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Lake Okeechobee Outlet Structures Managed
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Lake Okeechobee Regulation Schedule
Transition from 2000 LORS (WSE) to 2008 LORS
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| ake Okeechobee Operations

Multiple and Competing Water Needs:

Lake Okeechobee Service Area
~ 700,000 irrigated acres

Caloosahatchee River & Estuary
Everglades National Park
Lake Okeechobee ecological resources

Lower East Coast (public water supply for 5.5 million people, maintain
canal levels to help prevent salt water intrusion)

Stormwater Treatment Areas (57,000 acres)

Water Conservation Areas
= currently used for LEC pass-thru flows

= WCA specific water needs to be met with CERP components



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Lake O Adaptive Protocols
Key Components

= Provide guidance where releases are expressed as a
range of volumes, e.g. “up to 2000 cfs”

= |dentified opportunities for “win-win” or
“win-neutral” improvements for resources such as
= environmental deliveries to the estuaries
= water supply for the STAs
= Lake Okeechobee MFL
= water supply deliveries to permitted users

" Provide guidance on releases to the estuaries in the
Low, Base Flow and Beneficial Use subbands of
LORS-2008




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Purpose of 2011-12
Lake Okeechobee Operations Analysis

" To try to find additional performance improvements
from exploring the effects of hypothetical changes to
Lake O operating criteria

= 2008 Lake Okeechobee Regulation Schedule

= 2009 Lake Okeechobee Water Supply Management
= 2010 Adaptive Protocols

" Others (e.g., Water Supply Augmentation)

" To identify performance trade-offs and potential
compromise solutions toward improved system
performance and a better balance among competing
performance objectives
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Strategies Analyzed Since Summer 2011

1. LORS-2008 flexibility (to improve storage capability)
= Reduced discharge during stage recessions
= Relax peak stage constraint
" etc

2. Adaptive Protocol mods (to improve CE salinity)
= Relax Tributary Hydrologic Condition
= Allow releases in Water Shortage Management Band
" etc

3. LOSA water shortage management
(increase cutbacks and cutback sooner)

4. Water Supply Augmentation




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

How much water would it take to
reduce the Caloosahatchee Estuary

high salinity months
at Ft. Myers? |

Short Answer:

\'\ ]
) e West Palm Beach,

.B«h Glade

Okeechobee Waterway

Substantial volumes In excess of current water

availability would be needed, and would
require more water storage capacity.




Simulated CE high salinity vs CE EWS

250 Recent computer modeling (both statistical
and hydrodynamic) indicates very large XWSE

% environmental water supply deliveries would 4 LORS08
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Common assumptions for Tests: AP550 with no THC, lowchance=100%, Baseflow=450cfs.
41 years = 492 months = 14,975 day simulation period
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Baseline Simulations

WSE = previous Lake O Regulation Schedule
(2000-LORS) and current Lake O Water
Shortage Management Plan (LOWSM)

LORSO0S8 = current LORS and current LOWSM

AP5.50 = LORSO8 with 2010 Adaptive Protocol
Release Guidance Flowchart




ONE POSSIBLE MODIFICATION TO THE Flowchart to Guide Recommendations for

Lake Okeechobee Releases to the Caloosahatchee Estuary
for 2008 LORS Baseflow & for Environmental Water Supply

Release Guidance
suggests baseflow
release?

\ 4
2008 LORS
does not suggest
making a release
(stage in Beneficial
Use Subband or

LOWSM:? Band)

WSA in
the past
12-48?

Months?

Lake
stage above
LOWSM 3
Band?

Estuary
needs water 2
& forecast basin
runoff is not

<

Lake
stage above
Baseflow
ubband ?

<50%

lake stage
11 feet)

Lake stage

within the
Baseflow
Subband

S-79 up to 450 cfs ®
(or up to 650 cfs 56)
S-77 baseflow release
to supplement
as needed

S-79 up to 450 cfs 3
S-77 baseflow release

to supplement
as needed

No S-77 release to the
Caloosahatchee Estuary’

\ 4

needs water 2
& forecast basin
runoff is not

THC*

normal or
above?

unless the Governing
Board recommends
otherwise

S-79 up to 300 cfs 56
S-77 environmental
water supply release
to supplement
as needed

A

1The 2008 LORS Release Guidance (Part D) can suggest baseflow releases in the Intermediate, Low, or Baseflow Subbands.
2Estuary “needs” water when the 30-day moving average salinity at I-75 bridge is projected to exceed 5 practical salinity units (psu) within 2 weeks.

3LOWSM = Lake Okeechobee Water Shortage Management.

4Tributary Hydrologic Condition (THC) is based on classification of Lake Okeechobee Net Inflow and Palmer Index.
5Can release less than the “up to” limit if lower release is sufficient to reach or sustain desired estuary salinity; cfs = cubic feet per second.

5After reviewing conditions in Water Conservation Areas (WCAs), Stormwater Treatment Areas (STAs), ENP, St. Lucie Estuary and Lake Okeechobee.
’Should this condition be reached, the Governing Board will be briefed at their next regularly scheduled meeting.
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Short Descriptions of What-i1f Scenarios

TA465: Optimized LORS-08 and AP parameters

EWS3: Relaxed AP constraints and increased environmental water
supply to CE (EWS = 100 kaf/yr)

LP3334: LOWSM phase 1-4 water restriction cutbacks increased from
(15%,30%,45%,60%) to (45%,45%,45%,60%)

WSA2: AP550 with WSA up to 1800 cfs when LOK stage falls within
0.5"' above WST, 3600 cfs when stage falls below WST;
- no WSA when WCA-3A stage is below floor or if seasonal
Lake inflow forecast is above average.

EWSA6: Combined/optimized features of EWS and WSA
- same assumptions for WSA2,
- CE_EWS =300 cfs in Benef|C|aI Use and Water Shortage
bands w/no cutbacks, no THC constraint, and no Lake stage
low-chance constraints, LORS-08 baseflow 450cfs.

Note: EWSAG6 was tuned to provide most benefits to the CE. Other solutions can be developed
which have a different balance of the benefits of WSA.
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Simulation Results

= Massive amounts of model outputs were
generated for each 41-yr simulation

" Daily Lake stage and flow hydrographs
" Daily and monthly estuary flows

= Supply & Demand summaries

= Standard Performance Measures

= Next 2 slides are sample results shown to illustrate

relative effects on Lake O inflows and stages
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Simulated Lake O Stage Distribution Curves
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Performance Measures used for Analysis

A Performance Measure (PM) is a key summary statistic that
represents an important characteristic of a system. PMs are used in
modeling analyses to make relative comparisons among alternative
plans or what-if scenarios.

LOK: Maximum Stage

LOK: # of days above elevation 17.25 ft, NGVD*

LOK: # of MFL Rule Exceedances*

LOSA: # of months of significant water shortage cutbacks*
CE: # of months of high salinity (> 10 psu) at Val-175*

CE: # of months of high salinity (> 10 psu) at Ft. Myers
SLE: # of months of damaging high discharge > 2000 cfs*
CE: # of months of damaging high discharge > 2800 cfs*

00 N O

* Same PMs used for development of 2010 Adaptive Protocols




Performance Summary Table

WSE LORS08 | AP5.50
| OK: Peak stage (ft) | 18.51 17.25 17.31
LOK: Days>17.25' 483 0 11
LOK: MFL Exc 4 10 7
LOSA: Cutback Mos 26 42 37
CE-175: Mos>10psu 118 79 58
CE-FM: Mos>10psu 200 176 163
SLE: Mos>2000cfs 72 78 79
CE: Mos>2800cfs 95 88 97
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Performance Summary Table
PERFORMANCE SUMMARY

WSE LORS08 | AP5.50 TA465 EWS3 LP3334 [WSAopt2| EWSA6
LOK: Peak stage (ft)] 18.51 17.25 17.31 17.30 17.28 17.32 17.45 17.28
LOK: Days>17.25' 483 0 11 10 3 11 16 3
LOK: MFL Exc 4 10 7 6 12 7 3 5
LOSA: Cutback Mos 26 42 37 36 55 47 25 33
CE-175: Mos>10psu 118 79 58 53 0 56 43 0
CE-FM: Mos>10psu 200 176 163 168 48 160 156 118
SLE: Mos>2000cfs 72 78 79 77 77 79 79 78
CE: Mos>2800cfs 95 88 97 89 89 97 101 97

PERFORMANCE CHANGES RELATIVETO AP5.50

AP5.50 TA465 EWS3 LP3334 |WSAopt2| EWSA6
LOK: Peak stage (ft)|] 17.31 -0.01 -0.03 0.01 0.14 -0.03
LOK: Days>17.25 11 -1 -8 0 5 -8
LOK: MFL Exc 7 -1 5 0 -4 -2
LOSA: Cutback Mos 37 -1 18 10 -12 -4
CE-I75: Mos>10psu 58 -5 -58 -2 -15 -58
CE-FM: Mos>10psu 163 5 -115 -3 -7 -45
SLE: Mos>2000cfs 79 -2 -2 0 0 -1
CE: Mos>2800cfs 97 -8 -8 0 4 0
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Short Summary of Tests

= Combinations of LORS and AP refinements show small
improvements for most of the key measures of performance

= Further marginal improvement if Lake stages are allowed to
peak slightly higher

= |ncreasing cutbacks per the Lake O water shortage
management plan (LOWSM) worsens LOSA performance and
does not significantly improve performance for the Lake O
MFL or CE high salinity

= Relatively larger improvements from Water Supply
Augmentation & Supplemental Environmental Flows to the
Caloosahatchee Estuary (WSA-SEF)
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Water Supply Augmentation-
Supplemental Environmental Flows
(WSA-SEF)

Potential interim solution until CERP storage areas are
constructed and operable

WSA concept is to allow EAA runoff to flow back to Lake
Okeechobee during specific conditions in order to increase
water storage and supply capability

Not the same as historical flood control “backpumping”
= WSA has much lower frequency, volumes and loads

= EAA BMPs have considerably improved water quality

Not the same as historical water supply “backpumping”

= WSA can benefit multiple uses, primarily environmental water supply
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C&SF Project Design
EAA Flood Control Operation
prior to 1979

C&SF Project design
discharged runoff from
the northern EAA to
Lake Okeechobee

" Only the southern EAA
discharged runoff to the
WCAs

Average annual runoff
from the EAA is roughly
1 million acre feet
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C&SF Project Design
EAA Flood Control Operation post 1979

In early 1980’s, the
SFWMD implemented the
“Interim Action Plan” (IAP)

Additional EAA runoff
discharged to the WCAs
under the IAP is between
200,000 and 300,000 ac-ft
per year

S2 and S-3 are now
primarily used as a last
resort to reduce the risk of
flooding

= |AP focused most EAA
runoff to the WCAs in an
effort to reduce nutrient
impacts to Lake O
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Historical Lake O Inflows (kaf/yr)
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Historical Average Phosphorus Inflow Load
Pre & Post AP Comparison

Pre-IAP 1977-1981 Avg Post-IAP 1996-2000 Avg
416 MT/year

481 MT/year North

M East

S2
mS3

M South
West
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Historical Average Nitrogen Inflow Load
Pre & Post IAP Comparison

Pre-IAP 1977-1981 Avg Post-IAP 1996-2000 Avg
6332 MT/year North 4339 MT/year
B East
mS2
37%{ } 7%
mS3
M South

mWest
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How could WSA affect Lake Okeechobee
& Caloosahatchee Estuary Water Quality?

= Staff analyzed WSA2 scenario using the Lake
Okeechobee Water Quality Model (LOWQM)

" Close look at TP and TN
= Results show little, if any adverse impacts from WSA
= Increases Lake inflow load for TP (2%) and TN (6%)

= However, little to no change in in-lake TN or TP
concentrations due to internal processes

= 8-9% increase in loads discharged at S-77 due solely
to increased Lake O release volumes, not from
changes in Lake O water quality
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Table 1. TN and TP inflow concentrations to determine load simulations.

Lake Okeechobee Water Quality
Nitrogen and Phosphorus Concentrations
used for modeling analyses

TN TP
(mg/L) (mg/L)
Lake O Average
Inflow 1.640 0.185
Miami Basin (S3) 4.330 0.116
NNRH Basin (S2) 3.620 0.116

Flow-weighted mean concentration values from South Florida Environmental Report
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Comparison of Average Annual

Simulated Lake Inflows

Simulated Lake Okeechobee Inflows
4000
3500 /
%) S 3000
= > !
K=l
= __represents
© O 2% of the
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S G
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> S 1000
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LOWQM simulation period: 1973-2000
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Comparison of Average Annual

Simulated Phosphorus Loads

Simulated Phosphorus Inflow Loads
Lake Okeechobee
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Comparison of Average Annual

Simulated Nitrogen Loads

Simulated Nitrogen Inflow Loads
Lake Okeechobee
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Simulated In-Lake TP Mass
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Simulated In-Lake TN Mass

In-Lake Nitrogen Mass (Thousands of metric
tons)
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Nitrogen and Phosphorus Loads Discharged

from Lake O via S-77 to the Caloosahatchee Estuary

Simulated S-77 Phosphorus Load Discharged for Lake Stage Regulation and
Environmental Water Supply to the Caloosahatchee Estuary
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How could WSA affect the Water Conservation
Areas & Everglades National Park?

= Staff analyzed WSA scenarios using the South Florida Water
Management Model (SFWMM)

= Focused on WCA-2A, WCA-3A and ENP

" Preliminary SFWMM results show

= Slightly lower stages in WCAs during some of the WSA periods, but
similar hydropatterns

= Reduced flood control discharges (2%) to ENP’s Shark Slough

= No change in flows to meet ENP rain-driven flow component

= A closer review by Everglades staff highlighted a few
accelerated dryout events in northern WCA-3A and WCA-2A

= Further restrictions on WSA operation can be designed to minimize
these events




Ponding Depth (feet)

Ponding Depth (feet)

Normalized Hydrographs for Central Portion of WCA-2A
(Gage 2A-17, Cell Row 40 Col 29)
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Simulated Flow to Shark Slough (S12+5333)

4500

m WSA reduction in 3A Reg (19 kaf/yr or 2% reduction in Discharge)
ECB 3ARegulatory Discharge (499 kaf/yr)

4000
3500

M Rain-DrivenComponent [not affected] (392 kaf/yr)
3000

2500 _
2000 x| H

1500 + — ¥ b

1000
500

Annual Flows to Shark Slough (kaf/yr)

65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 01 03 05



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Summary of
Simulation Modeling Results

Preliminary simulation model analysis of Water
Supply Augmentation & Supplemental Environmental
Flows to the Caloosahatchee Estuary shows:

Improved Performance For:

* Caloosahatchee Estuary (significantly reduces high
salinity months at Val-175 and Ft. Myers)

= Lake O MFL Rule exceedances (fewer exceedances)

= Lake O Service Area water supply
(slightly fewer water shortage cutbacks)

A Closer Look At Possible Adverse Impacts Shows:

* TP & TN Load increases to Lake O, but is relatively small
and has minor, if any, affect on Lake O water chemistry

= Minor affect on WCA water levels & flows to ENP
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Summary of comments from the WRAC

General comments:
*Majority of participants support concept of WSA
sAdditional information requested on how WSA will be
Implemented
eSuggestion to hold follow up workshops to iron out details

Outstanding issues:
\Verification of expected volumes and loads with final
operational protocols
*Reduce/eliminate potential impacts to the WCAs and ENP
How to “account” for water for the estuary
eSunset provisions

Department of Interior not supportive of concept due to the
potential to divert water from the Everglades; support long term
solutions as interim measures tend to become permanent
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