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GLOSSARY

This glossary presents simplified definitions of technical terms used in
this report. For additional terms relating to the subjects see Langbein and
Iseri (1960); U.S. Department of Health, Education, and Welfare (1970a; 1970b);
Brunner and Keller (1972); and Lohman (1972).

Anaerobic digestion: Bacterial digestion of organic materials in the cells that
occurs under oxygen-free conditions.

Aquifer: A formation, group of formations, or part of a formation that contains
sufficient saturated permeable material to yield water to wells and springs.

Artesian: Ground water that is under sufficient hydrostatic pressure to rise
above the zone of saturation. Synonymous with confined.

Cell: The volume of compacted solid waste enclosed by natural soil or cover
material in a landfill.

Chemical oxygen demand (COD): The amount of oxygen required to chemically oxi-
dize organic and inorganic materials in leachate.

Cluster: The location of three or more wells of different depths within about
5 feet of each other; usually referred to as a well cluster.

Confined aquifer: An aquifer containing confined ground water.

Confined ground water: Water in an aquifer under pressure significantly greater
than atmospheric. The aquifer's upper limit is the bottom of a bed of dis-
tinctly lower hydraulic conductivity than the material in which the confined
water occurs.

Gradient: Change in elevation per unit distance.

Head: The elevation relative to some datum, generally sea level, of the upper
surface of water that occurs in a well that penetrates an aquifer, also
called static head.

Hydraulic conductivity: The property or capacity of a porous rock, sediment, or
soil for transmitting a fluid.

Hydraulic gradient: Change of hydraulic head per unit distance.

Hydrogeology: Relating to ground water and geology.

Landfill: A well-planned, carefully designed, and properly located operation
that is based on engineering methods and techniques, applied knowledge of
hydrology and geology, and operated in a manner that protects and maintains
the quality of our environment.

Leachate: A liquid emanating from a waste-disposal cell that contains dissolved,
suspended, or microbial contaminants from the solid waste.

Porosity, effective: Refers to amount of interconnected pore space available for
fluid transmission. It is expressed as a percentage of the total volume oc-
cupied by the interconnected interstices.

Potentiometric surface: As related to the confining aquifer, it is the level to
which water wil. —-ise in tightly cased wells.

Solid waste: Synonymous with refuse.

Surficial (unconfined) aquifer: An aquifer in which the upper surface of the
saturated zone, the water table, is at atmospheric pressure and is free to
rise and fall.

Transmissive: Relates to rate at which water is transmitted through a unit width
of the aquifer under a unit hydraulic gradient.

Water table: The upper surface of the zone of saturation.

Well cluster: See cluster,




MUNICIPAL SOLID-WASTE DISPOSAL AND GROUND-WATER QUALITY
IN A COASTAL ENVIRONMENT, WEST-CENTRAL FLORIDA

By Mario Fernandez, Jr.

ABSTRACT

Two landfilling methods for disposal of municipal solid waste are used in
the coastal environment of Florida: the trench method, also called "cut and
cover," and the area method. A high water table along the coast causes prob-
lems when refuse in trenches is in contact with ground water. The saturated
waste creates a point source of degraded water auality.

When water flows through solid waste, leachate is produced that contains
dissolved and finely suspended inorganic and organic matter. Concentrations
of chloride and ammonia nitrogen and chemical oxygen demanding substances are
greater for old leachate (5 years or older) than for new leachate (24 hours to
1 week) as a result of anaerobic digestion of refuse. The quantities of con-
taminants produced vary, and contaminants may reoccur over a period of time.
The rate of migration for leachate~laden ground water varies depending on the
hydraulic gradient of the water table and the physical properties of the soil.
In a Pinellas County landfill, the rate of horizontal migration is about 1.2
feet per year.

In the coastal area of west-central Florida, two basic hydrogeologic con-
ditions occur: (1) permeable sand overlying clay and limestone and (2) perme-
able sand overlying limestone. The saturated portion of the overlying sand
composes the surficial aquifer. 1In places, layers of clay separate the surfi-
cial aquifer from the limestone, or Floridan (artesian) aquifer, the principal
source of water in the area.

Factors in landfill site selection are divided into two broad groups: vis-
ible and hidden. The visible factors include (1) land development; (2) surface
drainage; (3) soil types; (4) swamps, streams, and lakes; (5) sinkholes; and (6)
nearby individual and public-supply wells. Hidden factors are those that cannot
be observed directly, such as: thickness and permeability of surficial sand,
silt, and clay; depth to top of limestone; and sinkhole connection--either di-
rectly or indirectly with the underlying limestone aquifer.

After a prospective landfill site has been identified based on available
information, additional information needed for a final site selection would in-
clude: the drilling of test holes around and within the site to determine the
hydrogeologic properties; collection of corings from test holes for soil analy-
sis; and installation of observation wells for water-level measurements and
water—-quality monitoring. Water levels measured in wells can be used to develop
water—-level contour maps and determine direction of ground-water movement. Mon-
itoring the ground water of a landfill serves to: (1) establish ground-water
quality before landfill operations begin and (2) determine changes in water
quality and movement of altered ground water over a period of time by comparing
sequential results.



Introduction of refuse into a ground-water system creates degradation. How-
ever, with careful site selection and a well-planned monitoring system, the nega-
tive impact upon surrounding areas can be minimized.

INTRODUCTION

The modern landfill that utilizes the procedures of daily or periodic cover-
ing of the refuse was developed during the 1930's in Fresno, Calif. (American
Public Works Association, 1966). The customary method of handling wastes at land-
fills at that time was burning.

As population increased and cities expanded, problems arose with locating
landfills close to the cities. Landfills needed to be reasonably close to centers
of population to make them economically feasible (short hauling time) and, yet,
sufficiently far away so that nuisances and odors would not be bothersome. The
selection of landfill locations was made primarily based on economics with little
thought given to envirommental effects, especially effects on ground-water re-
sources. Solid waste, which is synonymous with refuse, encompasses categories
from garbage to sewage treatment residue. A list of categories, composition, and
source is presented in table 1.

The greatest generator of municipal solid waste is the American middle-class
family (J. Thompson, U.S. Envirommental Protection Agency, oral commun., 1980).
In Florida, generation of solid waste between 1975 and 1980 averaged approximately
4.5 pounds per day per person, or about 7.8 million tons per year. This amount is
expected to increase by about 2 percent per year for the next 10 years, or by about
160,000 tons per year (J. Reese, Florida Department of Environmental Regulation,
oral commun., 1980).

In 1975, the estimated daily tonnage of solid waste for Pinellas, Hills-
borough, Manatee, and Pasco Counties in coastal west-central Florida was 3,757
tons per day. Of this amount, 2,742 tons, or about 73 percent, was paper and
yard trash. Food accounted for only 10 percent of the total solid waste gener-
ated (Tampa Bay Regional Planning Council, 1975). The two most populous counties
in the coastal area of west-central Florida, Hillsborough and Pinellas Counties,
generate about 3,200 tons of solid waste each day.

This report explains how landfills can affect ground-water resources in a
coastal environment. The report defines solid waste and briefly describes the
four common methods for its disposal. The landfill method used in coastal west-
central Florida is described in detail. It also presents hydrologic and geolo-
gic factors to be considered when locating landfills in a coastal environment
and describes how to plan a water-quality monitoring program at a landfill site.
Examples from other studies of the impact of landfills on ground water in coastal
areas of west-central Florida are included.

The report was prepared for public officials, planners, and operational per-
sommel who are interested in municipal solid-waste disposal. It is also intended
for laymen concerned with problems of disposing of solid waste in an envirommen-—
tally safe manner.



Table 1l.--The nature of solid waste

[Modified from American Public Works Association, 1966]

Category

Composition

Sources

Garbage

Rubbish

Ashes

Wastes from preparation, cook-
ing, and serving of food; mar-
ket wastes from handling, stor-
age, and sale of produce.

Combustible: paper, cartons,
boxes, barrels, wood, excel-
sior, tree branches, yard trim-
mings, wood furniture, bedding,
dunnage.

Noncombustible: metals, tin
cans, metal furniture, dirt,
glass, crockery, minerals.

Residue from fires used for
cooking and heating and from
on-site incineration.

Households, restaurants,
institutions, stores, mar-
kets.

Street refuse

Dead animals

Sweepings, dirt, leaves, catch
basin dirt, contents of litter
receptacles.

Cats, dogs, horses, cows.

Streets, sidewalks, alleys,
vacant lots. ’

Abandoned Unwanted cars and trucks left on

vehicles public property.

Industrial Food processing wastes, boiler Factories, powerplants.
house cinders, lumber scraps,
metal scraps, shavings.

Demolition Lumber, pipes, brick, mascnry, Demolition sites to be used

wastes and other construction mater- for new buildings, renewal
ials from razed buildings and projects, expressways.
other structures.

Construction Scrap lumber, pipe, other con- New construction, remodel-

wastes struction materials. ing.

Special Hazardous solids and liquids; Households, hotels, hospi-

wastes explosives, pathological tals, institutions, stores,

wastes, radioactive materials.

industry.

Sewage treat-
ment residue

Solids from coarse screening and
from grit chambers; septic tank
sludge.

Sewage treatment plants;
septic tanks.




METHODS OF SOLID-WASTE DISPOSAL

Four methods of solid-waste disposal are commonly used in the United States:
(1) landfilling, (2) incineration, (3) composting, and (4) resource recovery. The
methods and problems involved with each are as follows:

1. Landfilling -- Landfilling is the burial of refuse with daily cover to
prevent disease spread. Drawbacks to landfilling include esthetics,
scarcity of suitable land, and contamination of the ground-water re-
sources. This method is the only solid-waste disposal method used in
coastal west-central Florida at present (1981) and is discussed in de-
tail in subsequent sections of this report.

2. Incineration -- Incineration is the reduction of solid wastes hy burning.
Objections to incineration involve disposal of the burned material and
air and water pollution. Water-pollution problems originate from scrub-
bers used in smoke, fly-ash, and odor emission-control units. Scruhbers
are used for gas cleaning in which the gas is passed through a spray
chamber (usually water in incinerators) to remove particulates. Waste-
water from scrubber units is generally ponded and subsequently treated
and disposed of. Air-pollution problems result if scrubbers are not
used. Incineration residue, a mixture of unburned refuse, ashes, and
metals (tin cans, and so forth), may degrade the water quality if in
contact with surface or ground water. Incineration is presently giving
way to resource-recovery plants in Florida and elsewhere.

3. Composting -- Composting is defined as '"the biochemical degradation of
organic materials to sanitary, nuisance-free, humus-like material"
(American Public Works Association, 1966). With added chemicals, com-
post can be used as a mechanism for slow release of fertilizer and as
a soil conditioner. The main drawbacks to composting are that the com-
post must be transported to areas where it can be used and residual
metals, glass, and other materials must be disposed of by other methods.
Manual separation of ferrous and nonferrous metals prior to composting
is an added expense.

4, Resource recovery —— Resource recovery includes recovery of recyclable
material, such as glass, metals, and paper. Generation of energy, in
the form of steam, is produced by incineration of the remaining refuse.
The steam can be used for heating or to drive steam turbines in gen-
erating electricity. As natural resources are depleted and energy
costs rise, resource recovery and incineration of solid wastes to gen-
erate steam will probably increase. Following are some plants already

in operation:

Chicago, Ill. ... 1,000 tons per day capacity with the steam
being sold to a candy manufacturer.

Sagus, Mass. .... 1,400 tons per day capacity with the steam
purchased by General Electric.

Baltimore, Md. .. 600 tons per day capacity with the steam
sold to the city of Baltimore.

A resource-recovery plant in metropolitan Dade County, Fla., will soon be
operational. The plant will handle between 3,000 and 3,700 tons per day.
Steam produced will be sold to Florida Power and Light for generating













































Locations of wells and the altitude of water levels of the aquifers
present are plotted on maps and used to draw contours of the water table and
potentiometric surfaces. Direction of ground-water flow can then be determined
by drawing lines perpendicular to the contours from the high to low altitudes.
These lines indicate the generalized direction of ground-water movement and can
be used to locate monitor wells upgradient and downgradient from the landfill.

During drilling of test holes, corings (samples) are obtained for field
geolngic descriptions and laboratory analyses. The descriptions can be used to
make sections showing hydrogeologic units (fig. 9). Once test holes have been
drilled and samples collected for soil analysis, selected holes are then equipped
with casings of large enough diameter to permit a drop pipe to be installed in
the well; sections of screen are installed so the wells may be used for periodic
water-level measurements and water-quality monitoring. The drop pipes are in-
stalled in each well to prevent any cross contamination between wells that may
occur when a hose is used to pump the standing water out of the wells prior to
collection of water samples.

Test holes at proposed landfills provide information on depth to water,
thickness of the overburden (sands and clays), and depth to the limestone aqui-
fer. Samples taken from corings can be tested in the laboratory for the follow-
ing physical properties:

1. Grain size -- determines percentage of soil sizes from gravel (2 to 4
millimeters in diameter) to clay (less than 0.004 millimeter in diam-
eter).

2. Permeability (vertical and horizontal) -- determines how fast water moves

through the soil.

3. Effective porosity —- determines the available pore spaces for holding
water.
4. Ion-exchange capacity —-- determines the ability of the sand and clay to

adsorb chemicals (cations and anions) in solution.

5. Mineral and clay analysis ~- identifies percentage of clay and minerals
in the sediments.

After determining the nature and distribution of sediments and geologic
descriptions in the field, clusters of wells around the landfill, drilled to
various depths, can be used to define lateral and vertical changes in water
properties of the soil and chemical ronditions of the water. Each well in a
cluster is open to only one aquifer or zone. The wells are constructed so that
interchange of water will not occur through the annulus space from surface run-
off or from other water-bearing zones. Samples from various depth intervals can
be used to determine vertical and lateral rates of leachate movement.

When wells are completed, the altitude is determined for the point from
which water-level measurements will be made. By establishing the altitude of
the wells, water levels can be measured to a common datum--a requirement for
drawing contour maps of the water surface of any aquifer.
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Water-Level Measurements

The observation-well network is used to monitor fluctuations in ground-
water levels and to determine direction of ground-water movement. The following
is an example of how water levels are used in hydrologic studies at a landfill
site in Hillsborough County.

Water levels measured from wells at the Rocky Creek landfill near Tampa,
Fla., were used to develop the water-level contour maps shown in figure 10.
Figure 10a shows altitudes and direction of ground-water movement in the surfi-
cial aquifer, and figure 10b shows similar data for the limestone aquifer. A
comparison of water-level contours shows that altitudes of the potentiometric
surface of the limestone aquifer are higher than those of the surficial aquifer.
As discussed earlier, under these conditions, leachate tends to move laterally
and, thus, would not contaminate the limestone aquifer. 1If the opposite situa-
tion occurs, where the water table is higher than the potentiometric surface in
the limestone aquifer, leachate would move laterally and vertically. However,
existence of confining layers would inhibit vertical movement and contamination
of the limestone aquifer,

Water—Quality Monitoring

The purpose of monitoring ground-water quality is twofold: (1) to establish
ground-water quality before landfill operations begin and (2) to determine changes
in water quality over time by comparing results with previous analyses. Because
chemical analyses are often expensive, only selected constituents that represent
organic and inorganic constituents of leachate need to be analyzed for detecting
leachate migration. Selection of indicators to be analyzed depends upon several
considerations, including the following (U.S. Environmental Protection Agency,
1977):

1. Type of monitoring network: monitoring of the surficial sands compared to
locating wells in solution openings or fractures in carbonate rock.

2. 1Indicator's tendency to decrease.
3. Background-water quality.

4, Location of well being sampled: monitoring wells upgradient to the landfill
show the general quality of the ground water before it enters the landfill.

5. Purpose of monitoring: to design leachate control strategy, to collect data
for regulatory purposes, and to develop and verify engineering design cri-
teria.

6. Type of solia waste handled: domestic, industrial, or mixed.

7. Other considerations: cost, regulatory standards to be met, availability
of laboratory equipment, availability of personnel, and simplicity and
precision of determination.

Physical, chemical, and biological constituents and their concentrations

in leachate have been presented previously (tables 1 and 2). Examples of how
water-quality measurement may be used to detect and determine the extent of

21
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TOYTOWN
LANDFILL

EXPLANATION

4000
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Figure 11.--Lines of equal specific conductance of water
in the surficial aquifer at the Toytown landfill area,
Pinellas County (from Hutchinson and Stewart, 1978).
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leachate migration are presented in figures 11 and 12. Figure 11 shows lines

of equal specific conductance of water in the surficial aquifer at the Toytown
landfill area, Pinellas County (Hutchinson and Stewart, 1978). Specific conduc-
tance levels of 3,000 and 4,000 micromhos in the southwest area of the landfill
indicate that migration from ponds that contain anaerobically digested sewage-
treatment plant sludge occurred. Leachate appears to be moving laterally to the
south from the landfill area. Figure 12 shows movement of leachate in profile
or cross section at a landfill in south Florida. The figure shows changes in
concentrations over a 6-month period (Mattraw and others, 1978). The leachate
moves downward and to the right in the direction of ground-water flow. Profile
lines of equal value in figure 12 were determined from data from cluster wells
open to several depths. Similar lines of equal value and profiles may be made
for any parameter measured periodically.

SUMMARY

This report explains how landfills can affect ground-water resources in a
coastal environment, defines solid waste, and briefly describes the four common
methods for disposing of solid waste,

There are essentially two landfilling methods used in coastal west-central
Florida: the trench method, also called "cut and cover,'" and the area method.
The high water table in coastal areas of west-central Florida presents problems
wvhen the trench method is used. Refuse disposed in trenches may come in contact
with ground water, creating conditions for potential water-quality degradation.

When water flows through solid waste, a liquid called leachate is produced
that contains dissolved and finely suspended inorganic and organic matter. Con-
centrations of chloride, ammonia nitrogen, and chemical oxygen demand materials
have been found to be higher for old leachate (5 years or older) than for new
leachate (24 hours to 1 week o0ld). These increases result from long-term anae-
robic digestion of refuse where the material decays under conditions where very
little or no oxygen is present. Levels of leachate concentrations (indicator
parameters) can increase over time, which suggests that the quantity of contami-
nant production not only is variable but perhaps cyclical. Organic compounds
produced by microbial activity are numerous and can range from end products of
anaerobic metabolism of carbohydrates, such as acetic and butyric acids, to fum-
igants and salts similar to those used for varnish driers.

In the coastal area of west-central Florida, two basic hydrogeologic condi-
tions occur: (1) permeable sands overlying clay and limestone, and (2) permeable
sand overlying limestone. The staurated part of the overlying sand comprises the
surficial aquifer. 1In places, clay units act to separate the aquifer from the
limestone (Floridan) aquifer, which is the principal source of water in the area.
The rate of migration of ground water in the surficial aquifer from the Pinellas
County landfill was calculated to be about 1.2 feet per year.

Factors in landfill site selection are divided into two broad groups: visi-
ble and hidden. The visible factors include (1) land development, (2) surface
drainage, (3) soil types, (4) swamps, streams, and lakes, (5) sinkholes, and (6)
nearby individual and public-supply wells. Hidden factors are those that cannot
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be observed directly, such as (1) thickness and permeability of surficial sand,
silt, and clay, (2) depth to top of limestone, and (3) any connection between
the surficial aquifer and the underlying limestone aquifer.

Once a prospective landfill site has been selected, based on available in-
formation, additional information needed for a final decision might include the
following: drilling of test holes around and within the site to determine the
hydrogeologic properties; collection of core drillings from test holes for soil
analysis of soil properties such as grain size, permeability, effective porosity,
ion-exchange, and mineral and clay qualities; and installing monitor wells for
water-level measurements and water-quality monitoring.

Water levels measured in wells can be used to develop water-level contour
maps for determining the direction of ground-water movement and can be used to
locate monitor wells upgradient and downgradient from the landfill. Clusters of
wells are drilled to obtain samples from various depth intervals to determine
vertical and lateral rates of leachate movement.

The purpose of monitoring ground water is twofold: (1) to establish the
quality of the ground water before landfill operations begin and (2) to determine
movement of leachate and resultant changes in water quality over time by compar-
ing results with a previous analysis. This information is valuable in determin-
ing whether the landfill has altered the quality of the ground water,

In a landfill study in Pinellas County, tests were run on five parameters
with peak values as follow: (1) specific conductance, 7,800 umho/cm; (2) chlo-
rides, 960 mg/L; (3) organic nitrogen, 32 mg/L; (4) ammonia nitrogen, 430 mg/L;
and (5) chemical oxygen demand, 1,000 mg/L. Distinctive peaks in concentration
for these five constituents were noted in wells 2 and 3 near the landfill. The
concentrations indicate that the quality of leachate produced is variable and
that the leachate in the ground water is moving away from the landfill,.

Introduction of refuse into the ground-water system creates degradation.
However, with careful site selection and well-planned monitoring, the impact of
a landfill upon surrounding areas can be minimized and the public health pro-
tected.
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