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Florida’s Hydrologic Cycle
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Water makes many smps as it travels in a great circle called...

tRCYCLE
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PRECIPITATION falks from clouds to the:

gdrth a5 rain, Snow or ke, An aerage of

52 inches of ram falls on Soauth Florida

aach yaar. Excess water, called

RUNOFF, flows from land into

pands, |akes or canals. In South

Florida, the water also fiows into

wellanids, marshes oF estuanes

and into e Allantic Ocean

or Gulf of Mexico,

PRECIPITATION

RECHARGE RN -

AQUIFERS \ \
~

Some rinfall slowly saaps,

or percolates, into the ground

to RECHARGE, or refill, the
undergraund |ayers of sand,

gravel or rock. These layers, called
AQUIFERS, hold water. in South Paorida,
wells ane diilled Wt some g uiters o
PU[ G0 Waler Meeced far pedpk,
businesses and farms. Water can also
flow through aguifers to refill lakes and
nvers and somatimes bubbles out of the
ground as freshwater springs.

When water droplets in clouds become 1o
hestnsy, precipitation falks 1o the ground
and thi WATER CYCLE beging again.
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The: sun heats up the

earth’s surface, causing

WEIET L0 1T 0 YApOr &5

it evaparates. Flants release
water through transpiration.
Together, all the water rsing

inilo the: air is caled
EVAPOTRAMSPIRATION.

The warm vapor cortinues 1o fise
until it reaches cooler air, where it
CONDENSES into wery small droplets
o ice crystals, forming clouds.




Water Budget

Florida's Water Cycle

Consumptive use
2.7 bilion gallons par S5y

Surface walar and grounawatar ﬂ
outilow to Guif of Mexico and Atiantic Ocean

An average of 150 billion gallons of rin folls eadh day in Flondo. Anofher 26 bilkon
galions flows indo fhe siole, mosty from: ivers onginofing in Georgio and Alabama.
Mearly 70 percent of the rain (107 billion gallons| refums to e afmosphere fhrough
evaporafion and plant tronspiration jevapotranspiration). The remainder fiows fo rivers
or sireams or s2eps into the ground and recharges ogquilers. Bodh day in Florida,

2.7 billion gaollons are incorporaed info products or arops, consumed by humans or
Iwestock, or otheswise removed from fhe immedicie emironment [consumplive usa|.



South Florida Average Rainfall

Average annual precipitation

Days Place Inches
91 Arcadia 52.2
106 Avon Park 50.8
108 Bradenton 56.2
145 Ft. Lauderdale 66.5
111 Ft. Myers 55.9
124 Ft. Pierce 53.8
138 Hialeah 70.4
106 Key West 39.8
135 Miami 61.9
120 Miami Beach 51.7
129 Naples 55.6

- Pompano Beach 60.0
97 Tavernier (Key Largo) 46.0
102 Venice 50.5
130 Vero Beach 56.9
136 West Palm Beach 62.3




Average is Only a Number

‘Variable over years
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Percentage of Annual Rain Events Less than 1 inch at the

Selected Regional Sites.

Figure 3-4.

FDEP'\ STORMWATER TREATMENT REPORT



Water Management




PALM BEACH COUNTY HYDROGEOLOGY
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Figure 3. Generalized hydrogeologic cross-section of South Florida.



Surficial Aquifer System - LECsR

Approximate Approximate
Series Lithostratigraphic units thicknoss Lithology Hydrologle unit thickness
{feet) (foat)
Lake Flirt Mar|, T
HOLOCENE | Undiferentiated Soil | H 05 Marl, peal, organio sol, quartz Water Table
and Sand o Aquifer
———————— w
Pamlico Sand Q5 5‘2 0-50 Quartz sand s
- it w
Miami Limestone Q4 % 0-30 Qolitic and bryozoan limestone 5
Fort Thompson & Marine limestone and minor b 0-120
PLEISTOCENE F i Q3 w 0-100 gastropod-rich freshwater o
ormation w i w
b imestone w
. . =4 Coquina, quartz sand 2 .
Anastasia Formation | Q2 35 0-140 and sandy limestone g Els‘?yne
uifer
Key Largo Limestone | Q1 0-20 Coralline reef rock g’ “
________ ] ]
Pinecrest Sand Quartz sand, pelecypod-rich quartz E Upper
Member T2 g § 0-90 sandstone, Ilerrigenotus mudstone | i Sg?ﬁ‘?:mﬂﬂi:o 0-130
PLICCENE EE g
. 9 Pelecypod lime rudstone and Gray Limestone or
-
Ochopee Limestone | rq . 0-130 floatstone, pelecypod-rich quartz Lower Tamiami 0-130
e sand, moldic quanz sandstone Aquifer
"~ Clay-rich quartz sand, terrigenous
= . Intermediate
. . dstone, diatomaceous
MIOCENE Peace River Formation 3§ g 0-300 mu ' Confining Unit or 300+
3 & 0 mudstene, local ab‘undanl Intermediate Aquifer System
phosphate grains

Figure 24. Lithostratigraphic and Geohydrologic Units of the Surficial Aquifer System in
Southeast Florida. Source: Adapted from Reese and Cunningham 2000; Perkins

1977.




Biscayne Aquifer
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Hgure 24. Map of the spatial extent and transmissivity of the Biscayne aquifer.
(Note: in units of square feet per day.)
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Production Zone
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Figure3 COMNCEPTUAL CROSS SECTION OF HYDROGEOLOGIC ZONES WITHIN THE SURFICIAL AQUIFER SYSTEM,
EASTERN PALM BEACH COUNTY, FLORIDA




Surficial Aquifer - LECsR
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C OntrOl Levels DRAFT LEC subRegional MODFLOW Model Documentation

|
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Figure 12. Spatial Variation of Control Levels in Primary, Secondary, and Certain Tertiary Canal
Systems. Each Color is Associated with an Operational Rule andfor a Structure.
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LWDD - Provides Storage, Recharge and Flood Protection

PWS wells
LWDD Maintained Basin

Elevation (ft NGVD)
16.01t

1301
B5ft
951t

007515 3 Miles
T 5 B R S

Figure 9, Maintenance elevations of canals within the LWDD




Typical Onsite Surface Water Management System Design

Outfall Control Structure

w/Weir & Bleeder
Limits of Onsite Surface Water Management System \

P.L.
- Perimeter -
Berm Building FF
/o N\ N 100yr N\ ______
Yo N\ ___ W 25yr _ _ _
___Roads e N 3A0yr____
SURFACE STORAGE

(25yr recovered w/in 12 days)

CE
Permanent Pool
Volume

Secondary
Drainage Canal
(LWDD, etc.)

N




Lake-Wetland Separation Design Criteria

Outfall Control Structure
w/Weir & Bleeder

Secondary
Drainage Canal
(LWDD, etc.)

N

L Wetland _

N 7

GRADIENT < 0.005
(or 1ft in 200ft)

W SHW_

Permanent Pool
Volume




SFWMD - Water Management

Figure 1: Conceptual Relationship Among the Harm, Serious Harm and Significant Harm Standards

Water Resource

Protection Standards Observed Impacts

< N Al Normal Permired Operation/
T N P Permittable. . M——— Environmental Restoration
levels/flow me:[ Water {1-in-10 level of certainty)
decreasing
Phase I Water Shortage HARM Temporary loss of water
Phase IT Water Shortage resource functions mlang
1102 vears to recover
prought | MINIMUM FLOWS & LEVELS
severity SIGNIFICANT HARM Water resource funcnons
increasing Phase 111 Water Shortage require multiple vears to
recover
Phase IV Water Shortage Permanent or irreversible
SERIOUS HARM e i S
v funcnions




CUP Permitting

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

- Major Principles & "Tools” of Florida
Water Law - Water Use Permits

“"The 3 Prong Test” for permit issuance
The proposed use:

1. Is a reasonable-beneficial use as defined in
§373.019(4);

Reasonable - Eastern U.S.
Beneficial - Western U.S.

2. Will not interfere with any presently existing
legal use of water; and

Prior appropriation concept
“First in time is first in right” - Western U.S.

3. Is consistent with the public interest




1% Breakdown

PWR Self-Supply
1%

IC1 Self-Supply
2% REC Self-

Supply
9%

AGR Self-Supply

38%

Figure4. Percentage of estimated demand of each major water use category in 2010.




Need

Table 15. Per capita use rates in gallons in the LEC Planning Area for PWS finished water.

Per Capita Use Rates (gallons)
County 2000 2005 2010
Palm Beach 219 203 166
Broward 153 139 123
Miami-Dade 168 157 140
Monroe 216 211 109
LEC Planning Area Weighted Average 176 163 142°

a. Reflects variations in demand by permanent and seasonal populations.




Wetland Protection

Figure 1b. Effects of Groundwater Withdrawals (Wells) on a Wetland.

Typical Cross Section of
l@ Wetland Impacted by Groundwater Withdrawals
e
‘ Temporarily Seasonally Temporarily
. | I Upland Flooded Flooded Flooded Upland
I | l | | Increased D o a
i 'ecrea wetlan
ceomvchs it ool sizeihydroperiods
Lose of trees
& aquatic plants
Groundwater
Well Wetland plants
replaced by
upland plants




Saline Intrusion
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Structural EMP Fact Sheet
SFWMD-EMP-D5-2 - Detention Systems - Wet Detention Ponds

1] 5}

Criface
25 Year, 3 Day Elevation }/_Strucium




Florida Water Budget

Surface & Groundwater

1%,

W Evapotranspiration ™ Lost to Tide Consumptive Use

Fernald & Purdum. 1998. Florida Waters. Florida State University




S-155 Discharge, cfs
2013 discharge = 159,283,400,000 gallons

S155 - Sdischarge
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Ocean inlet characterization studies

Distance to  Width Depth
NAME Lat Lon nextinlet(km) m m
Lake Worth Inlet (mm) 26.77 -80.03 25.2 122 10.7
Boynton Beach Inlet 26.556 -80.04 23.5
Boca Raton Inlet 26.34 -80.07 8.7
Hillsboro Inlet 26.26 -80.08 18.4 3.0
Port Everglades Inlet  26.09 -80.10 21.7 137 128
Bakers Haulover Inlet 25.90 -80.12 13.0 61 3.4
Miami Harbor Inlet 25.76 -80.13 122. 11.0
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What is their effect on the coastal ocean?




#" 4 C-51 Canal Muck Dredging

— ° PALM BEACH COUNTY SEDIMENT MANAGEMENT PROJECT

Lake Worth Lagoon

= 20 miles long, stretching
from North Palm Beach to
Ocean Ridge.

= Separated from the ocean
by Singer Island and Palm
Beach Island. |

* Two permanent, man-made } Sedimen
inlets.

Project Location

+ West Palm Beach Canal
(C-51 Canal)

The Problem

= Stormwater discharges
through the C-51 Canal
carry suspended sediments
that settle out as muck in
the Lake Worth Lagoon.

Muck sediments Sediment Processing Site

CUs R R e S e
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~ There is no such thing as bad storage

* Tommy Strowd
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