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INTRODUCTION

Landfilling is a method of solid waste disposal that has been
used since prehistoric times. Open dumping, the most primitive
disposal method, was widely practiced in the United States prior to
the 1940's; during the past thirty to forty years solid waste
landfilling has been modified to minimize environmental pollution
(Hagerty, et. al., 1973). The method of sanitary landfilling has
evolved from open dumping, in resﬁznse to the hazards associated with
open dumps. Dumps degrade the environment in numerous ways. They act
as-breeding grounds for rats, flies and other vectors that threaten
public health. These sites provide a food source for pests, which
congregate at dumps. Water and other liquids seep through the
degrading refuse, picking up chemicals and bacteria which are carried
to rivers, streams and reservoirs. Water percolating through the waste
carries these harmful substances into the groundwater. The foul odor
and eyesore created by and open dump are aesthetically degrading.
Dumping has adverse effects on property and people within a five mile
radius (Diaz, et. al., 1982).

The sanitary landfill method was first tried in England in 1916
(Small, 1971). During the 1930's New York City and Fresno, California
started sanitary landfills; by 1945 approximately 100 cities had
sanitary landfills. In 1984 there were more than 8700 operating
sanitary landfills (Office of Resource Recovery and Waste Disposal
Planning, City of New York Department of Sanitation (NYC), 1984). A

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 volume, and to cover it with a layer of earth at the
conclusion of each day's operation, or at such more frequent intervals
as may be necessary;" this is the technical definition formulated by
the American Society of Civil Engineers (ASCE). If all landfills were
truly sanitary, by definition, there would be no adverse environmental
impact. The problem is that most sanitary landfills do not meet these
criteria. In 1968, a national survey found that 94% of the existing
land disposal operations were unacceptable; only 6% were true sanitary
landfills (Van Tassel, 1973). In the mid-1970's at least 80% of United
States municipalities with populations of over 5,000 were practicing
open dumping. Since then, stringent regulations have been put on new
or expanding landfills. The Resource Conservation and Recovery Act
(RCRA), of 1976, under section 4004, provides criteria for classifi-
cation of solid waste disposal sites as open dumps or sanitary landfills.
Open dumps are required to upgrade or close by 1985 (Hassett and
Conrad, 1981). However, many unsanitary landfills and open dumps are

still in existence; most continue to operate without permits.

PROPERTIES OF A SANITARY LANDFILL

The details of existing sanitary landfills are extremely
variable. Size varies according to the size of the population
served and the period of time the landfill is used. For example,
given a typical solid waste density of 1,000 1lbs./cubic yd. and a

refuse to soil cover ratio of 4:1, a population of 10,000 people would




need approximately 10 acre-feet (volume that would cover one acre to a
depth of one foot) of space each year for residential and commercial
wastes. Densities may vary from 800 to 1,200 1lbs./cubic yd. (United
States EPA, 1976).

Presently, landfill operations are regulated by individual
States. In New York, the Department of Environmental Conservation
(DEC) regulates landfill operations; landfill sites are governed by
the following guidelines. Baseline water quality conditions (seasonal
data) must be obtained before siting the landfill. The horizontal
separation from surface waters is determined for each site, as well as
hydrogeologic factors, including: soil attenuation characteristics,
drainage, and natural or man-made tarriers (DEC, 1981). A vertical
separation of at least five feet between solid waste and the seasomal
high groundwater table or bedrock is required. However, regulations
that limit specific hydrogeological factors may be unreasonable, since
the combined effect of all the hydrogeologic variables determines the
potential success of the landfill.

The distance between landfills and population centers varies
greatly. From an economically standpoint, it is best to site a
landfill close to the waste generating sources, in order to minimize
transportation costs. However, public opposition to locating refuse
landfills in close proximity to residential areas is one of the largest

obstacles involved in obtaining approval of a site.



REGULATIONS

The RCRA of 1976 gave EPA authority to control solid waste land
pollution for the first time. Under the RCRA the EPA released guide-
lines for solid waste disposal in 1980. The purpose of these guidelines
was to assist states in evaluating the environmental acceptability of
landfill sites. The guidelines were meant to bridge the gap between
state regulations and federal goals, primarily for future sites.
Originally, states were to use subtitle D:funds to identify sites in
violation; however, by October of 1981 federal funds and technical
assistance ended (Dawson, 1981). In November 1981 there was no longer
a ﬁCRA director or program (The Federal Beat: Agency Vacuum Causes
Concern, 1981).

The EPA guidelines were arrived at after examining each state's
mractices. Clear trends among the states were incorporated as guide-
lines. When trends were not clear the most successful method was
adopted. Technical and scientific state-of-the-art methods were
incorporated as guidelines if state practices did not meet federal
intentions (Cummings and Wigh, 1980). The original idea was to
eliminate all open dumps by mid-October 1985. State inspecters visit
sites and determine if they are open dumps, according to the
established EPA guidelines. Sites classified as open dumps are
required to upgrade or subject to closure under the RCRA. The ban on
open dumps is not enforcable by any federal agency. The states are
left with the task of implementation, and only citizens can bring suit
against a noncomplying dispos;l site through federal courts (Nollet

and Sherwin, 1982).




The EPA regulations include provisions for groundwater protection.
No solid waste facility can contaminate underground drinking water
sources or aquifers where total dissolved solids were below 10,000
mg./L. before construction; this cut-off is meant to protect possible,
future drinking water sources. Contamination is assessed at refuse
boundaries to allow for natural attenuation processes and dilution of
leachate directly below the landfill. Contamination is defined by the
Safe Drinking Water Act; levels of pollutants in leachate cannot
exceed maximum levels set in this Act (Nollet and Sherwin, 1982).

The guidelines cover most landfill issues. Surface water is
protected by the prohibition of direct landfill discharge. Air
pollution guidelines include: banning open burning, and methane
regulations. Under the RCRA methane must be below 25% of the lower
explosive limit (LEL) in landfill buildings and below the LEL at the
rést of the site. Vents must be installed if the possibility of
lateral migration of gases exists. Guidelines dictate that vectors
must be controlled, which includes elimination of all standing water,
a breeding requirement for many insects, from landfill sites (Nollet
and Sherwin, 1982).

Almost 80% of landfills in New York State are operating without
permits because they violate at least one of the state regulations.
Approximately fifty percent of New York landfills are polluting water
supplies, according to a State audit released in 1984. There are
about 420 landfills in the State and DEC lacks the personnel to

inspect them, due to Federal cutbacks (Landman, 1984).



METHODS OF SANITARY LANDFILLING

There are three methods of sanitary landfilling: (1) trench
(2) area and (3) ramp. Each method has advantages; the method used at
a particular site should be the one that is best suited for the
characteristics of that site. All three methods have some common
practices. Refuse is delivered to the site; it is dumped at the
"workface" (the area of the landfill where refuse is being deposited),
spread and compacted in thin layers within a small area. At the end
of each day the solid waste is covered with soil that is sSmread evenly
over the refuse and compacted to a high density. The resulting
structure is called a refuse cell. The depth of the cell is referred
to as the Mift" When numerous cells have been constructed and the
height of the landfill reaches the intended elevation, a layer of
final cover is spread and compacted over all cells; this layer is
usually 3 to 4 feet deep (Hagerty, et. al., 1973).

Compaction of refuse cells is an important aspect of sanitary
landfilling. Compressing wastes reduces settling and creates a firm
base for equipment. Compacting thin layers is most successful because
the weight of the compacter is dissipated over a broad area with
deeﬁer' layers; therefore, less pressure is applied per unit volume of
‘r'ef'use. Typically, waste cells are compacted when they reach a depth
of 12 to 20 inches (Diaz, et. al., 1982). Without compaction,
accelerated settling creates fissures in the cover material, exposing
the wastes.

A disadvantage of compaction is that it prolongs landfill

°

stabilization. Compaction decreases the interstitial spaces between




the refuse, which lowers the amount of air in the fill. In response,
the aerobic phase of decomposition is shortened, causing a significant
reduction in the initial rate of decomposition. Therefore, the time
needed for fill contents to stabilize is prolonged. However, the
advantages outweigh the disadvantages. Compaction is also beneficial
with respect to methane recovery. Since compaction inhibits aerobic
microbes, the anaerobic methane producers are enhanced (Diaz, et. al.,
1982).

The application of daily and final cover to sanitary landfills is
important because the cover will restrict infiltration of precipitation,
minimize methane escape and odors, prevent vectors from obtaining food
and harborage, and greatly reduce surface blown litter. Cover also
sustains plant growth at completed landfills. A mixture of clay and
sand is best for daily cover. The appropriate mixture can be thoroughly
compacted, allowing for equipment passage and preventing fissures.

Clay, alone, is problematic because it hinders equipment passage when
it is wet. Dry clay tends to crack; creating fissures that can extend
to the underlying refuse. Methane can diffuse thgough sand, which
also cannot be compacted sufficiently to support equipment. Also,

vectors can penetrate sand cover (Diaz, et. al., 1982).

Trench Method

In the trench method, waste is dumped into long narrow excavations
(Figure 1). The soil, removed to form the trenches, is stockpiled for
future use as cover material. The garbage is spread on a shallow
incline, compacted and then covered at the end of the work day (Pavoni,

et. al., 1975). Trenches vary from 100 to 400 feet in length, 3 to U
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Figure 1. Trench Method of Sanitary Landfilling

Source: (Pavoni, et. al., 1975)



feet in depth. The total landfill depth usually ranges from 15 to 25
feet.

This method is best suited for sites where the a deep excavation
will not penetrate the groundwater. There should be a deep layer of
suitable cover soil and flat topography in order for this method to be
successful (Pavoni, et. al., 1975). Trenching works best when soil is
highly cohesive so that refuse cells can be constructed close together

with only a thin wall of soil between.

Area Method

The only prel iminary excavation that is done for use of the area
method entails removing the topsoil for future use as final cover.
Solid waste is spread on the ground in uniform layers, compacted to
high density and covered at the day's end or when the workface area is
filled (Figure 2). Usually, cover material is brought to the site
from another location (Pavoni, et. al., 1975). The.depth of refuse
cells is typically 16 to 30 inches; total landfill height ranges from
6 to 10 feet.

This method is used when the groundwater table is shallow,
prohibiting deep excavations. Area filling is also the best method
for sites with irregular or rough topography (Pavoni, et. al., 1975).
Special large depression sites such as: canyons, quarries and gravel
pits utilize this method (Diaz, et. al., 1982). Usuall}, the workface
is kept as small as possible to minimize surface blown litter but

large enough to accommodate the refuse truck traffic.



<)
re
oy " Sea T et P%TTACBl-iLgL%EVvFNEGTO
e Bt ; e : :
7 daceanm e s il
.. /COVER(2FT) . A¥¥T0 e

ORIGINAL
GROUND

"'J‘lﬂ S st
101 W
BRI

Figure 2. Area Method of Sanitary Landfilling

Source: (Pavoni, et. al., 1975)
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Ramp Method

The ramp method is a combination of the trench and area methods
(Figure 3). A small excavation is made before dumping. Refuse is
deposited on the face of the slope, spread, compacted and covered with
soil taken directly from the front of the workface (Pavoni, et. al.,
1975). This process is repeated at the face of the new slope,
' resulting in a succession of slopes across the landfill. This method
is also referred to as the progressive slope method (Pavoni, et. al.,
1975). The ramp method is suitable for most any topography. This
method is best for small communities since it can be accomplished

using one piece of equipment (Diaz, et. al., 1982).

EQUIPMENT

Equipment needs for sanitary landfilling depend on the amount and
type of waste involved, the method used and soil conditions (Table 1).
A facility for weighing the incoming waste, personnel facilities and
utilities are necessary at all landfill sites (Diaz, et. al., 1982).
A front-end loader is used at very small landfills, where one piece of
mobile equipment is all that may be economically feasible. Tracked
bulldozers, which spread refuse rapidly, are used at larger sites.
Both of these types of equipment operate well in all weather conditions
(Pavoni, et. al., 1975). <$Speacialized equipment are used for large
sanitary landfills. Steel-wheeled compactor-loader-dozers are used
for compaction of heterogeneous wastes. The amount of compaction

achieved decreases with each pass of the vehicle; more than four to
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Table 1.

Average Sanitary Landfill Equipment

Requirements
Equipment
Daily Requircments
Population Tonnage Quantity Type Size (Ib) Acccssorics?
0 0 1 Tractor-crawler 10,000 Dozer blade
to to or rubber-tired to I'ront end loader
15,000 40 30,000 (1l to 2 cuyd)
Trash blade
15,000 40 1 Tractor-crawler 30,000 Dozer blade
to to or rubber-tired to Front end loader
50,000 130 a Scraper 60,000 (2to 4 cu yd)
a Dragline Bullclam
2 Water truck Trash blade
50,000 130 1to2 Tractor-crawler 30,000 Dozer blade
to to or rubber-tired or I'ront end loader
100,000 260 Scraper more (2to S cuyd)
' Dragline Bullciam
Waler truck Trash blade
100,000 260 2o0r Tractor-crawler 34,000 Dozer blade
or or more or rubber-tired or Front end loader
more more a Scraper more Bullclam
a Dragline Trash blade
o Water truck
2 Road grader
a

Steel-whecl
compactor

30ptional, dependent on individual need.
Source: ‘“Sanitary Landfill Facts,”” HEW, USPHS, Publ. No. 1792.

Source: (Hagerty, et al. 1973)
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five passes is uneconomical. These large toothed steel-wheeled machines
achieve densities about 10% greater than traditional equipment (Hagerty,
et. al., 1973). However, they lack the traction of dozers in wet
weather conditions or on steep slopes. Also, they are not particularly
useful for site preparation. A self-propelled scaper or rubber-tired
loader is needed if cover material must be moved more than a few
thousand feet (Pavoni, et. al., 1975).

All mobile equipment used at landfills must be fitted with
special engine and radiator guards or screens. Reversible fans to
blow paper of of the radiator and underchassis guards to protect the
transmission and engine are necessary. Covers must be installed to
protect any hydraulic lines. Heavy-duty tires must be used on equip-
ment to prevent blow-outs. Special air intake filters must be used at

sites where persistent dust is a problem (Pavoni,et. al, 1975).

ATR POLLUTION

Air pollution is limited to the immediate vicinity of the
landfill site in properly operated sanitary landfills (United States
Dept. of Health Education and Welfare, 1966). Landfill air pollution
is caused by: methane production, odors, dust and vehicle emissions at

the site.

Gases
The production of gases in landfills creates a potential for

explosions, fires, and health hazards. Methane and carbon dioxide are

14




the primary gases released to the atmosphere from landfills. Nitrogen,
hydrogen and hydrogen sulfide are also products of the decomposition
of refuse. More than 150 volatile organic compounds have been
identified in landfill gas (LFG); concentrations are typically below
100 ppm, by volume, at the fill site. Generally, municipal waste LFG
is not considered to be toxic.

The relative abundance of different landfill gases changes as the
fill ages (Table 2). Initially carbon dioxide predominates, but later
methane becomes more important. Initially nitrogen accounts for
almost 5% of the total gas volume (Hagerty, et. al, 1973). After the
first year, methane ranges from 55 to 65% of the total gas volume
produced at landfills, carbon dioxide ranges from 35 to U45%, and other
gases are found to compose 1 to 2% of the total. Methane is hazardous
at concentrations greater than 5% by volume (Stearns and Beizer,
1985).

Methane diffuses into the atmosphere from soils due to pressure
and concentration gradients. Methane also moves laterally from
landfills to adjoining soils, especially if the cover is relatively
impermeable; it may also seep into nearby buildings. Soil diffusive
permeability is the main factor determining if and how gases will
migrate. Migration is greatest in porous soils. If a site is
surrounded by a dry, permeable soil, gases will migrate, laterally,
out of the landfill wheh the interface exchange is blocked (Nosanov,
1980). Soil cover increases the concentration of methane in a
landf'ill by slowing diffusion of methane and inflow of oxygen and
nitrogen (Ham, et. al., 1982). Cover also postpones active methane
productioh due to the effects of limited gas exchange on decompo sition

processes within the refuse. Saturated soils and impermeable strata

15



Table 2. Change in Landfill Gas Composition

with time

Time Interval Since

Average % by Volume

Start of Cell Completion (Months) N3 (607} CH4
0-3 5k 88 S
3-6 3.8 76 21
6-12 0.4 65 29
12-18 11 52 40
18-24 0.4 53 47
24-30 0.2 52 48
30-36 123 46 51
3642 0.9 50 47
4248 0.4 S1 48

Source: (Hagerty, et. al., 1973)
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inhibit migration, which is also slower through fine soils.

The rate of gas production depends on the composition of the
solid waste and microrganisms present as well as the abundance of
oxygen and moistuwe. An average of 5 cubic feet of LFG per pound of
refuse to 8 cubic feet per pound is generated, over an extended period
of time (Hassett and Conrad, 1981).

Recent explosions and fires caused by landfill gas (LFG) have
initiated stricter regulations. Federal standards have been set, RCRA
subtitle D(a), to restrict subswurface gas migration on landfills
(Stearns and Beizer, 1985). As a result many landfills have installed
control systems to collect the gas and dispose of it safely.

Migration beyond landfill boundaries can be prevented by lining the
fiil and installing active or passive venting systems (NYC, 1984).

Twenty homes were evacwated near a landfill site in California
when methane was found in concentrations of 1 ppm. During the testing
process, polyvinyl chloride was discovered at concentrations near 1
ppm. This discovery extended the evacuation period to five months;
vinyl chloride is a known crcinogen, produced by the breakdown of
plastics. Although this incident occured at a co-disposal site, used
for both hazardous and municipal wastes, plastics are prevalent in all
municipal fills. T@erefore, the possiblity for vinyl chloride
emissions exists at all landfills; there is no known safe threshold
level for continuous exposwe to vinyl chloride. The RCRA dictates
that the Environmental Protection Agency (EPA) must set ambient air
quality standards for landfills by mid-1986. In Richmond, Virginia
two landf'ills were found to contain subsurface gas concentrations that
were much higher than the lower explosive limit (LEL); both sites were

in residential areas. One building exploded as a result of gas
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migration from one of the fills (Nuttall, 1980). Methane usually
escapes over the landfill surface in non-hazardous amounts. However,
when buildings are constructed over landfills methane may be trapped

below the foundations, creating an explosive hazard;

Smog

Trace landfill gases include organic compounds that can undergo
photochemical reactions in the atmosphere to produce ozone, a smog
enhancer. Smog is a known public health hazard; it has been linked to
respiratory problems and even death.

Currently, there are no hydrocarbon regulations for landfills but
the South Coast Air Quality Management District (SCAQMD) near Los
Angeles, has proposed that a standard of 20 ppm. should be established
for both active and completed landfill surfaces (Stearns and Beizer,
1985). Landfill and LFG recovery operators protest this standard,
arguing that collection systems would have to incarease suction to the
point of drawing air into the landfill. They contend that this would
reduce the energy content of recovered gas, possibly poison anaerobic
microorganisms and even increase the risk of fire within the landfill

(Stearns and Beizer, 1985).

LFG As An Energy Source

Landfill gas, or biogas, is a mixture of methane and carbon
dioxide, with trace amounts of: water, oxygen, nitrogen, hydrogen,
hydrogen sulfide, carbon monoxide, and other low molecular weight
hydrocarbons (Raab, 1985). Biogas is also produced in swamps, compost

piles and treatment plants. Natural gas is almost pure methane; its
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source is decomposed organic matter that is millions of years old. A
study by the United States Department of Energy (DOE) found that
landfills in the United States produced 200 billion cubic ft. of
biogas in 1980. Because of the high methane content of this gas it
may be used as fuel and would potentially supply 1% of the country's
energy needs (Stearns, 1980). Before the 1981 Federal budget
cutbacks, the Department of Energy supported projects to improve LFG
recovery.

In 1983, 26 LFG recovery systems were underway on Long Island,
New York, which accounts for the bulk of LFG activities in the United
States (Light, 1985). A 1980 study on 23 sites, in ‘California,
developing LFG recovery systems provides statistical data. The depths
of the landfills ranged from 20 to 300 ft. with an average of 100 ft.
The average landfill size was 160 acres, but the range was 38 to 1,214
acres. Assuming an average solid waste density of 1,200 pounds of
refuse per cubic yard, an average gas recovery rate of 0.055 cubic
ft./1lb per year was obtained. The observed average recovery rate for
the 6 operating plants was 0.08 cubic ft./lb. per year.

Freshkills landfill on Staten Island, New York has the world's
largest methane recovery facility. The plant, which is capable of
processing almost 10 million cubic ft./day of raw LFG, began operating
in 1983 (ASTM Subcommittee D18.14, 1981). Gas is withdrawn from over
100 wells, 65 to 75 ft. deep, on U400 acres of the landfill. The site
yields almost 1.3 billion cubic ft. of LFG per year. The LFG is
transported by vacuum to a plant by an underground collection systep.
The raw gas is processed to remove trace elements, carbqﬁ dioxide and
moistu;e. The final product is nearly pure methane, with a heating

capacity equilvalent to that of natural gas - 1,000 Btu/cubic ft. The
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heating capacity of the untreated gas, or biogas, ranges from 400 to
700 Btu/cubic ft. The purified LFG is mixed with natural gas and
distributed to customers by Brooklyn Union's west shore facility.

The EPA - RCRA requirements for controlling the migration of LFG
stipulate that methane gas may not exceed 5% by volume at the site
property and methane must be below 1.5% by volume in facility
structures (Raab, 1985). 1In order to meet these requirements many
landfills will need control systems. Control systems require some of
the same facilities as recovery systems. Site owners are expected to
look towards profitable removal by recovering the methane. As energy
costs continue to rise, landfill gas recovery becomes more profitable.
Tapping landfill methane for resource recovery helps prevent seepage;
however, extraction for recovery may not meet all gas migration

control requirements (Raab,1985).

Odors

The breakdown of organic matter in landfills is accomplished by
both aerobic and anaerobic bacteria and fungi. The rapid aerobic
processes utilize free oxygen, producing heat and odorless gases.
Anaerobic fermentation occurs when free oxygen is depleted. Anaerobic
processes may be slow, utilizing organically and inorganically bound
oxygen. Noxious organic gases, containing sulfur and nitrogen are
produced. The volatile gases produced during anaerobic decomposition
are short-chain fatty acids, including: formic, acetic, probionic,
butyric, valeric, caproic and isovaleric acids. These gases are
highly malodorous (Diaz, et. al.,1981).

Landfill odors occur when volatile organic compounds have formed

20




and are in the vapor phase at levels above the sensory threshold limit
value (TLV). The TLV is the limit at which the odor is perceived by
humans. The most common malodorous compounds are perceived at TLV's
from 5.8 x 10'6 to 1'2 parts per million (ppm); they are formed dwing
anaerobic decomposition (Baker, et. al., 1983). There are three
anaerobic stages: anaerobic non-methanogenic, anaerobic methanogenic
(unstable) and anaerobic methanogenic (stable). Most odorous
compounds are formed during the non-methanogenic and the methanogenic
(unstable) stages. No significant odor problem is associated with the
methanogenic (stable) stage, the final stage of decay. Methane and
carbon dioxide are formed during this stage; they are odorless.
However, the presence of methane has been shown to enhance perception
of malodorous compounds. The TLVs are defined for pure compounds;
synergisms may occur in landfills, causing lower perception levels.

Control of odors is a major problem at landfill sites. Odors can
be classified as a statitory nuisance if they are "prejudicial to
health" or a "nuisance" (Baker, et. al., 1983). The Public Health
Act, 1936, requires abatement of such nuisances. The Public Health
(Reoccuring Nuisances) Act of 1969 allows closure of landfills if
steps are not taken to control odors. However, extensive odor
abatement is usually practiced at industrial landfills only.

Landfill odors are difficult to control. A sweetish pervading
odor is characteristic of decomposing municipal waste. At some sites
wind dispersion and atmospheric dilution reduce the concentration of
malodorous compounds to below the TLV. Odors become a nuisance,
especially when residential areas are down-wind of the landfill and in
areas where topography is such that odors are concentrated and

°

intensified by wind effects (Baker, et. al., 1983). In sanitary
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landf'ills that meet the ASCE definition, those that are covered daily,
odors should not be a nuisance; surface cracks that develop will be
sealed quickly to prevent escape of malodorous gases. .
Most garbage is in the first stages of anaerobic decomposition
when it arrives at the landfill due to transportation in containers
where available oxygen is rapidly depleted. Wastes maybe aerated
during handling and the water content minimized to reduce odor
problems. Water enhances rates of oxygen utilization in wastes.
Minimal handling after the waste becomes anaerobic helps prohibit
emissions of odorous gases, since disturbing the refuse déy cause
gases to be emitted. Covering with a relatively impermeable or inert
layer is a tremendous aid in odor abatement since the cover limits

diffusion of gases.

LEACHATE

Leachate is produced when water migrates intoa fill and collects
chemicals and bacteria as it percolates through the wastes. The
suspended and dissolved solids in leachate are potential health
hazards (Pavoni et. al.,, 1975). The production of leachate at
municipal sanitary landfills is a threat to surface and groundwater
(Figure 4). Even at the most cautiously managed landfills leachate is
produced (Leachate Control Doesn't Come Easy, 1980).

Criteria have been established to protect groundwater and surface
water as mandated by 1008(a) and 4004(a) of the Resource Conservation

and Recovery Act (RCRA) of 1976. Landfills which do not meet these
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criteria are classified as open dumps and must be upgrading or closed
(Burns and Karpinski, 1980). The EPA has also published proposed
guidelines for leachate control. The State of New York requires
closure of all landfills on Long Island by 1990 due to the threat of
groundwater contamination by leachate (Table 3). However, closing
landfills does not stop leachate production.

Leachate production depends on the amount of moisture in the
refuse. If the amount of precipitation is greater than the combined
amount of evaporation and transpiration (the moisture taken up by
plants) there will be excess water in the landfill which will
infil trate the decomposing garbage and form leachate. Exposure of
uncovered wastes to precipitation and surface runoff enhances leachate
production. Landfills with direct hydrologic connection to
groundwater or surface water bodies have the greatest problems with
respect to leachate production (United States EPA, 1976).

Hydrogeologic investigations of proposed sites before choosing a
landf'ill site can greatly reduce future problems due to leachate
generation. Usually, a site which does not receive surface water
runoff from upland areas and which does not extend to the groundwater
table is chosen. The permeability of underlying rock formations is
another important factor. Permeability of porous or highly fractured
sediments is likely to be high; therefore, siting in these areas is
problematic. Provisions can be made to prevent water contamination in
less ideal sites but the equipment necessary is costly. Leachate
collection and treatment is another option, which is of ten necessary
even at ideal sites; since this alternative is also costly, it is best

to begin by choosing a site that will promote minimal leachate
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Table 3. Groundwater Quality Near a Landfill

Ambient Landfill Monitor Well®
Parameter (mg/l) (mg/1) (mg/1)

Total dissolved solids 636 6712 1506

pll T, 6.7 7=3

CoD 20 1863 71

Total hardness 570 4960 820
Sodium 30 806 316
Chloride 18 1710 248

aMonitoring well located downstream, approximately 150 ft from thc landfill, at a depth
of 11 ft in sandy clayey silt.

Source: (Hagerty, et. al., 1973)



production.

Water entering a landfill does not produce significant leachate
until all refuse layers reach field capacity. Field capacity exists
when all spaces between soil and refuse are filled with water
(Schoenberger and Suffet, 1981). By this time decomposition is almost
entirely anaerobic. Prior to reaching field capacity small amounts of
leachate may be produced intermittantly. After significant leachate
production begins the overall moisture of the landfill remains nearly
constant. Leachate is then formed at nearly a one to one ratio with
additional water infiltration. Average field capacities of landfills
are 0.3 cm./cm. (water/total) to 0.4 cm./cm (Straub and Lynch, 1982).
There are many studies showing that leachate decreases in organic and
inorganic strength with age, after significant field production
begins. Dilution and uptake of organics by microrganisms are
responsible for the decrease (Straub and Lynch, 1982).

The amount of leachate produced from a landfill can be estimated
by several different methods. The water, or moisture, balance method
can provide estimates by determining the amount of infiltration. An
estimate of the amount of water that will infiltrate the landfill is
obtained by the equation:

Infiltration = precipitation - runoff - evapotranspiration
Since infiltration is the major cause of leachate the amount of
leachate produced can be approximated by estimating the amount of
infiltration for a site.

Leachate quanity and quality vary according to waste composition
and will also vary with landfill age; it continues to be produced for
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