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DEFINITIONS

Aquifer.--A formation, group of formations, or part of a formation that is
water bearing. Also called ground-water reservoir.

Background well.--A well located at a sufficient distance from a gypsum

stack, slime pond, or other cultural influence, so that water from a
well would represent natural ground-water quality.

Barometric condenser.--A contact condenser that uses a long, vertical pipe

into which condensate and cooling liquid flow to accomplish their
removal by the pressure created at the lower end of the pipe.

Beneficiation.--Recovery of phosphate particles from the phosphate ore

(matrix) by treatment. Treatment includes sieving or flotation.

Cooling pond.--A pond of large surface area that receives effluent process

water from a gypsum stack. The warm process water is cooled before
returning to the plant. Cooling ponds are generally diked with earth
to 10 to 20 feet above land surface.

Diammonium phosphate pond.--Similar to a cooling pond but one which

receives effluent process water from the production of diammonium
phosphate (DAP). DAP is a major component of some fertilizers.

Gypsum stack.--Large piles of gypsum (CaSO4.2H;0) produced as an effluent

byproduct of the production of phosphoric acid. Gypsum stacks are
frequently greater than 100 feet in height and cover several tens of
acres.

Matrix.--Phosphate-bearing ore or strata consisting of phosphate particles,
clay, and sand.

Phosphatic clayey waste-disposal pond.--A pond constructed above land

surface to provide storage of fine to collodial phosphatic material
received from a beneficiation plant. Synonymous with "slime pond."

Phosphogypsum.--An effluent byproduct of chemical processing and phosphoric

acid production. It is a slurry composed of process water and gypsum.
It is disposed of in Florida in a slurry discharge into settling ponds
by the wet-stacking method using the upstream method of construction,
which results in a gypsum stack.

Piezometer.--The basic device for the measurement of hydraulic head is a
tube or pipe in which the elevation of a water level can be deter-
mined. In the laboratory, the tube is called a manometer; in the

field, the pipe is called a piezometer.

ix



Slime pond.--Synonymous with 'phosphatic clayey waste-disposal pond." It
is a local term used in the phosphate mining area. A large-volume
settling pond used to store clayey wastes (slimes) from a phosphate
mine and beneficiation plant.

Slurry.--A pumpable suspension of fine solid material, such as clay and
gypsum, in liquid. Also, a mixture of water and phosphate ore (matrix)
produced by high-pressure water to facilitate transportation.

Scrubber.--A device for the removal, or washing out, of entrained liquid
droplets or dust, or for the removal of an undesired gas component

from process gas streams.



EFFECTS OF THREE PHOSPHATE INDUSTRIAL SITES ON

GROUND-WATER QUALITY IN CENTRAL FLORIDA, 1979 TO 1980

By Ronald L. Miller and Horace Sutcliffe, Jr.

ABSTRACT

Two gypsum (phosphogypsum) stack complexes, the AMAX, Inc., plant at
Piney Point in Manatee County and the U.S. Steel Agri-Chemicals plant at
Bartow in Polk County, were chosen for intensive study of the movement and
chemical modification of process water seeping into ground water. A third
site, a slime pond at the International Minerals and Chemical Corporation

mine near Bartow, was also selected for intensive study.

The composition of the process water in the entire system of gypsum
stacks, ponds, and ditches is virtually the same. This highly acidic water
has a dissolved-solids concentration of about 28,000 milligrams per liter,
a pH of 1.4 to 1.8 units, and contains sodium, phosphate, fluosilicate,
hydrogen, and sulfate ions as major constituents. The concentration of
most other ions are also higher in the process water than in the native
ground water and surface water of central Florida. The native ground water
has a dissolved-solids concentration of less than 500 milligrams per liter
and is calcium bicarbonate water with a pH near 7.0 units; the ambient

ground water at the plant sites is similar in composition.

Water drawn from shallow, water-table test holes within a few hundred
feet of circulating process water reflects the contaminant source by
increased concentrations of almost all constituents compared to the native
ground water, although no contaminant-enriched ground water sampled showed
ionic concentrations as high as the contaminant source. Migration of
process water to great distances or into deep artesian zones is less easily

recognizable because of dilution and reactions of process water with aquifer



materials. For all wells sampled, water-quality constituents related to
health were found to be within safe limits at distances of 1,500 feet or
more from a contaminant source except for one sulfate concentration of

750 milligrams per liter. Water from many wells, however, were within safe

limits at much shorter distances from a source.

Sodium and sulfate ions are the most mobile of the contaminant-source
constituents in process water. Migration of radionuclides, fluosilicates,
phosphates, and trace metals is largely controlled by the degree of acid
neutralization as the result of reaction with aquifer materials, and is
generally restricted to areas immediately adjacent to the source. Iodide,
bromide, and ammonium are useful as tracers near gypsum stacks. These
tracers may distinguish the contaminant plume of process water where the
existence of the contaminant is more subtle because of reduction in overall
concentration of the contaminant due to acid neutralization and chemical
precipitation. All contaminants are removed or reduced in concentration in
the ambient ground water with distance traveled. Concentrations of con-
taminants are controlled by the degree of reaction with aquifer materials
and dilution by native water; thus, the movement and chemical modification
of the contaminant-enriched plume can be documented. The mechanisms
involved, which includes adsorption, dispersion, dilution, radioactive
decay, and other chemical and physical processes, can be inferred for some
constituents--the degree of acid neutralization with aquifer materials
being the most significant mechanism. Ion indices for the major ions have
been developed as an approach to distinguish between native and industrial
sources of solute. Results of ion indices and concentrations of selected
constituents suggest that both surficial and underlying artesian aquifers
are contaminated in the recharge area at the Bartow site and also at the
Piney Point site, which can be either a recharge area or a discharge area

depending on the time of year.

Phosphate slimes from mining and beneficiation operations were found
to contain phosphorus, trace metals, and radiochemicals. These substances
were associated with solid materials and were effectively retained by the
slime pond. The quality of water of the slime pond after settling was good

for constituents determined and satisfies primary (U.S. Environmental



Protection Agency, 1976) and secondary drinking water regulations (U.S.
Environmental Protection Agency, 1977). Water with elevated specific
conductance was associated with high water levels in the artesian aquifer
near the slime pond, indicating that a hydraulic connection exists between
the pond and the first artesian aquifer. The spatial distribution of water
with high specific conductance with respect to the slime pond and mining
pit suggests that the slime pond is contributing some water and, thus, some
solute to the surficial aquifer, although solute contributions are much

less than that associated with gypsum stacks.

Rainfall associated with haze and stagnant air at Bartow had specific
conductances of 290 and 347 micromhos per centimeter. After the atmosphere
was cleansed by wind and rain, rainfall samples had specific conductances
of 23 and 43 micromhos per centimeter. Calcium, ammonia, bicarbonate; and

sulfate were the predominant ions found in rainfall.

Knowledge of local and regional geology and geohydrology are important
for site selection and site interpretation. This report documents the
nature, magnitude, and extent of the process-water movement into the
adjacent ground water. The report will assist the phosphate industry and
regulatory agencies in determining the seriousness and significance of this
movement as well as managing water resources and the storage of solid waste

more effectively.

INTRODUCTION

The Florida phosphate industry is the State's third largest industry.
It produced 40 million tons of phosphate rock during 1978. This is about
one-third of the world production of phosphate (Florida Phosphate Council,
1979).

Wastes from phosphate mining and beneficiation plants are primarily
sand tailings and phosphatic clayey wastes (slimes). The sand tailings,
which drain readily, are usually stacked or spread in convenient areas.

The slimes, which are difficult to dewater, are pumped as a slurry to waste
storage ponds (slime ponds). Most of the water used to transport the

slimes is returned to beneficiation plants for reuse.



The main wastes of phosphate chemical plants are gypsum and the process
water used to transport the gypsum as a slurry to a gypsum stack where it
is stored. The wet-stacking method of disposal of gypsum, a byproduct of
chemical processing and phosphoric acid production, uses the upstream
method of construction and creates gypsum stacks that are frequently more
than 100 feet high and cover tens of acres. The gypsum settles rapidly in
the stack. The process water discharges from the stack to earthen cooling
ponds and the water is returned to the chemical plant for reuse in gypsum
transport, in scrubbers, and in barometric condensers and cooling units.
The acidic process water entrained in the gypsum pores, percolating through
the gypsum stacks, and contained in the adjoining recirculation ponds and

ditches is a potential source of contamination to ground water.

Control of seepage is difficult in humid climates such as Florida.
Excess water in flow systems at chemical plants and at mines and benefici-
ation plants occurs when rainfall and other contributions of water exceed
evaporation. The excess water will seep into the ground near the source or
must be discharged offsite by natural or artificial means. To prevent
contamination at phosphate chemical plants, excess water must be neutralized
by liming (or similar treatment processes) or by its chemical reaction with

natural basic materials in aquifers.

Lining gypsum stacks, cooling ponds, and slime ponds may not be suffi-
cient to prevent seepage from entering aquifers. It may be necessary to
collect seepage where it overflows liners. Water can collect in lined
areas to produce a "bathtub" effect (Hughes and others, 1976; Cartwright
and others, 1977).

State and Federal agencies charged with protecting water resources are
concerned with possible impairment of ground-water supplies by phosphate
industry operations. Much attention has been focused on chemical plants
because of high concentrations of radionuclides, acid, fluoride, phosphate,
and sulfate typically found in process water. Because of this, the U.S.
Environmental Protection Agency proposed a requirement for new pollutant
sources in the phosphate industry that gypsum stacks be lined "with an

impervious material unless it can be demonstrated in the site specific EIS



that such lining is unnecessary in protecting ground water from chemical
and radiological contamination" (U.S. Environmental Protection Agency,
1978a, v. I, p. 2.3). But, "because of the lack of data on the extent of
surface and subsurface seepage and cost information on impervious linings
to control this potential source of pollution, effects assessment did not
include a quantitative evaluation of this process modification" (U.S.

Environmental Protection Agency, 1978b, v. II, p. 2.27).

Purpose and Scope

The primary purpose of the investigation was to document the magnitude
and extent of the movement of contaminants into the shallow ground-water
system from potential sources of contamination associated with the phosphate
industry~-mining, processing, and waste disposal. Geologic, topographic,
and hydrologic environments were examined in relation to phosphate industry
operations. Emphasis was on the effects from gypsum stacks and associated
ponds with some additional effort on slime ponds. Test holes were drilled
around the ponds and in the area of the ponds at multiple depths to define
the extent and magnitude of movement of any contaminants into the surficial
aquifer, the intermediate aquifers, the Floridan aquifer, and possibly into

nearby surface waters.

Little information exists on the percolation of soluble substances
from gypsum (phosphogypsum) stacks, cooling ponds, or slime ponds into
underlying ground water. Information was obtained on quality characteristics
of water in phosphate industry ponds and gypsum stacks in order to determine
the types of substances that migrate from these sources. An important
aspect of the investigation was to determine the movement and chemical
modification of particular ions with distance traveled rather than documen-
tation of contamination at a specific plant site. A data base was developed
to determine some of the chemical reactions that control movement of material
from these sources so that the phosphate industry and regulatory agencies
can manage storage of solid waste and water resources more effectively

(Miller and Sutcliffe, 1982).



Three sites were selected for intensive study (fig. 1). They include
two phosphﬁte chemical plants, AMAX Phosphate, Inc. (formerly Borden) near
Piney Point, Manatee County, and USS Agri-Chemicals near Bartow, Polk
County, and a slime pond at the International Minerals and Chemical Corpora-
tion Clear Springs mine near Bartow. The companies are referred to as

AMAX, USSAC, and IMC, respectively, in this report.

Water-quality, water-level, and geologic data were collected from
September 1979 to October 1980. These data were published in a separate
data report (Miller and Sutcliffe, 1982). At each site, water levels were
measured at most wells on the same day. Three clusters of wells--one at
each site--tapping the upper two or three aquifers were monitored contin-
uously for approximately 1 year. Bulk precipitation (wet and dry) samples
were collected at each site. If the volume of rainfall was sufficient,
extensive water-quality analyses were made. Water from gypsum stacks,
cooling ponds, ditches, and slime ponds was sampled. Water from 78 wells,
31 surface-water sites, 5 rainfall and other sampling sites at the two
chemical plants and a mine was sampled. Most sites were sampled once and
samples were analyzed for an extensive suite of major constituents, chemical
and physical properties, nitrogen and phosphorus species, radiochemicals,

trace elements, and organic substances.

Descriptions of each study site and discussions of the quality of
water in ponds and in underlying shallow aquifers are given separately in
this report. Rainfall data collected at the study sites are discussed in a

separate section.
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Figure 1.--Locations of study sites in west-central Florida.




Each company provided information and aerial photographs of study
sites. Personnel and equipment were provided to assist in drilling of
observation and monitor test wells. The companies also provided ready
access to their properties for purposes of test drilling and water-quality

sampling.

Description of the Area

The study sites (fig. 1) are in the west-central part of Florida or in
the midpeninsula physiographic zone as defined by White (1970). Land-surface
altitudes range from 10 feet at AMAX to 225 feet at USSAC and IMC. Drainage
from AMAX is by way of ditches and a creek to the Gulf of Mexico. Drainage
from USSAC is into a creek that flows into the Peace River a few miles east
of the USSAC site. Drainage from IMC is by way of canals into the Peace
River and eventually to Charlotte Harbor and the Gulf of Mexico. The land
surface between the study areas rises from west to east in a series of

gently sloping terraces.

Climate of the area is subtropical. Convective thundershowers occur
in the summer rainy season; winters and springs are relatively dry. Annual
rainfall averages between 50 and 54 inches per year. March, April, and May
are dry throughout the area, and are the months of heaviest irrigation of

crops.

The AMAX study area is rural. Cattle ranching, row crop vegetable
farming, and scattered citrus grove operations are the principal land uses.
The USSAC and IMC study areas are urban, being near Bartow, Fla. In areas
surrounding Bartow, phosphate mining competes with citrus growing as the

principal land use.

Previous Studies

Little literature exists on seepage from phosphate industry gypsum
stacks or slime ponds into ground water. The most pertinent studies include
those of Ardaman & Associates, Inc. (1978), and Miller and others (1978).
These studies were in the vicinity of the Occidental Chemical Company Swift

Creek chemical complex in north Florida. The Ardaman and Associates study



is similar to this study in west-central Florida. An examination of their
data suggests similarities in the characteristics of seepage from gypsum

stacks.

The U.S. Environmental Protection Agency (1978d) has compiled a biblio-
graphy on geology, mining, chemical plants, environmental effects, and
marketing related to the central Florida phosphate industry. Roundy (1941)
discussed the geology of phosphate deposits in Florida. Cathcart (1963;
1966) described the economic geology of the Plant City and Fort Meade
quadrangles northwest and south of Bartow, respectively. Zellars and
Williams, Inc., (1978) evaluated the availability of Florida phosphate

deposits and showed locations of known deposits.

County water-resources studies for Polk County (Stewart, 1966), Hills-
borough County (Menke and others, 1961), Hardee and De Soto Counties (Wilson,
1977a), and Manatee County (Peek, 1958) cover most of the central Florida
phosphate deposits. These reports provide information on geology, aquifer
systems, and water quality. Stewart (1963) provided data on water levels
and water quality collected during the 1950's.

The areal ground-water flow in the Floridan aquifer is described in
Stringfield (1966), Johnston and others (1980), Wilson and Gerhart (1982),
and Johnston and others (1981). The areal water quality of the Floridan
aquifer is described by Shattles (1965) and by Shampine (1965a,b,c,d).

Wilson (1977b) used a two-dimensional ground-water flow model to
predict the effects of phosphate mining on water levels in 1985 and 2000.
Zellars and Williams, Inc., (1977) described water use and water balances

for central Florida phosphate mines.

Radiochemical studies have been done on: phosphate rock mining and
milling operations (U.S. Environmental Protection Agency, 1973); phosphate
products, byproducts, effluents, and wastes (Guimond and Windham, 1975);
radon daughter products in buildings constructed on mined land (U.S. Environ-
mental Protection Agency, 1975); and effects of mining and phosphate deposits
on the concentration of radium-226 in central Florida ground water (Kaufmann

and Bliss, 1977).



Considerable information on the impact of the central Florida phosphate
industry is available in volumes I, II, and III of environmental impact
statements by the U.S. Environmental Protection Agency (1978a,b,c). Much
of the information in those reports is extracted from a 10-volume series of

working papers (Texas Instruments Incorporated, 1977a,b,c,d,e,f,g,h,i,j).

Muehlberg and others (1977) gave profiles of the phosphate rock and
fertilizer industry. Severson and Gough (1979) discussed the emissions of
elements from phosphate processing operations in southeast Idaho. Wahba
and others (1980) and Slack (1968) described the economics and chemical
process of phosphoric acid production. Lamont and others (1975) character-
ized the settling and dewatering properties and the size distribution of
Florida phosphate slimes. Toler (1967) investigated fluoride concentrations
in the Alafia and Peace River basins that drain the center of the phosphate

mining and processing industry in central Florida.

HYDROGEOLOGIC FRAMEWORK

Ground water in central Florida occurs in two principal aquifers--the
surficial aquifer and the Floridan aquifer. The two aquifers are separated
by confining bed that in turn contains an intermediate aquifer system
(consisting of first and second artesian aquifers within the study area).

The Floridan aquifer is underlain by a lower confining bed (table 1). Sand,
shell beds, and porous limestone are the most permeable materials in the
study area and form the principal aquifers. Clay, marl, sandy or silty clay,

and dense limestone or dolomite form the confining beds.

Water in the surficial aquifer is unconfined and the water table rises
or falls in response to recharge and discharge. Water in the artesian
aquifers is confined (both intermediate and Floridan) by overlying and
underlying beds that have low permeability. Water levels in artesian
aquifers also respond to recharge and discharge. Recharge to artesian
aquifers is generally by lateral flow or by leakage through the confining
beds in response to differences in heads between aquifers. The rate of
leakage is determined by the difference in head between aquifers and the

permeability of the confining beds. Thé direction of leakage is determined

10
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