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1 Executive Summary

Anthropogenicactivity is now widely acceptedy the2 S NB KSt YAy 3 Yl 22NARGe 2F
the major cause aoflobal climate chang@dPCC, 2007{Karl, etal, USCCSP, & NOAA, 2009)

(International Alliance dResearch Universities, 200@)imate changés driven primarily by the
accumulationin the atmosphereof greenhouse gases frothe burningof fossil fuels, deforestation,

land use, and agricultural practic&dimate changéhas begun taxert significant effects in many

regions of the world and there is already enough energy stored in the oceans, atmosphere, and land for
adverse impacts to continue for centuriés.addition to an aggressive, concerted, global mitigation
program to reducegyreenhouse gas emissions in order to limit the extent of climate chaapgeafd-
thinkinglocaladaptationisneeded to cope witlthe unavoidable potential, areaspecificimpactsof

climate change.

Southeast Floridacomprised of MiamDade, Broward, Pal Beachand MonroeCounties vith a
combined population of 5.5illion (US Census, 20Q8)as reported to bene ofthe tenmost
vulnerablecoastal metropolitan areaisi the world, ranking &' in terms ofexposedpopulation and1* in
terms ofthe value of exposedssetdy the Organisatiorfor Economic G@perationand Development
(Nicholls & OECD, 2008he regions especiallysusceptiblgo sea level rise anexpectedchanges in
local weather paerns. Recent reports from the U.S. Global Climate Ch&wencd’rogram(Karl, etal,
USCCSP, & NOAA, 2089 the International Alliance of Research Universities (IARU, 2009) indicate
that global averagesea level may risky approximately 2 to 4 feedbr moreby 2100, an amount that will
have significant effects on coastal Southeast Florida.

Southeast Florid@ vulnerallity derives fromits geographic locatiorlpw elevation porous geology,
unusualgroundand surfacevater hydrology,subtropicalweather patterns andproximity to the
Atlantic @ceanand Gulf of Mexicdlts highly engineeredater infrastructureand flood control systems
play an essential role in assuring tiNdS 3 AhabjfaRibty. Water managers mubtilance demand for
potablewater and agricultural and landscagerigation with ground and surface water management,
flood control, and the needsf the naturalenvironmentincludingthe Evergladescoastal and
freshwaterwetlands andcoastal marine habéi® . SOl dzAS (G KS NBIA2y Qad K& RNJ
interdependent and interactive, water supply cannot be considexggiaratelyfrom the other elements

2F (KS NBIA2yQa 61 GSNI NBa2dNDSas adzOK +a oF aidssl

managemat, which areaddressé comprehensivelyn this study

How and to what extent sea level rise and other climate change impacts are likely to influence Southeast

Ct2NARFIQa ¢l GSNJ adzLlLX &> gl aidSelk SN adsdbjedsofl £ G SNyl

this researchEngineering options and management strategies for enhancing the resilience of the
NEIA2YyQa ¢l SN aegaidsSya INBE RSaONRoSRe ! /1 asS {i
exemplifies how these tools can be applied to immrthe resilience of a local water utility. An adaptive

L FyYyAy3 FNFYSE2N] Aa 2dzif AySR F2NJ YIyl3ISySyid 2
to rise and as drought and more severe storm events worsen with time.
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Until now,planning has implicitly asmedda a G | &k {éDlyeysekkra, 200%hat environmental
conditions such as climate patterns and sea lewdll remainwithin historic rangegndthat only
changein human circumstances, such as population, technolaggithe econony, needbe
consideed. Thisassumptionis no longewalid Unprecedentecconditions in the future and uncertain
potential consequencedemand thatclimate change be considered infalture planning and
policymaking concerning water resousgether infrastructure, and land usd-urthermore current
practices, policies, and regulatiosBouldbe criticaly reviewed and revigdin consideration otlimate
change. New ideas and new approacties may
possiblyconflict with current thinkingvill be neededf ——
the forecasted ranges of sea level rise and weather
extremesarerealized.

Increased hydrostatic back
pressure on the Biscayne Aquifer

1.1 Unforeseen Near-term Consequences is likely to increase saltwater
Increased hydrostatic backpressure on the Biscayne intrusion and reduce
Aquiferis likely toincrease saltwater intrusioand groundwater flow to the ocean.
reducegroundwater flow to the ocearfurthermore, Furthermore, §ea Ievel.ris.e of as
sea level risef as little as 3 t® incheswithin the next little as 3 to 9 inches Y\"thm the
10 to 3 yearswill decrease the capacity of existing = to. e year.s \_N'" decrease
coastal flood control ?ructure@beys?kera, 2009nd ]Elr;eogi%i?rtgl zri)c(:ltsutlrzg soasE
maya A Ay AFTAOlI yift e O2YLINEBYA e
drainage systerrincreasngthe risk of flooding during — :

_ o significantly compromise the
heavy ralnfalll even.tscompour?dlnghls problem, the OACEI 1806 0O0I Of xA
amount and intensity oforrential rain events and
tropical cyclonesre expeted to increasgIPCC, 2007)

system, increasing the risk of

_ flooding during heavy rainfall
(Karl, etd USCCSP, & NOAA, 2009ese impacts are events. Compounding this

expected to worsen as sea level continues to rise. problem, the amount and

intensity of torrential rain events
and tropical cyclones are expected
to increase(IPCC, 2007)(Karl,

etal, USCCSP, & NOAA, 2009)

1. Intensified sltwater intrusion in theNB 3 A 2 These impacts are expected to
easterly water wellfields vyorsen as sea level continues to

2. Reduced wailability of fesh water for potable fIS€.
use especially during periods aitensified
drought.

3. Increasedisk of foodingduring major rain events

Adaptation measuremayhave to be implementeih
the nearfuture to contend with the following
consequences:

1.2 Major Conclusions

Within the short span athe next10to 30 years, sea level rise and changesvaatherpatterns may

0S3Ay (2 SESNI aA3aYyATAOLIYyG AYLI OG&a 2y {2dz2ikKSI ai
flooding.
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1. Sea level risef as little as 3 to 6 inchas likely b intensify saltwateintrusion, andit couldreduce
the amountof freshwater availablefor potable use

2. The likelihood of recurring drought during the dry wintpring season may cause water shortages
and exacerbate saltwater intrusion.

3. More intense rainfall events and wet hurricanes may significantly increase the risk of flooding.

4. Sealevelrise of aslitte 806A Y OKS& Yl & o6S3Ay (2 O2YLINRBYAAS
coastal flood control structureeducing their capacity bgs much ag0to 40%by 2@B0. By about
2040, 6 to 9 inches of sea level rise may reduce their capact$ by 70%Most of these early
impacts willbe feltin southern MiamiDade Countg K SNB 6+ G SNJ G 6f Sa I NB
extremely low elevations.

5. Sea level risevouldincresse the damage potential of hurricanes due to storm surge. Storm surge
could penetrate further inland and cause temporary saltwater contetion of potable water
supples

6. As sea level rises throughout the®2Tentury, the southernmost Everglades arelljko be
progressively converted into a saltwater marsh. This would change its ecologypaideventually
threaten to contaminate the southern part of the Biscayne Aquifer with brackish water.

7. Theserisksare likely toworsen as sea level continues to rteeoughout the 2% Century and
beyond

1.3 Major Recommendations:

1. Climate change shoulthmediatelybe formally incorporated into all planning and policymaking
O2y OSNYyAy3a GKS NBIA2yQa 4 GSNI NBaz2dz2NOSao

2. Current water resource management plansd policieshould be reevaluatedithin the contextof
climate change and revised as necessary

3. Workshops and conferenceshould be convenedt the earliest opportunityto bringscientists,
engineers, water managerand decision maketegether toexchange knowledgabout the impacts

l.:.l

2T OfAYIGS OKIy3aS 2y atdodeghdedibphya@dmpréterisi@eNidt 5 & 2 dz

L2t AOCE YR LXFTYYyAy3a NBO2YYSYRIGA2ya Wwatedd Sy Kl yC

resources.

4. Further study includinghtegratedhydrological modelinghould be undertakeat the earliest
opportunity to confirmand build uporthe conclusions of this report.

5. Evaluation of impacts of sea level rise and other climate change impadaltwater intrusion and
development of plans for protecting the Biscayne Aquifer should be accelerated.

6. Comprehensive engineering evaluations shouldibdertakento assess the vulnerabilignd
enhance the resilienc@ ¥ { 2 dzi KS I & i C fsgustirésan@siornfivate dratnage 2 y i NP
systems to sea level rise and more intense rainfall events.
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7. As much fresh water should be retained in the system as practical without increasing the risk of
flooding. This calls for continued development and implemgataof water conservation,
alternative water supply, wastewater recovery and reuse, and stormwater storage programs.

8. State and local governments, water resource agencies, and water utilities should develop policies
and comprehensive plans that set shantermediate, and longange goals and establish adaptive
management implementation strategies for water resources under their jurisdiction that address
the likely impacts of climate changad its operational, economic, and environmental implications.

9. Stae and local water resource agencies and water utilities in cooperation with the state university
system should establish a comprehensive research
program to develop scientific and technical knowledg

regarding the impacts of climate change and -
adaptationd SOKy 2t 23ASa F2NJ UKl Adaptation measures are likely
resources. to incur high costs that will
10. Alternatives analysis anédsibility studies of large have to be justified on the basis
scale regional advanced water treatment facilities of loss avoidance in
should be undertaken testablish theapplicability of: comparison with estimates of
a. Advanced treatment of stormwateor the cost of inaction rather than
wastewater for aquer recharge and/or on the basis of economic
Everglades$iydration. return. Eventually, withdrawal
b. Production of potable water from brackish from vulnerable locations may
water, treated wastewater, or stormwater. become necessary if local
c. Potential for realizing economies of scale. circumstances preclude
feasible and coseffective
Adaptation measures are likely ocur highcosts that will adaptation. It will take
have to be justified, nobn the basis of economic return innovation and leadership by
but rather on the basis dbss avoidance in comparison policymakers and water
with projected costs of failing to adEventually, withdrawal managers to choose between
from vulnerable locations mayave to be considereif difficult alternatives and apply
localconditionsprecluce feasible and cossffective them in a timely and cost

adaptation. It will take innovation and leadership by effective manner.
policymakers and water managers to choose between
difficult alternatives andmplementthem in a timely and
costeffective manner.

This report is intended for the SoutloFRta Water

Management District (SFWMDhe U.S. Army Corps of Engineers (USAREFIorida Energy and

Climate Commission (FECRprida Department oEnvironmental Protection (FDEP); The South Florida
Everglades Restoration Task Force (SFER&M)ater resources task forces, water advisory boards, and
climate change task forces Mfiami-Dade, Broward, Palm Begand MonroeCounties;state, regional

and local policymakerand plannersyater resource managersjater utility and drainage distt
managersand other interested parties.
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Everglades. The Florida peninsula is surrounded by the Gulf of Mexico to the west, the Atlantic Ocean to the e
Florida Bay to the southLake Okechobee to the north is fed by the Kissimmee Rivieom central Florida. Th
Everglades is a wide, shallow river flowing south from the lake to Florida Bay and the Gulf. Annual rainfall av
approximately 60 inches.

SouEAAOO &1 1T OEAAGO 2A0EI EAT O 7A0A0 2A01 O0OFadged




bea N
IS
= ar

2 e v
>

Figure3cAtypical sunny winter day in Miami

2 Introduction

Southeast Florida is recognized as one of the most vulnerable regions of the world to the impacts of
global climate change. Of critical concern is the potential threat that sea level rise and otfzetsnop

Ot AYIFGS OKIy3aS O02dzZ R KI @S 2y {2dziKSIFad Cf2NARIQ
{2dz0KSFad Ct2NARIFIQa 41 GSNJ AYTFNI adNUzOG dzNB  ( KN dz3
heighten awareness to this critical issleing climate change to the forefront of water resource

planning and policymaking, and stimulate new policy and planning for improving the resilience of
{2dziKSFald Cft2NARFQAa ¢ 0SNJ AYFNF a0dNHzOGdzNE G2 Of A

CKA&d A& (GKS aSO2yR 2F | aSNARSa 2F addzRRASa 02yO0S
the Center for Urban and Environmental Solutions (CUES) at Florida Atlantic Universitsp@so)ed

by the National Commission on Energy Policy (NCEne first report published in 2008, entitled

Cft 2NARI Q& \g&StatefPali&yyFiamewark fér Adaptation to Climate Chéklyeley,

| SAYE AOKE . 2ffYly>S wnnyo LINBaSydiSR | LRtAaAOe TN
statewide that was accepted as the foundation for recommendations on adaptation policy made by the
Ct2NARI D2@SNYy2Nna ! OlAz2y .FBridarEnégy ard ClisaiECGhanhgey R/ f

Action Plan, Chapter 8, 2009he@dzft Yy SN} 6 Af A& 2F {2dziKSIF&ad cCf2NRRI

report.

There is strong evidence that global climate change is already imBactin K S ¢ 2 NX RQa ¢ GS
(Dragoni, 1998)Buffoni, 2002)(Labat, 2004)(IPCC2007); (Huntington, 2008)(Dragoni & Sukhija,

2008) A critical concertior water managerss thatclimate changésalteringthe hydrologic cyclen

ways that might not be readily predictebh 2008, a coalition of eight leading national water

management associations called upon the U.S. Congress to recognize the severe impacts of global
climate change on water resates in the United Stat§®A\WWA, et al, 2008)he water organizations

stressed that:
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Figure4 - A typical summer afternoon in Miamithunderstorms forecasted

Galye 2F GKS Yz2ai
climate change will manifest themselves
through the hydrologic system, and there is
already strong evidence that climate change i
havinganimp®id 2y GKS &2 NI
NE & 2 dzNEr&udedhe ¥xact effects of
climate change on water resources are
uncertain and will vary by region, the drinking
water, wastewater, flood management, and
stormwater utilities responsible for managing
water resourcesdr local communities face
daunting challenges.

There is nowhere that #sestatements aranore
applicable than in Southeast Florida, the location of
the MiamiFort Lauderdal®Vest Palm Beach
Metropolitan Statistical Area with a growing
population of appraimately5.5 million (US Census,
2008) Itswater supplyis jeopardized byhe
anticipated effects o€limate-changeinduced sea level
rise2y GKS | NBIF Q& & dzNJdre@ssd
flooding due to hurricane storm surgad torrential
rains, and prolonged periods of drought.

The impacts of climate change that are most likely to
affect water supplies in Southeast Florida drk:
uncertainty in the amount and timing @fecipitation
and 2 sea level risenduced effects ol KS | NB |
surface and ground waters including saltwater

ONR GA O §

AYLI OGa 2F Jf 201l f
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impacts of global climate change
will manifest themselves through
the hydrologic system, and there
is alreadystrong evidence that
climate change is having an

Ei PAAO 11 OEA xI
OAOI OOAAG8 8 " A
effects of climate change on
water resources are uncertain
and will vary by region, the
drinking water, wastewater,

flood management, and
stormwater utilities responsible
for managing water resources
for local communities face
daunting challenges8 6

Joint statement of eight leading
national water management
associations, May 20, 2008
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Key Message 1- Climatic Trends:
02AAAT O T AGAOOA
greenhouse gas emissions and
many aspects of the climate are
changing near the upper
boundary of the IPCC range of
projections. Many key climate
indicators are already moving
beyond the pattern®f natural
variability within which
contemporary society and
economy have developed and
thrived. These indicators include
global mean surface
temperature, sedevel rise,
global ocean temperature,
Arctic sea ice extent, ocean
acidification, and extreme
climatic events. With unabated
emissions, many trends in
climate will likely accelerate,
leading to an increasing risk of
abrupt or irreversible climatic
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intrusion and changes in flows and leve¥dany regionsincluding Floridayill see wetter wet seasons

and drier dry season&arl, etal, USCCSP, & NOAA,
2009)

The Intergovernmental Panel on Climate Charlge 4
Assessment Report (IPCC, 2007) reported that

G2 FN¥YAy3a 27F
now evident from observations of increases in global
average air and ocean temperatures, widespread

melting of snow and ice, rising global average sea level,
YR I OARATFTAOIGAZ2Y 2F GKS 20
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with greater than 90%ertainty;thesechanges in
world-wide climateare due torapidly increasing
atmospheric greenhouse gas concentratidimsn the
combustion of fossil fuels, deforestatipagriculture,

and other anthropogenic activitiedwerageglobal
temperatures could rise by several degs Centigrade

and the warming trend could last for centuries.

TheUnited Nations Framework Convention on Climate
Change (UNFCG&3sheld in Copenhagen in
December 2009 to develop a global response to the
threat of climate change anak asuccesorto the

Kyoto Agreementwhich isscheduled to expire in 2012
In anticipation of this conventionhe International
Alliance of Research Universitiesld an international
scientific congress on climate change in Copenhagen
from March 1012, 2009. In itsaport issued in June
2009 (IARU, 2009), it stated,

GThe scientific evidence today overwhelmingly indicates
that allowing the emission of greenhouse gases from
human activities to continue unchecked constitutes a
significant threat to the welbeing and cotinued
RSOSt2LIYSyid 2F 02y G SYLRNI NE

The reportalsostatedin its Key Message 4Climatic
Trends
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oRecent observations show that greenhouse gas emissions and many aspectinfdateare
changing near the upper boundary of the IPCC range of projections. Many key climate indicators
are already moving beyond the patterns of natural variability within which contemporary society
and economy have developed and thrived. These itmiEanclude global mean surface
temperature, sedevel rise, global ocean temperature, Arctic sea ice extent, ocean acidification,
and extreme climatic events. With unabated emissions, many trends in climate will likely
accelerate, leading to an increaginisk of abrupt or irreversible climatic shits.

Many of the effects of climate change in Florida are occurring gradually and are expected to worsen
throughout the 2% Century. They are masked by the normal extremes of weather events and are

difficult to differentiate from natural cycles. Long periods of time can lapse before underlying trends
become evident, especially when incremental changes do not have an early detectable effect on
everyday circumstances. Also, people tend to be reactive ratherphaactive, especially when

considering the possibility of uncertain future disasters. People are likely to at first deny or make
excuses not to prepare adequately or are just slow to act. On the other hand, when disaster does strike,
such as in the case afmajor hurricane or flood, people are quick to react in order to recover and

rebuild and prepare better for a possible recurrence, assuming that everything will return to normal and
life can resume as befoigi.e. the assumption of stationarity. Furthraore, it may be difficult to

determine whether what has been considered a 4@@r natural disaster has become a&ar or 10

year event as a result of gradual changes in underlying climatic conditions. For example, if in the next 15
to 25 years, a 0% increase in sea surface temperatures coupled with a 6 inch rise in se¢akesl

place it could result in a multifold increase in the probability of a Category 4 or 5 hurricane that could
cause severe wind damage, storm surge that penetrates for nilasd,floodingthat may overwhelm

GKS NBIA2yQa aA02NNgFGSNI RNIAYI3IS aeadasSvyasz aGSyLRr
weekslong power disruptionsPredictions are needed to ascertain the effects of climate change on the
likelihood of sub events. lincreased riskan be establishedt may be possible to justifgrecautionary
adaptation modifications to the flood control system and other infrastructure in order to reduce the
severityof property damage angersonal injunyjin sucha catagrophic event.

TKS NBgedgtghia Bcatiorextremely lowtopography porous geology, grounahd surfacevater
hydrology,subtropicalweather patterns andproximity to the oceartomprise an extremely complex
and interactive system. Water managensist balance demands for potableater andagricultural and
landscaperrigation with ground and surface water management, flood control, wastewater
management, and the needsd the naturalenvironmentincludingthe Evergladeshe coastal and
freshwaterwetlands and thecoastal marine habitatall of which are intricately linked through the
KERNRBf23IAOIE O2O0fSd ¢KS NBIA2Yy QA o+ GSNIJ adzZllLi & A
St SySyita 27F GKS NI ai@vyod ondvhatesdpplyinisBlatieh dedlid Sai sbifice
because the increased threat of flooding resulting from sea level rise, more intense rain events and
hurricanes will have direct and indirect impacts on the water supply. Therefore, this report considers
water supplyresilience within the context of the entire hydrological system including the impacts of
climate change on ground and surface waters and the reuse and discharge of treated wastewater.
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2.1 Project Goals

This purpose of this study was to determine the likelgeffi & 2F Of AYF S OKIy3S 2

water resources and to identify engineering and management options for improvingdsdience The
studyset outto accomplistthis by undertakinghe following:

1. Gather the best available scientific and technical knowledge relating to the impacts of climate
OKIl y3aS 2y { 2dziKSI aand@iirduNidate intaaguage tiiaBehid ba dzLILJE
understood bynon-technical as well as technigadopleengaged in policyaking and
YIEyFraSYSyld 2F GKS NBIA2yQa ¢l G§SNI NBaz2dzNDOS

2. ldentify, discuss and prioritize relevaauteas of concerrghallenges, opportunities, solutions,
policies, conclusions and recommendations throeghsultationwith water experts
policymakers, and skeholders.

3. Undertake a case study of a representative coastal city water utility in Southeast Fhorida
cooperationwith its management and stafb gain insight into the issues facing local utilities
and to exemplify application of the tools presentecthis study Determinethe vulnerabiliies
of the utility to predicted climate change impacts and make specific recommenddtions
improving itsresilierce.

4, t NPLR2AS Iy FTRFELIFGAZ2Y LI FYYyAy3a FNFYSE2N]
the unavoidable consequences of global climate change.

2.2 Methodology

The project goals were met through the use ofgh modes of research: 1) consultation wétientists
andexperts in fields related to water managemeB8yj literature research, and e water utility case
study. Scientists, wateengineers, water managers, planneasdenvironmentalists fronuniversities,
engineering consulting firmghe United States Geological Survey (US@8)South Florida Water
Management Distriglocalgovernmentalagencieswater utilities and drainage districtwere consulted
to gatherinformation and their opinionszoncerns, questiongecommendationsand collective wisdom
on climate change antthe water supply These discussions were confidential, oggred,and without
preconceptions in order to discover both expected and unexpected issues and cordeapecific
content of disclosures madey eachexpertisnot revealed in this report except for citations of selected
published literature, internet postiys, and public presentations. Thellectivedisclosures and opinions
of the expertsand reviewers of the draft repowere used in deriving K S | dzindugion® Q
recommendationsand opinionswhich are those of the authors and do not necessarilgctthe
opinions of participating experts or revieweExpertsand reviewersare Isted in Appendix B.
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Consultations with experts were supplemented with literature research. The literature search focused
on 1) appicable science and technolog®) ptential impacts of climate change oon®heastFlorida

water supply 3) gplicable water lawandpolicies and 4) @proaches to water supply resilience taken

in other regions Although the literature search was extensive, it should not be regarded as exhaustive.

A aseSudy of theCity ofPompano Beach Water Treatment Utilitkas conducted b¥rederick
Bloetsder, Ph.D., P.Eand Daniel Meeroff, Ph.DE.l.both members of the faculty of ! | De@artment
of Civil, Environmental, and Geomatics Engineering. This wdisychoserior several reasons. It
employs stateof-the-art water treatment, alternative watesupply, and water reuse technologigésis
located near the coastnd hasa skilled anaxperienced technical management team whose input

contributed Y+ G SNAF f f & (2 GKS adGdzReod ¢KS dzirAfAdeqQa S| ald

It isundertakingstudiesof advanced methods including wastewater reuse and recharge and
hydrological barrierso protect its raw water supply. US@8dthe Broward County Environmental
Protection and Growth Management Department have develop&gidiological nodel of the North
Broward areawhich the utility isusing to
guide its alternative water supply projeciEhe
dziAt AdGeQa YI ylp@ided y (|
input and ideas and reviewed the resutis
the Case Study

The Case Studyet outto: 1) determine utlity-
specific vulnerabilitiesf its water supply and
its facilitiesto climate change, challenges,
opportunities, solutions, conclusions and
recommendations; 2gonduct an engineering
assessment of current operating strategi&$

recommendmprovements D resilience to the Figures - Miami Beachg Hibiscus (foreground) and Palm Islands
utilitd Q3 41 0SS NJ & dzLJLJE @& | are manmade islands in Biscayne Bayiving on the edge.

associatectapital investments and operaij
cost estimatesand4) present generalized methodology and recommendations that other water
treatment facilities in Southeast Florida aal$ewhere might be able to use as a guide.
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3.1 Topography R
In order to understand the subject rttar of this report, it is
necessary to first be familiar with the unique characteristics
2F {2dz20KSIad Cft2NARIQa (2L AN LKES
i.e., theflow characteristics of groundwater and surface
water. Figure 6 is a topographic (relief) magled Florida
Peninsula bounded by 2and 30 north latitude and 80
and 83 west longitude. What is striking about this map is
that there is no discernable relief south of Lake
Okeechobee, i.e. the land is virtually flat. In fact, almost al
of the land isat elevations of less than 15 feet elevation and
YdzOK 2F AG A& fSaa GKIYy o LYSGSNB 6mMaQud 1325
surrounded by the warm waters of the mitlantic Ocean _ _ _

. Figure 6 - Topography of the Florida Peninst
on the east and the Gulf of Mexico on the west. Down the gpqing that most of South Florida south of L
middle of South Florida fromake Okeechobedo Florida Okeechobee is at verlpw elevation. (USGS)
Bayis the Evergladesnostlya freshwater marsigactually a
very shallowbroad riverthat dominates the
watershed and is a major source of recharge
water for the Biscayne Aquifer, Southeast
Ct2NARI Q& LINAYIFNE o6 GSN

In 20@B, LIDARLIight Detection and Ranging)
elevation datawere obtained formost ofthe
urban areas of Southeast Florida. The
Geographic Information Systems (GIS)
departments of the county governments are
developng high resolution elevation maps
using these data andill also overlay them
with various datasets of infrastructure,

roads, developmentayater tables, and

other features PreliminaryLIDARnap of
Miami-Dade Countyn Figure? illustrates
elevationsabovesea levelNAVD 88)Areas

up to 4 to 5 feeshown inshades oflark
greencould beat risk of seriou$looding as
sea level risedAs shown in Figure 8
approximately 29% of urban Broward County
is below 5 feet elevation (in purplelhese
maps illustrate bw flat and low Southeast
Florida is and how vulnerable it is to sea level

Figure7 - Preliminary LIDAR map of Miardade County illustrates
elevations above sea level (NAVD 88). Areas up to 4 to 5 feet sh  l1S€.
in shades of dark green could be at risk of serious flooding as se

level rises(Harlem, 2009)
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3.2 Geology

{2dziK Cf2NARIQ&a 3S2f238&8 Aa
surficial aquifers as shown in Figure 9. Substantially
all of Southeast Florida from its southern tip
northward to just south of West Palm Beach sits on
the Biscayne Adter. This is one of the most
productive freshwater aquifers in the world due its
high porosity, transmissivity, and heavy rainfall that
falls on Southeast Florida (55 to 60 inches annually).
The land is primarily made up of porous sand and
limestone enabihg rain to rapidly percolate through
the ground to the permeable porous limestone
aquifer. The surficial aquifers are also are fed by the
Everglades and Lake Okeechobee.

The geoloy of the region is represented in
simplified form in Figure@ Southeast Florida
obtains most of its water supply frothe extremely
Figure 8 - Approximately 29% of Broward‘County is le porous and transmissivRiscayne Aquifemhich is
than 5 feet above current sea level, shown in purple, ba . .
on LIDAR topographical dataSéurce: Broward County G| located directly under the land surface and is
wedgeshaped from the Earglades in the west to
the Atlantic Ocean to the east, wheitds between abouB0 and 24 thick(Also e Figured3on page
45). Water from the Biscayne Aquifer is generally of good quality due to the natural filtration and
purifying properties of the guifer. Groundwater drawn from the western parts of the urban areas is
high in tannins and other organics present in water derived from the Everglatiesecan be readily
removed by carbon filtration and chemical treatment. Water drawn from wells tcetist of the coastal

ridge is generally of better color and quality overall. For that reason, utility directors prefer to use water
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) ) ) Figurel0 - The Biscayne Aquifer is surficial aquifer bounded beneath by ser
Figure9 - Aquifers of the lower Florida  ¢onfining clay called the Hawthorne Group. Below that is the Floridan Aqu
peninsula.(USGS) the Lower Floridan, and the Boulder Zone. (SFWMD)
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from easterly wellsvhere possible.

TheBiscayne is an unconfinedastalaquifer, meaning that it is open to treurfaceandthe oceanas
shown in Figurdl. It is composed mostly of highly porous karst limestone (See Figur&vagr flows
through the aquifer to the ocean amlishes agast and mixes with saltwater wwhat is called the

& dne ofdispersoné 2 NJ G KS  &.4Sjhdce NéirdakeRis/abdatZy dénser tharfresh water

fresh watertends to flow above the seawater forming a age as illustrated. The position of tkene of
dispersion is a function of the rate fsEsh waterflow which in turn is affected by the amount of rainfall,
the height of the water table relative to sea levahdthe amount of water withdrawn from the adfer

for urban consumption, landscape irrigation and agricultural use.

Because of the low elevation of the land, the water table, i.e. the upper surface of the groundwater in
the Biscayne Aquifer, is often within a few feet below the surfate area iloneycombed with

natural and manmade lakes, ponds, wetlands, rivers and canals, the surface of which provides a ready
indicator of the water table because of the high porosity and transmissiveness of the land and the
aquifer. Generally, wherever a holetoench is dug in Southeast Florida, if deep enough to penetrate

the water table, water fills it at approximately the level of the water talmetheurbanareas ground

water levels argjenerally3 to 5 feet below their historic levels due to the effeetess of the
stormwaterdrainage systensonsisting of leveeganals and control structuredn the Everglades
Conservation Areas, west tife levees and control structures that separate them from the urban areas,
water is above ground for a significant part of the year.

Core JBS1 GW22
(5510 190 11 below peat)
GO w16 NENGYVIRY)

Figurell- The Biscayne Aquifer is unconfined and open to the Atlantic Oc Figure 12 -Biscayne Aquifer is a kal

Lines is equal chloride concentration (isochlors) are shown. Numbers a formf_'ﬁ” B”TA lil“ng Upo'\;lqsn){ anc
mcg/ml. (USGS) variability. (D. McNeill, U. Miami)
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