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CHAPTER I: INTRODUCTION

Most ground water-refaled studies in northwest Florida are not comprehensive for the entire panhandle

area. Many reporis describe the hydrogeology of only a single county or several adjacent counties. These

stugies oflen neglect adjiacent areas that may significantly influence the ground waler conditions within a

speclfic study area. Many reports are outdated, as definition and terminology changes have occurred

" through the years. ltis sometimas difficult to correlate data from reporis separated by 10 to 20 years. Most

studies that include the entire nosthwest Florida area are regional in scope, ranging from statewide o the

. entire southeastem United States. These types of studles necessarily negiect locally significant areas or
discrete aspects of the ground water resources of northwest Fiorida. o ’

The objectives of this report are to integrate local and regional aspects of ground waisr in the panhandie
region and to update related definitions and descriplions. These descriptions and definitions are intended to
form the foundation of future work, which will contribute fo the database presented in this report. it is
expecied that these descriptions and definitions will be refined as new data become avaiizbie,

. This report describes and interprets the basic hydrogaciogic framework of northwest Fiorida and provides a

* rationafe for definitions and defineations. The hydrogeologie systems are corralated io gtratigraphy as well
as to geviogic structure. Due to the diversity of ground water seflings, many different conditions can impact
- theresource In d particuiar area. These settings and impacting conditions are presented and discussed.

Much of Hls repost will focus o the Fioridan Aquifer System and the Sand-and-Gravel Aquifer because of
their importance as the principal sources of drinking water in nortiwes: Fiorida. This focus is not ntended to
‘de-emphasize the significance of the minor aquifer systems. - The characteristios of the minor systems and
their relationshig to the major hydrogeologic systems are alse presentad here. - -

Every attempt has been made to standardize terminology as defined by the Florida Geological Survey
{FGS) and the Southeastern Geological Sociely Ad Hoc Committee on Florida Hydrostratigraphic Unit
Definition (hereinafter referred to as the Ad Hoc Committee, 1986} Deviations from the recommended
terminclogy have been made to simplify and clarify the terminology of the Ad Hoc Commitee and to
describe unique conditions within the Norihwest Flonida Water Management District. These deviations are
described within e text T ' o

Location

" The Nosthwest Fiorida Water Management District (NWFWMD) was created by the 1572 Florida Legistature
with the passage of the Water Resources Act {Chapter 373, Fiodda Statutes). The NWFWAMD
ehcompasses an area of about 11,200 sguare miles. This includes 16 counties, from Escambia County in
the west through half of Jefferson County In the east, where it bortders the Suwannee River Water
Management District (Figure A-1}. Seven surface water basins are sssociated with major rivers within the
NWFWMD's boundaries: the Perdido, the Escambia, the Blackwater-Yeliow, the Choctawhaichee, the
Apalachicola-Chipola, the Ochiockonee, and the St Marks (Figure A-2). Ground water resources underiylng
nerthwest Florida are divided inte four major regions: the Woodvilie Karst Reglon, the Apalachicola
Embayment Region, the Dougherty Karst Region, and the Western £anhandie Region (Figure A-3}.

Ruies adopted by the NWFWMD govern varlous aspects of waler management including: storage of
surface waters, water well construction, consumptive uses of watar, and agricuitursl and forestry surface
water management. “The NWFWMD has been vested with responsibility for ensuring availabiiity of adequate
water suppiies and long-term water resource integrity, and must fulfill 2l other proviglons of Chapter 373,
Florida Statutes. The primary objectives of the NWFWHMD include: {1) to ensure an adequate supply of

water for all reasonable and beneficlal purposes through the promotion of conservation, resource protection,
and development of alternative waier suppiies; (2) fo provide for the protection and enhancement of natural
systems through integrated land and water resource management programs; (3} lo minimize harm from
-flooding and otherwise prolect the health, safety, and welfare of the residents: and {4} to protect, maintain,
and improve the quality of ground and surface water resources. Additionally, the NWFWMD strongly
supposts public awareness and education regarding water resource management issues,

Chmate

The climate of northwest Florida is generally humid to sub-tfropical, with warm summers and mild winters,

Temperatures average 81°F in the summer and 84°F during the winter {Fernald and Patton, 1984). Nonmnal
annual rainfall ranges from about 85 to 67 inches per year. Average annual rainfall is generally highest in
the westemn porfion of the NWFWMD and fowest in the eastem portion. Average monthly rainfali rangss
between three and eight inches (Fernald and Patton, 1984). There are two distinet rainy seasons each year,
the first resulting from frontst storm systems during the winter and early spring, and the second occursing
during the summer as a result of afternoon and evening thunderstorms. : .

Although the NWFWMD generally has an abundant supply of rainfall, droughts periodically cocur. Faff and
fate spriog fend to be drier periods. Annual rainfall may vary as much as 50 percent from the average.
Many locations have experienced as iitie as 40 and as much as 80 inches per year. During the past 100
years, the peried of the mid-1950s had the lowest rainfall totals, while the mid-1950s had the highest.

Topography and Physiography

The fopography and resultant physiography of northwest Florida are the products of strearn and sea wave
aciivity over the past 15 million years. The major physiographlc features include the Norther ighiands,
the Marianna Lowlands {Bougherty Karst Flain, Figure A-3}, and the Coastal Lowiands {Flgure A-2). The
Northern Highlands extend across the northerny part of the panhandie and norh into Alabama and Georgia,
Significant tandforms within the Northem Highiands Include the Tallahasses Hils, Grand Ridge, New Hope
Ridge, and the Westem Highiands. The Western Highlands and the Tallahassee Hills ars separated by the
physiographic province referred to as the Marianna Lowlands. Grand Ridge and New Hope Ridge sare
remnant hightand features bordering the southem edge of the Maranna Lowlands. The southem iimit of the
Northern Hightands is marked by a regionaliy-extensive oulfacing scarp reterrsd o as the Cody Scarp.
Eievatlons in the highlands area range from 50 {o 345 teet above sea level.

The Cody Scarp represenis the northerns extent of a Pleistocene sea level transgression that removed
Miocene and Pliocane sediments to expose the underlying carbonales of the St Marks Formation and
Suwannee Limestone. This area of exposed carbonates is reterred 1o as the Woodvilie Karst Plain and
represents a distingt physiographic subregion of the larger Woodville Karst Region.

The Marianna Lowiands is actually the southem extent of the Dougherty Karst Plain {Figure A-3), which
extends into southeast Alabama and southwest Georgla. The Markanna Lowlands is a product of stream
erosion and ground water disselution activity. The highiands that formerly existed in this area have been
reduced, primarily by the major rvers and streams: the Chaftahooches-Apalachicola, Chipola and
Choctawhalohee rivers, and Holmes Creek {Figure A.2). The karst plain is wel drained and contains many
visible sinkholes, as well as pateosinks which have no surface expression. Many areas iack weli-cefined
suface drainage pattemns due to the capture of runoff by the subsurface through internal drainage.
Elevations within the karst plain range from near sea level (o 245 feet above sea level,

The Coastal Lowlands lie south of the Norther Highiands and are adjacent fo the coastline. Elevatlons are
fow, ranging from sea level to about 100 feet above sea level. The land in many areas is pocrly drained due



to a flat topography and agsociated high water table. Landforms present within this province include barrier
islands, lagoons, estuaries, sand-dune ﬁdges and relict spits and bars, ail of wmch are the result of marine
processes .

Land tise

Approximately 60 percent (6,700 square fmiles) of the 11,200 square miles comprising the NWFWMD is
forested lands {Fernald and Pation, 1984). . Forest industries own about 25 percent (2 mitlion acres} of the
land in northwest Florida. About 20 percent of the land is owned by state and federal government. These
lands includs: nationa! forests, siate parks and forests, NWFWMD water hanagement lands along majar
rivers, and severat large mliltary bases of which a major pomon is forested land.

Agncuzwm} lands comprise about 16 percent of the land in northwest Florida (Fernaig and Pation, 1884).
Most of the agricultural lands are scattered across the Norihers Highlands portion of the panhandle. The
remalnder of the non-urban land is divided between forested wetiands, watarbodies, and nonforested

- wetlands and barren %ands covenng terz six, and two peroent of the NWFWMD respeczzvely {Femald and

Pattos, 1584).

Urban areas account for about six percent of northwest Florida (Fernald and Patton, 1984). H%gh popuiation
densities exist in Pensacela, Ft. Watllon Beach vicinity, Panama Clty, and Talishassee. The coastal area is

extensively developed between Pensacola and Panams Cily. The panhandle is general?y rurel, with an .

overali gopuiaeon densﬁy of less tham KL persoas per sguafe msie

' d Water Monitorin

Ground water monitoring was first initiated in northwest Flonda during the early 1930s.  Criginally,
monitoring consisted of observing waler-feve! fictuations in a few welis in the major urban areas of the
‘panhandie. The NWFWMD has, through the years, expanded and refined the onginal network due to
population growth, the importance of ground water as & source of drinking water, and Increasing incidents of
‘ground water contamination. 1 the earfer days of data collection, the U.S. Geological Sutvay {USGS)
maintained and operated ground water data collection efforts as part of the faderal misslon. The NWFWMD
has been involved in hydrolegic data collection since 1976, when it entered into a cooperative agreement
with the USGS. This juint agreement remained in effect frorn 1976 through 1988, in 1983, the Florida
Legislature passed the Water Qualily Assurance Act mandating the Department of Environmentat
Regulation {now the Department of Environmental Frotecion) fo establish a statewiie ground water quality
monitoring nelwork in cooperation with other federal and state agencies, Inchxding Florida's five water
management diglricts {Fiorida Statutes, Section 403.063). The NWFPWMD now maintains and operates a
part of this network consisting of more than 300 wells distributed throughout northwest Florida (Figure A-4).
These welis penetrate and fap all the squifer systems undarlying northwest Florids.

The goais of data collection are fo establish baseline ground water qualily information, detect and predict
trends and changes in water qually, define the hydrogeclogic framework, and descrlbe the basic
hydrogeoiogic conditions present for esch hydrogeologic system through time. Trends In data can be
identified and assessed in order to recognize threats to the resowrce and to make predictions that aliow for
management and preservation of ground water resaurces. Additionally, the dissemination of this data to
other government agencies and to the general public assists in soiving and supporting local issues.

Limitations on Applicability

The maps presented in this report were prepared af scales that preclude their direct application fo site-
specific interpretations. Because of the helerogenesus nature of geologic media and the limited geoiogic
conbrol avallable when these maps were prepared, site-specific conditions may vary from the information
presented herein.  Accordingly, the maps presented in this report should be used with care when the scale
of the area of interest Is substantially different fom the scale at which the maps were prepared.



CHAPTER l: HYDROGEOLOGIC OVERVIEW

Reqgionat Hydrostratigr

This report is not intended o contradict previous hydrogeolopgic terminology but to clarify and provide more
consistent definitions throughout the parhandle, The inconsistent use of hydrogeoisgic terminology has
long been recognized. Terms such as shallow aquifer, sand aquifer, waterfable aguifer, non-artesian
aguifer, imesione aquifer, secondary artesian aquifer, deep aquifer, principal aquiter, Hawthomn aguifer,
Suwannee aguifer, St. Mark's aguiter, upper confining unit, waler-bearing zone of upper confining unif,
Pensacola Clay confining unit, Hawthorn confining bed, lower confining bed, eic, have confused
" understanding of the hydrogeologic framework, Most of the preceding terms are genetic and can bave &
variety of meanings. in northwest Florida, the hydrogeologic framework is divided infe four groups of
sediments that constitute disfinet hydrogeologic systems. : - o

Each sysiem is a colfection of lithclogic beds that share ceriain hydrogeslogic characteristics. Systems are

- defined by their ability to conduct or refard the fiow of water and, thus, are not constrained by lithologie or

stratigraphic boundaries. [n general, boundaries bétween systems separate lithologically distingt units. in
some cases, due o variations in a lithologic unit's ability to conduct water, a system boundary may ocour
withins a straligraphic unit. In descending order from land surface, the four systems are: the Surficial Aquiter
Systern (which includes the Sand-and-Gravel Aguifer); the Intermediate Systern; the Floridan Aquiter
Systern; and the Sub-Floridan System. Figure 1 correlates regional siratigraphy fo the hydrogeologic
systems and shows the variabilily of the hydrogeologic framework across the panhandle. The
lithostratigraphic units in the figure are not necessarlly shown in correct chronostratigraphic position,

The system definitions presented here are & modification of those presented by the Ad Hoc Commitlee
{1986}, In northwest Florda, the Ad Hoc Commiltes recognized three aquifer systems {the surficial aquifer
" systemn, the inlermediate aquifer system and the Fioridan aguifer system} and two confining unils (the

intermediate confining unit and the sub-Fioridan confining usit). This report modifies the Ad Hoc Commillee

definitions in two ways. First, the intermediate confining unit and intermediate aguifer system are combined
into the Intermediate System. This combination recognizes the fact that the intermediate confining unit and
intermediate aguifer systern ocoupy the same hydrostratigraphic position belween the Surficlal Aquifer
- System and the Fioridan Agquifer System. Accardingly, the complex series of confining and water-bearing

Bhologies comprising the intermediale confining unitfaguifer system are combined and elevated o system

stalus. Second, the sub-Floridan confining uni is elevated to system status. This recognizes the fact that,

in northwest Florida, the Sub-Floridan System contains minor aquifers. This report further deviates from the

Ad Hoe Commiltee recomimendations by capitalizing each of the four sysiem names,

Use of the terms “region” and “regionaily” are siightly altered from the Committee recommendations. The
Committes recommended the use of "region” to speclfy a spatial extent approximating (or larger than} the
size of & waler management district. Here the term reters fo features that range in size from several

counties fo the major part of the NWFWMD. This usage most closely corrasponds the Ad Hoc Committee's

“sub-regionai’ term.

Due fo their lithologic characleristics, the Surficial Aquifer System and Floridan Aquifer System have
properiies that aliow for the sloring and transmitiing of ground water; however, these aquifer systems are
vastly different in that, due io variations in composition and thickness, each has different water-vielding
properties.  The intermediate and Sub-Floridan systemns funclion as groups of sediments that refard the
vertical movement of ground water. The Intermediate System Hmits the exchange of water between the
Surficlal Aquifer System and the Floridan Aquifer Systern. The Sub-Fioridan System forms the base of the
Fioridan Aquifer System ground water fow regime.
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Figure 1. Correlation of Hydrogeoiogic Systems to Stratigraphy in the Panhandie Region,

NOT NECESSARILY SHOWN IN CORRECT CHRONOSTRATICRAPHIC POSITION
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The greater the percentage of continucusly ocourring clay beds and the thicker the clayey sequence, the
more effective the intermediate System is in refarding vertical movement, Geographically, the Inferrmediale
System displays variabie characteristics due to #hologic and thickness changes. Where the system is thin
or iess clayey, of where the beds are breached by higher permeability secdiments, the Intermediate System
is “leaky” and vertical movement ot water to the underlying Floridan Aquiter System is more effective. In
portions of northwest Florida, the intermediate System confaing minor aquifers. These aquifers are
sandwiched between ciayey sediments. Due o verical hydraa.zitc ocrxiuctlvizy conirasts, discrete hydrostatic
heads define each zone,

The Sub-Floridan System, although primanly a confining sequence, does contain aquifers of regional
significance. In the north-central poriion of the panhandie, the aquifers that occur in this system are the
southern extents ot more prolific aquifers recegnized as the Claiborne Aquifer and the Clayton Aguifer in
suutheast Alabarna and southwest Georgia.

In sutnmary, the subsurface characteristics of each system vary both laterally and with depth. The nature of
* the variability determines ground water availability or the degree ot confinement tor the respective system at
any given igcation. Figure A-5 shows the soourrence and exient of the hydrogeoiegic systems found in the
" panhandle. Hydrogeclogic features of each system within eac!z ground water region and locational
reference maps are presented in Appendsces B zhrough E. : .

Surﬂcia! Aquifer System

The Susficlat Aquiter Systern is defined by the Ad Hoc Committee zs the “permesbie hydrogaologac unit
contiguous with land surface that is comprised principaly of unconsolidated clastic deposits.” This sysfemis

maindy tound under unconfined conditions. However, locally, fow-permeability beds may cause semi--

_ tonfined conditions to exist within the deeper parts of the system. The lower limits of this sequence coingide
with the top of iaterally extensive and vertically persistent beds of much lower permeabdiity (the Inlermediale

“System).  Within northwest Florida, the Surficial Aquiter Systemn vares greatly both in thickness and
character. . .- B :

The Surficial Aquifer Systerm changes from east fo west across a transition zone frending from the sastern
vicinity of Choctawhatchee Bay In Watton Counly, extending northeasterly through west-centrat Washington
County, then foliowing Holmes Creek where i divides Holmes County and Jackson County (Figure A-5).
East of this transition zone, the Surficial Aquifer System Is referred to as undifferentiated and is of relatively
minor significance as a source of water, since ¥ is relatively thin, finer grained, and exhibits lower
permeabitity as compared o the area west of the transition. In many areas, the undifferentiated part of the
Surficial Aquiter System is absent or highly discontinuous and, thus, ¥ not an important source for ground
water withdrawal. ©On the western side of the transitlon, the Surficlat Aquifer Systern becomes thicker and
containg a higher percentage of coarser-grained beds whose overall permeabilily s much greater than the
correspending unit fo the ¢ast. in the western panhandie area, this system is regionaily distinctive and is
referred to as the Sand-and-Gravel Aquifer. !t constifutes the major source of ground water in Escambia
and most ot Santa Rosa counties. In parts of Okaloosa and Walton counties, the Sand-and-Grave! Aquifer
rgpresents a viable supplemental sourse ot ground water to the Fioridan Aquiter System.

It should be noted that other hydrogeologie units can be contiguous with land surface and not be part ot the
Surficial Agquiter Systemn. Commonly, the Intermediate System sediments contain the uppermost water-
bearing zones within the system and may be relatively shaliow but are confined and ¢o net satisfy definition
of the Suricial Aquifer System, which is primarily unconfingd. Likewise, in areas where the overburden has
baen removed, the Floridan Aguifer System is tound under unconfined condiions. in some areas,
weathered limesione residuum overligs the consolidated fimestones of the Floridan Aguifer System. This
residuum can be unsaturated, and the Fiondan Aquifer System is tound under unconfined to semi-confined
conditions. Again, this residuum is not part ot the Surficial Aquifer Systermn.

Surficial Aquiter System repiaces terms such as walerdable aquifer, non-artesian aquiter, shallow aquifer,
and sand aquifer. Figure 1 correlales the Surficial Aquiter System to the stratigraphy within northwest
Florlda. in the panhandle, the Surficial Aquifer System Is comprised of the uppermost permeable zones of
the Miccosukee Formation, undiferentiated ferrace and alluvial deposits, $he Citronelle Formation, and
those portions of the undifferentiated coarse ciastlcs sufficiently permeable to be included in the basat Sand-
and-Gravei Aquiter. Figure A-5 shows the occurrence area for the Sand-and-Gravel Aquifer and {by -
inference) the unifferentiated Surficial Aquifer System. _

Intermediate System

The Intermediate System is defined as ali sedimenis that collectively retard the exchange of water between
the overlying Surficial Aguifer System and the Floridan Aquifer System {Figure 1). In piaces where the
Surficiat Aquifer System is not present, the infermediate Sysiem serves fo retard movement of watér from
land surface to the Floridan Aquifer Systern.  in ceriain paleckarst areas, the Flondan Aquiter System
sequence has been completely removed and the intermedlate Systemn lies directly over the Sub-Fioridan

- System sediments.

Sediments of the Intermediate System generaily consist ot fine-grained clastic deposits which, in some
areas, are interiayered with carbonate beds or coarser-grained clastic sedimenis {Figure A-6). The
interbedded nature of these deposits can result in water-bearng zones containgd within the unit.  These

_relatively minor aquifers exist under confined conditions. Due to their discontinuous and variable nature,

these individual aguifers.cannot be mapped over wide areas. Thus, the aguifers are coliectively refermed to

" as the Intermediate aquiter regardiess ot whether atie or many water-bearing zones are being discissed.

The base of the Intermediate System is marked by a change fFom predominantly iow- permeability ciastic

" sedimenis fo the underiying more permeable carbonate sequence. By deBnition, confining-bed material

must fie between any intermediate aquifer and tho underlying aquifer.

" Intermediate Sysletn replaces terms such as upper confining bed, Pensacola Clay confining unit, and

Hawtborn confining bed. Intermediate aquifer replaces terms such as secondary astesian aquifer(s), shallow
artesian aquiter{s}, Hawthorn aquifer, and water-bearing zohes of the upper confining unit. Figure 1
correlates the intermediate Sysfem to the siratigraphy within northwest Florida. Figure A-6 shows the areat
extent and variabifify ot siratigraphic units composing the Intermadiate System.

Foridan Aquifer System

‘The Floridan Agulfer System consists of a persistent carbonate sequence that includes a varigty ot geologic
tormations ranging in age from middie Miooene to Paleocene (Figures 1 and A-7}. Within northwest Florida,
the tormations dispiay lateral and vertical vanafions in Ethologic characteristics due to changes that ocourred
In the depositionat environments, This variability results in wide permeabillly contrasts within the aquifer. in
general, the Suwannee and Ocala limestones have the highest permeabiliies, regardless of geographic
area. As welis rarely tap the sediments underiylng the Ocala Limestone, the permeabliity characteristics of
these sediments are poory understood. The younger portions of the systern range from low to high
permeability.

Near the middle porfion ot the panhandie, middie Eocene to Paleocene rocks change from relatively morg
clastic in the west to relatively more carbonate to the east.  The significance of this change is that the
sediments in the west funclion as a confining unit and are part of the Sub-Floridan System (Figure 1). To
the east, conletnporanecus deposils are carbonales and are hydraulically connected to the overlying
vounger carbonates. Thus, the thickness of the Fioridan Aquifer Systern increases eastward across the
panhandle {Figure 1}.



in the westernmost portion of the panhandle, the Floridan Aguifer System is split vertically by a regional
confining unit.  The two parts are referred to as the upper limestone of the Floridan Aguifer System, which
includes al or part of the Chickasawhay Formation, the Bruce Creek Limestone, and an undifferentated
Miocene limestone; and the lower limestone of the Floridan Aquifer System, which includes the Ocala
Limestone (Figure 1). The confining unit separating the two portions is referred to as the Bucatunna Clay
Confining Unit. Figure A-5 shows the extent of this unit. Where the unit pinches out fo the east, the Fioridan
Aqguiifer System: becomes one veriicailly undifferentiated unit. The Bucatunna Clay Confining Unit thickens to
the southwest and thins to the north and east.

In the westemmost panhandie, the hydrostratigraphy is fusther complicated by the fact that the Bruce Creek
Limestone and the undifferentiated Miccene Emestone can contain moderate amounts of clay {e.g. Marsh,
1968}. Where these clayey intervals are contiguous with the Paensacols Clay #thostratigraphic unit, they are
most appropriately inciuded in the intermediate System.

Where the Fioridan Aquifer System is overiain by the {nfermediate System, confined conditions typically
prevail. For example, in the eastermmost part of the panhandle, the Floridan Aquifer System can be covered
with as much as 150 feet of confining bed material, which conteins intermediate System aquifers. in this
area the Floridan Aquifer System can have as much as 38 feet of unsaturated limestone. This is, in pars,
explained by exiremely high fransmissivity, which readify allows water to be moved downgradient within the
aquifer, creating the unsaturated zone, ¥ the Intermediate Sysiem is breached, as in karstic areas, the
Floridan Aquifer System may be semi-confined fo locally unconfined. in some karstic areas, the unsaturated
zone can be filled to saturation during extended wet periods and acluslly creale a condition whereby
recharge is rejected and fow from the aquifer begins to pond, resulting in “ground water Sooding.” Where
sediments composing the aguifer are near or at jand surface, there is no overlying confinement and the
aquifer contains water under unconfined conditions. in these areas, the Surficial Aquifer System and
intermadlate System are usualiy absent. .

The Fioridan Aquifer System is present throughout northwest Fiorida. However, in the exireme westem
portion of the panhandle, the conditions are such that the aquifer Is not used as & ground water source. in
Santa Rosa and Escambia counties mineralization steadily ingreases in a southwesterly direction in both the
upper and lower Floridan Aquifer System. In these areas, the Sand.and-Grave! Aquifer is the primary
source for ground water. in most of southem Okaloosa and Walion counties, the lower Floridan is highly
mineralized and is not potable. in these counties, the upper limaestone of the Floridan Aquiter System is the
primary scurce for ground water, and suppiemental sources are derived from the Sand-and-Gravel Aguifer.

For much of northwest Florida, the Florldan Aguifer System is the deepest active flow system. tn the north-
central portion of the panhandie, freshwater aguifers alsg exist within the Sub-Floridan System. The base of
the Floridan Aquifer System forms a gradationat contact with fine-grained clastic sediments of much lower
permeabiiity. The term Floridan Aguifer System replaces terms such as principal aresian formations,
priteipai aquifer, principal artesian aquifer, Fioridan aqulfer, and Yerbiary limesione aquifer system.

Sub-Floridan System

The Sub-Floridan System consists of low-permeability sediments that form the base of the Floridan Aquifer
System. The Sub-Fioridan System primarity functions as a confining unit and any water-bearing zones
contained within are ysualiy highly mineralized. An exceptlon occurs in the Dougherly Karst Region where
the Claiborne and Clayton aquifers of the Sub-Floridan System yield freshwater suppiies. These aquifers
represent the downdip extent of more prolific aquifers that oceur to the north-northeast in Alsbama and
Georgia. The fop of the Sub-Floridan System is comnonly difficult to define due o the fransitional characier
of permeability within middle Eocene to Paleocene sediments. There is no defined base of this unit within
northwest Fiorida. Figure 1 correlates the Sub-Floridan System to the stratigraphic unils ocourring within
northwest Florida.

Ground Wate ons

Geologic conditions vary greally across northwest Fiorida. Consequently, water-bearing characteristics
frem cne area to another are quite diverse. (Geographic areas with similar qualities are present primarily
bacayse of regionai geolsgic struclures. Four hydrogeclogic settings are defined within the Florida
panhandle. Within each selting, water qualty, waler avaiability, recharge-discharge mechanisms,
nydrostratigraphy, and vulnerability fo contamination exhibit similar characteristics due fo the influence of
similar hydrogeclogic conditions. Thus, each of the four seftings is distinet. The four seftings are referred o
as the Woodvitle Karst Region, the Apalachicola Embayment Region, the Dougherty Karst Region, and the
Western Panhandle Region. Figure A-3 shows the exieni of these ground water regions. Al byt the
Cougherty Karst Region have a near-coastal sub-region in which the ground water is highly influenced by
the position of the freshwater/saitwater interface.

Woodville Karst Region

The Woodville Karst Region includes most of Leon and Wakulia counties and that portion of Jefferson
County within the NWFWMD {Figure B-1}. The area is characlerized by a fairly thin to absent Surficia
Aguifer System that is of minor water-bearning significance. The Susficial Aquifer System is not present i
much of the Coastal Lowlands porion of the region. Beneath the Surficlal System is the Intermediste
System, which is aiso relatively thin to absent or breached by sinkholes. VWhere présent, the Intermediate
System functions primarily as a confining bed. However, in the highland portion of the region, the basal
carbonates form minor water-bearing zones sometimes utilized for domestic supplies. Due to the leaky
nature of the confining unit, the vidnerability of the underlying Fioridan Aquifer System to contamingtion is

The Fioridan Aquifer System conslsts of a sequence of carbonates which altains a thickness of over 2,800
feet within the region. Although the aquifer is guite thick, only the upper severat hundred feet are utiiized,
due fo high availability in this upper portion. Productivity of the aquifer is believed to decline below the Ocaln
Limestone section. |n addition, ground water becomes increasingly more mineralized in deeper portions of
the aquifer. Within the Woodvlile Karst Region recharge to the Floridan Aguifer System is generaily high.
The regionat ground water flow path is toward the major discharge points, including the St Marks and
Wakuita rivers, Wakulla Springs, the Spring Creek area, and the Gulf of Mexice. The Sub-Fioridan System
confines the base of the Floridan Aguifer System flow system and functions exclusively as a confining bed
within the Woodville Karst Region. Hydrogeoiogic and Hydrochemical features of the Woodville Karst
Region are found in Appendix B.

Apalachicola Embayment Reglon

Wast of the Woodville Karst Region fies the Apaiachicoia Embayment Region {Figure C-13.  This region
encompasses smal portions of western Leon and Wakulla counties, most of Gadsden and Liberty counties,
arxd all of Guif County. Also included are porfions of Frankiin, Cathoun and Bay countles. This reglon is
characterized by a deeply-buried Floridan Aquifer System and a thick intermediate System.

The Surficial Aquifer System in this region is variable in thickness, ranging from less than 20 feet to as much
as 75 feet.  The aquifer is of minor importance as a ground water source. The intermediate Systern is a
highly compiex sequence of clays, silts, sands, and low-permeability carbonates. The Intermediate Sysiem
is highly effective as a confining unit within the region, limiting the ameunt of recharge fo the Floridan Aquifar
System. Carbonate beds within the system provide minor sources of ground water for domestic supplies.
The intermediate System ranges in thickness from about 150 to 560 feet and is thickest along the axis of the
Apalachicgla Embayrment. The axis of the embayment frends northeast to southwest from the Quincy area




through the Port St Joe vicinity {Figure C-1). The Floridan Aquifer System fies more deeply buried along
this axis. whereas, near the flanks, the kmestone lies nearer the iand surface.

Ground water recharge to the Floridan Aquifer System is low in the region dus to the thickness of the
intermadiate Systern. Therefore. extensive development of secondary porosily in the Floridan System dogs
not oceur. The flow system is refatively stagnant, which resulis in the presence of highiy-minaratized water
in the basal portion of the aquifer. This poor-quality water is not effectively flushed from the aquifer due fo
the low recharge volurmes and fong residence times.

The regional fow direction is southerly toward the Gulf of Mexico. In the rorthem and canira portions of the
region, the flow is toward the major rivers (the Apalachicola and Chipoia rivers). Ground water availability is
limited within the Apalachicola Embayment Region. Excessive water leve! deciines can occur ¥ the aquifer
~ is overpumpad. In addition, high discharge raies can cause mineralized water from below to invade the
overiying freshwaler zones. Although much of the water use is derived from ground water, the Apalachicola
Embayment Region is the only region In which surface water is aiso used as a source of dnnking water.
The City of Quincy uses Quincy Creek as a water source, and Bay County withdraws from Deer Point Lake.
8t Joe Paper Company uses water from a 23-mite-long canal which originates from the Chipola River.
Historically. this region has had ground water withdrawal problems that have resulted in widespread cones
of depression. Hydregeologic and hydrochemical features of the Apalachicola Embayment Region are
found in Appendix C. ) : ]

Dougherly Karst Region

The Dougherly Karst Region fies north-northwest of the Apalachicoia Embayment. The area included in thig
. region are the northernmost portions of Cathoun and Bay counties, all of Jackson County, most of Holmes
- and Washington counties, and a smali portion of northeastern Walton County (Figure D-1). This region is
very similar fo the Woodville Karst Region except that the Fioridan Aquifer Systam s refatively thin. A
regionai structure referred to as the "Chaftatogches Arch™ has influencexd the deposition of sedimenis in this
region (Figure A-8}. The subsurface is further impacted by widespread karstic processes occurring within
the area. The geology is such that the oldest unit crops out in the nosth. terminating against the structural
high. Younger formations offlap and thicken to the south. The surface exposures of these offlapping
sequences ooour in & somewhat banded, grescent shape, and the eroslonai exposures have a highly

imegular surface. A weathered residuum, which is the remains of younger formations, overfies most of the

area. Paleosinks are especially abundant throughout the region. Wells penelrating these karst features
sometimes encounter several hundred feet of unconsofidated clay and sand fi# withowt peneirating
limestone. in some cases, the sinks are plugged with clays or other low-permeability sediments which,
instead of enhancing moverment into the aguifer. actually inhibit flow. .

The Flordan Aquifer System is the most important of the hydrogeoiogic systems and is the primary source
of water in the Dougherly Karst Region. In the northern: porions of the region, the agquifer is thin and oniy
the Ocala Limestone is present To the south, the aguifer thickens with the addition of the younger
Marianna, Suwannee. and Chatiahoochee formations {0 the sequence. The thickness of the aguifer ranges
from less than 100 feet in the north fo about 700 feet in the southern portion of the region. Due to the leaky
nature of the confining unit caused by the karst features, much of the Fioridan Aquifer System in the reglon
exists under unconfined to semi-conflned corditions. As in the Woodvilie Karst Region, the lack of an
effective confining unit makes the Floridan Aquifer Systam highly vulnerabie to contarmination.

The Floridan Agquifer System exhiits both conduit and diffuse fiow characteristics that result from fractures
and a wide range of secordlary porosity development. In some areas where the residuum Is thin and the
confining beds are either effectively breached or are absent. the upper portion of the carbonate sequence
raay be ungaturated. Flow within the Floridan Aquifer System moves toward the principal discharge areas

which inciude: Chatiahoochee/Apalachicola River. Chipola River. Hoimes Creek, Choctawhatchee River.
and Econfina Creek {Figure A-2).

the Sub-Floridan System underiies the Floridan Acuifer System in the region. In paris of the Uougherty
Karst Region. water-bearing beds within the system form minor aguifers of locat importance. Water-bearing
charactenslics vary from north to south. Generally to the south-southwest, the unit is primarily a confining
unit: to the south-southeast, sediments grade from clastic to carbonate; and farther fo the east, sediments
actually bacoma parf of the Fiordan Aguifer System. In the northern portion of the region and extending into
Alabama and southwest Georgia. beds within this unit form a secendary aquifer. Overall. ground water
availability is not as good as in the overlying Floridan Aquifer System. Hydrogeciogic and hydrochemical
features of the Dougherty Karst Region are found in Appendix £).

Westem Panthandie Reglon

The Western Panhandle Region is similar to the Apaiachicola Embayment Region in that a thick, effective
confining unit exists over a majonty of the area and the Fioridan Aquifer System is deeply buried. This
region encompasses the far western panhandle counties of Walton, Okaloosa. Santz Rosa, and Escambia
{Figure E-1}. Within this region, the Surficial Aguifer System is referred to as the Sand-and-Gravel Aguifer
(Figure A-5). Thls unit increases in thickness fo the west and in Escambia County attains a thickness
greater than 400 feet. In most of Santa Rosa County and a# of Escambia County. the Sand-and-Gravel
Aguifer is the primary source for potable ground water supolies.

The Sand-and-Gravel Aquifer is composed of admixtures of sand {ranging in size from fine fo coarse). clay.
silt, and gravel Locally, where the clay. silt, and fine sand dominate, low-permeability zones exist and
partially confine the underlylng sands. These “confining zones™ are highly discontinuous and Ethologically |
variable. ‘The aquifer essentially exists under leaky. confined conditions because of the leaky nature of the
low-permeabitity. zonas.  Due fo proximity fo land surface and the #thologic characteristles. the aquifer is
highly vulnerabie fo contamination. The fack of a regionaliy-sxiensive confining unié exposes the entire
aguifer to the impact of land-surface activifies.

The Sand-and-Gravel Aquifer has been informally subdivided inlo three zones in Escambia County. The
differentiation of zones to the esast is not as pronounced and may not correspond fo the Escambia County
zonation. The uppermost zone is composed of primarily fine sands and is refarred to as the surficial zone
{8Z). Underiying this zone is the low-permeability zone {LPZ) which jocally, due to the clay and si# content.
tends to provide confined o semi-confined condions. The main-producing zone {MPZ} is the lowarmost
zone and is characlerized by highly-permeablé coarse sand and gravel beds interspersed in places with fine
sand and clayey-sand beds. The majority of water withdrawn fom the aquifer in Escambia County is
derived from the main-producing zone.

The Sand-and-Gravel Aguifer is recharged locailly by infilirating rainfa. Due to highiy-permeable scils and
the fack of effective confinement, the entire occurrence area for the aquifer is a recharge srea. Flow
diractions are generally patterned from higher fo lower lopography. These fliow patterns are iocally
influenced by streams and rivers which digsect the aguifer and serve as discharge boundaries. In coastat
areas, the aguifer discharges to the bays or the Guif of Mexico.

In the Western Panhandie Region, the Intermediate System is a highly efficient confining unit limiting the
exchange of waters beiween the Sand-and-Gravel Aguifer and Fioridan Aguifer System. The Iniermediate
System is composed of thick beds of clays and other low-permeabifity sediments. its thickness varies from
100 feet to over 1,000 feel. No significant water-bearing zones exist within the Intermediate System in the
Western Panhandie Region (Figure A-5}.




‘The Floridan Aquifer System within this western region is covered by a thick sequence of overburden. The
aquifer's surface dips from 100 feet above sea leve! in the northeast fo 1,400 feet below sea level in the
southwestern portion of the region. Near the eastern extent of the Choctawhatchee Bay and continuing
northwest and then northward through Okaloosa Counly, the Floridan Aquifer System is divided by a
regionally-extensive confining bed known as the Bucatunna Clay Confining Unit (Figure A-8). In Escambia,
8anta Rosa, Ckaioosa, and southernmost Wailton countles, this clay divides the aguiter inic upper and lower
kimestone units {Figure 1). The upper limestones are made up of the Oligocene and Lower Miocene
carbonates. The lower limestone portion is composed entirely of the Ocala Linestone. In much of the
south-southwesters portion of the region, the lower fimestone of the Floridan Aquifer System is highly
mineralized. in southwestern Santa Rosa Counly and in southern Escambia County, the upper fimesione
part of the aquifer is also highly minerailized and not readily available as a drinking water source (Figure A-
5). Eastof Santa Rosa Coundy, the upper mestone of the Floridan Aquifer System is the primary source of
groursd water, and the Sand-and-Gravel Aquifer provides a supplernental source {Figure A-5).

Water availability from the Floridan Aguifer System in the Western Panhandle Region is moderate fo ow.
Lowest-availabiity areas are adiacent fo the coast. Avallability Increases to moderate inland. A regionally-
extensive cong of depression is centerad in the FL Wallen Beach vicinity, due fo over-development of the
resource {Figure E-14). Water favels which were measured ai 50 feet abuve land surface in the late 1940s
have declined o nearly 120 feet below land surface near pumping centers. The regional fiow direction of
the Floridan has been impacted by this cone of depression and generally moves southerly toward the
vicinity of Ft. Walion Beach. Hydrogeologic and hydrochernical features of the Western Panhandle Region
are found in Appendix £. .







CHAPTER ill: GROUND WATER ISSUES

Water Availability

Ground water availabifity varies greatly throughout northwest Florida within each of the aquifers present in
the panhandle. In addition, a given aquifer will vary both iaterally and with depth in its ability fo yield water.
Site-specific factors combine o create aguifer yields that range from a few gallons per minute in 2 domestic
weli tapping the Surficial Aguifer System fo the extremely high availabilly from the Floridan Aguifer System
in Leon County.

Surticial Aquifer System

The availabitity of ground water from the Surficial Aquifer Systern across the panhandle generally increases
from east to west. a3 a result of the presence of thicker beds of coarse-grained sediments in the west. The
Surficiai Aquifer Sysiem is relatively insignificart, in terms of water availability, within the Woodville and
Dougherty Karst regions. This is true of much of the Apaiachicola Embayment Region as weil. However, in
localized portions of the embaymaent region, the Surficial Aquifer System is sufficiently productive to be used
as a source of supply. These areas are typically found slong the coast, where as much as 100 fest of
relatively coarse-grained sand and gravel may be present {e.g. coastal Bay County}.

The Sand-and-Gravei Aguifer, which comprises the westemmost portion of the Surficial Aguifer System, .

axhibits the highest avaliability characteristics of this system. In the Western Panhandie Region, the Sand-
angd-Gravel Aquifer is a major water-bearing unit in Escambia and Santa Rosa counties. The availability and
quality of ground water from the Sand-and-Gravet Aquifer within these fwo counties is much better than that
of the underying Fioridan Aquifer Systern.  Within Okaloosa and Walton counties, the Sand-and-Grave!
Agiffer is considersd 2 secondary source of ground waler supplementing limited availability from the
F&mdan Aguifer System .

Fioridan Aquifar Syétem _

Some sense of the varying avaiiability of ground water from the Fiotidan Aquifer System can be obtained by
examining spatiai frends in aqulfer fransmissivily. Figure A-G shows 2 generalized spatial distribution of .

Floridan Aquifer Systern transmissivily. Transmissivity is 2 measure of the ease with which water will move
Ahrough porous media and is, thus, dlvectly refated to ground water gvaiabiity. Low-transmissivity values
{less than 5,000 feet squared per day (f%d}), correspond fo more limited availability. in general, the areas
with the fowest transmissivities are the Apalachicola Embayment Region, the Western Panhandle Region,
ard the coastal fringe. The highest values are found in the Dougherty Karst Region and the Woodville Karst
Region.

In the vertical sense, the most prolific zones within the Floridan Aquifer System generally coinclde with the
Suwannes and Ocala fimesione sections. Typically, those carbonate unifs that overie the Suwannee and
Qcala units {Bruce Creek Limestone, Chattahoochee Formmation, St Marks Formation) have lower water-
yielding properties. I some areas, these overlying units contain substantiat clay fractions, Emiting yield.
Yield in the generally-prolific Suwannee and Ocala carbonates is fimited in areas where they contain
mineralized water {the coastal fringe of the Woodville Karst Region, for example} or where significant cones
of depression exist.

Overpumping the Fioridan Aguifer System in several argas of the panhandie serves fo further limit water
avaifabifity. The area most significantly affecied by excessive drawdown is the coastal portion of the
western panhandle. In this area {from Navarre in the west to south Walion County in the east, and north
onto Eglin AFB} the Floridan Aquifer System is differentiated info upper and jower units by the Bucatunna
Clay Confining Unit. Due fo poor water quality, the lower unit is not currently used for potable supply. The
upper unit (having acceptable water quality) is heavily pumped and its potentiormetric surface is substantiaily
depressed (Figure A-10}. Since pumping began, water levels in the center of the cone of depression have
declined more than 150 feef, Water levels were at of below sea level over an area of 1,400 square miles in
1958, in addiion, the Panama City/Panama City Beach and Port 51, Joe areas have cones of depression,
albeit smailer than the one centered in coastal Ckaloosa and Walton counties.

The CkalocsafWalton depressurization is of contcern because non-polable water is known to exist in the
upper Fioridan Aquifer System on the western and eastem flanks of this feature. Further, poor-guality water
is present at depth beneath aif three potentiomelric surface depressions. As long as the poientiometric
surface remaing substantially depressed in these cogstal areas, the potential exists for poor-quaiity water to
affect polable supply welis.

Figure A-11 shows genegral ground water availability trends for the Floridan Aguifer System. The figure
relates avaiiabifity to the 250 mg/L isochlor, existing cones of depression, aquifer iransmisgivily trends, and
recharge areas. Figure A-11 also kiendifies areas susceplible to pumping-indused upconing of highly-
mineralized water. These areas inciude the Apalachicoia Embayment Region, the Western Panhandie
Region, and the coastal finge of the entire panhandie: Due ioc remoteness from mineralized ground water,
current low pumping rates, relatively high recharge. and high transmissivity. the Dougherty and WoodvEe
Karst regions generadly have the highest ground water availability. The Floridan Aquifer System in the
exireme wesiern pottion has virtually no polable ground water availabilily (without substantial treatrent),
due to the highly-mineralized water it contains. _

Other Aquifers

Other aquifers found within northwest Florida {i.e. infermediaie aquifers, Claiborne Aquifer, Clayton Aquifer}
are considered minor water-producing zones. Limited yields with excessive pumping levels normally
characterize these minor aquifers. The intermediale aguifer is most prevalent in the Apalachicols -
Embayment Region. it is frequently used as a domestic supply source in Bay, Gulf, and Gadsden counties
and in the southern portions of Calhoun and Liberly counties. it is aiso used for domestic supply in the
axtreme southeast porfion of the Western Panhandle Region. In coastal Bay and Guif counties the
intermediate aquifer is sufficlently productive 1o be used for public and industeal supply. Intermediale
aquifer welis in these areas can produce as much a8 300 gallons per minute. :

in the extremne northern reaches of the Dougherty Karst Region, the Clatborne Aquifer is used. Public
supply wells in Esto, Campbeliton, Noma, Gracevilie, arxi Malone tap this aquifer. Elsewhere # is used for
domestic and agricultural supply. The Ciayton Aquifer, lying below the Claibome, is infrequently used for
water supply In Florida.

Water Use Trends

Several factors, including permanent and transient population leveis, household ncome, iand use, and
climatic variablity Isfluence levels of water use in northwest Fiorida. These faclors are dynamic, and some
are subject to both prediciable and unpredictable changes. Where demand is incompatible with resocurce
availability, problems ocour and water use must be maodified to cope with rescurce limitations.
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in northwest Florida, thermeelectric power generation is the single largest user of water resources. Since
nearly il the water for this use originates fom surface waler sources, ground water impacts are minimal In
1990, approximately 260 million galions per day {Mgalid} of fresh water was used for this purpose (Marelia,
1882). This volume represents slightly less than half of the lotal freshwater use in the panhandle. A
comparable amount of saline water is alse withdrawn for power generation. There has been a decrease of
about 40 percent in the thermoelectric water use between 1975 and 1850 (NWFWMD, 1084). |t is
apticipated that the current demands represent a stabilization in use; sigpificant increases are not expected.
Future demands for this use wili probably not exceed historic highs.

Public water supply (160 Mgal/d in 1990) represents the second largest demand on water resources; about
23 percent of total freshwater usage {Mareila, 1992}, Use increased by about 62 percent between 1975 and
1890 (NWFWMD, 1694}, Growth of service areas and increases in waler use to meet population demands
are expected in the future. Urban centers and heavily-populated coastal regions are expected to have the
greatest increases. Seventy-five percent of the water used for public waler supplies is frem ground water.

Currently, about half of the water used for industry Is ground water. indusirial water usage deciined
significantly between 1975 and 1980. Much of the 40 percent decline can be atiribted to conservation
practices implemented by industrial users. This decrease in use follows trends seen eisewhere in the state.
it is anficipated, however, that future deciines willl not be significant and use wit align at current levels,
These levels represent about 15 percent of folal freshwater use in the NWFWMD (Marelia, 1992},

Agricuitural irrigation has experienced the most significant increase in the recent past; increasing about 450
percent between 1975 and 1950 (NWFWMD, 1884). Currently, this category accounts for about ten percent
of freshwater use. Water for this use & mostly derived fom ground water. Future increases in this
classification of water use are anticipated. .

Rurat water use represents less than five percent of total freshwater use. Qver the years, this caiegory has
been relazlvely static, and its proportion of total use is not anticipated to change significantly in the future.

Figure A-12 presenis the 201:3% ground walsr use per county as of 1980, it is believed that current wazsr use
remains within the ranges specified in this fgure. Leop and Escambia counties represent the largest gmund

© water users within northwest Fionda

aptibi Contamination

Given sufficient ime, alt aquifer systems in all portions of the panhandie are "susceptibia” to anthropogenic
coptamination.  Susceptibilily to contamination is the oulcome of processes that ocour In both the
unsaturated and saturated portions of a given geologic medium. What defines some aquifers (and portions
of aquifers) as more susceptible is when the time required to move contaminants from iand surface to a
withdrawal well is refatively short. This time (referred io as the time-citravel} is a function of the length of
the fow path along which contaminants move and the average contaminant velocity along that path.
Typically, it is the surn of Emes-of-fravel associated with fransport through both unssturated and saturated
media. “Relatively short” is somewhat subjective; it refers to Eme scales of importance fo humans and is,

_ typically, no longer than & decade or iwo.

Regardless of whether the medium is salurated or unsaturated, the time-of-travel is influenced by the
hydraulic conductivity of the geclogic medium along the relevant flow path and the flow path length. Low
hydraulic conductivity materials provide Increased resistance o water movement and, I turn, decrease the
average contaminant velocity end increase the associated time-of-travel {for a given hydrauiic gradient).
increased flow path lengths have correspondlngly longer times-of travel (for 2 given contaminant velocity).

The Surficial Aquifer System is universaily susceptible to contamination. This derives from two factors,
First, the flow path iength from land surface 10 the top of the aguifer (the water table) is shorl. Second, the
system is frequently minimally confined. Through much of the panhandle, the depth to the water tabie is on
the order of 2G to 40 feel. Rarely is this distance more than 80 feet; in many areas it is ten feet or less.
Given such short distances, it is obvious that the Surficial Aguiter System is susceplible to contamination, in
all but those instances where the geologic media in the unsaturated zone have extremely fow hydraudic
conductivity.

The vuinerabiiity of the Sand-and-Grave! Agquifer in Escambia County is iypicat of the Surficial Aquifer
System in general and of particular signiicance. A long history of urban, commercial and industrial land use
inn the southern haif of the county has resulted in numerous instances of ground water contamination.
Ground water has been affected by inorganic fartiflzer manufachuring, wood preservation, landfilling, leaking
upderground storage tanks and uncontrolied solvent releases, parlicularly, drycleaning solvents.
Throughout urbanized Pensacola, & large number of public supply wells have been adversely affected by
various contarminants {principally solvents, hydrocarbon derivatives and pesticides). Costs associated with
remediating this confamination have been significant. In terms of the number of paople who have been
affectad, or who could potentiaily be affected, the contamination problems in sputhern Escambia County are
the most significant in the panhandle.

or the Floridan Aquifer System, areas most susceptible to ground water contamination generaily coincide
with the Woodville and Dougherly Karst regions. These areas are susceptible because the Fioridan Aguifer
System is at or near fand surface, and bocause karstic and alluvial erosional processes have removed some
(or alf) of the overlying confinlng unit. The net effect of these processes is that times.ot-travel through the
materizls overlying the Floridan Aquifer System are shortensd. An example of susceptibilily withln the
Woadville Karst Region is the experience of the City of Tallahassee. Since 1888, seven welis operated by
the Cily have been affected by drycleaning solvenis to the point that remedial actions were required.

Elsewhere, the Floridan Aquifer Systern, being belter confined, is reiatively less susceptible. This derives
primarily from the fact that times-of-travel through regiocnal confiring units are beyond lime scales of
immediate relevance {0 humans. Whereas the hydraulic gradient may be such that cordaminants (f
present) woutd eventuaily migrate through the confining unit, the ime required is too iong to have zn impact
on human perceptions of prionitles. ]

Saltwater Encroachment '

The Fioridan Aguifer System throughout coastal portions of the panhasndle ls, to a greater or izsser extent,
susceplible to saltwater intrusion. This results from the fact that the system is, o varying degrees,
hydrawdically connectad to the Guif of Maxico. Further, the Gulf is the uiimate discharge point for ground
waters moving through the system. Over time, fresh water moving through the discharge area and the
seaward-iying salt water have come into a state of quasi-equilibium. The amount of energy containad in the
freshwater portion of the flow system dictates the position of the saliwater interface at any given point. The
present interface position prebably represents a2 state of equilibsium that took millennia fo reach. Recent
human perturbations {in the form of pumping} threaten to disrupt this equilibsium, and to move the pombon of
the freshwater/sallwater interface.

Regional water-level deciines {due to pumpage) can develop and exist for many years without a significant
change In water quality. In general, it takes decades for large-scate changes in water quality to occur.
Typicaily, a weli which faps a deeper portion of the aquifer wili show signs of saltwater movement eariier
than wilt a well open to shaliower intervals. Once water qually has deteriorated, even if pumpage is
discontinued or reduced, water quality problems persist. Water quality does not recover as quickly as do
water teveis. Should saltwater intrusion oceur, it will fake many years {in the absence of pumping) for the
aquifer fo return to pre-existing geochemical conditions.




if ground water resources in an ares are overdeveioped, and if poor water gualily occurs st depth, there is
the polential for the freshwater portion of the aguifer to be adversely affected. in this instance, saling
degradation oocurs by the process of upconing. Upconing is the upward movement of poor quality, highly-
mineralized waler from lower portions of the aquifer In response to the reduction in hydradlic head
associated with pumping. initiaily, upconing is a locai-scale probiem, affecting a weli or a group of wells,
Cenlinued pumpage may rasuit in a significant reduction in the availabiiity of fresh water.

Woodville Karst Region

in the Woodville Karst Region, the potential for saltwater encroachment is high because the outcrop srea for
the Fioridan Aquifer System exists at the coasifine. Additionally, the coasline and the near infand vichnity
are a natural discharge area, where several first-magnitude springs discharge over 480 miliion gallons per
day. This discharge, along with the exposure of the carbonate sequence beneath saline surface water
bodies, is the resson why the saltwaler front lies ciose to the coastine. If intensive ground water
development cocours in the coastal section of the Woodville Karst Region, there is a high potentiat for
saftwater encroachment. The problems associated with saltwater encroachment are expecied to increase
a@s population growth and coasial development cresle & greater demand for ground water in coastal
Frankiin, Wakulia and Jefferson counties,

Apalachicola Embayment Region

in the Apalachicola Embayment Reglon, highly-mineratized waters cocur within the Floridan Aguifer System
throughout the region. Typically, these waters lie in the deeper portions of the aguifer. Overly deep wells
are susceplible to upconing. From a resource standpoint, these upconing episodes may not have a iong-
term impact on the freshwater resources of the aguifer. If the water qualily is poor, it generally will not be

suitable for its intended use. Either the wall Is not used or the pumpage is reduced to limit water-quality

impacts,

Water demand in the Apalachicola Embayment Regéon i relatively ow, and the 'need to expicit ground
water resources to a point where upconing is a problem has not ocourred (except on the basis of individual
wells). Swurface water supplies and low volume wells iapping the upper portion of the Floridan Aquifer
Systern are sufficient to meet current demand. However, in recent vears, irrigation water use has increased
in an area with fimited ground water availability (central Gadsden Countly). The result is higher demand on
selecled surface streams lo provide irrigation water. As surface waters in this area are near {or af} their
capacity to provide irdgation water, ground water is seen as a source of supplemental water, Given its
Erited availabilily, even relstively ow to moderate ground waler use in this ares has the potential to
significantly impact the rescurce,

Aleng the coastline, the saltwater front Is located several miles offshore for most of the region. MHowever, in
the easlern Bay County, the front has a closer landward extent. Welis tapping the Fioridan Aguifer System
on the Tyndall AFB (Figure 2} encounter ground water with higher chioride concentrations than wells tapping
the same zones to the east or west.

Dougherty Karst Region

The Dougherty Karst Reglon as a whole is not susceptible to saline intrusion processes since there are no
coastal areas in the region. With the exception of the viclaily of the Choctawhaichee River, the eniire
Floridan Aguifer System contains fresh water. Along some reaches near the river, saline, connate water is
present in the Floridan Aquifer System. In these areas, the pctafztlai fcrr upconing exists and deeply-
penetfrating wells may yield zmaoceptabée water qualily,
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in the Western Panhandie Region, the coastal portion of Okaloosa and Wallen counties has experienced
waler level declines approaching 150 feel.  As water levels decline, the threat for migration of highly- :

mineralized water inlo the freshwater poriion of the upper Flaridan Aquifer System increases. To date, no SU RPICIA L AQUIPE R SY ST EM
significant encroachment is befieved 1o have occurred, but it must be recognized that water levels decline { Sand-and-Gravel Aquifer )
much more rapidly than the interface can move. The re-establishment of chemical equilibrium in response
tc water leve! changes may iake decades.

Near the eastern end of Choclawhalchee Hay, the upper portion of the undifferentiated Fioridan Aquifer
System contains water which exceeds the drinking water standard for chioride (Figure 2). Two aspects of
the local hydrogeology likely account for this naturally-occusring phenomenon. First, the Bucatunna Clay INTERMEDIATE SYSTEM
Confining Unit becomes extremely thin; further east it is absent. Secord, the Infermediate System thins and
kecomes more perrmesble in this region. Welis tapping the Fioridan Aquifer Systern in this area have higher
chloride concentrations than wells tapping the same deplhs to the east or west. Figure 3 shows the
conseptuat refationship of fesh water, the zone of dispersion, and the saitwater front within the Flosidan
Aguiter System: in the Western Panhandle Region.

Interstate Ground Water Relationships

Contrary o poputar folkiore, the water conteined in any part of the ground water systems underiying
northwaest Florida comes from rain that has falien less than 75 miles away. The actual movement of water
within the various aguifers, however, may take from a few days to many thousands of years. Thus, ground
water within northwest Florida is infiuenced by localized conditions. Since a distance of 75 miles may place
locations contributing recharge in Alabama and Georgla, interstate ground water relationships have
relevance to the water resources of northwest Florida. . o

UPPER LINESTONE OF
THE FLORIDAN AQUIFER

Surficial and Intermediate Aquifer Systems

The Suwficial Aguifer System (including the Sand-and-Gravel Aquifer) displays highly localized recharge
characteristics. For example, rain folling on a hilitop recharges the Surficial Aguifer System and the ground
water fows downgradient to discharge into a stream at the foot of the hill, For the Surficial Aguifer System,
the recharge and discharge areas are almos! always in ciose proximily. The Surficiat Aquifer System is so -
locatly infiuenced that there is virtually no cut-of-stete contribution, except In the immediate vicinity of state
knes. The same conditions hoid for the intermediate aquifers(s), where present, and for associated
contarpinalion issues. Whal happens in Alabama and Georgla does not significantly impact walers within
the Surficial Aguifer System and intermediate aquifer(s) in northwest Florida,

S

T

WILSAS HIAINOV NYQIHO 14

Sy {Q%& é?,/ ‘..3
2 % e
RS

LOWER LIMESTONE OF
THE FLORIDAN AQUIFER

- - _ SUB-FLORIDAN SYSTEM
Floridan Agquifer System _ : . ) { Confining Uhit )

Being a regional fiow system, the Floridan Aquifer System is more susceptible to cut-of-state impacts than .

either the Surficiai Aquifer Sysiem or the Intermediate System. In the western panhandle {Jackson fo EXPLANATION
Escambia counties), that portion of Alabama north of the state line to the updip fimit of the aguifer is part of
the recharge area. The updip #mit, which lies at distances from 10 to 30 miles norh of the state line,
represents the northernmost occurrence of the Floridan Aquifer System in Alabama.  Therefore, ground
water impacts from interstate activities are limited to activities occurring within this area.

we FRESHWATER { TDS<500 mg/L )
74 — ZONE OF DISPERSION { TDS 500-10,000 mg/t }
HIGHLY MINERALIZED WATER {TDS>10,000 mg/L )

The updip fimit of the Florkan Aguifer System: extends east inlc Georgla as well. Here, the limit extends as ..L - PUMPING WELL
far as 100 miles north of the state fine. Lylng along the Flint and Chatlahoochee rivers in southwest Georgia .
is an area of karst lopography known as the Dougherly Plain. The Maranna Lowlands are the southemn

Figure 3. Conceptual Freshwater-Saltwater Relationships in the Coastal Portion
12 .of the Western Panhandie Region,




exterit of this physiographic region. The Dougherty Plain has a similar hydrogeclogic setiing to that found in
the Dougherty Karst Region in northwest Florida.  The aquifer is exposed at fand surface or is near land
surface throughout much of southwest Georgia. Karstic and erosionai processes have destroyed the
competency of the regional confining unit.  As a consequence, the confining unit ranges fors being absent
to very ieaky and recharge rates are influenced accordingly. Given the topography. soif characteristics and
ground water avaifakility. agricuitural activity is infense on the Dougherty Piain.

Throughout the Dougherly Plain, surface streams are well connected hydraulically o the Floridan Aguifer
System. Fioridan Aguifer System discharge comprises the baseflow of many streams, particularly the larger
ones. This wel-developed streamfaquifer hydrauiic sonnection sets the stage for slonificant interstate water
resource impacts. Numerical ground water mode! application (Torak and McDowell, 1886) demonstrated
that as much as 50 percent of the ground watler pumnped in the Dougherly Plain is water that would have
otherwise discharged to surface sireams. Since these streams uitimately fow infc Florida, reductions in
streamfiow in southwest Georgia reduce streamflow in northwest Fiorida. This, in turn, has some impact on
Apalachicola Bay, a regionally-significant surface water resource reliant on freshwater inputs to maintain its
biotogical productivity.

Abandoned Wells

The abandonment of wells is one of the most significant water-resource problems cccurring in northwest
Florida. There are so many abandcned weils within northwest Florida that they wili never be fully accounted
for. Unfortunately. there are a number of ways in which abandoned weils ¢an contribute to ground water
confamination. As water distribution systems expand and provide service to areas that previously utifized
private weils, these private welis are generaily left unused. These wells generally fail info a state of disrepair

and often are covered and forgotten. As land uses change, these abandoned welis are usually destroyed in

the iand-clearing and preparation process.

If an oid subdivision that had one wel per iot is 'razensd as an indusgtriat paﬁ(. as many as 160 abandorned

walls could exist. # not plugged properly, these welis could act as corduits io funnel contamination inle an
underlying drinking water supply. It is not uncommon for oid abandoned wells to be used as drains or
dumping receptacles for molor oif, sepiage, and an arrgy of cther confaminants. There js an undoubtediy

significent. but unknown, number of abandoned weils in northwest Florlda. Most of which could potentially -
act as conduits for transporiing pollutants into drinking water supplies. Many will never be accounted foror

properly abandoned.

Deep well injection is currently used for disposat of industrial waste at two sites in northwest Florida. The ©
farger system is maintained by the Mensanic Chemical Company at a site in Escambia County adjacent to

the Escambia River (approximately seven miles north of Escambia Bay). The cther site is maintained by
Cytec industries Ine. and is jocated in Santa Rosa County on the northeast shore of Escambia Bay. The
Monsanio injection facility has been in operation since 1853 and currently has three injection wells. The
Cytec Industries facilily has been operational since 1878 and has cne injection weli. Historically, the volume
of waste injected at the Monsanto slie has been three to four times greater than the volume at Cytec
industries. Both facilies are siriclly monifored and operated under the Department of Environmental
Protection, Underground Injection Control Permitting Program.

Both facilities inject indusirial waste inlo the lower limestone of the Fioridan Aquifer System. in the vicinity of
the injection faciitios, the natural quatity of waler in the injection zone is too saline for potable use. Chioride
concentrations prior to injection ranged from 6,000 fo 8,000 mg#. in the lower Floridan Aguifer System
{Foster angt Goolsby, 1972). The drinking water standard for chioride is 250 moil.. )

The injection zone is located about 75 miles scuth of the recharge area for the lower fimestone unit and
approximately 166 miles north of the presumed discharge area underlying the Gulf of Mexico. The injection
zone is overtain by the Bucatunna Clay Confining Unit. which separates the upper and lower imesione units
of the Floridan Agulfer System in this area. The confining unit is described as massive. dense waxy clay
with admixed sand. The Bucatunna Clay prevents the vertical migration of the injecied waste into the
overlying unil. In the vicinity of the injection siles. the overlying upper limestone unit contains chioride
concentrations in excess of 250 mg/L. Additionally, there is about 50C feet of confining unit material
separating the Floridan System fom the Sand-and-Gravel Aquifer; the pritnary source of drinking water.
Thus, the injection zone is isolated from the potable ground water by two massive, regionaily-extensive
confining Units and the entire thickness of the upper Fioridan Aguifer System (greater than 200 feet). Yo
date, after 33 years of oparation, no leakage has been detected into the upper limesione unit, Impacts by
the waste injection practices on potable water scurces are considered unbkeiy. based on current operations
and conditions.
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Figure A-11 .
- Generalized Ground Water Availability

from the Floridan Aquifer System .
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Figure B-2

Distribution of Mydrogeologic
Data Control

Legend

. Control site with geophysical

log data.

Base Map Source: U.S. Geological Survey
124,000 Scade Topographic Quadrangies
Data Developed at 1:250,000 Scaip
UTM Projection




Figure B-3

Thickness Distribution for the
Surficial Aquifer System

Legend

« 30 Thickness of aguifer at control

NP Surficial Aq.uifm not present

Base Map Source: 1.5, Geological Survey
1:24,000 Scale Topographic Guadrangles
Data Developed at 1:250,000 Scale
UTM Projection
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Figure B-4

Altitude of the Top of the
Intermediate System

Legend

e 25 v Structural contour showing

" altitude of the fop of the
Intermediate System,
Contour interval is 25 feet,
[atum is sea level.

NP intermediate System not present.

Base Map Source: U.S, Geological Survey
124,000 Scale Topographic Quadrangies
Data Developed at 1:250,600 Scale
LFYM Projeciion




Figure B-5

Thickness of the Intermediate System

Legend

— 50— Line of equal thickness of the
Intermediate Systern,
Contour interval is 50 feet.

NP Intermediate System not present.

Hase Map Source: 1.8, Geological Survey
1:24 000 Scale Topographic Quadrangles
Eata Developed at 4:250,000 Scale
UTM Projection
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Figure B-6

Altitude of the Top of the
Floridan Aquifer System

Legend

. ~-50— . Structural contour showing . .
 altitude of the fop of the
Floridan Aquifer System,
Coniour interval is 50 feet,
Patum is sea level,

Base Map Source: U.S. Genlogical Survey
© 1:24,000 Scale Topographic Quadrangles
Data Developed at 1:250,000 Scale
UTM Projection
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Figure B-7

Thickness of the Floridan Aguifer
System (Undifferentiated)

Legend

f_?OOQ — Line of equal thickness of the

- Floridan Aquifer (undifferentiafed).

Contour interval is 100 feet.

Base Map Source; U.S. Geological Survey
$:24.000 Scale Topographic Quadrangles
Dats Developed at 1:250,00C Scale
UTM Projection
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Figure B-8

Altitude of the Top of the
Sub-Floridan System

Legend

— 1000 — Structural contour showing
alttude of the top of the
Sub-Floridan System. -
Contour interval is 200 feet.
Datum is sea level.

Base Map Source: U8, Geclogical Survey
1:24.000 Scale Tepographic Quadrangles
Data Developed at 1:250.000 Scale
UTM Projection
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Figure B-9

70 Potentiometric Surface of the

Floridan Aquifer System, May 1986

540

40
50

Legend

- 0 — Potentiometric contour showing
altitude at which water level
wouid have sfood in tightly
cased wells; dashed where
approximate.

Contour inferval is 10 feet.
Datum is sea level.

Modified from Wagrer, THR9

Base Map Sowrce: U.S, Geological Survey
1:24.000 Scaie Topogrephic Quadrangles
Dats Develoged at 1:506,000 Scale
UTM Projection




15Q

Figure B-10

150

Total Dissolved Solids Concentrations
for Ground Water from the Floridan
Aquifer System

150

Legend

w150 -~  Lline of equal total dissolved
: solids concentration in milligrams

- ‘{ per kiter (mg/L.).
Contour interval js 100 mglt..

Concentrations greater than 500
mgfl excesd recommended limits
for drinking water. Wells tapping
deeper portions of aquifer may
yield water with concentrations
that exceed 500 mg/L.
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Base Map Source: U.5, Geologival Survey
4:24,000 Scale Topographic Quadrangles
Data Developed at 1:500.000 Scale
UTM Projecton
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TABLE Bl.-- TYPICAL LITHOLOGY OF HYDROGEOLOGIC SYSTEMS
WITHIN THE WOODVILLE KARST REGION

SURFICIAL AQUIFER SYSTEM

»

»

Unit is a very thin vencer to absent in south-southeastern portion of region.

Very fine to very ¢oarse loose sand, graded and bedded, light colored, some
carbonaceous zones, clay leases present. )

INTERMEDIATE SYSTEM

»

Entire unit absent in so:gth«séutheastem portion of region; sporadically absent in porth-
northeast portion of region.

Heterogencous clasties, interbedded and cross-bedded <lays, silts, sands and gravels of
varying coarseness and admixtures, varicolored generally grar;sh«orangc to grayish-red,
mottlg | sandstone lenses may be present; siso ironstone pebbies; moderately to poorly
sorted.

Western Edge Only - Typically grecnisii-gray to brown, very macrofossiliferous, clayey
sand and sandy clay; mollusk shells abuadant throughout; sandy, light orange to
cream, very light gray or off white marl in southwest.

Southwestern Edge - Very sandy highly microfossilferous; poorly consolidated, olive
gray limestone; generally argillaceous, micritic and phosphatic.

Dominantly sandy clay to very sendy clayey sand; carbonate ¢ontent increases to west;
fine to medium grained sand; sand-sized phosphorite; silt, clay, and sandy phosphoritic
{imestone; limestone very pale orange, very finely erystalline, moderately sandy,
siightly to moderately phosphoritic, dolomitized and partially recrystallized; to the
east, pale ofive, light greenish gray, yellowish gray, light gray to yellow; sandy, waxy
clay; thin sandy limestone stringers, dolomite may be present. :

ELORIDAN AQUIFER SYSTEM

Southwestern Edge - White to light yellow gray, moderately indurated, cemented sand-
size detrital caicite; sandy highly fossiliferous limestone.

Elsewhere, predominantly fine to medium grained, partiaily recrystallized, silty to
sandy limestone with secondary dolomitization; white to very pale orange to grayish
orange, fincly crystaliine mass with overall slightly chalky to earthy appearance;
microfossifs present but hot common; generelly not phosphoritic; poor to moderate
porosity; sHicified to the east.

Very pale orange, abundantly migrofossiliferous, granular, partially recrystallized,
cemonted sand-sized detritsl caleite with finely crystalline matrix; can be weakly

cemented, moderate to good porosity, partially dolomitized througimut entire section;
chert zones may be present. :

Very pale orange, microcoguinoid, moderate to very porous, soft to medium hard
limestone conglomerate; sometimes partially recrystallized; grayish orange,
recrystallized, very dense dolomite with molds and casts; dolomite is secondary and for
the most part the dolomitization has destroyed the originail lithology.

Pale orange, moderately indurated, soft, granular, poorly porous, microfossiliferous,
s;nd-sizc detrital calcite in a silty to finely crystalline matrix; also some beds of
chert.

Cream and tan, crystabline limestone, somewhat argillaceous; chert and gypsum common.

* Pale orange recrystallized, microfossiliferous, very giauconitie, cemenied sand-sized
detrital calcite with noticeable intergranular porosity; dark yeliow sucrosic crystalline,
glauconitic dolomite; minor occurrence chert and gypsum.

SUB-FLORIDAN SYSTEM
* Pale orange, soft, argillaceous, slightly dolomitic, glauconitic, cemented silt to ¢lay-
sized detrita] calcite; grayish green, calareous clay.
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APPENDIX C
APALACHICOLA EMBAYMENT REGION
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Figure C-2

Distribution of Hydrogeologic
Data Control '

Legend

. Controd site with geophysicai log
data.

20 Base Map Scurce; 1.5, Geolagleal Survey
) . 1:24 000 Scale Topographic Quadranglas
Data Developed at 1:250,000 Scale
UTM Projection
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Figure C-3

Thickness Distribution for the
Surficial Aquifer System

Legend
+ 90 Thickness of aquifer at control
point, in feet.
0 5 10 B 20 _ Hase Map Source: U.5. Geological Survey

$:24,000 Scale Topographic Quadrangies
Data Developest at 1:250,600 Scate

LT Projection




Figure C-4

Altitude of the Top of the
intermediate System

Legend

o B0 oo Structural contour showing

' altitude of the top of the
Intermediate System.
Contowr interval is 25 feet.
Batum is sea level.

. Base Map Source: U8, Geological Survey
g 5 v B 2 424,000 Scale Topographic Quadrangles
s Data Developed at 1:250,000 Scale
UTM Brojection




Figure C-5
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294
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Thickness of the Intermediate System

Legend

e 100 e  Line of equal thickness of the
intermediate System.
Contour inferval is 50 feet.

Base Map Source: U5, Geologicat Survey

Q .mw‘ - 1:24 000 Scale Topographic Quedrangies
S 1 ' Data Developed at 1:250,000 Scate
rrfles L¥TM Projection
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Figure C-6

Altitude of the Top of the
Floridan Aquifer System

Legend

e 3} e Structural contour showing
altitude of the top of the
Floridan Aquifer Sysiem.
Contour interval is 50 feet,
Datum is sea lovel.

Base Map Source: 1.5, Geological Survey
1:24,000 Scale Topographic Quadrangies
Date Dovelopsd at 1:250,000 Scale
UTM Prejection




Figure C.7

#00
T00
300
L LE]

Thickness of the Floridan Aquifer
Systemn (Undifferentiated)

Legend

~- 800 -~ Line of equal thickness of the
Floridan Aquifer {undifferentiated).
Contour interval is 100 feet.

Base Map Source: U.8. Geclogical Survey

_ , _ . ‘ 1:24,000 Scafe Topoegraphic Quadrangies

[Yata Developed at $:250.000 Scale
UTM Projection
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Figure C-8

Altitude of the Top of the
Sub-Floridan System

Legend

e GO0 - Structural contour showing
altitude of the top of the
Sub-Floridan System.
Corntour interval is 200 feet.
Datum is sea level,

Base Map Sowres: U.S. Geological Survey
1:24.00C Scale Topographic Quadrangles
Data Developed at 1:250,000 Scale
UTM Projestion
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Figure C-8

Potentiometric Surface of the
Floridan Aquifer System, May 1986

Legend

e 0 — Potentiometric contour showing
altitude at which water level
would have stood in tightly
cased wells; dashed where
approximate.

Contour interval is 10 feetl.
Datum is sea level.

Modified from Wagner, 1989

Base Map Seurce: U.5. Geclogical Survey
1.24.000 Scale Topographic Quadrangles
Data Doveloped at 1:500.000 Soale
UM Projection
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Figure C-10

Total Dissolved Solids Conoe_ntra{ions
for Ground Water from the Floridan
Agquifer System

Legend

— 18—  Line of equal total dissolved
solids concentration in milligrams
per liter {mg/L}.

Centour interval is 100 mgii..

Concentrations greater than 500
mg/t. exceed recormnmended limits
for drinking water. Wells tapping
deeper porfions of aquifer may
ylekd water with concentrations
that exceed 500 mgi..

Hase Map Sowrce: U.S. Geoclogleal Survey
4:24,000 Seale Topographic Quadrangies

(MMWMO Data Developed at 1:500,000 Scals
imiles LT Projection




TABLE Cl.-- TYPICAL IITHOLOGY OF HYDROGEOLOGIC SYSTEMS
WITHIN APALACHICOLA EMBAYMENT REGION

SURFICIAL AQUIFER SYSTEM

*

*

Sands and clays of various admixtures.

White to light gray sand, also orange clayey sands; gravels toward north; very fine to
gravel; eastern edge; reddish siliciclastics; orange to red clayey, medium to coarse
sands; clay lenses; quartz pebbles; cross bedding,

INTERMERIAZE SYSTEM

*

Fine to medium clayey sands; gravels present; poorly indurated; mottled ¢lays, sandy
clays, ironstone pebbles,

In Central and Southern Portions: Tan to orange brown to gray green, shell beds,
interbedded with sandy clays and clayey sands; calcareous; macrofossiliferous; mollusk
shells abundant; argillaceous; oceasional sandy limestone; also described as poorly
consolidated marl, :

In Northern Portion: Siliciclastic, white to light olive gray, very fine to medium
grained clayed sand to sandy, silty clay; variable amounts of sand, limestone, dolomite,
phosphorite; carbonate content increases downward; also sandy, clayey limestone or
dolomitic limestone; often fossiliferous, molds and casts of mollusks; induration varies
from poor to moderate; clay rich facies contain fullers earth beds. |

In Southern Portion: Olive gray green, microfossils abundant, very sandy, poorly
consolidated, argillaceous, cemented sand-sized detrital caleite limestone; more sand
upward and to west, caleium carbonate increases downward, phosphoritic,

West of Apalachicola River: Very light orange, sandy limestone with =~ crystal,
micrite and pellet grain types, fine to coarse grained, sparry  and micritic cement;

foraminifera, mollusks, coral, bryozoans; variable induration, porosity, sand content,

and presence of argillaceous material; updip poorly to moderately indurated, sandy;

‘downdip better  indaration and lesser sand content,

Southern Half of Region Only: White to fight yclldw gray, modérateiy indurated,

cemented granular to sand-sized detrital caleite |imestone, micritic, sandy; minor

" amounts phosphorite, glauconite and pyrite; dolomite and sparry caleite may be

present; lesy inderated to east,

Eastern Fringe Only; Very light gray to pale to yellowish gray to white, argillaceous,
moderately indurated, massive limestone with casts and molds of mollusks; micritic
limestone; minor beds of interbedded ¢lay and sand; more calcareons to east; also
greenish clay blebs.

More siltf, clayey or dolomitle than above; siliciclastic and more dolomitic fo west;
sapdy dolomite with oceasional occurrences of limestone, generally unfossilifarous; also
white, hard to chalky limestone interspersed and alternating with sendy limestone and
lenses of sandy clay; minor amounts of phosphorite, : .

Updip: White to cream to light olive gray, fossiliferous, micritic to crystalline
limestone; frequently containing brown dolomite and minor sand,

Downdip: Light gray to geﬂow _gra¥ limestone with micrite and biogenic grain types,
moderately indurated and contains fossils {mollusks, foraminifera), may be dolomitized

and sucrosic dolomitle lithology, highly altered and recrystallized; minor amounts of
clay; occasionally chalky,

West-Southwest: Primarily tan sacrosic dolomite, also dolomitie, fossilifcrous limestone;
sand interbedded,

West-Southwest: Light gray, massive, chalky limestone; large foraminifera common;
fittle glauconite; sand common; moderately to well indurated; biomicrite or wackestoae,

Updip: Cream colored, highly fossiliferous, crystalline, abundant foraminifera, varying
amounts of sand, dolomite and clay,

Downdip: Light oranFe to white limestone with high porosity, both micrite and sparry
calcite cement, crystal and skeletal graln types, some glauconite and sand; abundant
fossils; glauconite and chert occurrence increase with depth,

Lower portion of nnit becomes more ¢lastic to the west and more calcareous to the cast;

This part of unit is more clayey to the west and is part of the Sub-Floridan Confining
Unit; to the east is more calacareons, and is part of the Floridan Aquifer System,

Argillaceous, glauconitic, arenaceous, fossiliferous limestone, some beds of calcarcous
shale; also glauconitic and calearcous sapdstone,

SUB-FLORIDAN SYSTEM

* Argillaceous, dolomitie, glauconitic, cemented silt to clay-sized detrital caleite,

interbedded calcareous clays and sandstones; calcareous shale sometimes laminated;
minor beds of argillaceous, fossiliferous limestone.
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"APPENDIX D

DOUGHERTY KARST REGION.
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Figure D-1

Township and Range
Regional Locational Reference for the
Dougherty Karst Region

UTM Zene 17 Projection
Base Map Sowres: DOT County Maps
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Figure D-2

Distribution of Hydrogeologic
Data Control

Legend

Control site with geophysical log
data.

Hase Map Source: U8, Geclogical Survey
124,000 Scale Topographic Quadrangles
Data Beveloped at 125,000 Scale
UTH Projestion




Figure D-3
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Thickness Distribution for the

Surficial Aquifer System

Legend

«80 Thickness of aquifer at control
point, in feet,

reorns West of ine Surficial Aquifer

System is referred to as the
Sand-And-Grave! Aguifer. East
of line Surficial Aguifer System
is undifferentiated.

Base Map Source: 1.5, Geolagical Survey
$:24,000 Scale Topographic Quadrangies
Data Beveloped at 1:280,000 Scale
UTM Projection
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Figure D-4

- Altitude of the Top of the
“ e o @ 8 2 2 g g 3 Intermediate System
225 11-]
100
400 " 3
. ' p1:2:] : . .
tae m;“’ -. , Legend
— G Structural contour showing
aHitude of the top of the
intermediate System.

Contour interval is 50 feet with
supplementary contours at 25
foot intervals.

Datum is sea level.

: Base Map Sewoee: U.S. Geological Survey
0 3 10 L] 20 : 1:24 00C Scale Topographic Quadrangles

= e I | Data 9@\!&'03}8(1 at 1;250,000 Scale
milles | UTM Projection




Figure D-5

Thickness of the intermediate System

58

Legend

o B} s Line of equal thickness of the
Intermediate System.
Contour interval is 50 feet.

. ’ Base Map Source: U.S. Geologicat Survey
{%&mswmmmga 1:24.000 Scale Topographic Quadrangies
miles Data Developed al 1:250.000 Scale
: UTM Projection
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Figure D-6

Altitude of the Top of the
Floridan Aquifer System

Legend

e 50 e Structural contour showing
altitude of the top of the
Floridan Aquifer System,
Contour interval is 50 feet.
Patum is sea lavel.

Base Map Source: 148, Gaolegical Suvey
24,060 Scale Topographic Quadrangles
Data Developesd at 1:250,000 Scale
LUTM Proisction
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Figure D-7

Thickness of the Floridan Aquifer

e 100 —

System (Undifferentiated)

Legend

Line of equal thickness of the

Floridan Aguifer {undifferentiated).

Contour inderval is 100 fest.

Hase Map Source: 11.S. Geological Survey
1:24,000 Scale Topographic Quadrangles
Data Developed at 1.250.000 Scale
UTM Erojection
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Figure -8

Altitude of the Top of the
Sub-Floridan System

Legend

'j e +200 e Structural contour showing

altitude of the top of the
Sub-Floridan System.
Contour interval is 200 feet.
Datum is sea level.

Base Map Source: U8, Geologicai Survoy
1:24,004 Scale Topographic Quadrangies
Data Devaloped at 1:250,000 Scale
UTM Projection




Figure D-9

Potentiometric Surface of the
; Fioridan Aquifer System, May 1986
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Legend

S —10— Potentiometric contour showing
By oo altitude at which water level
e e : would have stood in tightly

l’ cased wells; dashed where
_ ; approximate.
: Contour interval is 10 feet.
j Patum is sea level

Modified fom Wagner, 1989

Pase Map Socurce: LS. Geolegical Survey

9 3 0 20 ' 1:24,000 Scate Topographic Quadrangies
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Figure D-10

Total Dissolved Solids Concentrations
of Ground Water in the Floridan
Aquifer System

Legend

e 150w Line of equal fotal dissolved
solids concentration in miligrams
per liter {mg/L).

Concentrations greater thap 500
mg/L exceed recommended Emits
for drinking water. Wells tapping
deeper pottions of aquifer may
vield water with concentrations
that exceed 500 mg/l.

0 5 10 B 20 Base Map Source: U.S. Geological Survey

’ : . 1:24.000 Scale Topographic Quadrangles
miles : Data Daveloped at 500,000 Seate
UTM Projection




TABLE Dl TYPICAL LITHOLOGY OF HYDROGEOLQOGIC SYSTEM
WITHIN THE DOUGHERTY KARST REGION :

SUREICIALLAQUIFER SYSTEM

* tinit may be absent in portions of region,

* Clayey sands, sands, clays, sandy clays; some gravel; lithology variable and
discontinyous due to sedimentation and due to karst processes,

* IJnit may be absent in various portions of region,
* Lithology variabie and discontinuous due to XKarst processes,

* Clays, sandy ¢iays and clayey sands, calcareous, mollusks shells may be abundant,

ELOQRIDAN AQUIFER SYSTEM

* Fine, quartz sand within an argillaceous limestone; gray and white sandy calcareous
clays; sparsely fossiliferous; can be silty and very sandy, sand scattersd throughout
interval. This portion is abgent in northern portion of region. .

* Tan to buff limestone, doiorgxi_fic limestones and dolomitic to calcareous clays; porous
and {ossiliferous. This portion of unit is absent in northern portion of region.

* (Gencrally light color ranging from white to ¢cream to light gray, slightly glauconitic,
homogeneous {massive) and generally impermeable, very soft; abundant fossil fauna,
‘Fhis portion of unit is absent in northesn portion of region, :

* White to cream to light yellow colored, soft, granular, permeable, highly fossiliferous,
pure limestone; frequently composed of almost cntirciy foraminilera tests; frequently
recrystallized to dense.Himestone, Becomes glauconitic and sandy and greenish gray in
color near top of next unit; often Iarge [at foraminifera; sometimes silicified in
northwest part of region. This portion of unit may be sporadically absent in the west-
northwest portion of region., .

* Upper most beds caleareous clays, generally blue to blue gray; fine to coarse sand,
interbedded sandy limestone; also calcarcous sand, calcareous siltstone, and sandstone;
unit increases in clay content downward and grades to dense clay.
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Figure E-1

Township and Range
Regionai Locational Reference for the
Western Panhandie Region

UTM Zone 17 Projection
Base Map Source: DOT County Maps
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Figure E-3

Thickness Distribution for the
Surficial Aquifer System
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Figure £-4

Altitude of the Top of the
" Intermediate System

Legend

e 5 e Structural contour showing
altfude of the top of the
Intermediate System.
Contour interval is 25 feet.
Datum is sea level,

Base Map Source: U5, Geolagical Survey
0 : __ 1:24.000 Scale Topographic Quadrangles
Data Developed at 1:250,000 Scale
LFTM Projeclion
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Figure £-5

Thickness of the Intermediate System

L.egend

— 100 —  Line of equal thickness of the
Intermediate System.
Contour interval is 100 feet with
supplementary contours at 50
foot intervals.

Hase Map Source: U.S. Geological Survey
1:24.000 Scale Topographic Quadrangles
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Figure E-6

Altitude of the Top of the
Floridan Aquifer System
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Figure E-7

Thickness of the Upper Limestone of
the Floridan Aquifer System
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Legend

~— 100~  Line of equal thickness of the
upper limestone unit.
Contour interval is 100 feet
with dashed supplementary
contours at selected 50 fool
intervals.
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The Floridan Aquifer becomes
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lne.
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Figure E-8

Thickness of the Floridan Aquifer
System {(Undifferentiated)

Legend

~- 200 —  Line of equal thickness of the
Floridan Aguifer (undifferentiated).
Contour interval is 100 feel.

— i Represents westemn extent of the
Undifferentiated Floridan Aguifer.
West of this line the Bucatunna
Clay Confining Unit divides the
aquifer into upper and lower
portions.

Base Map Source: U.S. Geological Susvey
1:24,000 Scale Topographic Quadrangles
Dats Developed at 1:250.0060 Scale
UTM Projection
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Figure E-9

Altitude of the Top of the Bucatunna

S 1 R

Clay Confining Unit

Legend

Structural contowr showing
altitude of the top of the
confining unit.

Contour interval is 100 feet.
BPatum is sea lavel,

Represents easterly extent of the
Bucatunna Clay Confining Unit.

Base Map Source: 1.8, Gaologicai Survey
1:24 000 Seale Topographic Quadrangles

Bata Developed at 1:256,00C Scale
UTH Projection




Figure £-10

Thickness of the Bucatunna Clay
! Confining Unit

Legend

— 50 - |ine of equai thickness of the
confining unit; dashed where
approximate. :
Contour interval is 50 feet,

_——— Represents easterly extent of the
Bucatunna Clay Confining Unit.

fBase Map Source: LLE. Geologital Survey
1:24,000 Scale Topographic Quadrangles
Data Developed at 1:250,000 Scale
UTM Praojection




Figure £-11

Altitude of the Top of the Lower
Limestone of the Floridan Aquifer

— 200 —

System

Legend

Structural contour showing
aititude of the top of the lower
limestone of the Floridan
Aquifer System.

Contour interval is 100 feet.
Datum is sea level.

Represents easterly extent of
the Bucatunna Clay Condining
Unit. West of this boundary the
Bucatunna separates the
Floridan Aquifer into an upper
and lower imestone. Eastof
this boundary the Fleridan
Aguifer exists as one
undifferentiated aguifer.

flase Map Source: DOT County Maps
UTM Zone 17 Profaction
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Figure £-12

Thickness of the Lower Limestone of
the Floridan Aquifer System
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% _ Figure £-13

Altitude of the Top of the
Sub-Floridan System
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Legend

w200 —  Structural cordour showing
-409 altitude of the top of the
Sub-Floridan Sysiem,
Contour interval is 200 feet.
~a0e Datum is sea level.
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Base Map Source: U.B. Geological Survey
1:24.000 Scale Topographic Quadrangles
Dats Developed at 1:250,000 Scale
HTM Projection
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Figure E-14

Potentiometric Surface of the
Floridan Aquifer System, May 1986

Legend

R [ Potentiometric contour showing

altitude at which water level
would have steod in tightly
cased wells; dashed where
approximate.

Contour interval is 10 feet.
Datum is sea level.

Modifted from Wagner. 1969

Base Map Source: LS. Geological Survey
$:24 0G Seoale Topographic Quadrangles
Data Developed at 1:500,060 Scale
UTH Projection
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Figure E-15

Total Dissolved Solids Concentrations
for Ground Water from the Flondan
Aquifer System

Legend

— 180  Line of equal tota dissoived
solids concentration in millligrams

per liter (mght.).
Contour interval is 100 mg/t.

Concentrations greater than 500
mglt. exceed recommended limits
for drinking water. Wells tapping
deeper portions of aquifer may
yield water with concentrations
that exceed 500 my/L..

—_— Represents easterly extent of the
Bucatunna Clay Confining Unit.
The Floridan Aquifer becomes
undifferentiated eastward of this
fine.

0000() Westward extent for utitization of
.- the Floridan Aquifer as a drinking
waier source. West of line
aquifer becomes more
mineralized.

Base Map Source: U8, Geological Survey
1:24.000 Scale Tepographic Guadrangles
{Jata Developest gt 1:500,600 Scale
UTH Projection
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TABLE El-- TYPICAL LITHOLOGY OF HYDROGEQLOGIC SYSTEM
WITHIN THE WESTERN EMBAYMENT REGION

* Unfossiliferous sand, ¢lay, gravel; discontinuoug layers; nonindurated to poorly ; * Limestone varies from white to light gray, chalky, and extremely fossiliferous to tan,
indurated with ¢lay, gccasionally iron cement; limonite; accessories include heavy, sucrosic dolomite; limestone and dotomite are interlayered; glauconite and calcite
minerals, mica, phosphate, limestone, and carbonized wood; variable in color ranging present in minor amounts; moderately indurated; micritic or dolomitic cement;
from white to orange to yellow to pink/red hues; lithology changes abruptly over short Foraminifers, mullusks, bryozoan,
distances; poorly sorted ranging from very fine to very coarse; few pebbles are
silicified oolitic limestone; sands grade to stltstones and clays, ¢lays occur in lenses; T SUBFLORIDAN SYSTEM

beds in underlying unit are much more clayey.
. * Cream, sandy, pryritic, glauconitic, argillaceous limestone, ¢lay and sand, caicareous;
INTERMEDIATE SYSTEM : alsodg‘rccn gray to dark gray, glavconitic, arenaceous and caicareous shale; argillaceous
. : sandstone,

* Generally light brown to light gray to olive gray clayey, numerous shell beds,

fossiliferous material; sand, gravel, and clay; ¢lay acts as cementing agent for the

unconsolidated, poorly consolidated clastics; minute mollusks abundaat; accessories

pyrite, glauconite, and mica, carbonized wood fragments, and lignite,

* North and Hast: Sandy clay or clayey sand to shell marl to pure sand or clay;
accessories phosphatcédglauconitc, heavy mineral, pyrite and mica; thin limestone beds,
micritic; poorly to moderately consolidated with clay or carbonate cement: fossils
include bryozoans,moellusks, foraminifera, echinoids, and ostracods.

* West: Boecomes more clayey, less sand; consists of tough, dark to light gray to green
clay, also hrownish dgray; silty, variable amounts of very fine to very coarse sand;
pieces of carbonized wood and plant remains; micaceous, calcargous, minor amounts
pyrite; mollusk shells present end foraminifera abundant; also light gray to brownlish
gray fing to very coarse sand. .

* (oastal South-Southeast: Poorly consolidated, sandy, clayey, microfossilif. erous
limestone becomes more clayey and phosphatic with depth and to the north, Grades to
a clay unit west and a clay, sandy clay unit north with the loss of carbonate.

* Light gray to grayish white, hard limestone; sand beds locally common in central and
north; green and brown clay; bits of lignite; alzo gray to light gray, hard, highly,
porous or vesicular limestone and dolomitic limestonse; sucrosie dolomite; also cream to
buff fossiliferous limestone; interbedded limestone and dolomite; includes glauconitic
clay, pyrite, calcite sand; moderate to well indurated. :

* South-Southcast: White to light gray moderately indurated, granular, fossiliferous,
cemented sand-sized detrital calcite, mieritic limestone; more dolomitic toward west;
accessories pyrite, phosphate, mica, clay, calcite, glauconite and sand.

BUCATUNNA CLAY CONFINING UNIT

* Moderate brown to dusky yellow brown clay; accessories include sand, phasphatc;
sparsely fossiliferous, - .

* Western Portion: Sand disseminated throughout ¢lay; thin limestone bed acours within
near bottom portion; also dark gray to olive green, soft dense, calcarcous, silty to sandy
clay; flecks of carbonized w and small amount of pyrite.

* gnit pinches out toward the east-northeast in around Okaloosa County and Walton
ounty, . i
|
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