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DISCLAIMER

This document generally describes the proper operation of a hospital
waste incinerator. It is based on EPA's review and assessment of various
scientific and technical sources. The EPA does not represent that this
document comprehensively sets forth procedures for incinerator operation,
or that it describes applicable legal requirements, which vary according
to an incinerator's location. Proper operatioh of an incinerator is the
responsibility of the owner and operator.

Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.



PREFACE

The hospital medical waste incinerator program was funded as a
project of EPA's Control Technology Center (CTC).

The CTC was established by EPA's Office of Research and Development
(ORD) and Office of Air Quality Planning and Standards (OAQPS) to provide
technical assistance to State and local air pollution control agencies.
Three levels of assistance can be accessed through the CTC. First, a CTC
HOTLINE has been established to provide telephone assistance on matters
related to air pollution control technology. Second, more in-depth
engineering assistance can be provided when appropriate. Third, the CTC
can provide technical guidance through publication of technical guidance
documents, development of personal computer software, and presentation of
workshops on control technology matters.

The technical guidance projects, such as this one, focus on topics of .

.national or regional interest that are identified through contact wth
State and local agencies. In this case, the CTC became interested in
developing a training course for operators of hospital waste incinerators
through a request by the State of Méry]and. This document was prepared to
be used as the basis for development of the training materials. The
document also is intended as a technical guide for use by Federal, State,
and local agency personnel, hospital waste management personnel, and
hospital incinerator operators.

This document provides information on the operation and maintenance
(0&M) procedures that should be practiced on hospital waste. incinerators
and associated air pollution control equipment to minimize air
emissions. This document provides only a general overview of proper 0&M
procedures with the intention of identifying good operating practices.
Operators of hospital waste incinerators should have 0&M manuals for the
manufacturer which provide specific O&M instruction for their equipment.
This document should be viewed as a supplement to the manufacturer's 0&M
recommendations.
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1.0 INTRODUCTION

The main objective of this document is to identify the operation and
maintenance (0&M) procedures that should be practiced on hospital waste
incinerators and associated air pollution control equipment to minimize
air emissions. Proper 0&M, in addition to reducing air emissions,
improves equipment reliability and performance, prolongs equipment life,
and helps to ensure proper ash burnout. This document provides only
general guidance on proper 0&M procedures with the intention of
identifying good operating practices. The operator of a hospital waste
jncinerator should have 0&M manuals from the manufacturer which provide
specific 0&M instructions for their equipment. This document does not
provide such specific instructions, and is not intended to do so. The
document is intended as a technical guide for use by federal, State, and
local agency personnel, hospital waste management personnel, and hospital
incinerator operators. - '

The concern about disposal of infectious wastes generated by
hospitals is increasing rapidly due to the fear of the spread of viruses
such as acquired immune.deficiency syndrome (AIDS) and hepatitis B, as
well as the concern about exposure to toxic metals and organics.
Incineration continues to be an attractive infectious waste disposal
option for hospitals encountering high disposal costs, refusal of their
waste at treatment and disposal facilities, and tighter regulation.
Proper incineration sterilizes pathogenic waste, reduces waste volumes by
over 90 percent, and, in some cases, may provide economic benefits through
waste heat recovery. Onsite incineration is an attractive option because
it reduces handling and transportation of the wastes and because waste
heat recovery can have economic advantages for the facility. The need for
disposal of infectious wastes and problems associated with such disposal
also has spurred the interest in special commercial incineration
facilities. In either case, the operating facility must address the
problems of air emissions and ash disposal from the incinerator.

Hospital waste incinerators may emit a number of pollutants depending
on the waste being incinerated. These pollutants include: particulate
matter, acid gases, toxic metals, toxic organic compounds, carbon
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This document summarizes technical information related to the proper
operation and maintenance of hospital waste incinerators and associated
air pollution control systems.‘ Chapter 2 presents background information
on hospital waste incineration systems including a summary of combustion
principles and descriptions of the types of incinerators tybical]y used
for hospital waste. Chapter 3 presents background information on add-on
air pollution control systems for hospital waste incinerators. Chapter 4
identifies key operating parameters and good operating practices for
hospital waste incineration and air pollution control systems. Operating
parameters which can be monitored and/or automatically controlled alse are
discussed in Chapter 4. Chapter 5 provides general guidance on the
maintenance of incinerators and air pollution control systems. Chapter 6
describes instrumentation which can be used for the control and monitoring
of the key operating parameters. Chapter 7 identifies some common
operational problems associated with hospital waste incinerators and air
poliution control systems; the possible causes and solutions to the
problems are discussed. Chapter 8 discusses recordkeeping procedures
which can assist in operating and maintaining an incineration system.
Chapter 9 provides general safety guidelines, and Chapter 10 presents a
glossary of terms. -
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monoxide, sulfur oxides, nitrogen oxides, and pathogens and viruses.
Proper operation of the incinerator will reduce the emissions of most of
these pollutants. Air pollution control devices are available to further
control these pollutants.

In response to public concern about hospital incineration, several
States recently have enacted or are in the process of enacting regulations
which govern the incineration of general hospital wastes and infectious
wastes, specifically. These regulations specify emission limits for
hospital incinerators, and frequently they also address operating
practices related to waste handling and charging, combustor operations,
ash characteristics, and ash handling practices. Some of the operating
practices that have been specified in these regulations include:

1. Limits on characteristics of wastes charged to the incinerator;

2. Specific requirements for waste packaging and waste charging
practices;

3. Combustor temperature 1limits;

4. Ash burnout levels; and )

5. Ash handiing and disposal practices.

The combustion efficiency of a hospital waste incinerator and the
pollutant remova] efficiency of its associated air pollution control
equipment ultimately is affected by equipment 0&M. Regardless of how well
the equipment is designed, poor 0&M practices will lead to the
deterioration pf components and a resultant decrease in both combustion
quality and pollutant removal efficiency. In addition, 0&M practices
impact equipment reliability, on-line availability, continuous compliance
with emission 1imits and operating practice standards, and regulatory
agency/source relations. Lack of timely and proper 0&M leads to a gradual
deterioration in the equipment, which in turn increases the probability of
equipment failure and decreases both the reliability and on-line
availability of the equipment. Frequent violations of emission limits or
operating the facility outside the limits of operating practices
established by reguiations can result in public complaints, increased
frequency of inspection, potential fines for noncompiiance, and in some
cases, mandatory shutdown until emission problems are solved. Good 0&M
practices are essential to safe, reiiable operation of the facility.

1-2



2.0 HOSPITAL INCINERATION SYSTEMS

2.1 INTRODUCTION

Incineration is the process by which combustible materials are
burned, producing combustion gases and noncombustiblie residue and ash.
The product combustion gases are vented directly to the atmosphere or to
the atmosphere after treatment in an air pollution control device. The
noncombustible ash residue is removed from the incinerator system and is
disposed of in a landfill. Incineration provides the advantage of greaf]y
reducing the mass and volume of the waste. This reduction substantially
reduces transportation and disposal costs. For infectious hospital
wastes, another major objective of the incineration process is the
destruction of infectious organisms (pathogens) that may exist in the
waste. The destruction of the pathogens is caused by their exposure to
the high temperatures which exist within the incinerator. Incineration of
hospital wastes also is attractive aesthetically because it destroys
organic components of the waste that the community often finds
objectionable when wastes are disposed of in landfills.

Two additional objectives achievable through proper operation of
hospital waste incinerators are minimizing organic content in the solid
residue and controlling atmospheric emissions to acceptable levels.
Generally, tight control on organics in the ash, i.e., good burnout,
promotes waste reduction and pathogen destruction. Reduction 6f
atmospheric emissions of constituents that are potentially harmful to
human health and the environment is a prerequisite to acceptance of
hospital incineration as a feasible disposal alternative by the community.

The overall purpose of this technical document is to present
information on the operation of hospital waste incineration systems that
can contribute to achieving these objectives. This chapter provides
background information on the incineration process that will enhance the
usefulness of the remainder of the document. It presents information on
basic incineration principles and processes and integrates this
information to promote an understanding of hospital waste incineration as
an overall system. )
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The hospital waste incineration process can be separated into the
following steps:

1. Waste preparation;

2. MWaste charging;

3. Waste combustion;

4., Treatment of the combustion gases, (i.e., add-on air pollution

control); and
' 5. Residue ash handling.
Waste heat recovery also may be included as a part of the incinerator
system. The incineration process and the major subsystems of an
incineration system are depicted in Figure 2-1. An incinerator operates
as a system in which all of the process steps mentioned above are
interrelated. For example, the charging procedures implemented by the
operator will affect how well the wastes burn in the combustion chamber
and, consequently, the ash quality. Proper operation of a system requires
an understanding of the principles of operation of each of the components
and of the interrelationship of those components for a particular system
configuration.

The remainder of this chapter presents background information on
hospital incineration processes in three parts. Section 2.2 presents
fundamental concepts on pathogen destruction and combustion principles.
Section 2.3 describes hospital waste characteristics and briefly addresses
how these characteristics affect incineration. Section 2.4 describes
incineration system components and the different incinerator systems that
are used to treat hospital wastes.

2.2 FUNDAMENTAL CONCEPTS RELATED TO HOSPITAL WASTE INCINERATION

An understanding of how an incinerator operates as a system requires
familiarity with some basic scientific and engineering principles. This
section provides a brief discussion of the key principles related to two
basic areas--pathogen destruction and combustion chemistry/physics. The
discussions are quite abbreviated and are designed to provide the reader
with the basic information needed to understand the remainder of this
document; they do not provide complete coverage of the subject areas.
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Those readers desiring more information on these subjects should consult
References 1 through 3 on pathogen destruction and References 4 through 8
on combustion.

2.2.1 Pathogen Destruction

The primary objective of hospital waste incineration is the
destruction of pathogens in infectious wastes. The U. S. Environmental
Protection Agency (EPA) has defined infectious waste as "waste capable of
producing an infectious disease . . . . For a waste to be infectious, it
must contain pathogens with sufficient virulence and quantity so that
exposure to the waste by a susceptible host could result in an infectious
disease."' Some examples of hospital wastes which may be considered to be
infectious are:'

1. Microbiological laboratory wastes including cultures and
equipment which has come :in contact with cultures of infectious agents;

2. Blood and blood products (such as serum, plasma);

3. Sharps, including needles, laboratory glass wastes, and glass
pipets;

4, Surgical, autopsy, and obstetrical wastes which have had contact
with patient blood or body fluids; , ‘

5. Wastes which have had contact with communicable disease isolation
wastes; ‘

6. Human and animal tissue containing pathogens with sufficient
virulence and quantity so that exposure to the waste by a susceptible
human host could result in an infectious disease; and

7. Dialysis unit wastes; i.e., wastes that were in contact with the
blood of patients undergoing hemodialysis.

The pathogens in infectious waste can be destroyed by the high
temperatures achieved in hospital incinerators. Data on the incinerator
conditions required to destroy the universe of pathogens that are present
in infectious waste are quite limited, but they do indicate that
temperature and time of exposure are jimportant. Emissions of micro-
organisms from the incinerator could be attributed to insufficient
retention time and temperature as a result of the following conditions:
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1. Initial charging of the incinerator before operating temperatures
are achieved;

2. Failure to preheat the refractory lining;

3. Temperature fluctuations caused by intermittent use;

4. Exceeding design airflow rates, thereby reducing the retention

5. Charging beyond incinerator capacity; and

6. Excessive moisture content of the waste.

Other factors such as the type of refractory lining, the positioning
and number of burners, and the precision of temperature controiling
devices also can have a significant bearing on the effectiveness of
sterﬂization.z’3 The destruction of micro-organisms in the incinerator
ash also depends on temperature and time exposure.

2.2.2 Principles.of Combustion“

In principle, combustion of hospital waste is a chemical process that
is equivalent to combustion of fossil fuels for energy recovery. It is a
chemical reaction that involves rapid oxidation of the organic substances
in the waste and auxiliary fuels. This violent reaction releases energy
in the form of heat and light and converts the organic materials to an
oxidized form. Some of the basic principles related to the combustion
process are discussed in the following subsections. Specifically, the
basic chemical reactions, stoichiometric air reqhirements, thermochemical
relations, and volumetric flows are discussed in the first four
subsections. In the last subsection, the combustion process is discussed
in general terms, and the role of waste characteristics in that process is
outlined.

2.2.2.1 Chemical Reactions. The organic portion of hospital waste
consists primarily of carbon (C), hydrogen (H), and oxygen (0). These
elements are involved in the reactions that generate most of the energy
and the bulk of the combustion gas products that are released during
incineration. Other elements found to a lesser degree are metals, sulfur
(S), nitrogen (N), and chlorine (C1). Although these elements are of
lesser importance to the main "combustion reaction," they play an
important role in potential air poilution problems.
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The reaction chemistry in the combustion zone is quite complex and
involves a wide variety of organic compounds and free radical species.
However, a general understanding of combustion can be achieved by treating
these reactions simply as a combination of carbon and hydrogen in the
organic material with the oxygen in the combustion air and organic
material. These simpliified reactions can be represented by the chemical
equations:

C+0, -~ CO0, + Heat (2-1)
2H,+0, = 2H,0 + Heat (2-2)

When compliete combustion occurs, carbon and hydrogen combine with the
oxygen of the combustion air to form carbon dioxide (CO;) and water vapor
(H,0), raspectively, as shown above. If incomplete combustion occurs,
carbon monoxide (C0) also will be formed.

Available thermodynamic equilibrium data and bench-scale test data
indicate that organic chlorine which enters the combustion chamber reacts
almost completely to form hydrogen chloride (HC1) and elemental chlorine
(C1;). Unless the system has very low H:Cl ratios in the feed, almost no
C1, is formed.® The HC1 and any Cl1, that is formed leave the combustion
chamber in vapor phase.

Sulfur that is chemically bound in organic materials making up the
hospital waste is oxidized during the combustion process to form suifur
dioxide (SO,) at a rate directly proporticnal to the sulfur content of the
waste. Some SO, may react with alkaline reagents also present in the
waste or ash. However, the amount of SO, involved in such reactions is
expected to be negligible due to the high HC1 content of the flue gas.
Because it is a stronger acid than S0,, HC1 will react more quickly with
available alkaline compounds than S0, and will tie up the alkaline
compounds before they have a chance to react with $0,. Consequently,
essentially all organic sulfur present in the waste will leave the
combustion chamber as vapor phase SO,.

Nitrogen enters the combustion chamber as a component of the waste
and in the combustion air. It can react in the combustion chamber to
produce nitrogen oxides (NOX). The NO, is formed by one of two general
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mechanisms. "Thermal NO," is the result of the reaction between molecular
nitrogen and molecular oxygen, both of which enter the combustion zone in
the combustion air. "“Fuel NO," results from the oxidation of nitrogen
which enters the combustion zone chemicaily bound within the fuel
structure. The rate of thermal NO, formation is sensitive to the flame
temperature. The detailed mechanisms of fuel NOx formation are not well
understood, but the formation is not extremely sensitive to temperature.9

2.2.2.2 Stoichiometric Combustion Air. The theoretical amount of
oxygen required for complete combustion is known as the stoichiometric or
theoretical oxygen and is determined by the nature and the quantity of the
combustible material to be burned. Combustion oxygen is usually obtained
from atmospheric air. The additional oxygen (or air) over and above the
stoichiometric amount is called "excess air."

The overall chemical composition (u1timate analysis) of the waste/
fuel mixture can be used to calculate the mass-based stoichiometric oxygen
requirements with the factors in Table 2-1. Volumetric oxygen require-
ments can be estimated with the following equation:

Q=M - K | (2-3)

volumetric flow of 0, (scm/h)

o = Mass flow of 0, (kg/h) .

K = 0.2404 scm 0,/kg 0, at 20 C and 1 atm.

Total volumetric air requirements can be estimated by multiplying

LV e X1
[]

o]

X
1]

volumetric oxygen requirements by 5.

2.2.2.3 Thermochemical Relations. Thermochemical calculations are
used to estimate heat release and heat transfer associated with combus-
tion. These calculations permit determination of the energy released by
the combustion process and assessment of the transfer of the energy to the
envirorment. Thermochemical calculations involve determination of fuel
(or waste) heating values, heat contents of entering and leaving streams,
and any other heat losses. A definition of terms that will be helpful for
understanding these calculations is presented below.

Heat of combustion. Heat energy evolved from the union of a
combustible substance with oxygen to form CO, and H,0 (and SO,) as the end




TABLE 2-1. STOICHIOMETRIC OXYGEN REQUIREMENTS AND COMBUSTION

PRODUCTS YIELDS

Elemental
waste component

Stoichiometric

oxygen requirement

Combustion product yield

Air N,

2.67 1b/1b C
8.0 1b/1b H,
-1.0 1b/1b 0,

-0.23 1b/1b C1,
-0.42 1b/1b F,

1.0 1/ b S
1.29 1b/1b P

3.67 1b C0,/1b C
9.0 1b H,0/1b H,

1.0 1b N,/1b N,

1.0 1b H,0/1b H,0
1.03 1b HC1/1b CT,
-0.25 1b H,0/1b C1,
1.05 1b HF/1b F,
-0.47 1b H,0/1b F,
1.0 1b Br,/1b Br,
1.0 1b [,/1b I,

2.0 1b SO,/1b S
2.29 1b P,05/1b P
3.31 1b Ny/1b (02)gtoich

Stoichiometric air requirement = 4°31x(02)stoich'
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products, with both the reactants starting and the products ending at the
same conditions, usually 20°C (68°F) and 1 atm (29.92 in Hg).

Gross or higher heating va1ue--HVC or HHV. The quantity of heat
evolved as determined by a calorimeter where the combustion products are
cooled to 16°C (60°F) and all water vapor is condensed to 1iquid. Usually
expressed in terms of kcal/g or kca1/m3 (Btu/1b or Btu/scf).

Net or lower heating value--HV, or LHV. Similar to the higher
heating value except that the water produced by the combustion is not
condensed but is retained as vapor at 18°C (60°F). Expressed in the same
units as the gross heating value.

Enthalpy or heat content. Total heat content, expressed in kcal/g
(Btu/1b), above a standard reference condition.

Sensible heat. Heat, the addition or removal of which results in a

change of temperature.

Latent heat. Heat associated with a change of phase, e.g., from
liquid to vapor (vaporization) or from liquid to solid (fusion), without a
change in temperature. Usually expressed as kcal/g (Btu/1b).~ '

Available heat. The quantity of heat available for intended (useful)
purposes. The difference between the gross heat input to a combustion
chamber and all the losses. )

For steady-state operations:

Heat in (sensible + HHV) = Heat out (sensible + latent + available) (2-4)

Heat is 1iberated in the combustion process at the rate of 7.8 kcal/g
of carbon burned and 34 kcal/g of hydrogen burned (14,100 Btu per pound of
carbon burned and 61,000 Btu per pound of hydrogen burned). Alterna-
tively, heat is liberated from the combustion process at a rate that is
equal to the product of the mass flow rate of the waste (and auxiliary
fuel) and the higher heating value of waste (and fuel). A major latent
"heat loss" is the energy required to evaporate moisture in the waste and
vaporize organic constituents. The energy required to raise the
temperature of the evaporated moisture and any excess air to combustion
chamber temperatures is a part of the sensible "heat loss."
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Maximum combustion temperatures are attained at stoichiometric
conditions. As the amount of excess air is increased above the
stoichiometric point, the combustion temperature is lowered because energy
is used to heat the combustion air from ambient temperature to the combus-
tion chamber temperature. The greater the volume of the excess air, the
greater the "heat loss" due to raising the air temperature. As the amount
of excess air is decreased, the combustion temperature increases until it
becomes maximum at the stoichiometric point. Below the stoichiometric
point, the temperature decreases because complete combustion has not
occurred. Since the complete combustion reaction (which is exothermic)
has not occurred, the maximum heat is not generated. A graphical
repfesentation of the relationship between combustion temperature and
excess air level is shown in Figure 2-2.

As the excess-air level increases, the volume of oxygen supplied to
the incinerator that is not reacted increases, resulting in a higher
oxygen concentration in the effluent gas stream. Since the total amount
by weight (kg) of carbon dioxide generated during cdmbustion is based on
stoichiometric ratios, it remains constant for a specific quantity of
carbon in the waste. However, as the excess-air level increases, the
concentration of carbon dioxide in the total combustion gas stream
decreases due to dilution from the excess air (oxygen and nitrogen). The
oxygen concentration and carbon dioxide concentration of the effluent gas
stream are useful indicators of the combustion excess air levels and are
useful for monitoring the combustion process.

2.2.2.4 Volumetric Gas Flows. Gas flows through a combustion system
and air pollution control system are a major consideration in the design
and operation of those systems. Three key principles that are important
to understanding the operation of those systems are the relationship of
volumetric flow to gas residence time, the volume occupied by compounds
(either organic constituents or water) vaporized in the combustion
chamber, and the relationship of gas volume to temperature and pressure.

Complete destruction of pathogens and complete combustion of organic
constituents require exposure of the materials to high temperatures for
minimum residence times. Some State regulations now require a minimum
residence time in the secondary combustion chambers, and operators must
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comply with these requirements. The residence time is a function of
chamber volume and volumetric flow rate and can be estimated (plug flow
assumed) with the following equations:

t = 8o_v (2-5)
gas
ans * Qair + QH20 (2-6)
where:
t = residence time, s
V = combustion chamber volume, m’
ans = cgmbustion gas flow rate at combustion chamber conditions,
m /min
Qip = combustion airflow rate at combustion chamber conditions,

m3/min
QHZO = release rate of free Toisture from the waste at combustion
chamber conditions, m /min
These equations assume complete turbulent flow in the combustion chamber
and that the volume of combustion gas is approximately equal to the volume
of combustion air. :

As waste is exposed to high temperatures in the combustion chamber,
some materials in that waste are volatilized into the vapaor or gas
phase. Two issues of particular concern are the volume of water vapor
produced by the moisture in the waste and the volume of gas produced by
highly volatile organic materials such as solvents that evaporate almost
instantly as they are exposed to high temperatures. The volume of gas
produced from a given mass of material can be calculated from the

equation:
M;
V, = 24.04 e (2-7)
where:
Vj = volume of compound i at standard conditions, scm
M; = mass of compound i, kg
MW; = molecular weight of compound i, g/g mole
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This equation estimates volumes at standard conditions, which are defined
to be 20°C (68°F) and 1 atm (29.92 in. Hg). The paragraphs below describe
how volumes can be estimated for different temperatures and pressures.

The volume that a gas occupies, or the volumetric flow rate of a gas,
js dependent on the temperature and pressure of the gas. Estimates of gas
volume or gas volumetric flow can be modified to reflect different
temperatures or pressures with the equations:

TZPI
vV, =V 2-8
2 L T,P, ( )
T2P1
Q, = Q,. 2-9
2 TP, (2-9)
where:
V; = volume at condition 1, m’
T; = temperature at condition i, K (where K = 273+°C)
P; = absolute pressure at condition i, atm
Qi = volumetric flow at condition i, m3/min

2.2.2.5 The Combustion Process. The goal of the combustion process
is complete combustion of the organic constituents in the waste feed.
Complete combustion requires sufficient air in the combustion chamber,
sufficient temperatures in the combustion bed and combustion gas,
sufficient time over which materials are exposed to a temperature profile,
and mixing that assures good contact of the waste/fuel with the combustion

air.
Each organic substance in hospital waste has a characteristic minimum

ignition temperature that must be attained or exceeded, in the presence of
oxygen, for combustion to occur. Above the ignition temperature, heat is
generated at a higher rate than it is lost to the surroundings, and the
elevated temperatures necessary for sustained combustion are maintained.
The residence time of a constituent in the high-temperature region
should exceed the time required for the combustion of that constituent to
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take place. Residence time requirements establish constraints on the size
and shape of the furnace for a desired firing rate. Because the reaction
rate increases with increasing temperature, a shorter residence time will
be required for combustion at higher temperatures if good combustion
conditions are present.

Adequate oxygen supplies and turbulence and the resultant mixing of
organic materials and oxygen are also essential for efficient
combustion. Inadequate mixing of combustible gases and air in the furnace
can lead to emissions of incomplete combustion products, even from an
otherwise properly sized unit with sufficient oxygen. Turbulence will

'speed up the evaporation of liquid fuels for combustion in the vapor
phase. In the combustion of waste solids, turbulence will help to break
up the layer of combustion products formed around a burning particle of
waste. Under nonturbulent conditions, the combustion rate is slowed
because this layer of combustion products decreases the amount of oxygen
that contacts the surface of-the particle.

For hospital waste incinerators, the distribution of combustion air
between the primary and secondary chambers and the methods used to inject
that air to the chamber are key operating considerations. The
distribution of air between the two chambers affects the amount of oxygen
that is available for reaction in each chamber. (See the discussion of
stoichiometry above.) The method of injection of the air to the two
chambers is one of the factors that controls turbulence and mixing.

The chemical and physical characteristics of the waste stream also
have significant effects on the combustion process and on the composition
of the effluents from the process. Generally, wastes can be characterized
by a "proximate analysis," which is a laboratory determination of four
waste characteristics--volatile matter, fixed carbon, moisture, and ash or
noncombustibles. The paragraphs below define these four parameters and
describe their effects on the combustion process.

Volatile matter is that portion of the waste which can be liberated
(i.e., vaporized) with the application of heat only (i.e., no chemical
reaction occurs). Actual combustion of volatile matter is a gas-phase
reaction (i.e., the combustion occurs after the material has been
vaporized). Key factors that must be considered when volatile matter is
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introduced to the combustor are the rate at which the material is
vaporized and the ability of the combustor to provide adequate volume and
airflow for that release.

Fixed carbon is the nonvolatile carbon portion of the waste and must
be burned at higher temperatures and at increased duration of exposure to
the combustion air. The combustion of fixed carbon is a solid-phase
reaction. An incinerator should be operated with a solids residence time
that is sufficient for fixed carbon combustion.

Moisture, which is evaporated from the waste as temperatures of the
waste are raised in the combustion chamber, passes through the
incinerator, unchanged, as water vapor. Two major impacts that this
moisture has on the combustion system are increasing volumetric flow and
reducing residence time of the combustion gases. It also absorbs energy
and reduces the temperature in the combustor.

Unlike organic constituents, inorganic constituents, specifically
metals, are not “destroyed" during the combustion process. Rather, they
are distributed or partitioned among the incinerator effluent streams.
Metals constituents can leave the combustion chamber as bottom ash or in
the combustion gas. The relative distribution of the metals between these
streams is based on such factors as the chemical form of the metals
charged to the combustor, the localized reaction atmosphere in the
combustion chamber, localized chamber temperatures, and localized chamber
airflows. Metals that leave the chamber as bottom ash ultimately can
reach a land disposal site or can be lost to the atmosphere as fugitive
emissions. Metals can leave the combustion chamber in the gas stream
either as entrained particulate matter or as a metal vapor. If the metals
emissions from an incinerator are of concern, they can be reduced by using
an add-on air pollution control system. The efficiency of such a control
system will depend on the control system design and operating character-
istics and the physical characteristics of the metals, particularly the
solid/vapor distribution and the size distribution of the metals that are
entrained as particles.
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2.3 HOSPITAL WASTE CHARACTERISTICS

Hospital wastes are heterogeneous mixtures of general refuse,
Jaboratory and pharmaceutical chemicals and containers, and pathological
wastes. A1l of these wastes may contain potentially infectious wastes.

In some cases, the wastes fired to hospital incinerators also may contain
wastes classified as hazardous under the Resource Conservation and
Recovery Act (RCRA) or low-level radioactive waste.

General refuse from hospitals is similar to generic wastes from
residences and institutions and includes artificial linens, paper,
flowers, food, cans, diapers, and plastic cups. Laboratory and pharmaceu-
tical chemicals can include alcohols; disinfectants; antineopiastic
agents; and heavy metals, such as mercury. I[nfectious wastes include
isolation wastes (refuse associated with isolation patients); cultures and
stocks of infectious agents and associated biologicals; human blood and
blood products; pathological wastes; contaminated sharps; and contamfnated
animal carcasses, body parts, and bedding.l Examples of wastes defined as
infectious are presented in Table 2-2.1 In the U.S., infectious wastes are
required to be discarded in orange or red plastic bags or containers.
Often these "red bag" wastes may contain noncontaminated general refuse
discarded along with the infectious waste.

Incinerators are thermal systems; they are designed to operate at a
certain heat input (kcal/h or Btu/h). Under the most efficient operating
conditions, the heat input rate would be constant at or near the maximum -
design rate. Furthermore, all of the heat input would come from the
waste, with little or no need for auxiliary fuel. The waste character-
istics, i.e., heat content and moisture content of the waste being charged
to the incinerator, will affect the operator's ability to maintain good
combustion conditions in the incinerator without the use of auxiliary
fuel.

The chemical and physical characteristics of the different waste
materials that are fired to hospital waste incinerators vary widely. A
study of hospitals in Ontario provided information on the heating vailue,
bulk density, and moisture content of different waste materials. The
results from this study are presented in Table 2-3 (SI units) and
Table 2-4 (English units).’



TABLE 2-2. EXAMPLES OF INFECTIOUS WASTE'

Waste category Exampies?

Isolation wastes * Wastes from patients with diseases
considered communicable and requiring
isolation

s Refer to Centers for Disease Control,
Guidelines for Isolation Precautions in

Hospitals, July 1983

Cultures and stocks of » Specimens from medical and pathology
infectious agents and laboratories

associated biologicals
* Cultures and stocks of infectious agents

from clinical, research, and industrial

laboratories; disposable culture dishes,
and devices used to transfer, inoculate

and mix cultures

» Wastes from production of biologicals

» Discarded live and attenuated vaccines '

Human blood and blood » Waste blood, serum, plasma, and blood
products products
Pathological waste * Tissues, organs, body parts, blood, and

body fluids removed during surgery,
autopsy, and biopsy

Contaminated sharps ¢ Contaminated hypodermic needles, syringes,
: scalpel blades, pasteur pipettes, and
broken glass

Contaminated animal + (Contaminated animal carcasses, body parts,
carcasses, body parts, and bedding of animals that were inten-
and bedding ‘ tionally exposed to pathogens

dThese materials are examples of wastes covered by each category. The
categories are not limited to these materials.
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CHARACTERIZATION OF HOSPITAL WASTE®

TABLE 2-3.
Moisture
HHV Bulk content of Heat
dry basis, density a53 component, value as
Component description kJ/kg fired, kg/m weight % tired, ki/g
Human anatomical 18,600-27,900 800-1,200 70-90 1,860-8,370
Plastics 32,500-46,500 80-2,300 0-1 32,300-46,500
Swabs, absorbants 18,600-27,900 80-1,000 0-30 13,000-27,900
Atcohol, disinfectants 25,500-32,500 800-1,000 0-0.2 25,500-32,500
Animal infected anatomical 20,900-37,100 500-1,300 60-90 2,090-14,900
Glass 0 2,800-3,600 o} 0
Beddings, shavings, paper, 18,600-20,900 320-730 10-50 9,300-18,800
fecal matter
Gauze, pads, swabs, gar- 18,600-27,900 80-1,000 0-30 13,000-27,900
ments, paper, cellulose
Plastics, PVC, syringes 22,500-46,500 80-2,300 0-1 22,300-46,500
Sharps, needles 140 7,200-8,000 0-1 140
- Fiuids, residuals 0-23,200 990-1,010 80~-100 0-4,640
2
TABLE 2-4. - CHARACTERIZATION OF HOSPITAL WASTE
Bulk Moisture
HHV density content of Heat value
dry basis, as fired, component, as fired,
Component description Btu/Ib tb/ft weight % Btu/ib
Human anatomical 8,000-12,000 50-75 70-90 800-~-3,60Q
Plastics 14,000~20,000 5-144 0-1 13,900-20,000
Swabs, absorbants 8,000-12,000 5-62 0-30 5,600-12,000
Alcohol, disinfectants 11,000-14,000 48-62 0-0.2 11,000-14,000
Animal infected anatomical 9,000-16,000 30-80 60-90 900-6,400
Glass (¢} 175-225% g (o}
Beddings, shavings, paper, 8,000-9,000 20-45 10-50 4,000-8,100
fecai matrter
Gauze, pads, swabs, gar- 8,000-12,000 5-62 0-30 5,600-12,000
ments, paper, cellulose
Plastics, PVC, syringes 9,700-20,000 5-144 0-1 9,600-20,000
Sharps, needles 50 450-500 0-1 60
Fluids, residuals 0-10,000 62-63 80-100 0-2,000




Hospital waste can vary considerably in composition and consequently
in heat content, moisture content, and bulk density. Hospital waste can
vary in Btu content from a low value of about 3,400 kJ/kg (1,500 Btu/1b)
(primarily low-Btu, high-moisture anatomical waste) to 45,000 kJ/kg
(20,000 Btu/1b) (low-moisture, high-heat content plastics such as poly-
ethylene). Because of the potential for a wide range in waste character-
istics and the impact of varying waste characteristics on incinerator
performance, large volumes of wastes with unusually high or low Btu or
moisture contents should be identified so that charging procedures and
rates to the incinerator can be adjusted accordingly as described in
Chapter 4.0.

The chemical composition of the waste materials also may affect
pollutant emissions. Wastes containing metals and plastics are of
particular concern. Metals which vaporize at the primary combustion
chamber temperature (e.g., mercury) may become metal oxides with particie
size distributions primarily in the size range of 1 um or less. These
small particles may become easily entrained and exhausted with the
combustion gases with limited capture by conventional air pollution
control equipment. Hé]ogenated plastics, such as polyvinyl chloride, will
produce acid gases such as HCl. The presence of the chlorinated waste
also may contribute to the formation of toxic polycyclic organic material
such as dioxins and furans under poor operating conditions.

Some plastics such as polyethylene and polystyrene do not contain
significant amounts of halogens and can be incinerated efficiently without
major concern for acid gas or toxic pollutant formation. However, the
high heating value of these and other plastic materials can cause
excessively high temperatures in the primary combustion chamber. The
potential for refractory damage, slagging, and clinker formation increases
unless charging’rates are adjusted or the plastics are mixed with other
wastes of lower heat content.
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2.4 TYPES OF HOSPITAL WASTE INCINERATOR SYSTEMS

2.4.1 Intr'oduction7’“’12

The terminology used to describe hospital waste incinerators that has
evolved over the years is quite varied. Multiple names have been used for
the same basic types of incinerators, and much of the terminology does not
enhance precise definitions that can be used to define good 0&M practices.
However, most incinerators have been grouped historically into one of
three types--"multiple-chamber," "controiled-air," and "rotary kiln."

Most incineration systems installed before the early 1960's were
"multiple-chamber” systems designed and constructed according to
Incinerator Institute of America (IIA) standards. The multiple-chamber
incinerator has two or more combustion chambers. These "multiple-chamber"
systems are designed to operate at high excess-air levels and, hence, are
often referred to as "excess-air" incinerators. Multiple-chamber, excess-
air incinerators are still found at many hospitals. Many of the multipie-
chamber incinerators were designed specifically for pathological wastes
and are still being used for that purpose. Note that although the term
“multiple-chamber" incinerator typically is used to describe this type of
excess-air incinerator, the typical controlled-air and rotary kiln units
also contain multiple chambers.

The incineration technology that has been installed most extensively
for hospital wastes over the last 15 years generally has been "controlled-
air" incineration. This technology is also called "starved-air" combus-
tion, "modular" combustion, and "pyrolytic" combustion. The systems are
called "controlled air" or "starved air" because they operate with two
chambers in series and the first chamber operates at substoichiometric
conditions. Similar modular "controlled-air" units which operate with
excess-air Tevels in the primary chamber are also manufactured and sold
for combustion of municipal solid waste (MSW); however, these units
apparently are not widely used for hospital waste incineration.

Rotary kiln-type incineration systems have been widely used for
hazardous waste incineration in the U.S. The rotary kiln has two
combustion chambers. The primary chamber is a horizontal rotating kiln
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that typically operates with excess air. However, some manufacturers now
have rotary kilns designed to operate with a substoichiometric atmosphere
in the kiln; these kilns use special seals and air injection schemes.
The exhaust gases exit the kiln to a fixed secondary chamber. Rotary kiln
incineration technology is being applied to hospital waste incineration at
a few locations in the U.S. and Canada. '’

This historical grouping of incineration types is of some assistance
in characterizing how hospital waste incinerators operate, but it is
1imited because it does not address the complete combustion "system" and
how the incinerator is operated. Three important factors which help to
characterize the hospital waste incinerator system and its operation are
(1) the air distribution to the combustion chambers, (2) the mode of
operation and method of moving waste through the system, and (3) the
method of ash removal. For hospital waste incinerators, air distribution
can be classified based on whether the primary chamber operates under
substoichiometric (starved) or excess-air conditions. The mode of
operation can be single batch, intermittent duty, or continuous duty. Ash
is removed on a batch or a semicontinuous basis. Table 2-5 characterizes
the major types of incinerators that are likely to be found at U.S.
hospitals with respect to these three factors described above. The
remainder of this section describes the types of incinerators as
classified in Table 2-5.

2.4.2 Multiple-Chamber Incineratorsl“

Two traditional designs that are used for multiple chamber
incinerators are the "in-1ine hearth" and "retort" hearth. Figure 2-3
- depicts the in-1ine hearth design. For in-line hearth incinerators,
combustion gases flow straight through the incinerator, with turns in the
vertical direction only (as depicted by the arrows in Figure 2-3).
Figure 2-4 depicts the retort hearth multiple-chamber incinerator. In the
retort hearth design, the combustion gases turn in the vertical direction
(upward and downward) as in the in-line incinerator, but also turn
sideways as they flow through the incinerator. Because the secondary
chamber is adjacent to the primary chamber (they share a wall) and the
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TABLE 2-5.

CLASSIFICATION OF HOSPITAL INCINERATORS

Type of incinerator Air supplya Waste feed Ash removal
Muitiple chamber Excess Manual or mechanical batch Batch at end of burn
feed; single or multiple
batches per burn
Batch/controlled air Starved Batch (manual or mechanical); Batch at end of burn
1 batch per burn
Intermittent duty Starved Manual or mechanical batch Batch at end of burn
controlled air feed; multiple batches per
burn
Continuous duty Starved Mechanical continuous or Intermittently or continuously
controlled air multiple batch feed during burn
Rotary kiln Excess Mechanical semicont inuous Cont inuous

or continuous feed

8Indicates whether primary chamber operates at below (starved) or above (excess) stoichiometric air

levels.
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gases turn in the shape of a U, the design of the incinerator is more
compact. In-line incinerators perform better at capacities greater than
750 1b/h. The retort design performs more efficiently than the in-line
design at capacities less than 750 1b/h. The retort design is the most
common design used in hospital waste applications.

Multiplie-chamber incinerators may have fixed hearths or grates or a
combination of the two in the primary chamber. The use of grates for a
system incinerating infectious waste is not recommended because 1liquids,
sharps, and small, partially combusted items can fall through the grates
prior to complete combustion or sterilization.

Multiple-chamber incinerators frequently are designed and used
specifically for incinerating pathological ("Type 4" anatomical) wastes.
Pathological waste has a high moisture content and may contain 1iquids;
consequently, a pathological incinerator always will be designed with a
fixed hearth. A raised "1ip" at the door often is designed into the
hearth to prevent liquids from spilling out the door during charging.
Because the heating value of pathological waste is low and is not
sufficient to sustain combustion, the auxiliary burner(s) provided in the
primary chamber of pathological incinerators are designed for continuous
operation and with sufficient capacity to provide the total heat input
required.

2.4.2.1 Principle of Combustion and Air Distribution. Combustion in
the multiple-chamber incinerator occurs in two (or more) combustion
chambers. Both chambers are operated with excess air (thus these units
often are referred to as "excess-air" incinerators). Ignition of the
waste, volatilization of moisture, vaporization of volatile matter, and
combustion of the fixed carbon (solid-phase combustion) occur in the
primary chamber. The combustion gases containing the volatiles exit the
primary chamber through a flame port into a mixing chamber and then pass
into the secondary combustion chamber. Secondary air is added into the
flame port and is mixed with the combustion gas in the mixing chamber. A
secondary burner is provided in the mixing chamber to maintain adequate
temperatures for complete combustion as the gases pass into and through

the secondary combustion chamber.
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The incinerator is designed for surface combustion of the waste which
is achieved by predominant use of overfire combustion air and limiting the
amount of underfire air in the primary chamber. Multiple-chamber, excess-
air incinerators operate with an overall excess-air range of 300 to
600 percent.l“ In older units, combustion air typically was provided by
natural draft via manually adjusted dampers and air in-leakage through
doors. Newer multiple-chamber incinerators often use forced-draft
combustion air blowers to provide the combustion air to the combustion
chambers. '*

2.4.2.2 Mode of Operation. Multiple-chamber incinerators typically
are designed for single batch or intermittent-duty operation. That is,
this type of incinerator typically does not have an automatic, continuous
ash removal system which would make continuous operation possible.
Consequently, the incinerator must be shut down at routine intervals (for
example, daily) for ash removal, and the incinerator is operated
"intermittently."”

2.4.2.3 MWaste Feed Charging Systems. Waste feed charging to
multiple-chamber units is typically done manuaily. The waste is loaded
into the primary chamber through the open charging door. Mechanical
charging systems, such as hopper/ram-feed systems also may be used.15
(Hopper/ram-feed systems are discussed in the next section.)

2.4.2.4 Ash Removal Systems. For the typical muitiple-chamber
incinerator, ash is removed manually after the incinerator is shut down.
The charging and/or ash cleanout doors are opened, and either a rake or
shovel is used to remove the ash.

2.4.2.5 \Use of Multiple-Chamber Incinerators for Incinerating
Hospital Wastes. The use of multiple-chamber, excess-air incinerators for
incineration of red-bag wastes has several drawbacks. First, operating in
the surface-combustion excess-air mode in the primary chamber results in
entrainment of fly-ash which can cause excessive particulate matter
emissions. Second, since the incinerator is designed to operate with the

primary chamber in an excess-air mode, the combustion air levels and the
combustion rate within the primary chamber are not easily controlled.
Consequently, the incinerator control system may not provide a sufficient
level of control to assure complete combustion when waste composition and
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volatile content of the waste fluctuates over a wide range. Red bag
wastes are not homogeneous and may vary widely in volatile content and
moisture content. Third, operating with high levels of excess air is Tess
energy efficient because it requires auxiliary fuel usage to maintain
secondary combustion chamber temperatures.

Multiple-chamber, excess-air incinerators are better suited to
incineration of pathological wastes than red bag wastes because the
conseguences of the above-mentioned drawbacks -are not as severe for
pathological wastes.2 The volatile content of pathological waste is low,
and in general, the waste composition is not highly variable. The primary
burner provides most of the heat input and the incinerator operates in a
steady, constant mode with a steady, consisfent combustion air input and
excess-air level.

In some cases, older multiple-chamber incinerators may be upgraded to
include more modern technology. Recently, some older multiple-chamber
units have been retrofitted so that the incinerator operates with
substoichiometric air levels in the primary chamber; in essence, these
units have been converted into the controlled-air units discussed in the

N 15
next section.

2.4.3 Contr011ed-Air Incinerators

2.4.3.1 Principle of Controlled-Air Incineration.'® The principle
of controlled-air incineration involves sequential combustion operations
carried out in two separate chambers. Figure 2-5 is a simplified
schematic of an incinerator that operates on the controlled-air
principle. The primary chamber (sometimes referred to as the ignition
chamber) accepts the waste, and the combustion process is begun in a below
stoichiometric oxygen atmosphere. The amount of combustion air to the
primary chamber is strictly regulated ("controlled"). The combustion air
usually is fed to the system as underfire air. Three processes occur in
the primary chamber. First, the moisture in the waste is volatilized.
Second, the volatile fraction of the waste is vaporized, and the volatile
gases are directed to the secondary chamber. Third, the fixed carbon
remaining in the waste is combusted. The combustion gases containing the

2-27



COMBUSTION GASES

MAIN BURNER
FOR MAINTAINING
SECONDARY CHAMBER #@32&2§§3¥§”Sﬂ°“
Volatile Content is Burnea
Under Excess Air Canditions /
MAIN FLAMEPORT AIR
-—
PRIMARY CHAMBER
(Starved Air Condition)
WASTE FEED Volatiles and Moisture
—————
ASH AND
NON-COMBUSTIBLES
AUXILARY 4 ' ' '3 'y r s
IGNITION
BURNER

CONTROLLED UNDERFIRE
AIR FOR BURNING
“FIXED CARBON"

Figure 2-5. Schematic of a controlled-air incinerator.®
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volatile combustible materials from the primary chamber are directed to
the secondary chamber (sometimes referred to as the "combustion

chamber"). There, the combustion air is regulated to provide an excess-
air combustion condition and is introduced to the chamber in such a manner
as to produce turbulence and promote good mixing of the combustion gases
and combustion air. This gas/air mixture is burned, usually at high
temperatures. The burning of the combustion gases under conditions of
high temperature, excess oxygen, and turbulence promotes complete
combustion.

Combustion control for a controlled-air incinerator is usually based
on the temperature of the primary (ignition) and secondary (combustion)
chambers. Thermocouples within each chamber are used to monitor
temperatures continuously; the combustion air rate to each chamber is
adjusted to maintain the desired temperatures. Systems operating under
controlled-air principles have varied degrees of combustion air control.
In many systems, the primary and secondary combustion air syStems are
automatically and continuously requlated or "modulated" to maintain the
desired combustion chamber temperatures despite varying waste composition
and characteristics (e.g., moisture content, volatile content, Btu
va1ue).11 In other systems (particularly batch or intermittent-duty
systems), the combustion air level control is simplified and consists of
switching the combustion air rate from a "high" to a "low" level setting
when temperature setpoints are reached or at preset time intervals.

The controlled-air technique has several advantages. Limiting air in
the primary chamber to below stoichiometric conditions prevents rapid
combustion and allows a quiescent condition to exist within the chamber.
This quiescent condition minimizes the entrainment of particulate matter
in the combustion gases, which ultimately are emitted to the atmosphere.
High temperatures can be maintained in a turbulent condition with excess
oxygen in the secondary chamber to assure complete combustion of the
volatilized gases emitted from the primary chamber. The temperature of
the secondary chamber can be maintained in the desired range (hot enough
for compiete combustion but not hot enough to cause refractory damage) by
separately controlling the excess-air level in the secondary chamber; as
the excess-air level is increased, the temperature decreases. Second,
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control of the primary chamber combustion air to below stoichiometric
levels maintains primary chamber temperatures below the melting and fusion
temperatures of most metals, glass, and other noncombustibles, thereby
minimizing slagging and clinker formation.

For the controlled-air incinerator, the capacity of the secondary
combustion chamber dictates (i.e., limits) the burning rate; the
combustion chamber must have adequate volume to accept and completely
oxidize all the volatile gases generated in the primary chamber and to
maintain sufficient combustion air so that excess oxygen is available.

2.4.3.2 Batch/Controlled-Air Incinerators.11 In this type of unit,
the incinerator is charged with a single "batch" of waste, the waste is
incinerated, the incinerator is cooled, and the ash residue is removed;
the cycle is then repeated. Incinerators designed for this type of
operation range in capacity from about 50 to 500 1b/h. In the smaller
sizes, the combustion chambers are often vertically ofiented with the
primary and secondary chambers combined within a single casing.

Figure 2-6 is a schematic of a controlled-air incinerator intended for
batch ope_ration.17 This unit's combustion chambers are rectangular in
design and are contained within the same casing.

Batch/controlled-air units can be loaded manually or mechanically.
For the smaller units up to about 300 1b/h, manual waste feed charging
typically is used. Manual loading involves having the operator load the
waste directly to the primary chamber without any mechanical assistance.
For a batch-type unit, one loading cycle per day is used. The incinerator
is manually loaded; the incinerator is sealed; and the incineration cycie

is then continued through burndown, cooldown, and ash removal without any
additional charging. Ash is removed manually at the end of the cycle by
raking or shoveling the ash from the primary chamber.

2.4.3.3 Intermittent-Duty, Controlled-Air Incinerators. The
charging procedures of an incinerator that could operate in single batch
mode often are varied to include multiple charges (batches) during the 12-

to 14-hour operating period before final burndown is initiated. These
intermittent-duty units typically operate in the 50 to 1,000 1b/h range.
The intermittent charging procedure allows the daily charge to the
incinerator to be divided into a number of smé]]er charges that can be
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introduced over the combustion cycle. Consequently, a more uniform gas
stream is fed to the secondary chamber. Figure 2-7 is a schematic of a
controlled-air incinerator which is intended for intermittent-duty
operation. This unit has a vertically oriented primary chamber followed
by a horizontal combustion chamber. This unit, although not shown with a
mechanical feeder, can be fitted with a hopper/ram assembly.

A typical daily operating cycle for a controlled-air, intermittent-
duty-type incinerator is as follows:

Operating step Typical duration
1. Cleanout of ash from previous day 15 to 30 minutes
2. Preheat of incinerator 15 to 60 minutes
3. Burndown 2 to 4 hours
4. Cooldown 5 to 8 hours

For intermittent-duty operation, the daily waste loading cycle of the
jncinerator is limited to about an 8- to l4-hour period. The waste
loading period is 1imited by the amount of ash the primary chamber can
physically hold prior to shutting down the unit for ash removal. The
remainder of the 24-hour period is required for burndown of the ash,
cooldown, ash cleanout, and preheat.

For smaller units, the waste often is fed manually. For units in the
300 to 500 1b/h range, mechanical waste feed systems often are employed,
and for units above 500 1b/h, mechanical waste feed systems typically are
employed. The typical mechanical waste feed system is a hopper ram
assembly. Figure 2-8 is a schematic of a typical hopper ram assemb1y.20
In a mechanical hopper/ram feed system, waste is manually placed into a
charging hopper, and the hopper cover is closed. A fire door isolating
the hopper from the incinerator opens, and the ram moves forward to push
the waste into the incinerator. The ram reverses to a location behind the
fire door. After the fire door closes, the ram retracts to the starting
position and is ready to accept another charge. A water spray to guench
the ram face as it retracts typically is provided. The entire charging
. sequence normally is timed and controlled by an automatic sequence. The
cycle can be started manually by the operator or, in some systems, the
cycle is automatically started on a predetermined basis.
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Mechanical loading systems have several advantages. First, they
provide added safety to the operating personnel by preventing heat,
flames, and combustion products from escaping the incinerator during
charging. Second, they limit ambient air infiltration into the
incinerator. This assists in controlling the combustion rate by strictly
controlling the quantity of available combustion air. Third, they
facilitate charging the incinerator with smaller batches of waste at
regulated time intervals. '’

With intermittent-duty incinerators, ash removal is a limiting factor
for the incinerator operations. As with the single batch-operated units,
the ash is removed at regular intervals (typically daily) after the
incinerator has gone through a cooidown cycle. The ash usually is
manually removed by raking and/or shoveling from the primary chamber.

2.4.3.4 C(Continuous-Duty, Controlled-Air Incinerators. Controlled-
air units intended for continuous operation are available in the 500 to
3,000 1b/h operating range. Continuous-duty, controlled-air units operate
according to the controlled-air principles of the systems described
eariier. However, continuous operation requires a mechanism for
automatically removing ash from the incinerator hearth. The ash must be
moved across the hearth, collected, and removed from the combustion

chamber.

Continuous-duty units typically have mechanical waste feeding
systems. For large continuous-duty units, the charging sequence may be
fully automatic. The incinerator can be automatically charged with
relatively small batches (in relation to the primary chamber capacity) at
frequent, regulated time intervais. The use of frequent, small charges
promotes relatively stable combustion conditions and approximates steady-
state operation. For large systems, the mechanical charging system may
include waste loading devices such as cart dumpers, which automatically
1ift and dump the contents of carts that are used to collect and contain
the waste, into the charge hoppers. Use of these loading devices reduces
the operator's need to handle infectious waste and, consequently, further
improves worker safety.

For smaller units, the mechanical waste feed charging ram is
sometimes used to move the ash across the hearth. As a new load is pushed
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into the incinerator, the previous load is pushed forward. Each
subsequent load has the same effect of moving the waste across the

hearth. The waste should be fully reduced to ash by the time it reaches
the end of the hearth. For larger systems, one or more special transfer
rams are provided to move the waste across the hearth. Figure 2-9 depicts
a continuous-duty, controlled-air incinerator with a stepped hearth and
multiple ash transfer rams.’' The use of the stepped hearth promotes
"mixing” the ash bed as the ash is moved from hearth to hearth and,
consequently, promotes improved solid-phase combustion.

Typically, when the ash reaches the end of the hearth, it drops off
the end of the hearth into a discharge chute. One of two methods for
collecting ash is usually used. The ash can discharge directly into an
ash container positioned within an air-sealed chamber or sealed directly
to the discharge chute.  When the container is full, it is removed from
the chamber and replaced with an empty ash container. The second method
is for the ash to discharge into a water pit. The water bath quenches the
ash, and it also forms an air seal with the incinerator. A mechanical
device, either a rake or a conveyor, is used to remove the ash from the
quench pit intermittently or continuously. The excess water is allowed to
drain from the ash as it is removed from the pit, and the wetted ash is
discharged into a collection container. '’

2.4.4 Rotary Kilns

A rotary kiln also utilizes two-stage combustion and has two
combustion chambers. Figure 2-10 is a simplified schematic of a rotary
kiln. The primary combustion chamber is a rotating cylindrical chamber
which is slightly inclined from the horizontal plane; hence, the name
"rotary kiln." The secondary chamber often is cylindrical in shape and
oriented horizontally much 1ike the secondary chambers described for
controlled-air incinerators, or it may be box-like as depicted in
Figure 2-11.

2.4.4.1 Principle of Operation. The rotating kiln is inclined at
an angle determined during design of the system. Waste is fed to the
hiéher end of the kiln by a mechanical feed system. Typically, combustion
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air is provided to the kiln such that an excess-air atmosphere exists.
However, some manufacturers now have rotary kilns designed to operate with
a substoichiometric atmosphere in the kiln; these kilins use special seals
and air injection schemes. Running the kiln substoichiometric decreases
kiln sizes required and reduces auxiliary fuel usage in the secondary
chamber. Inside the kiln, moisture and volatiles are vaporized from the
waste, and the waste is ignited. An auxiliary burner provided in the kiln
maintains the desired combustion temperature if sufficient heat input is
not available from the waste. As the kiln rotates, the solids are tumbled
within the kiln and slowly move down the incline toward the discharge

end. The turbulence of the waste within the kiln provides exposure of the
solid waste to the combustion air. Combustion of the solids occurs within
the kiln, and the residue ash is discharged ffom the end of the kiln into
an ash removal system.

The volatile gases pass into the secondary chamber where combustion
of the gases is compieted. A secondary burner is used to maintain the
secondary chamber temperature, and secondary combustion air is added to
the chamber as necessary to maintain the desired excess-air Tevel.

2.4.4.2 Mode of Operation. Since the solid waste continuously moves
down the length of the rotating kiln, the incineration system is designed
to operate in a continuous mode with a semicontinuous or continuous waste
feed input. Consequently, a rotary kiln typically has a mechanical waste
feed system and a system for continuous ash removal.

2.4.4.3 Charging System. The waste feed system must provide waste
to the kiln in a continuous or semicontinuous manner. One manufacturer
that provides rotary kiln incinerators for hospital waste applications
uses an auger-feeder system to feed the waste continuously to the
k1’1n.22 Waste is fed to the feed hopper, and the auger-feeder continu-
ously discharges the waste from the bottom of the hopper to the kiln.

The hopper/ram feed system of the type previously described also has
been used for feeding rotary kilns (particularly in hazardous waste
incineration applications).

2.4.4.4 Ash Removal. As the kiln rotates, the ash is continuously
discharged from the end of the kiln. A system for collecting the ash and
continuously or semicontinuously removing the ash is required. Automated
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ash removal systems such as those previously described for the continuous-
duty, controlled-air incinerators are used.

2.4.5 Auxiliary Equipment

2.4.5.1 Waste Heat Boilers. Incinerator manufacturers often provide
waste heat boilers as an option to their incineration units. Waste heat
boilers are used in conjunction with a hospital waste incinerator to
generate steam or hot water for use in the hospital. The combustion gases
from the incinerator pass through the waste heat boiler prior to being
emitted to the atmosphere via the stack. Use of a waste heat boiler
requires that an induced draft fan be added to the system. Furthermore,
incinerators equipped with waste heat boilers have a system for diverting
the combustion gases directly to the atmosphere and bypassing the
boiler. This bypass system is required for_safety (for example, to avoid
excessive pressures in the incinerator should the fan cease operation) and
for normal operation if demand for waste heat is low (so the boiler can be
taken off 1ine). Typical systems include either a second "bypass" stack
before the waste heat boiler or a breeching directly connecting the
incinerator to the stack and bypassing the boiler. Figure 2-11 is a
schematic of a controlled-air unit with waste heat recovery.16 ‘

2.4.5.2 Auxiliary Waste Liquid Injection. Incinerators also may
jnclude the capability to inject liquid wastes into the primary chamber.

Generally liquid waste incineration is accomplished through either an
atomizing nozzle or burner assembly in the primary chamber. Wastes such
as used solvents can be readily incinerated via liquid injection.
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3.0 AIR POLLUTION CONTROL
3.1 [INTRODUCTION

Hospital incinerators are potentially significant sources of air
pollutants. Pollutants of concern from hospital incinerators include
particulate matter; toxic metals; toxic organics; carbon monoxide (CO);
and the acid gases, hydrogen chloride (HC1), sulfur dioxide (SO,), and
nitrous oxides (NOX). Emission rates of these pollutants can be limited
by removing pollutant generating materials from the waste feed material,
proper operation of the incinerator, and add-on pollution control
equipment. The objectives of this Chapter are to describe the factors
affecting formation and generation of the pollutants and to identify and
discuss control strategies that can be used to control the pollutant.
Section 3.2 will describe the factors affecting pollutant formation and .
generation including the effects of waste feed composition. Section 3.3
will discuss air pollution control strategies.

3.2 POLLUTANT FORMATION AND GENERATION

The pollutants of concern from hospital incinerators either exist in
the waste feed material or are formed in the combustion process.

Particulate matter. Particulate matter emissions from the combustion
of hospital wastes are determined by three factors: (1) suspension of
noncombustible materials, (2) incomplete combustion of combustible
materials, and (3) condensation of vaporous materials. The ash content of
the waste feed material is a measure of the noncombustible portion of the
waste feed and represents those materials which will not burn under any
conditions in the incinerator. Emissions of noncombustible materials
result from the suspension or entrainment of ash by the combustion air
added to the primary chamber of the incinerator. The more air added, the
more likely that noncombustibles will become entrained. Particulate
emissions from incomplete combustion of combustible materials result from

improper combustion control of the incinerator. Condensation of vaporous
materials results from noncombustible substances that volatilize at



primary combustion chamber temperatures with subsequent cooling in the
flue gas. These materials usually condense on the surface of other fine
particles.

Toxic metais. Particulate metal emissions are dependent on the
metals content of the feed material. Metals may exist in the waste as
parts of discarded instruments or utensils, in plastics, paper, pigments,
and inks, or as discarded heavy metals used in laboratories. Many metals
are converted to oxides during combustion and are emitted primarily as
submicron to micron size particles. Metals that volatilize at primary
combustion chamber temperatures may selectively condense on small,
difficult to control particles in the incinerator flue gas. Metals
generally thought to exhibit fine-particle enrichment are arsenic (As),
cadmium (Cd), chromium (Cr), manganese (Mn), nickel (Ni), moiybdenum (Mo),
lead (Pb), antimony (Sb), selenium (Se), vanadium (V), and zinc (Zn).L

Toxic organics. Organic material found in the waste feed material
theoretically can be completely combusted to form water (H,0) and carbon
dioxide (C0,). However, incomplete combustion will result in emissions of
organics found in the waste feed and in the generation of new organic
species from complex chemical reactions occurring in the combustion
process. When chlorine is available in the form of PVC plastic materials,
these organics can inciude highly toxic chlorinated organics, such as
dioxins and furans. Combustion conditions that favor increased
particulate matter emissions due to incompiete combustion also favor

increased organic emissions.

Carbon monoxide (C0). As noted above, complete combustion of organic
-material will result in the formation of H,0 and CO,. The concentration
of CO in the incinerator exhaust gas stream is an indicator of the
combustion efficiency of the unit. The formation of CO is dictated by the
oxygen concentration in the incinerator, the degree of mixing of the fuel
and air, and the temperature of the gases. Carbon monoxide is an
intermediate product of the reaction between carbonaceous fuels and
oxygen. Combustion conditions that resuit in incompiete combustion will
produce CO as well as particulate matter and organics.

Acid gases. The principal acid gas of concern from hospital
incinerators is HC1. The determining factor in HC1 formation and emission



is the availability of chlorine in the feed material. In the presence of
available hydrogen, as would exist in highly organic hospital wastes, most
of the available chlorine will be converted to HC1. Sulfur dioxide
generation is similar to HC1; most of the sulfur in the wastes will be
converted to SO, during combustion irregard1ess'of incinerator design or
operation.

Nitrogen enters the combustion chamber as a component of the waste
and in the combustion air. It can react in the combustion chamber to
produce NOX.

3.3 CONTROL STRATEGIES

Formation and generation of all of the pollutants discussed above are
dependent on either the availability of certain materials in the waste
feed or on the efficiency of the combustion process. Removing problem
materials from the waste feed and improving combustion efficiency are,
therefore, two control strategies for reducing pollutant emissions. If
poliutants are formed and generated, add-on pollution control equipment
represents a third control strategy for emissions reduction. Table 3-1
presents the control strategies that can be effective for each of the
pollutants of concern.

3.3.1 Controlling Feed Material

ControT]ing feed material consists of either establishing procedures
that eliminate the use of certain materials, specifying segregation of
certain wastes at the point of origin, or removing problem materials from
the waste material prior to incineration. Obviously, eliminating the use
of certain materials or establishing segregation procedures are more
feasible. The substitution of nonchlorinated plastics (e.g., poly-
ethylene) for PVC, where possible, would reduce the chlorine input to the
incinerator. Materials that could be segregated from waste to be inciner-
ated include noncombustible fine dust and powders that could contribute to
particulate matter emissions, heavy metals from dental clinics or
laboratories, PVC plastics that contribute to HC1 formation, and other
chlorine- or sulfur-containing materials.
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TABLE 3-1. CONTROL STRATEGIES FOR AIR POLLUTANTS FROM HOSPITAL WASTE INCINERATORS

Control strateqgy Add-on pollution control equipment

Controlling Combustion Venturia Packed- bﬁg
Pollutants feed material control scrubber scrubber
Particulate matter X ' X X c
Toxic metals X X c
Toxic organics : X c c
Carbon monoxide X
Hydrogen chloride X C X
Sulfur dioxide X c X
Nitrous oxides X X
a

bVenturi scrubber with water as the scrubbing media.
Packed bed scrubber utilizing an alkaline sorbent.
CWi11 achieve some Vimited control but not designed for high-efficiency collection.




3.3.2 Combustion Control

Complete combustion of combustible material requires adequate
_temperatures, excess air, turbulence, mixing, and retention time. Because
of the variability in hospital waste with respect to heating values,
moisture contents, etc., incinerator operating parameters should be varied
with the variations in the waste to maximize combustion. In general,
higher temperatures, excess air rates, mixing, and retention time result
in improved combustion and lower emissions of particulate matter,
organics, and CO. However, as these factors are increased there is an
economic penalty in auxiliary fuel costs and energy loss. In addition,
combustion control has little or no effect on emissions of HC1 and SO,.

In both cases, most of the chlorine and sulfur will be converted to HCI
and SO, under the entire range of combustion conditions which normally
occur in a hospital incinerator. As opposed to the other pollutants, both
NO, and toxic metal emissions can actually be increased by combustion
adjustments that increase temperatures and excess air rates. Therefore,
the waste feed composition should be considered before making adjustments
to control combustion. ' |

3.3.3 Add-On Air Pollution Control Systems

Add-on ‘air pollution control systems (APC's) used on hospital
incinerators are usually wet scrubbers, fabric filters, or dry
scrubbers. Wet scrubbers, in their various designs, are used to remove
particulate matter as well as HC1 and SO,; fabric filters are used to
remove particulate matter; dry scrubbers are used to remove HC1 and SO,.

3.3.3.1 Wet Scrubbers. Venturi, spray tower, and packed-bed
scrubbers are the most common types of wet scrubber systems used on
hospital incinerators. Venturi scrubbers are used primarily for
particulate matter control and packed-bed scrubbers are used primarily for
acid gas control. Howéver, both types of systems achieve some degree of
control for both particulate matter and acid gases. A third scrubber type
is spray towers. Spray towers are used to remove particulate matter;

however, they are relatively inefficient for the removal of fine
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particulate matter. These units are not effective for controlling
particulate emissions from controlled-air incinerators and are used
exclusively on mu1t1b1e-chamber units which can emit significant
quantities of large particles. There are other scrubber types with
potential application to hospital waste incinerators including (but not
limited to) the wet ionizing scrubber, the collision scrubber, and the
Hydro-sonic® steam ejector scrubber.’s* Hydro-sonic® scrubber uses
supersonic steam ejector drives to accelerate the injected water droplets
and provide mixing. The Hydro-sonic® scrubbers are reported to offer high
efficiency on fine particulate emissions at relatively low energy costs
where there is a source of waste heat for steam production. Use of these
scrubbers is not widespread on hospita]xwaste incinerators. Detailed
operation and maintenance information for these units controlling hospital
waste incinerators is not readily available, and they will not be
discussed in this document.

Wet scrubbingprinciples.2 Wet scrubbers capture relatively small
dust particles with large 1iquid droplets. DOroplets are produced by
injecting liquid at high pressure through specially designed nozzles, by
aspirating the particle-laden gas stream through a 1fquid pool, or by
submerging a whirling rotor in a 1iquid pool. These dkop1ets collect
particles by using two primary collection mechanisms--impaction and

diffusion. _

In a wet écrubbing system, dust particles will tend to follow the
streamlines of the exhaust stream. However, when liquid droplets are
introduced into the exhaust stream, particles cannot always follow these
streamlines as they diverge around the droplet (Figure 3-1). The
particle's mass causes it to break away from the streamlines and impact on
the dropiet. Impaction is the predominant collection mechanism for
scrubbers having gas stream velocities greater than 0.3 m/s (1 ft/s).

Most scrubbers operate with gas stream velocities well above 0.3 m/s.
Therefore, at these velocities, particies having diameters greater than
1.0 micrometer (um) are collected by this mechanism.

Very small particles (less than 0.1 um in diameter) experience random
movement in an exhaust stream. These particles are so tiny that they are
bumped by gas molecules as they move in the exhaust stream. This bumping,
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or bombardment, causes them to move first one way and then another in a
random manner, i.e., diffuse, through the gas. This irregular motion can
cause the particles to coilide with a dropiet and be collected.

The rate of diffusion depends on relative velocity, particle
diameter, and liquid-droplet diameter. As with impaction, collection due
to diffusion increases with an increase in relative velocity (liquid- or
gas-phase input) and a decrease in liguid-droplet size. However,
collection by diffusion increases as particle size decreases. This
mechanism enables certain scrubbers to remove the very tiny particles
effectively. ,

The process of dissolving gaseous pollutants in a liquid is referred
to as absorption. Absorption is a mass-transfer operation in which mass
is transferred as a result of a concentration difference. Absorption
continues as long as a concentration differential exists between the
1iquid and the gas from which the contaminant is being removed. In
absorption, equilibrium depends on the solubility of the pollutant in the
Tiquid. '

To remove a gaseous pollutant by absorption, the exhaust stream must
be passed through (brought in contact with) a liquid. Three steps are
involved in absorption. In the first step, the gaseous pollutant diffuses
from the bulk area of the gas phase to the gas-liquid interface. In the
second step, the gas moves (transfers) across the interface to the liquid
phase. This step occurs extremely rapidly once the gas molecuies
(pollutant) arrive at the interface area. In the third step, the gas
molecule(s) diffuses into the bulk area of the liquid, thus making room
for additional gas molecules to be absorbed. The rate of absorption (mass
transfer of the pollutant from the gas phase to the liquid phase) depends
on the diffusion rates of the pollutant in the gas phase (first step) and
in the liquid phase (third step).

To enhance gas diffusion, and, therefore, absorption:

1. Provide a large interfacial contact area between the gas and
liquid phases;

2. Provide good mixing of the gas and liquid phases (turbulence);
and
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Figure 3-3. Spray venturi with rectangular throat.
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velocity and liquid/gas ratio and in practice acts as a surrogate measure
for gas velocity. The Calvert equation can be used to predict the
pressure drop for a given throat velocity. The Calvert equation igs’

AP = (5x107°) v° (L/G) (3-1)
where
AP = pressure drop, in. w.cC.
v = the gas velocity in the venturi throat, ft/s, and
L/G = the 1liquid-to-gas ratio, gal/Macf.

The equation implies that pressure drop is equal to the power required to
accelerate the liquid to the gas velocity. The Calvert equation predicts
pressure drop reasonably well for'the range of L/G ratios from 5 to
12 gal/Macf. At L/G ratios above 12, measured pressure.drops are normally
about 80 percent of the value predicted by the Calvert equation. In
practice it has been found that at L/G ratios less than 3 gai/Macf, there
is an inadequate liquid supply available to completely cover the venturi
throat. :
Other variables that are important to venturi scrubber performance
are the liquid surface tension and liquid turbidity. If surface tension
is too high, some small particles which impact on the water droplet will
"bounce" off and not be captured. High surface tension also has an
adverse effect on droplet formation. High liquid turbidity, or high
suspended solids content, will cause erosion and abrasion of the venturi
section and ultimately lead to reduced performance of the system.

A 1ist of the major components of commercial scrubber systems is
provided below. '

1. Venturi section;

2. Spray nozzles;

3. Liquor treatment equipment;

4, Gas stream demister;

5. Liguor recirculation tanks, pumps, and piping;

6. Alkaline addition equipment;

7. Fans, dampers, and bypass stacks; and
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8. Controllers for venturi throat area, caustic feed, makeup water,
and emergency water quench for temperature excursions.

Packed-bed scrubbers. A packed-bed scrubber generally is used for
acid gas removal. The large liquor-to-gas surface area created as the
Tiquor gradually passes over the packing material favors gas diffusion and
absorption. Packed-bed scrubbers are not effective as stand-alone
scrubbers for collection of fine particulate matter (less than 2.5 um)
since the gas velocity through the bed(s) is relatively low. However,
packed beds are effective for the removal of particle-laden droplets or
charged particles when used as a downstream collector behind a venturi or
electrostatically-enhanced wet scrubber.

Packed beds can be either vertical or horizontal. Figure 3-4
illustrates a vertically oriented scrubber. Regardless of the orientation
of the bed, the liquor is sprayed from the top and flows downward across
the bed. Proper liquor distribution is important for efficient removal of

gases. -

Absorption is the primary means of collection of acid gases in
packed-bed scrubbers. The effectiveness of absorption in packed béds is
related to the uniformity of the gas velocity distribution, the surface
area of the packing material, the amount and uniform distribution of
scrubber 1liquid, and the pH and turbidity of the scrubbing liquid.

Gas absorption is affected by the extensive liquid surface contacted
by the gas stream as the liquid flows downward over the packing material. A
variety of available packing materials offer a large exposed surface area
to facilitate contact with and absorption of acid gases. The packing
materials range in size from 0.5 to 3 in. and are randomly oriented in the
bed. ‘
Typically, sodium hydroxide (NaOH) or occasionally sodium carbonate
(Na,C0;) is used with water to neutralize the absorbed acid gases in a
packed-bed scrubber. These two soluble alkali materials are preferred
because they minimize the possibility of scale formation in the nozzles,
pump, and piping. For the typical case of using NaOH as the neutralizing
agent, the HC1 and SO, collected in the scrubber react with NaOH to
produce sodium chloride (NaCl) and sodium sulfite (Na,S0;) in an agqueous
solution.
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One of the major problems with these scrubbers is the accumulation of
solids at the entry to the bed and within the bed. The dissolved and sus-
pended solids levels in the liquor must be monitored carefully to maintain
performance.

Spray Towers. ’ Spray towers are relatively simple scrubbers. Most
units consist of an empty cylindrical steel vessel containing nozzles that
spray the 1iquid scrubbing media into the vessel. Most units use counter-
current fiow with the exhaust gas stream entering the bottom of the vessel
and moving upward, while the liquid is sprayed downward. Figure 3-5 shows
a typical countercurrent flow spray tower. Countercurrent flow exposes
the exhaust gas with the lowest pollutant concentration to the freshest
scrubbing liquid.

Many nozzles are placed across the tower at different heights to
spray all of the exhaust gas as it moves up through the tower. The major
purpose of using many nozzles is to form a tremendous amount of fine
droplets for impacting particles and to provide a large surface area for
absorbing gas. Theoretically, the smaller the droplets formed, .the higher
the collection efficiency achieved for both gaseous and particulate
pollutants. However, the 1iquid droplets must be large enough to not be
 carried out of the scrubber by the exhaust stream. Therefore, spray
towers use nozzles to produce droplets that are usually 500 to 1000 um in
diameter. The exhaust gas velocity is kept low, from 0.3 to 1.2 m/s (1 to

4 ft/s) to prevent excess droplets from being carried out of the tower.
Because of this low exhaust velocity, spray towers must be larger than
other scrubbers that handle similar exhaust stream flow rates. Another
problem occurring in spray towers is that after the droplets fall short
distances, they tend to agglomerate or hit the walls of the tower.
Consequently, the total liquid surface area for contact is reduced, thus
‘reducing the collection efficiency of the scrubber.

Spray towers are low-energy scrubbers. Contacting power is much
Tower than in venturi scrubbers, and the pressure drops across such
systems are generally less than 2.5 cm (1 in.) of water. The collection
efficiency for small particles is correspondingly lower than in more
energy-intensive devices. They are adequate for the collection of coarse
particles larger than 10 to 25 um in diameter, although with increased
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1iquid inlet nozzle pressures, particles with diameters of 2.0 um can be
collected. Smaller droplets can be formed by higher liquid pressures at
the nozzle. The highest collection efficiencies are achieved when small
droplets are produced and the difference between the veiocity of the
droplet and the velocity of the upward-moving particles is high. Small
droplets, however, have small settling velocities, so there is an optimum
range of droplet sizes for scrubbers that work by this mechanism.

Because of their inherent design, particulate matter emissions from
controlled-air incinerators are usually composed of relatively fine
particulate matter. Therefore, spray towers are not commonly applied to
controlled-air units. Multiple-chamber incinerators, however, can emit
large quantities of relatively large particle particulate matter and are
often controlled by spray towers.

3.3.3.2 Fabric Filters. Fabric filters (i.e., baghouses) are used
on a limited number of hospital incinerators for control of particulate
matter emissions. They have some advantages over wet scrubbers in that
they are highly efficient at removing fine particles if they are properly
operated and maintained. However, poor operation and maintenance (0&M)
can result in bag blinding, bag corrosion, or bag erosion.

Filtration grincimes.11 Fabric filtration is one of the most common
techniques used to collect particulate matter. A fabric filter is a
collection of bags constructed of a fabric material (nylon, wool, or
other) hung inside a housing. The combustion gases are drawn into the
housing, pass through the bags, and are exhausted from the housing through
a stack to the atmosphere. When the exhaust stfeam from the incinerator
is drawn through the fabric, the particles are retained on the fabric
material, while the cleaned gas passes through the material. The
collected particles are then removed from the filter by a cleaning
mechanism typically by using blasts of air. The removed particles are
stored in a collection hopper until they are disposed.

With a new filter, the open areas in the fabric are of sufficient
size that particles easily penetrate the bag. Over time, a cake builds on
the bag surface, and this cake acts as the primary collection medium.
Particles are collected on a filter and cake by a combination of several
mechanisms. The most important are impaction and direct interception.




In collection by impaction, the particles in the gas stream have too
much inertia to follow the gas streamlines around the fiber and are
impacted on the fiber surface. In the case of direct interception, the
particles have less inertia and barely follow the gas streamiines around
the fiber. If the distance between the center of the particle and the
outside of the fiber is less than the particle radius, the particle will
graze or hit the fiber and be "intercepted". Impaction and direct
interception mechanisms account for 99 percent collection of particles
greater than 1 um aerodynamic diameter in fabric filter systems.

Fabric filter performance. Generally, fabric filters are classified
by the type of cleaning mechanism that is used to remove the dust from the
bags. The three types of units are mechanical shakers, reverse air, and
pulse jet. To date, the only hospital incinerators that have been
identified as having fabric filters use puise jet units. The paragraphs
below briefly describe the design and operating characteristics of pulse
jet filters and identify key design parameters.

A schematic of a pulse jet baghouse is shown in Figure 3-6. Bags are
supported internally by rings or cages. Bags are held firmly in place at
the top by clasps and have an enclosed bottom (usually a metal cap).
Dust-laden gas is filtered through the bag, depositing dust on the outside
surface of the bag. Pulse jet cleaning is used for cleaning bags in an
exterior filtration system.

The dust cake is removed from the bag by a blast of compressed air
injected into the top of the bag tube. The blast of high pressure air
stops the normal flow of air through the filter. The air blast develops
into a standing or shock wave that causes the bag to flex or expand as the
shock wave travels down the bag tube. As the bag flexes, the cake
fractures and deposited particles are discharged from the bag. The shock
wave travels down and back up the tube in approximately 0.5 seconds.ll

The blast of compressed air must be strong enough for the shock wave
to travel the length of the bag and shatter or crack the dust cake. Pulse
jet units use air supplies from a common header which feeds into a nozzle
located above each bag. In most baghouse designs, a venturi sealed at the
top of each bag is used to create a large enough pulse to travel down and
up the bag. The pressures involved are commonly between 414 and 689 kPa
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(60 and 100 psig). The importance of the venturi is being questioned by
some pulse jet baghouse vendors. Some baghouses operate with only the
compressed air manifold above each bag.ll

Most pulse jet filters use bag tubes that are 10 to 15 cm (4 to
6 in.) in diameter. Typically the bags are 3.0 to 3.7 m (10 to 12 ft)
long, but they can be as long as 7.6 m (25 ft).ll Generally, these bags
are arranged in rows, and the bags are cleaned one row at a time in
sequence. Cleaning can be initiated by a pressure drop switch, or it may
occur on a timed sequence.

The key design and operating parameters for a pulse jet filter are
the air-to-cloth ratio (or the filtration velocity), the bag material,
operating temperature, and operating pressure drop.

The air-to-cioth ratio is actually a measure of the superficial gas
velocity through the filter medium. It is a ratio of the flow rate of gas
through the fabric filter (at actual conditions) to the area of the bags
and is usually measured in units of acfm/ftz. No operating data were
obtained for hospital incinerators, but generally, the air- to c?oth ratio
on waste combustion units is in the range of 0.025 to 0.05 m /s/m (5 to
10 acfm/ft ) of bag area. t3

Generally, bag material is specified based on prior experience of the
vendor. Key factors that generally are considered are: cleaning method,
abrasiveness of the particulate matter and abrasion resistance of the
material, expected operating temperature, potential chemical degradation
problems, and cost. To date, no information has been obtained on types of
material typically used for hospital incinerator applications.

The operating temperature of the fabric filter is of critical
importance. Since the exhaust gas from a hospital incinerator can contain
HC1, the unit should be operated at sufficiently high temperatures to
assure that no surfaces drop below the acid dewpoint. Otherwise,
condensation of HC1 will result in corrosion of the housing or bags. The
boiling point of HC1 (aqueous hydrochloric acid) is 110°C (230°F); gas
temperatures should be maintained at 150°C (300°F) to ensure that no
surfaces are cooled below the dewpoint. Above a maximum temperature that
is dependent on filter type, bags will degrade or in some cases fail
completely. Gas temperatures should be kept safely below the allowed
maximum.
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Pressure drop in fabric filters generally is maintained within a
narrow range. Pressure drops below the minimum indicate that either
(1) leaks have developed, or (2) excessive cleaning is removing the base
cake from the bags. Either condition results in reduced performance.
Pressure drops greater than the maximum indicate that either (1) bags are
"blinding", or (b) excessive cake is building on the bags because of
insufficient cleaning. The primary problem that results from excessive
pressure drop is reduced flow through the system and positive pressure at
the combustor. Over time, high'pressure‘drops also lead to bag erosion
and degradation.

3.3.3.3 Dry Scrubbers. DOry scrubbers use absorption for the removal
of sulfur dioxide, hydrogen chloride, hydrogen fluoride, and other acid
gases. Some adsorption of vapor state organic compounds and metallic
compounds also occurs in some dry scrubber applications. Basically, dry
scrubbers use an alkaline sorbent to react with and neutralize the'acid
gas. The reaction product is a dry solid which can be collected by a
particulate control device. Ory scrubbers usually are followed by either
fabric filters or electrostatic precipitators (ESP's) for collection of
the reaction products and the unreacted sorbent. Currently, there are not
any hospital incinerators known to be using spray dryer absorption

systems. There are at least three hospital waste incinerators which are
a

known to be using dry injection control systems.

Components and operating principles of dry scrubber sx§;ems.13'l“
There is considerable diversity in the variety of processes which are
collectively termed dry scrubbing. Ory scrubbing techniques that could be
applied to hospital incinerators can be grouped into two major
categories: (1) spray dryer absorbers, and (2) dry injection absorption
systems. Specific types of dry scrubbing processes within each group are
listed below. Alternative terms for these categories used iﬁ some
publications are shown in parentheses.

dSouthland Exchange Joint Ventures, Hampton, South Carolina (dry
injection/ESP); Fairfax County Hospital, Falls Church, Virginia (dry
injection/baghouse); Borgess Medical Center, Kalamazoo, Michigan (dry
injection/baghouse).
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1. Spray dryer absorption (semiwet)
s Rotary atomizer spray dryer systems
s Air atomizing nozzle spray dryer systems
2. Dry injection absorption (dry)
e Dry injection without recycle
e Dry injection with recycle (sometimes termed circuilating flu d
bed absorption)

Simplified block diagrams of the two major types of dry scrubbing
systems are presented in Figures 3-7 and 3-8. The main differences
between the two systems are the physical form of the alkaline reagent an
the design of the vessel used for contacting the acid gas-laden stream.
The alkaline feed requirements are much higher for the dry injection
system. Conversely, the spray dryer system is much more complicated.

Spray dryer absorbers. In this type of dry scrubbing system, the
alkaline reagent, usually pebble lime, is prepared as a slurry containin ‘
5 to 20 percent by weight solids. This reagent must be slaked in order >
prepare the reactive slurry for absorption of acid gases. Slaking is th
addition of water to convert calcium oxide to calcium hydroxide. Proper
slaking conditions are important to ensure that the resulting calcium
hydroxide slurry has the proper particle size distribution and that no
coating of the particles has occurred due to the precipitation of
contaminants in the slaking water. The prepared slurry is atomized in a
‘large absorber vessel having a residence time of 6 to 20 seconds.
Atomization of the slurry is achieved through the use of: (1) rotary
atomizers or (2) air atomizing nozzles. Generally, only one rotary
atomizer is included in a spray dryer absorber. However, a few
applications have as many as three rotary atomizers.

In rotary atomizers, a thin film of slurry is fed to the top of the
atomizer disk as it rotates at speeds of 10,000 to 17,000 revolutions pe
minute. These atomizers generate very small slurry droplets having
diameters in the range of 100 microns. The spray pattern is inherently
broad due to the geometry of the disk. ”

High pressure air is used to provide the physical energy required f. -
droplet formation in nozzle type atomizers. The typical air pressures a @
70 to 90 psig. Slurry droplets in the range of 70 to 200 microns are
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generated. This type of atomizer generally can operate over wider
variations of the gas flow rate than can be used in a rotary atomizer.
However, the nozzle atomizer does not have the slurry feed turndown
capability of the rotary atomizer. For these reasons, different
approaches must be taken when operating at varying system loads.

The shape of the scrubber vessel must be designed to take into
account the differences in the slurry spray pattern and the time required
for droplet evaporation for the two types of slurry atomizers. The
length-to-diameter ratio for rotary atomizers is much smaller than that
for absorber vessels using air atomizing nozzles.

It is important that all of the slurry droplets evaporate to dryness
prior to approaching the absorber vessel side walls and prior to exiting
the absorber with the gas stream. Accumulations of material on the side
walls or at the bottom of the absorber would necessitate an outage since
these deposits would further impede drying. Proper drying of the slurry
requires generation of small slurry droplets and adequate mixing with the
hot flue gases. '

Drying that is too rapid can reduce pollutant collection efficiency
since the primary removal mechanism is absorption into the droplets.
‘There must be sufficient contact time for the absorption. For this
reason, spray dryer absorbers are operated with exit gas temperatures 90°
to 180°F above the saturation temperature.

Ory injection absorption systems. This type of dry scrubber uses
injection of a finely divided alkaline sorbent such as calcium hydroxide
(hydrated 1ine) or sodium bicarbonate for the absorption of acid gases.
The reagent feed has particle sizes which are 90 percent by weight through
325 mesh screens. This is approximately the consistency of talcum
powder. This size is important to ensure that there is adequate alkaline
sorbent surface area for high efficiency pollutant removal.

Proper particle sizes are maintained by transporting the sorbent to
the dry scrubber system by means of a positive pressure pneumatic
conveyor. This provides the initial fluidization necessary to break up
any clumps of reagent which have formed during storage. The air flow rate
in the pneumatic conveyor is kept at a constant level regardless of system
toad to ensure proper particle sizes.




Fluidization is completed when the alkaline sorbent is injected
countercurrently into the gas stream. The alkaline sorbent may be
injected directly into a reaction vessel or may be injected directly into
the ducting with a reaction vessel (expansion chamber) located downstream
to increase residence time. The gas stream containing the entrained
sorbent particles and fly ash is then ducted to a fabric filter or ESP.
When a fabric filter is used for particulate control, acid gas removal may
be further enhanced by the reaction with the sorbent in the filter cake.

In one version of the dry injection system, solids are recycled from
the particulate matter control device back into the flue gas contactor.
The primary purpose of the recycle stream is to increase reagent
utilization and thereby reduce overall calcium hydroxide costs.
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4.0 OPERATION

The success of incineration as a technique for treating hospital
waste depends on the proper operation of the incinerator and its air
pollution control devices. Proper operating techniques can affect ‘
equipment reliability, on-line availability, combustion efficiency, and
compliance with air pollution reguiations. The operator is in control of
many of the factors that affect the performance of a hospital incinerator
including: (1) waste charging procedures, (2) incinerator startup and
shutdown, (3) air pollution control device startup and shutdown,

(4) monitoring and adjusting operating parameters for the incinerator and
air pollution control system, and (5) ash handling. This section
identifies key operating parameters, identifies operating ranges for key
parameters, and discusses general operating procedures that can minimize
unexpected maifunctions and improve the performance of the incinerator and
air pollution control devices. Appropriate monitoring procedures also are
discussed in this section.

4.1 GENERAL OBJECTIVES

The primary objectives associated with the proper operation of a
hospital waste incineration system are to operate the system in a manner
so that infectious materials in the waste are rendered harmless, waste
volume is reduced, good ash quality (from an aesthetic standpoint) is
ensured, and air pollution emissions of particulate matter, organic
compounds, carbon monoxide, and acid gas are minimized. The operator is
responsible for knowing key operating parameters and the proper operating
ranges for these parameters to assure that the system is operated at its
design efficiency. The operator also should know the operating procedures
and monitoring techniques which will assist in maintaining those
parameters within the acceptable operating'range.

Because each incinerator model is designed differently, design
criteria, operating parameters, and operating procedures will vary.
Nonetheless, recommended operating ranges can be established for some
general key parameters to assist in meeting the objectives of the
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incineration process--destruction of pathogens and reduction of waste
volume--while minimizing air pollution and maintaining good ash quality.
To identify these key parameters and discuss proper operating procedures,
incineration systems have been categorized as follows:

1. Batch/controlled-air incinerators;

2. Intermittent-duty, controlled-air incinerators;

3. Continuous-duty, controlled-air incinerators;

4, Multiple-chamber incinerators; and

5. Rotary kilns.

The operation of air pollution control systems is addressed later in this
chapter.

Currently, most hospital waste incineration systems do not include an
air pollution control device mainly because with proper combustion control
through proper operation, the systems can meet current emission regula-
tions. However, a growing number of States have promulgated or will soon
promulgate more stringent regulations governing hospital waste inciner-
ators that will increase the numbers of incinerators requiring add-on air
pollution control devices to meet the regulations. When an air pollution
control system is included as part of the incineration system, the
operation of the incinerator and the control device are interrelated.
Therefore, the optimum approach to describing the proper operation of
incineration systems (including air pollution control devices) would be to
discuss the operation of each of the possible combinations of incinerators
and control deVices. However, because of the large number of combinations
of equipment types that may constitute an incineration system, the proper
operation of incinerators and air pollution devices will be discussed
separately.

This document provides a discussion of operating ranges for the key
operating parameters and presents an overview of proper operating
procedures and monitoring techniques. This information will provide the
reader with a basic understanding of what constitutes good operating
practice. However, it does not substitute for manufacturers' operating
procedures. Specific steps and operating procedures for equipment will be
specified by each manufacturer; furthermore, the control and monitoring
systems used by each manufacturer may be different. Consequently, a
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specific manufacturer's recommended and detailed operating procedures
should be followed.

4.2 INCINERATOR KEY OPERATING PARAMETERS
4.2.1 Introduction

The interrelationship among an incinerator's thermal capacity, waste
feed characteristics, heat input rate from the waste feed, and combustion
air was discussed in Chapter 2. This section identifies the operating
parameters and presents recommended operating ranges for these
parameters. The majority of the key parameters and the recommended
operating ranges remain the same for the different incinerator systems,
but because they do differ somewhat for different types of incinerators,
the parameters are presented for each type system that was described in
Chapter 2. Controlled-air incinerators, muitiple-chamber incinerators,
and rotary kilns are discussed in orderQ

4.2.2 . Controlled-Air Incinerators

Table 4-1 summarizes the key incinerator operating parameters and the
operating range for each parameter. These parameters assume the waste is
primarily a heterogeneous mixture of hospital infectious waste with a Btu
content that will sustain combustion (i.e., greater than 6,000 Btu/1b).
For "pathological" incinerators, burning pathological wastes, the
recommended operating ranges are slightly different because waste
characteristics differ significantly. An explanation of why each key
operating parameter in Table 4-1 is important and a discussion of each
operating range is presented below.

4.2.2.1 Primary and Secondary Combustion Chamber Temperatures.
Maintaining the desired operating temperatures within each combustion
chamber is critical to proper operation of a controlled-air incinerator.
Both upper and lower limits on the temperature range for each chamber are
of interest. The desired range of operation is different for the ignition
(primary) and combustion (secondary) chambers because the functions of
these chambers differ.
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TABLE 4-1.

KEY INCINERATOR OPERATING PARAMETERS AND RECOMMENDED

OPERATING RANGE:

CONTROLLED-AIR INCINERATOR

Parameter

Incinerator type

Batch feed

Intermittent feed

Continuous duty

ignition chamber temperature, °F

Combustion (secondary) chamber
temperature, °F

Charging rate, 1b/h

ignition chamber combustion air
(percent ot stoichiometric)

Total combustion air
(percent excess air)

Combustion gas oxygen
concenfration, percent

ignition chamber draft, in w.c.

Burndown period, h

1000° to 1800°

1800° to 2200°

Fill chamber once at beginning
ot cycle

30 to 80

140 to 200

12 1o 14

-0.05 to -0.1
2105

1000° to 1800°

1800° to 2200°
10 to 25 percent of rated

capacity at 5 to 15 min
intervals :

30 to 80
140 to 200

12 to 14

-0.05 to -0.1

2to 5

1400° to 1800°

1800° to 2200°

10 to 25 percent of rated
capacity at 5 to 15 min
intervals

30 to 80

140 to 200

12 to 14

-0.05 to -0.1

Not applicable




The literature indicates that typical operating ranges for the
ignition chamber of controlled-air incinerators range from 400° to 980°C
(750° to 1800°F).1’2 The ignition chamber must be maintained at a minimum
temperature sufficient to sustain combustion, combust the fixed carbon in
the ash bed, and kill any micro-organisms in the waste bed so that the
remaining ash is sterile. The temperature also must be maintained below a
level that will damage the refractory and result in slagging of the waste.

Few studies have been conducted to determine the conditions necessary
to achieve complete pathogen kill in incinerators. Barbeito et al.,
conducted a study on a multiple-chamber, industrial-refuse incinerator to
determine the minimum operating temperatures required to prevent release
of viable micro-organisms into the atmosphere. His research indicated
that the destruction of the micro-organisms within the incinerator depends
on the temperature and time of exposure. These parameters are affected by
many factors, including charging beyond incinerator capacity and exceeding
" design 1inear velocities, which reduces retention time. Barbeito
recommended a minimum primary chamber temperature of 760°C (1400°F).1’3

From an operational (operating efficiency) standpoint, it is
desirable to operate the primary or ignition chamber at a temperature high
enough to sustain combustion in the chamber and to generate sufficient
volatile combustion gases and heat to maintain the desired secondary
combustion temperature without the use of auxiliary fuel. Consequently,
the desired primary temperature will depend somewhat on the waste
composition. Furthermore; a sufficiently high temperature to effectively
combust the fixed carbon in the waste bed is desired. One manufacturer's
experience indicates that this temperature is in the 760° to 870°C (1400°
to 1600°F) range for continuous-duty incinerators.’ This temperature may
be as low as 540°C (1000°F) for batch feed and intermittent-duty units
because the burnout time can be extended in these units.’ Operating batch
feed incinerators at a low primary chamber temperature (relative to
continuous-duty incinerators) helps assure that volatiles are not
generated at an excessive rate which cannot be handled by the secondary
chamber.

When the waste stream contains a significant amount of plastics,
"cracking" of 1ight hydrocarbons can be significant and can affect the



combustion gas volume in the secondary chamber. Operating the primary
chamber at lower temperatures (540° to 650°C [1000° to 1200°F]) may help
to minimize rapid increases in flue gas volume.” Some incinerator
manufacturers use water quenching in the primary chamber to maintain gas
temperatures below the 930° to 980°C (1700° to 1800°F) range and minimize
cracking.s

At the same time, the primary chamber temperature must be maintained
below the point that will resuit in refractory damage. It is common for
modern incinerators to use nominal 1540° to 1650°C (2800° to 3000°F)
quality refractory. Although this refractaory is rated at 1540° to 1650°C
(2800° to 3000°F), reactions can occur with contaminants in the combustion
gas, making it desirable to expose this refractory to no higher than
1200°C (2200°F) on a continual basis.’ Another, perhaps more important,
limiting factor for the upper operating temperature of the primary chamber
is slagging of the waste. Most ash residues begin to become soft at
temperatures in the range of 1200° to 1370°C (2200° to 2500°-F).2 While
thermocouples in the primary chamber indicate the temperature of the
combustion gas exiting the primary chamber, the temperature in the ash bed
at the hearth adjacent to the underfire air ports can be consistently
higher. Consequently, although the combustion gas temperature can
indicate that clinker (fused slag) formation should not be a problem, the
ash bed can be hot enough to form clinkers. Experience has shown that a
control temperature of 980°C (1800°F) can be used in most cases with
acceptable performance with regard to clinker formation and carbon
burnout, but the performance problems due to slagging may begin to occur
at primary chamber temperatures as low as 760°C (1400°F).2'6

The secondary chamber serves to complete the combustion process
initiated in the primary chamber. As with the primary chamber, it is
desirable to operate within a lTower and upper range. At temperatures that
are too low, complete combustion may not occur. At temperatures that are
too high, refractory damage may occur, residence time may be decreased,
and auxiliary fuel may be unnecessarily wasted.

A minimum temperature is needed to prevent the discharge of
potentially toxic products of incompliete combustion. Experimental work
conducted at the University of Dayton Research Institute (UDRI) indicates
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that temperature is the primary factor that affects these emissions.’ The
experimental data for thermal decomposition indicate that the destruction
of a species depends predominantly on the temperature, and effectively a
threshold temperature exists above which the compound will rapidly
combust. The threshold temperature found for polychlorinated dibenzo-p-
dioxin (PCDD) and polychlorinated dibenzofurans (PCDF) and potential
precursers (e.g., hexachlorobenzene) is near 930°C (1700°F).7

Sufficient temperature in the secondary chamber is necessary to kill
microorganisms entrained in the gas stream from the primary chamber.
Again, little information on the required temperature is available, and
data from studies conducted on specific incinerators are specific to those
incinerators and the experimental operating conditions, e.g., residence
time and turbulence. Based upon his incineration study, Barbeito recom-
mended a minimum secondary combustion chamber temperature of 980°C
(1800°F).1 The 1imiting factor for the secondary combustion chamber
temperature upper operating range is refractory damage. The upper limit
will depend on the refractory used, but a typical limit is 1200°C (2200°F)
on a continual basis.’

In summary, temperatures in both chambers should be maintained at
high enough levels to ensure complete combustion of the waste but not so
high that refractory damage or slagging of the ash occurs. A minimum
temperature for the primary chamber in the range of 540° to 760°C (1000°
to 1400°F) should be maintained to ensure pathogen kill, sterile ash, and
good ash quality. The minimum temperature required for proper operation
will depend on waste characteristics as well as the retention time of the
ash in the primary chamber and consequently the incinerator design. To
prevent clinker formation, the recommended upper bound primary chamber
temperature is 980°C (1800°F). To assure complete combustion, yet
conserve auxiliary fuel and prevent refractory damage, an operating range
of 980° to 1200°C (1800° to 2200°F) is recommended for the secondary
combustion chamber.

4.2.2.2 Charging Rate. An incinerator system is designed for a
particular thermal input rate. The thermal input comes from the waste
and, as necessary, the auxiliary fuel. Under ideal conditions, the
incinerator operates under conditions of a constant thermal input. For
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controlled-air incinerators, the thermal release from the "fuel" (the
waste in the éhamber) is controlled, to the extent possible, by
controlling the available combustion air (the typical ranges for
combustion air will be discussed in the next section). Additional control
of the thermal input is obtained by controlling the quantity and frequency
of waste charges to the incinerator. The charging process, thermal input,
and combustion approaches a steady state condition as the waste
homogeneity increases, the charge loads decrease in size, and the
frequency of charges increase. Therefore, a charging scenario of more
frequent charges of smaller volume is more desirable than one of a single
large charge.8

4.2.2.2.1 Batch feed incinerators. By nature of their design, batch
feed incinerators are intended to accept a single load of waste at the
beginning of their incineration cycle; the heat release rate is controlled
solely by controlling the size of the initial charge and the available air
for combustion. The primary chamber acts as a fuel storage area. Manu-
facturers of batch operated incinerators recommend that the primary
chamber be filled to capacity, but not overfilled or stuffed so full that
the flame port to the secondary chamber or the ignition burner port
assembly are b]ocked.9 [f wastes containing an unusually high volatile
content are charged to the unit, a full load may contain enough volatiles
that, even if the primary air is controlled, the capacity of the secondary
combustion chamber will be exceeded. Therefore, it may be necessary to
decrease the size of the charge to the incinerator. That is, volume of
waste is an imperfect method for determining the thermal input to the
incinerator. The incinerator chamber size is designed for a particular
volume of waste with a particular Btu content. If the waste being charged
is significantly higher in Btu content, even though the volume capacity of
the chamber is not exceeded, the thermal capacity of the incinerator may
be exceeded. Consequently, it will be necessary to decrease the thermal
input of the batch charge by decreasing the volume input.

Regardless of the type, incinerators should never be overcharged
above the manufacturer's specifications. In the case of batch feed
incinerators where all charging occurs at the beginning of the
incineration cycle, there may be a tendency to stuff that last bag of
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waste into the. incinerator so that no waste is left over for the next
burn. This practice can lead to excessive emissions, incomplete
combustion, and damage to the incinerator. Overcharging with waste adds
more fuel to the incinerator than it can handle, may block the incinerator
air ports, and damage the primary burner. Excessive fuel combined with an
inadequate air supply causes excessive amounts of volatile material to be
passed to the secondary chamber which cannot be handled effectively in the
secondary chamber and results in high particulate matter emissions.
Additionally if a large gquantity of plastic material is charged, the
excessive temperatures produced can cause refractory damage and clinker
formation. Higher primary chamber temperatures also cause higher gas
volumes and velocities which effectively reduces the secondary chamber
retention time.

4.2.2.2.2 Intermittent-feed and continuous-duty incinerators.
Intermittent- and continuous-duty, controlled-air incinerators are
designed to accommodate semicontinuous charging. The primary design
change for this type unit is that the charging system is set up with some
type of a mechanical device (either manually or automatically operated)
which allows the operator to safely add charges while the system is
operating. The mechanical device is designed to protect the operator from
exposure to the flame and heat of the primary combustion chamber.
Additionally, the mechanical charging device may be designed to limit air
in-leakage to the incinerator during charging to maintain control of the
combustion air level. The primary difference between the "intermittent"
and "continuous" duty units is not in the charging rate or operation, per
se, but that the continuous-duty system has a means for continuously
removing the ash generated by the waste. Consequently, this type unit can
maintain continuous "steady state" operation. The intermittent umnit can
maintain continuous "steady-state" operation only for a limited time; once
the ash in the incinerator builds up to an unacceptable level, the unit
must be shutdown and the ash removed.

To approach a steady thermal input, manufacturers recommend that
multiple charges be made at equally timed intervals. The recommended
charge size is 10 to 25 percent of the rated capacity charged at 5 to
15 minute intervals.'®*'' The charging frequency may need to be adjusted

4-9



based upon variations in moisture content, volatile content, and overall
Btu value. The procedures that the operator can use to monitor the
charging rate and to make appropriate decisions is discussed in
Section 4.4.

4.2.2.3 Primary and Secondary Combustion Air Rate and Combustion Gas

Oxygen Concentration. For controlled-air units, the volatilization/
combustion rate in the primary chamber is controlled by using combustion
airflow rate to control the chamber temperature. The typical combustion
air operating range for the ignition chamber is 30 to 80 percent of
stoichiometric conditions.l’2 Typically, about 20 percent of the total
air requirement to the incinerator is supplied as underfire air to the

ignition chamber.2 The remainder of the air is supplied to the secondary
mixing chamber.

Approximately 80 percent of the total combustion air fequired during
incineration is supplied to the secondary combustion chamber. Typically,
the total combustion air level is 140 to 200 percent excess air, %0t}
Measurement of the oxygen concentration provides a convenient way of
determining and monitoring the excess-air level. Operating the
incinerator at a total excess-air level in the range of 140 to 200 percent
will result in stack gas oxygen concentrations in the range of 12 to
14 percent.

4.2.2.4 Combustion Chamber Pressure (Draft). A typical draft for
controlled-air incinerators is in the range of -0.05 to -0.1 in. water
column (w.c.). Excessive draft is not desirable because increased
carryover of particulate matter to the secondary chamber can occur.

4,2.2.5 Burndown Period. After volatilization diminishes,
sufficient time must be provided for the fixed carbon in the waste bed to

combust. )

For continuous-duty incinerators, there is no distinct burndown
period since the burndown occurs continuously as the waste moves through
the system during the "steady state" operation. However, on some
continuous-duty incinerators with internal transfer rams, once the last
load of waste is charged, each ram may go into a burndown mode
sequentially where the rams' strokes are increased to push the waste from
one hearth to the next. For example, the ram on the first or drying

4-10



hearth will stroke at the same time intervals but will stroke several
inches more on each stroke. ODuring this period, the ash underfire air to
this part of the hearth is shut off. On the last stroke, the ram is at
the edge of the hearth, and all of the waste falls to the next hearth
which then goes into its burndown mode, and so on. This burndown sequence
is usually preset at the factory but can be changed by the manufacturer if
ash quality is poor. On these units, the burndown sequence is normally in
the range of 4 to 6 hours. "

For batch and intermittent-duty operations, there is a distinct
burndown period associated with the operating cycle. During this period,
the volatiles have been combusted, and the fuel remaining in the waste bed
is slowly diminishing. In order to combust the fixed carbon remaining in
the waste, a higher temperature is required and, therefore, more underfire
air is introduced into the primary chamber. *° As the burndown proceeds
and the fuel is further diminished, the temperature slowly decreases.
*During burndown, a minimum temperature level (e.g., 1400°F) is maintained
for a predetermined time period; auxiliary fuel may be required to
maintain this temperature. It is difficult to recommend a required
burndown period because it is somewhat experimental and will vary
depending upon the waste composition and combustion air rate. According
to one manufacturer, a rule of thumb for a trial burndown setting for an
intermittent-duty, small capacity incinerator is 1 hour plus an additional
20 minutes for each hour of operation.l° Therefore, a trial burndown
setting for a unit that operated 6 hours would be (1 hour)+(6x20 minutes)=
3 hours. A typical burndown period for batch and intermittent units is in

the range of 2 to 4 hours.''*'"

4.2.3 Multiple-Chamber Incinerators

Traditionally, multiple-chamber units’we%e designed specifically to
burn pathological waste and contained a fixed (solid) hearth. Other
multiple-chamber incinerators use a grate type of hearth. Combustion of
medical waste containing significant quantities of fluids and/or
infectious material is not recommended in multiple-chamber units with
grates. Both type units employ large quantities of excess air for
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combustion and will operate at similar temperature ranges. The operating
parameters and ranges for a multiple-chamber incinerator are summarized in
Table 4-2 and are briefly discussed below.

4.2.3.1 Primary and Secondary Chamber Temperatures. As discussed
for controlled-air incinerators, the temperature in the primary chamber
must be maintained at such a level as to assure pathogen kill. Most
muitiple-chamber incinerators operate on a batch or intermittent-duty
basis. An extended burndown period is available to assure adequate ash
burnout and steriltization of the waste. A minimum primary chamber
temperature in the range of 540° to 760°C (1000° to 1400°F) is
recommended. The upper operating range for the primary chamber should be
established to prevent refractory damage. As previously mentioned for
controlled-air units, sustained operation above 2200°F is generally not
desirable.

Pathological wastes have a high moisture content and low volatile and
fixed carbon content. For pathological wastes, continuous operation of an
auxiliary burner is required to maintain the primary chamber temperature.
To facilitate burndown of the pathological wastes, a minimum primary
combustion chamber temperature of 1600°F is recommended.

A minimum secondary chamber temperature of 1600°F for pathological
incinerators is recommended in the Air Pollution Engineering Manual to
assure complete combustion.ls As discussed in Section 4.2.2.1 for
controlled-air incinerators, a minimum temperature to prevent the
discharge of potentially toxic products of incomplete combustion is
required; a minimum secondary combustion chamber temperature of 980°C
(1800°F) is recommended for multiple-chamber incinerators.

4.2.3.2 Charging Rate. Whether a multiple-chamber unit is
incinerating red bag waste or pathological waste affects the charging rate
and procedures because the volatile content, moisture content, and Btu
value of these wastes are so different. An incinerator system is designed
and sized for a particular thermal input rate. The thermal input comes
from the waste and, as necessary, the auxiliary fuel. Unlike a
controlled-air unit, the combustion rate in a multiple-chamber unit cannot
be controlled by controlling the combustion air to the primary chamber.
Therefore, the controlling factor for the combustion rate is essentially
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TABLE 4-2. KEY INCINERATOR OPERATING PARAMETERS AND RECOMMENDED
OPERATING RANGE: MULTIPLE-CHAMBER INCINERATOR

Pathological
Parameter waste General refuse
Ignition chamber temperature, °F 1600 to 1800 1000 to 1400
Combustion (secondary) chamber 1800 to 2200 1800 to 2200
temperature, °F
Charging rate Single layer 10 to 25% of
on hearth rated capacity
at 5- to 15-min
intervals
Ignition chamber combustion air 80 150
(percent excess air)
Total combustion air (percent 120 to 200 250 to 300
excess air)
Combustion gas oxygen concentration, 10 to 14 15 to 16
percent
Ignition chamber draft, in. w.c. -0.05 to -0.1 -0.05 to -0.1
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the availability of fuel; i.e., the amount of waste charged when general
refuse/red bag waste is being incinerated. The thermal input to the
incinerator and the combustion approaches a steady-state condition as the
waste homogeneity increases, the charge loads decrease in size, and the
frequency of charges increase. Therefore, charging procedures using more
frequent charges of smaller volume are more desirable than one single
large charge. A charge rate of 10 to 15 percent of the rated capacity at
regular intervals is recommended. Note that if a mechanical feeder is not
used, the more frequently the charging door is opened, the greater the
risk to the operator. Consequently, safety considerations make less
frequent charging desirable, which contradicts the more frequent charging
procedures desired from a thermal input standpoint. Thus, the objective
should be to assure that the individual charges to the incinerator are not
so large and infrequent that the capacity of the incinerator is exceeded
by rapid volatilization of combustibles resulting in excess emissions.
Consequently, charging frequency and load size will depend on waste
characteristics and incinerator design.

Pathological wastes have a low Btu content and a low volatiles
content. Consequently, rapid volatilization and rapid changes in heat
release to the primary chamber are not a concern when charging
pathological wastes. The primary chamber burner(s) provides(e) a steady
heat input to the incinerator. Because of the high moisture and Tow
volatile carbon content of pathological waste, the burner flame must
impinge on or near the waste for efficient combustion to occur.
Consequently, fresh pathological waste should not be charged into the
incinerator until the previous waste charge has burned down almost
completely. Completeness of burndown can be determined by inspection
through a view port and examining the waste bed.

4.2.3.3 Primary and Secondary Chamber Combustion Air Levels. For
multiple-chamber incinerators the primary chamber excess-air level is
typically 150 percent or greater excess air. Overall excess-air levels
for multiple-chamber incinerators are typically 250 to 300 percent.15
This roughly corresponds to a combustion gas oxygen concentration of 15 to
16 percent. When incinerating pathological wastes, since the primary heat
release is coming from the auxiliary burner, the combustion air can be

4-14



controlled at a lower level than for a typicél multiple-chamber

incinerator.
4.2.3.4 (Chamber Pressures. A negative draft is maintained in the

combustion chambers. A typical range for the ignition chamber draft is
-0.05 to -0.1 in. w.c.'®

4,2.4 Rotary Kiin Incinerators

Currently, there are relatively few rotary kiln incinerator
installations at hospitals for incinerating hospital medical waste.
Consequently, little information is available on the application of rotary
kilns to this waste type. However, rotary kilns are a-proven technology
and have been used for a wide variety of industrial applications including
hazardous waste incineration. The operating parameters identified below
are based mainly on the application of rotary kilns to the incineration of
hazardous waste because of the availability of information in this area.

4,2.4.1 Iqnition and Combustion Chamber Temperatures. As discussed
in Chapter 2, a rotary kiln incineration system consists of an inclined
rotary kiln which serves to volatilize the waste and a secondary
combustion chamber which completes the combustion process by burning the
volatiles in the kiln off-gas. Temperatures in rotary kiln incinerators
usually range from about 760° to 1670°C (1400° to 3000°F) depending on the
types of waste being burned and on the location in the kiln.

In evaluating the application of rotary kiln incineration to hospital
medical waste, it is likely that the kiln (primary chamber) and secondary
chamber gperating temperatures will be similar to those identified for
other hospital medical waste incineration systems, i.e., a primary chamber
temperature of 760°C (1400°F) and a secondary chamber temperature of
980°C({1800°F).

4.2.4.2 (Charging Rate. Rotary kiln incinerators may be batch or
continuously fed and have a feed capacity that ranges from 600 to
2,000 Kg/h (1,300 to 4,400 1b/h).

The waste throughput of a rotary kiln is determined both by the speed
of rotation and by the incline angle (rake). Typically, rotary kilns
rotate at a speed that ranges from 0.25 to 1.5 revolutions per minute and

Reproduced from S
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are oriented at a rake of less than 3 percent (i.e., around 11° from
horizontal). Both of these parameters may be adjusted depending on the
throughput desired. However, once the rake is set, it is usually not
altered. Assuming that all other operating parameters are in the normal
cperating ranges, incompletely burned material in the ash is an indication
that waste is traveling through the kiln too quickly. The waste
throughput may be reduced by reducing the speed of rotation of the kiln
which in turn must include a corresponding decrease in the charging
rate. Some experimentation with charge rates and speed of rotation may be
required to obtain optimum ash quality and throughput.

4.2.4.3 Ignition and Combustign Chamber Air Levels. Based on
information available on hazardous waste rotary kiln incinerators, the
rotary kiln excess-air level ranges from 140 to 210 percent or greater,
depending on the desired aperating temperature and the heating value of
the waste. When high aqueous wastes are being burned, lower excess-air
rates may be needed to maintain adequate temperature. Secondary chamber
excess-air levels are approximately 80 percent of the rotary kiln excess-
air lavels. For example, in a typical system operating at 820°C (1500°F)
in the kiin and 980°C (1800°F) in the secondary chamber, approximately 160
to 170 percent excess air would be maintained in the secondary chamber
compared to about 210 percent in the kiln. Manufacturers are now
designing rotary kilns utilizing special kiln seals and air injection that
operate with substoichiometric air levels in the kiln. Operating the kiln
at substoichiometric air levels decreases the kiln size and reduces
auxiliary fuel usage.’

4.3 WASTE FEED HANDLING

The physical and chemical properties of wastes and the effects of
these properties on the incineration process were presented in
Chapter 2. Furthermore, typical characteristics of hospital infectious
wastes were presented and discussed. In most cases, the operator of an
incinerator does not have control over the quantity or types of wastes
which are transported to the incinerator for disposal. However, the
cperator does have control over two of the most important parameters--how
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the waste is charged and at what rate. Waste charging procedures are
specific to the type incinerator and the incinerator's mode of operation;
proper charging procedures will be discussed in Section 4.4. In this
section, some general concepts with regard to types of waste and handling
of the wastes are discussed. Although the operator does not have control
(or has very little control) over the waste which is to be incinerated,
the operator must understand how waste composition affects operation of
the incinerator and must learn to recognize problems related to waste
composition or to identify significant changes in waste composition. The
operator then can modify charging procedures, modify incinerator
combustion parameters (if properly trained to make such adjustments),
and/or notify the appropriate hospital administrators of continued waste
related problems which are severely affecting incinerator operation. The
remainder of this section addresses the following concerns:

1. Safe waste handling procedures; and

2. Wastes that should not be incinerated.

4.3.1 Proper Waste Handling

Infectious waste will be delivered to the incinerator area in "red
bags." The primary concern is to avoid exposure to pathogens;
consequently red bag wastes should be handled in a manner which maintains
the integrity of the container. Proper procedures dictate that:

1. Sturdy containers are used;

2. Waste handling is minimized;

3. The waste storage area is secure if wastes are to be stored; and

4. Mechanical handling/loading systems are properly operated and
maintained.

Plastic bags are the typicalhcontainers used for infectious waste.
Tear-resistant bags that will maintain their integrity during the
handling/transporting process should be used. The two main criteria used
to evaluate bag durability are bag thickness and the ASTM dart test.’*'®
Some State regulations specify minimum bag requirements based on one of
these two criteria.’ For example, Massachusetts specifies a minimum bag
thickness while California requires use of the ASTM dart test.’ Even if
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appropriate bag materials are used, overloading of bags, placement of
sharp objects within the bags, or mishandling can result in tearing.
"Sharps”" (e.g., needles, broken glass) should be placed in special rigid
sealed containers; these containers can then be placed in the red bag.
The options that can be used if bag tearing is a problem include double
bagging and the use of rigid containers to contain the bags. Rigid
containers such as reuseable metal/plastic drums or disposable cardboard
drums or boxes can be used to contain the individual plastic bags. If
reusable containers are used, the plastic bag would be placed as a liner
in the container (much like one might do at home for household garbage).
When filled, the bag is sealed, and a 1id is placed on the container. The
container is then transported to the incine}ation area. Reauseable
containers have some disadvantages in that they require additional
handling and will need to be disinfected after each use. Because the
waste is to be incinerated, disposable cardboard cartons that can be
loaded directly into the incinerator and disposed with the waste is a
reasonable alternative. Use of disposable containers with mechanical
charging systems also minimizes the potential for spillage in and
contamination of the charging equipment during operation of the
incinerator,

Another approach to enhancing integrity of the red bags is to use
rigid carts, usually made of rigid plastic or of metal, to collect and
transport the red bags. These rigid carts protect the waste bags from
bumping, tears, etc.; the integrity of the bags is more easily
maintained. Also, should a bag tear or break, the waste is contained,
even if Tiquids are involved. Finally, handling of the waste can be
minimized by the use of rigid carts. Once the red bags are placed in the
cart, they need not be handled again until they are loaded directly into
the incinerator or into the mechanical charging system for the
incinerator. Since waste handling is minimized, the approach of keeping
the wastes in the transport cart up until the time it is charged to the
incinerator is preferred over the approach of unloading the waste to a
storage area or charging pile on the floor. When rigid transport carts
are used for large automated incineration systems, the waste may never
need to be handled manually after collection. Charging systems are



available which will automatically 1ift and dump the contents of the
collection transport carts into the charging hopper without handling of
the waste by the operator.a’17 Consequently, use of rigid type transport
carts can be effective in minimizing waste handling.

To assure the integrity of the red bags, mechanical means of
transporting the waste should not be used, except for final charging into
the incinerator. For example, dumb-waiters, chutes or conveyors should
not be used to transport the waste.3 The mechanical charging systems for
the incinerator should be designed and operated to minimize bag-breakage,
spillage, and possible contamination. For example, trash compactors
should not be used since when the bags are compacted, they will likely
break open. Furthermore, compaction will affect the wastes' bulk/density
(1b/ft3) which will consequently affect the combustion process.3

The treatment of infectious waste as soon as possible after
generation is preferable. However, because same-day treatment is not
always possible, the incinerator operator may be responsible for waste
storage. If the waste must be stored prior to incineration, four factors
should be considered:

1. Maintaining container integrity and minimizing handling;

2. Storage temperature;

3. Storage duration; and

4. Location of the storage area.

The waste storage area should be a "secure" area, out of the way from
normal hospital traffic and should have restricted access. Certainly, the
area should be secure from public access. The storage area and/or the
containers should be secure from rodents and vermin which can contract and
transmit disease.

As temperature and storage time increases, decay occurs and )
unpleasant odors result. There is no unanimous opinion on acceptable
storage temperature or times. The EPA Office of Solid Waste simply
recommends that storage times be kept as short as possible.3 Some States
do regulate storage times. For example, Massachusetts allows infectious
waste to be stored for 24 hours (1 day) at room temperature or for
72 hours (3 days) at refrigerated temperatures (34° to 45°F).3
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Obviously, the level of control that the incinerator operator has
over the items just discussed will vary with the situation and with the
particular waste handling issue. That is, the operator may have little
control over what strength red bag is used, but may have a great deal of
control over whether red bags are removed from transport carts to a
"charging floor" or whether the bags are simply loaded into the
incinerator directly from the cart--thus eliminating handling each bag two
more times.

The operator does, however, have control of personal protection items
used. It is prudent that when handling infectious waste, an operator
should always wear hard-soled shoes to avoid the potential for punctures
and thick rubber gloves to resist cuts and punctures and to prevent direct
contact with fluids. Safety precautions are discussed further in
Chapter 9. The operator must remember that his/her safety is at stake and
should bring deficiencies in waste handling practices (e.g., consistent
tearing of bags due to poor bag quality) to the hospital administrator's
attention.

4.3.2 Restricted Wastes

It is inappropriate to dispose of some wastes in a hospital waste
incinerator unless special permits are obtained. Wastes which should not
be incinerated, unless special permits are obtained include:

(1) radioactive wastes, and (2) hazardous wastes regulated under the
Resource Conservation and Recovery Act (RCRA).

Some State regulations or specific operating permits may dictate
charging limits for certain types of wastes. For example, an operating
permit may allow only up to 5 percent of the hourly charging rate to be
human or animal parts (i.e., "pathological waste"). Obviously, the
operator cannot tell whether the waste contains 4 percent or 5 percent of
pathological wastes; nor should the operator ever open red bag wastes to
examine the contents. Nonetheless, the operator must be aware of the
regulations and must be attuned to spotting problem wastes, either by the
obvious (e.g., gallon jugs of liquids, containers marked "radioactive") or
by more subtle means (i.e., identifying large gquantities of human/animal
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anatomical parts in the incinerator waste bed, while viewing the bed
through a glass covered viewport.)

4.4 INCINERATOR OPERATION, CONTROL, AND MONITORING

The key operating parameters for incinerators were presented in
Section 4.2. This section provides a summary of the operating procedures,
parameters which can be automatically controlled, and monitoring
techniques for incineration systems. The operation, monitoring, and
control of these four "typical" systems are discussed:

1. Batch feed controlled air;

2. Intermittent-duty controlled air;

3. Continuous-duty controlled air; and

4. Multiple chamber.

The operation, control, and monitoring of rotary kilns is not presented
here because very few units are used to incinerate hospital waste and
detailed information regarding their operation was not available.

4.4.1 Batch Feed Controlled-Air Incinerator

This type incinerator typically is a small unit, up to 500 1b/h, but
more typically less than 200 1b/h capacity. The incinerator is operated
in a "batch mode" over a 12- to 24-h period which entails a single charge
at the beginning of the cycle, followed by combustion, ash burnout,
cooldown, and ash removal. The operating cycle from startup to shutdown
is discussed in the following sections. Parameters which can be
automatically controlled and monitoring techniques also are discussed.

4.4.1.1 Incinerator Operating Procedures.

4.4.1.1.1 Ash removal. Startup of the incinerator actually begins
with removal of the ash generated from the previous operating cycle. The
following are guidelines for good operating practice:1°

1. In general, allowing the incinerator to cool overnight is
sufficient for the operator to remove the ash safely. This cooling can
take as long as 8 h.
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2. The operator should open the ash cleanout door slowly both to
minimize the possibility of damage to the door stop and seal gasket and to
prevent ash from becoming entrained.

3. The operator should exercise caution since the refractory may
still be hot and the ash may contain local hot spots, as well as sharp
objects.

4. The ash and combustion chamber should not be sprayed with water
to cool the chamber because rapid cooling from water sprays can adversely
affect the refractory.

5. A flat blunt shovel, not sharp objects that can damage the
refractory material, should be used for cleanup.

6. Avoid pushing ash into the underfire air ports.

7. Place the ash into a noncombustible heat resistant container,
i.e., metal. Dampen the ash with water to cool and minimize fugitive
emissions.

8. Once the ash has been removed and prior to closing the ash
cleanout door, the operator should inspect the door seal gasket for frayed
or worn sections. Worn seal gaskets should be replaced.

9. To prevent damage to the door seal gasket, the operator should
close the ash cleanout door slowly and should not overtighten the door
clamps. Overtightened door clamps may cause the seal gasket to
permanently set and allow infiltration of outside air around the door
face.

4.4.1.1.2 Waste charging. The operator may have the option of
selecting which items are included in a particular charge. Waste
properties which should be considered when the waste is segregated into
charges include: (1) the heating value, (2) the moisture content, (3) the
plastics content, and (4) the amount of pathological wastes. The heating
value and moisture content of waste affects the performance of an
incinerator. A charge of waste with a very high heating value may exceed
the thermal capacity of the incinerator. The result is high combustion
temperature, which can damage the refractory of the incinerator and can
result in excessive emissions. Similarly, a charge of waste with a very
high moisture content will not provide sufficient thermal input, and the
charge will require the use of more auxiliary fuel than usual.
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Plastic items are an example of materials with high heating values.
Large quantities of plastic, which may contain polyvinyl chloride, should
be distributed through many waste charges, not concentrated in one charge,
if possible. When sorting loads of waste to be incinerated, the operator
should try to create a mixture of low, medium, and high heating value
wastes in each charge, if possible, to match the design heat release rate
of the incinerator. In general, lighter bags and boxes will contain high
levels of low density plastics which burn very fast and very hot. Heavier
containers may contain liquids (e.g., blood, urine, dialysis fluids) and
surgical and operating room materials which will burn slowly. As a
general rule for segregating waste into charges, it is best for the
operator to mix light bags and heavy bags to balance the heating value of
each charge. If several different types of waste, i.e., red-bag, garbage
(cafeteria wastes), trash, are being charged to the incinerator, it is
generally better to charge the incinerator with some of each waste, rather
than all one type of waste. Special care should be taken to avoid
overcharging the incinerator (beyond its intended use) with anatomical
wastes. |

Prior to initiating charging, operation of the combustion air blowers
and ignition and secondary burners should be checked. Follow the
manufacturers' recommendations. The proper operation of the primary and
secondary burners is best achieved by observing the burner flame pattern
through the viewports in the incinerator wall or- in the burner itself.
Some burners are equipped with one observation point to view the main
flame and another to view the pilot flame. The flame pattern will likely
vary with the type of burner. However, the length of the flame should be
such that the flame touches the waste but does not impinge directly on the
refractory floor or wall. Obviously, the absence of a flame indicates a
problem with the burner or the system that controls the burner.

Most burners are equipped with a flame safeguard system that includes
a flame detector that effectively cuts off the fuel (gas or o0il) supply to
the burner if a flame is not detected. When the burner is first started,
the burner blower starts and when it reaches full speed, a purge timer
starts. When the purge timer times out, the flame safeguard energizes the
pilot relay that opens the pilot fuel supply and ignitor. When the pilot

4-23



1ights, a flame detector (either an ultraviolet scanner {gas or o0il] or
flame rod circuit [gas only]) detects the flame and causes the main flame
relay to activate the fuel supply to the main burner. The pilot then
ignites the main burner. The flame detector continues to operate and
shuts the burner down if the main burner fails. Additionally, if the air
supply is lost both pilot and flame relays shut off the fuel supply. The
pilot usually is ignited for no more than 15 seconds (interrupted

pilot). If the main burner does not ignite during the period, the flame
safeguard system shuts the entire system down. *®

The incinerator is charged cold. Because these units generally are
small, they are usually manually loaded. The waste is loaded into the
ignition chamber, which is filled to the capacity recommended by the
manufacturer. Typically, the manufacturer will recommend filling the
incinerator completely, but not overstuffing the chamber. Overstuffing
can result in blockage of the air port to the combustion chamber and in
premature ignition of the waste and poor performance (i.e., excess
emissions) during startup. Overstuffing also can result in blockage of
the ignition burner port and damage to the burner. After charging is
completed, the charge door seal gasket is visually checked for
irreqularities. The door is then slowly closed and locked. The charge
door seal gasket should then be inspected for any gaps that would allow
air infiltration into the primary chamber. Once operation is initiated,
no further charges will be made until the next operating cycle is
initiated, i.e., after cooldown and ash removal.

4.4,1.1.3 Waste ignition. Prior to ignition of the waste, the
secondary combustion chamber is preheated to a predetermined temperature
by igniting the secondary burner. A minimum secondary chamber temperature
of 980°C (1800°F) is recommended prior to ignition of the waste. The
manufacturer should be consulted regarding proper preheat procedures;
improper preheat can result in refractory damage.

After the secondary chamber is preheated, the secondary combustion
air blower is turned on to provide excess air for mixing with the
combustion gases from the primary chamber.

The primary chamber combustion air blower is activated and the
primary burner is ignited to initiate waste combustion. When the primary
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chamber reaches a preset temperature (i.e., the minimum operating
temperature for the primary chamber, see Table 4-1) and the waste
combustion is self-sustaining, the primary burner is shutdown.

The primary combustion air and secondary combustion air are adjusted
to maintain the desired primary and secondary chamber temperatures.
(Typically this adjustment is automatic and can encompass switching from
high to low settings or complete modulation over an operating range.)

During operation, the primary burner is reignited if the ignition
chamber temperature falls below a preset temperature. Similarly, the
secondary burner is reduced to its lowest firing level if the secondary
chamber rises above a preset high temperature setting. Again, control of
the burr~-s, Tike the combustion air, is typically automated. A
baromet-  damper on the stack is used to maintain draft. The incinerator
chambe: ould both be maintained under negative draft.

4.-...1.4 Burndown. After the waste burns down and all volatiles have
- been released, the primary chamber-combustion air level is increased to’
facilitate complete combustion of the fixed carbon remaining in the ash.
The temperature in the primary chamber will continue to decrease. During
the burndown period, the primary burner is used to maintain the primary
chamber temperature at the predetermined minimum level of the operating
range. The length of time required for the burndown period depends on the
incinerator design, waste characteristics, and degree of burnout
desired. 1 -typical burndown period is 2 to 4 h.H When combustion is
complete . :he primary and secondary burners are shutdown.

Shutdown of the secondary burner which initiates the cooldown period
usually is automatically determined by a preset length of time into the
cyc1e.9'11 The combustion air blowers are left operating to cool the
chambers prior to subsequent ash removal. The blowers are shutdown when
the chambers are completely cooled or prior to opening the ash door for
ash removai. Cooldown typically lasts 5 to 8 htt

The final step in the cycle is examination of ash burnout quality.
Inspection of the ash is one tool the operator has for evaluating
incinerator performance. The operator should look for fine gray ash with
the consistency of ash found in the fireplace at home or in the barbeque
grill. Ash containing large pieces of unburned material (other than
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materials which are not combustible, such as cans) shows that incinerator
performance is poor. It may be necessary to return these large pieces of
material to the incinerator to be reburned because poor quality ash may be
refused at landfills for disposal. Ash color also is an indicator of ash
quality. White or gray ash indicates that a low percentage of carbon
remains in the ash. Black ash indicates higher carbon percentages
remaining. Although carbon remaining in the ash indicates that available
fuel has not been used and combustion has not been complete, the fact that
carbon remains in the ash is not in itself an environmental concern or an
indicator that the ash is not sterile. Nonetheless, ash color can be used
to assist the operator in evaluating burnout and incinerator performance.

4.4.1.1.5 Special considerations. If pathological waste is being
burned, the ignition burner should be set to remain on until the waste is
completely burned. Further, the volume of waste charged likely will need
to be significantly reduced. The time required to burn an equivalent
volume of Type 4 waste will be extended, since the waste contains high
moisture and low.volatile content. To destroy pathological waste
efficiently, the waste must be directly exposed to the burner flame;
consequently piling pathological waste in a deep pile (e.g., filling the
entire chamber) will result in inefficient combustion. > If large volumes
of pathological wastes are to be incinerated, an incinerator which is
especially designed for pathological waste should be used.

4.4.1.2 Automatic Controls. Various levels of automatic controls
are available for hospital incinerators, even for the smallest units
sold. The smallest batch type units can be designed to use the same
automatic control concepts and hardware for the key combustion control
parameters (e.g., temperature and combustion air) as the larger
continuous-duty incinerators.lg The use of control systems allows key
combustion parameters to be adjusted automatically based on data (e.g.,
temperature) from the incineration system. These automatic controls
permit the combustion process to be more closely controlled.

For batch feed systems, parameters that can be automatically
controlled include:

1. Charging frequency;

2. Combustion air rate;
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3. Primqry and secondary burner operation;

4, Temperature; and

5. Combustion, burndown, and cooldown cycle times.

4.4.1.2.1 Charging frequency. The charging frequency can be
automatically controlled by providing an interlock system on the charging
door. The interlock will prevent the charging door from being opened
after the primary burner is ignited and will prevent additional charges to
the batch system until after burndown and cooldown have been completed.
The operation of the interlock can be set up in one of two ways. The
interlock can be activated by a timer so that the door cannot be opened
until after a preset time has elapsed (e.g., 24 hours). Alternatively,
operation of the interlock can be based on temperature; the interlock is
set to deactivate only after the proper temperature in the cool down cycle
is attained. The latter approach truly controls operation of the unit in
a manner that assures the incinerator will run through the complete
charge, combustion, burnout, and cooldown cycle.

4.4.1.2.2 Combustion air rate. Combustion air rate can be
automatically controlled by on/off settings, low/high settings, and full
modulation of the flow over an entire operating range. The control
settings can be activated based upon the value of a monitored parameter
(e.g., temperature) or by a specified time in a cycle. Some manufacturers
are now using different types of more advanced combustion air controls
that sense parameters such as gas flow, opacity, oxygen concentration, and
loading cycles to assure that adequate combustion air is available in the
secondary chamber. "

4.4.1.2.3 Primary and secondary burner operation. Like the combustion
air, the ignition and main combustion (secondary chamber) burners can be
controlled over an entire operating range (i.e., modulated), at low/high
levels, or in the on/off position. The settings can be based upon a
monitored value (e.g., temperature) or as part of a timed sequence. The
use of such settings in a control system is discussed in the following

sections.

4.4.1.2.4 Temperature. Both the primary ignition and secondary
combustion chamber temperatures can be automatically controlled. At least
two levels of control are available. The first control approach is
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designed to control temperature in each chamber by modulating the
available comBustion air to each chamber. In this type system, the
temperature in each chamber is monitored, and the combustion air to each
chamber is separately controlled based on feedback from the thermo-
couples. The combustion air is modulated continuously over a wide range
in order to maintain the set point temperatures. Auxiliary burners are
used as necessary to maintain minimum temperatures. Since instantaneous
peaks in the combustion gases generated in the primary chamber can occur,
some manufacturers recommend operating the secondary burner at all times
(in a Tow fire position if heat is not required) to assure complete
combustion of primary chamber gases.“

This type control system effectively controls the waste combustion
rate in the primary chamber by controlling the combustion air.
Controlling the combustion rate in the primary chamber subsequently limits
the combustion rate in the secondary chamber. Controlling the secondary
chamber combustion air controls that chamber's temperature by increasing
or decreasing the excess-air level. The firing rate of the main
combustion burner (secondary chamber) may be modulated upward or downward
if low and high temperature set points are reached in the secondary
chamber. Similarly, the ignition burner can be activated automatically if
the primary chamber temperature falls below the minimum set point. This
type system provides a true control of the key parameter, combustion
temperature, by modulating the combustion air.

One manufacturer controls the combustion rate in the primary chamber
and the temperature in the secondary chamber by monitoring the oxygen
concentrations in each combustion chamber and using these data to
control/adjust the combustion air levels. 2’

Review of manufacturers' information indicate that a second approach
to automatically controlling the combustion process is used for batch type
um‘ts.g'11 In this approach, a series of timers are used to establish a
timed sequence of events and the key process equipment (i.e., burners and
combustion air) have high/low or on/off settings. The switching of the
burners and combustion air from one setting to another is controlled by
the timed sequence. Overrides for the timed sequence are typically
provided to assure that minimum or maximum set point temperatures are not

exceeded.
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This type control system does not offer the same level of combustion
control as the modulated system previously described. Instead of
continuously modulating to achieve a specific set point (i.e., tempera-
ture), this type system utilizes on/off or low/high settings to maintain
control between two set points.

4.4.1.2.5 Combustion, burndown, and cooldown cycle times. An
automatic control sequence operating on a timer cycle typically is used to
initiate and control the length of burndown and cooldown cycles.

Table 4-3 presents an example timed control cycle for a batch operated

incinerator.

4.4.1.3 Monitoring Operations. The monitoring of key operating
parameters provides several benefits. First, monitoring provides the
operator with information needed to make decisions on necessary combustion
control adjustments. For example, continuous monitoring of the
temperature and carbon monoxide level of the secondary combustion chamber
effluent gas stream allows the operator to determine whether optimum
combustion conditions are being maintained. Indications of an abnormally
high CO level and low temperature can immediately be used to adjust the
secondary burner rate to raise the combustion chamber temperature.

Second, properly maintained monitoring records can provide useful
information for identifying operating trends and potential maintenance
problems. This historical information can be used to make decisions with
respect to modifying standard operating procedures or control set

points. For example, careful visual inspection of ash quality each day
complemented by comments in a daily operator's log book can be used to
track ash burnout patterns. If a gradual trend towards poor ash burnout
becomes evident, identification of possible reasons and corrective actions
can be initiated. Finally, monitoring generally is needed to satisfy
regulatory requirements.

Monitoring can be divided into three broad categories:

1. Continuous monitoring--involves continuous instrumental
measurement with continuous data recording; e.g., use of a temperature
sensor with a strip chart recorder.

2. Continuous measurement--involves continuous instrumental
measurement but requires the operator to monitor the data output manually;
e.g., use of a temperature sensor with a digital meter display. '
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TABLE 4-3. EXAMPLE TIMED CONTROL CYCLE FOR BATCH MODE INCINERATOR

Controlling Resulting automatic
Cycle parameter/level control action
1. Secondary Manual start Secondary burner--

4.

5.

combustion chamber
preheat

Ignition

Combustion

Burndown

Cooldown

Combustion chamber
temperature reaches
1100°F

Primary chamber
temperature reaches
1000°F

Secondary temperature
reaches high set
point, 2000°F

Secondary temperature
reaches low set point,
1800°F

(Burner will cycle as
high/low set-points
are reached)

5 hours from ignition

High primary temper-
ature override

1 hour after override
activated
8 hours from ignition

16 hours from igni-
tion; cycle completed

High fire
Secondary combustion
air-high level

Primary combustion
air--high level

Primary burner on

Primary burner off

Secondary burner
switches to low fire

Secondary burner
switches back to high
fire

Primary air switched
to high

Primary air switched
hack to low
Primary air switched

to high level

Secondary burner shuts
of f

Combustion air blowers
shut off
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