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INTRODUCTION

Purpose and Scope of this Report

In support of the Lake Okeechobee Regulation Schedule Study (LORSS), the system-wide
effectiveness of several alternative regulation schedules were simulated with the South Florida
Water Management Model (SFWMM). The major assumptions and results of this effort are
presented in this report to provide other study team members with information for further
analysis. Also included in this report is a precursory evaluation of the trade-offs between the
competing objectives for managing Lake Okeechobee.

The synthesis of the findings of these multiple analyses will be prepared by the U.S. Army Corps
of Engineers (USACE). This report is intended to help document the characteristics of each
alternative and provide a cursory review of the performance associated with each alternative.

Background

Lake Okeechobee is the second largest freshwater lake lying wholly within the boundaries of the
United States. Lake Okeechobee benefits south Florida by storing enormous volumes of water
during wet periods for subsequent environmental, urban and agricultural needs during dry
periods. However, extended periods of high water levels within Lake Okeechobee have been
identified as causing stress to the integrity of the Herbert Hoover Dike (HHD) as well as Lake
Okeechobee’s littoral zone. To accommodate south Florida's potential for heavy rains and severe
tropical storms, a lower lake regulation schedule is desired to facilitate levee (HHD) remediation
and to assist with long-term ecological restoration. This accommodation requires that water
levels in the lake do not rise to levels that would threaten the structural integrity of the levee
system surrounding Lake Okeechobee. Therefore, when water levels in the lake reach certain
clevations designated by the regulation schedule, discharges are made through the major outlets
to control excessive buildup of water in Lake Okeechobee. The timing and magnitude of these
releases is not only important for preserving the flood protection of the region, but also for
protecting the natural habitats of downstream estuaries and the Everglades.

The multiple objectives associated with managing Lake Okeechobeewater levels are:

¢ Ensure public health and safety

e Manage Lake Okeechobee at optimal lake levels to allow recovery of the lake’s
environment and natural resources

e Reduce high regulatory releases to the Caloosahatchee and St. Lucie estuaries to ensure
the health of the estuaries are not compromised

e Continue to meet Congressionally authorized project purposes including: flood control,
water supply, navigation and recreation, as well as fish and wildlife enchancement
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OVERVIEW OF THE SCHEDULES EVALUATED

This report presents the hydrologic simulation results and an evaluation of the hydrologic
performance of the final array of regulation schedule alternatives designed to lower the normal
operating limits of Lake Okeechobee while meeting the above objectives.

Following completion of the first draft LORSS Supplemental Environmental Impact Study
(SEIS) in July 2006, the report was released for public commit and a series of public meetings
were held in accordance with the National Environmental Policy Act (NEPA) process to allow
the public time to express their views on the plan’s effectiveness in managing Lake Okeechobee.
Public meetings held on both the east and west coast with stakeholders and the general public
provided valuable comments on the Tentatively Sclected Plan (TSP) and draft SEIS report.
These meetings provided a barometer of the general public’s acceptance of the proposed
regulation schedule. Recommendations, feedback and comments received were considerable,
with many of the comments questioning the viability of the recommended plan. Feedback,
especially from stakeholders and the general public on Florida’s west coast were critical of the
TSP, and concerns were raised that the plan did not go far enough in protecting the
Caloosahatchee River and Estuary by further reducing the number of high flow releases being
discharged from Lake Okeechobee. Stakeholders representing the Caloosahatchee Estuary
expressed concerns that the TSP shows minimal benefits, if any, for the estuary. Concerns were
also raised on the plan’s impacts to water supply, navigation and on the Everglades ecology.

Based on the comments and recommendations received by the USACE following the completion
of the LORSS public meetings, the decision was made to move forward with additional
formulation and modeling in order to improve the performance of the recommended plan.
During the formulation process and prior to the start of the new round of modeling, the USACE
conducted a detailed review of the assumptions and data sets included in the original modeling.
As with most projects, the modeling data sets and assumptions used for the LORSS evolved
during the duration of the project, and the new round of modeling presented an opportunity to
reset and ensure the most current data sets and assumptions were included for modeling
evaluations of the TSP refinements resultant from the additional plan formulation.

The inclusion of updated assumptions and data sets required use of a modified version of the
SFWMM. The model output included in the July 2006 draft LORSS SEIS (2006 SEIS) was not
utilized during evaluation of the new modeling. Three alternatives from the 2006 SEIS were
carried forward and modeled again with the updated assumptions and data sets used for the new
round of modeling: the No Action Alternative (2007LORS), alternative 1bS2-m (July 2006 draft
LORSS SEIS TSP), and alternative 1bS2-A17.25 (the simulation used as the starting point for
development of alternative 1bS2-m). The model outputs for the alternatives included in the 2006
SEIS are comparable to each other, and the conclusions drawn from the comparisons between
these original alternatives remain valid. The original alternatives from the 2006 SEIS
represented a wider range of alternative regulation schedules than the new round of modeling,
which built on the conclusions drawn from the detailed evaluation of the original alternatives by
the LORSS Project Delivery Team (PDT).
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Appendix E Simulation of Operational Alternatives

To provide a complete documentation of the array of alternative regulation schedules evaluated
for the LORSS, the following general overviews are provided in this section: the final seven
alternative regulation schedules and No Action Alternative evaluated for the 2006 SEIS,
documentation of updated assumptions and data sets used for the new round of modeling, and the
final five alternative regulation schedules and No Action Alternative evaluated for the TSP
refinements during additional plan formulation. The alternative descriptions include a listing of
changes to the current Lake Okeechobee Regulation Schedule (LORS), Water Supply and
Environment (WSE). Alternative descriptions include reference to the regulation schedule
decision trees for releases to the Water Conservation Areas (WCAs) (Part 1), decision trees for
releases to tide (Part 2), and regulation schedule zone or band breakpoints, which are provided in
Attachment A of this Appendix. All elevations referenced within this Appendix for the
regulation schedules or Lake Okeechobee stages refer to the National Geodetic Vertical Datum,
1929 (NGVD 1929).

The WSE regulation schedule divides Lake Okeechobee stages into regulation zones including
Zone A, Zone B, Zone C, Zone D (including D1, D2, and D3), and Zone E. Modifications to
these WSE regulation Zones are referenced in the alternative descriptions within this section.
Following completion of the 2006 SEIS LORSS modeling, operations staff determined that the
new LORSS would modify the terminology from Lake Okeechobee Zones to Lake Okeechobee
Operational Bands, as follows: High Lake Management Band (comparable to WSE Zone A),
High Band (Zone B), Intermediate Band (Zone C), Low Band (Zone D, including Zones D1, D2,
and D3), a Base Flow Band (not included in WSE), and a Beneficial Use Band (Zone E).

Final Alternatives: 2006 LORSS SEIS

The final seven alternative regulation schedules, plus the No Action Alternative, include the
following:

e The No Action Alternative: current regulation schedule, WSE, with the addition of
temporary forward pumps;

o The LORS-FWO (future with operations modified) Alternative which is similar to the No
Action Alternative with a general lowering of the top two regulatory release lines and the
addition of a new regulatory base flow zone for the Caloosahatchee Estuary;

e Alternative 1bS2-A17.25 which is a similar approach to WSE with a general lowering of
the top three regulatory release lines, reduced magnitude of maximum discharge
decisions in Zone B and Zone C to the St. Lucie Estuary (SLE), a reshaping of the line
representing the divide between Zone D and Zone E, redefinition of some of the WSE
meteorological inputs, and the addition of a new regulatory base flow zone for the
Calosahatchee Estuary;

e Alternative 1bS2-m which is similar to Alternative 1bS2-A17.25 but with a lowering of
the second and third regulatory release lines and a lowering of the top three regulatory
release lines during the late hurricane season from September 15 through November 1;

e Alternative 2a-B which represents a new appoach to defining the regulatory release bands
(based on a defined target operational guideline), and includes removal of the seasonal
and multi-seasonal forecasting indices utilized under the WSE decision tree framework,
and the addition of a new regulatory base flow zone for the Caloosahatchee Estuary;
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e Alternative 2a-m which represents a more aggressive approach to Alternative 2a-B in
passing low-level, non-damaging releases to the estuaries to further reduce the normal
lake levels, and includes increased magnitude releases to tide in advance of reaching the
highest release band;

e Alternative 3-B which represents an approach similar to Run22AZE, from the last
regulation schedule study, but with a lowering of the upper two regulatory lines and
addition of a new regulatory base flow zone for the Caloosahatchee Estuary;

e Alternative 4-A17.25, a more agressive modification—but similar to—Alternative 1bS2-
A17.25, which includes higher maximum release magnitudes to tide for Zone B and
Zone C, increased maximum release magnitudes to tide under dry seasonal forecast in
Zone C and Zone D, and lowering of the top three regulatory release lines during the late
hurricane season.

With the exception of the No Action Alternative, the final set of alternatives, above, were
developed to achieve a few common goals: to achieve zero or close-to-zero days above lake
elevation of 17.25 ft NGVD; to provide a base flow to one or both of the estuaries in order to
minimize the occurrence of undesirable high-volume releases to the estuaries; to include a
maximum limit of the lake regulatory releases passed through Stormwater Treatment Area (STA)
3/4, based on assumed treatment capacity given the current nutrient levels within Lake
Okeechobee; and to provide lake operators with as much flexibility as possible to lower the lake
stages when needed to achieve the project objectives. All alternatives, except Alternative 2a-B
and Alternative 2a-m, included similar use of the WSE meteorological guidelines and decision
tree framework; all alternatives included use of the Tributary Hydrological Conditions (THC)
indicators concept, as found in WSE but modified to utilize the Palmer Drought Index (PDSI) (in
the place of net basin rainfall) and Lake Okeechobee net inflows (in the place of inflows at S-
65E). The South Florida Water Management District (SFWMD) Supply Side Management
(SSM) line is assumed to be lowered by one foot from the current SSM line under all
alternatives. The assumption of a lowered SSM line serves as a surrogate for the SSM update
effort anticipated to be completed by the SFWMD prior to implementation of a new lake
regulation schedule (to be identified by this LORSS), but the assumption is unable to be included
as part of the No Action Alternative; the assumption of a one-foot lowering of the SSM line for
all alternatives is based on a recommendation from the SFWMD technical staff working on the
parallel effort to update the SSM rules. Completion of the SFWMD SSM update effort requires
identification of the TSP by the USACE.

The schedules which included the WSE decision tree framework were designed to increase
operational flexibility. =~ Considering the many competing purposes for managing Lake
Okeechobee, it appears desirable to design flexible operating rules that give water managers
some latitude to utilize best available multi-disciplinary information, and adjust operations as
necessary to achieve a better balance of the competing objectives. Considering the potential
benefits from recent lake inflow forecasting tools, and the rapid increase in the state-of-the-art in
forecasting technology, it is practical to establish more flexible rules which allow lake managers
to utilize supplemental information and apply their best professional judgement in making
operational decisions. A detailed discussion of WSE will not be provided in this report;
however, differences from WSE will be discussed as part of the individual alternatives.
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A. LORS-FWO Alternative

The No Action Alternative, which includes the current WSE regulation schedule for Lake
Okeechobee and assumes SFWMD temporary forward pumps in place, calls for maximum
practicable releases from Lake Okeechobee when lake stages are within Zone A-—a range from
elevation 17.00 feet on May 31 to elevation 18.50 feet from October through March. The No
Action Alternative does not include a zone for base flow releases to either the Caloosahatchee or
St. Lucie Estuary. In order to properly evaluate the potential effects of allowing for maximum
releases above 17.25 elevation and base flow to the estuaries, in the absence of additional
changes to the WSE regulation schedule, alternative LORS-FWO was developed with the
following changes to the No Action Alternative:

1. Zones A and B are lowered where necessary to allow maximum practicable releases
under all conditions when the Lake Okeechobe stage exceeds 17.25 ft, NGVD. The
regulation schedule is shown in Figure A-1.

2. An additional regulatory zone is added (below Zone D) to allow for base flow releases to
the Calosahatchee Estuary. During the alternative formulation process, data and
recommendations were evaluated and the recommended base flow release was
determined to be 450 cubic feet per second (cfs) to the Caloosahatchee Estuary
(measured at S-79) and zero base flow to the SLE.

B. Alternative 1bS2-A17.25

Alternative 1bS2-A17.25 was developed from the current WSE decision tree structure. The
regulation schedule and decision trees for Lake Okeechobee discharges to the WCAs and
discharges to tidewater for Alternative 16S2-A17.25 are shown in Figure A-2, Figure A-3, and
Figure A-4, respectively. Operational experience under WSE and the availability of additional
climatological data led to the following recommended modifications to WSE for this alternative:

1. Regulation schedule lines for Zone A, Zone B, and Zone C are lowered. If the stage of
Lake Okeechobee exceeds 17.25 ft, NGVD, the regulation schedule decision tree
specifies maximum practicable releases to the WCAs and tidewater. The lowering of the
upper regulatory zones results in a regulation schedule that is more pro-active in limiting
potential high water conditions within Lake Okeechobee.

2. THC are applied that represent longer term wet or dry conditions that have persisted in
the tributaries. Updated THC indicators enable the proposed regulation schedule to avoid
frequent breaks in the regulatory outflows that may occur due to shorter dry periods. The
PDSI is proposed to replace the 30-day net rainfall, and the 14-day mean Lake
Okeechobee net inflow (LONIN) is proposed to replace the 14-day mean S-65E flow.
The classification bands for the PDSI and LONIN THC indicators are summarized in
Table 1.

3. The line representing the divide between Zone D and Zone E is reshaped; the bottom of
Zone D is flattened during the periods in which the estuary ecological systems may be
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more impacted by large freshwater discharges, especially in late winter, early spring, and
during the October through November period. The modified regulatory line promotes a
quicker response in the autumn and winter months to large inflows that often are
generated during the hurricane season.

TABLE 1: DEFINITION OF TRIBUTARY CONDITIONS BASED ON THE PALMER
DROUGHT INDEX AND NET INFLOW

Tributary Hydrologic Palmer Index 2-wk mean L.O. Net
Classification Class Limits Inflow Class Limits
Very Wet 3.0 or greater Greater >= 6000 cfs
Wet 1.5t02.99 2500-5999 cfs
Near Normal -1.49t0 1.49 500-2499 cfs
Dry -1.5t0-2.99 -5000 — 500 cfs
Very Dry -3.0 or less Less than -5000 cfs

4. A new base flow zone (Zone DO0) is established below the bottom of the re-shaped
Zone D. Base flow is allowed when Lake Okeechobee water levels are in Zone DO or
above (Zone C decision tree outcome for dry THC, seasonal, and multi-seasonal forecasts
is base flow), but no base flow releases are called for when the stage falls below the
bottom of Zone D (Zone DO0). During the alternative formulation process, data and
recommendations were evaluated and the recommended base flow release was
determined to be 450 cfs to the Caloosahatchee Estuary (measured at S-79) and zero base
flow to the SLE. Risks to the water supply performance objective are anticipated to be
minimized with the forward pumps assumed in place to allow for water supply at lower
lake water levels. The bottom of the base flow zone ranges from 11.5 ft, NGVD on May
31 to 13.0 feet during October and November. For Figure A-3 (discharges to WCAs),
releases to the WCAs when in Zone DO adhere to the same decision tree as the remainder
of Zone D; for Figure A-4 (discharges to tidewater), releases when in Zone DO will be
base flow, and the decision tree of Zone D is not applicable.

5. THC and seasonal climate forecasts are updated to allow increased operational flexibility
in managing lake stages, and specifically to avoid extreme high lake stages. A significant
number of decision tree outcomes for THC and seasonal forecast are updated to allow the
quicker release of lake water, as compared to WSE (for example, “Extremely wet” THC
is changed to “very wet” or “wet to very wet” is changed to “normal to wet”). The
additional inclusion of lake stages forecasted to rise into Zones A or B also introduces
additional operator flexibility by allowing for utilization of all available hydrologic and
meteorological forecasting data. The changes to WSE for Alternative 1bS2-A17.25 are
indicated by the red font in Figure A-4.
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6. Moderate to extreme high discharges to the SLE are reduced by modifying the maximum
discharge rates for Zone B and Zone C from 3500 to 2800 cfs, and 2500 to 1800 cfS,
respectively. The intention of this modification was to reduce the potential impacts
associated with high-volume discharge events to the SLE.

C. Alternative 1bS2-m

Alternative 1bS2-A17.25 simulation output (SFWMM) showed the 17.25 feet stage criteria for
Lake Okeechobee extreme high water to be exceeded for 12 days during the 36-year simulation
period-of-record (POR). Alternative 1bS2-A17.25 was modified to remove any simulated daily
stage in excess of 17.25 feet within Lake Okeechobee. The modifications to Alternative 1bS2-
A17.25 to create Alternative 1bS2-m are summarized below:

1. Regulation Zones A, B, and C are lowered during the late hurricane season
(September 30 stage breakpoints are changed to November 1).

2. Regulation lines for the bottom of Zones B and C were lowered. Zone B breakpoints
were first lowered to be mid-way between the bottom of Zone A and the bottom of
Zone C. The bottom of Zone B was then lowered by an additional 0.15 feet and the
bottom of Zone C was lowered by 0.10 feet, as required to achieve zero days with lake
stage greater than 17.25 ft elevation.

As the result of the modifications to develop Alternative 1bS2-m, the simulated peak stage for
Lake Okeechobee is 17.23 feet. The peak stage of 17.23 feet is less than the maximum target
stage identified to be 17.25 feet. The regulation schedule for Alternative 1bS2-m is shown in
Figure A-5; the decision tree remains unchanged from Alternative 1652-A17.25 (Figure A-3 and
Figure A-4).

D. Alternative 2a-B

Alternative 2a-B represents a new appoach to defining the regulatory release bands, based on a
defined target operational guideline. The regulation schedule and decision trees for Lake
Okeechobee discharges to the WCAs and discharges to tidewater for Alternative 2a-B are shown
in Figure A-6, Figure A-7, and Figure A-8, respectively. The operational details of Alternative
2a-B are summarized below:

1. The operational guideline was developed by the USACE Water Management Section
based on evaluation of historical stages of Lake Okeechobee from 1965 through 2005.
As the lake stages increase further above the operational guideline, regulatory releases
increase according to the specified regulatory bands.

2. The upper two regulatory lines were defined based on the probability (50% and 25%) of
Lake Okeechobee stages reaching 17.50 feet within the next 90 days, assuming discharge
outlets to tidewater were significantly limited. If the stage of Lake Okeechobee exceeds
17.25 ft, NGVD, the regulation schedule decision tree specifies maximum practicable
releases to the WCAs and tidewater (same as Alternative 1bS2-A17.25).
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3. Below the operational guideline, base flow to the Caloosahatchee Estuary of 450 cfs is
permitted but discontinued if the lake falls below the assumed 12.56 feet elevation for
navigation (Lake Okeechobee navigation may be impaired at lower stages) or the current
SSM line, whichever is higher.

4. The decision tree for Alternative 2a-B includes removal of the seasonal and multi-
seasonal forecasting indices utilized under the WSE decision tree framework, utilizing
only the THC indicators of the PDSI and LONIN, as used in all alternatives.

5. Regulatory releases fom Lake Okeechobee to the WCAs are discontinued when the lake
stage falls below 13.50 ft, NGVD.

E. Alternative 2a-m

Alternative 2a-B was modified to significantly reduce the frequency of extreme high discharge to
the Caloosahatchee and St. Lucie estuaries, with the resulting alternative being Alternative 2a-m.
The modifications to Alternative 2a-B are summarized below, and the regulation schedule is
shown in Figure A-9. The decision tree for Alternative 2a-m is unchanged from the decision tree
utilized for Alternative 2a-B (Figure A-7 and Figure A-8).

1. Releases to tidewater for the regulatory band between the 25 percent and 50 percent high
water probability lines (Blue band) are increased from 6500 cfs to Caloosahatchee/3500
cfs to St. Lucie to 7500 cfs/5000 cfs, with the intention to reduce the duration of extreme
high-volume estuarine discharges but also recognizing the possibility that these higher
release volumes may cause additional impacts to public health and safety downstream of
the St. Lucie lock (S-80).

2. Releases to tidewater for the regulatory band between the operational guideline and 13.50
feet elevation (magenta band) is modified from a regulatory band for Caloosahatchee
Estuary baseflow to a low level regulatory release of 800 cfs to the Caloosahatchee
Estuary and 400 cfs to the SLE. The magenta regulatory band was also extended to
include the area between 13.50 feet elevation and the operatinal guideline minimum
elevation of 12.50 feet, which was not included for Alternative 2a-B.

3. The bottom of the base flow regulatory band (bottom of orange band/top of red band)
was modified to be consistent with Alternative 1bS2-A17.25 and Alternative 1bS2-m,
with a minimum elevation of 11.50 feet and a maximum elevation of 13.0 feet.

F. Alternative 3-B

The conceptualization for Alternative 3 was developed from Run22AZE. The operational
schedule Run22AZE was evaluated under the previous LORSS (2000) that resulted in the
selection of WSE, at which time Run22AZE was recommended as the most desirable schedule
for the Lake Okeechobee littoral zone system. The regulation schedule for Run22AZE is shown
in Figure A-10. The regulation schedule for Run22AZE was modified for this regulation
schedule study with the following changes, as shown in Figure A-11:
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1.

The upper two regulatory lines are lowered. If the stage of Lake Okeechobee exceeds
17.25 ft, NGVD, the regulation schedule decision tree specifies maximum practicable
releases to the WCAs and tidewater (same as Alternative 1bS2-A17.25). The Run22AZE
operational schedule included maximum practicable releases when stages exceeded 18.50
feet for October through February.

A new regulatory base flow zone for base flow to the Caloosahatchee Estuary is defined
below the bottom regulatory line of the Run22AZE operational schedule. Base flow
releases for the Calooschatchee Estuary are discontinued if Lake Okeechobee falls below
the assumed 12.56 feet elevation for navigation (Lake Okeechobee navigation may be
impaired at lower stages) or the current SSM line, whichever is higher.

The operational criteria for releases to the WCAs and releases to the estuaries remain unchanged
from the zones defined for Run22AZE; Zone A and Zone B breakpoints have, however, been
modified as noted in item 1 above.

G. Alterative 4-A17.25

Alternative 4 was developed similarly to Alternative 1bS2-A17.25. Alternative 4, however, was
intended to provide additional operational flexibility to manage the lake stages at lower levels
than Alternative 1bS2-A17.25. The regulation schedule for Alternative 4 is shown in Figure

A-12.

Alternative 4 includes all of the modifications to the No Action Alternative that were

included in Alternative 16S2-A17.25, with the following additional modifications:

1.

Maximum releases in Zone B and Zone C for normal to wet THC are unchanged from the
No Action Alternative: 6500 cfs to Caloosahatchee Estuary/3500 cfs to SLE in Zone B
and 4500 cf5/2500 cfs in Zone C. If the stage of Lake Okeechobee exceeds 17.25 feet,
NGVD, the regulation schedule decision tree specifies maximum practicable releases to
the WCAs and tidewater (same as Alternative 1bS2-A17.25).

Regulation Zones A, B, and C are lowered during the late hurricane season
(September 30 stage breakpoints are changed to November 1).

Zone D decision tree outcome for THC “normal” and seasonal climate outlook
“otherwise” (not “normal or wetter”), or THC “wet” or “normal” and multi-season
climate outlook “otherwise” (not “wet to very wet”) is changed from base flow to the
Caloosahatchee Estuary to “up to level 1 pulse release.”

Zone C decision tree outcome for THC, seasonal climate outlook, and multi-season
climate outlook “dry” is changed from base flow to the Calosahatchee Estuary to “up to
level 2 pulse release.”

Zone DO for base flow to the Caloosahatchee Estuary is re-defined to discontinue base
flow releases if Lake Okeechobee falls below the assumed 12.56 feet clevation for
navigation (Lake Okeechobee navigation may be impaired at lower stages) or the current
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SSM line, whichever is higher (Alternative 1bS2-A17.25 allowed base flow to elevation
11.50 feet at the minimum).

6. Consideration of active huricane season forecast was recommended for inclusion with the
THC decision, but this variable was not defined in detail adequate for SFWMM
modeling, and it was therefore not included in the Alternative 4 simulation.

Additional assumptions common to all previous alternatives are next briefly reviewed. All
alternatives include the SFWMD temporary forward pumps at S-351, S-352, and S-354 for water
supply, as included in the No Action Alternative. The regulation schedules for the WCAs
(including WCA-1, WCA-2A, WCA-2B, WCA-3A, and WCA-3B), including environmental
water supply deliveries from Lake Okeechobee, are not modified from the No Action Alternative
for the LORSS alternatives. For alternatives formulated to include base flow releases to the
Caloosahatchee and/or St. Lucie Estuaries (measured at S-79 and S-80, respectively) when Lake
Okeechobee stages are within an estabished base flow regulatory band, it is recognized that very
dry climate conditions may require that relcases to the estuaries be discontinued; this note will be
included on the 2007 LORSS regulation schedule, and this consideration is represented in the
SFWMM simulations with a 0.50 million acre-feet threshold for the multi-seasonal forecast of
Lake Okeechobee inflow (base flow releases are discontinued if the inflow forecast is below this
threshold).  All alternatives assume backflow from the St. Lucie Canal (C-44) to Lake
Okeechobee to be allowed to occur at lake stages of 14.50 feet or 0.25 feet below the bottom of
the lowest non-baseflow regulatory zone, whichever is lower. These operations were developed
to achieve similar performance as the No Action Alternative, while seeking to avoid frequeny
oscillation between regulatory releases and backflow at S-308. The No Action Alternative
assumes backflow below Lake Okeechobee stages of 14.50 feet, consistent with operations under
WSE and always more than 0.25 feet below the lowest regulatory release zone for the WSE
regulation schedule. All LORSS alternatives and the No Action Alternative assume backflow
from the Caloosahatchee River Canal (C-43) to Lake Okeechobee to be allowed to occur for lake
stages below 11.10 feet. Operations for gravity flow from the West Palm Beach Canal and L-8
Canal to Lake Okeechobee are not modified from the No Action Alternative for the LORSS
alternatives and remain consistent with existing operations.

SFWMM Updates: 2007 LORSS SEIS

Based on the comments and recommendations received by the USACE following the completion
of the LORSS public meetings to review the 2006 SEIS, the decision was made to move forward
with additional formulation and modeling in order to improve the performance of the 2006 SEIS
recommended plan. During the formulation process and prior to the start of the new round of
modeling, the USACE conducted a detailed review of the assumptions and data sets included in
the original modeling. The inclusion of updated assumptions and data sets required use of a
modified version of the SFWMM. Three alternatives from the 2006 SEIS were carried forward
and modeled again with the updated assumptions and data sets used for the new round of
modeling: the No Action Alternative (2007LORS), alternative 1bS2-m (July 2006 draft LORSS
SEIS TSP), and alternative 1bS2-A17.25 (the simulation used as the starting point for
development of alternative 1bS2-m). Documentation of updated assumptions and data sets used
for the new round of modeling are provided below:

LORS Revised Draft SEIS June 2007
E-14



Appendix E Simulation of Operational Alternatives

A. Documentation for Updated 2007LORS base condition

1.

The seasonal and multi-seasonal forecast files used until July 2006 (as used for the
previous LORSS modeling) for all SFWMM modeling was mistakenly computed with La
Nina threshold of -0.04. The updated base condition simulation is corrected by utilizing
re-computed seasonal and multi-seasonal forecast input data files based on the correct
threshold. The La Nina threshold error dates back to the 2005 Lower East Coast Water
Supply Plan (LECRWSP) simulation, sclected as the best available SFWMM
representation of WSE operations in February 2006 (start of the LORSS alternative
modeling). The LONIN control volume used in the computation is based on S-80, which
is specified in the WSE Water Control Plan (WCP).

SFWMD recommends use of the pump option at the S-8 structure to provide additional
water supply deliveries to the Big Cypress Seminole Tribe reservation. Previous base
condition and alternative modeling assumed gravity deliveries. Based on discussions
with SFWMD staff, the pump operation is likely to be used to ensure delivery of water
supply, specifically under drought conditions.

The SFWMM subroutine that computes the capacity of the Everglades Agricultural Area
(EAA) canals under the neutral case had some legacy code that made it rely on parameter
values for other "Low Lake Okeechobee Stage Management” (as opposed to using the
SSM operations). The source code was modified to correct this minor error. Updated
source code was provided to USACE by SFWMD on 06 October 2006 and utilized to
update the base condition simulation of 2007LORS.

L-8 regulatory releases from Lake Okeechobee and L-8 local basin runoff are routed to
tide (through S-155A) and will not be routed through STA-1E. Based on discussions
with SFWMD technical staff, STA-1E is not designed to treat L-8 local basin runoff or
Lake Okeechobee discharges (associated with higher nutrient load). Previous LORSS
base condition and alternative modeling assumed treatment of L-8 local basin runoff and
Lake Okeechobee discharges by STA-1E, resulting in additional volumes of water being
passed through STA-1E, WCA-1, WCA-2, and into WCA-3A. Updated source code was
provided to USACE by SFWMD on 06 October 2006 utilized to update the base
condition simulation of 2007LORS.

The updated simulation for the 2007LORS base condition was developed from the 2007LORS
base condition simulation evaluated in the 2006 SEIS, and the simulation is updated to include
the above assumptions and new SFWMM source code.

B. Documentation for Updated LORSS alternatives (1bS2-A17.25 and 1bS2-m)

1.

The seasonal and multi-seasonal forecast files used up to July 2006 (as used for the
previous LORSS modeling) was mistakenly computed with La Nina threshold of -0.04.
The updated base alternative simulations are corrected by utilizing re-computed seasonal
and multi-seasonal forecast input data files based on the correct threshold.
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A new time series developed for updated computation of LONIN, based on a control
volume that includes the S308 structure. The previous LORSS base conditions and
alternatives were simulated with a time series for a control volume that included S-80.
Updated input files for the seasonal and multi-seasonal forecast, as well as THCs were
provided by the SFWMD on 13 October 2006, and the updated assumptions were
reviewed and supported by the USACE water management technical staff.

The following equation was used for the computation:
LONIN = DeltaStorage + L8CP + HGS + S2 + S3 + 8308 + S77

Minor formatting problems in the THC input data files were also identified and
corrected. ‘

The updated input files for seasonal and multi-seasonal forecasts and THC used for the
alternatives were computed based on the correct La Nina threshold and changed control
volume for LONIN that includes S-308 (not S-80); the updated alternatives include the
THC shift to LONIN and PDSI from S-65E discharge and net rainfall THCs used under
WSE; the LONIN Time series was updated based on the S-308 control volume
(consistent with the intent of the original alternative 1b proposed by the SFWMD).

2. SFWMD recommends use of the pump option at the S-8 structure to provide additional
water supply deliveries to the Big Cypress Seminole Tribe reservation. Previous base
condition and alternative modeling assumed gravity deliveries. Based on discussions
with SFWMD staff, the pump operation is likely to be used to ensure delivery of water
supply, specifically under drought conditions.

3. The SFWMM subroutine that computes the capacity of the EAA canals under the neutral
case had some legacy code that made it rely on parameter values for other "Low Lake
Okeechobee Stage Management" (as opposed to using the SSM operations). The source
code was modified to correct this minor error. Updated source code was provided to
USACE by SFWMD on 06 October 2006 and utilized to update the alternatives.

4. 1.-8 regulatory releases from Lake Okeechobee and L-8 local basin runoff are routed to
tide (through S-155A) and will not be routed through STA-1E. Based on discussions
with SFWMD technical staff, STA-1E is not designed to treat L-8 local basin runoff or
Lake Okeechobee discharges (associated with higher nutrient load). Previous LORSS
base condition and alternative modeling assumed treatment of L-8 local basin runoff and
Lake Okeechobee discharges by STA-1E, resulting in additional volumes of water being
passed through STA-1E, WCA-1, WCA-2, and into WCA-3A. Updated source code
was provided to USACE by SFWMD on 06 October 2006 and was utilized to update the
alternatives.

5. Updated SSM methodology (now termed Lake Okeechobee Water Shortage
Management Plan [LOWSM]) is included in the updated modeling. 2006 SEIS
alternative simulations assumed a one-foot lowering of the SSM line as a surrogate for
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this LOWSM plan that was under development by the SFWMD. The operational details
of the draft LOWSM plan were provided to the LORSS PDT by the SFWMD on
10 October 2006.

Updated source code was provided to USACE by SFWMD and was utilized to update
the alternatives. ‘

The LOWSM methodology is not included within the base condition simulation
(2007LORS) and separate SFWMM code versions were used to simulate the base
condition and all alternatives included in the new round of modeling. The LOWSM
option is controlled by input file parameters, and the same source code could have been
used for alternatives and base if no additional changes were required; however, minor
code changes to the Lake Okeechobee decision tree are also included in the source code
used to simulate the alternatives, compared to the base condition (WSE).

To allow PDT evaluation of the difference between the 2006 SEIS assumption (lowering
the SSM line by one foot) and the assumption for the new round of modeling (draft
LOWSM), SFWMM simulations of the updated alternative 1bS2-m (2006 SEIS TSP)
with and without LOWSM were provided on the LORSS modeling web page. The
updated regulation schedule graphics for Alternative 1bS2-A17.25 and Alternative
1bS2-m, with the draft LOWSM line included, are provided in Figures A-14 and A-15.

6. Modify Low band breakpoints to assume Level 1 pulse release within the bottom one
third of the band, Level 2 pulse release within the middle one third of the band, and
Level 3 pulse release within the upper one third of the band. The previous modeling of
Alternatives 1b, 1bS2, 1bS2-a17.25, 1bS2-m, and 4 included model inputs that resulted
in a narrow band for level 3 pulse releases within the Low band; the previous modeling
did not modify the Low band breakpoints when the bottom of the intermediate band was
lowered from Alternative 1a to Alternative 1b (and all derivatives from Alternative 1b).

" The LORSS PDT was informed of this inconsistency in an email dated 30 June 2006,
and updated modeling to correct the low band breakpoints was provided to the team on
the LORSS modeling web page. The operational decision tree for the low band does not
specify the level of pulse release within the band (up to Level 3 pulse is allowed), and
both modeling approaches do fall within the operational range permitted within the low
band. The alternate approach for Alternative 1bS2-m (the 2006 SEIS TSP) was
demonstrated to not alter the performance of the TSP, and it was identified that there
would be no change to the 2006 SEIS TSP plan.

The WSE simulation, as included in the 2007LORS base condition modeling for LORSS,
also includes the even-thirds assumption for pulse releases, and the new round of alternative
modeling will include this change for consistency.

Final Alternatives: 2007 LORSS SEIS

Based on consideration of public and agency comments to the 2006 SEIS, three additional
alternatives (Alternatives T1, T2, and T3) were developed as TSP refinements during additional
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plan formulation. The updated simulations for the 2006 SEIS TSP (Alternative 1bS2-m) and the
parent of this TSP Alternative (Alternative 1bS2-A17.25) were also carried forward for
evaluation within the new round of modeling. The alternative descriptions include a listing of
changes to the current LORS, WSE. The WSE regulation schedule divides Lake Okeechobee
stages into regulation zones including Zone A, Zone B, Zone C, Zone D (including D1, D2, and
D3), and Zone E, and modification to these WSE regulation zones are referenced in the
alternative descriptions within this section. Following completion of the 2006 SEIS LORSS
modeling and before completion of the new round of modeling, operations staff determined that
the new LORSS regulation schedule would modify the terminology from Lake Okeechobee
Zones to Lake Okeechobee Operational Bands, as follows: High Lake Management Band
(comparable to WSE Zone A), High Band (Zone B), Intermediate Band (Zone C), Low Band
(Zone D, including Zones D1, D2, and D3), a Base Flow Band (not included in WSE), and a
Beneficial Use Band (Zone E). The regulation schedule graphics and alternative descriptions for
Alternatives T1, T2, and T3 include the modified terminology for operational bands.

The five alternative regulation schedules, plus the updated No Action Alternative, evaluated for
the TSP refinements during additional plan formulation include the following:

o The updated No Action Alternative: current regulation schedule, WSE, with the addition
of temporary forward pumps;

e Updated Alternative 1bS2-A17.25 which is a similar approach to WSE with a general
lowering of the top three regulatory release lines, reduced magnitude of maximum
discharge decisions in Zone B and Zone C to the SLE, a reshaping of the line
representing the divide between Zone D and Zone E, redefinition of some of the WSE
meteorological inputs, and the addition of a new regulatory base flow zone for the
Calosahatchee Estuary;

o Updated Alternative 1bS2-m (2006 SEIS TSP) which is similar to Alternative 1bS2-
Al17.25 but with a lowering of the second and third regulatory release lines and a
lowering of the top three regulatory release lines during the late hurricane season from
September 15 through November 1;

e Alternative T1 was developed based on recommendations from Lee County and Sanibel
to improve Caloosahatchee Estuary performance demonstrated with Alternative 1bS2-
A17.25 and Alternative 1bS2-m; Alternative T1 included increased high and intermediate
band (same as Zone B and Zone C used in WSE) discharges to the SLE, base flow
releases to the SLE, and increased base flow releases to the Caloosahatchee Estuary, but
Alternative T1 did not demonstrate significant improvements to the Caloosahatchee
Estuary; '

e Alternative T2 was developed based on evaluation of Lake Okeechobee Operations
Screening (LOOPS) model output to reduce high flows greater than 4500 cfs to the
Caloosahatchee Estuary and allow a minor increase in high stages within Lake
Okeechobee; Alternative T2 included measuring of all Caloosahatchee Estuary pulse
releases at S-79 (instead of S-77), the lowering of the bottom of the pulse band to
encourage more low-level regulatory pulse releases, and a base flow to the St Lucie
Estuary;
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e Alternative T3 was developed from Alternative T2 in an effort to maintain the
performance balance of Alternative T2, reduce the magnitude and duration of high lake
stages, and further reduce the frequency and duration of undesirable high-volume
discharges to the Caloosahatchee Estuary

The three new alternatives for the new round of modeling were developed in an effort to
demonstrate potential improvements to the TSP plan based on the following guidance: evaluate
the 17.25 feet Lake Okeechobee elevation as a performance measure, not as a constraint;
evaluate additional alternatives to reduce the frequency of high flows greater then 4500 cfs to the
Caloosahatchee Estuary; evaluate alternatives to obtain an equitable balance between the coastal
estuaries; and evaluate alternatives to improve the balance between all system-wide performance
measures.

PDT performance evaluation of 2006 SEIS Alternatives 1bS2-A17.25 and 1bS2-m demonstrated
similar performance between the two alternatives; the notable difference between the two
alternatives is that Alternative 1bS2-A17.25 was modified to demonstrate zero days in the
SFWMM POR with Lake Okeechobee stage above 17.25 feet to generate Alternative 1bS2-m.
With the guidance to evaluate the 17.25 feet Lake Okeechobee elevation as a performance
measure (not as a constraint), the starting point for the three additional alternatives was the
updated version of Alternative 1bS2-al7.25. The new alternatives incorporate all assumptions
included in the updated simulation of Alternative 1bS2-A17.25, except where changes are noted
in the alternative descriptions. Complete details regarding the key components of the regulation
schedules for Alternative 1bS2-A17.25 and Alternative 1bS2-m have been previously discussed,
as these two alternatives are carried forward from the 2006 SEIS evaluation and only updated to
include the most current assumptions and data sets. A brief overview of Alternative 1bS2-
A17.25 is provided below in order to clearly convey all of the regulation schedule details that
will be included in Alternatives T1, T2, and T3, which were developed from Alternative 1bS2-
Al17.25.

The naming convention used during the SFWMM modeling in support of the 2007 LORSS SEIS
is referenced throughout this appendix. The naming convention for the alternatives was later
modified during preparation of the 2007 LORSS SEIS main report, as follows: Alternative A
(Alternative 1bS2-A17.25), Alternative B (Alternative 1bS2-m), Alternative C (Alternative T1),
Alternative D (Alternative T2), and Alternative E (Alternative T3). The output and performance
measure results of the SFWMM simulations are not affected by the modified naming convention,
and the two names for an alternative may be used interchangeably.

A. Alternative 1bS2-A17.25 (same as 2006 SEIS alternative)

Alternative 1bS2-A17.25 included the following modifications_to the current WSE regulation
schedule (2007LORS simulation represents the current WSE regulation schedule with the
SFWMD temporary forward pumps, which are also included in all LORSS alternatives):

1. The bottom elevations for the upper three regulatory zones are lowered, resulting in a
more pro-active schedule to control high water conditions in Lake Okeechobee; "up to
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(%)

maximum" releases to tidewater are called for if Lake Okeechobee stage exceeds
17.25.

The re-shaping of the line representing the divide between Zone D and Zone E.

THCs are used that represent longer-term wet or dry conditions that have persisted in
the tributaries—PDSI and 14-day mean Lake Okeechobee net inflow.

Base flow releases to the Caloosahatchee River Estuary (CRE) of 450 cfs (measured at
S-79) are allowed when Lake Okeechobee water levels are within a new base flow
zone (Zone DO) or above; the original proposed elevation (original Alternative 1b) for
the bottom elevation of Zone DO was lowered by one foot.

Zone B and Zone C discharges to the SLE are reduced: maximum discharge to the
SLE under normal to wet THC is reduced from 3500 to 2800 cfs in Zone B and
reduced from 2500 to 1800 cfs in Zone C; maximum discharge to the SLE is reduced
from 3500 to 2800 cfs in Zone C under very wet THC; maximum discharge to the SLE
is reduced from 2500 to 1800 cfs in Zone D under very wet THC. The intention of this
modification was to reduce the potential impacts associated with high discharge events
to the SLE.

B. Alternative T1

Alternative T1 (TSP modification 1) was proposed by the USACE, Water Management Section.
The decision tree, Part 1 (releases to WCAs) for Alternative T1 remains unchanged from
Alternative 1bS2-A17.25, and the decision tree with updated terminology is shown in Figure
A-15. The decision tree, Part 2 and regulation schedule for Alternative T1 are shown in Figure
A-16 and A-17. The following changes were made to Alternative 1bS2-A17.25:

1.

o

Lake Okeechobee late season break points are changed from September 30 to
November 1 for the top of the High, Intermediate, and Low bands to address the potential
of late season hurricanes.

Level 3 pulse measured at S-77 is changed from average daily flow of 3000 cfs to
2800 cfs.

A base flow of 350 cfs to the SLE measured at S-80 in low and intermediate bands is
included in this alternative.

Base flow to the Caloosahatchee Estuary is changed from up to 450 cfs at S-79 to up to
650 cfs measured at S-77 in the low and intermediate bands. It is recognized that
discharge at S-79 of up to 800 cfs could be recommended for occasional implementation,
but this infrequent recommendation would not be consistent with inclusion for the
complete POR modeling; additional flow at S-79 could be delivered by redistribution of
the baseflow releases to the SLE.

No changes to base flow of 450 cfs measured at S-79 in the base flow band.

The bottom of the base flow band is raised by 0.25 feet.

Change the High and Intermediate band flow of up to 2800 cfs measured at S-80 back

to WSE level of up to 3500 cfs.
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C. Alternative T2

Alternative T2 (TSP modification 2) was proposed by the SFWMD, based on screening results
from the LOOPS model. The decision tree, Part 1 (releases to WCAs) for Alternative T2
remains unchanged from Alternative 1bS2-A17.25, and the decision tree with updated
terminology is shown in Figure A-15. The decision tree, Part 2 and regulation schedule for
Alternative T2 are shown in Figures A-18 and A-19. The following changes were made to
Alternative 1bS2-al7.25:

1. Zone DO raised to 12.6 feet to maintain Zone DO higher than navigation minimum Lake
Okeechobee elevation of 12.56 feet.

2. All Caloosahatchee Estuary pulse releases measured at S-79 instead of S-77, in all lake
bands when pulse releases are called for, to reduce high flow exceedences caused by lake
release plus local C-43 basin runoff.

3. Bottom of Zone D1 lowered by one half foot, to encourage more pulse releases which
help reduce steady high-volume discharges.

4. Add a small baseflow of 200 cfs (low volume regulatory discharge) to SLE (below S-80,
to include accounting of C-23 and C-24 basin inflows) whenever base flow releases are
called for in decision tree. Additional base flow deliveries at S-79 (450 cfs at S-79 is
included, per Alternative 1bS2-A17.25) could be delivered by redistribution of the
basetlow releases to the SLE.

D. Alternative T3

Alternative T3 (TSP modification 3) was developed through the collaborative efforts of the
USACE and SFWMD, following LORSS PDT review of the updated 2006 SEIS alternatives
(Alternatives 1bS2-A17.25 and 1bS2-m) and the new T1 and T2 alternatives. The decision tree,
Part 1 (releases to WCAs) for Alternative T1 remains unchanged from Alternative 1bS2-A17.25,
and the decision tree with updated terminology is shown in Figure A-15. The decision tree, Part
2 and regulation schedule for Alternative T3 are shown in Figure A-20 and A-21. Alternative T3
was developed from Alternative T2, with the following changes:

1. Lake Okeechobee late season break points are changed from September 30 to
November 1 for the top of the High, Intermediate, and Low bands to address the potential
of late season hurricanes (consistent with Alternative T1).

2. Inclusion of an October 1 breakpoint at 13.0 feet for the bottom of the baseflow zone DO
(consistent with original 2006 SEIS Alternatives 2a and 4), to provide some protection to
low lake levels at the end of the wet season.

3. Caloosahatchee Estuary Level 1 pulse level increased from average daily rate of 1600 cfs
to 2000 cfs, to allow for increased releases below 2800 cfs to reduce higher lake levels
and the associated higher releases.

4. Caloosahatchee Estuary Level 2 pulse level increased from average daily rate of 2300 cfs
to 2500 cfs, to allow for increased releases below 2800 cfs to reduce higher lake levels
and the associated higher releases.

5. Caloosahatchee Estuary Level 3 pulse level unchanged, at average daily rate of 3000 cfs.
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6. Maximum Caloosahatchee Estuary discharges reduced from 4500 cfs to 4000 cfs when
the Lake Okeechobee stage is within the intermediate (THC: normal to wet) or low
(THC: very wet) bands.

Additional assumptions common to all previous alternatives are next briefly reviewed. All
alternatives include the SFWMD temporary forward pumps at S-351, S-352, and S-354 for water
supply, as included in the No Action Alternative. The regulation schedules for the WCAs
(including WCA-1, WCA-2A, WCA-2B, WCA-3A, and WCA-3B), including environmental
water supply deliveries from Lake Okeechobee, are not modified from the No Action Alternative
for the LORSS alternatives. For alternatives formulated to include base flow releases to the
Caloosahatchee and/or SLEs (measured at S-79 and S-80, respectively) when Lake Okeechobee
stages are within an estabished base flow regulatory band, it is recognized that very dry climate
conditions may require that releases to the estuaries be discontinued; this note will be included
on the 2007 LORSS, and this consideration is represented in the SFWMM simulations with a
0.50 million acre-feet threshold for the multi-seasonal forecast of Lake Okeechobee inflow (base
flow releases are discontinued if the inflow forecast is below this threshold). All alternatives
assume backflow from the St. Lucie Canal (C-44) to Lake Okeechobee to be allowed to occur at
lake stages of 14.50 feet or 0.25 feet below the bottom of the lowest non-baseflow regulatory
zone, whichever is lower. These operations were developed to achieve similar performance as
the No Action Alternative, while secking to avoid frequeny oscillation between regulatory
releases and backflow at S-308. The No Action Alternative assumes backflow below Lake
Okeechobee stages of 14.50 feet, consistent with operations under WSE and always more than
0.25 feet below the lowest regulatory release zone for the WSE regulation schedule. All LORSS
alternatives and the No Action Alternative assume backflow from the Caloosahatchee River
Canal (C-43) to Lake Okeechobee to be allowed to occur for lake stages below 11.10 feet.
Operations for gravity flow from the West Palm Beach Canal and L-8 Canal to Lake
Okeechobee are not modified from the No Action Alternative for the LORSS alternatives and
remain consistent with existing operations.

Alternative T3 was selected in December 2006 as the recommended plan for the 2007 LORSS
SEIS. For the purpose of this appendix, standard performance measure output included from the
SFWMM will generally include a summary of all alternatives. For those instances where
additional analysis or graphics have been prepared for this appendix, the summary discussion
may only include the No Action Alternative and the recommended plan, Alternative T3.
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Brief description of the SFWMM

The SFWMM is an integrated surface water-groundwater model that was developed and is
maintained by the SFWMD. The SFWMM simulates the hydrology and water management of
southern Florida from Lake Okeechobee to Florida Bay. The SFWMM spans a region of over
7,600 square miles with a two-mile by two-mile grid (Figure B-1); and simulates the system-
wide hydrologic response to daily climatic inputs (rainfall and reference evapotranspiration).
Other areas tributary to Lake Okeechobee (¢.g., Kissimmee River, C-43 and C-44) are also part
of the model, even though they are not explicitly simulated with the four square mile grid cells.

The SFWMM simulates infiltration, percolation, evapotranspiration, surface and groundwater
flows, levee underseepage, canal-aquifer interaction, well withdrawals for irrigation and/or
public water supply, and current or proposed water management structures (i.e., canals,
spillways, reservoirs, pump and wellfields), and current or proposed operational rules (i.c.,
regulation schedules and drought management plans). The SFWMM is not a succession model:
that is, it fixes the land use/cover and associated infrastructure for the entire simulation period.
Thus the simulations represent the response of a fixed structural and operational scenario, to
historical climatic conditions. This provides a very useful means for comparing the effects of
alternative structural and/or operational proposals.

The ability to simulate key water shortage policies affecting urban, agricultural, and
environmental water supply facilitates the investigation of tradeoffs between different water
demands and sub-regions. Two dimensional regional hydrologic processes are simulated at a
daily time step using a mesh of (2 x 2 mile) grid cells producing extensive output that can be
summarized into numerous performance measures for plan evaluation. The model has been
calibrated and verified using water level and discharge measurements at hundreds of locations
distributed throughout the region within the model boundaries. The SFWMM (also referred to as
the 2x2 model) is the premier hydrologic simulation model used to evaluate regional plans for
Everglades’ restoration and sustainable development in south Florida. Documentation
(SFWMD, 2005) including model calibration, verification and peer review can be viewed at
http://www.sfwmd.gov/org/pld/hsm/models/sfwmm. Original documentation of the SFWMM
was completed in 1984. However, since that time several documentation and peer review efforts
have been completed. The documentation and peer review of the model was completed for the
current SFWMM version 5.5, in November of 2005. Excerpts from the latest documentation
have been included within the report to provide the reader with an introduction to the capabilities
of the SFWMM, but the reader should refer to the complete documentation for a complete
review of the SFWMM.

Numerical solution

The model uses a daily time step, consistent with the minimum time increment for which input
climatic data are available and can be run for time periods ranging from one month to 36 years.
A distributed finite difference modeling technique is used to model the gridded portion of the
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model domain with two-mile by two-mile square grid cells. Lumped parameter modeling
approaches are used for Lake Okeechobee and the northern lake service areas, which include the
Caloosahatchee and St. Lucie Basins. Homogeneity of physical and hydrologic characteristics is
assumed within each model grid cell. The grid discretization in the SFWMM is sufficiently fine
to describe the solution to the overland and groundwater flow equations with reasonable
resolution and to minimize numerical errors (Lal, 1998).

A diffusion wave approximation of the full equations for overland flow from cell-to-cell is
solved using an Alternating Direction Explicit (ADE) scheme with four six-hour time slices.
Groundwater flow is solved using the vertically-averaged, transient groundwater flow equation
with a variation of the unconditionally stable and explicit Saul'yev (1964) method. To minimize
bias, the numerical formulation is solved in four different directions in four successive time
steps.

Groundwater flow beneath levees is simulated using separate regression equations, based on
more detailed two-dimensional finite element modeling developed to simulate localized levee
under-seepage (SFWMD, 2005). To simulate the canals in the system, and to account for
changes of storage in the canal due to inflows and outflows, the SFWMM utilizes a mass balance
approach. An iteration scheme solves for the equilibrium canal stage each time step. A
backwater profile solution scheme is used each time step for the primary canals in the EAA that
are intensively managed by pumping.

Simulation outputs are generally available daily for each canal, structure, and grid cell within the
model domain, including existing gage locations. Figure B-2 displays the gage locations readily
output by the model, and Figure B-3 displays the simulated canal network in the SFWMM used
for the LORSS. Model output is additionally aggregated for pre-defined groups of adjacent grid
cells (indicator regions in Figure B-4; additional maps are also available through the Restoration
Coordination and Verification (RECOVER) Evaluation Team, at the following web address:
http://www.evergladesplan.org/pm/recover/eval_team_maps.cfim) or for larger areas or basins
(examples include WCAs and Everglades National Park [ENP]). Transects used for the
comparison of overland flow volumes are provided in Figure B-5.

Overview of Lake Qkeechobee Management Processes in the SFWMM (SFWMD, 2005)

In the SFWMM, Lake Okeechobee is simulated as a lumped hydrologic system as contrasted to
the majority of the model domain where a distributed system of two-mile by two-mile grid cells
is used. There is only one water level that is associated with Lake Okeechobee at any given time
step. For each daily time step the water budget equation is solved for Lake Okeechobee. This
equation relates the change in storage within Lake Okeechobee as a control volume, and
incoming and outgoing flows for the same control volume. Mathematically, lake hydrologic
components (rainfall, evapotranspiration and seepage) and managed flows (structure discharges)
account for changes in lake storage. Net levee seepage and regional groundwater movement in
Lake Okeechobee are assumed to be small relative to the other hydrologic components of the
lake water budget and are, therefore, not calculated in the model.
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Lake Okeechobee water levels are checked against the defined operational zones. Depending on
which zone simulated lake stages fall after adjusting for water supply and storage injection
discharges, the additional criteria as defined in the decision tree are applied. In the SFWMM,
weekly pre-processed time series data is input and user input options define the thresholds for
classification of tributary conditions. Climatic and meteorological forecasts consider several
longer-term (up to twelve month) regional, global, and solar indicators in helping to estimate the
potential volume of water that can be expected to flow into Lake Okeechobee. As with the
tributary conditions, information provided by these indices helps to determine when there is an
opportunity to 'hedge' water management practices. The decision tree operational guidelines for
WSE (and other similar schedules) utilize three different outlooks in the decision making
process: meteorologic forecast, seasonal outlook and multi-seasonal outlook. Each of these
measures has an associated classification scheme for determining hydrologic regimes. In the
SFWMM, monthly pre-processed non-perfect hind-cast data is input and user options define the
thresholds for classification of outlooks. An additional simplifying assumption is made in the
model in which the meteorologic forecast is not considered and the seasonal forecast is assumed
to apply in both decision boxes. This assumption is necessary due to the difficulty in deriving
hind-cast meteorologic forecasts over the 1965-2000 period of simulation.

Examining the WSE “Part 2” decision tree outcomes for discharges to tide, considerable
flexibility can be observed in the final determination of discharge volumes. Several of the
outcome boxes indicate releases “up to” a determined level. In real time operations, this allows
water managers to optimize the performance of the competing considerations when making
regulatory discharges. In the SFWMM, simplifying assumptions are made that enable users to
retain some flexibility in determining the operations associated with the decision tree outcome.
For boxes that dictate a release “up to” maximum discharge or a determined steady flow, the
model will always simulate the maximum allowable flow rate. In the case of decision boxes that
indicate “up to maximum pulse release”, users have the option of specifying which of the three
levels of pulse discharges to make to both the St Lucie and Caloosahatchee Estuaries. Pulse
releases are designed to mimic the flow pattern associated with naturally occurring rainfall
events and as such should result in less impact to the estuary ecology by allowing time for
recovery of the salinity envelope prior to resuming high discharge rates. Once a ten-day outflow
pulse is initiated by the schedule, the release rule is continued to completion even if lake stage
drops below that pulse level. After a ten-day period is completed, the need for additional
releases is re-evaluated.

SFWMM Version to Be Used

SFWMM v5.5 was used for the LORSS. Version 5.0 and later of the model includes a major
effort to upgrade the model including adding an additional five years of climatic data from 1996-
2000, updating land-cover for 2000 conditions, reviewing methods to estimate potential
evapotranspiration, and updating rainfall data used. Complete documentation is available on the
SFWMD webpage for the SFWMM: http://www.sfwmd. gov/org/pld/hsm/models/sfwmm/
(SFWMD, 2005).
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Period of Simulation

The SFWMM produces daily output for a 36-year POR: 1965-2000. Efforts are ongoing by the
SFWMD to compile the climatological data needed to extend the SFWMM POR through 2005.
The additional information, through desirable, will not be available for the 2007 LORSS SEIS
study.

Strengths and Weaknesses of the SEFWMM

The major strength of the SFWMM is that it is a regional integrated surface water/groundwater
model covering a large portion of south Florida. The model is well-suited to modeling of the
hydrologic conditions which characterize south Florida, including the flat terrain, high water
table, and high aquifer transmissivity. The SFWMM has been used in the past for project
analysis, and the model is familiar to many interested stakeholders. Particular strengths of the
SFWMM include:

a. It is capable of simulating the interdependency between hydrology and management
(operations), and among different components of the regional system.

b. Canal routing, overland flow, unsaturated zone mass balance, two-dimensional single-
layer aquifer flow, spatially-distributed rainfall, and evapotranspiration are included in the
model.

c. Hydrologic impacts on agriculture, urban, and environmental areas can be jointly
evaluated through the use of comprehensive, post-processed model output.

d. The SFWMM is a useful tool in evaluating long-term and short-term effects of
management decisions. A 36-year POR for rainfall data (1965-2000) can be simulated in
a short runtime of less than two hours.

e. Regional impacts of hydraulic infrastructure changes are readily evaluated with the suite
of model output.

f. Routines are readily available for modifying model output into performance measure sets,
useful tools for comparing regional and arca-specific performance of several alternatives.

g. The SFWMM can provide guidance as to where future data collection and additional
modeling efforts should proceed. SFWMM can effectively be used as a regional-scale
screening tool to help identify locations and particular years when finer-scale analysis
may be needed.

The weaknesses of the SFWMM are related mostly to the sub-regional or localized applicability
of the model. The two-mile by two-mile grid cells are described by a single average value for all
hydrologic characteristics, including land surface elevation, storage coefficient, permeability,
infiltration rate, and roughness coefficient.

Other weaknesses or limitations (that would also apply to other similar models) include:

a. Model scale is too coarse for studies/investigations that require finer detail of local
hydrologic response, for example drawdown analyses and localized levee seepage.
Subtle gradients in topography (at a scale smaller than two miles) that may have
ecological implications cannot be represented in the model. The coarse scale of
SFWMM limits but does not discount its utility for quantifying potential flood impacts.
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The SFWMM is not appropriate for detailed farm-scale flood analysis but is appropriate
for identifying potential regional flooding impacts.

b. Groundwater equations are simplified under the assumption of two-dimensional flow,
such that transmissivity, storage coefficient, recharge, and hydraulic head can be
vertically averaged. The model’s solution to the general groundwater flow equations
represents regional groundwater flow while empirical levee seepage equations are used to
solve for levee seepage.

¢. Quality assurance/quality control (QA/QC) of the model output and performance
measure sets is difficult due to the regional nature of the model and the resultant size of
the performance measure set. This activity usually requires substantial staff time.

d. Model was calibrated for stage at monitoring points and control structure flow. The
model is not calibrated for overland flow. Note however that the state-of-the-art in
modeling and data collection do not allow calibration of any regional scale model to
overland flow or groundwater flow volumes. In versions of the SFWMM prior to version
5.0, the comparison of simulated versus historical water levels were compared on an end-
of-week, not a daily, basis. For SFWMM V5.0 and later, calibration for stage in marsh
gages is completed on a daily time step, while canals are evaluated on a weekly basis.

¢. Intended use of the model is to provide long-term planning-type guidance to water
managers with regards to making water policy decisions. The SFWMM is not intended
to estimate system responses to extreme conditions whose timing may be on the order of
hours or even minutes.

. Structure operations are subject to a limited degree of operational flexibility given code
and input limitations. The inclusion of complex operational rules may not be possible for
all structures. Operational rules for a control structure may change from wet season to
dry season, but operations must remain constant for the POR simulated.

Parameter Uncertainty within the SFWMM

The following discussion regarding parameter uncertainty, with specific application for
SFWMM performance measures, has been excerpted from the draft RECOVER Comprehensive
Everglades Restoration Plan (CERP) System-wide Performance Measures report (RECOVER,

2006).

Parameter uncertainty is estimated by running a series of SFWMM simulations using historic
flows assigned at major control structures where reliable flow records exist. Parameters are
incrementally varied one at a time from the original calibrated parameters to estimate the 90
percent certainty band for cach parameter. The compartmentalization of south Florida’s
hydrologic system by structures and levees presents a unique situation that allows the effects of
varying individual parameters within several regional compartments at the same time. The same
parameter value is applied everywhere the physical characteristic is the same, restricting the
range in which a specific parameter value may be varied without causing major impacts to the
calibration of one or more compartment. The effect of compartmentalization is to reduce
uncertainty associated with selection of parameter values. The uncertainty of a given model
output variable can be represented by the half-width of the 90 percent uncertainty band. The
general rule is the narrower the bands, the greater the level of certainty.
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The estimate of performance measure uncertainty was made with version 2.4 of the SFWMM.
Structural flows were estimated based on operational rules in place at the time of the simulations
(1995) for the high and low values recommended from sensitivity analysis. Parameter
uncertainty was estimated by comparing water levels measured at a particular site to those
simulated with the calibration version (historical flows assigned to major structures) of the
SFWMM for the two-by-two mile cell that contains the measurement site. A large portion of the
uncertainty that exists in simulated water levels in this analysis is associated with scaling,
process aggregation, the location of the gauging site within the cell, and estimates of regional
rainfall and evapotranspiration. These types of uncertainty can be reduced by considering
1) regional performance measures that include model output simulated at several cells and
2) relative benefits of system performance measures between an alternative and the base
condition or between alternatives. When considering uncertainty of simulated performance
measures, it is important to realize that the certainty of meeting individual performance measures
depends on the priority that a particular water management objective has relative to other water
management objectives. Therefore, simulated performance measure uncertainty associated with
the SFWMM is estimated by replacing the historical flows of the calibration version of the
model with simulated flows estimated within the operational version of the model and varying
the parameters. The same exercise would need to be completed for each alternative as
performance measure uncertainty will vary with each alternative. This can require a great deal of
effort that may not be practicable when considering the cost-benefit ratios of taking on such a
task and considering that other causes of uncertainty outside the modeling realm may be greater
than those of the modeling realm. A large portion of uncertainty that exists in estimating
performance measures is caused by such factors as natural climate variability, anthropogenic
climate change, and sea level rise.
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Baseline Assumptions

As a result of the current LORSS, a new regulation schedule is expected to be in place by July
2007 (implementation date assumed for the 2006 SEIS was January 2007). Soon after that time,
a new LORSS will be initiated with an expected duration of approximately three years, at which
time a new regulation schedule is anticipated for operation with the Acceler8 and CERP Band 1
projects. The baseline assumptions for SFWMM modeling of the No Action Alternative
includes the existing water management structures plus those expected to be in place prior to
January 2007:

e 2000 land use and associated irrigation demands for the Lower East Coast Service Area
(LECSA). The LECSA includes the developed portions of Palm Beach, Broward, and
Dade Counties.

2000 public water demands at the existing wellfields.

e 2005 water management facilities and associated operating procedures, including Interim
Operational Plan (IOP) operations for WCA 3A and South Dade County in the Lower
East Coast.

e Current regulation schedules for Kissimmee Chain of Lakes, WCA 1, WCA 2A and
WCA 3A, with the WSE regulation schedule for Lake Okeechobee.

e Temporary forward pumps as proposed by the SFWMD for permitted water supply
operations, to be available starting in 2007. The pump capacities will be 600 cfs at
S-351, 400 cfs at S-352, and 400 cfs at S-354. Based on preliminary operational
guidance from the SFWMD, the pumps will be simulated to trigger on for water supply
demands if the Lake Okeechobee stage falls below 10.2 feet, and the pumps are assumed
turned off when the Lake stage recovers to 11.2 feet.

e STA 3/4 treatment capacity of approximately 64,000 acre-feet (average annual) for Lake
Okeechobee regulatory releases, assumed based on current nutrient levels in Lake
Okeechobee.

The baseline model (also referenced as the No Action Alternative or LORSS 2007) was
developed from the available SFWMM model determined by the LORSS PDT as the closest
representation of the existing conditions prior to implementation of the new LORSS. The
LORSS baseline model and all alternatives were developed from the SFWMM modeling
previously completed by the SFWMD for the 2005 LECRWSP.

The detailed list of assumptions for the 2005 LECRWSP, as used for the LORSS baseline, are
included as Attachment E. Attachment E includes documentation of the SFWMM assumptions
for climate, topography, land use, land cover, municipal and agricultural water supply (including
Lake Okeechobee Service Area (LOSA), Caloosahatchee and S-4 Basins, St. Lucie Basin, the
Seminole Brighton Reservation, the Seminole Big Cypress Reservation, the Seminole
Hollywood Reservation, and the EAA), basin runoff calculations for areas not included in the
SFWMM internal computation grid (including Kissimmee Basin, Caloosahatchee and S-4 Basin,
St. Lucie Basin, and the EAA), and regulation schedules not proposed for modification
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under the LORSS (including Kissimmee Basin, Holey Land Wildlife Water Management Area
(WMA), Rotenberger Wildlife WMA, WCA 1, WCA 2A and 2B, and WCA 3A and 3B).
Changes to the assumptions documented in Attachment E are included in description of
alternatives (modifications to the LORS) and documentation of updated assumptions (including
the draft LOWSM plan), previously provided in this appendix.

The assumed treatment capacity constraint for STA-3/4 is simulated in the SFWMM by
restricting the wet and dry season conveyance capacities for the Miami and North New River
canals to pass approximately 58,500 acre-feet, average annual during the dry season and 4,700
acre-feet, average annual during the wet season from Lake Okeechobee to the STA-3/4. The
simulations of all LORSS baseline modeling and alternatives do not assume unconditional by-
pass of the STAs if the Lake Okeechobee stage is within the highest zone of the regulation
schedule, although the need for STA by-pass operations may need to be operationally considered
under certain conditions.
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An enormous amount of output is generated from each SFWMM simulation and post-processed
performance measures and indicators. The general performance of each alternative evaluated for
the 2007 LORSS SEIS are reviewed and discussed in this section. Selected graphics to illustrate
the performance of each alternative are presented in Attachment C, most of which will be
referenced in the discussion. Attachment D includes the performance overview and selected
graphics for the alternatives evaluated in the 2006 LORSS SEIS, which are included to provide
additional background material to the reader. The complete set of performance measure output
for all alternatives evaluated under this study is available on the USACE web page for LORS
Modeling, at the following web address: http://hpm.sfrestore.org/loweb/sfwmm/. SFWMM
simulation results for the new round of modeling is available at this web address, while 2006
SEIS simulations are available only by further clicking the link for informational runs from this
web address. The 2006 SEIS simulations are not directly comparable to the new round of
modeling due to updated model assumptions, more current data sets, and different source code
versions, as previously documented in this appendix. This appendix secks to include the sub-set
of SFWMM output tables and performance measure graphics that were regularly utilized and
referenced during the LORSS PDT evaluation of alternatives. The appendix does not attempt to
include all possible SFWMM model output tables and performance measure graphics.

The best hydrologic performance measures are those which provide a quantitative indication of
how well (or poorly) an alternative meets a specific objective. These hydrologic performance
measures are useful surrogates for ecosystem benefits and impacts. Although not presented
hercin, further evaluations of the results from water quality, ecological, and economic
perspectives will be performed as part of the LORSS. Because it was not possible to include all
seven alternatives (plus the No Action Alternative) into one graphical plot, two plots including
the same performance measures are generated and included in this appendix to show the
appropriate comparisons. Simulation results for all alternatives, compared to the No Action
Alternative, are summarized for the following regions: Lake Okeechobee, Estuaries and Bays
(includes Caloosahatchee and St. Lucie estuaries), WCAs and ENP Flows, and Water Supply.
Table 2 summarizes the naming convention used to display the performance measures for each
2007 LORSS SEIS alternative, as names are limited to six to eight characters.

TABLE 2: PERFORMANCE MEASURE LABELS FOR ALTERNATIVES

Alternative PM data label
no action alternative 07LORS
alternative 1b52-A17.25 ~ 1bS2-alL
alternative 1hS2-m 1bS2-mL
alternative T1 1b-T1
alternative T2 1b-T2
alternative T3 1b-T3
LORS Revised Draft SEIS June 2007

E-31



Appendix E Simulation of Operational Alternatives

Lake Okeechobee

A review of the simulation output for Lake Okeechobee requires consideration of a wide range
of performance metrics including flood protection, lake ecology, and navigation. Figures C-1
through C-10 are examples of the modeling results as related to the following discussion points
for Lake Okeechobee performance. All of the figures can be reviewed at:
http://hpm.saj.usace.army.mil/loweb/sfwmm.

A. Regulatory Releases

An overview of the trends of alternative performance is captured from a review of the
performance measure showing average annual flood control releases from Lake Okeechobee and
the associated distribution to tidewater through the L-8 canal, the SLE through S-308, the
Caloosahatchee Estuary through S-77, and south to the WCAs through S-351 (to the
Hillsborough and North New River Canals) and S-354 (to the Miami River Canal), which are
shown in Figures C-1 and C-2. The numbers shown in the average annual flood control graphic
do not include low-level regulatory base flow releases to the estuaries when the base flow release
is simulated as estuarine demand in the SFWMM, an option used for several alternatives.
Average annual base flow releases from Lake Okeechobee to the SLE are summarized: 0.0
thousand acre-feet (kAF) for Alternative T1 (base flow simulated as regulatory release measured
at S-80, not below S-80 at the estuary); 19 kAF for Alternative T2; and 19 kAF for Alternative
T3. Average annual base flow releases from Lake Okeechobee to the Caloosahatchee Estuary
are summarized: 60 kAF for Alternative 1bS2-A17.25; 59 kAF for Alternative 1bS2-m; 44 kAF
for Alternative T1; 41 kAF for Alternative T2; and 40 kAF for Alternative T3. Ranking the
alternatives with respect to average annual flood control (regulatory) discharge to the STE
(including base flow), the following trend is observed (highest to lowest). Alternative T2 (167
kAF); Alternative T3 (164 kAF); Alternative T1 (145 kAF); No Action Alternative (142 kAF);
Alternative 1bS2-m (135 kAF); and lastly, Alternative 1bS2-A17.25 (130 kAF). Ranking the
alternatives with respect to average annual flood control discharge to the Caloosahatchee Estuary
(including base flow), the following trend is observed (highest to lowest): Alternatives 1bS2-m
and T1 (464 kAF); Alternative 1bS2-A17.25 (460 kAF); Alternative T3 (415 kAF); Alternative
T2 (410 kAF); and lastly, No Action Alternative (labeled as 07LORS in all performance measure
graphics, 379 kAF). Ranking the alternatives with respect to average annual flood control
releases to the L-8 canal to be routed to Lake Worth Lagoon, the following trend is observed
(highest to lowest): Alternative 1bS2-m and Alternative 1bS2-A17.25 (114-115 kAF);
Alternative T1 (107 kAF); Alternative T2 (102 kAF); Alternative T3 (100 kAF); and No Action
Alternative (77 kAF). Generally, the alternatives that most significantly lower the lake stages
result in the most significant increase in discharge volume to the estuaries, including the
Callosahatchee, St. Lucie, and Lake Worth Lagoon. This point is emphasized by the assumption
of the treatment capacity constraint for STA-3/4, which is utilized to limit the average annual
volume of lake regulatory releases passed south to STA-3/4 from S-351 and S-354 to a
comparable volume for the No Action Alternative condition and all evaluated LORSS
Alternatives. Potential changes in flows to the estuaries will be later discussed in this section.
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B. Stage Duration Curves: Flood Protection and Navigation

The stage duration curve for Lake Okeechobee is a key indicator of relative alternative
performance (Figures C-3 through C-6). All alternatives demonstrate a trend to reduce lake
stages by approximately 1.0 to 1.3 feet under normal to wet conditions. Alternatives in the new
round of modeling were all developed from alternative 1bS2-A17.25 based on the performance
evaluations from the 2006 LORSS SEIS; more significant spread is observed in the range of
alternatives previously evaluated for the 2006 SEIS. Peak stages for the No Action Alternative
and other alternatives are summarized as follows: 18.53 ft, NGVD for the No Action
Alternative; 17.38 ft for Alternative 1bS2-A17.25; 17.21 ft for Alternative 1bS2-m; 17.23 ft for
Alternative T1; 17.57 ft for Alternative T2; and 17.33 ft for Alternative T3. Three of the
alternatives plus the No Action Alternative show simulated stages above 17.25 ft, NGVD: 348
days for the No Action Alternative; 9 days for Alternative 1bS2-A17.25; 15 days for Alternative
T2; and 8 days for Alternative T3 (note: 13,149 days in the SFWMM 36-ycar POR).
Minimizing the frequency of exceedance of the 17.25 feet elevation offers additional protection
for public safety and the HHD; this criteria was evaluated as a project performance measure.
Extreme high lake stages have also been documented to adversely impact the plant and animal
communities, through processes which include the following: physical uprooting of emergent
and submerged plants; reduced light levels in the water column due to increased suspended
sediment; and littoral zone exposure to increased nutrient levels from the water column. The
frequency of occurence for lake stages above 16.0 feet, 16.5 feet, 17.0 feet, and 17.25 feet are
summarized in Figure C-7.

The reduction of extreme high water stages for Lake Okeechobee is accompanied by a general
lowering of the lake stage duration curve, and the potential for extreme low lake levels was also
considered during the altrenative evaluation process. Increased fequency of low water
conditions can adversely impact the health of the Lake Okeechobee littoral zone through
increased susceptibility to fire and drought conditions, habitat loss, expansion of exotic and
invasive vegetation, and oxidation of organic soils. The minimum simulated stages for Lake
Okeechobee are summarized as follows: 9.46 feet for the No Action Alternative; 8.86 feet for
Alternative 1bS2-A17.25; 8.84 feet for Alternative 1bS2-m; 8.76 feet for Alternative T1; 8.68
feet for Alternative T2; and 8.71 feet for Alternative T3. Increased frequency of low water
conditions may also potentially impact recreational and commercial navigation and availability
of lake supply for water supply needs. The number of days below 12.56 feet elevation is stated
in the following summary: 2876 days for the No Action Alternative; 4839 for Alternative 1bS2-
A17.25; 4922 days for Alternative 1bS2-m; 4909 days for Alternative T1; 5156 days for
Alternative T2; and 5128 days for Alternative T3. Extended duration of low water conditions in
Lake Okeechobee trigger a minimum flows and levels (MFL) violation if stages remain below 11
feet for greater than 80 consecutive days. The number of MFL violations during the 36-year
POR for the alternatives is summarized: five for the No Action Alternative; six for Alternative
1bS2-A17.25; seven for Alternative 1bS2-m; eight for Alternative T1; six for Alternative T2; and
six for Alternative T3 (Figures C-8 and C-9).

Over the SFWMM POR from 1965 to 2000, climate conditions varied significantly within the
study area. In response to the wide range of climatologic and meteorologic conditions over the
POR, Lake Okeechobee stages vary from year to year and seasonally within each year. To
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provide a graphical illustration of intra-annual Lake Okeechobee stage variability for the 2007
LORSS SEIS recommended plan (Alternative T3), stage exceedance probabilities were
computed for each day within the year (36 data points for each day, cotresponding to each of the
36 years in the POR). The stage exceedance curves for Alternative T3 provided in Figure C-10
include the following: maximum daily stage, 90 percent exceedance, 75 percent exceedance,
median daily stage (same as 50 percent exceedance), mean daily stage (same as average daily
stage), 25 percent exceedance, 10 percent exceedance, and minimum daily stage.

C. Lake Okeechobee Ecology: Extreme High Stage, Extreme Low Stage, Stage Envelope

RECOVER is the branch of the CERP responsible for linking science and the tools of science to
a set of system-wide planning, evaluation and assessment tasks. The most current (as of March
2006) RECOVER performance measures for Lake Okeechobee extreme low lake stage, Lake
Okeechobee extreme high lake stage, and Lake Okeechobee stage envelope were utilized to
cvaluate the alternatives of the LORSS effort. RECOVER has since developed additional Lake
Okeechobee performance measures (unable to be included for this LORSS study) and reviewed
the performance measures used for LORSS, with no proposed changes to the evaluation response
curves cited in this section. In-depth documentation and rationale for these performance
measures is available through the RECOVER performance measure documentation in the draft
RECOVER CERP System-wide Performance Measures report (RECOVER, 2006), at the
following web address: www.evergladesplan.org/pm/recover/eval_team_perf_measures.cfm.
Extreme low and extreme high lake stage are evaluated with response curves. For extreme low
lake stage, zero weeks below 10 feet elevation responds to a score of 100, and 540 weeks or
greater with stages below 10 feet elevation responds to a worst case situation and a score of zero
(15 weeks per year over 36 year simulation period), with scores linearly varied between the two
extremes. For extreme high lake stage, zero weeks above 17 feet clevation responds to a score of
100, and 396 weeks or greater with stages above 17 feet responds to the assumed worst case
situation and a score of zero (11 weeks per year), with scores linearly varied between the two
extremes. The resultant standard scores for extreme low and high lake stage are summarized as
follows, with low score followed by high score: 97/81 for the No Action Alternative; 86/99 for
Alternative 1bS2-A17.25; 86/99 for Alternative 1bS2-m; 86/99 for Alternative T1; 83/98 for
Alternative T2; and 84/99 for Alternative T3.

The stage envelope performance measure similarly documents the benefits of seasonally-variable
water levels within the range of 12.5 feet (June-July low) and 15.5 feet (November-January high)
on the plant and animal communities of Lake Okeechobee. The conceptualization of the optimal
stage envelope seasonal variation is shown in Figure C-11 (the comparison actually utilizes
smoothed boundaries for the upper and lower envelope); in simplified terms, penalty points are
assigned to each alternative based on deviations outside of the envelope, with increased penalty
points with increased distance away from the optimal envelope. The worst case scenario for
variability above the stage envelope is assumed to be one where the lake stage hydrograph is
always in the poor zone (one foot outside of the stage envelope), which equates to a total score of
1872 foot-weeks; the response curve is a line between 0 (target, score of 100) and 1872
foot-weeks (score of 0). For deviation of lake stage below the envelope, the target is 192 weeks.
This is the score that would be obtained if all years had hydrographs within the optimal zone,
except for once per decade the stage falling to just below 11 fi, elevation NGVD for an average
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of three months. The response curve is a line between 192 (192 foot-wecks or less receives a
score of 100) and 1872 foot-weeks (worst case scenario receives a score of zero). The resultant
standard scores for lake daily stage (RECOVER performance measure specified weekly stage,
but only daily stage comparisons are available within the LORSS evaluation timeframe) above
and below the stage envelope are summarized as follows, with the above score followed by the
below score: 55/70 for the No Action Alternative; 80/33 for Alternative 16S2-A17.25; 82/31 for
Alternative 1bS2-m; 83/30 for Alternative T1; 81/26 for Alternative T2; and 81/26 for
Alternative T3. The percentage of time within the stage envelope was also identified for all
alternatives as comparable, ranging within a narrow band from 25 percent (Alternatives T2 and
T3) to 28 percent (No Action Alternative) of the 36-year POR. Given the similiarity of time
within the stage envelope band, additional focus was placed on the deviation of stages when
outside the stage envelope band; alternatives observed to most significantly reduce the extreme
high water stages for Lake Okeechobee will score better for the stage envelope above and tend to
score lower for the stage envelope below.

Estuaries and Bays

One of the objectives for managing Lake Okeechobee levels was to reduce the number of high
regulatory discharges to the Caloosahatchee and St. Lucie estuaries. Recognizing the objective
to lower the high lake levels, a strategy was incorporated into the alternatives to make more low-
level (environmentally friendly) releases to avoid the high-level regulatory releases.
Figures C-12 through C-35 are examples of the modeling results as related to the following
discussion. All of the figures can be reviewed at: http:/hpm.saj.usace.army.mil/loweb/sfwmm.

A. Caloosahatchee Estuary

For all the alternatives, the mean monthly flows between 2800 and 4500 cfs were similar, all
alternatives showed a reduction of 10 to 13 months compared to the No Action Alternative. For
mean monthly flows greater than 4500 cfs, three alternatives showed an increase in the number
of events compared to the 29 months of the No Action Alternative: Alternative 1bS2-A17.25 (36
months), the 2006 SEIS TSP Alternative 1bS2-m (35 months), and Alternative T1 (34 months).
Two alternatives maintained the performance of the No Action Alternative, consistent with one
of the objectives of the TSP revisions for the 2007 SEIS: Alternative T2 and Alternative T3.

In addition to the number of mean monthly flows, the longer durations of high-flow recleases
(consecutive weeks of seven-day moving average flow >4500 cfs) are of concern for protecting
aquatic resources, including juvenile oysters. The base condition (No Action Alternative) shows
zero events of six to seven week duration; one event of eight week duration; and two events of
10-12 week duration (28 total weeks of high flows greater than five weeks). All alternatives had
high flows of longer duration than the base. The total number of weeks for events of greater than
five week duration is summarized: 88 weeks for Alternative 1bS2-A17.25; 83 weeks for
Alternative 1bS2-m, including one event of 13 week duration; 66 weeks for Alternative T1,
including one event of 13 week duration; 79 weeks for Alternative T2; and 65 weeks for
Alternative T3. During the critical period when many estuarine dependent species reproduce
(March—June), the alternatives all show reductions in the number of mean monthly flows greater
than 2800 cfs, compared to the base condition.
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For the mean monthly flows less than 450 cfs, all the alternatives significantly reduced the
number of events: 198 months for the No Action Alternative, 104 months for Alternative 1bS2-
A17.25, 105 months for Alternative 1bS2-m, 116 months for Alternative T1, 131 months for
Alternative T2, and 131 months for Alternative T3.

Over the SFWMM POR from 1965 to 2000, climate conditions varied significantly within the
study area. The average annual regulatory releases from Lake Okeechobee to the
Caloosahatchee Canal outlets (S77) have been previously summarized. In response to the wide
range of climatologic and meteorologic conditions over the POR, the annual release volumes to
the estuary from the combination of Lake Okeechobee and the Caloosahatchee (C-43) Basin
varies both annually and seasonally. The annual (1965-2000) and seasonal (January through
December) distribution of flows to the Caloosahatchee Estuary, including the contribution from
Lake Okeechobee (S-77 outflows) and total flows at the estuary (at S-79, which includes local
runoff from the C-43 Basin), are shown in Figures C-16 through C-19 for the No Action
Alternative and the 2007 LORSS SEIS recommended plan (Alternative T3).

During the SFWMM POR, the cumulative volume of regulatory releases from Lake Okeechobee
to the Caloosahatchee Estuary (S-77) is shown to increase from 13.63 million acre-feet under the
No Action Alternative to 14.96 million acre-feet under Alternative T3; the cumulative volume of
releases at the Caloosahatchee Estuary (at S-79, including C-43 Basin runoff) is shown to
increase from 37.33 million acre-feet under the No Action Alternative to 38.15 million acre feet
under Alternative T3. The total contribution percentage of Lake Okeechobee regulatory releases
increases from 37 percent in the No Action Alternative to 39 percent in Alternative T3. Annual
regulatory releases from Lake Okeechobee (S-77) range from zero to 2.04 million acre-feet (the
latter in 1995) in the No Action Alternative; annual regulatory releases from Lake Okeechobee
(S-77) range from zero to 2.19 million acre-feet (the latter in 1995) in Alternative T3. To
address the question of how frequently specified high flow volumes are discharged from Lake
Okeechobee to the Caloosahatchee Estuary, Table 3 provides a summary for the exceedance
frequency of specified annual regulatory discharge volumes.

TABLE 3: EXCEEDANCE FREQUENCY FOR ANNUAL LAKE OKEECHOBEE
REGULATORY RELEASES TO CALOOSAHATCHEE ESTUARY (8-77)

Annual LOK Requlatory Release Frequency for 1965-2000 (years)
Volume {millions of acrefeet) | No Action Alternative Alternative 13
> 0.00 22 30
>0.10 17 20
>0.20 15 20
>0.30 13 14
> 0.40 12 11
> 0.50 11 11
> 0.60 10 10
>0.70 9 8
> 0.80 7 7
> 0.90 7 6
> 1.00 4 5
> 1.50 2 1
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B. St. Lucie Estuary

For all alternatives, the mean monthly flows between 2000 and 3000 cfs were nearly the same or
slightly decreased from the base condition: 43 months for the No Action Alternative, 36 months
for Alternative 1bS2-A17.25, 38 months for Alternative 1bS2-m, 37 months for Alternative T1,
44 months for Alternative T2, and 42 months for Alternative T3. For mean monthly flows
greater than 3000 cfs, all alternatives demonstrate the same or improved performance compared
to the base condition: 31 months for the No Action Alternative, 30 months for Alternative 1bS2-
A17.25, 27 months for Alternative 1bS2-m, 28 months for Alternative T1, 31 months for
Alternative T2, and 31 months for Alternative T3.

In addition to the number of mean monthly flows, the longer durations of high-flow releases
(consecutive two-week periods with of 14-day moving average flow >3000 cfs) are of concern
for protecting aquatic resources, including oysters and submerged aquatic vegetation. The base
condition (No Action Alternative) shows 25 total two-week periods of two to three period (four
to six weeks) duration; 13 total periods of four to five period (eight to ten weeks) duration; and
zero periods of six or greater two-week periods (12 weeks) duration (38 total periods of greater
than two-week duration). All alternatives had high flows of longer maximum duration than the
base. The total number of two-week periods of greater than two-week duration (one two-week
period) are summarized: 35 periods for Alternative 1bS2-A17.25; 34 periods for Alternative
1bS2-m, including one event of eight period duration (16 weeks); 35 periods for Alternative T1;
36 periods for Alternative T2, including one event of eight period duration; and 36 periods for
Alternative T3, including one event of eight period duration. During the critical period when
many estuarine dependent species reproduce (March—June), the alternatives all show reductions
in the number of mean monthly flows greater than 2000 cfs, compared to the base condition.

For the mean monthly flows less than 350 cfs, the minimum flow needs were generally thought
to be met by groundwater flows and basin runoff from C-23 and C-24 basins. The three
alternatives with base flow releases to the SLE provided slight reduction in the number of
months with total estuary mean monthly flows less than 350 cfs: four month reduction with
Alternative T1 (base flow measured at S-80), 24 month reduction with Alternative T2 (base flow
measured below S-80 in the estuary), and 24 month reduction for Alternative T3 (base flow
measured below S-80).

Over the SFWMM POR from 1965 to 2000, climate conditions varied significantly within the
study area. The average annual regulatory releases from Lake Okeechobee to the St. Lucie canal
outlets (S308) have been previously summarized. In response to the wide range of climatologic
and meteorologic conditions over the POR, the annual release volumes to the estuary from the
combination of Lake Okeechobee, the St. Lucie Basin (C-44), and local drainage basins
downstream of C-44 at S-80 (C-23 and C-24 Basins) varies both annually and seasonally. The
annual (1965-2000) and seasonal (January through December) distribution of flows to the SLE,
including the contribution from Lake Okeechobee (S-308 outflows) and total flows at the estuary
{(below S-80, which includes local runoff from the C-44, C-23, and C-24 Basins), are shown in
Figures C-24 through C-27 for the No Action Alternative and the 2007 LORSS SEIS
recommended plan (Alternative T3).
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During the SFWMM POR, the cumulative volume of regulatory releases from Lake Okeechobee
to the SLE (8-308) is shown to increase from 5.11 million acre-feet under the No Action
Alternative to 5.93 million acre-feet under Alternative T3; the cumulative volume of releases at
the SLE (at S-308, including C-44, C-23, C-24 Basin runoff) is shown to increase from 28.42
million acre-feet under the No Action Alternative to 30.23 million acre feet under Alternative
T3. The total contribution percentage of Lake Okeechobee regulatory releases increases from 13
percent in the No Action Alternative to 20 percent in Alternative T3. Annual regulatory releases
from Lake Okeechobee (S-308) range from zero to 0.78 million acre-feet (the latter in 1995) in
the No Action Alternative; annual regulatory releases from Lake Okeechobee (S-308) range from
zero to 0.86 million acre-feet (the latter in 1995) in Alternative T3. To address the question of
how frequently specified high flow volumes are discharged from Lake Okeechobee to the SLE,
Table 4 is provided to provide a summary for the exceedance frequency of specified annual
regulatory discharge volumes.

TABLE 4;: EXCEEDANCE FREQUENCY FOR ANNUAL LAKE OKEECHOBEE
REGULATORY RELEASES TO ST. LUCIE ESTUARY (S-308)

Annual LOK Regulatory Release Frequency for 1965-2000 (yeals)
Volume (millions of acre-feet) No Action Alternative | Alternative T3
> 0.00 22 30
> 0.05 17 22
>0.10 12 16
>0.20 11 11
>0.30 6 8
> 0.40 5 5
> 0.50 3 3
> 0.60 3 2
> 0.70 2 1
> 0.80 0 1
>0.90 0 0

C. Lake Worth Lagoon

The RECOVER hydrologic performance measures for the Central Zone of Lake Worth Lagoon
are based on the salinity tolerances of oysters. Discharges of 500 cfs or less, quantified with a
seven-day moving average, will maintain salinity at or above the 15 part per thousand criteria.
To reflect the potential adverse effects of very high discharges (>1000 cfs), a two-day moving
average is used. Review of these two performance measures indicates that all alternatives either
show slight improvement or equal the base condition (No Action Alternative).

D. Biscayne Bay

Flows to Biscayne Bay were essentially unchanged (+ 1 to 2 kAF/yr) in all the alternatives.
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E. Whitewater Bay

For all alternatives, there was less than a +/- 4 kAF/yr change in overland flow (Transect 21;
refer to Figure B-5).

F. Florida Bay
Flows to Florida Bay were unchanged under all alternatives (Transect 23; refer to Figure B-5).

WCA and ENP Flows

The flow changes compared to the No Action Alternative {or base condition), as related to the
various alternatives, in the WCAs and ENP are discussed in this section. Generally, the flow
changes (as indicated by the transect flows; refer to Figure B-5) in these areas are relatively
small. As a result of greater-than-normal lake mixing from recent hurricanes, the assumed STA-
3/4 inflow treatment capacity constraint of approximately 63,000 acre-feet/yr reduces the amount
of flow from Lake Okeechobee south to WCA 3A,; this is because of the increased loading that
could occur due to an increased suspension of nutrients in Lake Okeechobee. The STA-3/4 flow
constraint is included in all the alternatives as well as in the no action base condition. Figures
C-36 through C-69 are examples of the modeling results as related to the following discussion.
All of the figures can be reviewed at: http:/hpm.saj.usace.army.mil/loweb/sfwmm.

A. WCA-1

Average annual flows across Transect T1 show no net change from the No Action Alternative
for all alternatives. All alternatives show a slight increase in stage (less than 0.10 feet) in the
average to wet portion of the stage duration curve (10-40 percent). Alternative 16S2-A17.25 and
Alternative 1bS2-m generally show a slight increase in stage throughout the full POR. This
trend is observed throughout WCA-1, including indicator regions 100 (north), 101 (central) and
102 (south). The No Action Alternative and all LORSS alternatives operate consistent with
actual operations to route local basin runoff (C-51 basin) to STA-1E, while passing Lake
Okeechobee releases (made to the L-8 canal) and L-8 local basin runoff to tide via S-155A,
S-155, S-140, and S-141. Increased regulatory releases from Lake Okeechobee to the L-8 canal
under the alternatives may result in increased need for flood control pumping from the C-51
basin to STA-1E, with an associated minor increase in STA-1E flow through volume and
WCA-1 stage downstream of the STA.

B. WCA-2A and WCA-2B

Flows across Transect T2 show some variation in the alternatives. Alternative 1bS2-A17.25,
Alternative 1bS2-m, and Alternative T1 show an increase of 4-7 kAF/yr; Alternative T2 shows a
slight increase of 2 kAF/yr, and Alternative T3 shows no net increase or decrease in average
annual flows compared to the No Action Alternative. No significant differences in the stage
duration curves for WCA-2A (Indicator Region 111 figure is provided) are observed between the
alternatives and the No Action Alternative. A slight increase in stage (less than 0.1 feet) is
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observed for the average to dry portion of the stage duration curve for WCA-2B for Indicator
Regions 112 and 113.

C. WCA-3A and WCA-3B

Average annual flows across northern WCA-3A (Transect 6) show no net change from the No
Action Alternative for all alternatives. Average annual flows across central WCA 3A (Transects
T7 and T8) show slight variations between alternatives. For Transect 7, no net change in average
annual flows is observed for Alternative 1bS2-A17.25 and Alternative 1bS2-m, and a slight
reduction (1-2 kAF/yr) in average annual flows is observed for Alternatives T1, T2, and T3. For
Transect 8, a minor reduction of average annual flows (1 kAF/yr) is observed for all alternatives.
No significant differences in the stage duration curves for WCA-3A are observed between the
alternatives and the No Action Alternative, based on inspection of Indicator Region 118, 123,
and 124. Indicator Region 14 from the CERP Restudy (generally slightly south of the current
Indicator Region 124 for southern WCA-3A) also shows no significant differences.

Review of the high and low depth criteria for Indicator Region 124 in southern WCA-3A shows
the high water depth criteria (weeks with depth greater than 2.5 feet) to be increased from the No
Action Alternative by five to six weeks for Alternative 1bS2-A17.25 and Alternative 1bS2-m.
No change to the high water weeks are observed for Alternative T1 (404 weeks), and a reduction
of high water weeks by four to five weeks are observed for Alternative T2 and Alternative T3.
Indicator Region 14 from the CERP Restudy also shows no a similar trend for the alternatives.

The assumed treatment capacity constraint for STA-3/4 is simulated in the SFWMM by
restricting the wet and dry season conveyance capacities for the Miami and North New River
canals to pass approximately 58,500 acre-feet, average annual during the dry season and 4,700
acre-feet, average annual during the wet season from Lake Okeechobee to the STA-3/4. Due to
the SFWMM limitations for the modeling of this constraint, all alternatives are shown to send
slightly less water south from Lake Okeechobee to STA-3/4 than the No Action Alternative,
which is manifested as a slight reduction in average annual overland flow volumes south of
STA-3/4. In actual operations, the treatment capacity constraint for STA-3/4 would be an annual
constant for the No Action Alternative and all alternatives, and the volume and timing of releases
south would not be expected to change.

Minimal differences in the stage duration curves for northern WCA-3B (Indicator Region 125)
and western WCA-3B (Indicator Region 126) are observed for the alternatives compared to the
No Action Alternative. Review of the stage duration curve for eastern WCA-3B (Indicator
Region 128) shows that the LORSS alternatives are slightly higher (less than 0.1 feet) under
average to dry conditions and slightly lower (less than 0.15 feet) under extreme dry conditions.
The stage reduction in eastern WCA-3B is influenced by the reduced availability of Lake
Okeechobee water for Lower East Coast water supply needs during the extreme dry conditions,
times at which the Lake Okeechobee stage is lower under the alternative regulation schedules
than under the No Action Alternative. Review of the low water criteria for eastern WCA-3B
shows an increase in weeks with water depths greater then one foot below ground surface for all
alternatives (No Action Alternative includes 69 weeks) of 12 (Alternative T1) to 16 weeks
(Alternative T3).
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D. ENP

Overland flows into ENP are shown as Transects T17 and T18. Average annual flows across
Transect 17 (western Shark Slough) are unchanged or slightly increased for Alternative 1bS2-
A17.25 and Alternative 1bS2-m; average annual flows across Transect 17 are slightly reduced by
less than one percent for Alternatives T1, T2, and T3 (1-6 kAF/yr). Average annual flows across
Transect 18 (eastern Shark Slough) are slightly increased by 2-3 kAF/yr for all alternatives.

Water Supply

All alternatives evaluated, including the No Action Alternative, assume operation of the
SFWMD temporary forward pumps for water supply at S-354 (400 cfs), S-351 (600 cfs), and
S-352 (400 cfs). Based on preliminary operational guidance from the SFWMD, the pumps are
simulated to trigger on for water supply demands if Lake Okeechobee stage falls below 10.2 feet;
the pumps are assumed triggered off when Lake Okeechobee stage recovers to 11.2 feet. The No
Action Alternative assumes the existing SSM line (set by the SFWMD) to be in place. Based on
guidance from the SFWMD, a modified SSM line and operations are anticipated to be
implemented in advance of any new regulation schedule resultant from LORSS.

All alternatives evaluated for the 2006 SEIS assumed a one foot lowering of the existing SSM
line as a surrogate for the anticipated SSM changes by the SFWMD (this assumption was based
on a recommendation from the SFWMD). During the additional plan formulation period for
consideration of TSP refinements, the operational details of the draft LOWSM plan were
provided to the LORSS PDT by the SFWMD. In order to ensure that the 2007 SEIS LORSS
alternatives are evaluated with the best available data for this new SSM plan (name changed to
LOWSM), the decision was made to incorporate the SFWMD draft LOWSM plan into the new
round of modeling (including the updates for 2006 SEIS Alternatives 16S2-A17.25 and 1bS2-m,
and the three new 2007 LORSS Alternatives T1, T2, and T3). Based on guidance from
SFWMD, the September 2006 draft LOWSM plan was not anticipated to undergo significant
change prior to approval by the SFWMD Governing Board later in 2007; the drait LOWSM
plan was therefore incorporated into the SFWMM simulations for the 2007 LORSS SEIS
alternatives. It is recognized that the draft LOWSM plan assumed for the 2007 LORSS SEIS
evaluation of alternatives is subject to change; SFWMD modifications to the draft LOWSM may
change the anticipated water supply performance, compared to the impacts reported and
evaluated for the LORSS alternatives in the 2007 LORSS SEIS. The evaluations were
conducted by using the best available data at the time of alternative modeling (a more likely
scenario than either the current SSM or the one-foot lowering surrogate previously assumed for
the 2006 LORSS SEIS), and all alternatives were evaluated relative to each other with the same
LOWSM assumptions in place. The September 2006 draft LOWSM plan lowers the existing
SSM line by 0.80 feet (cutbacks start at lower Lake Okeechobee stages), and includes modified
lake stage criteria for the varied cutback percentages below the LOWSM line.

The No Action Alternative is the only alternative to utilize the existing SSM line. In order to
provide additional data related to the assumed lowering of the SSM line and modified cutback
rules, a sensitivity model run was completed for the 2007 SEIS recommended plan alternative
(Alternative T3) with the existing SSM rules to replace the September 2006 draft LOWSM plan
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assumed for all LORSS alternatives. A brief discussion of selected water supply performance
measures for this sensitivity run set is provided in this water supply performance section.
Figures C-86 through C-93 are examples of the modeling results for the discussion of this SSM
sensitivity simulation. All of the figures can be reviewed at:
http://hpm.saj.usace.army.mil/loweb/sfwmm/info_runs.

Several performance measures are presented to compare the potential water supply impacts of
the alternatives. Particular emphasis is given to water supply impacts under the most significant
drought conditions experienced within the simulation POR, as water supply needs under drought
conditions are highly susceptible to the observed lowering of Lake Okeechobee stages under the
alternatives. Figures C-70 through C-93 are examples of the modeling results as related to the
following discussion of SFWMM water supply performance measures. All of the figures can be
reviewed at: http://hpm.saj.usace.army.mil/loweb/sfwmm.

A. Everglades Agricultural Area

Simulated water supply effects to the EAA are shown based on the performance measure for
mean annual EAA Supplemental Irrigation, demands and demands not met. The alternatives are
ranked in order of the mean annual volume of demands not met during the 1965-2000 POR:
22,000 acre-feet of demand not met for Alternative T2 (6% of total demand is not met); 21,000
acre-feet for the No Action Alternative and Alternative T3 (6% not met); 20,000 acre-feet for
Alternative 1bS2-m (6% not met); and 19,000 acre-feet for Alternative 1bS2-A17.25 and
Alternative T1 (5% not met). The alternatives are ranked in order of the mean annual volume of
demands not met during the drought years of 1971, 1975, 1981, 1985, and 1989, with increased
demand not met indicative of higher potential impacts to EAA water supply: 57,000 acre-feet of
demand not met for Alternative 1bS2-A17.25 (11% of total demand is not met); 58,000 acre-feet
for Alternative 16S2-m (11% not met); 57,000 acre-feet for Alternative T1 (13% not met);
58,000 acre-feet for Alternative T3 (13% not met); 59,000 acre-feet for Alternative T2 (13% not
met); and 61,000 acre-feet for the No Action Alternative. All alternatives show reduced water
supply impacts to the EAA during severe drought conditions. Reported percentages for demands
not met are rounded to the nearest percent.

B. Lake Okeechobee Service Area

Simulated water supply effects to the LOSA are shown based on the performance measure for
mean annual LOSA Supplemental Irrigation, demands and demands not met. The alternatives
are ranked in order of the mean annual volume of demands not met during the 1965-2000 POR:
9,000 acre-feet of demand not met for the No Action Alternative (4% of total demand is not
met); 8,000 acre-feet for Alternative T2 and Alternative T3 (3% not met); and 7,000 acre-feet for
Alternative 1bS2-A17.25, Alternative 1bS2-m, and Altermative T1 (3% not met). The
alternatives are ranked in order of the mean annual volume of demands not met during the
drought years of 1971, 1975, 1981, 1985, and 1989, with increased demands not met indicative
of higher potential impacts to LOSA water supply: 20,000 acre-feet of demand not met for
Alternative 1bS2-A17.25 (6% of total demand is not met); 21,000 acre-feet for Alternative
1bS2-m, Alternative T1, Alternative T2, and Alternative T3 (6% not met); and 26,000 acre-feet
for the No Action Alternative. All alternatives show reduced water supply impacts to the LOSA
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for overall performance and severe drought conditions. Reported percentages for demands not
met are rounded to the nearest percent. Performance measure graphics for Water Year LOSA
demand cutback volumes for the seven drought years with the most significant cutbacks are
additionally provided (Figures C-74 and C-75).

C. Lower East Coast

Simulated water supply effects to the Lower East Coast are shown based on the number of
months of water supply cutbacks for the 36-year POR. The performance measure graphics
selected show the number of months under cutback (all cutbacks are phase 1 cutbacks for the
LORSS Alternatives) for each of the following LECSA: Northern Palm Beach County,
LECSA1, LECSA2, and LECSA3. Phase 1 cutbacks can be induced by one of three triggers:
Lake stage in SSM Zone (indicated by upper label on the figures C-80 and C-81), local trigger
well stages (lower data label; as expected, this changes minimally for the regulation schedule
alternatives), or dry season criteria (indicated by the middle data label; phase 1 restrictions
remain in place until the end of the dry season if water restrictions from the Lake or local
groundwater triggers occurred anytime during the dry season). For LECSA Northern Palm
Beach County, the No Action Alternative shows 38 months of simulated cutbacks; slight
increases to 39 months are observed in the simulation results for Alternatives T1 and T2;
reduction of cutback months are observed with 33 months under cutback for the Alternatives
1bS2-A17.25, 1bS2-m, and T1. The same trend is observed in the simulation results for
LECSAl, LECSA2, and LECSA3. The No Action Alternative simulation results show 38
cutback months for LECSA1, 87 cutback months for LECSA2, and 38 cutback months for
LECSA3. Alternatives T2 and T3 show slight increases to 39 cutback months for LECSAI, 88
cutback months for LECSA2, and 39 cutback months for LECSA3. Alternatives 1bS2-A17.25,
1bS2-m, and T1 show a reduction to 33 cutback months for LECSA1, 82 cutback months for
LECSA2, and 33 cutback months in LECSA3. Compared to the No Action Alternative, all
alternatives show a reduced availability of Lake Okeechobee water for Lower East Coast water
supply needs during extreme dry conditions when the Lake Okeechobee stage is lower under the
alternative regulation schedules than under the No Action Alternative (Figures C-76 through
C-79).

D. Seminole Tribe Reservations: Brighton and Big Cypress

Simulated water supply effects on the Brighton and Big Cypress Seminole Tribe Reservations
are summarized for the percent of water supply demand not met, based on SFWMM
performance measure graphics shown in Figures C-82 through C-85. Unmet demand for the
Brighton Reservation is summarized as follows: 3.5 percent for the No Action Alternative; 2.0
percent for Alternative 1bS2-A17.25; 2.1 percent for Alternative 1bS2-m; 2.1 percent for
Alternative T1; 2.4 percent for Alternative T2; and 2.4 percent for Alternative T3. Unmet
demand for the Big Cypress Reservation is summarized as follows: 4.6 percent for the No
Action Alternative; 7.1 percent for Alternative 1bS2-A17.25; 7.3 percent for Alternative
1bS2-m; 7.1 percent for Alternative T1; 7.7 percent for Alternative T2; and 7.6 percent for
Alternative T3.
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The SFWMM operations for the water supply delivery to the Seminole Reservations, including
assumed structures and operational triggers, were not modified for the LORSS simulations. It is
recognized that modifications or improvements to the water supply delivery network may be
necessary to continue to provide water supply deliveries per Tribal agreements with the state.
Modifications to improve existing canal conveyance, addition of new pump structures, and
modified structure operations are not easily accomplished within the SFWMM, and
modifications to the existing configuration were not included in the LORSS simulations for the
No Action Alternative base condition or other LORSS alternatives.

E. SSM Assumption and Sensitivity Simulation

The general overview of water supply performance measure trends is dependent on the
assumption for the SSM line. As previously summarized, modified SSM line and operations are
anticipated to be implemented in advance of any new regulation schedule resultant from LORSS.
All alternatives (with the exception of the No Action baseline alternative) assume the operational
details of the September 2006 SFWMD draft LOWSM to be in place, in order to ensure that the
2007 SEIS LORSS alternatives are evaluated with the best available data for this new SSM plan.
It is recognized that the draft LOWSM plan assumed for the 2007 LORSS SEIS evaluation of
alternatives is subject to change; SFWMD modifications to the draft LOWSM may change the
anticipated water supply performance, compared to the impacts reported and evaluated for the
LORSS alternatives in the 2007 LORSS SEIS.

Generally, the inclusion of the temporary forward pumps allows for the assumption of the
lowered SSM (or similar LOWSM) line, meaning that water supply restrictions would be
initiated at lower lake stages than currently in practice. To bracket the potential worst case
scenario for water supply impacts that could be associated with future modification of the draft
LOWSM plan by the SFWMD, additional data is available for the evaluation of the 2007 LORSS
SEIS recommended plan (Alternative T3) through a sensitivity model simulation with the
existing SSM line assumed in place (consistent with the No Action Alternative). The assumed
LOWSM operations does alter the performance of the Preferred Alternative, as shown in Figures
C-86 through C-93. With the existing SSM line assumed in place with the operational rules and
regulation schedule of Alternative T3, the simulation results show mean annual EAA
supplemental demands not met to increase from an average annual volume of 21,000 acre-feet
and average drought year (1971, 1975, 1981, 1985, and 1989) volume of 58,000 acre-feet under
Alternative T3 to an average annual volume of 55,000 acre-feet and average drought year
volume of 167,000 acre-feet; the percentage of demands not met for the EAA is increased from
six to 15 percent for the average year and 13 to 33 percent during the drought years. With the
existing SSM line assumed in place with the operational rules and regulation schedule of
Alternative T3, the simulation results show mean annual LOSA supplemental demands not met
to increase from an average annual volume of 8,000 acre-feet and average drought year volume
of 21,000 acre-feet under Alternative T3 to an average annual volume of 23,000 acre-feet and
average drought year volume of 58,000 acre-feet; the percentage of demands not met for the
LOSA is increased from three to ten percent for the average year and six to 17 percent during the
drought years. The number of months of simulated water supply cutbacks for the four LECSAs
also show increased cutback months for the 2007 LORSS SEIS recommended plan without the
assumption of LOWSM operations: 39 to 49 months for Northern Palm Beach County; 39 to 49
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months for LECSAL; 88 to 95 months for LECSA2; and 39 to 49 months for LECSA3. The
inclusion of the LOWSM operations with Alternative T3 reduces the number of MFL violations
for Lake Okeechobee from seven events with the existing SSM line assumed in place to six
events. Both simulations experience MFL conditions during seven individual years within the
POR, but Alternative T3 with LOWSM simulation does not show a stage recovery above 11 feet
during the 1981-1982 drought period. Alternative T3 with existing SSM shows the stage to
briefly rise above 11 feet, before dropping below 11 feet for another MFL violation (counting as
two MFL violations for 1981-1982, compared to only one with LOWSM assumed in place). For
the six MFL violation periods common to both simulations (assuming the 1981-1982 total days
below 11 feet as a single event for the SSM simulation), Alternative T3 with LOWSM shows an
increase in average MFL duration by approximately 18 percent compared to Alternative T3 with
existing SSM. Additional performance measure graphics, consistent with the performance
measures presented for the water supply performance review, are provided in Attachment C.

Alternative T3 with SSM does not change the Lake Okeechobee stage duration curve during wet
and average conditions (upper 60% of the stage duration curve), compared the Alternative T3
with SSM. The increased water supply user cutbacks under Alternative T3 with SSM maintain
Lake Okeechobee stages up to 0.50 feet higher than Alternative T3 with LOWSM during drier
periods of the period of record. Alternative T3 with SSM does demonstrate a small increase in
average annual regulatory discharge to the Caloosahatchee (2.7 percent increase), St. Lucie (3.4
percent increase), and L-8 (4.0 percent increase) regulatory outlets from Lake Okeechobee. The
increased flows can trigger additional high volume discharges to the estuaries, but the monthly
flow distribution is not significantly changed from the Alternative T3 with LOWSM
recommended plan simulation, noting that flows of comparable volumes may tend to fall on
either side of the performance measure criteria (2800 or 4500 cfs for the Caloosahatchee Estuary,
2000 or 3000 cfs for the St. Lucie Estuary).

Select performance measures have been summarized; the complete performance measure set is
available on the LORSS study web page previously cited (the performance measure set includes
“alt1bS2-T3-exSSM” in the title and the abbreviation of “T3exSSM” on the performance
measure set graphics). The SSM Line is set by the SFWMD, at elevations below the Lake
Okeechobee regulation schedule zones established by the USACE. Modified SSM rules and a
modified SSM line are under development by the SFWMD,; a draft version of the LOWSM plan
has been provided by the SFWMD and included in the LORSS alternative evaluation as a
representation of best available data for the LORSS study timeframe. The final SFWMD efforts
are anticipated to be completed prior to implementation of any new regulatory schedule for Lake
Okeechobee, and the cfforts will be able to consider the additional data provided from the 2007
LORSS SEIS recommended plan. The water supply effects of the alternatives, as shown by a
review of the performance measures, must be evaluated with consideration of this parallel and
ongoing effort by the SFWMD. The performance measure output is dependent on the SSM (or
LOWSM) line and rule assumptions; modification of the LOWSM line or draft LOWSM rules
(as assumed in place under all alternatives evaluated) will affect the simulated performance, and
the nature of the LOWSM changes (changes to the September 2006 SFWMD draft LOWSM
plan) will determine the significance of the potential observed improvement or potential
additional impact seen in the simulation results. It is anticipated that the SFWMD will provide a
summary of performance changes to the 2007 LORSS SEIS recommended plan evaluation based
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Appendix E Simulation of Operational Alternatives

on the final LOWSM plan, compared to the September 2006 draft LOWSM plan previously
provided by SFWMD and assumed in place for the 2007 LORSS SEIS alternative evaluation
SFWMM simulations.

Lower East Coast Stage Levels

Stage duration curves for SFWMM grid cells in the urban and agricultural areas of the Lower
East Coast are provided in Figures C-94 through C-111. No significant differences are noted
compared to the No Action Alternative.

Additional Information from LOOPS Model for 2001-2005 period:

The SFWMM produces daily output for a 36-year POR: 1965-2000. It is recognized that
additional data could be provided from an extended POR. The 36-year POR includes a wide
range of climatologic and meteorologic conditions. All alternatives are evaluated for this
common POR and compared to the No Action Alternative.

Efforts to extend the SFWMM POR are ongoing by the SFWMD, but the additional POR is not
available for the 2007 LORSS SEIS study. The SFWMM is a regional-scale computer model
that simulates the hydrology and the management of the water resources system from Lake
Okeechobee to Florida Bay, and the SFWMM remains the best available tool for performing a
comprehensive evaluation.

The LOOPS model is a simple mathematical model of the hydrology and operations of Lake
Okeechobee and its primary outlets, developed by the SFWMD on the platform of Microsoft
Excel® spreadsheet software. Analysts can use the LOOPS model to test a broad variety of
operating strategies and receive instant feedback showing the performance for the primary lake-
management objectives. LOOPS is not intended to replace the more comprehensive SFWMM;
rather it is a screening tool that can help design schedules for further, more in-depth, analysis via
the SFWMM. LOOPS is based on similar algorithms as the SFWMM, but its domain is limited
to Lake Okeechobee and its tributaries.

To provide additional information for the expected performance of the recommended plan
(Alternative T3) for the 2001 through 2005 POR, LOOPS simulations were conducted by the
SFWMD during December of 2005 for the No Action Alternative and Alternative T3. For
informational purposes, a brief summary of the hydrologic output is provided.

The LOOPS simulations for the No Action Alternative and Alternative T3 are assumed to be
extensions of the SFWMM POR, and the starting Lake Okeechobee stage for the 2001 through
2005 LOOPS simulations were extracted from the end of the POR for the SFWMM simulations
(December 31, 2000). The Alternative T3 simulation shows a reduction in peak Lake
Okeechobee stage from 17.95 in the No Action Alternative to 17.01, with the number of days
above the 17.25 feet performance measure reduced from 84 days to 0 days. A similar reduction
in minimum Lake Okeechobee stage is also observed, with stages lowered from 9.95 with the No
Action Alternative to 8.01 with Alternative T3. The number of months with average discharge
to the Caloosahatchee Estuary greater than 2800 cfs is reduced from 25 months (out of 60
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Appendix E Simulation of Operational Alternatives

months during 2001-2005) to 22 months under Alternative T3, with an increase of two months
with average flows greater than 4500 cfs (13 to 15 months). The number of months with average
discharge to the SLE greater than 2000 cfs is increased from 18 to 21 months with Alternative
T3, with no change in the number of months with average flows greater than 3000 cfs. To
evaluate the sensitivity of 2001-2005 Lake Okeechobee stage to the assumed initial stage
condition, a LOOPS simulation was also completed with the No Action Alternative and
Alternative T3 starting from the historical Lake Okeechobee stage on January 1, 2001 (11.11
feet). Stage hydrographs for Lake Okeechobee 2001-2005 from the two LOOPS simulations are
provided as Figure C-112 and Figure C-113.
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SUMMARY

The No Action Alternative, along with five other alternatives, were modeled using the SFWMM.
The modeling intent and differences of the alternatives were presented. Model output and post-
processed products were used in the selection of the 2007 LORSS SEIS recommended plan,
Alternative T3. Selected examples of the model output and performance measures are included
as attachment C (Figures C-1 through C-113).
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ATTACHMENT A
Regulation Schedule Figures for LORSS Alternatives Evaluated

LORS Revised Draft SEIS June 2007
E-50



1s-9
L00¢ sunf STAS Yol pestady SUOT

OMA-SHOT FALLVNYALTY 304 ATAAAHOS NOLLVINOAY :1-V TANDIA

HIY-ATTT OMI-SHOT ASS INOZ = 93W-A313 OMS-SHOT J INOZ =——
9397313 OM4-SHOT 2 INOZ =— HIY-ATTT OMA-SHOT F INOZ -~
53IY-AT1I OMA-SHOT VY ANQZ = 934-A313 OM4-8HOT INOZ MO1d 3Svg —

0002
AON deg ine Repy Jep uer
L 1 i L | 6

-0l

Ll

-l
m
/\ (0]
Lep <
VY
-
(e
p—

=4

-Gl

gl

/OMJ-SHOT1/3AVI3A-HI/096 LNV LO/DOZE-ATTI/ANOZ MOTd ISVE/3IFOHOITHO/

V JUSUR[SENY q xipuaddy



ed
L00¢ sunf STHS Yel( postady SYO1

(SIAS 9007) STLIV-ISAT FALLVNNALTY Y04 ATAAHAHIS NOLLVINOTY :7-V TANOI

OF-ATTI 62°LIV-239LLTV AISS INOQZ —— D3IY-AI13 §2°21V-2SILLTV 0 INOZ ——
OIH-ATTT 52°LIV-ZSALLTV 4 INOZ = OIY-ATNT 82 2IV-2SSLLTY D ANOZ e
OIY-ATNT G2°2IV-ZSIILLTV 9 INQZ = OIY-ATT1T 52°LIV-eSaLLTV V INDZ ——

0002
AON deg Inr fepy ey uep
] L | | | Q

a5

- L1

-2l

-C1l

(34) Ael3

- Y1

R -5k

s —_—
P it

[ IOF

- /1

8t

[G¢°L1V-2S811Tv/3AVI3A-AI096 LNV L0/OTFY-AITA/VY INOZ/F390HIIIHN0O/

V JUoW2EnY g xrpuaddy



1A
SIHS HJeI( pestaoy 901

£00¢T sunf

STLIV-Y HALILVNYALTVY
ANY ‘W-TSAT TFAILVNIALTV ‘STLIV-ISAT FAILVNYALTY 04 I LIVd ‘HTUL NOISIDAd :€-V RINOIA

‘9npayos uonenbal IS aUl Uim uoRouniuco
Ul pasn aq 0} uclewsojul Aejuswalddns

& AHT ubnoiq lenuassa sapinold aau] uoIsideQg Sl 9JON
sasea|ay
N NOORNO UORIPUOD
|euosess 2160|01pAK a 3aNQZ .
SYOM O} Ny SSMYIHLO Aseyngu ) |

ajgeonoeld
wnweey o) dn

SYOM O}
abieyosiq oN
O IANOZ
SYOM O}
B|qeIoE.d
WNLWIXE|
ren [2A] JoJe M
9aqoyzeay( ]
SYOM 0} LIVIS

ableyosiq oN

SYOM 0}
s|qeanoe.ld
LInwIxep

SYOM U}
ajqeanselg
WNLIXeW

dwng
sapeibiong ay} 0} siseg Arjjuopy e uo
Seseaey Jo Aunqesssq SY00HINO 8jeulID

N2040 ‘g euoz uf reucseas-ijinw Aiddy

A

Areq
jana7 Isjepm
ey 4§08y

eitellio
uoIPUOD
Aweinquy fiddy

Sealy UOIeAISSUO)) Ja)e A\ 9Y) 01 sabieyosiq 9aqoyoesyQ aye aulaq | ued
99.] UoIsSIoa( sauljaping jeuonesadO JSM

q xtpuaddy

Y JUOTIY ORIy



L00T sung

ps-d

SIHS JeI( pasiady SYOT

STLIV-Y JALLVNIHALTY

ANV ‘N-TS41 FALLVNIALTYV ‘STLIV-TSAI FALLVNIALTY 404 7 LAVd ‘FTIL NOISIDAA -V TINOIA

(ebiey2siq oN)

(AMT O1 TYWION)

PoNURUOISIP 8 J8]RMBP]) 03 Saseajal pey) asnbai Aew suoypuon Lug Ausp , bnoig amang

MOTd 3sve

Senen}sy oyl o}
a5e2(9y as|Nd 4
wnwixepy o3 dn

JSIMYIHLIO

OL 13M

(axg)

JSIMYIHLO

Sewmg

W)

ayY) yim uonounfuos wy pasn aq o)
uonewsopu Aejuswaiddns |ejjussss
sapiaod S81] uoisiaaq syl 90N

‘8Inpayos vonenbal JSA

jeuoseeg
ikl

EIREL"
YO TYWNHON

euoseag IVWHON

Gama uon|puo

o1foj0IpAH

JSIMHTIHLO

A007N0

syeuns
nauoz o} dn L3IM AHIA |euoSEss INHL
{aB1eY0SIq ON) (A¥G OL TYHHON) SEI3.0
MOTd 3sve ajewna AYD JivIIGNI |eolBooioelB g (AMQT OL TYWHON)
|eucseag SiSVD3IY04 HIOg *00An(Q BjeWrY, ANT JHEN0sG=)
EENEDEEEN ] .E:W\ [euosea:
18y 9singd (13IM AYIA OL 1TM) LIM AYIA OL TVINHON

wnwixep o1 dn

s;2005t 01 dn 22
5100081 01 dn 08-

L3IM AYTA OL TYWHON

SILVOIONI LSVIFHOS YIHLIF
AYG OL TYWHON

suolipuo]
S160{0JpAH
Aeinqu

(AIMA 0L IIW
13M 0L TYWHON

Mol Apeels O suoz

[so0059 o1 dn 22-g)
5190087 0} 8N 08-S

18EG8I0

(1IM ANIA OL L3N [eoiBoloiomap

g oU0Z OjUj oS0 OF Pajaoloid joAs] JOjeMm

(LIM ATIWIHIXI)
I3 A43A

gauoz oy dn

1SE09.04
revfojoioe)ay

ALT
[SemnEIamer | 4H0 0L Aogng - b
19y esind 8jewing Od TYWHON SUONIpuUOD
wnwixep o) dn eucseeg SE L T Eox R L/ ETeT o160j0JpAH
A¥Q OL TYWHON oM OL TWEON Aeinguy
SJ900G9 01 AN £4-8[ LIMAYIA OLLIM
550008Z 0} dn 08-S 15€06.04

mo|4 Apealg g aucz

selemepl 0]
Kuoeden abieyosiq

|eaiBojooaiap

fep gt o) dpy
(LIM AYIA OL 13M)
Vv 8UOZ OJUf 95 O} h§OLQ 15AB} 10)eM

IM ATINIYIXT) 1IM AI6A

JANOZ

[EYCRPLSEITY
20qoY2eey 0 eyeT]
LVYLS

wnwxely o) dn

(SNOLLIONOD F5M TYNIDINO)
SNOIIGNOD NEIN .

_ Y 3INOZ

siseg Afjuop e uo
SHOOANQ JeWND [BUOSLIS BN
pueg reuosess Ajdde 'Siseg Apeam
€ U0 §)SeDa40-4 [eoBojosoo) e Aiddy

g ® g sauoz iof Apiesm eropD
papasu se Ajep eusyio uonipuon
aye] [erads ¥oeyD LGy Aiddy

(seuen)s3) ueyemapl] 0} sabieyosiqg 98qoyosayQ axeT sulyeq 2 Wed
9al] uoISI99( SauljepIng jeuonjeladO ISM

V JUSWIYOENY

q xtpuaddy



€9
L00¢ [un{ SIS Yel(J pastasy SUOT

(STAS 9007) W-TSA1 FALLVNYALTY 0 A'INAIHIS NOLLVINDTA :S-V AANOIA

OIW-ATN1I N-2SFLLTY NSS INOZ = O3H-A1I N-ZSILLTY 00 INOZ =
93Y-A3713 N-289LLTY 4 INOZ =——— ©3W-A3713 A-Z89LLTY 0 ANQZ
©3Y-AF13 N-289LLTV 9 INOZ =— OIY-AT1 N-2891L TV V INOQZ ——

000z
AON deg ne Aep 110 uer
1 t L ] L 6
-0l
- Ll
-Cl
m
(0]
el <
Ll
-y
[ad
A
27’
-Gl
19l
- L1
8l

/N-2S811v/Aav03A-dI/096 LNV L0/OTN-AFT3/V INOZ/FIGOHDIING/

W JUSuIoeny q xipuaddy



9¢-4

L0QT sunf STHS JeI( pesiacy SUOT
STLIV-VIHALLVNIALTY 404 A'TNAAHIS NOLLVINODTA 9V TANDIA
OIY-ATTI 52 2IVVELTY NSS INOZ e OIY-ATTI G2 2LVVELTV (SH =————
O3Y-AIE ST LULYVELTY FONVHOD e OIHATTR G2°21VVELTV VLNTOUN e
93NN G2 LLV-VILTY NITHD =—— OIY-ATTT G2 LLVVELTY NVAD e
H3IY-ATTF 62 1IVVELTY 3NTT =— 93Y-AFTI G2°LIVVZLTY MOV1g —
0002
AON dag Inp Aep len uer
] 1 1 | ] 6
-0l
- Li
-2l
m
/\ (0]
Lel <
~
‘ | e
/I .V—‘
/\ /l m _‘
. -91
-1
8l

/ST LIY-YZLTY/3AVO3A-HI/096 LNV LO/9TH-AI1INMDVYT1E/3I9OHDOIIN0/

V oy oeny A xpuaddy



Leo
L0QT ung SIHS Yei( pasiasy SYOT

N-VZHALLVNYALTY ANV 9-VZ JALLVNYALTV 04 T LAVd ‘AL NOISIDAA :L-V TANDIA

SYOM
o) sebreyssiq E

oN 1LIVdda

% wbnoxg

A

9 |
¥a

©N ISV

A

sjoedun
sape|fiang
PHASUIL Ui Y
5|qelISa

o|BojoIpAH
Aeingu

FSIMETHLIO

SYOM O}
QEIOBI] [-t—
wnuwixew g} dn INHL

SYOM O}
abieyosig oN

[9AST 1072 M
20qoL0Yy () e
LaViS

SYOM O}
81qednoeld
wnuwixep Nyt

SYDM O}
g|gednoeld |
wnuwixep _ UM _

dwng
sapeybiong ayj o} \ BLSIID N
seseajey jo Auyqessaq UOIIPUOD
¥oeyD ‘g euoz uy Aengiy Addy
Sealy UolleAlasuo)) 91BN 8Y) 03 sabieyosiq @aqoyoseay( axeT auleq | Hed
99.1] uolIsI29g sauldping jeuonesadO SSHOT

r

Apeq
1ena isjem
HET HIBYD

‘8npayas uoljenBbes sy} yum vonsunfuos
ul pesn eq 0} uoneulor Aejustwes|ddns
|enuassa sopnoid 9041 UOIS| SIYL BION

V uowoeny A xpuaddy



864
L00T sung SIHS Yeld pasiasy SUO1

IN-VT FALLVNAALTY ANV 9-VT SALLVNAALTV 404 T L3Vd ‘ATYL NOISIDAA 8-V TANOIA

PanuuoIsIp aq J9IEMep) 0) saseapal Jey) aunhas Aew suonipuos Kp Asp

esmie0
Woelg jo
193) & UM

aniy 2bE1S oYe Jom Aiep

y 3

MolJ aseg

A

USRI OJUI

soseaey uekp oy dn 8sfe-

595839y UsaIn o} dn

uoaIS) Ot

&

saseaey veln ordn

« Bsje4 \@SU 0] pejoeiold, ” g foep
< yoe|g o

1M ABA

P an|g oju| o
sasesiey yoe|g 01 dn < 5101 pasloid, ¢ SO OHL AE
sy
79 ABA

[8ABT J8)EM
8950Y2980%0 oxe"
1¥v1s

[NYM oI
2511 0) pajalold,

asespEy enig o1 dn

A

asied

Jom Aiep

TGIEMEPI] O P
fyoeden abieyssig | @ ﬂ aNum
wnue opdn

TIUNCIIE S e o) oo e
Appaam e uo
o4 uely) Jojpail S6sesi0s siseg aU07 IO,
feuoIoRE AU INOYIIM U0z JoubHy SYOORNO SJEUND fUOSESS-AINIY um.oomcawm M.m.a M:ewto oo e
oup o) SABp £ Ul 85 ©) Pajefoid pue puoseeg Aidde siseg Apjeam oye eroeds yoeys ot o
‘SE peUIep SI X0q S 0] POJ2efold e uo sjseoeIC feaibojosoeepy Alddy : Amynquy Aiddy

(sauenjs3) Jejemap) | o} sebieyosi() 8aqoysesy() ee auyeq 'z Heg
aoueping |[euonesadQ SHOT

V udumnoeny q xipuaddy



65-d
L00T 2unf SIS Yei( pasiady SYOT

IN-VT HALLVNAALTV JOA I TNdHHOS NOILLVINDRA 6V TANDIA

O3FH-AIT13 2p<m.._.4< NSS INOZ —— 93Y-AFIF AVELTY Y ——
OFY-AT1F AVELTV ISNVHO -~~~ DIW-ATTT NVILTV VINIOYN =———  9IH-AT1I AVELTY NITHD ——
9IY-ATIT AVIUTY NVAD —— OIH-ATTT AVZLTY ANTT = 9IH-ATE ALV IOV ——
0002
AON des Inpe Aepy Jep uer
I ] 1 1 ] 2]
-0l
-1l
-Cl
m
o)
el <
Fam)
—H
~
N~
-7l
-Gl
- 91
- L1
8l

MN-VZLV/3Av33a-HI/096 LNVT L 0/2FH-AINIHMOV19/3390HIITINO/

V JUQUIIERY q xtpuoddy



09-4
L0QT sunf SIHS YeI( pasiacy SHOT

HZVIINAT 404 '1NATHIS NOLLVINDTA :0T-V AdNDIA

"WIAR] TN A€ OAOIIOXNT NIHM LJITNT (£
7Y ZZH *2JOWE YO 40 TYADMEY ISMI4 Q1 L33r6NS 13
3ZV *SL1JINIR TYNCELIOOY NIVWIRD BG S30WAYD

TZINININ QL Q31100 30 VN SLIUNO SNQILYA HONOWML $35YINAY 143 SSAUON
WAIAETd *ITVIANOSHIVE ‘SUIINIONS 40 SdH0Y WSOV Iy ON go90n 18y ON 3 —
- 1
LIIMIS1G ATIANOSYIVE “ANBY WL 30 INFALEYSI0 S40 05z = & oA $37 0091 = | |#AST L 18ae1 ]
$33 Q06 = Z 16487 $43 ODEZ = 2 |18Ae] soey M "“”””__ ﬂ
S40 0111 = € 19ADY S4) 000f = € {@Ae]
130 ODIOUSS!( UDSN £40 6BIDLOS [ UDEN Uo| (DA ISRUO]
mmmDIumm_XD MV—d.lm D&-ﬂ—_i esind ADP_03 Dmﬂ.:t 881N AOpP-01 M“M"".MM (1] m
3TINQIHIS NOLLYINDAN Q3S0OJ0EC 1€) s47 oasz 543 _oosk ot - i
YAIHOT3 NNIHINGS ONY TYHINID {€1 $d7 00§ $40 0088 8
S - 5 T 2 T A =1 3 L % 8 Lo I
WLl | XON 04 dn L xon of dn hd
YD 31007 IS (€} YAIY FFHIIVHYSODO WD 12) STHRYD L MIIHIY W0z
S3Sv3I73d 33H0HOIINO v
l.at..l.ullll-»llnn..hl::-llhluﬂl!a.n nl.-"E.l..-unuﬂlt-ulh.ﬁsl-l-‘_._.l“q'_llxl!“.l- Wlﬂi!nm..lt»gq_.e.
L L 1 - 0t
[ 1 [ 1
avss 3 z o-s
/ m
K — B P
1 N 3 3 . ol e s m
§ o ik I ANOZ — Moy | ora
= 3 ¥
— \\l.\\l\. 9 3INOZ ~—— ./// §
m 0°21 - — /
= — Q1]
Bs- 11 r ¥ 3NOZ [ —— s
L3 1 o
06} o°sk
UM A Ry 8BNS R LS E R e ERER R RN NV RS SD N EEES RSN EN U RN A RRE W E A S
37 1 Lsnnte A1ne e am W sy L] MY Aot

V J0awWoRy q x1pueddy



194

L0QT sunf STHS Jea posiasy SYOT
4-€ HALLVNYALTV 304 H'TNdIHDS NOILVINDAY 11-V TANDIA
934-A373 §-4LTV 3 INGZ —— 93IH-ATTI 1TV €0 INOZ =
93Y-AF1 9-€LTV 24 INOZ ——— 934-A3713 €1V L INOZ ——
934-A313 €TV 2 INOZ ——— OIFH-AITT €LV I INOZ  —e
53Y-AT1 I 4L TV VYV INOZ —— 53Y-A373 g-¢LT INOZ AMOTd I8VT ~——
0002
AON deg Inp Aely Jew uepr
I 1 | 1 | Sl
-S'El
-0l
m
-S'vl @
<
~
-0'glL ~
-GGl
-091
- G0l
~-0ZL
gLl
19-€17V/3AvOIQ-HI/0S6 LNV L 0/OFH-AF1I/INOZ MO ISvE/aa9d0HDIIN0/
V JUSWYIENY q xipueddy



94

L00T sunf SIHS Yel( pasiacy SYOT

STLIV-Y HALLVNYALTV 404 A'TNdAHOS NOLLVINDAEY :T1-V TdNDIA

93Y-AITNF §2°L1IV-ELTV NSS INDZ ——

OIY-AITH G2 LIV-ELTY 00 INQZ = OIY-ARTNF 627 LIV-+LTY A INDEZ —
SIY-AFTI STV O INOZ — 93IH-AITI G22VY-HLTV 9 3INOZ e
OIY-AITF 6T LIVHLW V INQOL —— 9HIY-AIT 62°LLV-ELTV ANOZ MO 38VE  ——

000¢
AON deg ine A e uep
1 L l L | 6

-0l
S
-Cl

T L cl

4"

(1)) Ao

/1

-Gl

-9l

Il
e AT -, T LT A RO

L)

8l

/ST’ LIV-PLIV/AAVYIIA-HI/086 ENVT LO/DTY-ATTI/ANOCZ MO4 3SvE/3390HIIIAHO/

V JUSUIORNY

H xipuaddy



L00T =umnf

€99
SIS PeI( psstasy SHOT

€L JALLVNYALTV ANV ‘2L FJAILVNYALTY ‘TL JALLVNIAL TV

‘W-TSAT FALLVNAALTV ‘STLIV-ISHL FALLVNIALTV 04 I LHVd ‘TTUL NOISIDAA :€1-V TANOIA

‘ueld [OJUOD I AM
DU} UM a1 Burpnioul uoijejuswnsop Burpoddns Jayo

’ A¥G

Uim TOTIOURIOGS Ul pasn 99 0 uoijewcul Agjuawsddns

NQ_QJOLQ |1enuasss sapiaoid 9ouepinb jeuopesado siyL aloN

sosesjpy |

s
o ISV m
plleli iTe) IC
jeuosesg 21B0|0IpAH «—1-MO|4 9seg [ MO
SYOM O} ~HNN Aeyngu)
ai|qeonoesld FSIMETHLO

wnwixepy o} dn

SYOM 0}
abieyasi(] oN

s)elpauLIalu|
SYOM DY

sigesnoeid
wnwixep

[0A9T IIBM

23qoYyd23() e
JLAVLS

SYIM O
abieyssiq oN

ybiH
SYOM O}
sjqesnoeid

LUNWIXeA

SYOMOT
g|qeanoeld
wnwixepy
dwng

1B\ &xe ybiH
Areq eLoyn

oRpUOD siseg Aljuowy e uo
Areinquy Aday Eﬂ%ﬁmmﬁw\
sealy COENP..@WCOO 9] AA S]] O] SOSEI|oY QQO_O_L_OQ@&O aMeT] s|gemolly ysiigels3 :g ued
aoueping Jeuoneilad aaqoyosaayO aye

! SNOMIGNOD M3N |

V USUIoeN Y

 X1puaddy



Y94
LO0T 2unf SIS YeXJ postacy SYOT

(SIAS L00D) STLIV-TSHT HALLVNAALTV 404 A TAATHIS NOLLVINOTH #1-V TANOIL

OAY-ATT 62°LIV-ZSALLTY ASMQT INOZ = OIY-AT13 62°L1v-28aLLTY 0d INOZ ——
OAYNTE 62 LIV-2SALLTY A ANOZ = OIY-ATNF 62 LIV-2SALLTY 2 INOZ o
OIY-ATTT 6ZLIV-ZSSILTY 9 INQZ = ©93H-AITA 62 LV-ZSALLTY V INQZ ——

000¢
AON deg ine Aen e uepr
1 ] L I L 6
01
-1l
21
€1

(A1) Ael3

-1
-Gl

. O

-2

81l

/ST LIV-2SE L1 TV/AAVIIA-HI/096 L NVT L /O IH-ATT1IN INOZ/IIIOHDOITINO/

V JUQUIORITY q xrpuaddy



€94

LOOT ung SIAS WeI pasiacy SYOT
(SIAS L007) STLIV-TSHI AALLVNYALTY 304 A ITNAAHDS NOLLVINOTAA :SI-V TANDIA
OIY-ATTI AZSILLTY NSS INOZ ——
OIY-ATTA A-ZSILLTY NSMOT ANOZ e O3YNTTT A-ZSALLTY 0Q INOZ =——
©3Y-A37E N-259LLTY 0 INOZ —— O3Y-ATTA A-ZSILLTVY O INOZ -
934-A313 A-ZSALLTY 9 INOZ —— 93Y-AF13 N-2STLLTY V INOZ —
0002
AON deg Ine A Jep uep
I 1 I 1 6
L 0L
L 11
21
m
o)
<
2
gl
M-Z2S91LTV/3AvO3a-HI/096 LNVI L O/DIY-AI TN INOZ/FIFOHDIIN0/
V JUWoeny g xrpuaddy



99-4
L00T sunf

STHS YeI[g pesiady SYOT

LL HALLVNIHALTV 404 T LIVd ‘TAIL NOISIDAA :91-V TANOIA

poanug 1D 94 J3}BeMIPi} O} 184 Jey} dunbas Aew suonpuon Kig Arep ,
40 0G€ 01 dn 08-S | (AMT O TYAHON} Mol aseq
S0 089 01 dn 24-S EQLEERIT] JSIMYTHLO 2AHCT *

ases|ay as|nd

/2 041 L 0} AN 08~

IYIWHON SISy 9 n_D 648

Figure 6

UOHIPUCS
2160)04pAH

* M

540081 03 dn 08-S Wiy

550005Y 03 AN ££-§| 13IM AYIA euoseag 3L

$40 05€ 01 9N 08-S Gopn SEa3

$§9 069 010N L4-5 sleund A¥G Fivoian ~ Eobojiosien

[EUOSEDS SISYDJHOT HIOEG ~_ Houing sjewn|)
gSe9Py 95INd -n [BUDSES!
00411 03dn 08 13M AYIA OL TYRHON
008Z o1 dn 2Z-8| 1IM AYIA OL TYWHON STLYIION! LSYOIH0S YTFHLI suonpuoy
2160]0JpAH BJBIPIULIDIU|
AYA OL TYWHON 43M OL TYWYON Amnqu]
5420081 0} 61 08-S ’
819006 01 dN £2-§ Tee00i00
1ea1Bojolcsiap
19A87
$1000G€ 01 dN 08-S 26qOY200Y 0 B
S}00059 01 AN £2-S Tse39103 1NVLS
~5a [eaiBojcicayely
AMO OL ep 0¢ 01 d
EEEEENES ] YNON

AT
S WIS

EUOSEAS,

13M AHIA
Ol TYWHON

G OL TYWHON

SUoBIPUOY
oBojospAH
Arengu )

8J000GE 01 dN 08-S 13IM AHIA OL L3M

$490069 019N 22§

1£3M OL TYIWYON

Iseoslod
leaBojcicatay

gp g o1 Lam Aron
ialemapl] 0 36 oxeT b1 03 BSLI 0} pajoefoid jeae] ayeT
Aoedes ebireyosig
wnwxey oy dn

161 o YBIH

(OHL) voripuoo
oifojoipAy
Amnguy Addy

Ul [OIOO 1912 M S} L

siseg Auuop v o
S SHOONQ BN [ELOSBSS-TNY papeau se Alep eueliy 1BL0 L
SNOILIONOD M3N | .u:m _\m:anmwm b&m ‘siseg xﬂ“&d 0387 (81080S Ho81D UOEDURILGS Ul pesn og o) uoneuLIOMI .r_m«_._wEw_nﬁ__._w

Amo_._mamm: SpLL ] SOSE9|9Y S97OoydeNO e ajqemo|y sm_c_mmwﬁmm_ 'z tMn_
(11-91) ®2ueping jeuoneiadQ 9aqoy29a) O axe

e} Buy 1 uoney

V U oRnY

q x1pueddy



194

L0Q¢T sunf SIS Jeaq pestady SUO0T
L HAILVNHALTV JOd HTAdIHIS NOLLVINODTY :LI-V TANDIA
AON dag ne Aew e
L L L : 1 6
pueg EmEomm:as_ mmmtor_w Lot
JOJEAA 99OYIINO e
it bl
+MOId ON
L2k
Mol4 aseg A
/ m
L
ANVa TYNOLLYYH3dO MO

sjerpauvaju|

-SL

-9l

Filb

aNVE LNJWIOVNVIN IHVT HOIH

8l

(saseara1 puewap Ajddns 1oem apnjoul 0] ),
(1.1~ 1) spueq 1uawddeug|y 22q0YRRNQ a7e]

V JUOWI OBy

q xipueddy



89-9

L0QT dunf SIS yeI( pasiacy SHOT
3 .
CL HALLVNYALTY 304 T 13AVd dHdYL NOISIOHA :81-V TANDIA
PANURUOISIP 3 Jojemapi; 03 Sasearal ey aumbas Kew suonipuon Axg Aep ,
SP 00T 01dM 08-S | (AMT O ToweON) E
sj0 QS C1dn 62-8 FSIMYTHIO SSIMYIHLO AdT
SS90y 9s|Nd Soorno
50411 0 40 08-S _M_“_M_M_.n.ow ateun) e ot 849002 01 m: 08-S @
- St 0} L= 5
S50 GOCE 01dN 629 Ol J3M HO TYIWHON euoseag Si0 05y o3 dn 64-S mu
uompuo: *
216010pAH
ISIMETHIO
500081 01dn 08-S
8100051 01 dn £4-S] 1IMAHIA euoses EQET)
S5 002 01 91 08-9) \_ﬂoyu/w/
$J0 OGP 01 AN 62-S aewnd Ada Fivoign -~ 1EoBojomsen
|BucsEas SISVOIH0S HIOE ~\_ Y00An0 sjewng
ases|ey esing -1 JBUOSES!
0 0411 01dn 08-S 1IM A¥IA OL TYWHON
540 000€ 01 dN 62-S| LIM AEIA OL TYIWNHYON ST LYOION! LSYOIHOS ¥IHLIT suonIpuog
| 216ojoJpAH ale|pawia)u|
_ ANG OL TYWHON 13M OL TVIWHON ™\ fugynquy
5500081 ¢} dn 08-S
5100057 01 dn L/-G| Jseseiny
7B I S50 07 78 1e06oj0l00)0
$40008Z 04 dn 08-S
$00089 01 dn L2 sesaiod
Y7 lesibojoionlen
AYG OL EP 0€ 01 4
BSBA|9y osinNd
40 02 1L 01dNn Q8- VIVEHON wmh\.\_qﬁmwz Suompuog
19 000 01 AN 6.-9) 2160j0IpAH
AHQ OL TYWHON 13M OL TYHWHON fuenqu L
fso0sz 0y dn og-g|  1FMAYIA OLLIM feeseiy
8)00089 01 dn LL-S |eaiBojaJoaten
ep 0g 01 d
Jajemep)] 0] 15x o)jeT ybiH o) esit 03 parosfoid 1asa) oyeT
foedes ebieyosiq 161 axe ybiH
wnuwixepy o} dn
s1s8g Ao © uo ML) Lompuosy ‘ueld [OAUOD B1E AN SY) V1M
gy SHOOHNQ SfEUi _,mcuwucm..szs pepseu st Ayep gLl o o1BoI0IpAH e} Buipnoul vopeuewnsop Buldoddns Jewo im
: SNOLLIGNOD M3N : g n“m Enommownwnhw\.oww“m mhﬂﬂwhﬂ ayeT ieioads ¥aauyo Amingiy Addy u.quﬂadd :U uomu eq oy _.anE.e:_ mn—“”_:hw_““mhz»
(seuenis3) api) 0} sases|ay d9qoyoesy( aXeT 8|gemolly Ysijqels] g Hed
(z1-g1) @oueping euoneladQ 8aqoy29a)Q 8yen
V¥ uamgoeny

g xipuaddy



69-d
L00¢ sung SIHS Yea(J pasiasy SAOT

(L JAILVNYALTV 304 A'1NAIHIS NOLLVINDHYA :61-V TINDIA

AON deg Inr Aepy ey
: : _ : 1 6
- Ol
pueg juswabeue A|ddng o
1o)ep| 9aqoyoeayQ e - S L
#MOld ON AN
m
Mo|] aseg - e M
2
aNvd TVYNOILLYY3dO o

- Gl

- ol

ajeipauudju|
\\\\\\! ybiH L /L

aNVE LNJWIOVNVYIN 3NV HOIH

8l

(saseafar puewap Ajddns 191em opnyour O )4
(T1-41) spued JuowaSeue] 33GOYday () e]

V juewyoeny g xrpusddy



L00T sunf

0L-d

STHS i pasiaay SHO'T

$§0 00Z 21dn 08-S
§§0 0S¥ 03 dN 6£-S

€L HALLVNYALTV 404 ¢ LAVd “ATIL NOISIDAA :07-V TINOIA

PONUIUGISIP G Jojemap(} 0} Saseojal rey) aanbai Aewr suopIpuon Aig AeA ,
{A¥T 01 TYWHON)

asesay 8sind
540 0211 01dn 08-
S0 000€ 014N 6.-S

FSIMYIHLO ISIMYIHLO

MOl aseq
AGd =l
|jewn)

|euoseeg

oopnQ
8wl d
[eUCSERS

$§900Z 04 dn 08-S
YO TYWYCON

SJ0 0S¥ 01AN 62-S

TYWHON

Figure 6

uompuo)

5500081 04 dN 08-G
<J0000t 04 AN L£-S

2160(0IpAH
Lengu

sJ0 00z ©1dN 08-S

@0. L UIgHMm
13IM ANFA A

abels ave;

S0 05% 01 AN 62-S

asealay esingd
812 0411 091 9N 08-S

areun)
|euosess
Wl

120081 01 dN 08-S
S12000% 01 AN LL-S

510 000 01 AN 6.-§] LIMAYETA OL TYWHON

L3M AY3A Ol TYWHON
STUVIION! LSVYOFHOS ¥IHUT

SuonIpucD
a15ocIpAH

AYG OL TYWYON

1IM OL TYANHON

sjeIpaLIBU|

$40008Z 01 dN 08-S

Arinqu L

15858004
[Bo1BojoIoSIap

Bi7] 07 651 Of Pajos|oid jaAs] BYE

5500069 o1dn £4-S

3SE3[8Y aS|Ng
0LL1 ordN 08-S
9 000€ €14dN 64-9)

100082 0} dn 08-S
s00059 o dn 22-S

fep og o1 dp [9A97
aaqoys9a O ey
1SB0R.04 1NVYiS
e |eaiBojcioaiep
AHT O1 ep og o1 d
Twron 7 1e0in0

13M AHIA QL 13M

AYd
2wy

BUOSESS,

L3IM AHIA
QL T¥YIWHON

SUORPUCD
AYQ OL TYWHON

o|6ojoIpAH
Aeingu

13M OL TVNYON

JBIEMSPIL 0L
Aoeden sbreyossig
winwixe 01 dn

1sesss04
[e21B0(0J00lOW
ep oc o1 d
1B axe] ybiy 01 s 0f pejoeford joAs| oxe

13m Ko

(seLen}s3) opiL O} Seses|oy 88GOYDERNO e SjqemMo|ly USIGelsT Z Hed

V sy oeny

SNOLLIGNOD M3N |

_ 1B ey ubiy
siseg Ajyuopy e uo y .
SHOORND FEWND [RUOSEIS-HINY popaau se Ayep eLeluD «o@_.mac%..a.m:oo o A
pue feuoseas Aidde 'siseg Apaam axye] jersads ¥osyn HICH0ApAH
B U0 SJSB30.0 jeaiborosoatom Addy

ey Bumnjou uogeluswnoop Bugloddns JaWO Uw

Amnguy fddy

TORouUN(uod w pasn aq 0} uolenuciu Aejuswaddns

(e1-g1) @dueping |euoneisad aaqoyaraay O aye

g xrpuaddy



1.9
L00T sunf STS YeI(J PosTAsY SUOT

L JALLVNYALTY 404 A'TAdAHIS NOLLVIOHEY 1T-V HdNDIA

AON deg e Rew ey
I 1 1 L 1 @
. \‘\.\.\&Hw”i?ffcé oL
pueg juswabeuey A|ddng
J9jepp 9aqoyd9a)Q e e . L,
e @%»%%%ﬁ R —
!iif.af??f e = MOl4 ON 'z
Mo|4 aseg o)
/ =
T~ aNvd TYNOILVYIdO [y
LGl
L 91
3leIpawLIau|
[ . ybiy . o
aNV8 LNIWIOVNYW IMV1 HOIH
8L

(soseara1 puewop A(ddns 191em 9pn[oUI O] ),
Am rﬁuma spueg] JUAWATRUBIA 990U L]

V JUSUIoRNY g xipusddy



ATTACHMENT B
SFWMM Background Figures

LORS Revised Draft SEIS June 2007

E-72



Attachment B

Appendix E
f':r:%k '
Lake
Okeechobee x p
%] -y _'{
t v, - \.\\ r
‘r ANEEN L
A+ L2
T
AN ARCNE
f - i '
; S,
o 5 b,
. L » . -
% - . 1 A h b 1
t.} ¥ |. N ‘r‘ \'.._ -
| A T EEaCW
} :.:l| I ; 1 '.‘ -
|
" L - h‘\ T 17 '——"::‘E
‘b b
N ) i .—r 5
. i AP ™ &
I b Y N Q
™ -y - .II"J S ) .'l;l
-~ i [T f‘ lﬂu “Hﬁ ¥ E
N "y A a i '3
Q%é : < )
iNaP
% t .
-0'! » ﬂ‘ ‘l ] ll"--:’.""":‘J et
1-; I %8
. T
% g sad
S e |
l [
] Hl[ b [] ’I
SFWMM Boundaries : 3
r 3 g
: Entire SFWMM Boundary
(1 sFwMa Grid L =
take Okeechobee - : PR I T A
Lake Okeechobee Service Area - R DR T T 717 1
. A - p 5 10 20
—— SFWMD Canals Florida 8ay ~, ~, - g Miles

FIGURE B-1: SOUTH FLORIDA WATER MANAGEMENT MODEL BOUNDARIES

LORS Revised Draft SEIS
E-73

June 2007



Appendix E Attachment B

- ﬁf _ Selected Gages and Celis
“ L..\‘ ERENEEEEEN T 11
o | i
p” T T T -+ <[
- N TR
L R . B N WENAN
- j B 1. 17 ANENEN
[y E LN AN k
L] N 1 . N
- =
£ | '
= ' 1 el A F k
n A KN
" F N )
= N
- h -
.- ! i N by, H
- N X
- n A J |
- —_| \\ Fd \
>4 N .
W «3 \ k“‘-..__
L3
AL |
~ —
£ N -
£ gl s H
= T :
” N
24|
x|
=2
T
rn
E
EDNg
28] T
w ——
<
ﬁ Raglone
[ evarpmiin Agicuturst Avan
I 280 Macuguemt Avaim
Dﬂammwﬁm-
] Lo tatcsrms WHtn Antugpe - WCA 1
MM«N.A?
I v Corsmrvation aes 3
- N e comion Hutional Pace
Narth Paim Besch Sitvice Asrs
. T Lt Eseit Gkt Sarion Avma 1
’ R v Eivot ot Sovice Avema 7
: T Lower Eane Count Savvice Arma 3
. s % 4
: ; This map shows selected features used
" ,' with SFWMM w display model results.
a ",
:x ¥ 488 181l 3 228 29 271 12 5% 34 3534 37 3 9 A0 41
PN Y Updatea: Aprii 003 |
FIGURE B-2: GAGE AND MONITORING POINT LOCATIONS REPORTED BY THE
SFWMM
LORS Revised Draft SEIS June 2007

E-74



Appendix E Attachment B

1T 2 3 8 5 8 7 8 ® IOV IZ A H4 IS V6 E7 AN IS B0 XY XT3 14 2N 26 37 I8 IH 30 1) 33 I3 34 I8 I 37 I8 2N AR A

SR EER AR R RN A RN R R AR EEE R EE R E R E R R E-E R ER R R R EREE BB N
AR A R R E R R R R R R R R R R R R R E R R E R R R AR A E R R R R EEEEE N

w o .
- "%

(1] "w
i1} "n
" i
" "
1 2z
3 Ak}
w ., 1@
» “ s, ]
] > .
* P / {4 »
. Ly .
. [ 4 { s
“ N
]
E ] - Iy »
Y Y. 2
' x R >t '
on d . “- .- -'A .t
. L | -

T 2 3 & % 8 7T & P 10OMIITITTAISIS I WIS IS ITIT I IS BEITINI0 0 I DT I 24 34 36 317 38 In 40 At

FIGURE B-3: SFWMM CANAL NETWORK (VERSION 5.0)

LORS Revised Draft SEIS June 2007
E-75



Appendix E

Attachment B

Indicator Regions (August, 2

LNwR

004)

100 - WCA-1 Nt

101 - WCA-1 Cenral

|
nl—\

»

O

102 - WCA-1 South

Ruge & Sough

110 - WCA-2A Nadh

111 - WCA-2A Soutn

112 - WCA-2B Nerh

113 - WCA-28 Soutn

114 - WCA-3A N Comer

115 - WCA-3A Narth

116 - WCA3A NE

117 - WCA-3A NW

118 - WCASIA Alley Norn

'I 119 - WCA-3A East
120 - WCA-3A West

121 - WOA-IA North Cenai

]

122 - WCA-3A Gap
123 - WCA-3A Soutn Central

124 - WCA-3A South

125 - WCA-3B Norih
126 - WCA-3B Yasl

127 - Pemnisuco Wettards

A1
&

sBisttsestdsonCREEEsEERCLEEEETS

g

211

S RREEININE

|
|

uefi

AL

P NWAES YRS
H.l

23 4 % W

L1

15]1!

128 - WCA-3B East

™m

(A1)

-]

111

"r

125 - NE Shark Sfough

130 - MK Shark Siough
131 - SWV Shark Siough

131

L il

)

AP

L]

“y

132 - South Shark Sidugh

[31] [

133 - Taylor Slough

14y

1n

A
113

e

4]

1]

Mar Prane
L1 143 - Lostmarrs Siough

|| 141 - Dchopee Man Marsn
142 - West Pervine Mar: Marsh
T 144 - Craighead Basin

145 - East Pemine Mar Marsh
146 - Mocel Lards Man Marsh
147 - Rooky Glades Eas!

144 - Roony Giades west

Coret WMA
150 - Corbeit YWoest
151 - Cortelt Sast

164 - Roterbarger WA

170 - Holey Land WMA

Big Cypress National Preserve
181 - NE
161 - Mulket Staugh
162 - Dwart Cypress
133 - Roberts Lake
Cypress Strang

SaaGrass
197 - WCA-3A 2awgrass

Regions

[CIsverg ades Agncuntum Area

I whaite reanagement arsas
[Tlak Cypress Nationa: Precase
TJLox wational Wik e Asfuge - WA 4
[ water Conservadon Area 2

Il waser Conseraason Area 3

B & erg ades Natons Park

I rorth Ra e 3each Servios Ares
2] Lewer East Coatt 3ervice Ansa 1
Il Lo'ser East Sonst Bereice Ares 2
M Lowcr Eas: Coast Senice Area 3

X 1 This map shows selected features used
with SFWMM to display model results.

A4S 2 2T L3243 3455 5437 58 M M A2 Lpdated August 2004

FIGURE B-4: SFWMM INDICATOR REGIONS (VERSION 5.0)

LORS Revised Draft SEIS

E-76

June 2007



Appendix E

Attachment B

/,r‘ Overland & Groundwater Transects (Flow)

ALl I 1. 1 T 3

) (L]

.
-

A TA

STIE_NAME

Tl -LNWR

T2 -WCA-2A

T3 - WCA-23

T4 -WCA-2B

TS5 -NWWCA-31A

T6 - NE WCA-IA

T7 - Alligator Alley W

T8 - Alligator Alley E

T9 - NW WCA-3A boundary

T10 - Central WCA-3A boundary

T11 - $W WCA-3A boundary

T12 - Southern WCA-3A

T13 - 147 North

T14-L-67 South

b 4

47 Il oot Marapemert Avens

TI15-XWCA-1B
TI6-EWCA-IB

T17 - Tamdami Trail W

T18 - Tamiami Trall E

T19 - ENP-W of L3IN

T20 - L&7 Extenzion

T21 - Shark River Slough

T22 - NW Shark River Slough
T23a - Southern ENP west
T23b - Southem ENP mid
T23c¢ - Southern ENP sast
T24 - BCNP West

T25 - BCNP East

T26 - Lostmans

T27 - Central Shark River Slough

i

Regions
[ evergaces agicuaues asea

[ 2 croress nstions: Preserve
[ iovnatonal widite Retuge - wca 1
[ Aater canservation Ares 2

[ oter conservation aee 1

I evergaces Nationsl Fan.

- Sarth Paim Beach Jefeice Area
woker E3gt Consi Service Area !
Il oxtrEast Coas) Sorvice Avea 2
- waer Ean Coast Servke Area s

This map shows selected features used
with SFWMM to display model results.

Updated: Septemizar 2003

FIGURE B-5: SFWMM OVERLAND FLOW TRANSECTS

LORS Revised Draft SEIS
E-77

June 2007



ATTACHMENT C
Selected Performance Measures and Indicators: 2007 LORSS SEIS (TSP Refinements)

LORS Revised Draft SEIS June 2007
E-78



LO0T sunf

6Ld

SIS Jel pasiasy SY01

(1) FIGOHIATIO DIV INOYA SASVATII TOWULNOD AOOTd TVANNY NVAI :1-D TANDIA

By seq bEauTyo| el
Bl LA "®SYosIs Bas e, (pasn duog

TESA WNMIS

‘slead gANIasuod 4 0] dn 1o INJ20 10U AeWl PUE SIBaA SANDSSUOD b-Z UIINDJ0 Aau) AllendA] “seak Leas
P0-Z0°02 GOVDS/LL 3P Uy JNJJ0 JOU 0D ASYL “San(eA |ENULE UBaLL Ul Slay pazuewwns ale safileyasp (joquod pool) Aoembal ybnouiry -a1oN

Aup sesoding Suuueig a04

0

0oL

00c

Il:l—%V 00§L) elgnlol\
T} < 3]

ak
o
[}
«©

(1e

004

008

€1-qi

T

.74

SPl

ci-qi

grl

qw-gsai

<or

e-zsql SHO1.0

B _ B B _ B _ B

6it

gel

el

vl

aplLolen

Kergs3 anT 1S 0} 1918M 5580X3
Asenis3 29u0)BURE0OE) O] JaJRAN 5590XT

uosaafuj HSY

SBIM

abesols wy3

abeiols yHoN 0} saseaey

uonenwis (0002 - G961) 1A 9¢ 8y} 1o} 83qoydsayO dYEeT

WIol) Seseajay |01}U0D) Poo|{ [enuuy Uesiy

001

00¢

00€

0oy

00s

009

004

008

(1eaf4-0y 0001) SWN[OA

) JUSUIORNY

g xpudddy



08-2

LOOT sunf SIS YeiJ pesiasy SHOT
(2) ATFOHDAIIO TIVT INOUA SASVATIT TONILNOD AOOTd TVANNV NVAIN :7-D TIANOIA
Si-ieq bbau o) weudly
DL LA 525 4osIp~ Bau~aye: ‘pasn 1duog
TEGA WNMAS 'SI20A 9AQNIESUOY / 01 dN J0J IN2IC 10U Aelu pue SIeak SAQNISSUCD v—7 Ul IND20 Aoy AllendA] “reak A1aae
mm#whwmﬁ!: whanv uny , )30 Jou op ASU] 'SaN{EA |eNUUE UBSLU Ul 2134 PAZUBLILINS 8k S56JeUIsIp (JoNU0Y poay) Alaeinbas ysnoyly 810N
o] ng Buiueid 0
0 <14l L1-G1 JW-2s49i Te-2s4al SHGC1.20 0
001 + - 00i
Aoom - 1 00¢ <
=) 6ot ozy sor oov 6r¢ m.
goog + 100¢ 5
3 3
0¥ 100 S
Qo o
(] (@]
200S - 8vl 4005 2
97 SEb et ot Q
m T sri Tl
<009 . l 1 009 &
[\ (1]
B ( . | e
< =
004 . v opiL 01 g1 1 004
Arrgs3 81om 1S 0 JajEM 8530%3 B
i KIBnis3 asyseues00e) 0] JOIEM $5a9%3]
008 | omsll usy - 008
afeiols vva
sbriclg yHoN o} saseaay
006 006
uonenuwig (0002 — G961) JA 9 8U) Jo} 88qoydaayQ axe
LUOJ} SBSEa|ay [0JJU0D) POoo]4 jenuuy uesiy
D JueunpoEny g xrpuaddy



18-4
L00T sunf SIS Yed(J pastasy SUOT

(1) SHAYND NOLLVINA AOVLS AAGOHDAIO TIVT :€-D MANOII

By s T:EpTy0; (aweua| 4 0002 - 6021 'S'O'd IWNNIS
DL LA “235.npTpAy (pasn 1dueg
TESh NNMIS
#5034 DOVDEFL L SBRP uny
AlugQ sesodang Buluuegd Jo4 papoadx3 10 UQ_GJUM ouwli] uadled
. 0oL og 09 oy (174 0
ON ._._.....“.._.-....“...q._--wnq-4..._“_.._._... rtrrTTTTTTTTYTTTYI TIEY .A---a-“....nu_..“.-q-..- Oh
28 128
r i i i i i
V6 [y " €l-aL =-—=| - ¥6
|y : Z1-GL e——
LN m ; i i W-zsaL - - - )
90l . .w”m : i Te-zsal m-----m -4 901
N i _——
» .. r»ﬁ#_r w..N_O,Kc : )
8 ou - Frr, . _ g1 &
® Sl )
7 ; F
m o€l - H o€l @
z ; 2
7 - ) ®
< TP} i <
> >
A v'Sl
g9l | Y 99l
gl | i VAt
Q.m—‘ INETEEUENE SENNE RN N ...h.....m.._......m..._._.:m...-.....m......._.........._..._..._._.._...... O.m—.

23qoyoaa) O aye 10} S3aAINY uonein abeyg

D U2 oeny q xipuaddy



8-
L00T sunf SIHS Bl pasiasy SY0T

() STAMND NOILVINA ADVLS AAOHDITTNO BIVT -0 TANOIA

By unpfs"ep Yo (ateud)y ODOZ - §8&l "S°0'd KWNAMIS
DL LA o5 anp” oy pasn idung

TEEA WAMIS

BE Gy pL GOMPLILL (mep uny

Aug sesodung Buiuueyg 103 pepeadx3 Jo pajenb3 awy| Juediad

goL 08 08 v 0e 0

oz T T T T . S ——"——T ]

v'6 Iy 7101 =-—| - ¥6
LR . _ L1-GL e——
I N W-ZsqL - - = .
9oL N Te-zsal w—a| 7 901
s ,F?m:m SHOWO ---

gLt . fﬁ q 8t

o | el gl - o€l

Tyl - i S b 2 PSR

q¢r

(QAON 1199} sbeig
{QADN 1909 abeig

- - 4”(1”v
. iy
PGl - H H H H T :Mw.ur 1 vel
; : ; H - *
! : m ! : Pl b Ty
! i i B VRS T
g9l | o B

gl “ 48l

a6l ETETETHI FEC TR U FTTET IR NI U IR TAN M TSI TS FT N A NS UTE SN SO TRE N PR TR AN EES ST Tl AT TN AT o6l

2970230 e 10} SaAINY uoneing abejs

D JuswENY q xrpueddy



£8-H

L00T dung SIAS yel(q pasiasy SYO'T
TTLLNIDYA 01 YAdd] ‘STAUYND NOLLVINA ADV.ILS FATOHDATIO TAVT :§-D TANOII
asuepaaaxa Juasled
00l 06 08 0L 09 os 0t 0t 0c ol 00
_ ! _ ! _ R 1 =t
(c66L 120) sn u
{c66L 20} T L
(0261 11dy) \Zi w-zsql
(5661 120} 81 vZsal
{0261 11dy) £6°81 uoiidy oN
ajep abels jead aAneulaye
o] — o..mﬂ.. EuE,E:m wmw-m..vj.nom
Zl — - 09l m
Ll — el
w-£sql L ¢'g) w.
¥-zsql — =
Uaoy Oy — 0fl m
L=,
Gl
- 08l
S8l
06l
3luadlad gl J3ddn ‘seAaind uoneing 206e)s 29qoY293N0 4e] SSHO1
D usuyoeny

q xipuaddy



84
L00T dunf STHS Yei(] pestaay SUOT

HTLLNIDYAd 0¥ 30T SHAYND NOILVANA TDV.LS FHIOHDTAIDIO MIVT 19-D TANDIA

aosuepaadxe Juaslad
Q00 0'G6 006 oSGy 0038 0'GL 00L 009
08

{261 eunr 178 €L

{ti61 2unp) 89'8 rdl

{1861 Anp) 9a'g L

(r161 oung) t8'8 w-7s4qi

{t261 aunp) 98’8 v-Zsq1

(r261 sunp) 9t'6 uondYy oN

ajep omﬁwm uimuauw aaleulaje
€L — 4
7L alqey Aewwng afieyg wnwiuy .m
—\l_l ——— - oA 3 . e - . w
w-zsal &
y-7saL — 2
UOMDY ON — 5

3NUILIA O 1aMO0T ‘S3AIND uonelng abe)s 23qoYy233aYO e SSAOT

D uemyeny g xipuaddy



$8d
LOOT sunf SIHS Yeiq pasiacy SUOT

SHOVLS HOIH FI9OHDAIO DIVT A0 ADNANOTIL HONTRINDDO :L-D TANDIA

elIay1)) 9belg saqoyreeyO axe

GZ L1 < SAep [I0] Q0 L1 < sfep [210] 0591 < sAep 2101 008l < sAep [210]
- 0
005
E -]
=3
'y
000L S
=
2]
=]
@
o
=
00slL &
™
cLm 3
(1}
AN |
N 000z
w-zsq, m
Y-ZsdlL O
UMDY ON I
Eati oo 0052

plodssi-jo-polted pejejnwis Jesk-gf
{0091 <) ssbejg UBIH saqoy23aXy( 3)e jo Alewwns SSHOT

D WwounyIeny g xipuoddy



984
L00T sunf SIS Y1 pasiasy SUOT

() NOLLVINIIS 000Z-S961 THL ONRING GACAADXT THAM
VITALIEO NOLLVANA ANV TIATT STLVA IWNNWINITIAN HHFOHIIATIO AMVT STIILL A0 HIGINAN 8-D TANOIA

By req MUY} 2LIRLA I

£ 1A 155 Sussa”alels o (pasn sy

TEGA WAMIS

BEIHELL DOAOEILL "D Uny ]

Ajuq sasoding Buiuueld 104 (88GOY289%0 BYET JO) BjeD aDE)S [eIUOISIY GB61-266L
Wiy pasuap j1abie] ) sIesd XIS AISAS a3U0 Uey) Uayo 10w sARD 08 uel) Jaiealb 1o) GADN UL L MO12q

#2] 10U PINCUS 99G0U229%0 aNET Ui SIBAB JS1EM — AoUSNDa.lS WiNJaY PUB UCKEIND ‘[PAST WnILy 186ie]

‘AlON

o eL-ql Zi-ql Tw-gsql 1e-gsgl SHO1£0 0

zE 1¢
< g <
= c
3 9 9 9 1 3
= o
Q : e
o VI 1% o
-h -
= =
3 . 3
@ ]
» 7]

9r 19

SAED 08 <10} Ut} > obeys sow jo# [ ]

8 8

uolleiNWwIS 000Z-5961 @Y} BuLNQ pepasaxd alem e
uonein( ® [oA87 J8JeA\ WnWIUIW pasodold MO Sl Jo Jaquinn

3 1USIIORNY g x1puaddy



L84
£00¢ sunf SIS Yel(d postaoy SHOT

(9 NOLLV'INIIS 000Z-S961 FHL ONRING CACHADIXA TIIM
VIVALIED NOLLVHNA ANV TIATT HHLVA NWANWININ FFF0OHDATN0 IIVT SHNLL 40 JIIINAN :6-D TINODIA

By yeq AU O} ‘Brreud s
1A s siuane ebers ol tpasndung
TESA WAMIS
B ey Buriuera 104 (2340yISANQ B¥E] o) E1eD aDelS [LILOISH] GE6L-TS6L
i uoy paalep 1obie| ) siesd xis AJaaa 25U0 LBY) USYO 210w sABD (g uey Jo1ealb Jof QASN il Aojeq
JfE; 10U piNoys asoy8aR0 axeT Ul SIBAS| Jojen, — Aousnbaly winjay PUB UONEIND ‘JeAaT wnuliuly Jabre|

:ajo0N

0 Z1-qi 11-q} Tw-2sqi 18-¢sql SHO'120 q

z L 1¢
z s ra
e 9 9 o
2 L 3
@ ¥r 8 1 @
- -
o o
] -
=1 -
nwu 9r 19 w
o @®

8 r 18

shep 0g < Joj yi | > abeys sawg o [ |

uone|nNWIS 000Z-S961 ayi Buung pepesox3 alem eUSILD
uoneIn( % j9A7 J81BAA WNWIUI pasodold MO Sewi| Jo JaquinN

O msumoENY a xpuaddy



884
L00T sung STHS Yei(J pasiacy SY01

€L JALLVNYALTV d04 SHAUND HINVATTAIXH HOVLS ATIVA THFOHDAINO TAVT :01-D TINOIA

~ ~N N ™ Al

; OY WY h &l N ~ N W\l ~N ;
S o ' ~ X 7 £
F &£ & £ &£ & & & & & & & ¢

(6261 AADN ‘) abeig Ajleq

wnwiuw
ajpuassad Yo —
ajuasiad Ygz —
[§1:2- 111 EEENeEe
URIDIW e
apuadsed yig, ——
apuansed Y106 ——
WNWIXEW ———

I . I

€1 eAneulsyy :uonnquysiq sbejg eagoydseaQ exe Ajreq

) JUQWYORYY H xipuaddy



689
L00T sung STAS Yl pestasy SU0T

TANSVAIN HONVINIOAUHd IO THANT TOVLS FHAOHDATMO VT A0 NOILVZITVALAADNOD :11-D AINDIA

Io
=
Te
u“.',
©
10
o
ty
F-

.|,,_

g . ¥
g | ¥ |ce|lae|loelce|cw
+lcel e lel el € | ¢
£
E

0
&)
L7
0

4]

iy
')
I}
" L
[15]
%]} o

:

| CIEEISE] S

54
ai
s'ol
L
€L
Zl
= S
€l
S'El
¥l
S'Fl
=13
S5l
al
s ol
i1
&Ll
=]
sel
Gi

ly]
D
.'4‘*

abeyg

O JuSUIyoBNY d xipuaddy



064
L0QT sunf SIS Yei( pastaey SYOT

(D) @IAFIOXT VIRIALIED ADAVHISIA HOIH AYVNALSE TAHDLVHVSOOTVD :TI-D TANOIA

By g Mol 00SF OORE S00RD aLruR|d aUnNsesl SUBUWIOHBRd ¥IAODIY
g1 LA Jos Anenss pasn duog

o -

G841 kL 4

m?ﬁ sasodn J Saoue 104

0 €1-4l ¢1-qi TW-28q1 e-¢sql SHO1L0 lebie}
, 62 62 62
oz L S o€
£ I EoIEE | g
c or [ 10V o
5 .
3 I y 3
@ I @
» 7
mo09 109 m
3 | X
@ L - o
D 4]
Q L Q.
D @
o 08 108 @
I S 005P < MOl Auoly ueey ﬂ
i SI2 008Z < Mofd Alyluopy ueel i
0oL F ‘sasealai Aojeinbas YO pue uiseq £¢) ay) woy | 00k
papaadXa aJaM BLIBJLD SBLLI JO Jaquint [e10] sy sluasaidal 1eq yoeg
papaasx3y eLBIID SaWLL O JAquInN

(0002 - G961 WOl sjo 0OSK *? 008Z < SMOJ Alyjuow ueaw)
papaaox3g eusj) abreyosiq ybiH Alen)s3 aayojeyesooje)) salli| JO Jaquinn

D TUSWYoeNy q xipuaddy



16
L00T sunf SIS Yeid posiasy SHOT

(7) GAAAADXE VIMALRLD ADWVHOSIA HOIH XIVALSH ATHDLVHVSOOTVD :€1-D TINOIA

Buseq MOy D0GY Q0BT SOOED BLeUS) SINSEIW SOUBULIONS ¥IACOIY
81-p A rosAiemsa jpasn 1dusg

TEEA NAMAS

819G ¥ A0/FLIL (0B UNY

Aug sasoding Sunrd Jo4

0 ¢1-di 11-491 quw-gsql 1e-gsdil SHOT20 j1eblet
L 6 62
re g¢
0z - %
g | mOIEE | £
o, oy 1 0F e
= |
3 B } 3
| o
% I 7]
mo09 r 109 m
x I | x
9] o
@ L i ®
o ®©
e R}
@
Q 08 108 &
L SJo 00SY < Moj] Ajyauoly Leely ]
i S0 008 < MOl AlLpUo Leap ]
ool F ‘SosSea|al Eoﬁm_:mm._ MO pue uiseq ¢pD aUj wol) | 00}
pApIIIXD SJaM BLIBIID SILL JO 12qQUINU B0 Ay} sjuasaldal Jeq yoeg
i Pap393aX3 LU SPWiL JO JRquInN

(0002 - 5961 wWol} SO OGP ' 008Z < SMOY Ajyjuow uesuw)
papaaax3 eualltn ableyssiq ybiH Atenis3 sayojeyesoolen) sauli] Jo 1equinn

O W oeN Y 7 xpuaddy



267H

L0O0T =unf SIFS Yei( pesiadyg SHOT
(1) VIIALIAD AdOTHANE ALINITVS AUVNALST AAHDLVHVSOOTVD #1-D TANDIA
Oy e ol RirESTS00ES BEUR)L QUNSESW SXUBULONSd HIAODTN
g1°|A 105°Aremsa (pasn iduog
TEGA WM
ArBE.LL 0/DEIL] “XEP UNY
Lup sascding Busuue)d jo4
0 £1-qt c1-G1 W-ZSql 1e-¢sqlL SHO.0 lebre] 0
[4 AN (434t 9l g £l 6 0z L} ¥l 6
4 5 ¢l 5 Tl ¥ 6 v 8 g Zl Y 4
- € 1 £ | ¥ ¥ ¥ ¥ £ € £ 9 *
bl 2 £ £ L1 Lol Z i r 2
- I € Z £ Z 3 < o
g 9 I € Z [ € 4> v 8 0 8
7] Z c [ 4 zz A4 S i o
m 8 I 1 8 g
= 2 =
501 0L 3
4! ¢l 3
avl 512 00gZ < 2breypsp wnwixeyy | V1 a
al s Qo€ > sbueyosip wnuma | g,
al (StpuoLL aAINIBSUOD 10 #} JO 19N JOU BUSILD B SALUT JO Jaquinu ay Juesaxda sjeqe| ele( al
0 €1-ql Zl-91 MW-ZSql 1e-¢sal  SHOIO yobie] 0
« 0Z i€ 8¢ 6¢ 6¢ or _m-\.. 0z =
[~ [ 0 ] g
i ] 2 10 3
w 09 | 22| 5 e E joo g
= 08 108 ¢
200l 4 00! £
S0CL ¢ 1 021 m_.
sovl | jovt 3
2 N R 3
209 (3aQ-uer) seses|al AoJEINGaY Y07 ) 3P YIO0SZ < MO SUUOW Jo JaquING jeucsippy [ - 091 2
W 08i N (39Q-uBr) uiseg £H-D WOl 8JO008T < MOy SYIUCUI JO JBGUINN ﬂ |.. 081 W
00Z + (Repw-aop) soseas Aip auyy Guunp sasea@l Loeinbal yo § uiseq g~ Wl $J200¢ > Moy SLEUOW JO JaTHMNK 4 007
(0002 - S961 smojs Ajyluow ueaw) Alenys3 aayojeysooied
ay} Joj 1aN LON eusiu adojaAug Auljes saul jo JaguinnN
D JuoumorNY 4 xipuaddy



£6-d
L00T sung

STHS JeI(d posiay SHO'T

(0 VIITALIID AdOTIANT ALINI'TVS AAVALST AAHDLVHVSOOTIVD :ST-D TANDIA

By req Moy Ayines T s00[ED BLBLILS 8INSEdy SIUBLLIOHEd HIAQDTIY
g1 1A 1osAEmss (pasn iduog

TEGA NAMIS

SLOS L S0ibliL) “EP UNY

Aup sasoding Buuued lo4
0 Z21-qi L1-gl Jqw-ZsqiE  1B-¢sdl  SHO0 1ebre|
7L T 51 8 9. ¢ £l 6 0z L1 vl o6
r4 G i v 0l v 6 v 8 9 Zi L oLl
- €1 v € v ¥ v ¥ £ ¢ Z 9
a ¥ € L ¢ [ L Z ]
= zZ € A z 1 Z
g 9 4 I € I € ¢ € v g
2 z C Z ¢ Z ¢ rA g L
m 8 3
& !
30l
3zl
3
avl SJ0 008Z < S0IRYOSIP Wintixey
ol 10 00€ > ebieyosip wnuwiuy
at {SpuoLL SANNIBSUOD O #} JO} 19 10U BUSILD B SO JO Jaquunu ay) juesaids) sjadqe] ejeq

Zi-qi L1-gL.  Tw-gsqlL  1e-gsdl  SHOH0 efie)

0

« 02 | € 6€ 6€ 6€ .
=
> 0 3
fni L ] = ..
3 00 .
5 08r .
goolL -
s 0FL [ y
200l .
= 3 {0ag-uer) ssseajas AojEINBaY Y01 0} SNP SIBO0GT < MOy SUCW Jo 1aquinu Buagippy [ | A
m 08l r (98Q-uer} uiseq -2 WO SI9N08T < MOY SYIUOL JO JBQUINN 7]

OON - (Aep-AON) uosBas AIp auy Buunp sasearal fluoe nBas 307 ' uiseq €p-0 Wol Sja00C > MOy SUILOW JO JXTUNN -

(000Z - G961 mao_h Ajqiuow ueswi) Alenjs asydjeysoojen
3y} 10 18I LON eusiuD adojaaul Aluies sawi Jo JaquInN

© T N O

clL
143
a9l
8L

0c
oy
a9
08
001
0ci
ori
091
081
00¢

SLPLOWU SAINDBSU0 JO #

18U JOU BUSILD MO} SUILOW JO #

D JUUIYOENY

g xrpuaddy



P64
L00¢ aunf STHS Jel(g pasiacy SY0'1

HALLVNYALTV NOLLDVY ON
‘AAVALSH FAHDLVHVSOOTVD FHL OL SMO'TA A0 NOLLAGIILSIA TVANNY :91-D TANOIA

SN N N N N LN Y N N N
T T TS S
VYo WY YEF TS

T 0

L 0001

- 0521

- 00GL

- 0621

0002

0sec

00s¢

0SL¢c

(120K § J\) SWINJOA MO]} Jenuue [e}o)

000t

0G5ee

00se

(o¥448) O &em
6/SH

05t

ocoy

SAIRUWIB}Y UOOY ON :Alen)s3 JSAIY 93YD)BYBSOO0|R) 0 SMO|4 JO UonnqgLisiq [enuuy

2 JUSUYIRNY A xipuaddy



§6-d
L00¢ sunf SIS Yei(d p=siacyg SH01

tL HIALLVNIALTV
‘AAVALST TAHDLVHVSOOTVD HHL OL SMOTA A0 NOLLAGIILSIA TVANNY :L1-D TINDIA

0052

0S¢

(=]
Qo
=)
o™
(1234 / J¥)|) SWN|OA MO}} [ENUUE {E}0)

000¢

0Sce

00s¢E

S ] (euus) oo
. 6/SH

0S¢

000%

€1 aAnReuIa)Y :Aienjsg JaAlY 33Ud)eYRSO00jR) 0} SMO|H JO UoRNqUSig [enuuy

D JuSWoenY d xipuaddy’



96-4
LOQT ~unf SIAS Yei( pastasy SYO1

HALLVNYALTV NOLLDV ON
‘X4VNALSE AAHOLVHVSOO0TVD HHL OL SAOTA A0 NOLLAGIYLSIA TYNOSVAS :81-0 TANOI

{4v3) Moy} Ajyruow abesoae

001

0LL

0zL

e o€l

oo (ouds) o el ovl
_ 6.Sm

0S4

aAIeUId)[Y UOHOY ON :Aienjsg JaAly 29UD)eyBSOO|BY) 03 SMO|4 JO UolNqLisI] |[euosess

D Juauroeny g xtpueddy



L67d
L00Z sunf SIS JeIJ pesiacy Y01

€L JALLVNYALTV
‘AAVALSE FTHDLVHVSOOTVD HHL OL SMOTA 40 NOILNGIILSIA TYNOSVAS :61-D HANOIA

oe

! oy

T 0S5

- 09

0L

08

06

0ol

{41} mol} Alyuow afieiane

oLl

ocl

oglL

(942.S) O ovem
6.Sm

orl

0GL

€1 @AneuId)[Y :Afen)sT JoAIY 99Ydjeyesoo|e ) 0} SMO|4 JO UonNq)SIJ [BUOSeaS

ORLC el g x1puaddy



86-d
L00T 2unf STHS YeI( pastaay SHOT

(1) AIAITIDXA VINALID IDAVHISIA HOIH AAVALSHE AIDNT LS :0T-D HAADM

By eq MO DO oIS IMUBU| S ainsesiy sjuewousd 43A003y
81 |4 Ups’Alenisa pan yduog "BJOIG AuLen)sa 0} spredul aiaaas Huisned Alen)se aujue sy
D N | aepuny  INOUBRCI SUOIIPUCD JBjemysayy U1 J1Se) S2 DL 2A0E Smolj Ajpuow ueey (sseifiieoys g siajsho ‘Ba
kg savoding Buauuely o3 SANINULLOY J1iuag juepodwi jo Juawdojaaap ayl slowold YaIym SUOINPUOY AJUIES S[qEINS 3DIAQH
Ajeanaioaly jjim 1eyl (s 00gz) Aemse ay) so) padojaaap SEM Moj A|LRUCL WNWXELL S|JEIOAR] Y (SION
0 €1-ql ¢1-qi JW-2sql Te-2sql SHO120 jebie |
(A 1z
i€ be 0e Ie
Z | ] P
o 1€l 1z o
oye 172 e,
5 -
a | { 3
D (4]
w (7]
moe - 19¢ m
x x
(=] (e
8 | 13
2 | &
® D
gy | {8y 2
S 00CE < Mol Aauo ueapy |
S 000 '8 000T Uasmyaq Mol AYIUCH Ureay
.u "saseatas Auojeinbal YO pue wised YIOMINOS [BPIL WJOUUON {EPLL ‘¥23 €20 'vr#D | 09
09 Wil papaadXa alaM BLILID SalUl JO 13quunu |el1C] 2u} sjuasaldal teq yoeg
pPopa’daNT LLIRID SIWLL JO JSqQUIRN

(000Z — G961 WoJj SJO 000Z < SMo| Ajyjuow ueaLu)
papaaox] eusiun abieyosig ybiH atonT 1S sawil] Jo JaquinN

) JUSTUIYIBNY A xtpuaddy



664

L0QT 2unf STHS Jeid pastacy SHO1
(7) AIAIIADXT VINALIED ADYVHISIA HOIH AAVALST AIDNT LS :1Z-D TANOIA
By req Moy BOOT NS SuIRuI) S 8INSERN SOUBULIONAY ¥3IAOQJ3Y
8114 ‘0w Aemsa pasn 1duag "ejolg auuemse o) spedwi aiaaas Buisnes Aiemss ainus auy
TEGA NAMIS s -
tracys onpizs mepuny  NOUENOIY) suonipuoD Jajeamysay u yNsas S (OE SA0GE SMof Aol uesyy (sseibieoys g sisjsho Ba)
fup sasoding Sunamd 1o SIHUNUAILIOS Jnpuaq Jepodwl jo jiewdosaap ay ajowsold yaym suoipuod Ayules siqepns apiscid
Ayjeonaloay) [ 1Y) (S)0 000Z) AremiSa a1 Joj padojarap Sem Mo AJLAUOLU WINLIXEW JI(BICAE} Y ‘SION
0 Z1-ql L1-49L Tw-¢£sqi 1e-¢sql SHO'120 Jobie}
FA
Z
i bE fe 0e IE

< [ ] =
o 30} |2 o
e - 1¥Z 8,
0 =
3 r 1 3
® ] @
7] »
et 19€ m
5 5
o) i o
@ B ®
Q. ) Q.
(99} @
o8y 4 8% &

S12 DOOE < Mo AlLpuoly ueay
SJ2 OOE '8 000T usemiaq Mo|d Ajuuoyy uesiy

09 - "saseala) Aojeinfal ¥OT PUB LISEE YIOIINOS |EPIL SHOUION (BPLL ‘¥2D ‘€20 '¥#9O 4 g9
WO} PAPasIXa 1M BLSILII SIWI JO 19quIny [B10) AU} Siuasaldal feq yoes
papaasya PLIBILD SIWIL JO JAQUINN

(0002 - G961 WOl SJo 000Z < SMO|} AjYjuow uesw)
papeaaoxd euslu)) ableyosiq ybiH aonT 1S sauldij JO Jaquunp

O JusuIoeny g xipusddy



LO0Z sunf

0o1-9

SIS JelJ pasiasy Y01

(D VIMALIED AdOTAANT ALINI'TVS AAVALSH HIDAT LS :TT-O TANOIA

B e e oy 12 8INSESY BJUBULIOPS] ¥INODTY
8| 20t lremsa jpasn 1dusg

TEEA WANIS
#PBEL L DOVOC!E | Jovep uny
Aup sasoding Buiuueg 104

= 0
m 4
i
g
58
2oL
oZl
il
gol
28l
wcm
0
* 82
w 9
-
=
2 opl
wm@r
> 961
2 yzz
3 76z
08z

€i-qi ¢1-9L  w-gsqlL e-gsal  SHouo wbiel

9t ¥l £ ¥l 9t Gt £ Gl 8t g1
SOEEIONE S B B
PLtl cf v
AN A SR A R A A
S T A i

‘Ajanyoadsa: spolad Aep-p| g SUIUOW SANNJSSUCY " '£'Z'| 1O} 15W Jou a1am eus) abieyasip

(sp 0poE<) wreuey a4 g (52 0GE>) WU BY) SeWWR Jo Jaquuny 8y sjuasaidal |aqe elep yoeg

€1-ql ¢l-qlL  Jw-gsdl e-gsdl  SHO1.0 iebeg

[ [ 1274
L 61 6l ¥ 12 it a
. Dall=dt RE B

saseaisl Acjeinbay 4O Woy SABp pl =< S9000C < MOy a6aJare BuAow ABD-p| Satul) JO JOGIINU [BUCLIPDY H_
+ SUISEN 1820 Wty 8ABY ¥| =< 10j YIDOOT < Moy 2besarB U ABp-i S3LH)} JO JaqUINN .
£]90GE » MOy ABEIAAR SLHUOW JO JAHUNN

PR I NI T T NN IR B

(000Z - G961 smoi Alyjuow uesw) Alems3 aton 1S ay) 1oy
18 LON euallin adojaaug Auies sawi Jo JaquinN

O OTNODRWFTND
Lol B i

0c

spovad ABp-pi JO “SOL) SARNIASUOD JO #

8¢

99

t8

[43"
or!
801
96!
vie
cse
08¢

8L JOU BUSILD MOJ SLIUOUL JO #

O WS OENY

q xipuaddy



1014
£00T sunf SIS Yeli( pastasy SHOT

(D) VIHALIED AdOTAANA ALINTTVS AAVALST AIDNT LS :€7-D TANOIA

Byseq Moy~ Al (es” ongs Tsweusy3 aInSEeN SIUBUIONSY HINODTY
8114 ‘o5 lienisa -pasn idusg 1T
Toeh WAMS

LIBG°#) BO/PLILL SEep UNY

:uQ) sasofding Buiuueld 104

cl-qL L1-ql  Tw-Zsqi 1e-gsdal  SuQo.0 1ebie)

* 0 0 =

=3 z i ww 9 vl 9t Gl 1t Gl gt 8l z =3

g . &Y Fe g % Rt 1% .8

g ¢ ¢ b & b g & & ¢ g

£ 9 w w 1 ¥ I ¥ 1 ¥ m 14 9 =4

38 I 8 &

3 1 Lz L 4 z 3

2 oL w i m L m L m I L ot 2

oCl Ch g

rs 4 bl =

gol ol §

28l ‘Ai@andadsal spoLad ABp—p) 9 SLEUOL SATNJASIGY ~"£'Z'| J0} 13U 10U alam euaws abrewpsip | 91 m

mom {sp pOOZ<) wnwixey 8y} 3 (82 0GE>) WNWIEY B4 SHWR {0 JaqLINU ay) syuasaidal jagel elep yde | 02 §

7] n

0 ¢1-qi PI-gL T-2sdql 1e-gsql S’O1.0 1ebre| 0

2 BCr 62 oL ") "] z 182 =
W.. 9 1 96 .w.,.
3 v8 - 9% 8% 6 75 1v8 3
ST £ 12 2
Forl | 4 ovL g
so0L [ 1801 3
296l | 7 961 5
2 vee + sasualal Acierbay %07 woy sABp ¢l =< SPOOOC < Moy abaraae Buinowl Aep-| sawn JO JAGUINY (eUoHIpPYy - ¥cc 2
a zez L « SUIRBQ [B30] WOY SABP pi =< J0j 30007 < Moy obean8 BuIAOW ABP-| SN JO JqUINY 4 zse ]
- 08z - B[I0SE > MOy 00BISAR SUIUOLU JO JBEHUNN 4 08z -

(0002 - G961 smojs Alyluow uesw) Alenis3 slon IS 8y} 1o}
19N LON euajD adojaAug Ajuies ssuwi Jo JaquinN

D JuoTyIeRYy g xrpuaddy



¢01-4

L00¢T sung STHS Jel pasiasy SHOT

JAILVNYALTV NOILDV ON
‘AYVNALST 100T LS FHL OL SMOTH A0 NOLLAGIILSIA TYANNY :$7-D TANOL
SEESFEEEFEEEETESFEFESSSISSESFSISESESS

(1eek ; Jy0]) aWINjOA MO} [ENUUE |B}JO}

(9480€S) 'O 1w
08-S Molegd 1S B

aAljeUIB)|Y UCHOY ON :Alenjs3 19N “}§ 0} SMO|d JO uonNquU}siq [enuuy

D) WSWORNY q xipuaddy



Attachment C

Annual Distribution of Flows to St. Lucie Estuary: Alternative T3

B SLE Below S-80
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SIMULATION RESULTS

An enormous amount of output is generated from each SFWMM simulation and post-processed
Performance Measures and Indicatiors. Selected graphical summaries of the performance of
each of the 2006 LORSS SEIS alternatives evaluated are presented and discussed in this
attachment. The complete set of performance measure output for all alternatives evaluated under
this study is available on the COE web page for LORS Modeling, at the following web address:
http:/hpm.sfrestore.org/loweb/sfwmm/.  Simulation results for the 2006 LORSS SEIS
alternatives are available under the informational runs link on this page. The alternative
overviews provided in this section have not been modified from the appendix presented within
the 2006 LORSS SEIS draft report; requests for additional information from public comments to
the 2006 LORSS SEIS draft report have been incorporated into the presentation of the 2007
LORSS SEIS alternatives, where applicable.

The best hydrologic performance measures are those which provide a quantitative indication of
how well (or poorly) an alternative meets a specific objective. These hydrologic performance
measures are useful surrogates for ecosystem benefits and impacts. Although not presented
herein, further evaluations of the results from water quality, ecological, and economic
perspectives will be performed as part of the LORSS. Because it was not possible to include all
seven alternatives (plus the No Action Alternative) into one graphical plot, three plots having the
same performance measures are generated to show the appropriate comparisons. Simulation
results for all alternatives, compared to the No Action Alternative, are summarized for the
following regions: Lake Okeechobee, Estuaries and Bays (includes Caloosahatchee and
St. Lucie estuaries), WCAs and ENP Flows, and Water Supply. Table D-1 summarizes the
naming convention used to display the performance measures for each alternative, as names are
limited to six to eight characters.

TABLE D-1: PERFORMANCE MEASURE LABELS FOR ALTERNATIVES

Alternative PM data label
no action alternative 07LORS
LORS-FWO alternative lors-fwo
alternative 1hS2-A17.256 alhS2-A
alternative 1bS52-m albhS2-m
alternative 2a-B alt2a-B
alternative 2a-m altZza-m
alternative 3-B alt3-B
alternative 4-A17.25 altd4-A,

Lake Okeechobee

A review of the simulation output for Lake Okeechobee requires consideration of a wide range
of performance metrics including flood protection, lake ecology, and navigation. Figures D-1
through D-8 are examples of the modeling results as related to the following discussion. All of
the figures can be reviewed at: http:/hpm.saj.usace.army.mil/loweb/sfwmm.
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Appendix E Attachment D

A. Regulatory Releases

An overview of the trends of alternative performance is captured from a review of the
performance measure showing average annual flood control releases from Lake Okeechobee and
the associated distribution to tidewater through the L-8 canal, the SLE through S-308, the
Caloosahatchee Estuary through S-77, and south to the WCAs through S-351 (to the
Hillsborough and North New River Canals) and S-354 (to the Miami River Canal), which are
shown in Figures D-1 through D-3. Ranking the alternatives with respect to average annual
flood control discharge to the SLE, the following trend is observed (highest to lowest):
Alternative 2a-m; Alternative 2a-B; Alternative 4-A17.25; Alternative 3-B; No Action
Alternative (labeled as 07LORS in all performance measure graphics); LORS-FWO and
Alternative 1bS2-m; and lastly Alternative 1bS2-A17.25. Ranking the alternatives with respect
to average annual flood control discharge to the Caloosahatchee Estuary, the following trend is
observed (highest to lowest): Alternative 2a-m; Alternative 4-A17.25; Alternative 2a-B;
Alternative 1bS2-m; Alternative 1bS2-A17.25; No Action Alternative; LORS-FWO; and lastly
Alternative 3-B. Generally, the alternatives that most significantly lower the lake stages result in
the most significant increase in discharge volume to the estuaries. This point is emphasized by
the assumption of the treatment capacity constraint for STA-3/4, which is utilized to limit the
average annual volume of lake regulatory releases passed south to STA-3/4 from S-351 and
S-354 to a comparable volume for the no action condition and all evaluated LORSS Alternatives.
Potential changes in flows to the estuaries will be later discussed in this section.

B. Stage Duration Curves: Flood Protection and Navigation

The stage duration curve for Lake Okeechobec is a key indicator of relative alternative
performance (Figures D-4 through D-6). Two alternatives, LORS-FWO and Alternative 3-B,
demonstrate a trend to reduce lake stages by approximately 0.1 to 0.5 feet compared to the
current WSE regulation schedule (the No Action Alternative). Three alternatives, Alternative
1bS2-A17.25, Alternative 1bS2-m, and Alternative 4-A17.25, demonstrate a trend to reduce lake
stages by approximately 1.0 to 1.2 feet.  Two alternatives, Alternative 2a-B and
Alternative 2a-m, demonstate a trend to reduce lake stage by greater than 1.2 feet, up to
approximately 1.5 feet. Peak stages for the No Action Alternative and the other alternatives are
summarized as follows: 18.50 ft, NGVD for the No Action Alternative; 18.03 ft for Alternative
LORS-FWO; 17.48 ft for Alternative 1bS2-A17.25; 17.23 ft for Alternative 1bS2-m; 17.13 ft for
Alternative 2a-B; 17.05 ft for Alternative 2a-m; 18.04 ft for Alternative 3-B; and 17.22 ft for
Alternative 4-A17.25. Three of the alternatives plus the No Action Alternative show simulated
stages above 17.25 ft, NGVD: 331 days for the No Action Alternative; 59 days for LORS-FWO;
12 days for Alternative 1bS2-A17.25; and 107 days for Alternative 3 (note: 13,149 days in the
SFWMM 36-year POR). Aviodance of the 17.25 feet elevation offers additional protection for
public safety and the HHD. Extreme high lake stages have also been documented to adversely
impact the plant and animal communities, through processes which include the following:
physical uprooting of emergent and submerged plants; reduced light levels in the water column
due to increased suspended sediment; and littoral zone exposure to increased nutrient levels from
the water column. The frequency of occurence for lake stages above 16.0 feet, 16.5 feet, 17.0
feet, and 17.25 feet are summarized in Figure D-7.
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Appendix E Attachment D

Alternatives observed to most significantly reduce the extreme high water stages for Lake
Okeechobee (upper ten percent of the stage duration curve) also show the most significant
reduction in lake stages during dry conditions (bottom ten percent of the stage duration curve).
Increased fequency of low water conditions can adversely impact the health of the Lake
Okeechobee littoral zone through increased susceptibility to fire and drought conditions, habitat
loss, expansion of exotic and invasive vegetation, and oxidation of organic soils. The minimum
simulated stages for Lake Okeechobee are summarized as follows: 9.61 feet for the No Action
Alternative; 9.11 feet for LORS-FWO; 8.88 feet for Alternative 1bS2-A17.25; 8.82 feet for
Alternative 1bS2-m; 8.36 feet for Alternative 2a-B; 8.27 feet for Alternative 2a-m; 9.07 feet for
Alternative 3-B; and 8.42 feet for Alternative 4-A17.25. Increased frequency of low water
conditions may also potentially impact recreational and commercial navigation and availability
of lake supply for water supply needs. The number of days below 12.56 fect elevation is stated
in the following summary: 2577 days for the No Action Alternative; 3336 days LORS-FWO;
4809 for Alternative 1bS2-A17.25; 4842 days for Alternative 10S2-m; 5141 days for Alternative
2a-B; 5776 days for Alternative 2a-m; 3260 days for Alternative 3-B; and 4841 days for
Alternative 4-A17.25.

C. Lake Okeechobee Ecology: Extreme High Stage, Extreme Low Stage, Stage Envelope

RECOVER is an arm of the CERP responsible for linking science and the tools of science to a
set of system-wide planning, evaluation and assessment tasks. The most current (as of March
2006) RECOVER performance measures for Lake Okeechobee: extreme low lake stage, Lake
Okeechobee extreme high lake stage, and Lake Okeechobee stage envelope, were utilized to
evaluate the alternatives of the LORSS effort. In-depth documentation and rationale for these
performance measures is available through the RECOVER performance measure documentation
in the draft RECOVER CERP System-wide Performance Measures report (RECOVER, 2006), at
the following web address: www.evergladesplan.org/pm/recover/eval_team_perf_measures.cfm.
Extreme low and extreme high lake stage are evaluated with response curves. For extreme low
lake stage, zero weeks below 10 fi, elevation NGVD responds to a score of 100, and 540 weeks
or greater with stages below 10 ft responds to a worst case situation (15 weeks per year over 36
year simulation period), with scores linearly varied between the two extremes. For extreme high
lake stage, zero weeks above 17 ft elevation responds to a score of 100 and 396 weeks or greater
with stages above 17 weeks responds to the assumed worst case situation (11 weeks per year),
with scores linearly varied between the two extremes. The resultant standard scores for extreme
low and high lake stage are summarized as follows, with low score followed by high score:
99/83 for the No Action Alternative; 95/90 for LORS-FWOQO, 87/99 for Alternative 16S2-A17.25;
87/99 for Alternative 1bS2-m; 83/100 (rounded up) for Alternative 2a-B; 78/100 (rounded up)
for Alternative 2a-m; 92/85 for Alternative 3-B; and 85/99 for Alternative 4-A17.25.

The stage envelope performance measure similarly documents the benefits of seasonally-variable
water levels within the range of 12.5 feet (June-July low) and 15.5 feet (November-January high)
on the plant and animal communities of Lake Okeechobee. The conceptualization of the optimal
stage envelope seasonal variation is shown in Figure D-8. The comparison actually utilizes
smoothed boundaries for the upper and lower envelope); in simplified terms, penalty points are
assigned to cach alternative based on deviations outside of the envelope, with increased penalty
points with increased distance away from the optimal envelope. The worst case scenario for
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variability above the stage envelope is assumed to be one where the lake stage hydrograph is
always in the poor zone (one foot outside of the stage envelope), which equates to a total score
of 1872 foot-weeks; the response curve is a line between O (target, score of 100) and 1872
foot-weeks (score of 0). For deviation of lake stage below the envelope, the target is 192 weeks.
This is the score that would be obtained if all years had hydrographs within the optimal zone,
except for once per decade the stage falling to just below 11 feet elevation for an average of three
months. The response curve is a line between 192 (192 foot-weeks or less receives a score of
100) and 1872 foot-weeks (worst case scenario receives a score of zero). The resultant standard
scores for lake daily stage (RECOVER performance measure specified weekly stage, but only
daily stage comparisons are available within the LORSS evaluation timeframe) above and below
the stage envelope are summarized as follows, with the above score followed by the below score:
75/56 for the No Action Alternative; 63/62 for LORS-FWOQ; 34/80 for Alternative 1bS2-A17.25;
33/82 for Alternative 1bS2-m; 24/90 for Alternative 2a-B; 9/94 for Alternative 2a-m; 60/53 for
Alternative 3-B; and 28/86 for Alternative 4-A17.25. The percentage of time within the stage
envelope was also identified for all alternatives as comparable, ranging within a narrow band
from 25 percent (Alternative 3) to 32 percent (Alternative 2a-B) of the 36-yearPOR. Given the
similiarity of time within the stage envelope band, additional focus was placed on the deviation
of stages when outside the stage envelope band; alternatives observed to most significantly
reduce the extreme high water stages for the lake will score better for the stage envelope above
and tend to score lower for the stage envelope below.

Estuaries and Bays

One of the objectives for managing Lake Okeechobee levels was to reduce the number of high
regulatory discharges to the Caloosahatchee and St. Lucie estuaries. Recognizing the need to
lower the high lake levels, a strategy was incorporated into the alternatives to make more low-
level (environmentally friendly) releases to avoid the high-level regulatory releases. Figures D-9
through D-23 are examples of the modeling results as related to the following discussion. All of

the figures can be reviewed at: http:/hpm.saj.usace.army.mil/loweb/sfwmm.

A. Caloosahatchee Estuary

For all the alternatives, the mean monthly flows between 2800 and 4500 cfs were essentially the
same or decreased. For mean monthly flows greater than 4500 cfs, only two alternatives had the
same or less events: LORS-FWO and Alternative 3-B. The rest of the alternatives had an
increase of two to three events of high flow with the exception of Alternative 2a-B which had an
increase of seven events of high flow. The base condition and all alternatives were about five
times greater than the target for high flows.

In addition to the number of mean monthly flows, the duration of high-flow releases
(consecutive months of >4500 cfs) are of concern. All of the alternatives showed significant
differences in the duration of mean monthly high-flow events. A discussion of the longest
duration of the total estuary high-flow will be presented in this attachment. The worst case for
No Action Alterative (base run) was 24 periods of two to three months duration of high-flow.
The worst case for LORS-FWO was 23 periods of two to three months duration of high-flow.
The worst case for Alternative 1bS2-A17.25 was seven periods of six to seven months duration
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of high-flow. The worst case for Alternative 1bS2-m was four periods of four to five months
duration of high-flow. The worst case for Alternative 2a-B was seven periods of six to seven
months duration of high-flow. The worst case for Alternative 2a-m was four periods of four to
five months duration of high-flow. The worst case for Alternative 3-B was seven periods of six
to seven months duration of high-flow. The worst case for Alternative 4-A17.25 was seven
periods of six to seven months duration of high-flow.

For the mean monthly flows less than 300 cfs, all the alternatives significantly reduced the
number of events (by almost half the number). Alternative 2a-B, Alternative 2a-m and
Alternative 4-A17.25 showed the least improvement.

B. St. Lucie Estuary

For all the alternatives, the mean monthly flows between 2000 and 3000 cfs were nearly the
same or decreased. For mean monthly flows greater than 3000 cfs, the alternatives had mixed
results. For LORS-FWO, Alternative 1bS2-A17.25, Alternative 1bS2-m, Alternative 3-B, and
Alternative 4-A17.25 there was a slight reduction of high-flow events. Only Alternative 2a-B
and Alternative 2a-m had a greater number of flow events greater than 3000 cfs. The base
condition and all alternatives were two to three times greater than the target for high flows.

In addition to the number of mean monthly flows, the duration of high-flow releases
(consecutive months of >3000 cfs) are of concern. All of the alternatives showed differences in
the duration of mean monthly high-flow events. A discussion of the longest duration of the total
estuary high-flow will be presented in this attachment. The worst case for No Action Alternative
(base run) was six periods of six to seven months duration of high-flow. The worst case for
LORS-FWO was nine periods of four to five months duration of high-flow. The worst case for
Alternative 1bs2-A17.25 was eight periods of four to five months duration of high-flow. The
worst case for Alternative 1bS2-m was seven periods of six to seven months duration of high-
flow. The worst case for Alternative 2a-B was seven periods of six to seven months duration of
high-flow. The worst case for Alternative 2-m was seven periods of six to seven months
duration of high-flow. The worst case for Alternative 3-B was seven periods of six to seven
months duration of high-flow. The worst case for Alternative 4-A17.25 was eight periods of
four to five months duration of high-flow.

For the mean monthly flows less than 350 cfs, the minimum flow needs were generally thought
to be met by intervening flows (including groundwater flows). With regard to releases from
S-80, most alternatives had essentially the same number of low-flow months as the base case.
There were three notable differences: Alternative 2a-B and Alternative 3-B had more low-flow
months while Alternative 2a-m had fewer low-flow events.

C. Lake Worth Lagoon
For all the alternatives, the number of times the two-day moving average flow was greater than

1000 cfs decreased. The number of times the seven-day moving average flow was greater than
500 cfs were nearly the same except for slight increase in LORS-FWO, Alternative 2a-B and
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Alternative 2a-m. The number of times the seven-day moving average flow was equal to zero
remained unchanged for all alternatives.

D. Biscayne Bay

Flows to Biscayne Bays were essentially unchanged (+ 1 to 2 kAF/yr) in all the alternatives.

E. Whitewater Bay

For most alternatives, there was less than a 3 kAF/yr reduction in overland flow. However,
Alternative 4-A17.25 and Alternative 2a-m had a 4 and 5 kAF/yr reduction in overland flow,
respectively.

F. Florida Bay

Flows to Biscayne Bays were essentially unchanged (+ 1 kAF/yr at most) in all the alternatives.

WCA and ENP Flows

The flow changes, as related to the various alternatives, in the WCAs and ENP are discussed in
this section. Generally, the flow changes (as indicated by the transect flows) in these areas are
relatively small. As a result of greater-than-normal lake mixing from recent hurricanes, the
STA-3/4 flow constraint of approximately 63,000 acre-feet/yr reduces the amount of flow from
Lake Okeechobee that normally goes directly to WCA 3A; this is because of the increased
loading that could occur due to an increased suspension of nutrients in Lake Okeechobee. The
STA-3/4 flow constraint is included in all the alternatives as well as in the No Action Alternative
base condition. Figures D-24 through D-26 are examples of the modeling results as related to
the following discussion. All of the figures can be reviewed at:
http://hpm.saj.usace.army.mil/loweb/sfwmm.

A. WCAl

Flows across Transect T1 show little variation (+ 1 kAF/yr) in all the alternatives.

B. WCA2A

Flows across Transect T2 show some variation in the alternatives. Alternative 1bS2-A17.25 and
Alternative 1bS2-m show an increase of about 6 kAF/yr, LORS-FWO, Alternative 2a-B and
Alternative 3-B show little change (-1 or -2 kAF/yr); and Alternative 2a-m and Alternative 4-
A17.25 show a decrease in flow (-5 and -6 kAF/yr).

C. WCA3A

Flows across central WCA 3A (Transects T6 and T7) show slight variations between
alternatives. Alternatives LORS-FWO, 1bS2-A17.25, 1bS2-m, 2a-B and 3-B show overland
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flow differences of about + 3 kAF/yr. Alternative 2a-m and Alternative 4-A17.25 show
decreases of -13 kAF/yr and -7 kAF/yr.

D. ENP

Overland flows into ENP are shown as Transects T17 and T18. LORS-FWO decreases flow
(-4 kAF/yr); Alternative 1bS2-A17.25 increases flow (2 kAF/yr); Alternative 1bS2-m shows no
change; Alternative 2a-B decreases flow (-6 kAF/yr); Alternative 2a-m decreases flow
(-13 kAF/yr); Alternative 3-B decreases flow (-4 kAF/yr); Alternative 4-A17.25 decreases flow
(-9 kAF/yr).

Water Supply

All alternatives evaluated, including the No Action Alternative, assume operation of the
SFWMD temporary forward pumps for water supply at S-354 (400 cfs), S-351 (600 cfs), and
S-352 (400 cfs). Based on preliminary operational guidance from the SFWMD, the pumps are
simulated to trigger on for water supply demands if Lake Okeechobee stage falls below 10.2 feet;
the pumps are assumed triggered off when Lake Okeechobee stage recovers to 11.2 feet. The No
Action Alternative assumes the existing SSM line (set by the SFWMD) to be in place. Based on
guidance from the SFWMD, a modified SSM line and operations are anticipated to be
implemented in advance of any new regulation schedule resultant from LORSS; all alternatives,
therefore, assume a one foot lowering of the existing SSM line as a surrogate for the anticipated
SSM changes by the SFWMD (this assumption is based on a recommendation from the
SFWMD). The No Action Alternative is the only alternative to utilize the existing SSM line. In
order to provide additional data related to the assumed lowering of the SSM line, a sensitivity
model run was completed for the Preferred Alternative with the SSM line returned to the existing
(same as the No Action Alternative) level.

Three performance measures are presented to compare the potential water supply impacts of the
alternatives. Particular emphasis is given to water supply impacts under the most significant
drought conditions experienced within the simulation POR, as water supply needs under drought
conditions are highly susceptible given the observed lowering of Lake Okeechobee stages under
the alternatives. Figures D-27 through D-32 are examples of the modeling results as related to
the following discussion. All of the figures can be reviewed at:

http://hpm.saj.usace.army.mil/loweb/sfwmm.

A. Everglades Agricultural Area

Simulated water supply effects to the EAA are shown based on the performance measure for
mean annual EAA Supplemental Irrigation, demands and demands not met. The alternatives are
ranked in order of the mean annual volume of demands not met during the drought years of
1971, 1975, 1981, 1985, and 1989, with increased demand not met indicative of higher potential
impacts to EAA water supply: 27,000 acre-feet of demand not met for LORS-FWO (6% of total
demand is not met); 37,000 acre-feet for Alternative 3-B (8% not met); 44,000 acre-feet for the
No Action Alternative (10% not met); 67,000 acre-feet for Alternative 1bS2-A17.25 (15% not
met); 73,000 acre-feet for Alternative 1bS2-m (16% not met); 84,000 acre-feet for Alternative
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4 A17.25 (18% not met); 103,000 acre-feet for Alternative 2a-B (22% not met); and the highest
of 134,000 acre-feet for Alternative 2a-m (27% not met).

B. Lake Okeechobee Service Area

Simulated water supply effects to the LOSA are shown based on the performance measure for
mean annual LOSA Supplemental Irrigation, demands and demands not met. The alternatives
are ranked in order of the mean annual volume of demands not met during the drought years of
1971, 1975, 1981, 1985, and 1989, with increased demands not met indicative of higher potential
impacts to LOSA water supply: 15,000 acre-feet of demand not met for LORS-FWO (5% of
total demand is not met); 18,000 acre-feet for Alternative 3-B (5% not met); 24,000 acre-feet for
the No Action Alternative (7% not met); 28,000 acre-feet for Alternative 1bS2-A17.25 (8% not
met); 30,000 acre-feet for Alternative 1bS2-m (9% not met); 39,000 acre-feet for Alternative 4-
A17.25 (11% not met); 45,000 acre-feet for Alternative 2a-B (13% not met); and the highest of
56,000 acre-feet for Alternative 2a-m (17% not met).

C. Lower East Coast

Simulated water supply effects to the Lower East Coast are shown based on the number of
months of water supply cutbacks for the 36-year POR. The performance measure graphics
selected show the number of months under cutback (all cutbacks are phase 1 cutbacks for the
LORSS Alternatives) for each of the following LECSA: Northern Palm Beach County,
LECSA1, LECSA2, and LECSA3. Phase 1 cutbacks can be induced by one of three triggers:
Lake stage in SSM Zone (indicated by upper label on figures D-30 through D-32), local trigger
well stages (lower data label; as expected, this changes minimally for the regulation schedule
alternatives), or dry season criteria (indicated by the middle data label; phase 1 restrictions
remain in place until the end of the dry season if water restrictions from the Lake or local
groundwater triggers occurred anytime during the dry season). For LECSA Northern Palm
Beach County, the No Action Alternative shows 31 months of simulated cutbacks; slight
increases to 33 months are observed in the simulation results for Alternative 1bS2-A17.25,
Alternative 1bS2-m, Alternative 2a-B, Alternative 2a-m, and Alternative 4-A17.25; significant
reduction of cutback months are observed with 16 months under cutback for the LORS-FWO
alternative and Alternative 3-B. The same trend is observed in the simulation results for
LECSA1l, LECSA2, and LECSA3. The No Action Alternative simulation results show 31
cutback months for LECSA1, 80 cutback months for LECSA2, and 31 cutback months for
LECSA3. Alternatives 1bS2-A17.25, 1bS2-m, a2a-B, 2a-m, and Alternative 4-A17.25 slight
increases to 33 cutback months for LECSA1, 82 cutback months for LECSA2, and 33 cutback
months for LECSA3. Alternative LORS-FWO and Alternative 3-B show a significant reduction
to 16 cutback months for LECSA1, 71 cutback months for LECSA2, and 16 cutback months in
LECSA3.

D. SSM Sensitivity Simulation
The above general overview of water supply performance measure trends is dependent on the

assumption for the SSM line. As previously summarized, modified SSM line and operations are
anticipated to be implemented in advance of any new regulation schedule resultant from LORSS;
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all alternatives (with the exception of the No Action baseline alternative), therefore, assume a
one foot lowering of the existing SSM line as a surrogate for the anticipated SSM changes by the
SFWMD. Generally, the inclusion of the temporary forward pumps allows for the assumption of
the lowered SSM line, meaning that water supply restrictions would be initiated at lower lake
stages than currently in practice. Additional data is available for the evaluation of the Preferred
Alternative (Alternative 1bS2-m) through a sensitivity model simulation with the existing SSM
line assumed in place (consistent with the No Action Alternative). The assumed lowering of the
SSM line does alter the performance of the Preferred Alternative. With the existing SSM line
assumed in place with the operational rules of Alternative 1bS2-m, the simulation results show
mean annual EAA supplemental demands not met to increase from an average annual volume of
22,000 acre-feet and average drought year (1971, 1975, 1981, 1985, and 1989) volume of 73,000
acre-feet under Alternative 1bS2-m to an average annual volume of 42,000 acre-feet and average
drought year volume of 114,000 acre-feet; the percentage of demands not met for the EAA is
increased from six to 12 percent for the average year and 16 to 24 percent during the drought
years. With the existing SSM line assumed in place with the operational rules of Alternative
1bS2-m, the simulation results show mean annual LOSA supplemental demands not met to
increase from an average annual volume of 10,000 acre-feet and average drought year volume of
30,000 acre-feet under Alternative 1bS2-m to an average annual volume of 23,000 acre-feet and
average drought year volume of 56,000 acre-feet; the percentage of demands not met for the
LOSA is increased from four to ten percent for the average year and nine to 17 percent during
the drought years. The number of months of simulated water supply cutbacks for the four
LECSAs also show increased cutback months for the Preferred Alternative without the
assumption of a lowered SSM line: 33 to 49 months for Northern Palm Beach County; 33 to 49
months for LECSA1; 82 to 95 months for LECSA2; and 33 to 49 months for LECSA3. Select
performance measures have been summarized; the complete performance measure set is
available on the study web page previously cited (the performance measure set includes
“alt1bS2-m-exSSM” in the title and the abbreviation of “mexSSM” on the performance measure
set graphics). The SSM Line is set by the SFWMD. Modified SSM rules and a modified SSM
line are under development by the SFWMD; these efforts are anticipated to be completed prior to
implementation of any new regulatory schedule for Lake Okeechobee, and the efforts will be
able to consider the additional data provided from the Preferred Alternative for LORSS. The
water supply effects of the alternatives, as shown by a review of the performance measures, must
be evaluated with consideration of this parallel and ongoing effort by the SFWMD. The
performance measure output is dependent on the SSM line assumption; modification of the SSM
line or existing SSM rules (as assumed in place under all alternatives evaluated) will affect the
simulated performance, and the nature of the changes will determine the significance of the
observed improvement or potential additional impact seen in the simulation results.
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SUMMARY

The No Action Alternative, along with seven other alternatives, were modeled using the
SFWMM. The modeling intent and differences of the alternatives were presented. Model
output and post-processed products were used in the selection of the 2006 LORSS SEIS TSP.

Selected examples of the model output and performance measures are included as part of this
attachment (Figures D-1 through D-32).
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