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Section 5 Formulation and Evaluation of Alternative Plans

5.0FORMULATION AND EVALUATION OF ALTERNATIVE
PLANS

This Section describes the plan formulation and evaluation process necessary to
achieve the goals and purposes of the project and maximize the achievement of
the system-wide benefits of the Plan. The Water Preserve Areas (WPA) concept
1s an integral part of the Comprehensive Everglades Restoration Plan (CERP).
Ecological restoration of the Everglades will require a significant increase in the
quantity of water made available or retained for the natural system. One main
tenet behind the WPA concept is the capture and storage of excess water that is
currently either being discharged into Water Conservation Area (WCA) 3 or lost
to tide (or to the ocean) with ability to make releases later to meet agricultural,
municipal, and saltwater intrusion prevention demands for water supply.
Another main tenet of the WPA concept is to control or reduce seepage from the
WCAs while maintaining surficial aquifer flow through groundwater recharge
with stored water. Both tenets provide management of excess water and
promote retention of water within the natural system for Everglades restoration.

The Broward County WPA (BCWPA) concept is needed primarily to perform two
functions: (1) reduce seepage loss from WCA 3A and WCA 3B and (2) capture
and store excess surface water runoff from the Western C-11 Basin that is
currently discharged untreated into the WCA 3, thus adding a water quality
benefit for the natural system. Impoundments in the C-11 and C-9 basins will
also aid a seepage management component in WCA 3A and 3B by reducing
seepage from WCA 3A and 3B through hydraulic resistance with water stored.
Thus, a project in the BCWPA will immediately and independently “save” or
increase water made available for the restoration of the Everglades. A project
will also address insufficient quantities of water available in the regional water
management system during dry periods to meet municipal, agricultural, and
environmental water supply demands.

5.1 PRIOR FORMULATION

In 1999, United States Army Corps of Engineers (USACE) completed a
comprehensive review study of the C&SF project (“Restudy”). The purpose of the
Restudy was to reexamine the C&SF Project to “determine the feasibility of
structural or operational modifications to the project essential to the restoration
of the Everglades and the south Florida ecosystem, while providing for other
water-related needs such as urban and agricultural water supply and flood
protection in those areas served by the project (WRDA 1996).” The intent of the
study was to evaluate conditions within the south Florida ecosystem and make
recommendations to modify the C&SF project to restore important functions and
values of the Everglades and south Florida ecosystem and plan for the water
resources needs of the people of south Florida for the next 50 years. The selected
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plan (Alternative D13-R) was published as the “Final Integrated Feasibility
Report and Programmatic Impact Statement (PEIS) for the C&SF Project” in
April 1999.

The plan formulation and evaluation process employed during the Restudy
utilized a base set of management measures identified during the
reconnaissance phase of the study from which the team formulated
comprehensive plan alternatives in a “building block” fashion to achieve desired
objectives. In building alternative plans, the Restudy project delivery team
considered cost effective means to achieving the desired output. For example, if
a particular least cost component (e.g., increased in-lake storage was the least
cost storage option) resulted in an unacceptable adverse impact, then the team
selected the next least cost component that was effective (greater output) for
achieving planning objectives without creating unacceptable adverse impacts
elsewhere in the system. The evaluations conducted during the Restudy
confirmed that Alternative D13-R resulted in substantial improvements over the
other alternative plans in natural system areas in the WCAs and Everglades
National Park (ENP) without compromising Lake Okeechobee water levels or
water supply to the Lake Okeechobee and Lower East Coast Service Areas in a
cost-effective manner.

Alternative D-13R included three components in western Broward County: C-11
Stormwater Treatment Area STA/Impoundment, C-9 STA/Impoundment, and
WCA 3A/3B Seepage Management Area (SMA). These components were
identified to contribute to the environmental restoration of south Florida by
providing regional water storage and seepage management that will reduce
demands on the Everglades and Lake Okeechobee for water supply. Anticipated
fish and wildlife habitat benefits of the project include reduction of drainage at
Lake Okeechobee and Everglades wetlands, reestablishment of natural hydro-
patterns within existing natural areas, and improvement of water quality in
WCA 3.

A STA is associated with both the C-11 and the C-9 impoundments when other
CERP projects (including the Lake Belt Storage Area projects) are implemented,
which will necessitate treatment of stored runoff prior to delivery to natural
system areas. However, the BCWPA Project maintains water in the natural
system and does not involve delivering stored water to natural system areas at
this time; therefore, the implementation of the STA associated with the C-11 and
C-9 impoundments is not included for implementation as part of the BCWPA
Project. Future CERP projects requiring water quality treatment will address
conversion of the C-11 and C-9 impoundments to a STA. For the purposes of this
report the C-11 and C-9 STA/Impoundments will be referred to as C-11 and C-9
Impoundments.
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5.2 PLAN FORMULATION RATIONALE

Draft Programmatic Regulations Guidance Memoranda #1 (Project
Implementation Reports) and #2 (Formulation and Evaluation of Alternatives
Developed for Project Implementation Reports) instruct project teams to affirm
and optimize the component identified in the Restudy unless conditions or
planning objectives have changed or if the component no longer meets the
purposes outlined in the Restudy. Additionally, for projects where the non-
Federal sponsor has already acquired lands, formulation of alternative plans
using other sites will be minimized if the intended project purposes can be
achieved and no more cost-effective sites are identified during formulation.
Additional management measures to address the new circumstances should be
developed and screening should occur based on the project’s evaluation criteria
and performance measures.

The formulation process focused on affirming that above-ground storage
reservoirs, conveyance, and seepage management features for this project
1dentified in the CERP and Section 601(b)(2)(C)(iv-vi and ix) are a cost-effective
solution to achieving system-wide benefits in the south Florida ecosystem and
the benefits of the project. Various configurations and storage volumes
(including associated conveyance features and water control structures) were
evaluated for the two impoundments and compared to the “No Action”
alternative. The 1initial formulation evaluated the project components
individually and then combined to determine their dependencies. The WCA
3A/3B SMA was considered a necessary component of any plan that was
evaluated and was included in all of the alternatives. A final array of four
structural plans was then evaluated using a cost effectiveness analysis. These
four alternative plans were compared using a system formulation and evaluation
approach to identify the alternative plan that maximized net system-wide
benefits of the Comprehensive Plan per unit of cost. This was accomplished by
evaluating different types of environmental benefits (habitat units) for specific
key attributes of the Everglades ecosystem (ridge and slough community, snail
kites, and tree islands) as part of a system formulation and evaluation analysis
(i.e., the alternative plan plus all of the other projects in the CERP compared to
the future without-project condition). An incremental analysis was performed as
part of the system-wide evaluation.

Once a tentatively selected plan (TSP) was identified through the system-wide
formulation analysis, a next-added incremental (NAI) analysis was then
completed to evaluate the effects, or outputs, of the TSP as the next project to be
added to the group of already approved CERP projects. This analysis helps
1lluminate the beneficial effects the selected alternative plan contributes without
regard to future CERP projects, as well as the importance of the project in the
sequence of implementing CERP and dependence of other CERP projects on the
project under evaluation. The analysis also helps to ascertain whether sufficient
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benefits would be attributable to the selected alternative plan to justify the cost,
if no additional CERP projects (other than those already existing or authorized)
were implemented.

Studies conducted for this report will confirm that the problems, opportunities,
objectives, and constraints remain consistent with the Plan; the existing and
future without project conditions have not changed; and the plan as described in
the Restudy remains a viable alternative. However, the assumption that the
main features are separable projects with separable benefits will also be
examined.

5.3 PLAN FORMULATION

The Restudy identified three relevant components that were conceptual in
nature and further analysis resulted in a refinement to provide a more realistic
and implementable design. These components consisted of the C-11
Impoundment, C-9 Impoundment, and WCA 3A/3B SMA. It should be noted
that the C-9 Impoundment is an incremental part of CERP and is included in
this PIR. Further evaluation of an STA will be completed under a future PIR
that includes the North Lake Belt Storage Area (NLBSA).

The refinement of the Restudy Plan is known as Alternative 1. The plan
formulation for this project consists of various combinations of the components,
which included the effects of the components as separable elements. This is to
ensure that the best possible combination of components would be selected for
the project. To complete the plan formulation, alternative plans with different
configurations and management measures were compared to determine cost-
effectiveness. Recreational opportunities were then developed and evaluated for
the final array of alternatives.

5.3.1 Management Measures

Both structural and non-structural management measures were developed to
ensure the achievement of an overall CERP goal that the proposed project would
provide environmental restoration benefits. This would be accomplished
through the storage of water which is currently pumped into WCA 3 to reduce
seepage out of the area. These measures would also maintain flood damage
reduction for the C-9 and western C-11 basins.

An interdisciplinary team was formed to compile screening criteria to address
each management measure. Screening criteria included cost, environmental
degradation, effectiveness, and uncertainty. The results of the screening are
summarized below.
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1. Control Water Levels in L-37 and L-33 Borrow Canals through
Existing Pump Stations: Water levels are currently controlled in the
above-mentioned canals by means of the S-9 and S-9A pump stations and
the S-9XN, S-9X8S, S-30 and S-32 gated structures. The current method of
controlling the water levels is effective and necessary to continue
regulation of the water levels for two objectives: (1) to reduce seepage from
WCA 3 and (2) not to impact existing levels of flood damage reduction to
the east through excessive seepage. This measure was retained due to its
effectiveness

2. Stormwater Treatment Area/Above-Ground Impoundment: An
aboveground impoundment could be constructed to retain and treat water
that i1s currently pumped to WCA 3A or discharged to tide. Although the
primary use of the impoundment would currently be as storage the future
potential would be as a STA once the Lake Belt Project (a future CERP
component) is constructed and operational. The impoundment would also
provide for aquatic functions and limited habitat.

3. Aquifer Storage and Recovery (ASR): Although ASR is effective for
storing water during periods of high water levels, ASR without a surge
tank cannot reduce pumping of the S-9 pump station (reduce nutrient
loading into WCA 3) and provide seepage management across the L-37
and L-33 levees without high losses of regional water. Also, the
effectiveness of ASR is still uncertain and is currently being evaluated as
a pilot project. Therefore, ASR by itself was eliminated from
consideration as a measure for the proposed project.

4. Levee Construction: Levees could be constructed within WCA 3 in order
to increase the amount of surface storage within the natural area.
However, the environmental degradation involved in partitioning a
portion of the WCA would greatly reduce the spatial extent of the
Everglades. This option would also be in direct conflict with the WCA 3
Decompartmentalization project that has as a main objective to reduce
obstructions to restore a natural sheetflow system.

5. Basin Divide Structure: The basin divide structure, S-381, has been
constructed as part of the Everglades Critical Project program. This
structure is effective in separating WCA seepage water from Western C-
11 Canal water that contains high levels of nutrients and other pollutant
constituents on a non-runoff event daily basis. However, the S-9 Pump
Station is the only current and viable means of providing Western C-11
Basin west of S-13A (basin divide structure) flood damage reduction
opportunities as part of the C&SF system. As this measure has already
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been implemented it will be included in the future without project
condition.

6. Sheet Pile Wall: Although a sheet pile wall could be constructed to
eliminate seepage out of WCA 3, this measure would impact a minimum
of 4,200 acres of existing wetlands by altering desired hydroperiods within
the proposed buffer strip. Additional impact would most likely be
observed for existing mitigation areas located in the BCWPA vicinity east
of US 27. The construction of the wall would be contrary to the CERP
objective of increasing the spatial extent of the Everglades. A sheet pile
wall of 73,130 feet would cost much more than the approximated cost of
purchasing land at the proposed project.

7. Canal Improvements: Canal improvements would improve the
flexibility to manipulate water movement at the proposed project site.
The canal improvements would allow for greater operational flexibility to
utilize two aboveground impoundments in tandem to allow for optimal
water storage and treatment. Minor canal improvements will be
considered as part of impoundment alternatives.

8. Purchase Land/Buffer: Land at the proposed project site could be
purchased and utilized to control the head/stage of water. The additional
land would meet the CERP goal of expanding the spatial extent of natural
areas. The area could serve as a buffer for separating intensive
development from the remainder of the greater Everglades system. This
measure will be considered as part of the impoundment and seepage
management area alternatives.

9. Deep Well Injection: Although deep well injection would be effective in
reducing high water levels and assisting in maintenance of existing levels
of flood protection at the proposed project site(s), the reduction of
freshwater availability to Biscayne Bay would be ecologically harmful.
Any reduction in the amount of water discharged to tide would negatively
affect salinity levels in Biscayne Bay, therefore leading to environmental
degradation in the estuarine system.

10.S-9 Discharges to Tide Via C-11: Another way of routing water away
from the WCAs would be to route the water to tide via the C-11 Canal.
This would lessen the amount of total phosphorus entering the WCAs;
however, it would have other adverse impacts particularly to North
Biscayne Bay Coastal Reef. There would also be additional right-of-way
and conveyance required and additional engineering construction costs.
These issues would make this solution infeasible.
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Table 5-1 provides a representation of each management measure and the
reason for elimination, if applicable.

TABLE 5-1: SCREENING OF MANAGEMENT MEASURES

Reason For Elimination®

Management Environmental
Measures Cost | Degradation | Effectiveness | Uncertainty

Control Water
Levels in L-37
and L-33 Seepage
Canals through
Existing Pump
Stations

Stormwater
Treatment
Area/Above
Ground
Impoundment

Aquifer Storage
and Recovery X X

Levee
Construction

Basin Divide
Structure

Sheet Pile Wall X X

Canal
Improvements

Purchase
Land/Buffer

Deep Well
Injection

S-9 Discharges to

Tide via C-11 X X

*An “X” indicates elimination.

5.3.2 Project Siting Analysis

After screening of the management measures concluded that aboveground
reservoirs and seepage management would best meet the CERP-wide and project
specific goals and objectives, an alternative site analysis was conducted to
determine the most feasible and productive location. Previous studies such as
the Water Preserve Areas Land Suitability Analysis and Water Supply Preserves
examined undeveloped areas in existence that could be utilized for the proposed
project. Undeveloped lands to the south that could possibly have been used for
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impoundments have already been permitted for mining. After mining in these
areas (known as the Lake Belt) is completed (Master Implementation
Sequencing Plan 1.0, Band 5— 2025-2030), anticipated use of these sites would be
for water storage reservoirs. The nearest undeveloped site to the north is
proposed for the Site 1 Impoundment as part of CERP. Utilization of this area
to store and treat water as part of this proposed project would require major
modifications to existing infrastructure, including canals and pump stations.
Also, utilization of the Site 1 Impoundment area would not prevent the loss of
water through seepage that is occurring in WCA 3.

Lands were also previously purchased by the State of Florida utilizing United
States Department of Interior (DOI) grants in accordance with the Framework
Agreement. The Framework Agreement was signed between the DOI, the
United States Department of the Army, the State of Florida, the Florida
Department of Environmental Protection (FDEP) and the South Florida Water
Management District (SFWMD). The Framework Agreement was written to
provide a guideline for the Secretary of Interior to provide Section 390 funds to
the other parties for Everglades ecosystem restoration for both the acquisition of
real property and the construction of features that were intended to become part
of existing or future USACE projects. It was determined that the currently
1dentified site was the most practicable location for the proposed BCWPA Project
without incurring exorbitant costs of purchasing lands containing existing urban
developments.

5.3.3 Initial Array of Alternatives/Options

The initial array of alternative plans were developed in multiple stages. The
first stage took the Restudy plan as a starting point and from that four
preliminary alternatives were developed sequentially based on results of the
preceding alternatives. All of the preliminary alternatives included the three
components (C-11, C-9, and WCA 3A/3B SMA). The second stage took those four
alternatives and split them into “options” consisting of just one component or
combinations of two components. This was done to show any dependencies
amongst the individual components of the project. These “options” were then
subjected to a screening process as described in Section 5.3.4. Also, included
within all these analysis was the “No Action” alternative. All options evaluated
opportunities to minimize impacts to existing mitigation areas. @ When
compensatory mitigation was required, opportunities to provide both
compensatory mitigation and project benefits (storage) were evaluated.

As previously noted in the report and documented in the Restudy, the C-9
Impoundment component of this project i1s intended to function as an
impoundment. It will be analyzed further under the NLBSA PIR to modify the
impoundment to a STA.
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5.3.3.1 Alternative 1

The CERP included an area of 2,500 acres for the proposed C-9 Impoundment.
While there were modifications to the plan from the Restudy, these were
necessary refinements and remained consistent with the intent. The C-9
Impoundment footprint was reduced to approximately 1,706 acres in order to
minimize seepage losses from existing borrow pits and to minimize impacts to
compensatory mitigation areas. A small portion of mitigation area was relocated
to the northern end of the component footprint (outside of the impoundment) and
the seepage collection system and inflow pump operation were modified for
interim operations. The STA/Impoundment was modeled and designed with the
ability to store water as an impoundment versus a STA (mostly for interim
operations). These refinements would be in place until NLBSA (another CERP
component) comes on-line in approximately 25 years.

The C-11 Impoundment was modified from an initial size of 1,600 acres to 1,733
acres at 4 feet deep to better provide the amount of water storage necessary to
meet the project objectives. The seepage collection system was modified and the
impoundment’s discharge structure was relocated to the southwestern corner
and discharged into US 27 Borrow (via under US 27) versus C-11 Canal. The
operation of the Western C-11 Canal (Critical Project Structure S-381) was
modified to improve groundwater elevations in the C-11 Basin.

In the SMA, two control structures were located in the L.-37 and L-33 borrow
canals, which reduced levee seepage for WCA 3A and 3B by controlling higher
water levels as a step-down management technique in the marsh areas located
east of the WCAs and west of US 27 while maintaining flood protection.

5.3.3.2 Alternative 2

Alternative 2 was modified to further enhance the performance of Alternative 1
by reducing and/or optimizing seepage losses, reprioritizing flows, improving
efficiency, reducing costs, and minimizing environmental mitigation impacts.

For Alternative 2, the C-9 Impoundment footprint was increased and divided
into three interconnected compartments: one 6 feet deep (1,232 acres) and two 2
feet deep (474 acres and 385 acres). The 2 foot depth compartments contained
existing and relocated mitigation areas. The 2 feet deep area on the east was
located to improve seepage control. The C-11 Impoundment was modified to
contain two interconnected compartments — one at 1,119 acres at 6 feet deep and
the second at 615 acres at 2 feet deep. This would serve to improve seepage
control. Mitigation areas were relocated to the 2 feet deep area.

The SMA would remain the same as in Alternative 1.
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5.3.3.3 Alternative 3

Alternative 3 was modified to further enhance the performance of the previous
alternatives to reduce and/or minimize seepage losses, reprioritize flows,
improve efficiency, reduce costs, and minimize environmental mitigation
1mpacts.

The C-9 Impoundment design 2 foot depth compartment was adjusted to a 4 foot
depth for relatively short periods of time, on the order of several days. To
compensate for additional seepage loss and impacts to existing levels of flood
protection of the surrounding vicinity, ASR was recommended to pull down new
storage depth to mitigate for negative impacts. This was accomplished by
adjusting the depth of the two C-9 Impoundment cells (474 acres and 385 acres)
that were 2 feet deep in Alternative 2 to 4 feet deep.

In the C-11 Impoundment, the overall acreage remained the same but the
compartment sizes changed to 1,281 acres at 6 feet deep and 453 acres at 4 feet
deep. The SMA configuration remained the same as in the other alternatives.
The seepage collection canal along the eastern boundary of the impoundment
was improved, controlled, and operated as an extension of the C-11 Canal. The
control elevation in the western reach of the C-11 Canal was lowered west of
structure S-381. Operations for the C-11 Impoundment and S-13A were revised
to provide dry season flows to the eastern C-11 Basin and Pond Apple Slough.

In the SMA, the control elevations for the L-33 and L-37 borrow canals were
modified to vary the hydroperiod seasonally and geographically in the northern
and southern Everglades buffer strip.

5.3.3.4 Alternative 4

A significant change in design and cost was made between Alternative 3 and
Alternative 4. The main difference was the lower capacity diversion canal
between C-11 and C-9 canals denoted as C-502B and the reverting back to the
Restudy design of L-502A and L-502B south of the C-9 Canal to a berm/levee
versus a conveyance canal (former conveyance canal became functionally a
borrow canal). Other minor engineering alternatives were developed as well to
lower costs while maintaining the benefits before the redesign.

Modeling results demonstrated that the seepage problems in Alternatives 2 and
3 were not resolved and impact to level of service of flood protection would likely
occur in surrounding urban areas. Alternative 4 further reduced the size of the
C-11 Impoundment to 1,695 acres consisting of three compartments, the main
storage compartment of 1,490 acres at 4 feet deep and two approximately equal
compartments for a total of 205 acres at 2 feet deep. The small compartments
are compensatory mitigation for replacement of existing mitigation areas that
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would be impacted by the footprint of the impoundment. These compartments
will be maintained as a wetland mitigation area.

The C-9 Impoundment would be 1,739 acres in size with a maximum water
depth of 4 feet deep across the footprint, although operations will require further
refinement to offset potential impacts to existing levels of service flood of
protection of the urban area.

The SMA would remain the same as in previous alternatives.

Table 5-2 illustrates the four preliminary alternative plans that were used to
develop the initial array of alternatives.

TABLE 5-2: PRELIMINARY ALTERNATIVES

C-9 Impoundment C-11 Impoundment SMA
Alt 1 1,706 acres @ 4 feet deep 1,733 acres @ 4 feet deep Buffer strip with three
proposed structures.
Operations of the
structures adjusted.
Alt 2 2,091 acres 1,734 acres Buffer strip with three
(3 compartments) (2 compartments) proposed structures.
a) 1,232 acres @ 6 feet deep | a) 1,119 acres @ 6 feet deep | Operations of the
b) 474 acres @ 2 feet deep b) 615 acres @ 2 feet deep structures adjusted.
c) 385 acres @ 2 feet deep
Alt 3 2,091 acres 1,734 acres Buffer strip with three
(3 compartments) (2 compartments) proposed structures.
a) 1,232 acres @ 6 feet deep a) 1,281 acres @ 6 feet deep Operations of the
b) 474 acres @ 4 feet deep b) 453 acres @ 4 feet deep structures adjusted.
c) 385 acres @ 4 feet deep
Alt 4 1,739 acres @ 4 feet deep 1,695 acres (3 Buffer strip with three
compartments) proposed structures.
a) 1,490 acres @ 4 feet deep Operations of the
b) 2 compartments totaling structures adjusted.
205 acres @ 2 feet deep

These four alternative plans were then broken down into an array of various
combinations of the three major components. The components were separated
and listed as stand alone projects as well as combinations of the components.
These combinations included the C-11 Impoundment only, the C-9 Impoundment
only, the SMA only, the C-11 and C-9 impoundments, the C-11 Impoundment
and the SMA, the C-9 Impoundment and the SMA, and all three components.
This was done to show the potential benefits and costs of each as separable
elements and as partial projects, as well as illustrating the dependencies of the
components on one another. The benefits were estimated based on modeling
output and the best professional judgment of scientists and engineers on the
project delivery team.
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5.3.3.5 Alternatives Within the Jurisdiction of the Lead Agency

The BCWPA Project contains three components that are a part of the CERP,
which was authorized in WRDA 2000. The implementation of this plan by the
Federal government is being led by the USACE along with its non-Federal
partner, the SFWMD. All alternatives being evaluated for the BCWPA Project
are consistent with CERP and within the USACE’s jurisdiction.

5.3.4 Screening of Initial Array of Alternatives

The criteria used for initial screening included the following:

Reduction in S-9 discharge greater than 50%
Beneficial wet season effects

Beneficial dry season effects

No basin flooding impacts

Since the volume of water flowing through S-9 is directly related to the amount
of total phosphorus entering the natural system, reduction in S-9 discharge can
be used as a surrogate for total phosphorus loading. In order to have a beneficial
effect on the natural system, it was assumed that total phosphorus loading
would need to be reduced by at least 50%.

Beneficial wet and dry season effects relate to the moderation of extremes in
water levels in the WCAs. When there is too much water in the wet season, tree
1slands and other habitats are drowned having a negative effect on the species
inhabiting the area (both plant and animal). Some examples of the negative
effects of unnaturally high water levels could be the drowning of animal species
that nest in the marshes; aquatic food sources for some species being dispersed
farther a field causing the hunting species to expend more energy searching for
food; and drowning of low lying upland habitats such as tree islands. During the
dry season, if water levels drop too low, water dependent species are negatively
1mpacted and totally aquatic species lose habitat and die. Extended dry periods
can temporarily or permanently change the vegetation communities in slough
and wet prairie areas, and increase the chance of intense wildfires that can
destroy the vegetation and soils on tree islands. Unnatural dry periods also
increase the threat of invasion by exotic vegetation.

No basin flooding impacts relate to the need to maintain the existing level of
flood protection in the adjacent urban areas to the east. Flooding can occur as a
result of seepage from the project area and features to eliminate this were
further evaluated where necessary. Table 5-3 summarizes the screening of the
alternatives in varying configurations (referred to as options). Since modeling
exists only on the alternatives that contain all three components, best
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professional judgment was used to determine benefits on the other options. The

project delivery team believed that this was the best comparison possible. A
check mark indicates a beneficial effect.
TABLE 5-3: OPTIONS SCREENING
Initial Screening Criteria
. .Reduction ‘l?virtleﬁcial gf_;eﬁdal No Ba‘sin
fuemadve IS e Seuson | Sason | ovdine
Effects Effects
“No Action” No benefits.
Option A: C-11 + C-9 + SMA
Al | Restudy/Alt 1 4 v 4 v
A2 | Alt2 v v v v
A3 Alt 3 v v v v
A4 | Alt4 v v v v
Option B: C-11 Only
B1 Restudy/Alt 1 v
B2 | Alt2 v
B3 | Alt3 v
B4 | Alt4 v
Option C: C-9 Only (No benefits with C-9 only)
C1 Restudy/Alt 1
C2 Alt 2
C3 Alt 3
C4 Alt 4
Option D: SMA Only
D1 | Restudy/Alt 1 v v
D2 | Alt2 v v
D3 Alt 3 v v
D4 | Alt4 v v
Option E: C-11 + C-9
E1 | Restudy/Alt 1 v
E2 | Alt2 v
E3 | Alt3 v
E4 | Alt4 v
Option F: C-11 + SMA
F1 Restudy/Alt 1 4 v 4 v
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Initial Screening Criteria
. .Reduction ‘]?Veelzeﬁcial gi;eficial No Ba_sin
fuemaive S0 | Sotson | Season | Flooding
Effects Effects

F2 | Alt2 v v v v

F3 Alt 3 v v v v

F4 | Alt4 4 v v v
Option G: C-9 + SMA (No benefits for C-9)

Gl | Restudy/Alt 1 v

G2 | Alt2 4

G3 | Alt3 v

G4 | Alt4 v

*Annual Average, Wet Season Average. Total phosphorus loading is directly related to volume of

water; therefore, S-9 discharges can be used as surrogate.

Threshold determined to be 50%

diversion (Restudy objective is zero discharge from S-9 or 100% diversion). No diversion without

C-11 feature.

To determine the alternatives that were carried forward into the initial array of
alternatives any alternatives that did not meet the minimum criteria were
eliminated. The remaining initial array of alternatives (Table 5-4), consisting of
all the A and F alternatives, were then subjected to a cost effectiveness analysis.

TABLE 5-4: REMAINING INITIAL ARRAY OF ALTERNATIVES

acres
(2 compartments)

a) 1,119 acres @ 6 feet deep

b) 615 acres @ 2 feet deep;
C-9 Impoundment: 2,091 acres
(3 compartments)

a) 1,232 acres @ 6 feet deep

b) 474 acres @ 2 feet deep

c) 385 acres @ 2 feet deep;
SMA: Buffer strip with three
proposed structures.
Operations of the structures
adjusted. (4,312 acres)

Alternative Descriptions Alternative Descriptions

Al C-11  Impoundment: 1,733 F1 C-11 Impoundment: 1,733
acres @ 4 feet deep; acres @ 4 feet deep
C-9 Impondment:1,706 acres SMA: Buffer strip with
@ 4 feet deep; three proposed structures
SMA: Buffer strip with three Operations of the
proposed structures. structures adjusted.
Operations of the structures (4,312 acres)
adjusted. (4,312 acres)

A2 C-11 Impoundment: 1,734 F2 C-11 Impoundment: 1,734

acres (2 compartments)

a) 1,119 acres @ 6 feet
deep

b) 615 acres @ 2 feet
deep;
SMA: Buffer strip with
three proposed structures.
Operations of the
structures adjusted.
(4,312 acres)

Final BCWPA PIR and Final EIS

5-14

April 2007



Section 5 Formulation and Evaluation of Alternative Plans

Alternative Descriptions Alternative Descriptions
A3 C-11 Impoundment: 1,734 F3 C-11 Impoundment: 1,734

acres acres (2 compartments)

(2 compartments) a) 1,281 acres @ 6 feet
a) 1,281 acres @ 6 feet deep deep
b) 453 acres @ 4 feet deep; b) 453 acres @ 4 feet

C-9 Impoundment: 2,091 acres deep;

(3 compartments) SMA: Buffer strip with
a) 1,232 acres @ 6 feet deep three proposed structures.
b) 474 acres @ 4 feet deep Operations of the
¢) 385 acres @ 4 feet deep; structures adjusted.

SMA: Buffer strip with three (4,312 acres)

proposed structures.
Operations of the structures
adjusted. (4,312 acres)

A4 C-11 Impoundment: 1,695 F4 C-11 Impoundment: 1,695
acres acres (3 compartments)
(3 compartments) a) 2 compartments

a) 2 compartments totaling totaling 205 acres @ 2 feet
205 acres @ 2 feet b) 3rd compartment is
b) 3rd compartment is 1,490 1,490 acres @ 4 feet;
acres @ 4 feet; SMA: Buffer strip with
C-9 Impoundment: 1,739 acres three proposed structures.
@ 4 feet deep; Operations of the
SMA: Buffer strip with three structures adjusted.
proposed structures. (4,312 acres)

Operations of the structures
adjusted. (4,312 acres)

5.3.5 Evaluation of Initial Array of Alternatives

The next step was to evaluate the initial array of alternatives using ecologic
output measured in habitat units (HUs) and costs.

5.3.5.1 Ecologic Evaluation Methodology

Benefits were then measured in terms of HUs for sawgrass marsh habitat, snail
kite habitat, and ridge and slough. More detailed information on the calculation
of HUs for this project can be found in Appendix C.

Sawgrass marsh HUs were derived based on total phosphorus loading in WCA 3
and cattail expansion rate. Snail kite HUs were based on apple snail
reproduction and foraging habitat. These were dependant upon the
hydroperiods of the area falling within a certain range to support a population of
apple snails that the snail kite feeds upon. Ridge and slough HUs were based on
the hydroperiods of the area that were necessary to maintain this natural land
cover type.
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For the purposes of selecting a plan, sawgrass marsh and snail kite HUs were
used. Both of these habitats consist of emergent vegetation types that respond
fairly rapidly to changes in hydroperiods. The use of these habitats would be to
show the differences between alternatives and are a good indicator of restoration
in the project area. Therefore, it was assumed that given the proper
hydroperiods, the habitats would fully recover in five years. This five-year ramp
up time was used to calculate average annual HUs. The Master Implementation
Sequencing Plan 1.0 (MISP 1.0) was also used to show when other CERP
projects that would benefit this project would be implemented.

Snail kite HUs were estimated using a model for the “A” alternatives, but not for
the “F” alternatives. Snail kite HUs were estimated for alternatives F1 through
F4 based on the percentage differences of sawgrass HUs between the “A”
alternatives and the “F” alternatives. For example, alternative F1 i1s 41% of
alternative Al (Table 5-5). Therefore, that difference was applied to the snail
kite HUs for alternative F1. This does not mean that snail kite habitat would
react in the exact same proportions as sawgrass habitat would to the same
hydrologic regime. The project delivery team used the best available
information and for the purposes of alternative screening, a gross estimation
was needed. Because of the overall performance reduction in the “F”
alternatives from an operations perspective, it 1s reasonable to expect a
reduction in ecological benefits. However, the exact amount of reduction is
questionable. Without additional modeling, the degree of certainty of what that
reduction in benefits would be is unknown. For the purposes of screening in this
phase of formulation, this was deemed sufficient. The percent reduction in
benefits shown in Table 5-5 below were adjusted based on the future without
project condition.

TABLE 5-5: PERCENT REDUCTION IN BENEFITS BETWEEN AX & FX

Al > F1 41%
A2 > F2 43%
A3 2> F3 38%
A4 > F4 45%

For the future without project condition, there would be an expected 201,023
HUs for sawgrass marsh habitat and 137,587 HUs of snail kite habitat due to
projects or programs not associated with CERP that will be implemented. These
projects and/or programs are expected to have positive effects on the
environment in the project area. The future without project HUs are subtracted
from the HUs produced by the model runs to result in net HUs (Table 5-6).
These adjusted numbers will then be used for the cost effectiveness/incremental
cost analysis (CE/ICA).
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TABLE 5-6: NET HU OUTPUT OF INITIAL ARRAY OF ALTERNATIVES

Sawgrass HUs | Snail Kite HUs Total HUs
Alternative (net) (net) (net)
Al 314,373 219,656 534,029
A2 344,207 252,726 596,933
A3 324,936 280,398 605,334
A4 327,167 259,544 586,711
F1 163,359 10,468 173,827
F2 179,665 31,115 210,780
F3 179,665 21,917 201,582
F4 163,359 40,943 204,302

5.3.5.2 Planning Level Cost Estimates

The cost estimate for the alternatives includes construction, LERRDs (lands,
easements, right-of-ways, relocation, and disposal), PED (pre-construction,
engineering and design) costs, and construction management. These costs are
included in Table 5-7 and were used in the cost effectiveness analysis of the
alternatives. The initial formulation and evaluation of alternatives cost have
been refined for the selected alternative to reflect the most recent cost estimates
at price levels and discount rates required when the final report is submitted.
This information is available in other sections of this report.

TABLE 5-7: COST OF INITIAL ARRAY OF ALTERNATIVES

Cost
Alternative Cost (Average Annual)
Al $535,398,000 $37,002,000
A2 $604,723,000 $41,532,000
A3 $604,723,000 $41,532,000
A4 $519,299,000 $35,956,000
F1 $511,467,000 $34,778,000
F2 $529,197,000 $35,943,000
F3 $529,197,000 $35,943,000
F4 $511,467,000 $34,778,000

5.3.5.3 Cost Effectiveness of Initial Array of Alternatives

Cost effectiveness analysis begins with a comparison of the costs and outputs of
alternative plans to identify the least cost plan for every level of output
considered. Alternative plans are compared to identify those that would produce
greater levels of output at the same cost, or at a lesser cost, as other alternative
plans. Alternative plans identified through this comparison are the cost effective
alternative plans. For purposes of the cost effectiveness analysis, HUs and costs
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are translated into average annual terms (Table 5-8). Average annual habitat
units (AAHUs) were calculated assuming the benefits begin to accrue at the time
the project is operational (2010) and accrue at a steady rate to full benefits five
years later (2015). The implementation of projects for this evaluation was based
on the MISP 1.0. After that point in time the benefits remain constant to the
end of the planning horizon (2050) resulting in a similar number for AAHUs and
HUs.

HUs were weighed equally and therefore summed to arrive at a total HU for
each alternative. This method takes into consideration the trade-offs in plan
performance to achieve the best possible overall benefits that can be achieved in
a single plan.

TABLE 5-8: HUS AND COSTS EXPRESSED IN AVERAGE ANNUAL

UNITS
Alt. Sawgrass Snail Kite Total Cost
AAHUs AAHUs AAHUs (Average Annual)
Al 291,370 203,584 494,954 $37,002,000
A2 319,021 234,234 553,255 $41,532,000
A3 301,160 259,881 561,041 $41,532,000
A4 303,228 240,553 543,781 $35,956,000
F1 151,406 9,702 161,108 $34,778,000
F2 166,519 28,838 195,357 $35,943,000
F3 116,519 20,313 136,832 $35,943,000
F4 151,406 37,947 189,353 $34,778,000

A cost effectiveness analysis was then performed to screen out non-cost effective
plans. The alternatives were sorted by increasing benefits and displayed
graphically in Figure 5-1 and summarized in Table 5-9. Based on the cost
effective analysis, four plans, Al, A2, F1 and F3, were eliminated since they
produced less output at greater costs than other plans. The cost effective plans
as shown are A3, A4, F2 and F4.
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FIGURE 5-1: COST EFFECTIVE AND BEST BUY PLANS

TABLE 5-9: COST EFFECTIVENESS OF ALTERNATIVE PLANS
SORTED BASED ON INCREASING BENEFIT OUTPUT

Alt. Cost (Ave. Annual) Total AAHUs Cost Effective?
“No Action” 0 0 NA
F1 $34,778,000 161,108 No
F3 $35,943,000 136,832 No
F4 $34,778,000 189,353 Yes
F2 $35,943,000 195,357 Yes
Al $37,002,000 494,954 No
A4 $35,956,000 543,781 Yes
A2 $41,532,000 553,255 No
A3 $41,532,000 561,041 Yes

The remaining plans (F2, F4, A3 and A4) are considered in the final array of
alternatives and will be further compared to the “no action” alternative. Figure
5-2 illustrates the estimated HUs for sawgrass marsh and snail kite for the final
array of alternatives.
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Habitat Units
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FIGURE 5-2: HUS FOR THE FINAL ARRAY OF ALTERNATIVES

5.4 PRESENTATION AND EVALUATION OF FINAL ARRAY OF

ALTERNATIVE PLANS

The final array of alternative plans that were cost effective is summarized in the
following sections. These final plans were evaluated using an incremental cost
analysis to determine the “Best Buy” plans in order to choose the selected

alternative plan.

5.4.1 Description of Final Array of Alternative Plans

The major elements of the final array of alternatives are shown in Table 5-10

below and described in more detail in the sections that follow.
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TABLE 5-10: FINAL ARRAY OF ALTERNATIVE PLANS
No
Action Alt F2 Alt F4 Alt A3 Alt A4
1.695 acres 1,734 acres 1,695 acres
1,734 acres (2’ (2 (3 compartments)
(2 compartments) compartments) compartments) a) 2 compartments
No a) 1,119 acres @ 6 P a) 1,281 acres @ | totaling 205 acres @
C-11 . a) 205 acres @ 2
action | feet deep foot dee 6 feet deep 2 feet deep
b) 615 acres @2 | | P b) 453 acres @4 | b) 1,490 acres @ 4
feet deep; ) 1,490 acres @ feet deep; feet deep
’ 4 feet deep ’
2,091 acres
3
compartments)
No a) 1,232 acres @ 1,739 acres @ 4 feet
C-9 action NA NA 6 feet deep deep
b) 474 acres @ 4
feet deep
c) 385 acres @ 4
feet deep;
Buffer strip with Buffer strip with | Buffer strip with Buffer strip with
three proposed three proposed three proposed
three proposed
No structures. structures. structures. structures
SMA . Operations of the Operations of Operations of the L
action Operations of the
structures the structures structures structures adiusted
adjusted. (4,312 adjusted. (4,312 | adjusted. (4,312 ! ’
(4,312 acres)
acres) acres) acres)

5.4.1.1 Alternative F2

Alternative F2 consists of the C-11 Impoundment and SMA (see Figure 5-3).
The C-11 Impoundment is 1,734 acres consisting of two compartments: the main
storage compartment of 1,119 acres at 6 feet deep and a second compartment
that is 615 acres in size at 2 feet deep. The second compartment is
compensatory for replacement of existing mitigation areas that would be
impacted by the footprint of the impoundment. These compartments will be
maintained as wetland mitigation areas while also providing some benefits to
the project through additional storage during extreme events.

In the SMA, two control structures were located in the L-37 and L-33 borrow
canals which reduced levee seepage for WCA 3A and 3B by allowing higher
water levels and longer seasonal hydroperiods in the marsh areas located east of
the WCAs and west of US 27 while maintaining flood protection.

Flood damage reduction measures for the C-9 Basin were necessary to maintain
existing level of flood damage reduction and implemented with new structures
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equivalent to the S-9A pump station and S-381 gated structure. The higher
water levels in the SMA will create additional seepage over current amounts
west into the C-9 Basin. The Savings Clause requires assurance that no
negative impact will occur to existing levels of flood protection and 1is
demonstrated in project design.
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FIGURE 5-3: BCWPA ALTERNATIVE F2
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5.4.1.2 Alternative F4

Alternative F4 consists of the C-11 Impoundment and the SMA (see Figure 5-4).
The C-11 Impoundment is 1,695 acres consisting of three compartments, the
main storage compartment of 1,490 acres at 4 feet deep and two approximately
equal compartments for a total of 205 acres at 2 feet deep. The small
compartments are compensatory for replacement of existing mitigation areas
that would be impacted by the footprint of the impoundment. These
compartments will be maintained as wetland mitigation areas while also
providing some benefits to the project through additional storage during extreme
events.

In the SMA, two control structures were located in the L.-37 and L-33 borrow
canals which reduced levee seepage for WCA 3A and 3B by allowing higher
water levels and longer seasonal hydroperiods in the marsh areas located east of
the WCAs and west of US 27 while maintaining flood protection.

Flood damage reduction measures for the C-9 Basin were necessary to maintain
existing level of flood damage reduction and implemented with new structures
equivalent to the S-9A pump station and S-381 gated structure. The higher
water levels in the SMA will create additional seepage over current amounts
west into the C-9 Basin. The Savings Clause requires assurance that no
negative impact will occur to existing levels of flood protection and 1is
demonstrated in project design.
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FIGURE 5-4: BCWPA ALTERNATIVE F4
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