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Seasonal Rainfall Variation in South Florida

Annual Rainfall averages 52” and varies historically from less than 40” to over 78”
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The Entire Region Flooded 
in 1947, 1950 & 1951



4Pre-Drainage System (1850’s)Managed System (2003)      

East Coast Canals/St. Lucie Canal 1905-24

Chronology of Water Management Changes
Pre-Central & South Florida Projects

Central & Southern Florida Project

Source: Light and Dineen, 1994; SFWMD & USACE, 2008

South Dade System – 1965-83

Everglades Agricultural Area – 1954-59

Lake Okeechobee Levees – 1960-64

Eastern Protective Levee System – 1952-54

Caloosahatchee/Kissimmee Rivers 1881-93

Lake Okeechobee HH Dike – 1932-38

Tamiami Trail – 1915-28

Water Conservation Area Levees – 1960-63

Everglades Construction Project
Stormwater Treatment Areas – 1994-2003

Kissimmee River Channelization – 1962-71

Lower East Coast Canals – 1954-65

Presenter
Presentation Notes
This slide shows how the southern Florida’s water management system has evolved over the past 125-130 years; 
& it also shows the transformation of south Florida’s land use and the Everglades ecosystem.

The water management system in south Florida has evolved since the Civil War era.
There are two major periods of water management changes – pre-1948 C&SF, and the C&SF project beginning in 1948
History (bolded events correspond to bullets on slide)
1845 – Florida became 27th state of the U.S.
1850 – Swamplands Act authorized transfer of 20 Million acres of land to Florida for drainage and reclamation.
1861 – Florida secedes from the union
1861-65 U.S. Civil War
1881 Philadelphia millionaire Hamilton Disston purchased 4 Million acres (6250 sq mi., larger than state of Connecticut) for $1M. NY Times “largest land purchase by a single person in the U.S…. Disston largest landowner in the U.S.” 
1881-93 Disston connected headwater lakes, opened the Kiss R. for navigation, and linked the Caloos. R. to Lake O. (drained > 50kac)
- Disston’s efforts substantiated 1848 Buckingham Smith Report which predicted that, with proper drainage, the region could become a source of tropical products “of no trifling advantage to the whole country”.
1907 Governor Napoleon Broward encourages Florida legislature to create the Everglades Drainage District (EDD)
1917 EDD dissects the Everglades with 4 muck-scraped canals (later enlarged by the USACE)
1931 Lake O outlet to Caloos improved & St. Lucie Canal completed to help control Lake O levels.
1900-1930 LEC population soars from 23,000 to 230,000
1926 & 1928 hurricanes claimed over 2500 lives
1929-30 USACE becomes a major participant with the state (Florida State Legislature created the Okeechobee Flood Control District) 
1932-38 Lake O levees raised to elev ~30’.  Outlets improved to increase discharge capacity.  Regulation dropped from ~19’ to ~17’ to provide additional freeboard.
1947 hurricanes brought 108” of rain and millions of acres inundated for up to 6 months
State requested federal assistance (1947 EDD Flood Damage Report w/famous Crying Cow on the cover)
1948 Comprehensive Plan published & Congress authorized the Central & Southern Florida Project for Flood Control and Other Purposes
1949 State legislature created the Central & Southern Florida Flood Control District (local sponsor resp for O&M)
- C&SF FCD took over the responsibilities of the EDD and Okee FCD
- C&SF Project canals & structures lowered coastal water tables by 4’-5’.  
- Improved flood control plus post WWII advances in a/c, concrete block construction & mosquito control formed a powerful growth engine (LEC population soared from 750,000 in 1950 to near 4 million in 1990) 
1972 Florida Water Resources Act (Chapter 373) created 6 water management districts, with expanded responsibilities for regional water resource management and environmental protection. 
1975 (July 1) Central and Southern Florida Flood Control District and the Ridge and Lower Gulf Coast Water Management District combined to form the SFWMD (chapter 73-190, Laws of Florida)
1978 Interim Action Plan – changed C&SF designed operation of EAA to discharge northern portion of drainage area to the WCAs.
1992 Settlement Agreement - directed the State to construct 32,000 acres of Stormwater Treatment Areas (STA) with a target phosphorus discharge concentration of 50 ppb.  Also outlined specific monitoring stations and formulas for evaluating phosphorus levels in the Refuge and Everglades National Park.
1994-2003 – State constructed 6 STAs to treat EAA runoff prior to discharge to the WCAs
1999 – USACE Completes C&SF Comprehensive Review Study (Restudy) which leads to the Comprehensive Everglades Restoration Plan (CERP)



Managed System (2003)      Pre-Drainage System (1850’s)      

Presenter
Presentation Notes
Tremendous change in land use & explosive population growth.
LEC population was about 20,000 in 1900.  100 years later it was over 5.5 million (2005), and is projected to grow another 31% to 7.3 million by 2025.
Everglades reduced to about ½ its original spatial extent
Major loss of the transitional glades (short-hydroperiod wetlands) that provided an early-season feeding habitat for wading birds.
Altered hydrology
Temporal flow patterns (attenuated to pulsed) 
Spatial flow patterns (sheetflow to point inflows)
Unnatural hydroperiods (southern pooling and northern overdrainage within the WCAs) 
Objective of CERP is to build storage areas to capture & store excess water to “get the water right” (quantity, quality, timing & spatial distribution).
Major focus of CERP is to replicate natural system hydropatterns in the remaining Everglades.



Natural vs. Altered Hydroperiod Patterns
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back

FLORIDA WITHOUT THE 
C&SF PROJECT
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back

EXTENT OF THE 
1947 FLOODING

Estimation of flooded areas 
Reference House Document 
No. 643 – 80th Congress.
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back

FLORIDA WITH THE 
C&SF PROJECT
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Estimation of problem areas 
from phone calls received or 
observation by Field Staff.

back

EXTENT OF THE 
2008 FLOODING
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The “Project Purpose”

Flood Control
Water Supply
• Agriculture
• Urban
• Everglades National 

Park
• Saltwater Intrusion

Navigation
Protection of “fish and 
wildlife” 
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Water Management System Components

Primary System is more than just 
the C&SF Project
More than 1,600 miles of canals & 
1,000 miles of levees/berms
160 major drainage basins
More than 500 major structures 

• ~200 remotely operated
• ~300 manually operated or fixed 

structures

60 pump stations
• Almost ½ with remote operation 

capability

Flash Animation
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FIELD
INFRASTRUCTURE

(WMFS)

WATER 
MANAGEMENT 

SCADA SYSTEM
(WMSS)

INFORMATION
MANAGEMENT

(WMIS)+ X =
INFORMATION
TECHNOLOGY

(ITD)

How does the SFWMD manage the system?

Remote Terminal Units (RTUs)
–RACUs, MOSCADS, CR10s
Sensors–environmental, 
structure monitoring 
Actuators–pump, gate control
Data acquisition, test, 
maintenance, problem-tracking 
systems

Data 
management/warehousing
Data verification and 
validation
Quality control/quality 
assurance
Analysis, Web publishing
Database - DBHYDRO

Microwave backbone
Spread-spectrum
RF feeder networks
District WAN interfaces 
(T1, etc.)

SCADA (Supervisory Control and Data 
Acquisition)
Software/hardware systems for data 
acquisition and control
System administration / Software 
development
Operations Control Center (OCC) staff
Water managers / SCADA technicians
Meteorologists / STA Site Managers

ModComp to Telvent conversion
Operation Decision Support System 
(ODSS)
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C-##  Basin Operations in Broward Co.
Canal levels are regulated by opening and 
closing of water control structures. 
Structures have automatic controls and 
opening and closing are determined by 
headwater levels.
Canal level optimum generally measured at 
coastal structure headwater.
Water is supplied, in so far as possible from 
WCA-1 via S39 (Hillsboro) & WCA-2 via S-38 
(C-14).
C-11 has Pump station 9 & seepage pump 9A 
and Obermeyer weir structure S-381



Gated Spillway Basics
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Gated Spillway Basics

Upstream or
Headwater
Elevation Downstream

Tailwater
Elevation

Gate Concrete 
Superstructure

Concrete 
Foundation Baffle Blocks

Spillway
Crest

Energy 
Dissipation
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Gate Close Elevation

Gate Open Elevation

Headwater

Tailwater (tidal)

Gated Spillway 
(coastal structures)
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Gated Spillway 
(coastal structures)

Gate Close Elevation

Headwater

Tailwater (tidal)
Gate Open Elevation

Gate remains closed until  
Headwater > Tailwater
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Canal / Groundwater Interaction

Normal Dry Season Operations

Canal stages held high to 
facilitate groundwater 
recharge and assist 
supplemental irrigation 

Low groundwater 
levels due to low, 
dry season rainfall

Groundwater

Canals serve two primary 
purposes….

1.  Flood Control
2.  Water Supply 
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Normal Wet Season Operations

Canal stages held lower 
to facilitate surface 
drainage of urban & 
agriculture lands 

Long-term low 
canal stages 
depress regional 
groundwater 
levels

Groundwater

Canal / Groundwater Interaction
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Wet Season Pre-Storm Drawdown Operations

Groundwater ** The problem during 
a  water shortage with 
pre-storm drawdown is 
if the rainfall does not 
occur then the water is 
lost from the system.

Short-term lowering of 
canal stages generally
does not** significantly 
decrease regional 
groundwater levels.

Canal stages lowered up to 
an additional ~1 foot  to 
increase surface drainage
of urban & ag lands prior to 
forecasted storms

Canal / Groundwater Interaction
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WCA-2A

WCA-2B

WCA-3A

Hillsboro Canal

C-14

C-13

C-12

C-11

C-9

C-10

WCA-3B
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WCA-2A

WCA-2B

WCA-1
Lake Worth Drainage 
District

Broward Co 
WC#2

Broward Co 
WC#3

Broward Co WC#4

Presenter
Presentation Notes
Here we’ve zoomed in the 298 Districts between Hillsborro and C14.  Of course LWDD is not in Broward but it does share some of Hillsboro’s capacity.
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WCA-2B





Lake Okeechobee
730 square miles, with 

a contributing basin of 
over 5,000 sq. miles

Poor water quality 
inflows (phosphorus)

HH Dike Rehabilitation
Serves multiple 

purposes...
Water Supply 
Storage
Flood Protection
Unique Ecosystem



Hurricane Wilma – October 2005



S133

S4

S135

S352
S131

10/24 9:00 AM
110 mph 
NE ~25 mph 

10/24 11:00 AM
105 mph 
NE ~25 mph 



Herbert Hoover Dike
(U.S. Army Corps of Engineers)



• Low salinity
• Sedimentation
• Low light

penetration

• Ecosystem
Damage
- Seagrasses 
- Oysters

Damaging freshwater discharges to
St. Lucie & Caloosahatchee Estuaries



Lake Okeechobee:
Either Too Much Water or Not Enough

2005
H. Wilma

2006-08:
Water 
Shortage

Record Low 
Stage 8.82’

T.S. Fay
(4’ in 30d)

2008-09
Record low 
Nov-May Rain

2008: New 
Regulation 
Schedule

2004
H. Charlie
H. Frances
H. Jeanne 

2010-11
Record low
Oct-Dec Rain

?





Elevation
12.7 ft, NGVD
Start of ’07 
dry season 
01-Nov-2007

Lake Okeechobee Water Depth Comparison

Elevation
17.0 ft, NGVD

H. Wilma 
Nov-2005

Elevation
14.3 ft, NGVD

Long-term
Average 

(1965-2005)

http://spatial1.sfwmd.gov/losac/sfwmd.asp

Elevation
8.82 ft, NGVD
Record Low
02-July-2007

Elevation
10.0 ft, NGVD
Predicted Low

for 2011



Water Management …..



…the challenge is 
balancing 

competing & 
conflicting 
objectives
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Questions?
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