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el INTRODUETION, AREAL POTENTIAL FOR INJECTION High for all wastes:
The injection of liquid wastes into deep saline aquifers is an The following descriptions of geohydrologic conditions for the Area III, lower Eocene high-permeability zone present.
alternative to surface disposal in some areas. Deep-well injection can different areas on the large map are generalized in order to present i . .
offer an effective method of disposal with a minimal risk of pollution the overall characteristics of each map area. Within any individual S::s:;etas IIIp, middle Eocene high-permeability zone
of surface-water or ground-water supplies, and, where done properly, map area, local geologic and hydrologic conditions may vary from P ’ —30¢
has little adverse effect on wildlife or human activities. However, those described. Extensive testing should be done at any proposed Both lower and middle Eocene high-permeability zones
conditions for deep-well injection are not everywhere suitable, and injection site to determine the hydraulic properties of confining beds present.
its judicious use requires knowledge of subsurface conditions. and of the potential receiving zone and the quality of the water it . ;
This report presents a generalized appraisal of the suitability of contains. Evaluation should also be made of the chemical compati- Boundary of map areas discussed in text.
various areas in Florida for deep-well injection. The large map bility of the waste to be injected with the formation fluids and host A . g . . .
indicates the depth to the shallowest zone which contains water with rock, and of the presence of any abandoned deep wells. o Tine of diggranmnatic gedlydraloginsaetivn.
a dissolved-solids concentration greater than 10,000 mg/L (milli- Injection sites:
grams per liter), and which is capable of accepting injection from a °
single well at a rate of 1 Mgal/d (million gallons per day) or more Map Area I e Injection site: S, treated sewage;
without excessive pressure buildup in the aquifer or well. For Map Area III o 031 : I, industrial waste; B, oil-field brine.
purposes of this report, excessive pressure is considered to be that The entire sedimentary section in this area is composed of clay, Throughout map area III, confined saltwater-bearing strata O  Injection site under construction or testing
bottom-hole pressure above which hydraulicfracturing of the poten- shale, sand, and chalk beds except for some relatively thin, perme- exist that are permeable enough to permit injection at rates greater = ’
tial injection zone is likely to occur. Geologic data used to construct able, predominantly freshwater-bearing limestone beds of late than 1 Mgal/d. The interval contoured in area III on the large map is ®  Unsuitable explored site.
the map were obtained from lithologic descriptions and geophysical Eocene, Oligocene, and Miocene age. Except for a small area near the top of a high-permeability, commonly cavernous zone developed
logs of deep oil-test, water, and waste-injection wells. Data on the Pensacola (I,) the only areally extensive permeable zone below the in lower Eocene rocks. Athough not everywhere present, this ©  Discontinued injection site.
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obtained from published reports of the U.S. Geological Survey and
the Florida Bureau of Geology, and from calculations made by the
author from electric logs of oil-test wells. The location and extent of
high-transmissivity zones were extracted from published reports
and from unpublished data in the files of the Florida Bureau of
Geology and the U.S. Geological Survey.

This report was prepared as part of the U.S. Geological Survey’s
nationwide research program to evaluate the effects of underground
injections on the nation’s subsurface environment.

HISTORY

Oil-field brines have been injected into cavernous zones of a
saline carbonate aquifer of early Tertiary age in northern Collier
County since 1943 (Vernon, 1970), and more recently into Upper
Cretaceous sands in northern Santa Rosa County. Acidic industrial
wastes have been injected into saline aquifers in southeastern Es-
cambia County since 1963, and subsequently at sites in southern
Santa Rosa County, western Polk County, and in western Palm
Beach County. Injection of secondarily treated municipal wastewa-
ter began at a site (now unused) in northeastern Broward County in
1959; since this date, injection of secondarily treated municipal
wastewater has begun at a second site in Broward County, at two
sites in east-central Dade County, and at a site in northeastern Palm
Beach County. Facilities in central Alachua County for injection of
tertiary treated municipal wastewater have been built. Deep wells
for disposal of secondarily treated municipal wastewater are under
construction or testing in Dade County and at four sites in Pinellas
County. Attempts to locate suitable injection zones at sites in north-
west Sarasota County, northwest Clay County, central Orange
County, north-central Alachua County, and east-central Putnam
County have been unsuccessful because the permeability of saline
water-bearing strata at these places was insufficient for the proposed
injection rate.

INJECTION ZONE SELECTION CRITERIA

Among the factors to be considered when choosing a potential
injection zone in Florida are:

1. Permeability and porosity.—The receiving rock must be cap-
able of accepting the liquid waste at the proposed injection rate
without excessive pressure buildup. The relatively low rates of
injection of small volumes of wastes from many industrial operations
can be accepted by rocks whose permeability is considerably less
than that of a formation required to accept large volumes of treated
sewage injected at high rates. The type of porosity present in the
potential injection zone is also important. Particulate matter in
treated sewage or other types of waste will clog primary (intergranu-
lar) pores more readily than larger secondary openings such as
fractures or solution channels.

2. Quality of formation water—Potential injection zones should
contain water whose quality is unsuitable for drinking water and
most industrial purposes. Proposed federal regulations (U.S. En-
vironmental Protection Agency, 1976) generally preclude injection
into waters with dissolved-solids concentrations of 10,000 mg/L or
less.

3. Confining beds.—The potential injection zone should be
bounded above and below by beds whose permeability is considera-
bly less than that of the formation receiving the waste. These “tight”
beds retard vertical migration of both the injected fluid and the
displaced formation fluid.

4. Geometry of the injection zone.—The potential injection zone
should be of sufficient vertical and areal extent that the total volume
of liquid waste likely to be injected can be retained without excessive
pressure buildup or extensive lateral migration of either injected
waste or displaced formation fluid.

5. Geologic structure.—Potential injection zones should not be
extensively folded, faulted, or jointed. Folding complicates fluid
movement and faulting or jointing offer possible routes for migration
of liquid waste across confining beds.

6. Chemical compatibility of injected fluids with formation
fluids and host rock.—Chemical reactions can occur between liquid
waste and natural fluid or interstitial clay in the injection zone,
causing precipitation of compounds or swelling of the clay. Either
process decreases the porosity of the injection zone. Dissolution
resulting from the injection of acidic wastes into carbonate injection
zones will increase the permeability of the injection zone, but may
weaken the integrity of confining beds.

7. Abandoned deep wells.—Improperly plugged abandoned oil
or water wells that penetrate the injection zone can serve as con-
duits, which could permit injected wastes to migrate upward
through the old borehole or through deteriorated casing to freshwa-
ter zones. Such abandoned wells need to be located and properly
plugged.

8. Oil or mineral development.—Wastes should not be stored in
zones which have a potential for yielding oil, gas, or mineral com-
modities because of the danger of contaminating a valuable re-
source.

Potential injection zones in the areas shown on the large map
were evaluated using criteria one through five and criterion eight
above. Criteria six and seven are highly site specific and therefore
cannot be used in a regional assessment.

base of freshwater (less than 10,000 mg/L dissolved solids) is a thick
sand of Late Cretaceous age. The top of this sand is contoured in map
area I and is designated a potential injection zone on section A-A’
(fig. 1). The zone consists of medium to coarse sand, in part cemented
and interbedded with gray shale, and appears capable of accepting
highly clarified liquid waste at injection rates near 1 Mgal/d. Oil-
field brines are currently being injected into these Cretaceous sands
in the northern part of Santa Rosa County. Although the sand zone
extends eastward as far as Madison and Lafayette counties in map
area II, it does not appear to have sufficient permeability for high-
rate injection east of the area contoured.

Subarea I5

In this small subarea in Escambia and Santa Rosa counties, the
same conditions are present as described for map area I, except that
parts of the late Eocene and Oligocene limestone strata which
comprise the Floridan aquifer (section B-B’, figure 2) contain brack-
ish to saline water.

The lower limestone of the Floridan aquifer, currently being
used for liquid waste storage in its saline water-bearing parts in
Escambia (Barraclough, 1966) and Santa Rosa (Pascale and Martin,
1977) counties is overlain by a clay confining bed (Bucatunna Clay
member of the Byram Formation) of extremely low permeability.
Substantial pressure effects and modification of the regional flow
field in the lower Floridan aquifer have resulted from this injection
(Faulkner anl Pascale, 1975). North and east of the northern bound-
ary of subarea I, the entire Floridan aquifer contains freshwater
and is therefore not a potential injection zone. The altitude of the top
of the lower limestone of the Floridan aquifer, in the area where this
limestone may be suitable for high-rate injection, is shown by the
contours on figure 3.

Map Area II

This area is the least suitable area in Florida for waste injection.
Although much porosity and even cavernous zones are present in
Tertiary carbonate strata in area II at shallow depths, these perme-
able zones for the most part contain freshwater (Klein, 1971) and
comprise the Floridan aquifer system. Locally, beds of anhydrite or
dense carbonate rocks within the aquifer system separate underly-
ing permeable saline water-bearing strata from the freshwater
zones, but these confining beds are not everywhere present. A deep,
thick, Upper Cretaceous chalk sequence constitutes a good confining
bed throughout map area II, but the permeability of potential
receiving formations below this chalk is low. Therefore, for the area
as a whole, the probability of encountering conditions favorable for
high-rate injection is low.

Currently, two injection systems have been completed within
area I Facilities have been built for injecting highly treated munic-
ipal wastewater into a fresh to slightly saline middle Eocene perme-
able zone that lies below zones used for public supply in central
Alachua County. The wastewater undergoes several advanced-
treatment processes designed to minimize the effect of the injected
water on the formation water. In western Polk County, acidic indus-
trial wastes are being injected at low rates into a saline carbonate
aquifer of Paleocene and Late Cretaceous age which underlies inter-
bedded anhydrite and dense dolomite (Wilson and others, 1973).

Subarea 11z

Conditions within generally unfavorable area II may locally
prove suitable for high-rate waste injection. In area IIp which
extends from St. Johns County southward along the Atlantic coast
into northern Brevard Courrty, saline water occurs in Eocene rocks at
shallow depths, and the high-permeability zones which are
freshwater-bearing elsewhere in area II may prove to be suitable
injection zones, providing they are overlain by effective confining
beds.

Subarea IIg

A zone of high permeability exists in middle Eocene rocks
throughout much of central and south Florida (fig. 4), including the
area designated Area IIg on the large map. The depth to water
containing more than 10,000 mg/L dissolved solids is not known over
much of this area. In those parts of area IIg where little information
is available, an estimate of the thickness of the freshwater column
can be made by applying the Ghyben-Herzberg principle that for
every foot of freshwater head above mean sea level there will be 40
feet of freshwater below mean sea level, and using the altitude of the
potentiometric surface of the Floridan aquifer as shown by Healy
(1975). Two assumptions are made: (1) the freshwater head is as-
sumed to vary little with depth, and (2) the transition between water
of 10,000 mg/L and 35,000 mg/L dissolved solids (the value used to
calculate saltwater density in the Ghyben-Herzberg relation) takes
place over a short vertical distance. Calculations made in this
manner plus scattered data from deep drilling show that the middle
Eocene high-permeability zone in subarea IIg probably lies within
the zone of freshwater, and is therefore not suitable for use as an
injection zone.

cavernous zone, locally referred to as the “Boulder Zone” because of
its difficult drilling characteristics, can be traced as a more or less
continuous horizon in south Florida. All waste injection systems
currently operating in area III use this cavernous zone for liquid
waste disposal.

Subarea IIIp

In those areas designated “III A,” a shallower zone of high
permeability, also cavernous in part, is developed in middle Eocene
rocks. The altitude of the top of this zone is shown by the contours on
figure 4. Comparison of this figure with the large map shows that the
middle Eocene zone of high permeability overlies the “Boulder Zone”
over much of area III. Because data on both of these zones were
obtained primarily from widely spaced oil-test wells, it is possible
that other highly permeable zones are present in area III. Even
though the permeability characteristics and the quality of the water
in the middle Eocene zone meet the criteria for a waste injection zone
capable of accepting effluent, the Florida Department of Environ-
mental Regulation (written commun., March 22, 1978) would prefer
that this zone be reserved as an “early warning” monitoring zone and
as a zone for future freshwater storage, and that the deeper or
“Boulder” zone be used for waste injection. The middle Eocene zone
of high permeability is unsuitable for waste injection in area IIg for
reasons previously mentioned. Section C-C’ (fig. 5) shows the strati-
graphic position of cavernous and otherwise highly permeable zones
in south Florida. :

Throughout most of the Florida Keys area, a highly permeable
zone suitable for waste injection is present in Paleocene rocks at a
depth of about 4,000 feet (Winston, 1978). Sparse data do not permit
contouring of this highly permeable Paleocene zone.

SUMMARY

Hydrogeologic conditions in area I appear moderately favorable
for the injection of highly clarified liquid wastes at rates near 1
Mgal/d. The shallowest suitable injection zone in the area is a sand of
Late Cretaceous age into which oil-field brines are currently being
injected. In the extreme southwestern part (subarea I5) a shallower
saltwater-bearing limestone is being used for high-rate injection of
industrial waste. Both of these zones are well confined by clay beds.

Throughout most of area II, rocks of high permeability for the
most part either contain water of less than 10,000 mg/L dissolved-
solids concentration or are not effectively isolated from such overly-
ing water. Well-confined saltwater-bearing strata in this area gener-
ally are suitable for only low-rate injection because of their low
permeability. Exceptions may exist locally, particularly along the
Atlantic coast.

Area III is underlain practically everywhere by one or more
salt-water-bearing high-permeability zones which will accept liquid
wastes at rates greater than 1 Mgal/d. Because of the generally
cavernous nature of the permeability there, injection of secondarily
treated municipal sewage at high rates is feasible in area III, but
generally not so elsewhere in Florida.
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Figure 1. Hydrogeologic section A-A’.
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Figure 2. Hydrogeologic section B-B'.
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Figure 3. Structural surface of the lower limestone of the Floridan
aquifer in part of northwest Florida.
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