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Types of Secondary Porosity of Carbonate
Rocks in Injection and Test Wells in Southern

Peninsular Florida

By A.D. Duerr

ABSTRACT

The types of secondary porosity present in
carbonate injection intervals and in the overlying
carbonate rocks were determined at 11 injection
well sites and 3 test well sites in southern peninsu-
lar Florida. The hydrogeologic system consists of
a thick sequence of carbonate rocks overlain by
clastic deposits. Principal hydrogeologic units are
the surficial aquifer system, the intermediate aqui-
fer system or the intermediate confining unit, the
Floridan aquifer system, and the sub-Floridan con-
fining unit.

The concept of apparent secondary porosity
was used in this study because the secondary
porosity features observed in a borehole television
survey could have been caused by geologic pro-
cesses as well as by drilling activities. The sec-
ondary porosity features identified in a television
survey were evaluated using driller's comments
and caliper, flowmeter, and temperature logs.
Borehole intervals that produced or received
detectable amounts of flow, as shown by flow-
meter and temperature logs, provided evidence
that the secondary porosity of the interval was spa-
tially distributed and interconnected beyond the
immediate vicinity of a borehole and, thus, was
related to geologic processes. Features associated
with interconnected secondary porosity were iden-
tified as effective secondary porosity.

Fracture porosity was identified as the most
common type of effective secondary porosity and
was observed predominantly in dolomite and dolo-
mitic limestone. Cavity porosity was the least
common type of effective secondary porosity at
the study sites. In fact, of the more than 17,500

feet of borehole studied, a total of only three cavi-
ties constituting effective secondary porosity were
identified at only two sites. These cavities were
detected in dolomite rocks. Most apparent cavities
were caused by drilling-induced collapse of natu-
rally fractured borehole walls. Also, fractures usu-
ally were observed above and below cavities. The
majority of vugs observed in the television surveys
did not constitute effective secondary porosity.

No effective secondary porosity was evident
in the limestone or dolomitic limestone in the
300-foot interval immediately above the injection
interval at six sites on the southeastern coast of
Florida. Injection wells commonly are cased
through the 300-foot interval. Fractures or cavi-
ties that contribute to effective secondary porosity
may be present in this interval, but were not detect-
able with the methods used. Widely dispersed,
interconnected fractures or cavities can be present
beyond the rock column intersected by the bore-
hole and can provide local pathways for vertical
migration of injected wastewater or the displaced
saltwater. In the interval between the top of the
Floridan aquifer system and a point 300 feet above
the top of the injection interval, fractured rocks
having effective secondary porosity were
observed at five of six sites along the southeastern
coast.

Borehole characteristics usually are related
to the drilling characteristics of the rock type. In
limestone, borehole diameters are consistently
larger than the bit diameter whereas in dolomite,
borehole diameters are intermittently larger than
the bit diameter. The large borehole diameters
associated with dredging probably are caused by
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the presence of intensively fractured dolomite
which collapses during drilling.

INTRODUCTION

Large volumes of wastewater are disposed of
through injection wells completed in permeable car-
bonate rocks underlying peninsular Florida. Since
about 1970, cavity porosity has been assumed to be the
principal type of secondary porosity in most of the car-
bonate injection intervals. The apparently dense dolo-
mite above and within injection intervals has been
assumed to contain no vertically interconnected sec-
ondary porosity and to comprise a confining unit that
restricts vertical flow of injected wastewater. More re-
cently, however, the validity of these secondary poros-
ity assumptions has been questioned. Application of a
recently developed approach that uses borehole televi-
sion surveys and other borehole data to analyze second-
ary porosity produced a different interpretation of
secondary porosity. The approach was applied at four
injection well sites along the eastern coast of Florida
(Safko and Hickey, 1992), and the accrued data were
used to develop two important interpretations. One
interpretation is that effective secondary porosity of the
highly transmissive dolomites within the Floridan
aquifer system at the sites is predominantly fracture
porosity. Effective secondary porosity has features that
are spatially distributed and interconnected beyond the
immediate vicinity of a borehole and are related to geo-
logic processes. The second interpretation is that cavi-
ty porosity in video images of those dolomites is
commonly only apparent porosity caused by drilling-
induced collapse of fractured borehole walls. These
dolomites traditionally have been called the "boulder
zone" in southeastern Florida (Safko and Hickey,
1992).

Characterizing the types of secondary porosity
of carbonate injection intervals and of overlying car-
bonate rocks is important for improving the under-
standing of the hydrogeology of the Floridan aquifer
system and for determining the potential for movement
of injected wastewater in the subsurface. In 1990, the
U.S. Geological Survey, in cooperation with the Flori-
da Department of Environmental Protection (then the
Department of Environmental Regulation), began a
study to characterize the type of secondary porosity in
carbonate injection intervals and in overlying carbon-
ate rocks at additional sites in peninsular Florida. The

descriptive terminology and methodology used in this
report comes directly, with little modification, from
Safko and Hickey (1992). A more detailed discussion
of the descriptive terminology and methodology is pre-
sented in that report.

Purpose and Scope

The principal types of secondary porosity in car-
bonate injection intervals and in the overlying carbon-
ate rocks at 11 subsurface injection sites and 3 test sites
in southern peninsular Florida are described in this
report. Secondary porosity is characterized as either
vug porosity, fracture porosity, or cavity porosity and
was determined by using borehole television surveys
and other borehole data, including driller's records and
caliper, flowmeter and temperature logs. Only visible
porosity (macroporosity) is described.

The study area includes southem peninsular
Florida south of Melbourne Beach on the eastern coast
and Old Tampa Bay on the westemn coast (fig. 1). Sites
were selected on the basis of geographic coverage and
the availability of borehole television surveys. The
report contains comprehensive borehole interpreta-
tions, records of wells, secondary porosity classifica-
tions, generalized hydrogeologic sections, and detailed
descriptions of television surveys of boreholes. Most
of the data were obtained from published reports pre-
pared by consulting engineers.
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Previous Investigations

Safko and Hickey (1992) developed a preliminary
approach for using borehole data and television surveys to
characterize secondary porosity of carbonate rocks in the
Floridan aquifer system on the southeastern coast of Flor-
ida. The methodology developed in that report was ap-
plied in this study.
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Figure 1. Locations of injection and test well sites.

Peninsular Florida has been described in numerous
county, state, and regional hydrologic and geologic inves-
tigations. Parker and others (1955) described the water
resources of southeastern Florida. Hickey (1982) report-
ed on the hydrogeology and results of wastewater injec-
tion tests in Pinellas County. A description of the
hydrogeologic framework of the study area was included
by Miller (1986) in his regional description of the Floridan

aquifer system. Meyer (1988) provided detailed hydro-
geologic data on the Alligator Alley test well in Broward
County. Tibbals (1990) presented detailed information on
the Floridan aquifer system in east-central Florida that in-
cluded parts of the study area for this report. Hutchinson
(1992) assessed hydrogeologic conditions and provided
information on wastewater injection in southwestemn Sa-
rasota and western Charlotte Counties.
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Several engineering reports on test-injection
wells contain descriptions of hydrogeologic conditions
at the specific study sites used in this report. The
engineering reports included those by CH2M Hill, Inc.
(1977; 1979; 1984; 1985; 1986; 1987; 1988; 1989);
Dames and Moore, Inc. (1985); Geraghty and Miller,
Inc. (1986); Seaburn and Robertson, Inc. (1986); and
Post, Buckley, Schuh, and Jernigan, Inc. (1988; 1989).
The Southeastern Geological Society (1986) included
southeastern Florida in its description of the hydro-
geologic units of Florida. Deep Venture, Perry Florida,
provided video tapes showing downhole images of
boreholes at each study site.

HYDROGEOLOGIC SETTING

The hydrogeologic system in peninsular Florida
consists of a thick sequence of carbonate rocks overlain
by clastic deposits (fig. 2). Principal hydrogeologic
units are the surficial aquifer system, the intermediate
aquifer system or the intermediate confining unit, the
Floridan aquifer system, and the sub-Floridan confin-
ing unit (Southeastern Geological Society, 1986).

The surficial aquifer system consists of Pliocene
to Holocene age intermixed sand, clay, shell, and phos-
phate gravel with stringers of limestone and marl. The
water table lies within the surficial aquifer system,

QUATERNARY Holocene Terrace deposits Surfjcial Source of domestic and
.................. aquifer municipal water supplies
Miami Oolite system
Key Largo Limestone
Pleistocene | Anastasia Formation (includes
Fort Thompson Formation Biscayne
Caloosahatchee Mar} aquifer) .- 1.
TERTIARY Pliocene Tamiami Formation ="
Intermediate
aquifer sysytem
or
Intermediate
Miocene Hawthorn Group confining unit .
........ Source of
....... reverse-
------ osmosis feed
and irrigation
supplies
Oligocene Suwannee Limestone
Floridan R
aquifer
. system
(zcalapl.lmeétone
von Park Formation |  Jrrremsectesscomescecsccseneccece
Eocene ;

Oldsmar Formation Injection zone for sewage
and reverse-osmosis
wastewater

Paleocene Cedar Keys Formation [~7°777""7w="=7="" i DR
furt]}:rf,'g"da" .| Unused exceptdfor onf.
onining __..-=~ site injecting industria
C,\'?\,%l'g?_%%gs unit__.--=" wastewater

Figure 2. Hydrogeologic framework in southern Peninsular Florida. (Modified from Southeastern Geological Society, 1986;

Swancar and Hutchinson, 1992; and Hutchinson, 1992.)
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which in most places is unconfined, but beds of low
permeability can cause semiconfined or locally con-
fined conditions in the deeper parts of the aquifer sys-
tem. The surficial aquifer system ranges in thickness
from less than 10 ft in many areas to more than 300 ft.

The aquifer supplies water for irrigation, indus-
trial, and municipal use where the surficial aquifer
system is sufficiently thick and where other sources of
ground water are limited. This is especially true in
southeastemn Florida where the highly permeable rocks
of the surficial aquifer system constitute the Biscayne
aquifer and are the principal source of water for several
large municipalities (Parker and others, 1955).

Underlying the surficial aquifer system is the
intermediate aquifer system or the intermediate confin-
ing unit. The intermediate aquifer system includes all
rocks that lie between and collectively retard the
exchange of water between the overlying surficial
aquifer system and the underlying Floridan aquifer
system. Generally, these rocks consist of fine-grained
clastic deposits interlayered with carbonate strata of the
Miocene and younger Series. In some areas, poor-
yielding to nonyielding strata are present, and in those
areas, the term "intermediate confining unit" is applied.
In other areas, one or more low-to moderate-yielding
aquifers could be interlayered with relatively imperme-
able confining beds and the term "intermediate aquifer
system" is used to describe this situation. The aquifers
within this system contain water under confined condi-
tions (Southeastern Geological Society, 1986).

The top of the intermediate aquifer system or the
intermediate confining unit coincides with the base of
the surficial aquifer system. The thickness of the inter-
mediate aquifer system or the intermediate confining
unit ranges from less than 50 ft in the northwestern part
of the study area to about 1,000 ft in northern Lee
County (Miller, 1986).

The Floridan aquifer system underlies the inter-
mediate aquifer system or the intermediate confining
unit throughout the study area. The Floridan aquifer
system consists of a sequence of carbonate rocks rang-
ing from Paleocene to early Miocene in age. The top of
the Floridan aquifer system is the contact between the
carbonate sequence and overlying clastic sediments.
These overlying clastic sediments could be part of the
surficial aquifer system, the intermediate aquifer sys-
tem, or the intermediate confining unit (Southeastern
Geological Society, 1986). The base of the Floridan
aquifer system is the contact between the carbonate se-
quence and underlying Paleocene evaporate beds.

The altitude of the top of the Floridan aquifer
system ranges from near sea level in the northwestern
part of the study area to about 1,100 ft below sea level
in the southern part of the study area (fig. 3). The thick-
ness of the Floridan aquifer system ranges from about
2,300 ft in northem Brevard County to more than 3,500
ft in southem Pinellas, westem Manatee, and central
Sarasota Counties (Miller, 1986).

The Floridan aquifer system may be confined,
semiconfined, or unconfined depending upon the pres-
ence or absence of overlying material having low
hydraulic conductivity. Several low permeability
zones, known as middle confining units (Miller, 1986),
separate the aquifer system into the Upper and Lower
Floridan aquifers.

Dolomites that have high transmissivity and
contain saline water are present in the Upper and
Lower Floridan aquifers in southwestern Florida and in
the Lower Floridan aquifer in southeastern Florida.
These dolomites are used for the injection of liquid
wastes in a number of places. In southeastern Florida,
these highly transmissive rocks are known as the
"boulder zone" because they possess drilling character-
istics associated with "boulders” (Kohout, 1967).
Traditionally, these dolomites have been assumed to
have cavity porosity as the predominant porosity type.
However, Safko and Hickey (1992) observed that, at
four injection well sites in eastern Florida, fracture
porosity, as opposed to cavity porosity, was the domi-
nant type of secondary porosity in the "boulder zone."
Within the study area, the altitude of the top of the
"boulder zone" ranges from about 2,000 ft below sea
level in northemn Brevard County to about 3,300 ft
below sea level in southwestern Monroe County
(Miller, 1986). The "boulder zone" is not present in the
westem part of the study area according to Miller
(1986).

The sub-Floridan confining unit underlies the
Floridan aquifer system throughout the study area, as
well as throughout peninsular Florida. The unit is pri-
marily a sequence of anhydrite beds interlayered with
low permeability carbonate rocks of Paleocene age and
older Series. The presence of the unit limits the depth
of active ground-water circulation. The top of the unit
is marked by the sharp permeability contrast with the
permeable carbonates of the Floridan aquifer system
(Southeastern Geological Society, 1986).
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Figure 3. Altitude of the top of the Floridan aquifer system in southern peninsular Florida. (Adapted from Miller, 1986).

BOREHOLE TELEVISION SURVEYS

The borehole television camera systems utilize a
"fast spreading” lens capable of producing a downhole
image with a maximum horizontal (peripheral) field of
view of approximately 3 ft and a maximum vertical
field of view of approximately 2.5 ft, depending on
water clarity and light conditions. Some distortion in

the actual size and shape of borehole features is inher-
ent in the images produced by the camera system. The-
oretically, the images within the brightest part of the
borehole wall are the least subject to distortion. There-
fore, in this study, borehole features are described and
measured as they were viewed in the most highly illu-
minated interval (Safko and Hickey, 1992). Borehole
television surveys were conducted by Deep Venture.
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Descriptive Terminology and Borehole
Observations

The descriptive terminology and methodology
used in this report comes almost directly, with little
modification, from Safko and Hickey (1992). Second-
ary or postdepositional porosity was defined by
Choquette and Pray (1970, p. 218) as any porosity ina
rock created after final deposition. All secondary
porosity features viewed in a television survey are
referred to as "apparent secondary porosity." The con-
cept of "apparent porosity" is used to indicate that the
secondary porosity features viewed in a television
survey of a drilled borehole can be related either to
drilling activities or to geologic processes. When
visually observed secondary porosity features, or
macroporosity, are interpreted to be spatially distribut-
ed and interconnected beyond the immediate vicinity
of a borehole, these features are considered to be relat-
ed to geologic processes and are called "effective
secondary porosity" (Safko and Hickey, 1992).

The descriptive terminology used for both
apparent and effective secondary porosity classifica-
tions are given in table 1. Three principal terms are
utilized: vug porosity, cavity porosity, and fracture
porosity. Photographs of borehole television images of
the three porosity types are shown in figure 4. Vug
porosity is used in this report to describe pores that are
smaller than cavity porosity, but are large enough to be

Table 1. Apparent and effective secondary porosity
classifications

[>, greater than]

Classification Size of iargest dimension

(feet)
Vug porosity
Very small 0.01 -0.05
Small 0.05-0.21
Medium 0.21-0.42
Large 042 -0.84
Cavity porosity
Small 0.84-2.00
Large >2.00
Fracture porosity Fracture apertures generally

were too small to be visually
estimated.

seen in a borehole television survey. The lower size
limit for vug porosity in table 1 was set at 0.01 ft to cor-
respond with the smallest feature estimated to be clear-
ly distinguishable in a borehole television survey.

Vug porosity observed in a television survey of
carbonate rocks appears as deep surface depressions in
a borehole wall. These surface depressions could be
related to dissolution of the carbonate rocks. Alterna-
tively, because a drill bit breaks a rock into small chips,
variations in rock mechanical properties, such as the
size, shape, arrangement, and hardness of adjacent con-
stituents, could result in a borehole wall with mechani-
cally created, deep surface depressions. All porosity
features related to drilling activities have a spatial dis-
tribution restricted to the immediate vicinity of a bore-
hole, whereas porosity features related to geologic
processes have a spatial distribution extending beyond
the immediate vicinity of a borehole (Safko and
Hickey, 1992).

Cavity porosity observed in a television survey
of carbonate rocks appears as large voids in a borehole
wall. The horizontal dimension of these voids usually
is so large that the borehole wall completely disappears
from view in a video image because the maximum hor-
izontal field of view of the television cameras is about
3 ft. These large voids could have been caused by dis-
solution of the carbonate rocks. Alternatively, because
a drill bit penetrates a rock by mechanically disrupting
it, borehole diameters much larger than the bit diameter
could be produced in rocks that have little cement
between grains and in rocks that are intensively frac-
tured or shattered. If wide enough, these mechanically
disrupted intervals appear as voids in the borehole wall.
As discussed in a following section of the text, many of
the cavities observed in the television surveys studied
for this report were in heavily fractured intervals that
had unstable borehole walls.

Fracture porosity is used in this report to
describe voids that occur along breaks in a unit of rock.
Viewed in a television survey, fracture porosity
appears as narrow, linear features separating blocks of
nonfractured rock. The width of a typical fracture
aperture viewed in a television survey generally is so
small that it cannot be measured reliably. Vertical and
oblique fracture directions appear predominant, even
though determining fracture orientation is difficult
when using television survey techniques.

Fracture porosity observed in a borehole can be
related not only to stresses in rocks caused by tectonic
deformation but also to stresses in rocks caused by
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Fractures

NUMBER INDICATES DEPTH OF BOREHOLE
PHOTOGRAPH, IN FEET BELOW LAND SURFACE

Figure 4. Types of secondary porosity. (Photographs from
video tapes made by Deep Venture, Perry, Fla.)

drilling activities. Because a drill bit rotates and exerts
a downward force in order to penetrate a rock, the
stresses related to the bit torque and downward force
can fracture brittle crystalline rock that is typical of
dolomite within the Floridan aquifer system. In addi-
tion to these drilling stresses, changes in the pre-exist-
ing stress field caused by the removal of rock from the
borehole (Hubbert and Willis, 1972) is another factor
that can cause fractures to develop immediately adja-
cent to the borehole (Safko and Hickey, 1992).

In addition to the porosity terms discussed
above, a number of common generic textural terms are
used to describe the overall shape and notable features
of boreholes viewed in a television survey. Descriptive
modifiers include among others, the terms round, irreg-
ular, rough, smooth, angular, and blocky. A combina-
tion of the porosity terms in table 1, along with relevant
descriptive modifiers, is essential for describing the
character of the secondary porosity visible in the
television surveys.

Apparent Secondary Porosity Logs

Apparent secondary porosity logs were con-
structed for each well at the study sites on the basis of
examination and interpretation of borehole television
surveys. The logs are shown on the comprehensive
borehole interpretation figures (figs. 5-18). Because of
the scale of the figures and the large depth intervals, the
porosity logs are generalized. The following three
porosity types are represented on the logs: vug, cavity,
and fracture. Distinctions between vug sizes could not
be made at the given scale. Porosity symbols on the
apparent and effective secondary porosity logs repre-
sent the predominant (not necessarily the only) porosi-
ty types observed at those depths. Porosity features are
described more thoroughly in the television survey
summaries in the appendix.

GEOLOGIC, DRILLING, AND BOREHOLE
GEOPHYSICAL DATA

Geologic, drilling, and borehole geophysical
data at each of the sites include stratigraphic and litho-
logic descriptions, driller's comments, and caliper,
flowmeter, and temperature logs. These data are
shown, respectively, in columns A, C, D, E, and F in
the comprehensive borehole interpretation diagrams
(figs. 5-18). Saratigraphic and lithologic descriptions
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provide information about the relative age and types of
rocks penetrated during drilling. The boreholes in the

carbonate rocks were drilled using the air-reverse rofa-
ry technique. The drill rod is rigged as an air-1ift pump
in this drilling technique. The native formation water

enters the drill rod through the drill bit and acts as the

drilling fluid to entrain rock cuttings and bring them to
the surface.

A log of driller's comments provided informa-
tion about drilling events. Driller's comments
included: (1) no reported problems, (2) bit drop, and
(3) dredging. A bit drop occurs when a drill bit encoun-
ters cavity porosity that has a diameter greater than the
bit diameter. A bit drop indicates that the encountered
cavity porosity predates drilling of the borehole; there-
fore, the cavity porosity would be related to geologic
processes. Alternatively, if a bit drop is not reported,
then no cavity porosity was encountered during drilling
(Safko and Hickey, 1992).

Dredging refers to the removal of rock frag-
ments from a borehole before drilling can continue.
Dredging is required as a consequence of the collapse
of unstable, intensively fractured borehole walls.
When a borehole wall collapses, the drill bit is buried,
and the supply of native water to the drill rod is
reduced, leading to the possibility of lost circulation
and plugging of the drill rod with cuttings. To avoid
this possibility, the driller lifts the drill bit from the bot-
tom of the hole until native water circulation returns to
levels observed before the borehole wall collapsed.
Removal of the rock fragments at the bottom of the
borehole (dredging) is necessary before drilling can
continue (Safko and Hickey, 1992). Dredging was
reported at many of the study sites, particularly during
drilling through fractured dolomites in the lower part of
the Floridan aquifer system.

Noteworthy events that can occur during drilling
that are not shown in the comprehensive borehole inter-
pretation diagrams incl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>