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FOREWORD

This report was prepared by the Energy Branch (EPE), Energy and Power Division (EP),
of the U. S. Army Construction Engineering Research Laboratory (CERL) for the Direc-
torate of Military Construction, Office of the Chief of Engineers (OCE). Work was con-
ducted under RDT&E program 6.21.12A, Project 4A062103A891, **Environmental Qual-
ity for Construction and Operation of Military Facilities™; Task 03, “Facilities Pollution
Control”: Work Unit 002, “*Criteria for Pollution Control Facilities.” The applicable QCR
is 1.03.006(4). Mr. H. McCauley was the OCE Technical Monitor. Administrative support
provided by Dr. D. J. Leverenz, Chief of EPE, and Mr. R. G. Donaghy, Chief of EP, is ac-
knowledged.

COL J. E. Hays is Commander and Director of CERL, and Dr. L. R. Shaffer is Techni-
cal Director.

r-_',‘ sl - i
] WN'e Section 3]

ﬁm 6. Section
"l’ﬂ“m 'nu’»n U

i1 luu‘lv“ et s

| ST (e

X Ty s AIaE
— .tk sdse SF Clak




r : e R s rr— e e

CONTENTS

DD FORM 1473
FOREWORD
LIST OF TABLES AND FIGURES 6 i

-

w

1 INEROBUCTION S o i it ooh o st E A st s ot B s el B e e bl o 5 7
Background
Objective
Approach :
Scope .
Mode of Technology Transfer

2 BASIC DESIGN REQUIREMENTS . . .. ... ittt i enon 7
General
Classification of Wastes
Types and Quantities of Waste
Computation of Incinerator Plant Design Capacity
Air Pollution Regulations
Auxiliary Fuel
i Plant Location
| Plant Operation
F' Layout

] 3 SELECTION OF INCINERATORPLANTSITE . ... ... ... 10

‘ General
Haul Distances

) Installation Development

| Physical Factors

# Public Relations

4 RECEIVING, HANDLING, AND CHARGINGOFWASTES. . . ............ 12
General Aspects of Handling /
Floor Surfaces
Pit Sizing
Backup
Ancillary Equipment
Overhead Crane
Front-End Loader
Tipping Floor
General Aspects of Charging

5 DESCRIPTION OF PACKAGE SOLID WASTE INCINERATORS .. . ........ 14
General
Process Flow
Rotary-Kiln Incinerator
Controlled-Air Incinerator
Basket-Grate Incinerator
Augered-Bed Incinerator
Comparative Ratings of Package Incinerators




6 ASH HANDLING ANDDISPOSAL . ... ...t i e e e
General
Quenching
Handling in Plant
Hauling

7 INSTRUMENTATION ANDCONTROLS . . . ... ... i e e e
General
Centralization
Temperature Instruments
Draft Pressure Instruinents
Gas/Liquid Pressure (1 to 100 psi) Instruments
Gas Flow Instruments
Liquid Flow Instruments
Smoke Density Instruments
Motion Instruments
Visual Observation
Weighing Instruments
General Electrical Instruments
General Measurements
General Control System

8 OPERATION AND MAINTENANCE . . . . ..t i ittt e e e e e e
General
Management and Personnel
Operational Guides
Performance Records
General Aspects of Recordkeeping
Waste Quantity and Composition
Waste Handling
Furnace
Utilities

9 PERSONNEL FACILITIES AND SAFETY . .. . ittt ittt
General
Hygienic Considerations
Hazards
Employee Facilities
Ventilation
Hlumination
General Safety Equipment
Employee Safety Equipment
Employee Safety Training

10 POLLUTION ABATEMENT . . . .. ... iiiinnn
KL CUNGEUSTONG & w80 i s o e W BT B8 i e e e 1o e b et i

REFERENCES

DISTRIBUTION




TABLES
Number
| Classitication and Source Data tor Wastes Suitable for Incineration
2 General Incinerator Site Selection Factors

3 Comparative Ratings of Package Solid Waste Incinerators

FIGURES

I Distribution of Solid Waste Generation Rate at Major
Army Installations in CONUS in FY75

2 Rotary-Kiln Incinerator

3 Operation of Rotary-Kiln Incinerator

4 Concurrent and Countercurrent Opcrutix;ll of Rotary-Kiln Incinerator
S Controlled-Air Incinerator (First Major Configuration)

6 Controlled-Air Incinerstor (Second Major Configuration)

7 Controlled-Air Incinerator (Second Major Configuration)

8 Basket-Grate Incinerator

9 Augered-Bed Incinerator

Page

9

16

16




DESIGN FEATURES OF PACKAGE
INCINERATOR SYSTEMS

1 INTRODUCTION

Background

Recently, there has been a major growth trend in
the design, manufacture, and sale of smaller-scale solid
waste incinerators. This reflects the broad swing from
landfill disposal of putrescible trash and garbage to ther-
mal processing systems, whose product is an essentially
inert ash and residue which can be landfilled in an en-
vitonmentally compatible manner. Bulk reduction of
wastes through incineration can be as great as 98 per-
cent. adding years to a landfill’s functional life.

As greater constraints are placed on landfilling active
wastes, installation waste disposal operations personnel
will probably give increasing consideration to imple-
menting incinerator systems. Small-scale incinerators
having potential installation application are in the pro-
cessing range of up to 19 MBtu/hr (20 Gl/hr), or
approximately 112 tons/hr (1.02 t/hr) of waste having
a heating value of 8500 Btu/lb (19.8 MJ/kg). Such
incinerators are usually “package™ or “modular™ units

predesigned.  off-the-shelf,  highway-shippable units
which are generally procurable with a 6-month lead
time. Because of their relatively fow cost as compared
to field-erected incinerators. these units have potential
application on more than 75 percent of major Army
mstallations in CONUS, where the average solid waste
generation rate is approximately 41 tons/day (37.2
t/day) (5 day/week basis, Figure 1).

The major technical manual that provides instruc-
tions and information for the design of installation-
scale incinerators does not reflect the accelerating tech-

nological changes of the past few y‘curs.l Cognizant of

this. the Office ot the Chiet of Engineers (OCE) initia-
ted an etfort to evluate current installation-scale incin-
crator technologies and incorporate recommended sys-
tem changes mto updated technical manuals.

Objective

The objective of this investigation was to evaluate
current small-scale solid waste incineration technolo-
gics.

VSanitarv Fngincering, Incinerators, TM 5-814<4 (Depart-
ment of the Army, May 1959)
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Approach

The information contained in this report reflects ac-
tivities carried out during the inttial stages of the proj-
ect: extensive hterature review, field observation. and
contact with manufacturers and vendors ot packuage in-
cineration equipment and systems. With the exception
of the technical description of small-scale mcinerators,
which was obtained exclusively trom field contacts and
observations, information came largely from the litera-
ture review. A comparative performance rating system
was applied to evaluate the potential of the four cur-
rently marketed package incinerator configurations.

Scope

This report presents information pertaining to the
design and operation of  package installation solid
waste incinerator plants having a processing capacity
ranging up to approximately 80 tons/day (72.6 t/day).

Mode of Technology Transfer

This report may be used by OCE o update T™M 5-
S14-4. Sanitary Engineering, Inciner tors and related
documents. as appropriate.

2 BASIC DESIGN REQUIREMENTS

General

Incinerator capacity is based on heat release rate.
not mass flow rate or throughput capacity of wastes.
This section provides a method for determining plant
capacity, operating schedule. and number and rating of
incinerators for use in project development.

Classification of Wastes

Table 1 provides classification and source data for
wates that can be processed in conventional package in-
cinerators.

Types and Quantities of Waste

Identitying types and quantities of wastes is a criti-
cal stage in project development for a new small-scale
incinerator plant and requires a careful and accurate
survey. CERL Technical Report E-75 provides guid-
ance for conducting a waste survey at an installation.?
When a project enters the design stage, the designer is

2(;. Schanche, L. Greep. and B. Donahue, Installation Solid
Waste Survey Guidelines, Technical Report F-75/ADAOTISS79
(U, S. Army Construction Fngineering Research Laboratory,
September 1975).




MEAN = 41 TPDg
MEDIAN = 32 TPDg

MODE = 5 TPDs

STANDARD DEVIATION = 39 TPDg

NUMBER OF MAJOR ARMY INSTALLATIONS IN CONUS

49% 60% 69% 716% 79%

CUMULATIVE PERCENT

87% 9% 96% 98% 100%

100 110 150 160

120 130 140

SOLID WASTE GENERATION RATE (TONS/DAY, 5-DAY WEEK BASIS, OR TPDs )

FOR ILUISTRATION ONLY; COMPUTED FROM CUBIC YARDAGE DATA USING
LOOSE BULK DENSITY OF 100 LB./CUBIC YARD.

Computed from cubic vardage data using loose bulk density of 100 Ib/cu yd.

Figure 1. Distribution of solid waste generation rate at major Army installation in CONUS in FY7S.

usually required to resurvey the waste to confirm the
design points obtained in the preliminary survey by in-
stallation personnel.

Computation of Incinerator Plant
Design Capacity

Incinerator design capacity is a function of actual
burning time after a preheat period. In package sys-
tems. the preheat period rarely exceeds 1 hour; hence
an S-hour shitt usually provides 7 hours of effective
burning time, with unit cool-down time provided af-
ter the end of the operating period. Package incinerators
do not exceed capacities of 19.5 MBtu/hr (20.6 GJ/hr)
of waste heat release rate: due to slagging potential,
they are usually not operated continuously for more
than 24 hours or at furnace temperatures greater than
18007F (9827C). Capacity is chosen for 5 days/week
operation when possible, leaving weekends available tfor
extended operation in peak load processing and main-

tenance. Design capacity is given by Eq. 1:

1.25 X H

design capacity = ———— -
Design capacity burning hv.rs/day

- [Eq 1]

where:
H = heating value of waste stream (MBtu/day)

1.25 = factor allowance for contingency variations
in generation rate and for load factor.

The factor H is derived by multiplying the generation
rate (1b/day) by the heating value of the waste (Table
1).

The number of incinerators required can be deter-
mined from the number of burning hours/day. For ex-
ample, if a waste survey shows 445.8 MBtu/day (4703
GJ/day) of waste energy available, and operation is 7
hours/day. an incinerator rated at 79,6 MBtu/hr (83.9
GJ/hr) is required. However, the maximum available in-
cinerator rating is 19.5 MBtu/hr (20.6 GJ/hr). so at




Table 1*
Classification and Source Data for Wastes Suitable for Incineration
(Adapted from [ncinerator Standards, Incinerator Institute of America)

Auxiliary Fuel
Btu'lb of Waste

Waste Approximate Heat Value to Be Included
Principal Components and Comp 1 M ¢ Incombustible  Btlb in Combustion
Iype  Description Sources (% by weight) Content (71 Solids 1) Refuse as Fired  Calenlations
0 Trash Highly combustible waste Lrash 100 1o N 8500 1]
paper, wood, cardboard, car
tons, mctuding up to 10
treated paper. plastic, or rub
ber scraps commercial and
mdustrial soucces
1 Rubbish Combustible waste, paper cat Rubbish 100 25 10 63500 a
tons, tags. wood scraps, (arbage
floarsweepies  domestic, up to 20)
vommercial, and mdustral
Sources
2 Retuse Rubbish and yarbage Rubbish SO S0 7 4300 0
residential sources Garbage S0
3 Garbage Animal and vesetable wastes Garbage 100 0 S 2500 1500
subsistence buildmes, civilian (rubbish
cateterias, niarkets, hospitals, up to 35)
prisons, clubs as sources
4 Anmimal solids Carcasses, organs, solid orgamie Ammal and 85 5 1000 3000
and organic wastes  hosputal, laboratory., human
wastes abatorrs, animad pound, snd tissue 100
similar sources
s Caneous hiquid Industrial process wastes Varable Dependent on Vanable Varable Vanable
or semibiquid predonument  according to according (o accordig to
wistes COMponents  wastes survey wastes survey Wastes survey
o Sersalid aind Combustibles requinng hearth Varable Dependent on Vanable Varable Varnable
solidd wastes ictort, or grate burning predominant — according to according to according to
equipment COMPONENts  Wastes survey  Wastes survey wastes survey
Strom Desien Manual  Mechanical Engimeering (Naval Facilities Eagineering Command, September 1974) p 3-2-3,

least five emerators would be provided to process
destgn quantities. Hardware requirement can be reduced
by operating two shitts (17 hours burning tme). 1 ap-
provately 328 MBouhe (34,0 GEHhio) of waste must
be processed. a4 minimmum ot two mcinerators will be
requited. Operating three shitts day (23 hours burning
time) reduces the processing requirement to 24.2 MBuu

e (255 GVhr), which requires two incinerators. The
sofution 1o this problem might be to operate 24 hours

dave S days week, and mstall towr mcinerators using
units 1 oand 2 tor 24 hows, and units 3 and 4 for the
next 24 hours. Units 3 and 4 could be started up during
the final hour of operation of units 1 and 2 to increase
ettective buinimg time. The result s two incinerators

operating at substantially less than nominal capacity
(providing longer lite and adequate flexibility to handle
load variation). with a second patr tmmediately avalable
for use when the fust pair is down for mamtenance.
Peak waste loads can be processed either by increasing
loads during normal operating hours or by operating
during weekends.

Air Pollution Regulations

Stattonary  combustion source  emission standards
promulgated by the US. Environmental Protection
Agency are minimum design requirements. Many states
and local governments have adopted more stringent
requirements with regard to flue gas. smoke density




and dust loading. and generation ot smoke and tly ash
dunng startup, Chapter 10 presents a reference on ap-
phicable air pollution control equipment.

Auxiliary Fuel

An auxiliary burner is usually provided in the pri-
mary combustion chamber for all but type 0 wastes.®
and always in the secondary combustion chamber. Bur-
ners are sized so that proper combustion temperatures
will be maintained when the lowest heat value wastes
are burned. Selection of primary and backup fuel is
based on availability, cost. and air pollution control re-
quirements. Natural gas. manufactured gas, and No. 2,
4.5, and 6 fuel oil can be used as auxiliary fuels. For
project development, auxiliary fuel consumption re-
quirements can be estimated as 16 percent fuel equiva-
lent per MBtu/hr waste input: a package incinerator with
with 19.5 MBtu/hr (20.6 GJ/hr) waste heat release rate
requires 3.12 MBtu/hr (3.3 Gl/hr) auxiliary fuel
equivalent to 223 gal/hr (0.08 m*) of No. 2 fuel oil
The fuel equivalent factor of 16 percent considers fuel
required for startup and contingency

Plant Location
Criteria provided in Chapter 3 are followed to deter-
mine plant location. The plantsite is determined in pro-

ject development to provide accurate cost estimates.

Plant Operation

Small-scale plants using package incinerators can
have capacities of up to about 80 tons/day (72.6 t/day).
For reliability. a plant usually has no fewer than two
package incinerators. Maximum plantsize is determined
by the economic tradeoff between installing numerous

predesigned package combustors or a lesser number of

more reliable field-erected combustors. For estimating
plant requirements, an annual load factor of 0.64 is
used for each combustor. Because of slagging problems,
24 hours is generally the maximum continuous opera-
tion period of a package incinerator. Cooldown and
manual slag removal require a minimum of 15 1/2 hours,
usually necessitating backup units to handle continu-
ously arriving waste loads. Batch-fed plants have less
than rated capacity because of the cycle time required
for charging. burning. burndown, and cleanout. If cool-
down and cleanout requirements of package incinera-
tors are known, maintenance duties can be effectively
scheduled to avoid redundant outages.

Layout
An incinerator plant integrates several functional

systems INLO a4 COmMposiie process.

1A Classitication, 8500 Bru/Ib (19.8 J/kg). See Table 1.

Refuse-handling systems may include drives and oft-
Street walting ared, scales, storage pit or tipping tfloor,
cranes or front-end loaders, conveyors, hoppers, and
rams.

Incinerators may include a drying chamber. grates.
secondary combustion chamber, atterburner, and air-
moving systems.

Air pollution control may be accomplished by gravi-
ty chambers, wet or dry baffles, cyclone separators,
scrubbers with demisters. bag filters, electrostatic pre-
cipitators. and spark arrestors.

Residue handling may require hoppers. conveyors,
rams. hauling equipment. and salvage tacilities.

Furnace draft in the primary system requires fans
and a stack. Plant auxiliary systems may require water
supply. water reclamation and treatment. vacuum
source, or compressed air. In addition, furnace opera-
tion requires controls and instruments.

A structure for housing all plant facilities accounts
for up to 35 percent of a plant’s capital cost General
requirements of the plant include attractive appear-
ance, durable construction, minimum maintenance,
case of housekeeping. adequate personnel facilities. and
ease and safety in plant operation.

SELECTION OF INCINERATOR PLANT
SITE

General

Selecting a site for an incinerator plant is governed
by haul distances, physical and load use factors, and
projected installation development. Table 2 provides
general site selection factors that are conventionally
considered.

Haul Distances

Since collecting wastes and delivering them to the
disposal site represents at least two-thirds of the cost of
waste handling, siting the incinerator plant proximal to
or centrally within areas generating most of the waste
will generally be most economical. However, unavoida-
ble nuisance factors (truck traffic, mechanical noise.
visible steam plumes. high stacks) may require provid-
ing sufficient area and/or landscaping to isolate the
plant. Time spent in moving waste from points of gen-




Factor

Accessibility

Waste storage

Steam plume
from scrubbers

Soil conditions

Grades

Storage facilities

Electric wervice

Plumbing service

Table 2*
General Incinerator Site Selection Factors

Design Criteria Comment
Incinerator should be near

source of waste and near

roads tor trucks.

Wind direction and distance
to other buildings affect
complaints about odors.

Locate away from areas
which may be affected by
fallout.

Affect toundations and
drainage.

Employ two levels where
possible to facilitate charging
and ash removal without hoist-
ing and improve drainage of
storm water and sewage.

Required for waste and ash —
containers.

Required for motors, lights,
and controfs.

Hot water required for washing
ash containers; storm and sani-
tary sewers required.

Climate

Permanency

Affects type of enclosure.

Consider possibility of mov-
ing incinerator for use at
another instaflation.

*I'rom Design Manual Mechanical Engineering (Naval Facilities Engineering

Command, September 1974), p. 3-2-6.

eration/collection to the incinerator plant and in re-
turning to the collection route is generally more impor-
tant than distance; therefore, proximity to points of
waste generation is usually less important than siting
near well-developed main roads with ready access to
and from the incinerator plant. It is frequently eco-
nomically favorable to locate an incinerator plant near
garage and shop facilities for waste collection and resi-
due disposal vehicles.

Installation Development

When siting an incinerator plant, consideration is
given to direction of installation and development, in-
stallation redevelopment and consequent chasge in

waste generation points, and tuture mission changes

Physical Factors
Utilities

Utilities services factors governing selection of an in-
cinerator plant site include requirements for two-way
electrical feed to minimize plant outage, standby water
supply, sewer service for sanitary and process water,
gas pipelines, and telephone communication with man-
agement.

Access

It is most desirable to site an incinerator plant so
that it is accessible over unrestricted two-way routes
having on-off access in both directions. Turning across
lanes of oncoming traffic is avoided. If possible, the
site is conducive to separate routing for waste collec-




tion and residue-handling equipment. There is adequate
vehicle waiting space ahead of the scale, and adequate
space for employee and standby vehicle parking. Instal-
lation of traffic control lights may be required.

Topography

For both delivery and removal of residue, the natu-
ral flow of waste is by gravity: a sloping site will allow
dumping of waste from collection vehicles at grade
level on one side of the plant, and on-grade loading of
residue-removal vehicles on the other side. A level site
may require construction of ramps or depressed drives,
excessive crane lifts, and added construction costs.

Meteorology

Consideration is given to meteorc.ogical factors and
their relationships to air pollution potential. High
stacks are used whenever possible. The site is selected
so that prevailing winds can carry effluent gases over
nonsensitive areas. However, fuvorable meteorological
conditions do not usually eliminate the necessity of
providing air polfution controf apparatus.

Ash Removal

Only a small fraction of delivered waste is removed
as ash and residue, so the location of a disposal site for
ash and residue is generally not important in selecting
an incinerator plant site.

Public Relations

Negative opinions about waste incinerator plants
can be counteracted by emphasizing need for the facil-
ity pointing out the careful consideration given to site
selection: selecting a site harmonious with existing and
projected land-use patterns: having a history of well-
managed, nuisance-free waste disposal operations; and
anticipating and thoroughly considering the value of
possible negative opinions while the site is being selec-
ted.

RECEIVING, HANDLING, AND
CHARGING OF WASTES

General Aspects of Handling

An incinerator plant includes an unloading area for
waste delivered by collection vehicles. Delivered waste
may either be discharged to a receiving pit and moved
to the incinerator feed hopper by crane, or a tipping
floor system may be used in which waste is moved to

the incinerator feed hopper by a front-end loader. The
unloading area may be opened or enclosed. Although
open areas mean reduced construction costs, enclosed
areas are favored for three reasons: (i) no exposure to
adverse weather, (2) control of odors (air can be moved
from the unloading area to the furnace and used in the
combustion process), and (3) visual aesthetics. Provi-
sion may be made at the waste delivery point for either
steam-cleaning or water-washing collection vehicles.

Floor Surfaces

Floor surfaces are usually made of impervious ma-
terial cleanable by flushing. Adequate floor drains are
provided at steam or water sources.

Pit Sizing

The length of the delivery pit is determined by the
number of discharge spaces required to prevent truck
tie-up during peak discharge hours. Total area includes
a truck turning area. Separate entrances and exits are
provided on opposite sides of the delivery area, and
there are wheel curbs or tiedowns for trucks backing
to the pit. Pit capacity can be determined from the
storage requirement obtained from plant operating
and waste delivery schedules. For typical military solid
waste, a loose (uncompacted) bulk density of 100 Ib/
cuyd (59 kg/m3)muy be used to determine pit volume.
Pit capacity does not normally exceed 200 percent of
the daily waste generated, unless there are unusual
waste storage requirements.

Backup

If all or a part of the plant breaks down, waste can
be rerouted to an incinerator at another location or to
a well-operated landfill, or it can be disposed of off-
base by contract. If the waste delivery or storage area
becomes overloaded, incinerator operating hours may
be extended.

Ancillary Equipment

Water sprays can be provided around the pit for
dust control, and fire equipment can be made available
in the pit area. There are enough containers at the
waste delivery points to separate and remove undesir-
able or unacceptable materials. Odors can be controlled
by maintaining negative pressure in the pit arca and us-
ing drawn air as combustion air. Sweepback ports are
provided in the upper pit wall at operating {loor level
for disposal of floor sweepings and crane spillage. There
is a regular schedule for cleaning the pit, and an ade-
quate water supply and drain or sump system should
be provided. The complete area is iluminated.

o —




Overhead Crane

For military-scale incinerator plants using the pit/
crane waste-handling system, an overhead, electrically
driven. monoral crane hoisting a tined clamshell (grap-
ple) s preterable to more costly bridge cranes. Crane
size 1s a tunction of plant capacity (mass of waste
stored, manerator feed hopper capacity, incinerator
feed rate. and weight and composition of waste): plant
layout (location of pit and incinerator feed hoppers,
clearances. expansion room); material flow (mixing of
waste, distances, peak load hours); and crane duty cy-
cle (required crane speed, charging, hopper feeding,
waste rehandling and mixing, operator fatigue time).

Crane Structure

Crane structure is dictated by clearance require-
ments, alignment, ratio of dead weight to live load capac-
ity, access for operations and maintenance, and prox-
imity of anchorage. support, and end bumpers for rails.

Mechanical Crane

Mechanical cranes may have carbonized wearing
parts, resistance to shock loading and reversal, central-
ized lubricating points, and clear access to routine
maintenance areas.

Electrical Crane

Electrical cranes have unexposed contacts, full mag-
netic variable speed control, heat-tolerant motor, heavy-
duty components, and a hookup separate from other
plant components.

Operator

A small-scale operation would have remote crane
control from an operating floor panel located to reduce
operator fatigue and to maintain easy, safe access.

Spare Parts
Motor components, brake shoes and linings, cable,
and other essential items are provided.

Clamshell

A grapple with tines spaced on | [/2-1t (0.46-m) cen-
ters with three-cable arrangement on a single hoist may
be used. Bucket size depends on waste characteristics,
incinerator feeder capacity, and charging cycle.

Front-End Loader

For small systems. the front-end loader is preferred
over the pit and crane system. which is less reliable and
requires longer time for repair or replacement. Front-
end loaders are propane-fired and have filled tires to
prevent blowout and vehicle outage. An enclosed, air-
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conditioned cab is often used to protect the operator
from noise and odor.

Tipping Floor

A density of 150 Ib/cu yd (89 kg/m"), is used to
size the tipping floor; the pile depth does not exceed 8
ft (2.44 m), and there is a 6-ft (1.83-m) skirt for pile
relaxation. Sufficient area is provided for truck turning
and for operation of the front-end loaders, and work-
ing walls are included to protect other plant elements
from spillage. Water supply outlets and drains are sized
to require only periodic manual cleaning. Plant design
provides for gravity vents, exhaust fans, and fire pro-
tection and emergency exits over the tipping floor perim-
eter. A fire wall may be installed between the tipping
floor and incinerator room to protect equipment and
personnel.

General Aspects of Charging

Currently manufactured package incinerators include
hardware to move waste into the furnace. Chapter 5
describes the type of charging equipment provided with
each incinerator. Incinerator charging may be either
continuous, semicontinous, or batch, and it may be
manual, automatic, or a combination of the two. Incin-
erator feeding procedures may be either by ram charg-
ing or roof (drop) charging.

Ram Charging

Ram charging is a batch or semicontinuous inciner-
ator feed procedure in which waste is dropped into a
feed hopper and hydraulically pushed through a cooled
guillotine door into the furnace. Air jets inhibit flash-
back when the ram withdraws. The feed hopper may
be fed by hand, clamshell, front-end loader, or convey-
or. Some designs use a feed hopper to direct the waste
into the ram feeder, protect against spillage, and inhibit
dust dispersion. The feed hopper height should not ex-
ceed S5 ft (1.52 m), because waste settling in the ram
feeder may pile above the unit’s mechanical height lim-
it, requiring manual compaction from above. Some ram
feeders may have a hydraulically driven vertical com-
paction device to reduce this problem.

Roof Charging

Roof or drop charging is most common in municipal-
scale incinerator plants and has been used successfully
in some small-scale systems. Waste is fed to a fteed
hopper and passes directly to the furnace from above.
The hopper directs and controls the flow. Batch-fed
units require hinged, sliding, or rolling gates to modulate
charging and to close the opening at the top of the
turnace. Continuous feeding requires that the hopper
always be filled to maintain an air seal.
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DESCRIPTION OF PACKAGE SOLID
WASTE INCINERATORS

General

This chapter provides a general technical discussion
of tour currently available package solid waste inciner-
ator systems. Because the systems share a similar pro-
cess flow, the major thrust of the discussion is toward
the unigqueness of the combustion equipment. It is em-
phasized that development of most package combus-
tors has been relatively recent and that their applicabil-
ity to installation use is not fully known. Information
in this chapter was derived through field observation
and contact with manufacturers and vendors. Some
emphasis is placed on describing the general process
flow of existing systems as they were observed in oper-
ation.

Process Flow

The process flow for all package systems is tunda-
mentally the same. Mixed solid waste is collected and
delivered to a facility where it is weighed and processed.
The main processing operations 2ce delivery, temporary
storage, burning, ash removal, and air pollution control.

Solid waste deliveries are weighed at the facility’s
entrance by a standard platform scale. The weigh sta-
tion may be manned or automatic. While requiring a
somewhat higher capital outlay, an automatic system
usually proves less costly than a manned one over the
facility life. An automatic system may include either a
standard automatic printing device or a remote-reading
electronic system. In the latter, weights may be record-
ed in the operations office inside the facility. A signal
at the weigh station indicates when the truck weight has
been recorded.

There are various means of initially handling solid
wastes delivered to the facility. For larger waste streams,
a pit-and-crane operation may be desirable. Waste is
dumped directly into the pit, which is usually designed
to accommodate surge quantities. A ceiling-mounted
crane moves material from the pit to further processing.
Oversized bulky wastes are removed. and incombustible
bulkies are separated for disposal or recycling. Combus-
tible materials either too large or of too great a struc-
tural strength to be handled with mixed solid waste in
subsequent processing stages may be diverted to an
auxiliary heavy-duty shredder for breakdown. A sys-
tem using a tipping floor and front-end loader is an al-
ternative to the pit-and-crane operation. Delivered solid
waste is dumped on the floor and moved by the loader

either to a temporary storage area or directly to proces-
sing. Bulkies are handled as described above. Some mu-
nicipal scale systems employ floor hoppers, in which
delivered solid waste is dumped through the hopper
grate and conveyed to further processing. Such systems
have been moderately problematic trom the standpoint
of controlling oversized bulky materials.

Solid waste may be conveyed from the delivery point
to temporary storage, to further processing, or directly
to the incinerator. Although most currently marketed
package incinerators are claimed to accommodate un-
processed solid waste, it is often preferable to shred the
material. Shredding loosens and reduces the waste to a
smaller and more easily handled particle size range, in-
creases the surface/volume ratio and hence the materi-
al’s combustibility, and, by mixing, makes the charge
more homogeneous than unprocessed solid waste.
Shredding increases the ease and efficiency of thermal
processing and gives stability to total system perform-
ance. A wide variety of size reduction hardware is
currently available, and selection of an appropriate unit
depends heavily on the nature and quantity of the solid
waste. In general. heavy-duty. vertical-feed, reversible-
drive hammermills with replaceable hammer tips are
adequate for the typical military base solid waste
stream. Complete redundancy at this processing stage
is desirable, since shredders are high-maini~nance items,
and continuous, reliable processing of soiid waste is
necessary.

It is generally prefercble to Keep solid waste moving
through a system (o aveid many difficult bandling
problems associated with storage of moist, putrescible
materials. Often, however, temporary (up to 3 davs)
storage is necessary; this can be accomplished in the
receiving pit. Shredded solid waste can also be stored in
agitated bins, but this approach usually means higher
capital investment and operating costs. If a tipping
floor is used. it should be adequately sized to accom-
modate storage and surge requirements.

Shredded solid waste is fed into the package incin-
erator as required to operate the system at nominal
capacity. Incinerator feeding is either continuous,
semicontinuous, or batch, depenaing on the unit’s
design. Batch-fed incinerators are usually untavorable,
because they make it difficult to maintain continuity
in steam production and solid waste disposal.

The final stage of the incineration process is usually
afterburning. Afterburners should be temperature-acti-
vated and should limit the temperature range of com-
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bustion products entering the secondary combustion
chamber.

Most available package incinerators include at least
semicontinous ash and residue removal. This phase is dis-
cussed separately in appropriate incinerator sections.

Since mixed solid waste can contain up to 25 percent
ash, high mass emission rates may be expected. Wet or
dry pollution abatement systems can be used; however,
wel systems consume large amounts of power and
cause a water treatment problem. Ventun scrubbers
and high-draft water spray cyclones have successtully
reduced emissions from solid waste incinerator systems,
but their use could effect higher capital and annual
costs from water treatment requirements. If a wet ash
removal system is used. it is often convenient to use
scrubber wastewater for quenching. Use of a scrubber
usually requires @ demister to inhibit mechanical depo-
sition of droplets on the ID fan. Baghouses and electro-
static precipitators are the chiet alternative dry collec-
tion systems. To reduce the possibility of filter fabric
damage, a cyclone separator is used before the bag-
house. High-temperature corrosion and abrasion-resis-
tant media such as fluorocarbon are recommended. U-
tility operating costs ol baghouses and electrostatic
precipitators are generally comparable. A baghouse nor-
mally has a large [D fan horsepower requirement, since
pressure drops across the unit can be great. Precipitators
are large electricity consumers. A precipitator-based de-
sign places a low-etficiency cyclone ahead of the ash
storage bin to remove any hot cinders which may cause
an explosion. Material collected in the cyclone for both
the fabric filter and clectrostatic precipitator systems
should be quenched before admission to the ash bin. A
precipitator system may require preconditioning of the
flue gas with sultur trioxide. Since solid waste contains
very little sulfur, the particulate material’s sensitivity at
the collection electrode may adversely affect the unit’s
collection efficiency.

Preparing and using solid waste as a fuel can create
numerous environmental hazards. Air hoods are re-
quired for shredders whose off-gases contain up to 0.05
percent of the feed as entrained dust. High chloride
emissions from the combustion process are possible,
because the heavier fractions ot solid waste may con-
tan substantial quantities of polyvinyl chlondes. If
Lirge quantities ol plated metals are present, high con-
centrations of zine, tun, cadmium, lead, and antimony
will be emitted as a submicron heavy aerosol: the aero-
solis tormed when these metals are reduced and evap-
orated in the tuel bed and these vapors oxidized as they

pass through the flame front. The metals will either
coalesce as a heavy metal aerosol or plate out on the
ash matrix. Because of varying resistivities, some trace
metals may pass through an electrostatic precipitator.
By taking combustion air from solid waste delivery
and storage areas, odors can be controlled effectively.
Noise from shredding operations can be reduced either
by properly designing the unit housing or by installing
acoustic partitions. For safety, shredders should be sur-
rounded by blast partitions, with low-resistance blast
panels installed on the ceiling.

Depending on the nature and quantity of solid
waste being processed, profitable materials recovery
stages may be included in the system. A variety of
proven hardware is available for magnetics recovery,
and can be placed either before or after the shredding
stage. I economical, an aluminum recovery system can
tollow magnetics recovery. Separation of glass and cul-
let is more difficult, usually requiring additional shred-
ding and agitated screening and wet recovery stages
such as flotation. Such recovery systems require high
investment and operating costs. It has been demonstrat-
ed frequently that the most economical way to isolate
salvageable materials from other wastes is to conscien-
tiously practice souice segregation.

Rotary-Kiln Incinerator

The primary combustion chamber of a rotary-kiln
incinerator is a slightly inclined, refractory-lined cyl-
inder (Figures 2 and 3). In most commercially available
units, the shell is prefabricated, so that the kiln may be
shipped as a unit. Refractory materials are customarily
made to specifications given in terms of thermal toler-
ance and resistance to abrasion and corrosion.

During combustion, the kiln rotates around its lon-
gitudinal axis of symmetry, continually mixing the
charge mechanically as it is being conveyed to the dis-
charge end. The constant motion effectively breaks up
caked layers on the charge’s surface, continually expos-
ing fresh surfaces and increasing combustion efficiency.
In a well-operated unit, there is approximately 92 per-
cent  combustion. The combustible material  dries
quickly, ignites, and burns thoroughly. Combustion air
is preheated by reflected heat from within the kiln.
The ignition burner is located at the discharge end of
the kiln and may be fueled with light or heavy oil, gas,
or flammable liquid waste material. Temperatures suf-
ficient to sustain ignition are normally maintained by
the burning charge after startup. Additional fuel can be
supplied to the kiln when wastes having a heating value
too low to support self-combustion are being burned.

I——
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This auxiliary fuel may be mixed with the charge or
burned in either an auxiliary burner or the ignition
burner.

The rotary Kiln can burn mixed solid waste as re-
ceived. Oversized bulky wastes are usually shredded to
insure complete combustion within reasonable deten-
tion times. Feeders on commercially available units are
designed to accommodate feed variabihty. Sludges and
simtlar wastes are usually mixed with a variable supply
of solid waste betore charging.

A ram feeder can be used to charge the primary
chamber. Ash is continuously discharged through a
port in the bottom of the refractory-hned firing hood
at the end of the unit. The discharge end firing hood is
equipped with labyrinth seals and heat-resistant gaskets
to inhibit air leakage.

The detention time of solid material passing through
the Kiln is controlled by the cylinder’s stope (usually
20°) and its rotational speed. The velocity of gases pas-
sing through the cylinder is determined largely by com-
bustion air requirements. Gas velocity is partially con-
trolled by modulating the induced draft fan and dam-
per, located after the pollution control equipment.
Gases from the primary chamber pass into the afterbur-
ner’s section, where residual volatiles are combusted in
an oxygen-rich atmosphere.

Automatic temperature controls are used. A pri-
mary pyrometer monitors the temperature of the gases
leaving the kiln, When the exit gas temperature falls be-
low a predetermined set point, gas flow to the burners
mcreases. A second control monitors gas temperatures
in the atterburner. When the atterburner temperaiure
talls below the set point. the burner heat release in-
creases. When the temperature exceeds the upper set
point, the burner automatically modulates downward.
An additional optional temperature control apparatus
from a gas precooler shuts down the burners, fan, and
feeder when gas temperatures exceed a safe upper lim-
it. An alarm in the control module activates after safe-
ty shutdown.

Rotary-kiln incinerators normally operate with 140
percent theoretical air in the primary chamber. Operat-
ing temperatures in the kiln are usually between 14007 F
(760°C) and 2300°F (1260°C. with a recommended
operating range between 12007 F (649°C) and 1800°F
(U82°C)

G o

Due to thermal losses and the addition to excess air,
gases leaving the afterburner section normally range be-
tween 1500°F (816°C) and 1800°F (982°C). If these
gases must pass directly to the air pollution control
equipment, they must be precooled by either a water
spray, addition of tempering air. or a4 heat exchanger.
In the latter case, recovered heat may be used to heat
combustion air or used elsewhere in the processing
plant.

Bottom ash and residue drop into & water-sealed ash-
handling unit below the kiln. A grate is sometimes
placed in front of the bottom ash-handling hardware to
trap oversized combustibles such as cans and pipes, but
this can cause exit blockage and ash backup. It the bot-
tom ash is sufticiently fine, water-cooled sciew augers
can be used for ash removal.

Some available rotary-kiln incinerators are equipped
for either countercurrent or concurrent gas/charge flow
(Figure 4). Concurrent flow is used for drier, more het-
erogeneous wastes. During carbogiization ot solid fuels,
flue gases are cnmplclcly'hurncd in the afterburner,
permitting higher thermal loading in the combustion
zone. Countercurrent operation is suitable tor inciner-
ating sludges. Combustion products are used to dry the
incoming charge, permitting higher combustion effi-
ciency.

Field erected rotary kiln incinerators have little long
term operating history. Notable installations are the
Chicago Southwest incinerator and the Dow Chemical
Plant in Midland, MIL. Small rotary kilns are employed
to process specialized waste in certain demilitarization
operations.

Controlled-Air Incinerator

Controlled-air incinerators have recently  gained
popularity in solid waste incineration, principally be-
cause inexpensive. small-capacity units are being manu-
factured. Larger package units (1.2S ton/hr capacity
range) are available in two major configurations (Fig-
ures S, 6, and 7). Both of these units operate on the
same principle: the charge is fed into a primary cham-
ber. ignited, and then burned in a secondary chamber
in which excess air and additional heat are supplied. A
well-operated controlled-air incinerator will achieve be-
tween 80 and 93 percent combustion.

A drawback to the controlled-air system is the fack
of charge mixing. This deficiency prevents the matenal
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from being burned completely and often causes furnace

pulsations. Temperature is controlled by adding air and
auxiliary fuel to the atterburner and sometimes modu-
lating the air supply. However. in an improperly oper-
ated unit, the carbon content ot ash emitted from the
turnace is often high.

Several vendors otfer controlled-air units with semi-
automatic feeders and semicontinuous ash-removal sys-
tems. Currently, however, fully automatic ash removal
is not proven technology. Because of high-temperature
slagging in the primary chamber, the unit has a compar-
atively large fraction of downtime, with corresponding-
ly high operating and maintenance costs. Most available
units require moderate quantities of auxiliary fuel, al-
though recently developed combustion controls which
automatically modulate excess air in the afterburner
have reduced clean fuel requirements. Underfire air has
been modulated in attempts to achieve constant quality
ot off-gases passing to the afterburner. There are two
basic controlled-air incinerator contigurations. The first
is comprised of two “piggy-back™ combustion cham-
bers. in which refuse is charged to the primary (lower)
chamber through an air curtain. The entryway is sur-
rounded by an annular ring of compressed air jets, which
provide a conical air blast that prevents flareback when
the charging door is opened. When the temperature in
the primary chamber reaches approximately 600°F
(3167C). a stream of air passes over the fire. Incombus-
tible materials precipitate to the grateless bottom of
the chamber. and the remaining solids. gases. and odors
rise to the upper or secondary chamber where excess
air is added. Thorough mixing is mainta.aed by baffling
excess air as it is added. Temperatures range up to
1500°F (816°C) in the primary chamber, and usually
up to 1200°F (649°C) in the secondary chamber.

Most units of this configuration feature an automatic
temperature-activated indicator which signals the op-
erator when charging should begin and end. On small
units, the charge is delivered manually to the primary
chamber. Batch ram loaders are normally provided with
larger units. Commercially available package controlled-
air incinerators range in capacity from 200 to 2400 1b/
hr (91 to 1089 kg/hr) for HA Type 1 waste.

The second type of controlled-air incinerator (Fig-
ures 6 and 7) uses a substantially smaller secondary
combustion chamber. Intermediate units can handle
from 1350 to 8100 Ib/loading (612 to 2674 kg/loading),
and larger units can be built to specification. The larg-
est proven incinerator of this configuration can accept
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a charge of more than 36,000 Ib (16 330 kg). These
units process the charge similarly to the units discussed
previously. The charge 1s partially pyrolyzed in the pn-
mary chamber. and the products are then passed
through an afterburner located above the primary
chamber. The afterburner is fired with clean fuel and
effects complete combustion of the pyrolysis products
in an excess air environment. Newer models feature an
afterburner fired by a mixture of pyrolysis products
from the primary chamber and preheated air, which
reduces clean fuel requirements.

The chief drawback to this type of controlled-air sys-
tem is that when the charge has been completely pro-
cessed, the furnace must be shut down and allowed to
cool before another batch can be loaded safely. Recent
design innovations employing semicontinuous charging
and ash removal are being implemented.

Numerous municipalities and some installations now
have this type of incinerator in operation. Of all pack-
age incinerators received, the starved air has the longest
operating history, about 10 years: however, it has yet
to be demonstrated that this type of unit can operate
24 hr/day, S days/wk on as-received military or munici-
pal waste.

Basket-Grate Incinerator

Like the rotary-kiln and starved-air units, the basket-
grate incinerator (Figure 8) is capable of firing mixed
solid waste as delivered. Available units have input ca-
pacities ranging between 160 and 6000 Ib/hr (73 to
2722 kg/hr) of ITA Type 1 waste. The primary cham-
ber is an inclined (30°) truncated cone-shaped grate
supported by an externally driven frame. The chamber
is insulated, and the shell is normally fabricated of struc-
tural steel plate.

The basket grate is semicontinuously charged with
material on approximately 20 percent of its total vol-
ume and rotated slowly around the cone centerline.
The inclination and rotation cause heavier materials
to fall toward the larger (outer) basket diameter and
the smaller materials to fall toward the smaller (inner)
diameter. The three-dimensional self-raking effect of
the virtually endless grate maximizes mechanical and
thermal destruction of the charge.

The charge is retained on the grate until it is reduced
to a size which can pass through the grate slots (about
0.125 in. [3.18 mm]) into an ash hopper or secondary
incineration chamber. Large combustibles can be re-
moved periodically from the grate by means of a grated

i i
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plate which can be lowered tfrom the basket bottom.
Some problems have been expernienced with bulky in-
combustibles accumulating v the cone which reduce

available combustion volume, and with tine combus-
ubles sitting through the grate and burning in the ash
hopper. Negative relative pressure within the primary
chamber induces air through the ash collector, so that
ash and residue leakage 1s not a problem. An external
tan mounted on the swivel frame supplies primary air
to the furnace. Distribution pipes divert a portion of
the air directly beneath the firebed to provide underfire
air. Part of the combustion air is tangentially injected
into the secondary combustion chamber located above
the tirebed. This causes a turbulence zone which ef-
fects efficient mixing and combustion. Afterburning is
normally self-sustaining.  Gases leave the secondary
combustion chamber through the crown.

Temperatures in the secondary chamber range be-
tween 1500°F and 2100°F (816°C to 1149°C). Tem-
perature is controlled by automatically varying the
quantities of air entering the primary and secondary
chambers in an inversely proportional manner. In nor-
mal operation. high off-gas temperatures can be main-
tamned at approximately 70 percent excess air. Auxiliary
tuel is usually required only during startup, which can
be completed in 1S min. After the unit has been
brought on-line and stabilized, no additional tuel is

necessary.

Available units achieve 90 to 96 percent reduction
of combustible materials for 1A Type 1 waste. The
quantity of incombustible residue remaining in the ash
rarely exceeds S percent.

Ihe basic tlaw of the basket grate is the grate itself.
Bulky incombustibles collect and reduce effective com-
bustion volume, ultimately requiring cooldown and
cleanout. Combustible fines have been observed to sift
through the grate and burn in the ash hopper. Only one
operating basket grate exists in the United States a
demonstration plant in Grafton, WL

Augered-Bed Incinerator

Although the augered-bed incinerator is a very re-
cent development and therefore unproven, successful
demonstrations indicate that engineering problems are
relatively minor. Units are expected to go on-line with-
i | oyear, and experience soon thereatter will provide
the operating data necessary tor improved design. Cur-
rently manutactured package units have capacities of |1
and 5 tons/hr €9 and 4.5 t/hr).

The augered-bed incinerator is compnsed of a re-
fractory-lined cylindrical primary combustion chamber
that contains a rotatable auger (Figure 9). The chamber
is fed continuously by a live-bottom teed conveyor.
Combustion takes place in an excess air environment as
the auger conveys the charge throughout the length of
the chamber. High-temperature combustion products
pass through a coiled heat exchanger where steam is
produced. Gases are then cleaned in a wet cyclone be-
fore passing from the stack. Ash removal is gutomatic
and continuous.

The unit is capable of processing mixed solid waste
as delivered. Oversized bulky materials too large to pass
through the feed port are separated trom the delivered
waste. Waste streams containing a high percentage ot
bulky materials can be accommodated by adding a
shredder between the delivery point and the feed hop-
per.

Processing is continuous. Solid waste enters a floor-
level hopper and is moved on an inclined conveyor to
the charging end of the primary chamber. The charge
burns as the slowly rotating auger moves it through the
primary chamber. The auger conveys ash and residue
out the discharge end of the chamber to a chain belt
conveyor, which transfers the mostly sterile, inert end
product to temporary storage beore its ultimate dis-
posal.

The auger is a hollow spiral flight carried by a tubu-
lar shaft. Combustion air is introduced into the down-
stream end of the prmary chamber and forced through
an air passage extending along the length of the spiral
flight. Forced ar pas
the primary chamber and is discharged within the
charge being conveyed by the auger. A water passage

s from the thight interior mnto
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in the spiral flight cools the auger. The air then enters
the upper portion of the primary chamber where oft-
gases are burned in a second combustion zone. A well-
operated unit achieves approximately 95 percent vol-
ume reduction. ;

An ignition burner is located at the charging end of
the primary chamber. Gas or fuel 1s normally used. but
flammable liquid wastes can also be fired. In normal
operation, the ignition burner operates only durnng
startup, which requires about 15 min. When combustion

becomes self-sustained, no auxiliary tuel is required.
The unit can be shut down in 20 min.
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Figure 9.  Augered-bed incinerator.

Available units include induced air, countertflow wet
cyclones for air pollution control as part of the pack-
age system.

Variable drive controls are provided on all funciions
to adapt to fluctuations in the type and quantity of
solid waste being processed. Hydraulic drive systems
are provided for the auger. teeder, and ash removal ap-
paratus. and standard belt drives are provided for
blowers.

Only one augered-bed incinerator exists in the Uni-
ted States (Jacksonville. FL). and it is an operating pro-
totype. No operational data have been published to
permit performance assessment.

Comparative Ratings of Package Incinerators
General

The comparative rating system applied in this inves-
tigation was adapted from one established to evaluate
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waste incineration/reduction options at a particular
site.® In adapting the system to meet the general re-
quirements of this investigation. numerous assumptions
were made regarding waste generation rate and charac-
teristics and plant capacity. The comparisons are pre-
sented as a general indication of the current technical
status of package incinerator technologies. The feasi-
bility of applying a particular technology at a given lo-
cation can be determined only through a detailed and
comprehensive study in which site-specific character-
istics and requirements are carefully considered. Each
criterion in this evaluation is briefly detined below.

Comparative Rating Criteria
Like other acceptable technologies. an installation
waste incineration system must be reliable, practicable

"Rrj'u.\'v Incinerator/Heat Reclamation Boiler Facility, Naval
Station Mayport, FL (Greenleat/Telesca, Planners, Fngineers,
Architects, Inc.. 1975)
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on the operational level, conservative, environmentally
compatible, reasonably economic, and must have an
adequate operational history by which to predict and
guarantee its performance.

Relbility is strongly tied to dependability. [t is a
measure of the degree to which a design follows a prov-
en art and the potential of the designed system to
withstand predictable wear.

Pracucability refers to the degree of a system’s com-
plexity which could make 1ts proper performance con-
tingent upon highly skilled personnel. 1t s related to
case and intensity of day-to-day operation, preventive
routine and cvelic maintenance requirements, and pro-
curement and installation of replacement parts.

Conservation refers to the degree to which a system
reuses or recaptures energy and materials, or the extent
to which a system consumes those resources supplied
by external sources. It is a measure of system efficiency.

Environmental compatibility is measured by the im-
pact of system operation on the immediate air, water,
and land environments.

Operational history is the length of experience with
similar equipment for processing waste. Operational
history forms the critical basis for predicting and guar-
antecing the lite cycle performance of a system within
a reasonable boundary of accuracy.

Economy is directly measurable in terms of first
cost (including capital investment and first-year ex-
penses such as startup) and recurring costs (annual and
cyclic operation costs).

Ratings of Package Incinerators

Fable 3 summarizes comparative ratings for package
waste-to-energy systems. The ratings generally apply
both to package svstems firing as-received waste and
those fiting once shredded solid waste. although minor
difterences in the ratings are revealed if each is consid-
cred separately. In the rating system in Table 3, each
system was given a score in each category ranging be-
tween | and 4. from best to poorest. so that each row
item totals 10 pomnts. The best possible total score is
1S and the worst is 60 A “satisfactory™ score is con-
sidered to range between 22.50 (averaging 1.5 on cach
item) and 30 (averaging 2.0 on cach item). Based on
this criterion, no current package incinerator technology
18 considered to be “satistactory.”™ The controlled-air
system is the relative best, with an average item rating

of 2.33 and a total score of 35 (16.7 percent poorer

than marginally satistactory)

6 ASH HANDLING AND DISPOSAL

General

Ash discharged from the furnace is usually quenched
hetore being transported to disposal. Quenched ash nor-
mally can be landfilled and is subject to the same re-
strictions as conventionz! solid wastes.

Quenching

Most package incinerators provide ash quenching.
Batch-ted turnaces usually have recewving hoppers in
which ash is quenched by spraying. Some batch-ted
and most continuously fed furnaces discharge ash to a
water bath. which uses circulated scrubber water if a
wet scrubber is provided tor the air pollution apparatus.

Handling in Plant

Batch-quench systems are normally overhead. with
ashes dumped into a truck or container: continuous-
quench systems remove quenched ash from the water
bath to a truck or container by inchned conveyor.

Hauling

Either closed containers or open-body vehicles are
adequate for hauling quenched ash from the plant to
the disposal site if trucks are used. Closed containers
may be used if a rail spur is available. Choice of haul-
ing method should be based on the distance between
the incinerator and the disposal site.

7 INSTRUMENTATION AND CONTROLS

General

Instrumentation refers to equipment used to indi-
cate and/or record physical conditions which are re-
layed to operating personnel as signals. Controls refer
to devices which can change physical/chemical condi-
tions. Through intelligent application of instruments,
process conditions are measured in a manner which will
effectively aird in controlling the incineration process
(modulation of combustion air, charging rate, auxiliary
fuel. grate speed, etc.). Instruments and controls inter-
act to (1) protect equipment and operating personnel
(e.g.. safety alarms to warn against overheating of fur-




Table 3
Comparative Ratings of Package Solid Waste Incinerators

Controlled  Rotary  Augered  Basket
Air Kiln Bed Grate
Reliability .
Prior art 1.5 2 3.5 3
Predictable wear 1.5 2 4+ 2.5
Total 3 4 T.5 5.5
Practicability
Complexity 3 3 2 2
Ease of maintenance 2 SO): 3 3
Ease of operation 2.5 2.5 1.5 3.5
! Total 18 75 6.5 8.5
Conservation
Material recovery 2.5 2.5 2.5 2.5
Power consumption 2.5 3.5 2 2 .
Fuel consumption 4 2.5 1.5 2
Total 9 8.5 6 6.5 |
! Environment
4 Air 1.5 2 3.5 3
| Water 25 25 25 2.5 '
g Land 3 2 3 5)
: Total 7 6.5 9 TS
ff
: Experience
: Number of installations 1.5 2.5 3 3
: Operational history 1.5 2.5 3 3
| Total 3 5 6 6
: Economy
1 First cost 2.5 3 2 25
: Recurring costs 3 2 2 3
: Total 5.5 5) 4 89
r Grand Total System Rating 35 36.5 39 39.5
Mean (Standard Deviation)  2.33 243 2.60 263
' (0.75) (0.46) (0.76) (0.48)

Possible Best: 15 Total

Possible Worst: 60 Total
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naces and ducting, failure of quench water, electrical

power failure); (2) to protect the environment (sen-
sors for air and water pollutants); (3) to provide moni-
toring and background information on plant perform-
ance: and (4) to optimize operations and economic ef-
fectiveness (reduce labor and human error through au-
tomation). The degree and sophistication of an integra-
ted instrument-control system depends on plant size
and economics.

Centralization

A fully instrumented control room or, at minimum,
a central instrument panel, is provided so plant per-
formance can be seen at a glance. The room or panel
has an unobstructed view of all major unit operations
in the plant.

Temperature Instruments

Optical pyrometers for flame and wall temperatures
ranging from 2200°F to 2500°F (1204°C to 1371°C)
are provided. In addition, there are shielded chrome-
alumel thermocouples for furnace temperatures ranging
from 1400°F to 1800°F (760°C to 982°C) and iron-
constantan thermocouples for duct temperatures down
to 100°F (38°C). Gas- or liquid-filled bulb thermom-
eters for duct temperatures below 1000°F (538°C) and
for ambient temperatures and water temperatures
should be supplied.

Draft Pressure Instruments

For readout near the point of measurement, man-
ometers with inclined water gauges are provided: for
remote readout, diaphragm-actuated sensors are fur-
nished.

Gas/Liquid Pressure (1 to 100 psi) Instruments

Bourdon-type pressure gauges are used for direct
readout. For remote readout, diaphragm-actuated sen-
sors are used.

Gas Flow Instruments
Pitot tubes and orifice or venturi meters with differ-
ential pressures measured by draft gauges are used.

Liquid Flow Instruments
Orifices with differential pressure measurement, pro-
peller-type dynamic flowmeters, and weirs are provided.

Smoke Density Instruments
An opacometer in the stack for photoelectric pick-
up of a transversing light beam is normally used.

\

Motion Instruments
Stoker and conveyor drives and tachometers for fan
speed are provided.

Visual Observation

Shielded observation ports to the furnace are in-
stalled. When appropriate for safety reasons. mirror
systems are used for indirect observation of critical unit
operations and/or processes.

Weighing Instruments
A truck platform scale for weighing waste deliveries
and outgoing ash and residue is installed.

General Electrical Instruments
Voltmeters, ammeters, and wattmeters are furnished,
as appropriate.

General Measurements

An incinerator plant includes all instrumentation re-
quired to determine (1) weight of incoming and outgo-
ing material; (2) overfire and underfire air flow rates;
(3) temperatures and pressures in the furnace, along gas
passages, in dust collectors, and in the stack; (4) grate
speed; and (5) electrical power, fuel, and water con-
sumption.

Temperature Measurements

At a minimum, equipment is installed to measure
temperatures of incoming air (ambient) and of gases
leaving the combustion chamber, temperatures at the
settling chamber outlet and at the cooling chamber out-
let, and temperatures of the dust collector inlet and
outlet, stack furnace, and induced draft fan inlet.

Gas Flow Measurements

Equipment is provided to measure total underfire
and overfire air flow and the percentage of each to the
total flow, and gas flow through the dust collector and
stack.

Draft Measurements

Draft pressures are measured at the underfire and
overfire air ducts, stoker compartments, sidewall air
duct, sidewall low furnace outlet, dust collector inlet
and outlet, and induced draft fan inlet.

General Control System

The manufacturer or vendor of a package incinera-
tor generally provides an adequate control system. The
basic elements of a control system are performance
standard, instruments to sense actual performance, ca-




PeRTST

B ——

o

e

pability to compare actual and standard performance,
and a device to effect a corrective change. Automatic
control systems are preferable to manual systems.

Air Controls
Controls for modulating underfire and overfire air
are installed.

Draft Controls

Controls to modulate furnace draft (manually or
automatically adjust ID fan draft and stack draft) are
turnished.

Gas Controls

A temperature-activated system to modulate the
quantity of tempering air to off gases from the furnace
is furnished. A control (with alarm) that will open an
emergency bypass if excess gas temperature exceeds a
safe, preset limit is installed.

Feed Controls
Controls to modulate feed to the incinerator are
provided.

Fuel Controls

Controls to modulate primary and auxiliary fuels re-
quired to maintain desire furnace temperatures are pro-
vided.

8 OPERATION AND MAINTENANCE

General

Effective operation and maintenance of an incinera-
tor plant is essential in waste management and can be
achieved by integrating management and personnel, op-
eration guides, performance records, performance data
analysis, and routine maintenance and repairs. The fol-
lowing sections point out some aspects of operation
and maintenance of incinerator plants which have been
successful in numerous locations.

Management and Personnel

The plant supervisor is normally present at major
work inspections and consultations during construction
so that he/she can become familiar with each compo-
nent of the new plant. Training of operating personnel
begins when the plant is in the latter stages of construc-
tion, so that they can work closely with representatives
of manufacturers and contractors. An organizational
chart showing number of shifts, number and types of

operating personnel, and standby and maintenance
manpower is developed.

Operational Guides

A scaled engineering or pictorial drawing of the
plant showing all its major components is posted, and
at least one set of formal engineering drawings, equip-
ment manuals, catalogs, and spare parts lists is main-
tained at the plant. A manual describing the tasks that
must be performed during a typical shift, safety pre-
cautions, and procedures for working in different plant
areas is also maintained.

Performance Records

Frequent review of performance records can econo-
mize plant operations. Performance evaluation is
based on routinely recorded or computed data, includ-
ing residue characteristics. volume and weight reduction
of waste, quantity of pollutants released to the at-
mosphere, operating costs per ton of waste processed,
personnel records. and consumption of supplies, mate-
rials, and utilities.

General Aspects of Recordkeeping

Maintaining accurate records of incinerator plant
operation is essential for performance measurement
and cost accounting. Recordkeeping categories are waste
quantity and composition, waste handling, furnace,
utilities, and maintenance.

Waste Quantity and Composition

Data are maintained on the quantity of waste in the
pit or on the tipping floor at the beginning and end of
a shift or day: number of trucks delivering waste: wum-
ber of tons recieved; average truck load: and quantity
of waste processed. Waste is periodically analyzed in
the laboratory, and data on the heating value, mois-
ture content, and percentage of combustibles are main-
tained. For ash and residue, records reflect the weight
and volume of the material removed. Ash and residue
are analyzed periodically to determine the percentage
of unburned combustibles and thus the furnace’s effi-
ciency. Data on the cost of residue and ash disposal and
periodic disposal of solid waste are maintained.

Waste Handling

Data are recorded on the number of trips of each
crane per shift or per day, and on the amount of fuel
required for front-end loader operation.

Furnace
Continuous periodic furnace temperature data are
maintained, and the range and average calculated on a
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daily basis. Records are kept for waste burning time
and for hours of incinerator operation. Stack emission
records are kept separately, and include draft record-
ings, total and excess air used for combustion, tempera-
ture ol oft-gases, and quality and quantity of gaseous
and particulate emissions.

Utilities

The cost and consumption of water, electricity, fuel
oil, gas, and communications are recorded by use cate-
gories.

O PERSONNEL FACILITIES AND SAFETY

General

The design and operation of an incinerator plant
provides certain minimal facilities for the comfort, pro-
tection, and safety of operating personnel. The size and
operating schedule of the incinerator plant determines
the extent to which personnel facilities are required.

Hygienic Considerations

Potential health problems associated with incincra
tor operation include excessive noise, ingestion or dis-
ease-producing organisms, ingestion of chemical toxins,
contamination of'skin with infectious or poisonous sub-
stances. and irritation from dust and heat. Control of
rodents/pests is a significant part of a plant mainte-
nance program.

Hazards

The nature of waste and the equipment used to
handle it can present such hazards as injuries, fires, and
explosions. If a shredder is used, it is surrounded by
acoustic/blast partitions with breakaway sections in the
plant roof directly above it.

Employee Facilities

Adequate sanitary facilities at an incinerator plant
minimize health hazards and contribute to employee
morale and labor productivity by contributing to
favorable working conditions. Minimum employee
facilities include sanitary toilets, a readily accessible
supply of potable water, and separate lunch and lock-
er rooms. The extent to which employee facilities are
provided depends on plant size and operating schedule,
local building codes, minimum sanitation requirements,
and economics.

Sanitary Toilets

Wastes from sanitary toilets are disposed of either
by discharging to a san:tary sewer or in a manner com-
plying with prevailing laws.

Water Supply

Potable water is provided trom the installation sys-
tem. Potable water is required for hand washing, show-
ers, drinking water, toilets, and lunch room facilities,
and may also be used for cooling water, floor washing,
dust control, fire fighting, and washing collection vehi-
cles and waste containers.

Lunch Room

A separate lunch room is provided away from the
waste delivery area. The lunch room is ventilated inde-
pendently of the rest of the building. In large plants, a
refrigerator, sink, table, chairs, and cooking facilities
should also be provided.

Locker Room

A separate locker room large enough for at least two
metal lockers per employee is furnished. Handwashing
and shower facilities are provided within the locker
room, with sanitary toilet facilities located adjacent to
it.

Ventilation
Adequate ventilation tor heat and dust is provided.

IHlumination

To promote etficiency and satety, excellent lighting
is provided near the delivery pit, moving machinery,
stairways, ladders, dumping area, charging and stoking
area, machinery maintenance area, blowers, and other
potentially hazardous locations.

General Safety Equipment

First-aid kits, fire extinguishers, fire hose (wall nip-
ples and hydrants), intercom, handlights and safety
lights, and equipment safety devices are furnished.

Employee Safety Equipment
Hard hats, masks, goggles, protective clothing, safety
shoes, fire blankets, a cot, and stretchers are provided.

Employee Safety Training

Safety training for operating personnel can be ad-
ministered through on-the-job programs, the area fire
marshall, and through agencies such as the American
Red Cross and American Public Works Association.
Employee safety training should include periodic re-
fresher courses.
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Air pollution emissions from incinerators are fly
ash, hydrocarbons, sultfur oxides, nitrogen oxides,
chlorides, carbon monoxide, and heavy metals. Steam
vapor is a potential visibility and road icing hazard.
The forthcoming Air Pollution Control Design Manual*
was written to facilitate identification of air pollution
emission rates and to help select control equipment re-
quired to meet state and Federal air pollution compli-
ance levels for incinerators and boilers.

The level of uncontrolled incinerator emissions de-
pends on the nature ot the refuse being fired, the feed
rate, and the incinerator design. Section 2 of the draft
Air Pollution Control Design Manual presents waste
classifications, incinerator types, emission factors, and
emission measuring techniques.

Each basic control equipment type, including cy-
clones, scrubbers, electrostatic precipitators, and fabric
filters, is discussed individually. Included is a discussion
of the appropriate basic control theory, various equip-
ment types, collection efficiency, pressure drop, oper-
ating requirements and [limitations, application, con-
struction of materials, and advantages and disadvan-
tages relative to other control types.

For project development and the preparation of en-
vironmental impact assessments, it may be necessary to
ascertain the effect of emission rates on air quality.
One section of the manual discusses stack emission
dispersion production techniques.

The manual also deals with techniques of handling
wastewater from the incinerator quench systems and
air pollution control apparatus.

11 concrusions

Existing Army technical manuals providing instruc-
tions and information tor the design of installation-
scale incinerators do not reflect the accelerating tech-

*The Air Pollution Control Design Manual, TM-5-815-1 (De-
partment of the Army). is currently in the preliminary publica-
tion stage, and confirmation of section numbers will be neces-
sary when the final version is published

29

nological changes that have taken place during the past
few years. Such changes have affected all unit opera-
tions normally associated with the incineration of solid
waste.

The potential applicability of the starved-air, rotary-
kiln, basket-grate, and augered-bed combustors cannot
be fully assessed through literature review and the
claims of manufacturers and vendors. There is a com-
prehensive lack of details on maintenance and opera-
tion requirements for the incinerators and auxiliary
equipment discussed in this report. The absence of
proven experience at this time precludes considering
the package incinerator as a reliable. cost-effective
method of handling solid waste. Continued evaluation
of existing package incinerator facilities, combined
with supplementary test and evaluation of combustor
performance when processing military solid waste, is
required before confident recommendations can be
made for implementing such systems to process solid
waste generated at Army installations.

CITED REFERENCES

Air Pollution Control Manual, TM 5-815-1 (in publica-
tion) (Department of the Army).

Design Manual -Mechanical tngineering (Naval Facili-
ties Engineering Command, 1972).

Refuse Incinerator/Heat Reclamation Boiler Facility,
Naval Station Mayport FIL. (Greenleat/ Telesca, Plan-
ners. Engineers, Architects, Inc., 1975).

Sanitary Engineering, Incinerators, TM-814-4 (Depart-
ment of the Army, May 1959).

Schanche, G., L. Greep, and B. Donahue, Installation
Solid Waste Survey Guidelines, Technical Report E-
75/ADAO18879 (U. S. Army Construction Engin-
cering Research Laboratory, 1975).
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Army Criteria, TM 5-800-1 (Department of the Army,
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Cathodic Protection for Buried Pipelines, ER 1110-3-
174 (Department of the Army, September 1972).
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Combustion Fundamentals for Waste Incineration
(American Society of Mechanical Engineers [ASME] ,
1974).

Criteria Deviations Involving Fire and Life Safety Haz-
ards, ER 1110-3-203 (Department of the Army,
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Design Considerations for Boiler Plants and Incinerator
Plants in Army Facilities, ER 1110-3-167 (Depart-
ment of the Army, April 1972).

Electrical Service and Corrosion Control, TM 5-811-1
through 4 (Department of the Army, December
1946 - October 1965).

Energy Conservation, ER 1110-3-196 (Department of
the Army, October 1973).

Environmental Considerations in Construction Con-
tracts, ER 1110-3-141 (Department of the Army,
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Fire Prevention, TM 5-812-1 (Department of the Army,
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Fire Protection Policy, ER 1110-1-260 (Department of
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Gas Distribution, TM 5-848-1 (Department of the Ar-
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Gas Fittings, TM 5-810-6 (Department of the Army,
March 1959).

Incineration  Principles of Design and Operation (De-
partment of Health, Education and Welfare/Public
Health Service [HEW/PHS] , 1973).
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Incinerator Guidelines (Incinerator Institute of Ameri-
ca, 1970).

Incinerator, Package Type, CE-601.02 (Department of
the Army, May 1969).

Incinerator, Rubbish end Garbage, CE-601 (Depart-
ment ol the Army, June 1969).

Interim Guide of Good Practice for Incineration at
Federal Facilities (HEW/PHS, 1969).

Master Planning, TM 5-803-1 (Department of the Ar-
my, November 1971).

Municipal Scale Incinerator Design and Operation
(HEW/PHS, 1973).

Plumbing, TM 5-810-5 (Department of the Army, May
1959).

Revised Seismic Design Manual, ER 1110-3-183 (De-
partment of the Army, March 1973).

Seismic Design, TM 5-809-10 (Department of the Ar-
my, March 1966).

Site Planning, TM 5-803-3 (Department of the Army,
July 1966).

Traffic Study, Parking, Paving and Traffic Routing, TM
5-822 Series (Department of the Army, March 1970).
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ER 1110-1-4 (Department of the Army, July 1969).

Use of Water Tube Boilers, ER 1110-3-137 (Depart-
ment of the Army, September 1970).
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