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INTRODUCTION

Solid waste, which most of us call garbage and trash, has become a
major disposal problem in this country, particularly during the past
two decades. Expenditure of public funds for disposal of solid waste
now ranks third in 7he nation, exceeded only by expenditures on educa-
tion and highways.l The tremendous increase in the volume of waste
generated, which averages more than 5 pounds per person per day, is
attributed largely to three factors: (1) an increasing population which
generates increasing amounts of solid waste; (2) an increase in the use
of prepackaged goods utilizing throw-away cartons -- paper, plastics,
and glass and (3) our standard of living which places a great demand on
service and convenience.

Of the several methods of disposing of solid waste used in this
country, the most common are: (a) uncontrolled open dumping; (b)
planned burial on land (sanitary landfill); and (c) controlled burning
in incinerators. The once common but ill-planned, smoldering, open
dump is still widely used, but fortunately it is slowing disappearing
from the American scene. 1In Florida, a regulation beginning in 1971
prohibits open burning. Today the open-dump method of waste disposal
is gradually being replaced by landfilling methods using modern earth-
moving equipment needed to handle the large volumes of solid waste gen-
erated daily in this country. The antiquated methods of a generation
ago are no longer adequate to dispose of the ever-increasing solid
waste in a manner that is efficient and that provides for protection of
the environment. Only within the past decade has much consideration
been given to the effect of land disposal of solid waste on the water
resources of an area.

The purpose of this report is to show how hydrology and geology
are applied in evaluating landfill sites in west-central Florida, and
to illustrate a land disposal method of handling solid waste. The
method utilizes engineering techniques in conjunction with a knowledge
of the hydrologic and geologic characteristics of an area to provide
for protection of the environment. The report was prepared primarily
for public officials who are responsible for final program decisions,
and for planners and operational personnel who are directly involved
in solid waste disposal. The report is also intended for the layman
who is interested in learning about the problems of disposing solid
waste in the State.

Most of the information presented in this report was obtained by
the U. S. Geological Survey in cooperation with Hillsborough County and
the city of Tampa from 1969-71, as part of a cooperative program to inves-
tigate the geology and hydrology of sanitary landfill sites in the north

M. DeVon Boguel/. Paper presented at the 22nd meeting of the Southeast
Basins Inter-agency Committee, Callaway Gardens, Georgia, January 21-22,
1970.



half of the county. Field data relevant to areas outside Hillsborough
County were collected cooperatively with the Southwest Florida Water
Management District as part of the District's comprehensive water
resources study of west-central Florida.
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HOW MUCH SOLID WASTE DO WE PRODUCE?

The term "solid waste," is used in this report to mean garbage and
other discarded solid waste materials resulting from community activities,
and from commercial and industrial operations, but does not include
solids or dissolved materials in waste-water effluents. The daily per
capita production of waste materials that fall in this category, as
reported by the Florida Division of Health (1971) include, for the
State: (1) residential, 2.2 pounds; (2) commercial, 1.1 pounds; (3)
demolition and industrial, 1.3 pounds; and (4) brush, leaves and grass,
0.4 pound. Thus, in 1970, 5 pounds of solid waste each day were generated
for each Floridian, more than 1,800 pounds for the year. For a family
of four the year's output approached 8,000 pounds. By 1980 the daily
per capita output of waste is expected to reach 8 pounds, and by 1990,

12 pounds (Florida Division of Health, 1971).

Based on a daily residential use of 2.2 pounds of solid waste per
person and an average weight of 300 pounds per cubic yard, a Florida
family of four produced about 3,300 pounds of solid waste in 1970. By
1980 this figure is estimated to be 5,100 pounds; and by 1990 it could
increase to about 7,800 pounds, or more than double the 1970 figure if
the life style of the populace doesn't change.

In 1970 the population of Florida was 6.8 million (U. S. Bureau
of Census, 1970). In 1980 the population will be about 8.0 million
(Florida Division of Health, 1971). 1In 1970 an estimated 12.4 billion
pounds of solid waste were generated, and in 1980 an estimated 23.4
billion pounds of waste is expected to be generated. Based on a weight
of 800 pounds per cubic yard of solid waste (which includes residential,
commercial, and industrial solid waste), about 15.5 million cubic yards



were produced in 1970 and about 23.4 million cubic yards are expected
to be produced in 1980. To portray the vast quantity of waste being
produced in the State, figure 1 has been constructed which shows the
length of a train of railroad boxcars that would be required to haul
away the waste produced in 1970 and also in 1980. The boxcars are
average sized, having a capacity of 183 cubic yards. 1In 1970, the
quantity of solid waste generated in the State would have been suffic-
ient to fill a line of boxcars 920 miles long as shown on the map of
Florida. 1In 1980, more than 1,735 miles of boxcars would be needed to
hold all the solid waste produced during that year. Such a train would
extend from Tampa to the southeast corner of Montana (fig. 1).

SOLID WASTE AND THE OPEN DUMP

During the early growth and development of this country, settlers
discarded their solid waste wherever and whenever they saw fit to do
so. Such a practice presented a minimum threat to the environment be-
cause of the vastness of undeveloped land, and because their numbers
were so few that very little waste was generated. However, as the
population multiplied, it became obvious that people could no longer
discard their waste in the haphazard manner of their forefathers and
still expect to keep their surroundings clean.

Today we have acceptable methods of disposing of solid waste that
provide for protection of the environment. Nontheless, many people con-
tinue the practice of dumping waste in the most convenient places
available.

Many cities, towns, and villages continue to use outmoded open
dumps. These dumps generally are unplanned--solid waste is deposited
without regard to pollution of the environment or to the future use of
the land. Most of these dumps become burning, smoldering blights on the
landscape and pollute the land, water and air.

Some examples of undesirable dumping of solid waste on our land
and water are shown in figures 2, 3, and 4.

WHAT IS A SANITARY LANDFILL?

The term "sanitary landfill" is used quite frequently when referring
to solid waste. What is a sanitary landfill and how does it differ from
a dump?

The Committee on Sanitary Landfill Practice of the Sanitary Engineer-
ing Division of the American Society of Civil Engineers (1959, p. 1),
defines a sanitary landfill as follows:















"Sanitary landfill is a method of disposing of refuse on land
without creating nuisances or hazards to public health or safety,
by utilizing the principles of engineering to confine the refuse
to the smallest practical area, to reduce it to the smallest
practical volume, and to cover it with a layer of earth at the
conclusion of each day's operation or at such more frequent inter-
vals as may be necessary."

The word "refuse" as used in this definition includes all solid
waste. The Committee states ''that...the selection of a location is
based on engineering consideration, economic factors, and public accep-
tance." Some of the factors considered in selecting a suitable landfill
location are: (a) drainage; (b) soil types; (c) effect on water supplies;
(d) topography; (e) length of haul; and (f) reclamation value of site.

Two general methods of sanitary landfilling are practiced in the
United States: the area method and the trench method (Sorg and Hickman,
1970). 1In the area method, solid waste is placed on the land, then
spread and compacted with a bulldozer or other equipment. A 6-inch
layer of dirt is spread and compacted over the waste at the end of each
day's operation and a final 2-foot layer of dirt is added after the
site is completed. Schneider (1970) indicated that normally about 1
foot of soil cover is used for each 4 feet of compacted solid waste.
The area method of disposal is not used in west-central Florida because
cover material would need to be hauled into the site from outside the
area. In the trench method, solid waste is spread and compacted into
trenches dug specifically for this purpose. Cover material for daily
and final covers is obtained from the spoil of the tremch. This re-
port is concerned with the trench method.

SELECTING A SANITARY LANDFILL SITE

What are Some of the Features that are Considered?

Florida probably ranks near the lowest of the 50 states in the
number of sites suitable for landfill operation. The difficulty in
selecting sites that will insure protection of the water resources
arises because west-central Florida has numerous natural features that
make much of it hydrologically undesirable for disposing of solid
waste on land.

For example, west-central Florida has:
(1) A humid, subtropical climate with an annual precipitation of
about 53 inches. The area is also in the hurricane belt and is sub-

ject to high-intensity rainfalls.

(2) A high water table that fluctuates about 3 to 8 feet
seasonally.
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(3) Low, poorly-drained flat lands, much of which are at or near
sea level; such areas are flood prone.

(4) A variety of soil types that have a wide range of engineering,
agricultural, and hydraulic properties.

(5) Highly permeable limestones that underlie a thin mantle of
sand and clay in which the landfill trenches are constructed. The lime-
stones comprise the Floridan aquifer, the major source of fresh water in
west-central Florida.

(6) Active sinkholes and drainsinks that occur throughout most of
the area. Many of these sinks are directly connected with cavernous
zones of the underlying Floridan aquifer.

The disposal of solid waste in west-central Florida is an involved
process: Selecting sites for landfills only on the basis of hydrologic
and geologic criteria will insure minimal pollution of the water re-
sources, particularly because of the limestone terrane. Undoubtedly,
any site selected will have some undesirable features. However, modify-
ing one or more of these features might make the site acceptable insofar
as protection of the water resources is concerned.

Factors in landfill site selection are divided into two broad
groups, visible and hidden. The visible factors are those that are famil-
jar to many people, particularly planners, designers, and operational per-
sonnel who are directly involved in the solid waste field. These factors in-
clude: (a) 1land development; (b) surface drainage and topography; (c)
soil types; (d) swamps, streams, and lakes, including their drainage
areas; (e) sinkholes; and (f) nearby individual and public-supply wells.

The hidden factors are those that cannot be observed directly, and
require personnel experienced in hydrology and geology to obtain the
specialized types of information needed to make a site evaluation for
a landfill operation. The hidden factors include: (a) type, thickness
and permeability of surficial sand, silt, and clay; (b) depth to top of
limestone; (c) depth to and thickness of relatively impermeable clay
zones; (d) depth to water table and direction of shallow ground-water
flow; (e) depth to water level in artesian aquifer and direction of
ground-water flow; (f) filtering capacity of clays; and (g) sinkholes
connected either directly or indirectly with the underlying limestone
aquifer.

Prospective landfill sites.--Two areas were found to have hydrologic
and geologic conditions less objectionable for landfills than most sites
in the area. These are shown on figure 5. Both areas were well-drained,
had deep water tables, relatively thick and extensive basal clay layers,
and were remote from urban development and areas of large ground-water
withdrawals.
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