculture
Organic chicken litter fertilizer
Nursery plants
Blueberries

Cass

Construction materials

Plastic bags & shrink wrap
Particle board plant

Aquaculture
Organic chicken litter fertilizer
Blueberries

Franklin

Construction materials
Manufactured homes

Plastic bags & shrink wrap

Blueberries
Organic chicken litter fertilizer
Nursery plants

Gregg

Stretch film, blow mold containers
Medical plastics & devices
Air pollution equipment

Corrugated boxes
Corrugated recycling
Plastic bags & shrink wrap
Particle board plant

Harrison

Medical plastics & devices
Air Pollution equipment

Corrugated boxes
Corrugated recycling
Plastic bags & shrink wrap
Particle board plant

Marion

Stretch film, blow mold containers
Medical plastics & devices
Air pollution equipment

Corrugated boxes
Plastic bags & shrink wrap
Particle board plant
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Summary of Target Industries for the
Cypress Bayou Watershed (continued)
(by county)
County

New Manufacturing

Spin-Off Manufacturing

Agriculture

Morris

Construction Materials

Plastic bags & shrink wrap

Aquaculture
Organic chicken litter fertilizer
Nursery plants
Blueberries

Titus

Manufactured homes

Plastic bags & shrink wrap

Aquaculture
Organic chicken litter fertilizer
Nursery plants
Blueberries

Upshur

Manufactured homes

Corrugated boxes
Plastic bags & shrink wrap
Particle board plant

Organic chicken litter fertilizer
Nursery plants

Wood

Construction materials
Manufactured homes

Plastic bags & shrink wrap

Organic chicken litter fertilizer
Nursery plants

Caddo Parish

Stretch film, blow mold containers
Medical plastics & devices
Air pollution equipment

Corrugated boxes
Corrugated recycling
Plastic bags & shrink wrap
Particle board plant
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WORK EFFORTS BY OTHER AGENCIES
RESEARCH INITIATIVES
Vegetation
Most U.S. wetland losses in the United States during the past 20 years occurred in
southern forested wetlands, such as those that fringe Caddo Lake. The wetlands of Caddo
Lake are an important model for understanding the structure and function of bottomland
hardwood/ southern bald cypress wetlands that once dominated the minor river drainages of
the South. The Harrison Bayou wetland area, which is managed by the U.S. Army, contains
one of the few remaining old growth bottomland hardwood forests in the South.
In 1994, the National Biological Service’s (NBS) National Wetlands Research Center
(NWRC) received federal funds to conduct surveys of native vegetation at Caddo Lake State
Park and Wildlife Management Area. The work was conducted by Dr. James VanKley of the
Biology Department at Stephen F. Austin State University (SFA) in Nacogdoches, Texas, and
Douglas Hine of Longview. The surveys expanded upon prior work conducted by SFA
botanists in a small portion of the 7,500-acre Ramsar tract, which revealed a highly diverse
flora consisting of over 290 plant species.
Texas Parks and Wildlife Department (TPWD) provided logistical support for the
project through the coordination of Dr. William Sheffield, Chief Scientist for the Cypress
Valley Watershed Study. The survey utilized aerial photography of the Caddo Lake region
collected earlier in the year by the NWRC with the assistance of NASA (National Aeronautics
and Space Administration).
The wetland survey began in June 1994 and has made significant progress. Projects
moving to completion are: a floristic survey of the Caddo Lake State Park and Wildlife
Management Area; a classification of the wetland plant community types for the area; and a
map showing the occurrence of these community types across the landscape.
Field observations reveal the outstanding character of the Caddo Lake ecosystem as
one of the most extensive remaining intact cypress swamp wetlands. At least five types of
major wetland communities have been identified on Caddo Lake -- mesic uplands, willow oak
flats, cypress flats, cypress swamps, and marshes. This research also discovered an
abundance of beaver activity related to the cypress as well as a lack of cypress regeneration.
Data analysis and community type mapping will continue in 1995 and result in a map
with accompanying descriptions. This research will provide managers and scientists with an
inventory of the wetland communities on Caddo Lake and will be a valuable tool in making
decisions to protect this unique ecosystem. The public should also be able to use this
information like a field guide to further understand and appreciate the natural world around
them.
Wildlife
Federal funding allowed the NWRC, in collaboration with scientists from Louisiana
State University-Shreveport, to review published information and museum animal collections
related to neotropical songbirds, amphibians, and reptiles for the Caddo Lake region. While
the project is designed to determine what is known about the abundance and distribution of
these species, preliminary results suggest that little is known about what species live in or
visit the Caddo Lake region. These collection reviews facilitated the design of field surveys
Cypress Valley Watershed Resource Document - Page 4-66

conducted in 1995. The field phase of the wildlife investigations provide a modern database
for wildlife populations and their habitat requirements in the Caddo Lake system.
Beaver Impacts on Forest Communities
Bureau of Reclamation (BOR) is providing NBS with funds to survey beaver
populations on Caddo Lake and the surrounding wetland ecosystems. Some resource
managers believe that current beaver populations in East Texas are approaching the
historically high population densities of the 1800’s. NBS scientists and others involved with
vegetation studies on Caddo Lake have noted numerous beaver lodges scattered throughout
the ecosystem. Trees of various species, including cypress and pine, have been girdled as a
result of foraging beavers. The extent of tree damage throughout the region is unknown, but
there are large areas on Harrison Bayou that are devoid of forested vegetation and these
areas are known to be associated with beaver activity.
A study to survey and document beaver damage to the forest communities
associated with Caddo Lake was conducted during 1995. Options will be recommended for
solving or mitigating the negative impacts to the environment caused by beavers.
Bald Cypress
The vast stands of bald cypress at Caddo Lake contain trees which are more than
350 years old. These bald cypress give the Lake its unique beauty. A history of dramatic
changes in lake levels during the past 200 years has contributed to growing concerns about
the health of the bald cypress ecosystem. The potential loss of this ecosystem represents a
threat to the economy of the entire region of northeast Texas and northwest Louisiana.
Resource managers and local business owners need to be aware of the status and possible
future-trends of factors which are affecting this magnificent natural resource. With federal
funds provided to the NWRC, two studies were initiated to address these concerns. NWRC is
working in collaboration with East Texas Baptist University in Marshall, Texas, through the
Caddo Lake Scholars Program (CLSP). CLSP is a nonprofit consortium of universities and
interns that are primarily involved in educational programs for Caddo Lake.
The first research study compared bald cypress tree cores from Caddo Lake with
cores from nearby areas that have been unaffected by flooding caused by the great raft or by
the dam built across Twelvemile Bayou in 1914. One off-lake site at Pruitt Lake, upstream on
Big Cypress Bayou, was studied. At each study site, tree cores were extracted from mature
bald cypress trees and dates were determined for each tree. From this data, the history of
tree growth was described for each lake and off-lake study site. The master chronologies
were then compared to determine if any differences in lake versus off-lake tree growth could
be attributed to hydrologic regime changes. Initial studies suggest that there is no evidence
of an overall decline in tree growth at Caddo Lake. In fact, trees at most locations are now
growing better than they have during the past 45 years.
In addition to the tree ring study, a survey to examine bald cypress regeneration was
also conducted. Dr. Roy Darville and student Amanda Moore of East Texas Baptist
University conducted a study of seedling dynamics along the shores of Caddo Lake. The
study was designed to quantify the amount, spatial extent and growth of bald cypress
seedlings around the lake.
The results showed that bald cypress seedlings are being established, although in
limited numbers. Also, over the past 60 years very few of the seedlings have survived to
grow into the sapling size class. This indicates that although the mature trees are healthy
and producing seeds, something is preventing recruitment of new trees beyond the seedling
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stage. Long-term implications of this are dramatic. If new saplings are not recruited,
self-thinning and other causes of natural mortality will reduce the bald cypress ecosystem
and eventually the stands of bald cypress will be lost.
The hydrologic regime of Caddo Lake is controlled by a weir across Twelvemile
Bayou. Water levels rise in the spring, but do not fall below a minimum level established by
the weir. This stabilization effect could have profound effects on both seedling and mature
tree growth. Bald cypress seedling establishment cannot occur if water levels are not
lowered occasionally to expose bare earth. For sapling recruitment, water levels must be at a
low level long enough for the seedlings to grow to a height sufficient to not be overtopped by
subsequent flooding. The BOR funded NWRC in 1995 to examine natural and artificial
regeneration on Caddo Lake. This would involve planting trees in standing water (to simulate
establishment during a previous drawdown) and planting seeds and seedlings above the
mean water level (to simulate current establishment). The effects of herbivory will be
incorporated into the study.
Hardwoods
TPWD obtained a grant in 1994 from the Environmental Protection Agency to assess
and evaluate forested wetlands along floodplain basins of the Cypress Watershed. The 1995
study utilized satellite photography to classify bottomland hardwoods and other forested
wetland types. Results of this study will assist landowners, forest product companies, and
others in making management decisions. TPWD will also utilize the information obtained in
this study to assist in future management decisions regarding Caddo Lake State Park and
Wildlife Management Area.
Incentives for Private Conservation Efforts
Partners for Wildlife Program is a program of the FWS designed to improve and
protect fish and wildlife resources on private lands and to cultivate a sense of stewardship for
these resources. It involves technical and financial assistance to private landowners, local
governments, educational institutions, or other non-federal entities while leaving land in
private ownership. This program was instituted with the FWS’s recognition that the future of
the Nation’s fish and wildlife resources is directly dependent upon the quality, quantity, and
distribution of suitable habitat on private lands. History has shown that these lands face the
greatest threat of loss or degradation, however, they also provide the greatest potential for
restoration and protection.
The Arlington Field Office is actively working with landowners in the Cypress Bayou
watershed to restore and protect valuable fish and wildlife habitats. Currently, seven
Partners for Wildlife projects have either been completed or planned in Harrison County, with
two projects underway for Marion County. Beginning in Fiscal Year 1995, some of these
projects are being cooperatively developed with the U.S. Bureau of Reclamation as part of
the comprehensive Federal water resource studies being conducted in the watershed.
To date, most of these projects have involved restoration of wetland hydrology on site
through construction of diversion levees and water-level control structures. Additional habitat
enhancement features as discussed below have also been incorporated into the project
where appropriate.
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SUSTAINABLE DEVELOPMENT
Master Plan for State Lands
During 1995, Texas Parks and Wildlife Department developed a long-range plan for
Caddo Lake State Park and Wildlife Management Area. This plan includes an evaluation of
existing public use and a master plan for the existing park and newly acquired area. The
BOR has provided financial assistance to TPWD to facilitate this effort.
Navigation Markers and Maps
With funding provided by BOR, the Cypress Valley Navigation District will participate
in designing, producing, and installing navigation markers on Caddo Lake. A waterproof map
of the area will be developed through the expertise of the BOR. This work will help local
residents and visitors explore the tangled water trails of Caddo Lake and Big Cypress Bayou.

INFRASTRUCTURE IMPROVEMENTS
Wastewater Improvements
The Caddo Lake Initiative proposed improved sewage treatment for the Caddo Lake
area, including Karnack, Uncertain, Pine Island, and other existing housing and business
establishments associated with the south shore in Harrison County. The existing septic tanks
and field lines along the lake’s south shore have been in use for many years and continued
septic use may have detrimental environmental effects.
The Bureau of Reclamation performed a planning, design, and engineering study for
waste water treatment to subject areas in 1995. BOR conducted site visits along with local
officials and representatives from LHAAP, and developed an outline and appraisal for
necessary work.
Six wastewater options were developed, with possible variations added.
options are summarized and described below.

These

Option 1: Use of the Longhorn Ordnance Works Wastewater Treatment Plant
(WWTP) as is, with modifications or new treatment processes added and discharge of
tertiary-treated effluent into Caddo Lake. The area served would be communities in the study
area and Longhorn itself.
Option 2: Construction of a new regional wastewater treatment plant at Uncertain to
provide primary, secondary, and tertiary treatment for communities in the study area (except
for Longpoint) before disposal into Caddo Lake at Goose Prairie. Longpoint would have its
own small treatment plant and effluent disposal system.
Option 3: Use of the City of Marshall’s Wastewater Treatment Plant to treat and
dispose of regional effluent. Upon further investigation, this option was determined not
feasible and dismissed.
Option 4: Construction of individual wastewater treatment plants in each identified
community in the study area, including Karnack, Uncertain/Taylor Island, Cypress
Village/Mossey Acres, Pine Island Point, Waterfront Restaurant, and Longpoint. Variations
include secondary treatment by a) spray irrigation, b) tertiary treatment, or c) tertiary
constructed wetland treatment.
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Option 5: Replacement of individual wastewater treatment and disposal systems in
80 homes next to waterways where raw or minimally treated sewage may degrade the quality
of Caddo Lake and Big Cypress Bayou or directly affect the health of residents. These
systems would be replaced by individual mound disposal systems.
Option 6: Construction of lagoons and stabilization ponds in six communities to treat
to secondary standards sewage collected from communities in the study area, followed by
disposal of treated effluent by spray irrigation.
Capital and construction costs for major facilities (WW IPs, sewer mains, etc.) were
established, with small capital and construction items (service connections, manholes, etc.)
included in the 10% unlisted items. Contingencies (25%) and mobilization costs (5%) were
also included in estimated costs. Life cycle costs assume a 30-year life, with an interest rate
of 8 %. Costs are compared in 1998 dollars, assuming an inflation rate of 3.5%.
The 1998 present worth cost of upgrading the Longhorn WWTP to serve the region
(Option 1) would be $18,469,000 to $28,958,000, with an annualized cost per 1,000 gallons
of treated water estimated at $5.29 to $8.29. Construction of a new regional wastewater
treatment plant at Uncertain (Option 2) would be $18,802,000 to $22,737,000, with an
annualized cost per 1,000 gallons of treated water estimated at $13.11 to $15.86. The
alternative of using the city of Marshall’s Wastewater Treatment Plant to treat and dispose of
regional effluent (Option 3) was not considered a viable option. Construction of individual
wastewater treatment plants in each identified community in the study area (Option 4) would
have a total cost of $1,788,000 to $2,175,000, with an annualized cost per 1,000 gallons of
treated water estimated at $14.04 to $17.07. Replacement of individual wastewater
treatment and disposal systems in 80 homes (Option 5) would have a total cost of $198,100,
with an annualized cost per 1,000 gallons of treated water estimated at $22.62. Construction
of lagoons and stabilization ponds in six communities (Option 6) would have a total cost of
$1,892,000, with an annualized cost per 1,000 gallons of treated water estimated at $14.85.
Raw Water Improvements
In order to ensure any new infrastructure system is cost effective, BOR also
examined using LHAAP for improved raw water. Providing both wastewater and raw water
services together could lead to cost efficiencies when implementing any new system.
Four options were developed for a water supply system. These options are
summarized here and described in more detail in Chapter Three.
Option 1 Upgrade of the existing water treatment plant (WTP) at Longhorn Ordnance
Works to serve the study area.
Option 2 Expansion of the City of Marshall’s Water Treatment Plant to serve the
study area. This option was later dismissed as being cost prohibitive.
Option 3 Expansion of existing area water service corporations.
Option 4 Construction of a centralized water treatment plant to serve the Waterfront
Restaurant area.
Cost analysis, when applicable, include the cost to construct additional water
distribution lines, community wastewater collection systems (including individual residential
connections) and wastewater conveyance systems as shown in the drawings provided for
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specific options. Total costs (or present worth costs) are compared in 1998 dollars, assuming
an inflation rate of 3.5% per year. Annualized cost estimates are for a period of 30 years and
assume an interest rate of 8 % per year.
The 1998 present worth cost of upgrading the Longhorn WTP to serve the region
(Option 1) would be $5,211,000, with an annualized cost per 1,000 gallons of treated water
estimated at $1.41. Expansion of Marshall’s potable water system to serve the study area
(Option 2) was not considered a viable option as just the cost of water (at $6.00 per 1,000
gallons) was excessive over other options. The 1998 present worth cost of expansion of the
WSC’s in the study area (Option 3) would be $377,000, with an annualized cost per 1,000
gallons of treated water estimated at $0.46. Constructing a new water distribution and
treatment system to serve the Waterfront Restaurant area (Option 4) would have a total cost
of $233,000, with an annualized cost per 1,000 gallons of treated water estimated at $1.89.
Develop Access to Waterfront Areas
The Caddo Lake Initiative outlined the option of improving access to the waterfront by
providing additional launch sites and improved parking at launch facilities for boating visitors.
During the public meetings held on the Caddo Lake Initiative, improved access to the lake
was the top priority concern voiced by many residents.

OTHER COMMUNITY INITIATIVES
Environmental Education Outreach Activities
Extensive environmental education programs in the Watershed are important. TPWD
has begun a Speaker Series with lectures and demonstrations. Presentations are made in
the schools and to the general public. Topics range from small business development, waste
prevention, cultural resource management to environmental education.
In 1995 at Caddo Lake, TPWD staff conducted numerous research and public
outreach activities. In cooperation with volunteers from Texas Adventures, outlines for two
nature trails were developed, a tentative checklist of invertebrates was created and the
foundation was set for a resource library as numerous reference publications were kindly
donated. Staff helped coordinate research and learning activities with the Caddo Lake
Scholars Program.
TPWD staff also assisted in informing and educating the public about Caddo’s
uniqueness through Department sponsored events, such as boat tours, bird watching tours,
and various clinics and workshops. TPWD continues to be instrumental in helping produce
positive publicity about Caddo Lake through the media on a national scale with regular video
and print news releases, press conferences and advisories. TPWD also produced a
promotional video on Caddo Lake’s historical significance and produced a segment on Caddo
Lake that aired on its weekly PBS series.
BOR and TPWD are cooperating to fund other activities in 1995. These include a
quarterly newsletter containing topics of interest relating to Caddo Lake; sustainable
economic development and an environmental incentive slide presentation; a comprehensive
ecotourism guide to outdoor recreation and related opportunities at Caddo Lake; and an
interactive software program for area schools. BOR, along with funds provided by the State
of Texas, and TPWD will implement an extensive environmental education outreach program
in the Cypress Valley Watershed. Many activities are already underway and new activities
are being planned.
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Summer Science Institute
The National Biological Service’s National Wetlands Research Center provided
assistance to the Caddo Lake Scholars Program for their Summer Science Institute. This
summer science training program was initiated under the direction and support of Mr. Don
Henley and Mr. Dwight Shellman of the Caddo Lake Scholars Program and was cosponsored
by Wiley College. The project provided educational grants or stipends, educational supplies
and training experiences to more than 35 participants representing various universities and
colleges in the region and the Jefferson Independent School District.
Dr. Roy Darville of East Texas Baptist University taught a course in field ecology
specifically tailored to the summer training program. The National Wetlands Research
Center scientists volunteered their services and expertise in animal and plant ecology, habitat
mapping and spatial analysis, and forestry. A consistent and successful program will
contribute immensely to the environmental awareness and education of students, faculty and
residents of the area.
Computer Technology and Public Education
The Caddo Lake Initiative activities utilize advanced computer technology in areas of
research, data collection and education. The National Wetlands Research Center would
provide computer assistance through the Geographic Information System (GIS). NWRC will
also offer photographic and cartographic support to those agencies conducting research and
making natural resource decisions in the Cypress Valley Watershed.
During 1995, the NWRC staff will provide training and demonstrations in computer
technology for agencies and the general public. They will prepare educational posters and
other products using computer-generated data.
Information and data generated by
researchers, educators, managers, etc. will be used to develop digital databases available for
public use. This public access to information is an important element in the long-term
protection of the Watershed.
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CHAPTER 5
PUBLIC
INVOLVEMENT
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chapter briefly summarizes the results of public involvement activities
undertaken as part of these investigations.

PURPOSE OF PROGRAM
This resource document focused on the identification of needs and opportunities within
the Cypress Valley Watershed. Numerous meetings and conversations have been held with
the various entities and interested citizens to share the latest possible information. In addition,
various public workshops were held in the study area for the citizens to give input into the
problems and possible solutions.

PARTICIPANTS
Study participants worked closely over an 18-month period in an effort to inform and
involve the concerned citizens in the study area. The agencies involved in this effort included
the Fort Worth District (Corps of Engineers), Texas Parks and Wildlife Department (TPWD),
United States Fish and Wildlife Service (USFWS), Bureau of Reclamation (BUREC), and
National Biological Service (NBS). Additionally, the staff and local representatives of
Congressman Jim Chapman (TX-1) have worked tirelessly to answer citizens’ questions and
concerns, by hosting a series of workshops or information meetings.

PUBLIC WORKSHOPS
On May 14, 1994, the biannual Environmental and Recreation Assistance Committee
meeting was held in Caddo Lake State Park. This meeting started with a boat tour of Big
Cypress Bayou and Caddo Lake. During the afternoon session presentations on the on-going
studies of the Cypress Valley Watershed, Port of Jefferson Restoration, and Cypress Bayou
Habitat Restoration were made. Texas Parks and Wildlife Department staff, as well as
representatives from Congressman Chapman's office, were also present.
On June 21 and 22, 1994, Public Workshops were conducted in Jefferson, Texas,
Marshall, Texas, and Shreveport, Louisiana. The workshops consisted of a brief overview of
the study scopes and then four breakout groups.
During the week of October 17 - 22, 1994, a workshop for the Port of Jefferson
restoration was held. This workshop was an intense effort by local, state, and Federal
representatives to create ideas for the development of the port of Jefferson.
On January 30, 1995, team members from the Fort Worth District (Corps of
Engineers), Texas Parks and Wildlife Department, Bureau of Reclamation, and National
Biological Service, gave a brief update on the progress of the various work efforts underway
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as part of the on-going Cypress Valley Watershed study. This meeting was attended by
various interested citizens and organizations.
On March 9, 1995, team members from the Fort Worth District (Corps of Engineers),
Texas Parks and Wildlife Department, Bureau of Reclamation, and National Biological Service,
gave an update on the progress of the various work efforts underway as part of the on-going
Cypress Valley Watershed study. This meeting was attended by approximately 200 interested
citizens and organizations.
On October 30, 1997, representatives from the Fort Worth District Corps of Engineers,
Texas Parks and Wildlife Department and Louisiana Wildlife and Fisheries Department met
in Baton Rouge, Louisiana to discuss multi-objective management of Caddo Lake. The
meeting was called to “brainstorm” ideas to control the problems caused by the infestation and
spread of exotic aquatic plant species, to establish bald cypress regeneration, to restore
bottomland hardwood riparian areas where possible and to manage Caddo Lake in a way that
would optimize these goals. Consensus was reached that an integrated approach to the
management of Caddo Lake is required, which would consist of a combination of chemical,
biological and physical measures. There was 100% concurrence (see letters in Appendix P)
that part of the long-term solution needs to be the ability to fluctuate the pool level.
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