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I

PROJECT ABSTRACT i

The purpose of this program is to expand the use of coal by utilizing CFB (circulating I
fluidized bed) technologyto provide an environmentallysafe method for disposing of waste II

materials. Hospitals are currenUy experiencing a waste management crisis. In many Ii

instances, they are no longer permitted to burn pathological and infectious wastes in I

incinerators. Older hospital incineratorsare notcapable of maintainingthe stable tempera-
I

and residence times necessary inorder to completelydestroy toxicsubstances before '1'tures

release into the atmosphere. In addition, the number of available landfillswhich can safely
lib

handle these substances is decreasing each year. The purpose of thisproject is to conduct I
I

necessary research investigating whether the combustion of the hospital wastes in a

coal-fired circulatingfluidizedbed boiler willeffectivelydestroy dioxinsand otherhazardous _1
IIsubstances before release into the atmosphere. If this is proven feasible, in light of the

qu_nttty of hospPtalwastes generated each year, it would create a new market for coal -- al
possibly 50 million tons/year. II

The first tasks of the program have evaluated the potential for hospital waste ,IlL

destruc_icn(using non-hazardoussurrogate materials)in a coal-burningcirculating fluidized i
bed combustor concurrent with required design modifications to DONLEE Technologies'

existing 10 MM BTU/hr. CFB demonsVationfacility. Destroying hospitalwaste in a coal-fired I
III

circulating fluidized bed combustor has been determined to be a promising alternative

technology for the destruction of hospital wastes. Based on thermodynamic calculations, li
II

adequate chlorine capture within the bed is possible. Pursuant to these conclusions, a
conceptual design of a waste handling system has been developed for use in modifying ==

; DONLEE's CFB demonstration unit. II
=

Following these tasks, various combustion/incinerationtestswere performed accom-

panied by both air quality monitoring and ash leachate tests. The combustion tests were !
III

performed uldng both bituminous and anthracite coal. Evaluation of the test data has

confirmed the environmentaladvantages of the CFB for the destruction of waste materials. II
IIIAnalyses of ash samples indicate that the material is suitable fo( disposal in a permitted

landfill. The stack gas sample analyses showed dioxin,furan, and hydrocarbon concentra- I
tions well below levels recorded at existing incineratorsas well as coal-flred power plants. II
Substantial capture of chlorineinthe fluidizedbedwas demonstrated at feed rates equivalent I

to one part coal to one part polyvinylchloride, I
z

!
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I i

I Based on positivefindings modelling tests, a
the from the and combustion host site

was targeted for installationof a proof-of-concept unit. The candidate site is the VA Medical
..

Facility in Lebanon, Pennsylvania. Conceptual designs and cost estimates were developed
for a full scale facility sized to accommodate steam andwastedisposal needs at thishospital.

i Economic analyses showed that a 15 MM BTU/hr. CFB unit provided distinct economicadvantages compared to alternative means for disposal of hospital wastes.
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I
I EXECUTIVE SUMMARY

I The purpose of this program is to expand the use of coal by utilizing CFB (circulating
fluidized bed) technology to provide an environmentallysafe method for disposing of waste

i materials. Hospitals are currently experiencing a waste management crisis. In manyinstances, they are no longer permitted to burn pathological and infectious wastes in

i incinerators. Older hospital incinerators are not capable of maintaining the stabletemperatures andresidence times necessary inorder to completelydestroytoxicsubstances

i before release into the atmosphere. In addition,the number of available landfillswhich cansafely handle these substances is decreasing each year. The purpose of this project is to

conduct necessary research to investigatewhetherthe combustion of the hospitalwastes in

I a coal-fired circulating fluidizedbedboilerwilleffectivelydeb. oydioxinsand otherhazardous

substances before release into the atmosphere. Phase 1 activities were performed under

I five (5) separate tasks. This research has formed the basis for installationand monitoring

of a full-scale proof-of-conceptunit.

I The first task of the program evaluated the potentialfor hospitalwaste destruction in

a coal-burning circulating fluidized bed combustor. This involved characterizing hospital

I waste as to the content of the products found in the waste in the forms of paper, plastic,
moisture, and other components. The ultimate analyses of the plastic types is also a part of

I this characterization. The of possible components of the waste stream inciuded a
survey

listingof chlorine containingdrugs and a listingof recommended compounds to model these

I drugs based on the five differentways in which chlorine is chemically incorporated in the
structure. Fluorine and bromine willnot b( _'aptured and are notpermitted to be combusted

I in Pennsylvania. A review oi existing technologyused for hospitalwaste disposal showsthat
there are advantages and disadvantages for ;;;;,=,_quipment. These existing technologies

I include excess air incineration, controlled air incineration, rotary kiln incine_'ation,and
autoclaving.

I In_al task efforts found that combusting wastes in a coal-fired fluidized bed unitappears to be a promisingalternativetechnologyforthedestruction of hazardouswastes; and

I it appears that parallel conclusions for hospital wastes can be drawn. Research indicatedthat circulating fluidized bed combustors can meet the stringent permit regulations of the

I Environmental Protection Agency for hazardous waste incineration which is 99.99%destruction of hazardouochemicals and 99% retentionof acid gases, ltwas also established

-!
- [ -
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I
that these standards can be met with a coal-fired fluidized bed combustor cofiring small I

quantities of hospital wastes, however, pilot-scale testing was necessary to confirm this /I
Iposition.

Circulating fluidized bed combustorshave been shownto operate cleanly, efficienUy, /
|and economically. Their simple design uses highturbulence inthe reactionzone to eliminate

afterburnersand scrubbers andallowsforoperatingtemperatures as low as 1450° F. Proven aB
benefitsseen withCFB's used on industrialwastesshowcombustionefficiencies greater than

99.99%, HCI capture greater than 99%, very high boiler efficiencies, and low NOx and CO

emissions. I

Research effortsincluded a descriptive summaryof pollutantformingmechanisms in

emissions from hospital incinerators. These pollutantstake the forms of acid gases, I
the air

particulate emissions, trace metals, polycyclic organic matter, low weight organic

compounds, and carbon monoxide. The coal-firedcirculating fluidized bed as discussed in !

/

,llllBim

the firsttask section showsthe potential of dealing withthe hospitalwaste stream and the air

emissions problems associated withcombustionof hospitalwastes. This potential is due to I
n

the CFB's high turbulence, cyclone capture of particulate matter, use of limestone as a

sorbent for acid gas, and highlycontrolledstaged combustion. I
ifp

Capture of the chlorine from plastics and drugs was studied further with the(mo-

dynamic models to show that chlorine capture with the CFB is capable of meeting the HCI I
BB

limits of four pounds per hour with available coals. Potentialforacceptable suffurcapture

with the limestone sorbent is also discussed and demonstrated. The theoretical approach lm

used in this task is tO give a rough approximation of possible emission levels of hydrogen
II

chloride and suffur dioxide. Overall, the initial results suggested that adequate chlorine
BIcapture within the bed is possible along with controlling sulfuremissions. The variables

which should be of concern are the coal character, operatingtemperature, the percentage i
IIof the feedstock which is waste, and the waste composition.

The second task of this program was to developa waste handlingsystem that can be mm
used to render the hospital waste materials suitable for injection into the combustion unit.

This system must be able to properly handle the waste withoutcreating contamination and BI
posing health risks to combustion plant personnel. Also, the methods for handling the ash I
residue had to be addressed.

iiIm

The first step required to fulfill this task involved investigationof the solid waste I

handling, storage, and transport regulationsof the EnvironmentalProtectionAgency and the

I
- 2 -
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1
I Pennsylvania Department of Environmental Resources. These regulations along with the

operatingrequirementsof theAFBC systemprovidedtheparameters upon whichthe handling

I system concept was developed.
An evaluationof existinghospitalwastemanagement techniques was then performed.

i Actual field review of waste handling systems of h_spitals private waste management
and

companies, and a;3o review of available literature was conducted. During this task,

I advantages and disadvantages of the various available technologies were identified.
Using the informationassembled during the initial investigativesteps, a conceptual

I design of the waste handling system was developed. This design is compatible with the
physical needs of the combustor,while italso providessafe and efficienthandlingof hospital

I waste.
Unlike most traditionalincinerator designs, the AFBC requires that the waste stream

I consist of small particles preferably no larger in size than two-inch-minus, For this reason,
some type of size reduction unit must be incorporated for processing the waste prior to

I feeding the material into the combustion chamber. To avoid regulatory problems, the sizereduction unitwas designed integrated withthe combustor and incorporatingsterilization.

i To meet this size reduction requirement, an industrial heavy-duty shredder withstainless steel components was chosen forthe conceptual design. This shredder must have

i the proper in-feed opening,cutterdiameter, cutter thickness, and horsepower to process the10,000 poundsof infectiousand general wasteper week anticipated,and also to produce the

desired discharge particle size.

I Under this conceptual design, the material size reduction unit and AFBC are built as

one unit so as to prevent contamination of the atmosphere. Ali doors and connections

I between individual components of the system are sealed. Disinfectant atomizers are

positioned in compartments above the CFB and also in the discharge chute. These

I atomizers emit a mistingspray, chemical in nature, to sterilize thesystemprior to any access

& into the compartments for maintenance and for any other reason access may be required.

I The Bottomash disposal is accomplished by gravity flowfrom beneaththe combustor
" while fly ash is collected by baghouse, Coolingof the ash is needed before storage in bins.

I The bins would be the Ioadout point for trucks hauling to a suitable landfill disposal.
Pennsylvania regulations require monitoringof pathogens in the ash and chemical analyses

of the ash on a regular basis.

t
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I
Task 3 involved the bench scale combustor design using the DONLEE CFB I

technology. The goal was to perform testing at stable operating conditionsfor pilot plant

testing. I

Task 4 involvedCFB pilot plant testing based on parameters established under the ,,=

third task. In total, 22 test runs were completed to examine the effects of velocities, I

temperatures, Ca/S ratio, excess air levels, main bed pressure drops, main bed
mm

stoichometric ratio, and lead levels. The tests usedone anthracite andtwo bituminouscoals I

and a limestone from Pennsylvania. Surrogate hospitalwaste material was employed in the

testing consisting of PVC to represent the plastics and selected chemiczll compounds to I
represent the drugs. Gas analyzers continuouslymonitored O2, CO, CO2, SO2, and NO_.

Calculated Lossof Ignitionvalues indicate thatcombustionefficiencyis not sensitiveto upper !
combustionvelocity. There was also a positivetrendfor increased combustionefficiencywith

increased combustor operating temperature. The limestone sorbent was selected on the I
gB

basis of proximity to the test location rather than optimum reactivity. The testing provided

sufficientdata for evaluation of the CFB.
lE

Results of the combustion test program confirmed the environmental advantages of

using the CFB unit for combustion of waste materials. Also, the ability to maintain stable
IN

operation at 20% of full load heat input,will accommodate extreme variations in steam

demand associated with hospitals. Operating at 1600°F gave high combustion efficiency
II( > 97%), good sulfurcapture (> 85%), and low NOxemissions( < 150 ppm). Dioxinand furan

emission levels were twoto three orders of magnitudeless than levels recorded for medical ii
tlwaste incinerators without scrubbers. Analyses of ash indicated that the material can be

disposed of in permittedmunicipal waste landfills. li
An average of 50% of the infeed chlorine was captured in the combustion system.

This lower than expected capture rate will necessitate installationof a stack gas scrubber

system. I

Task 5 involveda conceptual design and costestimate for a full scale hospitalwaste
lib

disposal facility. The site selected for analysis was the Veterans Administration Hospital in I

Lebanon, Pennsylvania where sufficient space is available adjacent to the existing boiler

house, i
Under Task 5, a cost/benefit analysis was performed using two scenarios that are

available to the Lebanon VA Hospital. Scenario 1 assumes that the hospital willdispose of I
',,lira

hospital wastes through an outside contractor who will remove the wastes from the facility.

I
m 4 _ _
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!
I Scenario 2 evaluates the cost to purchase permit and operate a new incinerator, Both

gas

scenarios are as com0ared to the installationof the CFB unit, in each case, the operating

! ,costs for the CFB unit are incorporated as annual expenditureswhich are offsetagainst the

benefits of avoided costs (savings) of the alternatives,

I Based uponthediscountedcash flowanalyses, thecirculatingfluidizedbed combustor
_pproach offers the Lebanon VA Hospital a s=_bstantlalcost savings under both scenarios

I evaluated. Scenario 1 will resultin a payback of the initial$1.6 million in nine ye,_rswith a$1.48 million in additional benefits during the next 15 years. Under Scenario 2, the

i incremental capital of $0.6 million has a three year payback with more than $2.33 millionreturn on investment over the 15 year period,

i Results of Phase 1 research show that co-firingcoal and hospitalwastes in a CFB isa viable alternative technology that can be used without generating other environmental

problems with air emissions. The CFB is not only technically viable, but is economically

J suitable even under conservative cost estimates,

Extended Phase 1 activities are being conducted in preparation for the proof-of-

I concept test program. More detailed designs are being developed along with preliminary

work pertaining to permitting the proposed installation. Finally, the feed system will_be

I procured and tested at the pilotplant prior to installationat the host hospital.

!

1
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i
INTRODUCTION I

This report contains the resultsof investigationsto evaluate the technical potential for t

disposal of hospitalwaste material in a coal-burning, fluidizedbed combustoras compared am

to other technologies, lt represents an effortto gather currently available data to assess the I
viability of using a circulatingfluidized bed combustor as a hospitalwaste disposal system

and to confirm the potential through combustiontesting with surrogatewastes. J
tlw

Hospital waste consists of infectious and noninfectiouswastes, In the past, most

hospitals disposed of their infectiouswaste by incineration and the remaining solid waste Bi
IIwas landfilled. More recently, the cost of landfilllngand the reluctance of landfillsto accept

infectiouswastehas led to on-slte incinerationforthe followingreasons (Tessltore and Cross, II
I1988): (1) landfilltng reluctance to accept any hospital waste due to regulatory criteria or

public pressure; (2) liability considerations due to possible transmission of AIDS or viral IIIBI

(3) significant c')st increasefor the transportation and handlingof these wastes Idiseases; and

for off-site disposal. In addition, regulatoryagencies have proposed and/or adopted more

comprehensive and stringent combustion and emission requirements for on-site hospital I
incinerators. These new considerations require that on-site incineration of infectious waste

BIB

be evaluated against current criteria rather than previous historical experience. For these BI
reasons, improvements to existing incineration methods as well as new incineration tech-

nologies are necessary to remedy the hospitalwaste disposal problem. m

The U.S. Departmentof Energyis addressingthe hospitalwaste problems listedabove

and has initiated a circulating fluidized bed combustion program with the Good Samaritan

Hospital located at Lebanon, Pennsylvania. I
The initialproject phase is divided intofive tasks. A description of each task and its

objectives as d_._iled in the statement of workfrom the Department of Energy follows, I

Talk 1 - Evaluate AFBC Incineration Technology I

• Evaluate, based upon publishedliterature, the technical potential ,,,,
for disposal of hospitalwaste material in a coal-burning, fluidized I
bed combustor as compared to other technologies.

• Determine the optimum design (e.g., residence time, temperature, 1

¢

and excess air) and the potential advantages of destroyinghospital

waste in an atmospheric fluidizedbed combustor (AFBC).
li

• Identifythe principal organic hazardous constituents(POHC) in

hospital waste streams. Select environmentallyacceptable model i

-6- I
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i
I to simulate the behavior of POHC's in the AFBC forcompounds

testing in Task 4, Pilot PlantTesting. Based on the identificationof

i the POHC's, determine the optimum operating conditions(time,temperature, heat extraction,excess air, coal feed rate, etc.) for the
destructionof the POHC's in an AFBC within the constraintsof the

i allowableoperating parameters.
• Evaluate the likely interaction of the bed material with chlofl,_e

i (hydrogenchloride) produced from the combustion of the hospitalwaste and the interaction of potentialemission species with the
coal mineral matter (ash) so as to maintain acceptable emissions
duringthe combustion of hospitalwaste in a coal-fired, fluidized

I bed combustor.

I • The reeu_s Of this task willbe considered in establishinga test planrequired for Task 3, Bench-Scale Combustor Design.
.,

! .Task 2- Develop Waste HandS,rigSystem

I • Investigate ali Federal, state, and local regulationsapplicable to
handling,storage, and transportation of hospital waste and estab-

lish an appropriate waste handlingapproach.
• Evaluate existinghazardous waste handlingsystems to determine

I problems associat6d with feeding hospitalwaste into a fluidizedbed system.

I , Create a conceptual design for the handlingsystem.

I Task 3 - Bench-Scale Combustor Design

i • Design a combustor that will burn coal and waste and will operatein a non,adiabatic mode withcoal as the base-load fuel.

i • Include the necessary mechanics and instrumentation to allowpretesting of surrogate hospitalwaste materials with regard to han-
dling and metering.

in

•1 • Prepare a test plan to conduct combustion test.

!
I
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i
ITask 4- Pilot Plant Testing

• Develop a combustor which n_eetsthe design from Task 3. I

• Run a series of 10 combustion tests using bituminousand
anthracite coals as the primary fuel and surrogate hospitalwaste _o II
simulate the principal organic hazardous constituents (POHC) and

other components of hospital waste. I
m

• Monitor stack gases and analyze ash material to document the
destructionand removal efficiencles of POHC's and the suitability IS
of ash residue for disposal in permitted landfills. II

Task 5 - Conceptual Design and Cost Estimates of I

m

Full-Scale, Proof-of.Concept Facltity I
qlm

• Develop a conceptual design for a f,dl.scale facility incorporating
the conceptual feed and boiler design includinga complete layout II
of coal storage and handlingequipment, waste delivery and

i

storage systems, ash removal system, sorbent storage, and the mi

boiler room structure. I

• Prepare cost estimates for the design, construction,and opeYatlon ==

of the system. Operating costs were to include ali labor, equipment I
operating and maintenance expenses, coal purchases, sorbent pur-

chases, ash disposal, and permittingcosts, i

Following report sections describe the investigativeprocedures and findingswithin II
each of the Phase 1 tasks. Resultsform the basis for Phase 2 activities which are underway II
to install a Full-Scale proof-of-concept facility at the VA Medical Facility in Lebanon,

Pennsylvania. I

I
1
I
I
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I
I PURPOSE

i The purpose of this program is to expand the use of coal by utilizing Circulating
Fluidized Bed (CFB) technologyto provide an environmentallysafe method for disposing of

I waste materials. Hospitals are currentlyexperiencing a near crisissituationrelated to wastemanagemenL In many instance¢, they are no longer permitted to burn pathological and

infectious wastes in incinerators. Older hospital incinerators have not demonstrated the

I capability to maintain the stable temperatures and residence times necessary in order to

completely destroy potentially toxic substances before release into the atmosphere, In

I the of _vallable landfills which handle these substances areaddition, number can safely

limited.

I The ol_)jectiveof this projectwas t,, determine the impact of destroying relatively small
quantitiesof infectious and pathological hospital wastes in a coal-fired circuaatingfluidized

i bed boiler. Utilizing coal as the primary fuel soUrce in the fluidized bed creates a stableoperating environment in which to burn the wastes. Aside from demonstrating the ability to

create a stable temperature, research efforts were aimed at determining the resultant

I destruction potential of toxic gases and the reduction of chlorine in flue gau. Phase 1

investigationswere also to establish the basis for installationand monitoringof a full-scale

unit. The ultimate of these endeavors willexpand the use of coalproof-of-concept success

and help resolve a major waste problem,

l
I
I
I
I
I
I
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m

RESULTS AND DISCUSSION I
mi

The project was structured to provide a thorough investigationof faotors that have I

presented existing incinerator operators with difficulties in complying with regulatory, j
IIauthorities. Under the initial task, research was conducted to define the characteristics of

hospital wastes and to assess background data pertaining to existing methodologies for IB

rendering these materials innocuous. This research was then utilized to ascertain the I
advantages thata CFB combustionunitoffersand to establish model compoundsto simulate

medical wastes during subsequentcombustiontesting, I
Althoughthe research identifiedshortcomingswithexisting incinerationtechnologies

and the operating characteristics of a CFB that should resuHin enhanced emissions, it was
IInecessary to examine regulations pertaining to the packaging, handling, storage, and

disposal of infectiouswastes priorto beginningthe combustiontestprogram, The regulatory BI
IIreview established the stand_.rds by which CFB combustion will be judged during the

permittingreview process. Of particular concern was the abilityto adapt waste material size
I

reduction and feed requirements for efficient combustion/incineration to comply with I
regulatory restrictions. The regulatory review and conceptual feed system design were

addressed under thesecond task. Findingsfromthe firsttwoproject tasks were incorporated l
lib

into the combustion test program. In additionto establishingCFB operating parameters and

surrogatewaste materials, these initialstudieshelped finalizethe gas and ash sampllng/test- BI
Uing requirements.

The followingdiscussionspresentthe resultsof each project task leading to the test ,111
IIprogram. Details are provided for the actual testsalong withevaluation of results relative to

the planned proof-of-conceptinstallation, Conceptual designs and cost analyses are also
m

presented for installation of the proof-of-conceptunitat the Lebanon VA Medical Facility. I

TASK 1 - EVALUATE AFBC INCINERATION TECHNOLOGY I

As previously indicated, the first step in the evaluation of incineration technologies mB
IIconsisted of definingthe characteristics of typical hospitalwastes, The following sections

discuss findings from this study along with a survey of industrial boilers and the prospects lm
for chlorine capture I

I
!
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I
I Charactertzatlo_ of Hospital Waste

I Few data are available on the composition of hospital waste, although it is charac-terlstlcally heterogeneousinnature. The mix of materials includesgeneral refuse (e.g,, office

paper, food waste, noninfectiouspatientwaste), infectiouswastes (e,g,, pathological wastes,

I human blood and blood products, contaminated sharps, anatomical wastes, isolation

wastes), hazardous wastes (e,g., waste pharmaceuticals, cytotoxic agents used in

I or other heavy metals), and radioactive wastes.chemotherapy, mercury

lt is estimated that about 85% of a hospital'swaste stream is noninfectiouswhile the

I remaining 15% is contaminated with infectiousagents. Radioactive wastes and hazardous
wastes are generally small-quantltywastes which require special treatment that are subject

I to severe permit restrictions (Marks, 1988).Particular components of the hospital waste stream of sp_clal concern when this

waste is incinerated include the relativelyhigh plastic contentof hospital waste, About30%

I, of the hospital wastestream is estimated to be plastics. Table 1 contains a general
breakdown of the composition of typical hospital waste. The percentages in Table 1 do not

' i necessarily add up to 100% since they are approximations.
mEW

The types of plastics most commonly encountered include polyethylene,

I polypropylene,and polyvinylchloride. Ultimateanalyses for fourcommon plastics are shownin Table 2.

I TABLE 1

HOSPITAL WASTE CHARACTERIZATION

I
APPROXIMATE

I PRODUCT WEIGHT PERCENT

Paper 65

I Plastic 20-30Moisture 10
O_er 5

I
I

.!
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TABLE 2 I

ULTIMATE ANALYSES OF FOUR PLASTICS 1
l(Weight Percent)

POLYVINYL I
POLYETHYLENE POLYSTYRENE POLYURETHANE CHLORIDE

Ii

Moisture 0.20 0.20 0,20 0.20
Carbon 84.38 86.91 63,14 45.04
Hydrogen 14,14 8.42 6.25 5,60 ml
Oxygen 0.00 3.96 17.61 1.56 II
Nitrogen 0,06 0.21 5,98 0,08
Sulfur 0,03 0.02 0,02 0,14 II
Chlorine trace trace 2.42 45.32 II
Ash 1.19 0,45 4.38 2.06

Higher heaUng Ivalue, Btu/Ib 19,687 16,419 11,203 9,754

II
Hospital waste may contain potenUallytoxic components. Such chemicals include li

waste pharmaceuticals, cytotoxlcagents used in chemotherapy,and anti-neoplastlcagents,

Heavy metals may also be air emissionconcerns if theyenterthe combustoralonq withother I
hospitalwastes,

lm

Survey Of Chlorine-containing Drugs And I

Poulble Model Compounds For Combustion Im

A survey of chlorinecontainingdrugsand possiblemodel compounds forcombustion

was conducted to tdentJ_fcompounds for Task 4, Pilot Plant Testing, and was reported in i
the progress report submittedto the Departmentof Energyfrom theGood Samaritan Hospital

(November, 1988). Sew_nty-onedrugs or related medicinal m=tterialswere surveyed to Im
determinewhether themoleculescontained chlorine, and, ifso, also to determine the manner

in which the chlorine was chemic_!ly bonded to the remainder Of the molecule. The list of I
IIdrugs was taken fl'om documentation which originated with the Good Samaritan Hospital,

Informationon composition and structure was obtained from the ninth edition of _3JLM(i_.P._ ,m

Index (Windholz,et. al., 1976). The complete list of drugs and related materials surveyed is t
given in Table 3,

I
I
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I
I TABLE 3 '

LIST OF MATERIALS SURVEYED FOR CHLORINE CONTENT

I
Aoetazolamlde Mannitol

I Acetic Acid MefoxlnAcetylcysteine Methi_illin sodium
Acyclovir Methotextrate

i Adriamycin Methctextrate sodiumAlbumin Medrol
Ampictllin Mitomycin C
Antihemophiltcfactor Mlthramycin

I Salanced salt solution Morphine
Benzocatne Nafcillin
Bleomycin Nitrogen mustard

I BCNU Naprosyn
Calcium gtuconate Narcan

'.. Chlorpromazine hydrochloride Nebctn

'11 Codeine phosphate Nubaln
Cytosar Penicillin G sodium
Cytoxan Penicillin potassium

I Dacarbazine Penicillin S potassium _,Daunorublcin Penlclllln-152 potassium
Dactinomycin Phenobarbital sodium

I Dexamethasone ""
Plperac,,,,_

Dilantin ' Plasma proteinfraction
Diptherla and tetanus toxoids Planltol

I Erythromycinlactobionate Potassium chlorideEtoposlde Prolixlndecanoate
Fluorouracil Promethazine hydrochloride

I FUDR RanitidineFluphenazlne decanoate Streptozocin
Heparin sodium Terbataltne sulfate

i Insulin Tetracycline hydrochlorideInsulin isophane Thio-TEPA
Insulin zinc suspension Tolazoline
Insulin humulin Tuberculin ptoteln

I Laslx Velban
Lidocaine Vincristine

1 Magnesium sulfate

Of these seventy-one substances, structural or compositional da_a could not bem

,I located tor the following drugs: acyclovir; etoposide; nubain; p!peracillin; planitol; and
ranitidine. As willbe discussed below, the number of ways in which chlorine is incorporated

I into drugs is relatively limited, and therefore it is likely that even if any of these six drugs
contain chlorine, the chemical bonding of the chlorine is probably not different from other

I
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I

chlorine-containing drugs for which the structure is known, in addition, no structural or

compositional data was found for the followingmaterials: albumin; antlhemophllic factor; BI
1diphtheria and tetanus toxoids;the variousinsulinderivatives;plasma protein;and tuberculin

protein, Since ali of these substances seem to be proteins or proteln-likematerials, and no ali

naturally occ,Jrrlng amino acids contain chlorine, it was presumed that chlorine was not I
present in this lattergroup,

Based on the composition or structural data found in the literature, the following I
lM

substances from Table 3 were foundto definitelycontain chlorine,

TABLE 4 _
td

CHLORINE-CONTAINING DRUGS I

BCNU Penicillin S potassium I
Chloropromazlne hydrochloride Potassium chloride I
Cytoxan Promethazine hydrochloride
Lasix Tetracycline hydrochloride a,,
Nitrogenmustard I

lm

However, from this list of quite diverse compounds, there are only five different ways BI
lbl

in which the chlorine is chemically incorporated intothe structureas listed in Table 5,

TABLE 5 I
CHLORINE BONDING SITES IN DRUGS I

10 Aliphatic carbon I
Amine hydrochloride I
Aromatic carbon
ionic

Vinylic carbon I

I

Consequently, it should be possible to model the combustion behavior of ali of the m

chlorlne-contatningdrugs withjust five model compounds, The model compounds recom-

mended for future experimental work were chosen on the basis of three criteria: most Iw
importantly, they should contain chlorine withthe same kinds of bonding as noted in Table

5; they should be reasonably inexpensive and readily available from laboratory supply I
1houses; and they should pose no special handlingproblems (i,e,, be solids or hlgh-boiling

I
- 14- I



I
I liquids) or safety hazard when used. The recommended model compounds are shown in

Table 6.

1
TABLE 6

I RECOMMENDED COMPOUNDS TO MODEL CHLORINE-CONTAINING DRUGS

I STRUCTURAL TYPE RECOMMENDED MODEL COMPOUND
1° Aliphaticcarbon (2-Chloroethyl)benzene

I Amine hydrochloride BenzyltriethylammoniumchlorideAromatic carbon 2-Chlorobenzoic acid
Ionic Potassium chloride

I Vinylic carbon 1-Chloro-2-methylpropene•
• This compound is a safety hazard, although it meets the other two criteria of similar

i bonding and availability.

Two additionalsources of chlorine remain to be considered. The first is the plastics

I used for a variety of instruments,appliances, and containers. Most likely the predominant

chlorine-containing polymer would be polyvinylchloride. Since wJlyvinylchloride is widely

I available, it could be used as its own model compound in any experimental work. The other
source of chlorinewould be pathological wastes. Presumably themajor chlorineform in the

I human body would be as chloride ion in body fluids;ionic chloride is covered in the model
compounds in Table 6.

I The principalfocus of this work has been thepresence of chlorine in hospitalwastesand the potential for chlorine capture during combustion, in the course of the investigation

so far, other halogen-containingcompounds were foundthat mightbe present in the wastes.

I For completeness, some comments are offered on these other materials.

Fluorine is present in several drugs, specifically dexamethasone, fluorouracil,

I fluphenazine decanoate, and FUDR. Bromine may derive from two general sources.
The

first, and more probable, is bromine-containing compounds used in flame retardants on

I hospital gowns and other clothing. The second is that one naturally occurring amino acid,
3,5-dibromotyrosine,contains bromine and may possibly occur in small amountsin proteins

I or protein.derived materials. Similarly, iodine occurs in two amino acids, 3,5-dibromotyrosine and thyroxine. The elements in question are noncombustible (as with

i chlorine). Therefore, fluorine and/or bromine will not be destroyed during combustion.

II
II
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Additionally, flourine and/or bromineprobablywillnot be captured inthe bed material. These

elements are not allowed to be incineratedin Pennsylvaniaby law. I

Survey Of The Disposal Of Hazardous Wastes In Industrial Boilers
m

The purpose of this section is to: review existingdisposal technologies and their

advantages and disadvantages; discuss air emissions; and evaluate the potential for using I
a fluidized bed combustor to destroyhospitalwaste.

lm

Existing Disposal Technology Review I

Incineration I

II
The primary objectives o; hospital waste incinerators are to render waste innocuous IB

and reduce the size and mass of the waste. Some of the problems associated with hospital

wastes which must be considered in designingand operating incinerationequipment follow. BlBI

• The fuel is nonhomogeneousand of variable composition. This _1
poses a problem in feeding, flame stability,particle entrainment, II
and emissions control.

lbl

• The fuel containsvariable ash content which can lead to clinker for- I
mation, slagging, and fouling.

ml

• Hospital wastes oftenhave low heating value and high moisture
content leading to flame stabilityproblems. m

• Hospital wastes containvarying amounts of corrosive materials I
such as chlorine and fluorine.

I
The advantages of incineration of hospitalwastes includesignificantvolume reduction while

IBm

requiringlittleprocessing of the wastes before treatment. Disadvantages includehigh costs I
and potential pollution risksassociated with incineration processes.

The three types of incineratorsused most frequentlyin the United States are: excess I==
air; controlled air; and rotary kiln models (Radian Corporation, 1988). Ali three types use

primary and secondary combustionchambers to ensure maximum combustion of the waste. I

I
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I
I Excess Air incinerators

I Most incinerationsystems constructedbefore the early 1960s were of the excess airtype (someUmes referred to as pyroltticand multiplechamber incinerators). Combustion of

the waste begins in the primary, or ignition,chamber (Radian Corporation, 1988). The waste

I is dried, ignited, and combusted by heat provided by a primary chamber as well as by hot

chamber walls heated by flue gases. Moisture and volatile components in the waste feed

I are vaporized and pass, along with the combustion gases, out of the primary chamber.
Secondary air is mixed with the volatile components in the secondary chamber. Burners

I are also fittedto the secondary chamber to maintain adequate temperatures for combustion
of the volatile gases. Incinerators designed to burn general hospitalwaste operate at total

I excess air levels (.f up to 300% whereas ifonlypathological wastes are combusted, excessair levels near 100% are more common.

Excess air incinerators require scrubbers to remove particulate matter to meet air

I pollution control standards becau_ they operate with such high excess air levels. Few
..

excess air incinerators are being instailod today, instead, older unitsare used primarily for

I noninfectious wastes.

I Controlled Air Incinerators

I Most of the incinerators built for medical waste treatment in the last 15 to 20 yearshave been controlled air incinerators (sometimes called starved air, two stage, and modular

incinerators). These bum waste in two or more chambers underconditionsof both low and

I excess stoichiometric oxygen requirements.

In the primary chamber, waste is dried, heated, and pyrolyzed, thereby releasing

I moisture andvolatilecomponents. The nonvolatile portion
combustible of thewaste is burned

to release heat while the noncombustibleportion accumulates as ash. Auxiliaryburners may

I provide additionalheat to maintain the desired temperatures dependingon the heating value
and moisture content of the waste. Approximately 40 to 80% of the stoichiometric air is

I added in this chamber.Moisture, volatiles, and combustiongases from the primary chamber are mixed with

air and burned in the second chamber. If the primary chamber gases are sufficientlyhot,

I they will self ignite when mixed with air. A second burner located near the entrance to the

second chamber provides additional heat for ignition of the combustible gases and to

maintain flame in the chamber ali times of The air injection rate inthe second
a at operation.

I -1"7-,.,. t
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II

chamber is generally between 100 and 150% of totalstoichiometricrequirements. Thus, the l

total air added to both chambers can vary between 140 and 230% of stoichiometrlc II
IIrequirements (i.e., between 40 and 130% excess air).

The secondary chamber burner is located near the entrance to this chamber to III

maximize the residence time of gases at high temperatures in this chamber, Bulk average I
gas residence times in the secondary chamber typically range from 0.25 to 2.0 seconds.

Design exit gas temperatures generally range from 14000 to 2000°F. I
lib

One advantage of using low levels of air in the primary chamber is that there is very

littleentrainment of particulate matter in the flue gas. For example, excess air incinerators II
[]

have average particulateemission factors of 7 pounds per ton of waste compared with 1.4

pounds per ton of waste for controlled air units (Office of Technology Assessment, 1988). IB
IIAvailable data indicate that many controlled air incineratorscan be operated to meet existing

particulate standards that are at or below 0.08 grains per dry standard cubic foot (gr/dscf)

|corrected to 12% carbon dioxide. Many States, however,are adopting lowerstandards (e.g.,

0.015 gr/dscf) for incinerators,which probablywouldrequire additional control technologies.

Additionalcontrols may raise capital costs and requireexpansion space; however, additional I
til

controls would capture finer particulates and possiblysome other pollutants.

Advantages of thecontrolled air system includehigh thermal efficiencyas a result of Bl
IIlower stoichiometric air use, higher combustion efficlencies, and low capital costs (which

may increase as more controls are required). As willali types of incinerators,disadvantages []
include potential incomplete combustion under poor operating conditions and problems !1
associated with achievingproper operatingtemperaturesduringstartupof a batch unit(Office

lbl

of Technology Assessment, 1988). I

Rotary Kiln Incinerators I

A sm_ll number of rotary kiln incinerators are currently operating. In this unit, the BI
IIprimary chamber consists of a horizontal, rotatingkiln. The kiln is inclined slightlyso that

the waste material migrates from the charging end to the ash discharge end as the kiln []
rotates. The waste migration, or throughput,rate is controlledby the rate of rotation(typically I

between 1 and 3 rpm) andangle of inclineof thekiln. Air is injected intothe primary chamber
and withthe waste as it rotates throughthe kiln. A primary chamber burneris generally Imixes

l

present for heat-up purposesand to maintain desired temperatures.

Volatiles and combustion gases from the primary chamber pass to the secondary I
lib

chamber where combustion is completed bythe injectionof additionalair. Hightemperatures

I
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I
I are maintained in the secondary chamber with a second burner. The primary chamber is

operated at substotchlometric conditions and the secondary chamber greater than

I stoichiometrlcconditions.
The kiln rotation provides excellent mixing (i.e,, turbulence). Yet, the rotary kiln

I systems tend to be costly to operate and maintain and usuallyrequire shredding (i,e,, some
size reduction of wastes). Due to the turbulentmotionof the waste, particle entrainment is

I higher for kiln incinerators than for controlled air or excess air incinerators. As a result,rotary kiln incinerators generally require emissions control.

I Autoclaving

lm
!1 Autoclaving, or steam sterilization,is a )rocess to sterilizemedical infectiouswastes

prior to disposal in a landfill. Some wastes (e.g., pathologicaltissue, chemotherapy waste,

I sharps) may not be adequately treated by some sterilizationoperations however, and thus
require incineration.

i Autoclaves do providesome advantages over incinerators,which may increase their ._attractiveness as a disposal option, particularly if incineration regulations become more ,

• stringent and thereby increase incineration costs. For example, operation and testing of

I autoclaves is less complex and difficultthan that for incinerators. In addition,environmental

releases from autoclaves probably contain a smaller range of constituents (e.g., dioxlns,

I than incinerators. Autoclaves also less to andheavy metals) are costly purchase operate

and require less space. These cost advantages, however, may be lessened if incineration

II is also required.m

IB
Several problems have lead to some hospitals to abandon autoclaving. For example,

i problematic operating conditionscan lead to incomplete sterilization, In addition, landfillandoff-sReincinerator operators are increasingly refusing to receive such wastes, questioning

whether the waste has actually been t:eated. This, along with other difficulties associatedz lm
m with autoclaving, such as ensuring the proper operation of the autoclaving process (e.g.,

sufficientresidence time to ensure pathogen destruction), the more limited capacity of most

I autoclaves, and the time-consuming for with incineration,process autoclaving compared
make it a less common waste treatment method for most facilities.

I
I
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I
_r Emissions I

This sectioncontains brief descriptionsof formationmechanisms for pollutants from I

JlBalm

hospital incinerators, presents hazardous compound destructibility, and discusses BI
measured emission levels from conventional hospital incinerators (Radian Corporation, I

1988; Office of TechnologyAssessment, 1988), Where applicable, informationon formation
==m

mechanisms for some compounds has been borrowed from the municipal solid waste i
II

literature. Table 7 contains a list of measured pollutants from hospitalwaste incinerators

(Radlan Corporation,1988). I

TABLE 7 1MEASURED/TESTED HOSPITAL WASTE POLLUTANTS

POLYCYCLIC LOW I
TRACE ORGANIC MOLECULAR WEIGHT

METALS MATTER ORGANIC COMPOUNDS ACID GASES OTHERS 1;_,

1

Arsenic Dioxinsa Ethane Hydrochloric acid Particulates
Cadmium Furansb Ethylene Sulfur dioxide Carbon BI
Chromium Propane Nitrogen oxides monoxide I
Iron Propylene Pathogens
Manganese Trichorotrtfluoroethane Viruses I
Nickel Trtchtorethylene I
Lead Tetrachlorethylene

polychlorinated dibenzodloxin I
polychlorinated dibenzofuran

!
Pollutant Formation Mechanisms

Acid Gases I

The acid gases produced in hospital waste incineration are hydrogen chloride, sulfur I

dioxide, and nib'ogen oxides. Based on thermodynamic considerations, chlorine which is ii

chemically bound within the hospital waste will be predominantlyconverted to hydrogen I
chloride (HCI), assuming there is hydrogenavailable to react withthe chlorine.

Sulfur, which is chemically boundwithinthe materials making up the hospital waste, I
is oxidizedduringthe combustionprocess to form sulfurdioxide (SO2)(as isthe sulfurpresent

in the coal in a coat-fired coincineratlon scheme). The rate of SO2 emissions is directly I

- 2o- l
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I
I proportional to the sulfur content of the waste, HCI is a stronger acid than SO2 and will react

more quickly with available alkaline oompounds than SO2, If there is a limited quantity of

I alkaline compounds present, the HCI willtie up thealkaline compounds beforetheycan react
with SO=,

i Nitrogen oxides, which are predominantly NO with a small amount of NO= in acombustion system,are produced from thermal fixation(reaction between molecular nitrogen

and oxygen In the combustion air) and fuel nitrogenoxidation, lt as widelyaccepted that the

I thermal fixation in the combustion zone is described by the Zeldovloh model (Wark and
Warner, 1981). The mechanisms by which nitrogen compounds (primarily organic) con-

I tained in liquid and solidfuels evolve and react to form NO are much more complex and the
empirical data are less conclusive,

I Particulate Emissions

I Particulate matter is emitted as a result of incomplete combustion and by the

entrainment of noncombustibles in the flue gas stream, Particulate matter may exist as a

I solid or an aerosol, and may contain heavy metals or polycyclic organics, There are three
general sources of particulatematter:

I
• inorganic substailces contained in the waste feed that are carried

i into the flue gas from the conlbustion process;
• organometallic substances formed by the reactions of precursors

i in the waste feed; and
• uncombusted fuel molecules,

I
Inorganic matter is not destroyed during combustion and mos_of thismaterial leaves

I the incinerator as ash. Some becomes entrained in the stack gas as particulatematter,
Organometallic compounds present in the waste stream can be volatilized and

i oxidized under the hightemperatures and oxidizingconditionsin the incinerator, As a result,inorganic oxides or sails of metals can be formed from the metallic portion.

The fuel molecules themselves can also contributesignificantlyto particulate matter

I formation. Pyrolitic reactions can lead to the formationof large organic molecules,

In general, good combustion conditions lead to lower particulate emissions. As

I residence and turbulence the of the matter
time, temperature, Lncrease, mass particulate

tend to decrease,
ml
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Trace Metals I

The amount of trace metals in the flue gas is dlrectly related to the quantityof trace mn

metal contained in the incinerator waste, Some of the metal sources in the waste include I

surgical blades, foilwrappers, plastics, and printinginks, Plastic objects made of polyvinyl

chloride contain cadmium heat stabilizing compounds, In addition, cadmium, chromium, I
and lead may also be found in inks and paints.

Some metals are selectively deposited on the smaller particles which are emitted, II
IIThere are three general factors affecting fin_ particle enrichment, They are particle size,

number of particles, and flue gas temperature. The influence of particle size on trace metal mm
enrichment of fine particles is thoughtto be due to specific surface area effects, Particles I
with large specific surface areas are expected to show enrichment since there is more

Isurface area low'condensation per unit mass of particulate matter. The influence oF the

number of particles is due to the increased probability of contact associated with higher

particle population. Higher temperatures are thoughtto lead to increased activity levels Im
which in turn makes the metals less likely to condense and bond with particulate matter,

Many of the vnlatilemetals of concern tend to selectively deposit on the smaller ash BI
IIparticles, The distributionof volatile metals among the different size fractions of ash is

influencedby the amountof ultrafineparticles producedduringcombustion, The trace metals Iii
tend to concentrate on the surface of fine particles rather than uniformlydistributethroughout

the particle size range because refractory oxides (e,g., SIC=, MgO, Cad, Fe203) which are

• |vaporized in the flame are the first species to condense and would become the nuclei for

the fine particulate matter, As the combustion gases cool, volatile trace species would be

expected to Condense on the outer surface of these particles, In summary, the ultrafine Im
particles present a veryhighspecific surface area andthus recalve a disproportionateshare

of the condensing elements, BI
II

I
I
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I Polycyclic Organic Matter

i factors believed to be involved in the formation of chlorinated isomers ofMany are

dlbenzodtoxin(commonly referred to as dioxin or PCDD) and dlbenzofuran (referred to as

I furanor PCDF), The best supportedtheories are illustratedinFigure 1 (Radian Corporation,
1988), The first theory shown involvesthe breakthroughof unburneddioxln/furanpresent in

I the feed. The second mechanism involves the plausible combination of precursor specieswhich have structures similar to the dloxtns and furans to form these compounds, These

precursors can be produced in oxygen-starved zones, The third mechanism involves the

I synthesis of dioxlNfuran from a variety of organics and a chlorine donor, The final

mechanism presented in Figure 1 involves catalyzed reactions on flyash particles at low

I temperatures.
Available data from municipal solidwaste and hazardous waste incineration indicate

I that the polycyclic organic matter emission rate is closely related to efficiency of the
combustion3rooess, Generally, whenthe flametemperature andcombustion are increased,

i the products of incomplete combustion(PICa) emission rates decrease, PICa are definedas any hazardous organic constituentdetected in the stack gas but not present in the waste

feed at a concentration of 100 g/g or higher (Trenholm, et, al,, 1988), Studies involving

I hazardous waste tncineraUonhave resulted in emissions of PICa and unburned principal

organic hazardous constituents (POHCs) being the highest when the excess air level was

I the highest(Staley, 1988; Huffmanand Staley, 1988), Excess air leads to lower combustion
temperatures which favor in situ chlorine formation over HCI, The additional presence of

I chlorine is then believed to promote the formation of dtoxinsand furans, as well as other
chlorine containing compounds.

i Dioxinsandfurans may existin both the vapor phase and as fineparticulate in hospitalwaste incineratoremissionswith as much as 80% inthevapor phase. At temperatures b_low

300°F, they condense onto the fine particulate,

!
Low Molecular Weight Organic Compounds

I
Low molecular weight organic compounds are a product of incomplete combustion

I of the wasta. They may be present due to some of the mechanisms previously discussed
above for dioxins and furans (i,e., they may be compounds which were present in the fuel,

i combinations of precursors, or the dioxin and furan precursors themselves).

I
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I, DIOXIN IN REFUSE J

,- Combustion .... > UnreactedI IJ I _ 1

Zone Dioxin/Furan I
CI

m
II, FORMATION FROM RELATED CHLORINATED PRECURSORS i

+ .............. + Hydrogen i_

Cl OH C1 Cl Cl i
BChlorophenol Dioxin

.,,.o.,. !

Cl (21 CI Cl lm

Polychlorinated Biphenyl Furan

I
,'III, FORMATION FROM ORGANICS AND CHLORINE DONOR I

i

Polyvinylchloride ChlorineDonor
+ > Dioxin/Furan i

Lignin NaCI, HCI, Chlorine gas II

IV. SOLID PHASE FLYASH REACTION I

_M ,'Prccurs°r /'",, 16'PCDD i

_9 + Chlorine Donor >
Low Temperature I

I
I

FIGURE 1 IHYPOTHETICAL MECHANISMS OF POLYCHLORINATED DIBENZO.DIOXlN

AND POLYCHLORINATED DIBENZOFURAN FORMATION CHEMISTRY
II
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I
Carbon Monoxide

I Carbon monoxide is also a productof incomplete oombustlon, Carbon monoxide is
not considered _s a hazardous PIC per the previousdefinitionof PIC (Otexsey, et, al,, 1988),

Compound Destruotibllltyand EmisslonConoentrations

Castaldini, ct. al,, (1986) reviewed the disposal of hazardous wastes in industrial

boilers and furnaces, Their oonoluslons as related to the objective of this proposal follow,

I
• Cofiringof hazardous wastes at a small percentage of the base fuel

(about5 to 10%) appears to be a viable method of disposing ofmost hazardous organic material,

• Cofiringmany wastes may produce lower levels of criteria pollutantand trace element emissions than either traditionalcoal or oil com-
bustion,

• The conditionsfound in many types of watertube boilers appear to
be sufficientto achieve at least 99,99% destruction of most hazard-

ous organic compounds,

• The conditionsfound in firetube boilersdo not appear to be suffi-

I clent to destroy ali hazardous organic materials, There is too greata likelihoodthat cold tube-wall quenchingof the waste degradation
reacUons is possible before destructioncan occur.

,, Watertube boilers whose furnace exit temperatures are greater
than 1500°F and whose furnace mean residence times are greater

than one second to be best candidates for the destructionappear
of simple hazardous organic waste streams,

• Complex organic waste streams are likely require approximately
to

360°F higher temperatures (referlngto boilers in general, not includ-

ing fluidizedbeds).

Each of these pointssupports the premise of the originalproposal,The relative destructibilityof several organic compounds is given in Table 8 (Castal-

dtni, et. ai,, 1986). Table 8 liststhe order of increasingdestructibilitybytemperature required

for 99,99% destructionat one second residence time,



I

TABLE 8 m

ORDER OF DESTRUCTIBILITY I

TEMPERATURE (OF)NEEDED n
ORDER COMPOUND AT ONE SECOND II

1 Methyl Chloride 1550 n
2 Methane 1535 U
3 Phenol 1484
4 Methylene ohlorlde 1486 n
5 Pyridine 1455 II
6 Chlorobenzene 1413
7 Diohlorbenzene 1408 =li
8 Hexaohlorobenzene 1405 |
9 Ethane 1401
10 Vinyl chloride 1373 OB

11 Ethyl chloride 1358 n
12 Benzene 1358

um

13 Cresol 1331 n

14 Ethylene 1320 IJ
15 Toluene 1327 OB

16 Nitrobenzene 1327
17 Hexaehlorobutadlene 1325 n
18 TrIohlorobenzene 1320 U

19 Vlnyildene chloride 1313
20 Aeetophenol 1310 n
21 Propane 1305 II
22 1,2,2-trlchloro-l,l,2-trifluoroethane 1277
23 DIchloropropane 1266 n
24 Trichloropropane 1260 II
25 Phthalic anhydride 1240
26 Isobutanol 1229 , n
27 _ Trtchloroethylene 1222 II
28 Napthalene 1221
29 Methyl ethyl ketone 1213 mi
30 DIchloroethane 1212 II
31 EpIchlorohydrln 1143
32 Maleic anhydride 1123 m
33 Bis(2-chloroethyl)ether 1115 |
34 Methyl isobutylketone 1109
35 Trichloropropane 1060 lm
36 Benzotrlchlorlde 982 II
37 Carbon disulfide 751 U

I
I
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I
I Table 9 lists the worst case compounds for destruction by structural class and

indicates that a broad range of compounds can be replaced by several judiciously chosen

I In terms of thermal destructibility(Castaldtnt,ct, al,, 191f,;I,_
ones

I TABLE 9DEFINITION OF WORST CASE COMPOUNDS FOR DESTRUCTION

I LIMITING COMPOUND
COMPOUND FOR DESTRUCTION

Methyl chloride Methane
Methylene chlortde Methane

Chloroforn" MethaneCarbon tevachloride Methane

Carbon disulfide Dichloropropane

Ethyl chloride Vinyl chloride

I Dlchloroethanes Dlchloroethanes' Trlchloroethanes Propane
Tetrachloroethanes Propane

Pentachloroethanes PropaneHexachloroethanes Propane
Trtchlorotrifluorethane Propane

Ethylene Ethylene
Vinyl chloride Vinyl chloride

Vlnylldine chlorine Vinyl chlorideTrichloroethylene Propane
Perchloroethylene Propane

I Bis(chloromethyl)ether Dlchloroethanes

Chloropropane Propane

I Dichloropropane Propane
Trlchloropropane Dichloroethanes

Dlchloropropanols PropaneEptchlorohydrtn Dichloroethanes
Isobutanol Propane

Chlorobutadiene Toluene
Hexachlorobutadiene Toluene

I
I
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TABLE 9 I

(CONTINUED) I
LIMITING COMPOUND

COMPOUND FOR DESTRUCTION I
mm

Malelo Anhydride Diohloroethanes
Bts(2-ohloroethyl)ether Dtohloroethanes
Methyl ethyl ketone Dlohloroethanes B
Methyl isobutylketone Diohioroethanes

Benzene Benzene I
Chlorobenzene Benzene

Diohlorobenzene Benzene ITriohlorobenzene Hexaahlorobenzene
Tetraohlorobenzene Hexaehlorobenzene
Pentachlorobenzene Hexachlorobenzene

Hexachtorobenzene Hexachlorobenzene I

Pyridine Methane INitrobenzene Toluene

Phenol Methane IChlorophenol Methane
Dichlorophenol Methane

Trtchlorophenol Methane I

Tetrachlorophenol Methane

Pentachlorophenol Methane INitrophenols Methane

Toluene Toluene IBenzachloride Toluene
Benzotrichloride Toluene

Cresols Benzene I
Cresylic acid Benzene

Nltrocresols Benzene IDinltrocresols Benzene

Acetophenone Toluene
li

Phthalicanhydride Pre,pane
Dimethyl phenols Methane m=

Cumyl phenol Methane I
Napthalene Propane

Napt,hL,quinone Propane I
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The indication from Tables 8 and 9 is that the operating conditions in a coal-fired fluidized

I bed combustor should provide the appropriate reaction environment for destruction oforganic hospitalwastes (the next reportsection containsdetails of fluidizedbed combustion

of hazardous/hospitalwastes). Tables 8 and 9 also indicate that the reaction environment

I is appropriate for the model compounds recommended in Table 6 for Task 4.

The reported range of concentrationsof constituentsin hospitalincinerator emissions

are reported inTable 10 (Radian Corporation, 1988;Office of TechnologyAssessment, 1988).
Table 10 gives the emissions for trace metals, polycyclic organic matter, and acid

I qases. Table 11 containsemissions factorsfor the low molecular weight organics for which
emission results were identified in the studyby the Radian Corporation (1988).

!
TABLE 10

CONCEWTI:IATIONS OF CONSTITUENTS IN
EMISSIONS FROM HOSPITAL INCINERATORS

I WITHOUT PARTICULATE CONTROL DEVICES

I CONSTITUENT RANGE OF EMISSIONS"

Arsenic 1-5.99 gr/dscf

I Cadmium 24.7-140 gr/dscfChromium 2.15-30.9 gr/dscf
Lead 532-1190 gr/dscf

Nickel 2.22-8.0 gr/dscfTotal dioxins 51.8-450 ngJNm3
Total furans 18.9-79.8 noJNm3

HC! 41-2095 ppmv, SO2 19-50 ppmv
NO_ 55-270 ppmv

"Abbrevtatiorm: grldscf= grains per dry standard cubic foot; ng/Nm3= nanograms per
o standard cul_¢ meter; ppmv = part_ per million volume

I
i

I
I

-I
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I
TABLE 11 I

EMISSION FACTORS FOR SELECTED LOW MOLECULAR m

WEIGHT ORGANICS FROM HOSPITAL I
WASTE INCINERATORS

I
EMISSIONS FACTOR

(LB/TON FEED) I
Ethane < 0.003
Ethylene < 0.02 Bl
Propane < 0.024 II
Propylene < 0.022
Trichlorotrifluoroethane 8.25 x 10"s li
Tetrachloromethane 9.91 x 10.5 Ii
Trichloroethylene 2.39 x 10.5

Tetrachloroethylene 2.49 x 104 I

The followingtable showsthat, for both dioxinsand furans, hospital emissions are on mB
IIthe average one to twn orders of magnitudehigherper gram of waste burned than emissions

from municipal incinerators(Office of Technology Assessment, 1988). IB
II

TABLE 12

DIOXIN AND FURAN EMISSION CONCENTRATIONS BI
m

(in ng/Nm3)

I
FACILITIES TOTAL DIOXlNS TOTAL FURANS

Hospitals: I
A 160-260 386-700
B 290-450 700-785 aB

C 117-197 52-84 I

MunicJpalltkm: mm

Hampton, NY 243-10,700 400-37,500 IB
North Andover, Mass. 225 323 H1

Marion Co., Oregon 1.13 --
Prince Edward Island, II
Canada 60-125 100-160 ii

Tulsa, Oklahoma 18.9 15.5
Wurzburg 22.1 27.9 BI
Akron, Ohio 258 679 II

II
BI
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I
I Possible reasons for higher emission levels of dioxtns and furans, as indicated by the Office

of Technology Assessment (1988) are:

I
1) the frequent startups arid shutdownsthese incinerators undergo;

I 2) less stringentemission controls;3) poorer combustion control (e.g., waste mixing and oxygen
controls);and

I 4) differences in the waste feed compositionas compared withmunicipal solidwaste.

Points 1-3 are not a concern in the proposed fluidized bed combustor. No supporting

i evidence for point4 has been found.Studies,as reported by the Officeof Technology Assessment (1988), havc 3hownthat

dioxins and furans can be formed after leaving the furnace by the catalysis at low

I temperatures of precursors such as chlorophenoland benzene andchlorine atoms on flyash
particles. Disagreement exists whether pyrolysis of polyvinyl chloride can produce

I chlorobenzene (a pote_bal dioxin precursor). During waste charging, which is either batch
or semiconUnuous,hospitalincineratorsofte,1experience high carbon monoxide (as well as

I other products of incomplete combustion) emissions indicating poor combustion. Poorcombustion,which can occur attemperatures below 1500°F, resultsin substantialincreases

in dioxin and furan formation in the furnace.

I Almost ali hospital incinerators are operated on an intermittent basis. Frequent

startupsand shutdownsofmedical waste incineratorsmay lead to increased dioxinformation

I and may volatilize certainwaste components,includingpathogens. During starts
cold without

auxiliary fuel, dioxinand furan emissionscan be at least 10 times higher than under normal

I operation. Dioxinscan be formed in coolsectionsof the incineratorat temperatures between
4000 and 800°F. Higher emissions of dioxinsand furans are notgenerated in the proposed

I fluidizedbed combustorbecause the cofiringconcept adds to the stabilityof the combustionprocess by eliminatingstartup problems.

Laboratory studieshave foundthat pyrolysisof various plastics produces chlorinated

I aromatic hydrocarbons. For example, pyrolysis of polyvinyl chloride has resulted in the

formation of benzene, 1,1,1-trichloroethane,trichloroethylene, and tetrachloroethylene, lt is

I conceivable that pyrolysis of plastics may occur primary
in the combustion chamber of

controfled air units, causing the formation of dioxin and furan precursors. To reduce

I formation of these precursors, increased turbulence, retention time, and temperature are
required.

|
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The concentrations of hydrogen chloride also appear to be continuously higher, on

average, compared with municipal waste combustors. One reason for this may be higher II
IIlevels of polwinyl chloride in medical waste.

As stated previously,particulate matterexitingthe furnace consists of bothinorganic m

material entrained in the combustiongases and organicmaterials whichwere not completely I
burned, inorganic particulate matter can consist of both volatile and nonvolatilematerial.

The organic compounds associated with emitted particulate matter are generally heavy I
hydrocarbons such as soot, PICs, or unburnedPOHCs,

BIB

BB

Circulating Ruldized Bed Hospital Waste Incinerator I

Coburning hospitalwastes in a coal.fired circulatingfluidized bed combustor is an !

i

alternative technologyunderstudyformedical wastedisposal. Presently,circulating fluidized mo

bed combustors are an emerging technology for the destructionof hazardous wastes and it I
appears that parallel conclusionsfor hospitalwastes can be drawn.

This new generation system uses high air velocity and circulatingsolids to create a I
mll

highly turbulent combustion zone. Because of the high air velocity, solidsare entrained and

combustion occurs along the entire height of the combustion section. Solids are separated il
IIfrom offgases by a cyclone and returned to the combustor through a nonmechanical seal.

Temperatures are uniformwithin 50°F throughoutthis loop. This uniformtemperature and ii
high solids turbulence avoid the ash slagging encountered in other types of incinerators. I!

NO_ and CO emissions are well controlled by the good mixing, relatively low temperatures

(1450o to 1600°F), and staged combustion achieved by injecting secondary air at higher I
locations in the combustor.

With the pollution control features described above, the circulating fluidized bed I
BB

combustor can meet the stringentpermit regulationsof the EnvironmentalProtectionAgency

(EPA) for hazardouswaste incinerationwhich is 99.99% destruction of hazardouschemicals so
IIand 99% retentk)nof acid gases (Rickman, et. al., 1985). There is no reason to believe that

these standards can not be met with a coal-fired fluidized bed combustor cofiring small I!
quantities of hospital wastes. Pollutioncontrol involves:efficient combustion/destructionof I[

POHCs; efficientretentionof halogens, phosphates,and sulfur;and collection of particulates.

Circulating fluidizedbed combustion burnswastes in the presence of dry limestone B
to control acid gases withoutcostly scrubbing systems. Test data from circulating_fluidized

bed pilotplants confirm greater than 99.999% efficiencyindestroyingand removinga variety I
of POHCs in the temperature range of 14500 to 1600°F (Rickman, et. al., 1985; Chang, et.

mm

I
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I
I al., 1987; Chang and Sorbo, 1988), Effluentfrom the circulating fluidized bed combustor

consists of dry stabilized ash,

I A popular rule of thumb is that to destroy 99,99% of industrialwaste, an incinerator
mustoperate at 2000°F witha two second residence time. Conventionalincineratordesigns,

I as discussed in Section3.1,1, are huiltwiththis rule inmind. However, an importantvariable,turbulence, can be increased to allowreduced time or temperature in the combustion zone

(Rickman, 1985). Circulating fluidizedbed combustor operation is an order of magnitudemore turbulent than conventional incinerators, allowingoperations as low as 1450°F, while

stillmeeting the requirement of 99.99% waste destruction.

I Conventional incinerator systems use wet caustic scrubbers to remove acid gases
such as HCI and SO2. This results in large volumes of fine, wet, scrubber sludge which

I causes difficultmaterials handling. Circulatingfluidizedbed combustorsoperate at tempera-
tureslow enoughto allowdry lime scrubbingofthese acid gases in thecombustion chamber,

I These acid gases are removed where they are formed, in the highly turbulentcombustionchamber.

i Emissions of NOx can be a concern in conventionalincinerators because NOx levelsare stronglyinfluencedby the temperatureof the combustion zone. NOx levels incirculating ,

ttuldized bed incinerators are kept very low (< 100 ppmv) by minimizing the temperature,

J maintaininggood mixinginthecombustion zone, and introducinga portionof the combustion
air above the main distributor.

I Pilot-scale circulating fluidized bed combustion tests have been performed using
surrogatewaste mixtures (representativeof hazardouswaste POHCs) to evaluate destruction ,

II and removal efficiencies (DRE)in hazardous waste incinerators(Chang, et. al., 1987; Chang
II and Sorbo, 1988). Results of those tests indicated that greater than 99.99% DRE was

observed even during periodswhere the bed temperature decreased to 1300°F. Operation
| ',at 1300°F was not an optimumcondition as CO and total hydrocarbon emissions increased

substantially. At bed temperatures below 1300°F, DRE decreased sharply. Formation of

I chlorinated PICs appeared to be correlated with CO and total hydrocarbon emissions.
Circulating fluidizedbed waste combustorsoperate cleanly, efficiently, and economi-

I cally. Their simple design uses highturbulence in the reaction zone to eliminate afterburners
and scrubbers. Proven performance on industrial wastes includesthe followingbenefits:

!
I
I
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• Combustionefficiency>99,999%;
• HCI capture>99%; •
• No scrubbers or wet sludge product; BI
• No afterburners or auxiliary fuel;
• Waste volume reduction up to 40:1; IB
• Highest boiler efficiency in the industry;and II
• NOx and CO emissions < 100 ppmv,

!
The discussion presented above involved the incineration of hazardous wastes such

IBB

as those produced in an industrial process, The wastes were either solid or aqueous I
mixtures of organo-chlorine fuels. There is no reason to believe the proposed scenario at

the Good Samaritan Hospital wouldbe different. In fact, the emissions may even be less of I==
a concern than those from a hazardous waste incinerator, The fuel in the proposed cofired

hospital waste incinerator would be a combination of coal and hospital waste ('99% coal •
IIand "1% waste) instead of solely hazardous waste.

An area that may be a concern in a coal-fired circulatingfluidizedbed combustor is

bed agglomeration, Althoughthebed temperature is suchthat slaggingwouldnot necessarily

be a concern, agglomerationmay occur depending on the coal's ash contentand composi-

tion and quantityof calcium added for HCI and SO2 capture. More detail on this is given in I
the followingsection.

Prospects For Chlorine Capture _1

|An importantaspect of determiningthe feasibilityof hospital waste incineration in a

circulating fluidized bed combustor is the fate of the chlorine supplied to the system by

plastic ; and chlorine-containing drugs described in previous sections of this report. Of !
: particular interest is the interaction of the bed material (coal inorganicmaterial and sorbent)

with chlorine during the combustion of hospital wastes and the interaction of potential I
ml

emission species withthe coal mineral matter and ash.

Chlorine is liberated primarily as hydrogenchloride in the combustion gas (Keairns,
et. al., 1978). The hydrogen chloride can then react with metal oxides in the ash forming

new solid or liquid species or remain as hydrogenchloride in the flue gas. If the hydrogen II
IIchloride remains in the flue gas, corrosion problems can occur. In addition, hydrogen

chloride in emissions is environmentally unacceptable and would require downstream mm

cleanup of the flue gas prior to release into the atmosphere. Therefore, it is desirable to I
determine ifsufficientcapture of chlorinebythe inorganics inthe system is feasible, avoiding

the expense of downstream flue gas cleanup.



I
I The most likely candidates for reacting with hydrogen chloride are the metal oxides.

An initialsc:eenlng was conductedto determinethe thermodynamicfeasibilityof the reaction

I of chloride with various metal oxides at from 1340°F (1000 K) to
hydrogen temperatures

2060°F (1400 K) (Good Samaritan Hospital, 1988). The reactions considered were the

I following:

I SiC= + 4HCI = SiCI4 + 2H20AI_)3 + 6HCI = 2AICI3 + 3H20
FeO + 2HCI = FeCI2 + H20

I TIC2 + 4HCI = TICI4 + 2H20, MgO + 2HCI = MgCI= + H20
CaO + 2HCI = CaCI= + HK)

I Na=Si205 + 2HCI = 2NaCI + 2SIO= + H=O

i The standard Gibbs free energy change was calculated by assuming that ali reactants andproductswere in theirstandard states. Thermodynamic data were obtained from the JANAF

i (Joint Army, Navy, Air Force) tables. JANAF Thermochemical Tables are publishedby theAmerican Chemical Society, the American Instituteof Physics, and the National Bureau of

Standards. Using this procedure only two reactions are thermodynamically feasible in the

I temperature range 1340°F (1000 K) to 2060°F (1400 K): the reactions of calcium oxide and
sodium sllicate with hydrogen chloride.

I Based on thispreliminary work, it is assumed that given ample quantitiesof calcium
compounds present in thebed to aid in sulfurcapture, there shouldbe no difficultyin chlorine

t capture. While the capture of chlorine by calcium oxide is feasible, the product, calcium
chloride, has a relatively low melting point of 1421°F (1030 K). The importance of this

• Ii information is that the presence of a liquid phase in the bed could result in agglomeration
II rendering the bed nonoperational. Therefore, it is necessary to determine what phase

particular species are present inthe bed at a giventemperature, In addition,it is recognized

I that many of the metal chlorides would be undesirableproducts and wouldvaporize at these
-= temperatures. In particular, the chlorides of silicon, aluminum, and titanium would ali

I vaporize well below the lowest likely bed temperature. The result would be that chlorine
would once again be released into the gas stream.

The literaturewhichdeals specificallywithmechanisms ofchlorine capture influidized
I! beds is very limited. Most papers deal with chlorine as it occurs naturally in coal, As a

- mi result, the levels of chlorine in th,_se studies are substantially lower than what one would
._ encounter in a hospitalwaste incinerationfacility. A paper by Keairns, et. al. (1978)includes

=

chlorine in their discussion of corrosion and deposition in fluidized bed combustion power

I
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plant systems, For the purposes of this project, the paper ts worth noting in that they

determine the various phases, Includinghydrogenchloride, present at various temperatures II
Bibased on thermodynamic calculations, The factors which affect release of alkalies and

thereby affect chlorine capture are the feedstock compositionand operating temperature, mm
IIThese results are adequate for a first approximationof the types of chlorides that

might be present in the bed, The followingdiscussion Is based on expanding the initial lm

thermodynamic calculations to include the relative amountsand phases of different species I
commonly found or anticipated in a goal-fired system, In order to determine the chlorine

capturing capabilities of a system, the effect of having multiphase components on the I
gBI

thermodynamic equilibriumconcentrationsof the variouschloride species (i,e. solid, liquid,

and gas) were studied, In addition, the effect of chlorine concentration, limestone addition, n
IIand coal ash composition on chlorineand sulfurcapture and the formation of a liquid phase

was examined, t

Approach

!
Thermodynamic Calculations and InputParameters

!
To evaluate the amountof various species in the solid, liquid, and gas phases during

combustion of a feedstock consisting of coal and hospital waste, a computer program, I
IUSOLGASMIX, was utilized. The program determines the equilibrium concentrations of

various species at differenttemperatures based on thermodynamic data taken from the al
JANAF tables and calculated for 2060°F (1400 K) and 1 atm. The program input includes

molar composition of the fuel and temperature.

The database was set up to includesixtydifferentspecies including: twenty-onegas I
phases; twenty-one liquid phases;and eighteen solidphases. The species chosen to make

up the database were based on their importance to the systemin terms of sulfurand chlorine Hl
m

capture and their abundance in coal ash. Importantgas phases include sulfurdioxide and

hydrogen chloride. Liquidand solidphases include sulfates,oxides, and chlorides, A total lib
IIof ten elements was used including: carbon; hydrogen; sulfur; oxygen; sodium; calcium;

potassium; chlorine; silicon;and aluminum. A complete listingof the database is given in

Appendix A. I
_The input parameters which were varied in using the SOLGASMIX program include

coal composition, temperature, and limestone additionfor sulfurcapture. Two coals were I
BIB

evaluated to determine the effect of using a compliance versus a noncompliance coal, The

I
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I
two coals used were a Elk Creek bituminous coal and a Darmac bituminous roof coat,
respectively, The compositions of the two coals are given in Table 13,

I TABLE 13

PROXIMATE, ULTIMATE, AND PARTIAL COAL

I INORGANIC ANALYSES OF STUDY COALS

I (Ali Received)

ELK CREEK BITUMINOUS DARMAC ROOF COAL

J Proximate

I Moisture 1.21 5,30Ash 4.22 28.55
Volatile Matter 36°03 28081

i Fixed Carbon 58,54 39.34
Ultimate

Hydrogen 5,13 4.25
Carbon 80.15 52.81

I Nitrogen 1.17 0.85Sulfur 0.80 2.13
Oxygen 7.33 11.41

I Heatlna Value (Btu/Ib) 13,550 9714

i Inora_,nicsin CoalSi,con Dioxide 2.03 15.77
Aluminum Oxide 1.47 7.15

I Calcium Oxide O.10 O.19Sodium Oxide 0.04 O.11
Sulfur Trioxide 0.09 0.24

I Potassium Oxide 0.41 0.93Remaining Oxides= 0.08 4.16

I =Includes iron, phosphorous,titanium, magnesium and manganese oxides

I The Elk Creek represents a compliance coal with little sulfur while the Darmac roof coal
represents a noncompliance coal containingsignificantamountsof sulfur. The purpose for

i includingtwo such coals is to determine the effect of coal character on chlorine and sulfurcapture. WhAlethe cost of the Darmac roof coal is significantlylower tt_ana compliance

I-- - 37 -
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I
coal, ttmay notbe the most eoonomlcal if lt Is Ineffective In chlorine capture thereby limiting I

the rate of waste destructionor requiringdowrmtreamhydrogen chloride cleanup, lib
Each coal was evaluated at temperatures from 1340°F (1000 K) to 2060°F (1400 K) I

at 180°F (100 K)intervals, At each temperature the molar amounts of each species were

determined 3s well as the molar fraction of each species withineach gas, liquid, and solid '1
phase, The amountsof each species as it changed withtemperaturewas used to determine

thetheoreticallyoptimumoperatingtemperatureforeach coal, i
BII

Limestonewas added totheElkCreekand Darma¢ coalssuchthata molarratioof

calcium oxide to sulfur of 2:1 was established, The limestone was considered to be Ji
lmapproximately fortypercent efftolentin sulfurcapture, The Elk Creek coal was run with and

withoutlimestone additionto determinetheeffect of limestone on sulfurand chlorine capture, '1=
One concernisthatthechlorinewillcompetewlthsulfurtoreactwithcalolumoxideprovided

by thelimestone,The posslbleresultwouldbe reducedsulfurcapturepossiblyrequiring

additional limestone or reduced amounts of chlorine in the system, I

Operational Parameters Assumed for the System I

In order to evaluate the interactionof chlorine with the other tnorganlcs in the system, ii
certain assumptions had to be made regarding the character of the feedstock, feed rates, II

and firingrates. The feedstock compositionwas based on the following:

!
• 90% coal; and

lh
• 10% waste composed of 65% paper, 30% plastic, and 5% mois- I

ture. This is roughly equivalentto Type 0 trash (Radlan Corpora- ml=

tion, 1988), The 30% plastic was assumed to b_ composed
entirely of polyvinylchloridethereby representinga worst case 111

scenario,

I
The composition of the polyvinylohlrlde and paper on a per poundbasis was added mm

to the coal composition assuming 90% coal and 10% waste stream, The composition of I

the waste is given in Table 14,

!
I

, I
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i TABLE 14

ULTIMATE ANALYSES OF WASTE STREAM

I COMPONENTS (Weight Percent)

t POLYVINYL CHLORIDEa PAPERb
Moisture 0,20 25,0

i Carbon 45,04 35.0Hydrogen 5,60 5,0
Oxygen 1,56 24,3

I Nitrogen 0,08 0,3Sulfur 0,14 0.4
Chlorine 45,32 0,0

i_ Btu/Ib° 9754 6343II
aSouree: Radtan Corporation, 1988
bSource: Singer, 1981aB

i °Heat content of paper based on Dulong Formula

I' Each coal sami:"_ had the same relative percentage of waste added to the feed stream, A
total feedstock composition was determined, The stolchlometrlc oxygen required for

i combustion was determined and an additional fifteenpercent excess oxygen was added,Irl order to determine the rate of emissions, it was necessary to calculate feed rates

i based on an assumed firingrate of 50 million Btuper hour, The flow rates in Table 15 werebased on this assumption and the knownheat contentof the feedstock.

I TABLE 15
CALCULATED FEED RATES REQUIRED OF

STUDY COALS TO GENERATE 50 MILLIONBTU PER HOUR

, (Pounds Per Ho.r)

I COAL FEED WASTE FEED TOTAL FEED
Elk Creek Coal 3124 347 3471

I Darmac Roof Coal 4260 473 4733



!
Results of Thermodynamlo Modal J

Hydrogen Chloride Capture and Emissions I

m

To date there is no set EPAlimiton hydrogenchloride emissions from facilities of this tlm,

sort. A limit of four poundsof hydrogen chloride per hour has been quoted in the literature

(Gorman et, al,, 1988). Other sources have reported a 99% removal of hydrogen chloride
BIprior to emission (Rickman et, al,, 1985), The calculated hydrogen chloride emissions for

the Elk Creek coal with and withoutlimestone additionis shownin Table 16. j
Iml

TABLE 16 IIBI

CALCULATED HYDROGEN CHLORIDE EMISSION LEVELS _I
iamlm

FOR THE ELK CREEK COAL WITH AND WITHOUT

LIMESTONE ADDITION CONTAINING TEN PERCENT iJ
mWASTE IN THE FEEDSTREAM

ELK CREEK COAL I
ELK CREEK COAL WITH LIMESTONE llm

Theoretical maximum HCI I
emissions (Ib/h)= 53,5 53,5

u

HCI emissions at given I
temperatures (Ib/h) IB

1340°F (1000 K) 2.2 1.74

1520°F (110OK) 9.2 7.57 I

Percent reduction in HCI
emissions from theoreUcal
maximum 95.9 96,7 II

=Assumes no chlorine capture '1

Calculationswere based on firingrate andfeed compositionassumptionspreviouslyoutlined, t
An increase of 180°F (100 K)in both samples results in an increase in HCI emissions over i
400%, Therefore, a maximum operating temperature between 1340° and 1520°F is sug- III
gested. The limestone addition accounts for a reduction in HCI emissions of 20%, The

greatest reduction in HCI due to limestone addition occurs at lower temperatures and

decreases with increasing temperature, The 95,9 and 96,7% chlorine capture are not quite I

i

the 99% reduction levels reportedelsewhere, however, the chlorine levels considered here

!
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I are substantially higher. Theoretical calculations using the Darmac roof coal show the HCI
emission level of hydrogen chloride to be unacceptable at any temperature even with the

I limestone addition,
The calculated HCI emissions for the Darma¢ coal was beyondthe acceptable level

t .of 4 pounds per hour even with limestone addition, The Darmac coal would not be anacceptable coal given the conditions considered here, The calculated emission levels are

t based on the operational assumptions previouslymade,In general, both Elk Creek coals meet HCI limitsof 4 poundsper hour at temperatures

below 1520°F (1100K) using a coal/waste ratio of 5/1, Limestone addition accounts for

I reducing the HCI emissions by 20% and also allows increased operational temperatures
producing the same levels of HC! in the gas phase, The effectiveness of limestone in

I reducing HCI emissions is greatest at lower temperature and decreases with lncre tsing
temperature, The concentration of HCI increases with increasing temperature, Figure 2

i shows the moles of HCI produced by each coal as a functionof temperature, The Darmaccoal proved not to be very effective in capturing HCI, The higher feed rate required due to

the lower heating value of the coal results in more chlorine being supplied to the system

I during a given period of time and might explain some of the high HCI levels,

I Sulfur DioxideCapture and Emissions

I Hospitalwaste inclnerators are notcurrentlya source category subject to New Source
Performance Standards (NSPS), However, they would be subject to NSPS for industrial,

i commercial, and institutionalsteam generating units (l.e,, boilers) if units have a heat inputcapacity above 100 million Btu per hour and recover heat to generate steam or heat water

(or other heat transfer media), EPA is currently evaluating NSPS for smaller boilers with

I capacities below 100 million Btu per hour, In general, the sulfur dioxide present in the gas
stream Increases with increasing temperature at a greater rate than hydrogen chloride

(Figures 2 and 3), Assuming no sulfurcapture by the inorganicmaterial, the Elk Creek coal,
which contains 0.8% sulfur Inthecoal, wouldtheoreticallyproduce approximately1,2 pounds

I of sulfur dioxide per million Btu. The Darmac roof coal has 2,13% sulfur in the coal and
would produce 4.4 poundsof sulfurdioxideper million Btu. Again, these emission levels are

I based on the operational assumptions made earlier, The Elk Creek coal meets currentemission standards for coal-fired boilers with a firing rate greater than 100 million Btu per

hour withoutrequiring any limestone additionto enhance sulfurcapture, Attemperatures up

I to 2060°F (1400 K), the ElkCreek coal onlyproduced 0,02 poundsof sulfurdioxideper million

I
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FIGURE 2 i

MOLES OF HCi IN GAS PHASE I
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i FIGURE 3MOLES OF SULFUR DIOXIDE IN GAS PHASE
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I
Btu suggesting efficient sulfur capture by the bed material. The Darmac roof coal requires i

some manner of sulfur retention in the bed or flue gas cleanup due to the high initial sulfur i

in the coal. Thermodynamic calculationsfor the Darmac coal at 1700°F (1200 K) showed i
sulfur dioxide levels of 0.16 poundsper million Btu. At 1880°F (1300 K), the sulfurdioxide

level increases to 2.85 pounds per million Btu. Therefore, in terms of sulfur dioxide i
wlr

emissions, the maximum operatingtemperature for the systemusing the Darmac coal would

be between 1700 and 1880°F. BI
IIThe effect of limestone addition on the weight percent of sulfur dioxide in the gas

stream was evident in the Elk Creek coal. With limestone addition, a reduction of 17.5 to /
I33% in the weightpercent of sulfurdioxide inthe gas phase occurred. The greatest reduction

in theweight percent of sulfurdioxidedue to limestone additionoccurred at !340°F (1000K), aim

With increasing temperature, the effectiveweightreductionin sulfurdioxide inthe gas phase I
due to limestone addition decreased.

II

Relation of Hydrogen Chloride and Sulfur Dioxtde in the Gas

Phase to Calcium Sulfate and Calcium Chloride in the Solid Phase I

Calcium sulfateand calcium chlorideare the two mostlikelyspecies which form when i

|solid calcium oxide reacts with gaseous hydrogenchloride andsulfurdioxide, The formation

of either of these two species results in the removal of chlorine and sulfurspecies from the alk

gas phase. Ch,_orineand sulfurcompete for the calcium oxide. The resulting chemistry i
depends on the concentration of the reactants, their proximityto one another, temperature,

and other factors which affectthe thermodynamicsand kineticsof the reactions involved. In Im
Figures 4 through 6, the mole concentrationsfor these four species at various temperatures

are displayed As stated earlier, with increasing temperature, sulfur dioxide concentration
• increases mure rapidly than hydrogenchlorideconcentration. The weightpercent of species

in the solid phase was compared and calcium sulfate and calcium chloride were of major mm
interestdue to their role in chlorine and sulfurcapture. The Elk Creek coa_with and without n

limestone additionhad a weightpercent ratio of calcium sulfate to calcium chloride of 3.8:1

and 3.65:1, respectively, at 1700°F (1200 K). The Darmac roof coal had a weight percent I

Blind

ratio of calcium sulfate to calcium chloride of 73'1. The greater amount of calcium sulfate

relative to calcium chloridesuggeststhatthe sulfur is captured more efficientlythan chlorine, i
n

In fact, this supports the earlier observation that the Darmac coal had an unacceptable

hydrogenchloride emission level. The Elk Creek coal showsa greater balance between the i
IIcalcium suffate and calcium chloride, With limestone addition, the ratio of calcium sulfate

l
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FIGURE 4

I ELK CREEK COAL
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FIGURE 5

m

ELK CREEK COAL WITH LIMESTONE ADDITION I
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I FIGURE 6

I DARMAC ROOF COAL
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to calcium chloride increases slightly, In ali cases the sulfate makes up a greater weight

percent of the total solid phase than the chloride form. I

Ratio of Liquidto Solid Inorganic Phases I

While certain temperature conditionsmay favor chlorineor sulfurcapture when using ,,=

certain coals or additives,these same temperatures may notbe appropriatefor maintenance i
of a fluid bed, If temperatures in the bed are too high, liquid phases may form resulting in

agglomerationof the bed. Th_ approach used in this studywas to determinethe total weight I
of both liquid and solid phases formed at temperatures ranging from 1340°F (1000 K) to

UB

2060°F (1400 K) for both coals. In Figure 7, the results of the calculations are shown. In
Itgeneral, the Darmac roof coal inorganlcsformed very littleliquidphase. The Elk Creek coal

withand withoutlimestoneaddition hada more substantial liquidphase; however, it is difficult II
IIto say at what level the liquid may begin to interferewith operationof the bed. lt is apparent

from Figure 7 that between 1880°F (1300 K) and 2060°F (1400 K) there is a threefold increase lm

in the liquid to solid ratio. At this temperature, there is sufficientmelting of the inorganlcs I
that agglomeration potential wouldbe significant. Operation of the bed temperature below

1880°F (1300 K) would be advisable. I

Summary of Results ' i

Based on the thermodynamic data presented here and calculated emissions for II
IIhydrogen chloride and suffur dioxide, the followinggeneralizations can be made.

• The Elk Creek coal and the inorganic bed it produces will adequate- I
ly capture chlorine at a level acceptable to the 4 poundsper hour
standard, have acceptable sulfurdioxide emissions, and show mini- II
mal melting at temperatures between 1340°F (1000 K) and 1520°F I
(1100 K) when firing with 15% excess air. This temperature range

would be best for an initialoperational bed temperature. I
lib

• The Darmac roof coal and the inorganicbed it produces does not
display an adequate chlorinecapture capability. Based on this II
criterion, the coal would not be appropriate for use incinerating II
plastics at the level stated in earlier assumptionseven though sul-
fur dioxide levels may be acceptable up to 1700°F (1200 K) when i
firingwith 15% excess air and the liquid phase formed at high II
temperatures is extremely small and therefore represents a low

potential for agglomeration. I
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I FIGURE 7

, RATIO OF WEIGHT PERCENT OF LIQUID TO SOLID PHASE
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The assumptionsmade inthecalculationsrepresenta worstcase scenario,Ifthelevelof I

waste combustionwas much lowerthanorlglnallyassumed,ltwouldslgnlflcantlyalterthe

levels of chlorine and sulfur emissions, After these ¢aloulatlons were performed, lt was I
m

learned that only 200 pounds of Infectious waste per day would be fired in the proposed

circulating fluidizedbed oombustor, Incineration of 200 poundsof infectiouswaste per day "li
IIwould contain considerably less plastics thantheassumed quantityintheabove calculations,

The assumptionof 104 poundsof plasticper hourwas used to generate the priorcalculations, BI

Assuming a worstcase scenario of sixtypoundsof plastic per day (whichwouldbe equivalent

to the plastics being 30% of the infectiouswaste stream as compared to the more normal

30% of the totalwaste stream), the resultingchanges intotalwaste, plastic, andcoal to waste I
IImlB

ratio is outlined in Table 17, Given the changes in the waste feed rates, a reduction in the

chlorine to the system of 98% would be anticipated, This may result in the Darmac coal
m

being a possible candidate coal provided sulfur dioxide emissions could be reduced. A

reduction of 98% chlorine may also result in being able to operate at higher temperatures BI
IIwiUmut exceeding the HCI emission levels or producing low-temperature melting phases in

the bed which may result in agglomeration, /
U

TABLE 17

CHANGES TO WASTE, PLASTIC, AND COAL: I
'lm

WASTE FIRING RATIO _ASED ON COMBUSTION

OF 200 POUNDS OF INFECTIOUS WASTE PER DAY I

FIRST ASSUMPTION" SECOND ASSUMPTION BI
(LBS. PER HOUR) (LBS. PER HOUR) II

Elk Creek Waste 347 8°3 Bi
Plastic 104 2.5 li
Coal:Waste 90:10 99:1

Darmac Waste 473 8,3 i
Plastic 142 2,5

Coal:Waste 90:10 99:1 BI
II

"Assumption used for emission calculationsand thermodynamiccalculations

I
The approach used in this task is to give a rough approximation of possible emission

levels of hydrogen chloride and sulfur dioxide. Given more specifics as to the actual coal I

- 50- II
_ II



l
i to be used, firing rates, waste feed ¢omposltlon, and temperature regimes, a better

approximation would be possible, Overall the initial results suggest that adequate chlorine

I capture within the bed Is possible along with controlling sulfur emissions, The variables
which should be of concern are the coal character, operating temperature, the percentage

I of the feedstock which is waste, and the waste composition,

i Conolualons

The conclusions from Task I, Evaluate AFBC CombustionTechnology, are presented

I in three sections, The first, model compounds, discusses the conclusions from the survey

of chlorine-containlngdrugsand possible model compounds forTask 4 testing, The second

I summarizes the results from the survey of hazardous wastes disposal in industrial boilers
and the potential of using a circulating fluidized bed combustor as a hospital waste

I oombustor, The third presents the conclusions from a studyto evaluate chlorine capture inthe circulating fluidizedbed oombustor,

I, Model Compounds

A of chlorine-containingdrugsand possiblemodel compounds for combustionsurvey

was conducted to identify compounds for Task 4, Pilot Plant Testing, Several drugs were

i found to contain chlorine, however, there are only five differentways in which the chlorine is
chemically incorporated into the structure, These are:

1) 1° Aliphatic carbon;
2) Amine hydrochloride;

I 3) Aromatic carbon;4) Ionic; and
5) Vinyltc carbon,

!
Consequently, lt should be possible to model the combustion behavior of ali the chlorine-

containing drugs with just five model compounds, The model compounds recommended
for future experimental work are'

1) (2-Chloroethyl)benzene to model a chlorinated lo aliphaticcarbon;

I 2) Benzyltrlethylammonlumchloride to model an amine hydrochloride;3) 2-Chlorobenzoic acid to model a chlorinated aromatic carbon;

! ,
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4) Potassium ohlorlde to model an ionlo ohlorlde; and
5) l.Ohloro.2.methylpropene to model a vtnylloohlorlde,

Iil

In addition to ohlorine-oontalnlng drugs, two other sources of chlorine were con-
III

sidereal, The firstis plastloswiththepredominantohlorlne-oontalnlngpolymerbeing polyvinyl

ohlorlde, Slnoe polyvinyl ohlorlde is widely available, lt can be used as its own model //
IIcompound, The othel' source of ohlorlne would be pathologloal wastes, Presumably the

major chlorineform inthe human body wouldbe as ohlorlde ion in bodyfluids; lonlo chloride BI

would be modeled by potassium chlorideas discussed above, I

Survey of Hazardous Waste Disposal In Industrial Boilers /
ml

A survey of the disposal of hazardouswastes in industrialboilers was conducted to:
I11review existing disposal teohnologles and their advantages and disadvantages; discuss air

emissions; and evaluate the potentialfor using a fluidizedbed oombustoras a hospitalwaste II
Idisposal system, Existing disposal technologies reviewed included incineration and

autoclaving, BI

Castaldini, et, al,, (1986) reviewed the disposal of hazardous wastes in industrial I
boilers and furnaces, Their ¢oncluslonsas related to the objective of this proposal follow,

II

_, Cofiring of hazardous wastes as a small percentage of the base
fuel (about 5 to 10%) appears to be a viable method of disposing of BI
most hazardous organic material, II

,, Cofiring many wastes may produce lower levels of criteria pollutant BI
and trace element emissions than either traditional coal or oll com- II
bustlon,

_, The conditions found in many types of watertube boilers appear to I
be suffiolentto destroy ali hazardous organic materials, The condl-

tions found in firetube boilers do not appear to be sufficientto mm
destroy ali hazardous organic materials, There is too great a II
likelihood that cold tube-wallquenching of the waste degradation

reactions is possiblebefore destructioncan occur, I

• Waterlube boilers whose furnace exit temperature are greater than
1500°F and whose furnace mean residence times are greater than
one second appear to be best candlda_esfor the destructionof II
simple hazardous organic waste streams,

I



I
I • Complex organic waste streams are likely to require approximately

360°F higher temperatures (referlng to boilers In general, excluding

I fluidizedbeds),

I Each of these points supports the premise of the original proposal.
Polychlorinated dlbenzodloxlno(dloxlns)and polychlorinated dlbenzofurans (furans)

j emissions from hospitalwaste incineratorsare on theaverage one to twoorders of magnitudehigher per gram of waste burned than emissions from municipal incinerators, Possible

reasons for higher emission levels are:

!
1) the frequent startups and shutdownsthese Incinerators undergo;

I 2) less stringentemission controls;3) poorer combustion control; and
4) differences in the waste feed composition as compared

BlU with municipal solid waste.

I Points 1.3 are not a concern in the proposed circulating fluidized bed combustor, No
supporting evidence for pulnt 4 has been found,

I Combusting hospitalwaste ina coal-fired circulating fluidizedbed combustorappearsto be a promising alternative technology for the destruction of hazardous wastes and it

i appears that parallel conclusions for hospitalwastes can be drawn, Circulatingfluidizedbedcombustorscan meet thestringentpermit regulationsof the EnvironmentalProtectionAgency
for hazardous waste incineration which is 99,99% destruction of hazardous chemicals and

I 99% retention of acid gases, lt fs believed that these standards can also be met with a
coal,,fired fluidized bed combustor cofiring small quantities of hospital wastes, however,

I pilot.scale testing is necessary to confirm this.
Circulating fluidizedbed combustors have been shownto operate cleanly, efficiently,

I and economically, Their simple design uses highturbulence inthe reactionzone to eliminateafterburners and scrubbersand allowsfor operatingtemperatures as low as 1450°F. Proven

i performance on industrial wastes includesthe followingbenefits:

,, Combustion efficlency>99,99%;

I ,_ HCI capture>99%;
® No scrubbers or wet sludge product;
• No afterburnersor auxiliaryfuel;

I Waste volume reduction to 40:1;
I up

• Highest boiler efficiency in the industry;and

I • NOk and CO emissions< 100 ppmv.
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No information was found during a survey involvingthe use of a circulating fluidized II

bed oombustor as a hospitalwaste oombustor, Circulatingfluidized bed combustors have BB

been used in the destruction of hazardous wastes such as those produced in industrial I
processes, The wastes were either solidor aqueous mixturesof organo-chlorlnefuels, The

oombustlon of hospitalwastes should behave similarlyto hazardous waste oombustlon, In I
IIII

fact, the emissions from the proposed scenario at the Good Samaritan Hospital may even

be less of a concern than those from a hazardouswaste combustor, The fuel inthe proposed ii
IIcofired hospitalwaste incinerator would be a combinationof coal and hospitalwaste ('99%

coal and "1% hospital Infectiouswaste)instead of solely hazardous waste, I
il

Prospeote for Chlorine Capture BI
II

The survey of the literature and thermodynamic calculations have not refuted the

hypothesison which the project is based, tt appears thatthe concept of destroyinghospital I
waste in a coal-flred fluidizedbed oombustoris a valid one offeringsome potential for In.bed

I

capture of ohtortne-oontainlng compounds, BI
IIBased on thermodynamic data and calculated emissionsfor hydrogen chloride and

sulfurdioxide, the followinggeneralizationscan be made, I
IBII

* • The use of a compliance coal and the inorganic bed lt produces
should adequately capture chlorine at a level acceptable to the 4
pounds per hour standard, have acceptable sulfurdioxideemis-
sions, and show minimal melting temperatures between 1340°F
and 1520°F, This temperature range shouldbe best for an initial I
operational bed temperature,

ml

The use of a noncompliance high ash coal and the inorganicbed it IO

produces does not appear to display adequate chlorine capture
IIBI

capability due to the high sulfurcontentresulting in sulfuroompetl- lbl

tion'wi_ the chlorine reacting withthe calcium oxide, Based on 10
this criterion, the coal wouldnot be appropriate for destroyingplas-

tics at the level stated in Section 4,1,2 even though the liquid phase i
formed at hightemperatures is extremely small and therefore repre- I
sents a low potential for agglomeration,

I
The assumptions made earlier in the calculations represent a worst case scenario, Firing

a lower level of wastes would significantlyalter the levels of emission of chlorine and sulfur, i
II



I
I Inolneratlon of 200 pounds of Infectlous waste pet day would contain aonslderably less

plasttos than the assumed quantity In the caloulatlons, Given the lower waste feed rate, a

I reduction in the chlorine to the system of 98% would be anticipated, By using only 200
pounds of waste per day, lt may be possible to use a noncompliance coal provided sulfur

dioxide emission levels could be reduced, Pilot.scale testing ts necessary to screen
III candidate coals, A reduction of 98% chlorine may also result in being able to operate at

i highertemperatures withoutexoeedlngtheHCI emission levelsor producinglow.temperaturemelting phases in the bed whloh may result in agglomeration,

The theoretloatapproach used Inthis task Is to give a roughapproximationof possible

I Pmlsslon levels of hydrogen ohtoride and sulf_ dioxide, Overall the initial results suggest
that adequate ohlorlne capture within the bed is possible along with controlling sulfur

I emissions, TI"_ variables which should be of concern are the coal character, operating
temperature, the.percentage of the feedstock which Is waste, and the waste composition,

I TASK 2- DEVELOP WASTE HANDLING SYSTEM

I One critical aspect of the AFBC co-flrtng of coal and hospital waste feasibility study

isthe developmentof an appropriatematerials handlingsystemfor the introductionof hospital

J wastes intothe oombustlonchamber, This sytem mustbe able to properly handle the waste
withoutcreating contamination and posing undue health risksto operators,

I The first step required to fulfill this task involved investigationof the solid waste
handling, storage, and transportregulationsof the EnvironmentalProtectionAgency and the

I Pennsylvania Department of Environmental Resources, These regulations along with theoperating requirementsofthe AFBCsystemprovidedtheparameters uponwhich the handling

i system concept was developed,Anevaluation of existinghospitalwaste management techniqueswas then performed,

Actual field review of waste handlingsystems of hospitals and private waste management

I companies, and also review of available literature was conducted, During task,
this

advantages and disadvantages of the various available technologies were identified,

I Using the informationassembled during the initial investigativesteps, a conceptual
design of the waste handling system was developed This design is compatible with the

J physical needs of the combustor, while lt also provides safe and efficient handlingof hospitalwaste,

!
]

!
- 55 -

!



t
m

Hospital Waste Management And Regulation I

For many years, environmentalistgroupshave been attemptingto bring the issues of

waste disposal to national attention, For the most part, their orttlolsm of our throw-away mi
IIsoolety and predlotion of garbage mountainsand overflowinglandfills have gone unheeded,

After all, garbage is easy to ignorewhen lt is being collected on a regular basis and hauled BII

out of sight (and therefore out of mind), Even when the infamous New York City garbage I
barge travelled nearly 6,000 miles insearch of a destination,the general public=d_dlittlemore

than make lightof the absurdity of the situation, I
lm

While issues of waste management may be regarded withapathy bymost people and

dismissed as "someone else's problem*', improper disposal of a component of the waste I
IIstream -- medloal waste -- has captured the public's attention, Medic=alwaste, by virtue of

its nature and origin, has always been regarded by the general public as unsightly and ii
sometimes revolting, Now, with the fear of AIDS spreading more rapidly than the disease

itself,medlc=alwaste is also viewed by the public as a threat to human life and health, This

may or may notbe scientifically justified, William Rutala, research associate professor Ifear

in the Divisionof Infectious Diseases at the L)nlversttyof North Carolina and a representative

for the Association for Praotltioners in infection Control at oongresslonal hearings states, im
"From a purely scientific=standpoint, there's no microbiological evidence that sqggests

hospitalwaste is more infective than residentialwaste" (Kunes, 1988), Many medloai experts /_
isupport this opinion,

Regardless of justification,fear has a wayof demanding attentionand ir_ttlatlng_,ctlon, .,/

IIIn this case, lawmakers and environmentalresource protectionagencies titre been forced

by the public to make hospital waste management a priority, ,
. . q_ I ', i' I

' i' '_ li=,

Federal Regulation _

'' LI , I

Mamlm,

The Environmental ProtectionAgency (EPA) reportsappro_'_Imately3:2 milliontons of

medical wastes from hospitalsare generatedeech year (U,S, Congress Office of Technology Bl
11Assessment, 1988), This figure does l_lotinclude garbage produc_)d, by researc::h{abs,

nursing homes, outpatient clinics, and offices of private doctors and deritists, Experts

estimate that between 10 to 15 percent of ali n'ledlcal waste is designated as infectious(131S, I

Congress Office of Technology Assessment, 1988),

IOther than figures assessing the magnitude of waste being c,reated by our nation's

hospitals, very littleinformation has been generated to aid in writingr,_gulatlons, In particul_r,

'l ' I'

/
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I the of risks medical wastes is not known. For this the EPA hasdegree posed by reason not

promulgated regulations for hospital waste management, pending results of additional

I research. While the EPA has evaluated management techniques for infectious waste,considerable evidence that these wastes cause harm to human health and the environment

i is needed to support Federal rulemaking (EPA, 1986). lt should be noted that Federalregulations do exist for components of the hospital waste stream which pose additional

hazards due to such characteristics as toxicity,radioactivity,and ignitability.

I In response to requests for technical advice on the issue, the EPA has published the
E,PA _uide for Inf_ctiou_wa_tQ Manaaement..(May 1986). This document was developed

I to provide guidance on the of infectiouswaste, from this documentmanagement Excerpts
follow.

I Definitionot Infectious Waste

I The defir_itionof infectiouswaste has been debated for years. Regulatory agencies,

hospitals, and research laboratories have different perspectives and objectives which

I influencetheir views;therefore, there is no universallyaccepted definitionfor infectionswaste.
Moreover, there is inconsistency in the terminology used to define these wastes. For

I example, the terms infectious,pathological, biomedical, biohazardous, toxic, and medically
hazardous have ali been used to describe infectiouswaste.

: _ For purposes of this guidance document, infectiouswaste is definedas waste capable
IN

of producingan infectiousdisease. Thisdefinitionrequires a considerationof certain factors

i necessary for inductionof disease. Thes_ factors include:

a. presence of a pathogen of sufficientvirulence;

I b. dose;
c. portal of entry; and

i d. resistance of host.
Therefore, for a waste to be infectious, it must contain pathogens with sufficient virulence

I and quantityso that exposure to the waste by a susceptiblehost could resultin an infectious
disease In the table that follows, six categories are recommended EPA infectious waste

" I categories.

I
-I
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I
TABLE 18 I

INFECTIOUS WASTE CATEGORIES l
IB

WASTE CATEGORY EXAMPLESI
ml

Isolation wastes refer to Centers for Disease
Control (CDC), Guidelines I

for Isolation Precautions in !1
lib

Hospitals, July 1983

Cultures and stocks of specimens from medical and i
infectiousagents and pathologylaboratories
associated biologicals culturesand stocks of infectious II

agents from clinical, research, U
and industriallaboratories;

disposable culture dishes, and mm
devices used to transfer, inoculate II
and mix cultures

i

wastes from production of biologicals I

discarded live and attenuated vaccines I
mini

Human blood and blood waste blood, serum, plasma,

products and blood products I

Pathological waste tissues, organs, body parts,
blood, and body fluids removed II
during surgery, autopsy, and II

biopsy
mm

Contaminated sharps contaminated hypodermic needles, II
syringes, scalpel blades, pasteur

pipettes,and broken glass I

Contaminated animal contaminated animal carcasses, lib

carcasses, body parts, body parts, and bedding of animals II
and bedding that were intentionallyexposed

lib

to pathogens I
"These materials are examples of wastes _overed by each category. The categories are
not limited to these materials. U

II

; I
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I
I The EPA has identified an optional infectious waste category which consists of

miscellaneous contaminatedwastes, While there is not a unanimityof opinion regarding the

I hazard posed by these wastes, EPA believesthatthedecisionwhetherto handle these wastes
as "infectious" should be made by a responsible authorized person or committee at the

I individualfacility. However, the Agency recommends that wastes from patients known to be
infected with blood-borne diseases should be managed as infectious waste (for example,

I dialysis waste from known hospitalsand patients),

TABLE 19

i OPTIONAL INFECTIOUS WASTE CATEGORIES

I MISCELLANEOUS

I CONTAMINATED WASTES EXAMPLES
Wastes from surgery and autopsy soiled dressings, sponges,

I drapes, lavage tubes,drainage sets, underpads
and surgical gloves

Miscellaneous laboratory wastes specimen contaln_rs, slides,
and cover slips;disposable

I gloves, lab coats, and aprons

Dialysis unit wastes tubing, filters,disposable

I sheets, towels, gloves,
aprons, and lab coats

I Contaminated equipment equipment used in patient
care, medical laboratories,

I ' research, and in the productionand testingof certain
pharmaceuticals

I
Segregation of Infectious Waste

I EPA recommends:

I ® segregation of infectious waste at the pointof origin;
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I

• segregation of infectious waste with multiple hazards as necessary for
management and treatment; I

• use of distinctive,clearly marked containers or plastic bags for infectious I
waste; and

• use of the universal biological hazard symbolon infectiouswaste con- I
tainers, as appropriate. I

of Infectious Waste IPackaging I

EPA recommends: I

• selectionof packaging materials that are appropriate for the type of waste, li
- plastic bags for many types of solid or semi-solid infectiouswaste B
- puncture-resistantcontainersfor sharps
- bottles, flasks, or tanks for liquids I

• use of packaging that maintainsits integrity during storage and transport; B
• use of plastic bags that are impervious,tear resistant, and distinctivein

color or markings; I
• closing the top of each bag by foldingor tyingas appropriate for the treat- I

ment or transport;
• placement of liquid wastes in capped or tightlystoppered bottles or flasks; I

and B
• no compaction of infectiouswaste or packaged infectiouswaste before

treatment. I

Storage of InfectiousWaste I
m

EPA recommends:

!
• minimizing storage time;
• proper packaging that ensures containment of infectiouswaste and the ex- I

clusionof rodents and vermin; B
• limitedaccess to storage area; and
• postingof universal biologicalhazard symbolon storage area door, waste I

containers, freezers, or refrigerators. II

Transport of InfectiousWaste I

EPA recommends: I

• avoidance of mechanical loadingdevices which may rupture packaged II
wastes; I
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I
I • frequent disinfectionof carts used to transfer wastes withinthe facility;

• placement of ali infectiouswaste into rigidor seml-rigid containers before

I transport off-site;and• transport of infectiouswaste in closed leak-prooftrucks or dumpsters.

I Treatment of InfectiousWaste

I For the purposesof thisdocument, EPA defines treatmentas any method, technique,or process designed to change the biological character or composition of waste.

i EPA recommends:

• establishingstandard operating procedures for each process used for

I treating infectiouswaste;
• monitoringof ali treatment processes to assure efficient and effectivetreat-

ment;

I of biological indicators to monitortreatment (other indicators be
use may
used provided that their effectiveness has been successfully
demonstrated);

I • the followingtreatment techniques for waste
each of the six infectious

categories (Table 20); and
• the followingtreatment methods for miscellaneous contaminated wastes

I (when a decision is made to manage these wastes as infectious):
- wastes from surgery and autopsy- incineration or steam sterilization

i - miscellaneous laboratory wastes - incineration or steam sterilization- dialysis unitwastes - incinerationor steam sterilizaticn
- contaminated equipment-incineration, steam sterilization,or

gas/vapor sterilization,

Disposal of Treated InfectiousWaste

I
EPA recommends:

• contactingState and local governmentsto identifyapproved disposal op-
tions (institutionalprograms must conformto State and local requirements);

I • discharge of treated liquids and groundup (such as pathological
solids

waste or small animals) to the sewer system;

i • land disposal of treated solids and incineratorash; and• rendering body parts unrecognizable before land disposal (for aesthetic
reasons).

!
|
I
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I
I Of The StateResponsibilities

i

I In the absence of Federal regulation, the control of infectious waste has been the
responsibilityof State health and environmentaldepartments. According to the latest suf_ey

i by the National Solid Waste Management Association,32 states already regulate infectiouswaste disposal (Kunes, 1988). However, the laws varywidely from state to state. Even basic

definitionsof infectiouswaste are inconsistent. In some cases state regulations are in place

I but are not properly enforced. In spiteof these factors, one common trend is apparent: the

' States are generally tighteningcontrol of infectiouswaste disposal by writing more specific

I regulations and enforcing them by imposingconsiderable fines for noncompliance.
Because of the dynamic nature of this issue, a review of current regulations for each

state was not conducted as part of this study. The EPA has included in the EPA Gu.id_NI
Infectious Was.ts..Manaaemenl;a summary of regulationsfor each state. This summary is

i included in Appendix B.

The Commonwealth Of Pennsylvania Regulations

I
As the potential host state of the AFBC proof-of-concept test facility, Pennsylvania

I regulati(ms must be considered. Unfortunately changes in requirements andpresent

standards are imminent. On July 13, 1988, GovernorCasey signed into law new legislation

I requiring that the Department of Environmental Resources (DER) develop a PennsylvaniaInfectious and Chemotherapeutic Wastes Plan. In additionto thisplan, the DER must review

i and revise existing regulations and standards for the handling, storage, and disposal ofinfectious and chemotherapeutic wastes. Until the adoption of the plan by the state

EnvironmentalQuality Board, a moratoriumhas been placed on the issuance of permits for

I new infectious waste incinerators. The DER may reissue permits to operators of existing
facilities, subject to certain conditions(PennsylvaniaGeneral Assembly, 1988).

I The regulationspresented in the followingsectionsare likelyto change adoption
upon

of the new plan. Among other practices not currently regulated, the DER is required by law

I to include regulations for a manifest system and the licensing of infectious andchemotherapeutic waste transporters.

I
I
I
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I
Definitions I

Regulations governing infectious and chemotherapeutic waste management are i
published in The Pennsylvania Code Title 25 Environmental Resources, Chapter 271

Waste Management contains general guidelines for total waste management iMunicipal
m

including infectious and chemotherapeutic wastes. Within this chapter are definitionsof

terms, The followinglist includes definitionsof terms thatare pertinentto this study, I

Chemotherapeutic waste. Waste resultingfrom the productionor use of an- Bi
tlneoplastlcagents used for the purpose of stoppingor reversing the growth of II
malignant cells, Chemotherapeuticwaste does not include waste containing
antineoplastic agents that are listed as hazardous waste under Subsection BI
75.261 (relatingto criteria, identification,and listingof hazardous waste), II

Disposal. The deposition, injection,dumping,spilling, leaking, or placing of II
solid waste into or on the land or water in a manner that the solid waste or a II

constituentof the solid waste enters the environment, is emitted into the air, or

is discharged to the waters of this Commonwealth. I

Incinerator. An enclosed device using controlledcombustion for the primary III
purpose of thermally breaking downsolidwaste, and which is equipped with a I
flue as defined in Subsection 121.1 (relatingto definitions).

Infectious waste. Municipal waste which, unless processed, disposed, stored, I
1 collected, or transportedin accordance withthis article, is or may be con-

taminated by a disease-producing microorganism or material, or may harm or II
threaten human health. The term includesthe followingwastes unless they are II

generated by individualresidence.

I
i. Wastes generated by hospitalizedpatients who are isolated,or on

blood and body fluid precautions, in order to protect others from their II
severe and communicable disease. !

ii. Cultures and stocks of etiologicagents. I

iii. Animalwaste blood and animal blood products which are known or are mlB

suspected to contain contagiouszoonotic pathogens, and human waste Bl
blood and blood products,

m

iv. Tissues, organs, body parts, blood, and body fluidsthat are removed I
during surgery and autopsy,

!
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v, Wastes generated by surgery or autopsyof septic oases or patients

I withinfectious dtseasos,

i vi, Wastes that were in contact with pathogens in any type of laboratorywork, includingcollection containers, culture dishes, slides, plates, and
assemblies fordiagnostic tests; and devices used to transfer, Inocu'ate,

I and mix cultures,

vii. Sharps,

I viii, Wastes that were in contact with the blood of patients undergoing

i hemodialysis at hospitals or independent treatment centers.
ix, Carcasses and body parts of animals exposed to contagious zoonotic

I pathogens.

x, Animal beddingand other wastes thatwere in contact with animals

I from contagious zoonoti¢ diseases due to natural infectionsuffering or

laboratory research, and their excretions, secretions, carcasses, or

i body parts,
xi. Waste blologicals - for example, vaccines - produced by pharmaceutical

I companies for human or veterinary use,

xii, Food and other products that are discarded because of contamination

I and etiologic agents.

i xili. Equipmentand equipment parts contaminatedwithetiologic agents,
Munlctpal waste - Garbage, refuse, industriallunchroom,or office waste and

I other material, includingsolid, liquid, semisolid, or contained gaseous materialresulting from operation of residential, municipal, commercial, or institutionales-
tablishments and from community activities;and sludge not meeting the defini-

I tion of residual or hazardous waste under this section from a municipal,commercial, or institutionalwater supply treatment plant, waste water treatment
plant, or'air' pollutioncontrol _ctllty,

I Munlclpa/waste landfill- A facility using land for disposing of municipal waste.

I The facility includes land affected during the lifetime of operations including,butnot limited to, areas where disposal or processingactivities actually occur, sup-
port facilities, borrow areas, offices, equipment sheds, air and water pollution

!
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I
Icontrol and treatment systems, access roads, assooiated on-slte and con.

tiguousoolleotlon, transportationand storage faoilttles, otosure and post. m

closure care and malntenanoe activities, and other aotlvttlesin whloh the Ii
natural land sudaoe has been disturbed as a result of or tnoldentalto operation

ml

of the faolllty, The term does not Include a oonstruotion/demoilttonwaste m

landfill or a facility for the land application of sewage sludge, I

Processing. Technology used for the purpose of reduolng the volume or bulk lm
of muniolpal or residual waste or technology used to convert part or ali of the II
waste materials for off-slte reuse. Processing faoitlties include, but are not
limited to, transfer faolllties, composting faollities, and resource recovery Bi
faoilltles. II

Resource recovery facility. A municipal waste processing facility using in- I
olneration of municipal waste to recover usable energy in a combustion unit, as

li

defined in Subsection 121,1, The term includes land affected during the m

lifetimeof operations, including,but not limited to, areas where processing ao- II
tivltlesactually occur, supportfaoilitles, borrow areas, offloes, equipment

III

sheds, air and water pollutioncontrol and treatment systems, access roads, as- m

sooiated on-slte or oontlguouscollection, transportationand storage facilities, I
closure and post-closure care and malntenanoe activities,and other activities
In which the natural land surface has been disturbed as a result of or incidental m,

to operation of the facility. I

Sharps. Broken glass that has been in contact with pathogenic organisms, II
+ hypodermic needles and syringes, suture needles, disposable razors, pasteur II

pipettes, and scalpel blades.
mm

Solid waste. Waste, including, but not limited tc, municipal, residual or hazard-
cue wastes, includingsolid, liquid, semisolid, or contained gaseous materials.

!
Specla/handling waste - Municipal waste that requires the application of spe-
cial storage, collection, transportation,processing, or disposal techniques due m
to the quantityof material generated or Its unique physical, chemical, or biologl- m
¢al characteristics. The term includes sewage sludge, infectiouswaste,
chemotherapeutic waste, and ash residue from a municipalwaste incineration II
facility. II

Treatment- A method, technique or process, including neutralization, designed I
to change the physical, chemical, or biological character or composition of m

waste to neutralize the waste or to render the waste non-hazardous, safer for m

transport, suitable for recovery, suitable for storage, or reduced in volume, mm
IB

I
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I Waste - A material whose original purpose has been completed and whl0h Is

directed to a disposal or processing facility or is otherwise disposed, The term

does not include source separated recyolable materials or material approvedby the Department for beneficial use under Subsection 271,23.2 (relating to
beneficial use),

!
Storage and Handling

Guidelines for storage and handlingof infectious and chemotherapeutic wastes are

found in Chapter 286 Storage and Transportation.Infectious waste shall be contained in a manner that:

I 1. Affordsprotectionfrom animals, rc ,1and wind;
2, Prevents the spread of infectious agents; and

3, Does not provide a breeding piace or food source for insects or rodents,

I Infectiouswaste mustbe separated from otherwaste at the pointof origin and placed
in bags, or rigid or seml-rigld containers, The bags or containers must be red in color, All

infectiouswaste bags and containers must be labeled "infectiouswaste" or marked with theuniversal biohazard symbol, Infectious waste sharps must be placed in leakproof, rigid,

puncture-resistant plastic containers,

I Infectious waste may not be stored at the waste producing facility for more than the
followingperiods of time,

,!
1, Twenty-four hours at room temperature (18 to 28_C) for blood, body

i fluids, body parts, and cultures and stocks of etiologic agents,, 2. Three claysat room temperature (18 to 28oC) for infectious waste other
than blood, body fluids, body parts, and cultures and stocks of

I 7,
etiologic agents,

3. Five days in a refrigerator (2 to C) not used for food or patient related items
4, Ninetydays in a freezer (.20 to -18° C) not used for food or patient

related items.z

if thewaste processingfacility is separate from the waste producing facility, infectious
waste may not be stored at the waste processingfacility for more than any of the following

periods of time:

I
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I
1, Twenty-four hours at room temperature (18 to 28° C); I
2, Five days in a refrigerator (2 to 7° C) not used for food or patient

related items; and BI
3, Thirty days In a freezer (.20 to .180 C) not used for food or patient II

related items,

!
Regulations pertaining to chemotherapeutic waste containment are slm_!arto those

for infectious waste, with a few exceptions, Chemotherapeutic waste must be placed in i
yellow bags or containers and labeled with the words "chemotherapeutic waste" or the

IBW

'' universal biohazard symbol, There is no time limit specified for the storage of II
chemotherapeutic waste prior to Incineration,

II

Infectious and chemotherapeutic waste may not be transported in the same con- BI
IItainers, Infectious and chemotherapeutic waste must be transported in separate vehicles

from those used for otherwaste, Vehicles must be identifiedwith signs or decals indicating mm

that infectious or chemotherapeutic, or both, are being transported, Compaction type I
vehicles may not be used to transport infectiousor chemotherapeutic waste,

Operating Requirements I
Bll

Chapter 283 Resource Recovery _ontains general operating guidelines for waste I

processing facilities, including incinerators, The requirements inthischapter are tn addition IB
to those requirements in Chapter 271 Municipal Waste Management. li

• In thischapter, infectiouswaste is addressed as a special handlingwaste, A person BI

or municipality that incinerates infectious waste must monitor the waste to ensure that I
pathogens have been destroyed, Microbiological analysi_ of composite samples of the ash

residue must be submitted to the DER prior to disposalof ash from the facility, a_d also, at I
a minimum, quarterly duringthe life of the facility,

Bl

Infectious waste willbe considered to be noninfectiousafter incinerationif one of the II
Iifollowing has occurred,

1, The indicator spores are determined by a laboratoryanalysis to have been I
destroyed,

2, For incinerationusing a test other than an indicator spore, a laboratory li
analysis determines that sterilizationhas occurred, II

I
I
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I Chemical analyses of the ash must be submitted at least annually during the life of

the facility,

I Inaddition to the permit requirements under Chapter 283, waste Incinerators must
possess a permit under the Air PollutionControl Act (35 P,S, 4001.4015), Permit regulatlon_

i pertaining to emissions standards are located in Chapter 127 Construotlon, Modlfloatlon,Reactivation, and Operation of Sources, As required by Chapter 127, Best Available

Technology (BAT) standards for hospltal/infecttouswaste tnolnerators must be aohleved for

I permit approval, The moat current revisionof the BAT document la included In Appendix C,

Disposal

Chapter 273 Municipal Waste Landfills sets forth requirements fo, persons ormunicipalities that operate munlolpal waste landfills, infectious and ohemotherapeutl¢

i wastes are addressed as specific wastes,Infectious waste may not be disposed at a munlotpal waste landfill unless:

1, The waste has first been rendered noninfectiousby sterilizationor
inolnerationand certified as noninfectious;and

2, The method by whloh the waste is sterilized or incinerated possesses apermit from the Department under Chapter 283, if required, '_

I Compactors, grinders, or similar devices may not be used to reduce the volume of
infectious waste beforo the waste has been rendered noninfectious,

I wastes not be at municipal waste landfills unlessChemotherapeutic may disposed

the waste is first incinerated at a processing facility that possesses a permit from the

I Department under Chapter 283, and also under the Air Pollution Control Act (35 P,S,
4001.4015),

I Ash residue that has been determined non-infectiousmay be handled, stored, andlandfUledunder the regulations for ash residue from munlotpalwaste tncln_,,tlon,

Followingcompletion of Task 2. the PennsylvaniaEnvironmentalQuality Board issued

"Proposed Rule Making for Muntolpal and Residual Waste Management: L fectlous and

Chemotherapeutic Waste". Prior to becoming effective, the amendments will be published

I in the Pennsylvania Bulletinas final rule making. This has not yet occurred.
The Proposed Rule Making document was reviewed for any impacts on the concep.

tualized AFBC incineration unit, Althoughthe requirements are more specific concerning

I
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I

handling, storage, andtransportof infectiouswastes, no major changes from prior regulations

were identifiedas problems for the proposed AFBC system, 1
The previously noted clause whloh restrlots oompaetlng, grinding, or size reduotlon I

ts still stipulated in the proposed rules, An additional statement has been Incorporated into m

the proposed rules -- "However, dlslnfeotlonand volume reduotlon may take piace concur- 1
rentiy", A follow.up meeting was held with DER Bureau of Waste Management repre-

sentatives Mr, Ronald Hasslnger, Chief Waste Determination Section, and Mr. Stephen I
ll

Sooash0 Chief Munlolpal Residual Waste Permit 8eoUon, The planned waste feed system

was reviewed relative to environmental safeguards and oompllanoe with the intent of m
1

proposed rules permitting size reduotlon concurrent with dlslnfeotion, Both individuals

expressed their opinion that the feed system willbe acceptable, I
IAnother meeting was scheduled to review the AFBC system with Mr, Hartwln Weiss,

ChlofEnglneertng Servloes, in DER's Air QualityProgram, The LebanonVA Medical Facility ll

is within Mr, Wetss's region for permit review and approval, The primary regulatory I
requirements dlsoussed duringthismeetingwere the hightemperaturesspecified for primary

and secondary combustion chambers and the use of best available control technology for I
ll

reduction of emissions, Mr, Weiss indicated that the temperatures were presented as

guidelines for existing incinerators, Results from the AFBC oombustlon testing should be I
Iused In the permit applloatlon to demonstrate the ability to aohleve desired tnolneratlon

effioienoies at lower temperatures due to greater retention time and the reolroulatlon of I
IoombusUongases,

Current Hospital Waste Disposal Practices I
Prior to development of a materials handling system concept, existinghospital waste I

BI

disposal procedures and technology were evaluated, Several Central Pennsylvania area

hospitals were visited and surveyed tn order to assemble information pertaining to current BI
BIhospitalwaste management practices, The data collected throughthese surveys, inaddition

to published articles and reports, were utilizedto determine possible problems associated BI
Biwith feeding hospitalwaste intothe AFBC, These factors were then considered in designing

the materials handling system concept,

i

I
I
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I Segregation of Wastes

I Accidental exposure to infectiouswaste is often closely linked to problems resulting
from inadequately packaged and contained wastes as they are moved about the hospital or

I transportedoff-site for disposal. To avoidsuchproblems, theEPA recommends thatmedicalwastes be segregated at the point of origin. Many states, including Pennsylvania, require

waste segregation.

I Segregation involves placing special handlingwastes in bags, boxes, or containers

that are distinctly and clearly marked for the containment of either infectious or

I chemotherapeutic waste. Infectious liquid waste and sharps, i.e., needles, broken glass,

scalpel blades, etc., should be placed in plastic containers to avoid accidental puncture of

I plastic bags and leakage of infectiouswaste. Atter segregation of waste into appropriate
containers, infectious and chemotherapeutic waste should be stored separately to avoid

lib possiblecontaminationof general housekeepingtrash. In some hospitals,wastes are further
lm separated depending upon the method of disposal of each type of waste. These methods

_ discussed in the next section.

!
Disposal Options

!
Landfilling

lib

I In the past, most solid hospital waste was landfilledalong with municipal waste. In

i recent years however, the cost oftandfillingand the reluctance of landfillsto accept infectiouswaste has made this a much less attractivemethod of disposal. Some states, Pennsylvania

among them, will no longer allow disposal of unsterilized infectious waste in municipal

I landfills. Because of special permit requirements in Pennsylvania, many landfill operators
wql not accept sterilizedinfectious waste either.

-!
Autoclaving

I In states whe_'elandfillingsterilized infectiouswaste is permitted, autoc_._vingis an

• option Autoclaving, or steam sterilization, is a process using steam to sterilize medical

I wastes prior to disposal in a landfill. Typically, bags of infectious waste are placed in a

chamber into which steam is then introduced. To ensure complete sterilization, steam
= II

BI

"li

,!
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I
temperatures are generally maintained at 250° F or greater for 15 to 30 minutes (Rutala,

St=egel,and Sarubbi; 1982). []

The disadvantagesassociated withautoclavinghave rendered thism_i_th0,_of steriliza- I
tion impractical for many hospit'_ls. Autoclave unitshave very limited capac=_,y;sometimes ,,=

onlyone or twobags can be sterilizedina 30 minuteperiod. Inaddition,operationalproblems I
can resultin incompletedestructionof infectiouspathogens. In fact, properly sterilizedwaste

looks no differentthan unsterilizedwzste. Therefore, landfilloperators are reluctant to accept I
mu

red bag waste, regardless of itsinfectious potential.

Incineration I

As the number of available landfillsdecreases each year, incinerationof wastes has i

become the chosen hospitalwaste disposalalternative. Incineration reduces the volume of mB

waste, thereby reducing the cost of ultimate disposal in a landfill. The high temperatures ' I
necessary for combustionof wastes also destroyinfectiouspathogensand render the waste

innocuous. One disadvantage associated withexistingincineration systems is the poter ial I
II•

for air pollutant emissions. Unstable combustion temperatures due to the varied nature of

medical wastes can allow for the release of toxic substances into the atmosphere. The lm
IIproblems with alternative technologieswere discussed in the Task 1 sectionof this report.

According to recent EPA estimates, five thousand "excess air" hospital incinerators mm
are operating around the country(Kunes, 1988). These unitsare typicallyolder incinerators

designed to burn only pathological waste. As other waste disposal options have been
mm

eliminated due to regulatory and economic factors, many hospitals have begun burning ali I
types of infectious waste in these incinerators. Because this type of unit is operated with

higl, excess air levels, incomplete combustionand toxic pollutantand particulate emissions I
mm

are common problem=>. In states where emission standards are highly restrictive, these

incinerators must be retrofittedwith scrubber systems in order to control release of acid II
IIgases and dloxins.

Most of the incineratorsbuilt for medical waste in the last 15 to 20 years have been []
"controlled air" incinerators (U.S. Congress Officeof TechnologyAssessment, 1988). These
units burn waste in two or more chambers under conditions of both low and excess

oxygen requirements. The primary combustionchamber is designed to heat, I

IBBB_

stoichiometric

dry. and pyrolize the waste under sub-stoichiometric conditions, causing the release of

moisture and volatileorganics from thewaste. These organic compounds are then thermally I
II•: ........ ,J ........ , .... .J ,._. ! ....

_ deSb-ucte,d ,,, b_e =_uuu,u_s,ychan_ber u*;c;ur=xu_su _,, uu,,u,uu,_. SiiTdiarto excess all
-

.
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I
I incinerators, many controlled air models are not capable of meeting stringent air pollution

standards, and therefore require installationof flue gas scrubber systems.

I A third, and less common, incinerationsystem design is the "rotary kiln" incinerator.Similar to controlled air units, rotary kiln incinerators employ a primary chamber in which

waste is hea_ed and volatized and a secondary chamber in which combustion of volatile

I organics is completed. The prima_, chamber consists of a horizontalrotating kiln. At one

end, waste material is fed continuouslyinto the rotating kiln. Ash residue is continuously

I discharged at the opposite end. Due to the turbulence created by rotation of the primary
chamber, particulate entrainment in the flue gases is generally higher than for other

I i_cinerator designs.
Feed and ash removal systemsfor hospital waste incineratorsrange from manually

II :_peratedto fully automatic systems. In general, large continuouslyoperating incinerators
II employ automated handlingsystems, whilesmallar incineratorsare better suited to manual

I systems.Most mechanical loader designscurrently offered consist of a hopper and ram feed

assembly. For smaller units, manual charging doors are common. Ash removal may be

I accomplished either by raking and shoveling ash into containers, or for large units,
mechanical syst_ms. Some mechanical ash removal techniques includea system whereby

I ash is moved along the incinerator floor by pulsations created by air cushions, and also
various ram systems which push ash out of the incinerator chamber (U.S. Environmental

I Protection Agency, 1987). A drag tankcan be incorporated to facilitatewater cooling of ash• prior to removal to storage bins.

With,Me exception of some rotary kiln designs, most incinerators do not require

I grindingof waste prior to feeding the combustion chamber.

I Future Management

.! I Many hospitals do not have in-house incinerator capabilityand therefore must send
mm

their infectious waste off-site for disposal. In some cases private hauling companies are

I hired to transport waste to approved landfills. Unfortunately,in states where no manifestsystems are required to track the waste, unscrupuloushaulers have dumped the waste

illegally and kept the profits.

I Because of the liability involved with illegal dumping, many hospitals choose to

contract the services of medical waste management companies. Such companies often

I operate their own regional incineratorsdesigned specifically for handling infectious waste.
i

-!
- 73-

_

-!



I
They provide cradle-to-grave treatmentof thewaste, includingsupplyingbags and containers I

to separate waste, hauling waste to incineratorsite, incineration, and disposing ash. Most m

companies have tracking systems in place and provide the hospitalwith evidence of legal I
disposal.

The cost of infectious waste disposal by hospital waste management specialists is !
high. National hospitalofficialswarn that the cost to large teaching hospitalsfor removal of

infectiouswaste this year will be upwardsof $1 million. Regardless of the costs involved, II

increasingly stringent regulation of infectiouswaste disposal will force hospitals to employ
II

outside services. In some states the finesforviolationofinfectiouswastedisposal regulations IB
IIare in the range of several thousanddollars per day of violation (Kunes, 1988)

Materials Handling Conceptualization I

Material Handling And Storage I

Infectiousand chemotherapeutic wastes must be separated at the pointof origin and BI
[]placed intheappropriatebags or containersand labeled or marked accordinglyas previously

stated. IB
For ease in handlingwastes, storageareas for the wastes shouldbe located in close

proximity to the processing system. Storage areas must be secured to deny access to lbl

unauthorized persons and marked withwarningsigns indicating storage of infectious and/or !
chemotherapeutic waste. These storageareas must be contained in an appropriate manner

that allowsprotectionfrom animals, wind and rain, prevents the spread of infectiousagents, I
and does not provide a breeding place or food source for insects, rodents, and animals.

gB

Refrigerator and freezer capab!flties must be available to store the infectious waste as lm
IIrequired by regulations. The refrigeratorand freezer are atso necessary for waste storage

in the eventof anequipmentbreakdown inthematerial size reductionunitor inthe combustion mm
unit. Arrf;ngementsshould be made withan outside waste hauler to pick up and deliver the

packaged waste to another incineratorin the event of long-termequipment failure.
ml

bags, boxes, or containers used for containment of infectious or BThe

chemotherapeutic waste must be no larger than the feed opening size of the material size

reduction unit. The size of the feed openinghas been established at 40 inches by 25 inches. Im
Based on current practices, the size of thebags, boxes, or containers used for storage are

smaller than the faed opening size of the conceptual design of the material size reduction II
II

• I
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I
I unit. The waste containersshould range in weightfrom approximately25 to 50 pounds, To

permit ease of handling,the maximum weight of 50 poundsshould not be exceeded,

I The majority of hospitalwaste materials can be dealt with in the feed and combustorsystem design. One possible exception is large metal objects such as surgical pins

i implanted in the arms or legs of patients. From a survey of several hospitals, it was foundthat these metal objects could be segregated from other waste materials and sterilized

separately with littleinconvenience to the hospital staff.

I
Material Size Reduction Unit

I Unlike most traditional incinerator designs, the AFBC requires that the waste stream

I consistof particles no large_"in size than two.inch-minus, For this reason, some type of sizereduction unit must be designed for processing the waste prior to feeding the waste into the

i combustionchamber. To avoid regulatory problems,the size reductl_n unitwill be integratedwiththe combustor and incorporate sterilization.

The conceptual design of the material size reductionunitis illustratedin Figure 8 and

I Figure 9. The main component of this unit is a Model 1000-E shredding system, designed
and manufactured by Shredding Systems inc. (similar shredders are manufactured by

I companie_ such as Mac/Saturn Corporation). This industrial shredder is of heavy duty
construction, primarily stainless steel, lt has the proper infeed opera,ing, cutter diameter,

I cutter thickness, and horsepower to process the 10,000 pounds of infectious and generalwaste per week anticipated, and also to produce the desired discharge particle size. To

avoid system upsets, mechanical damage and/or de-fluidizatlonin the combustion unit, the

J maximum feed size intothe combustor has been determined to be two-inch-minus.

Tho Model I O00-E is a Rotary Shear Shredder which works on a low speed, high

I torque principle. This unit also features an auto-reversing, non-jamming capability. When
overfeeding occurs, the machine automatically detects it by an increase in amperage draw.

I When the amperage reaches a preset level, the machine shifts into a reversing mode,
clearing the cutting area. Tho machine then continues in the forward position and will

I continue this process until the material has been processed. The unit has an automaticshut-downfeature after three (3) reversals. Most importantly,this auto-reversing, auto-shut-

down feature protects the machine from damage, thus reducing costly downtime and

I machine repairs. Other benefitsof thisdesign are low energy usage, low maintenance, and
low noise.

!
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This Rotary Shear Shredder has been tested and evaluated for the shredding and i

handling of materials such as, but not limited to, hospital and/or pharmaceutical waste, Bnl

hazardous/nuclear waste, in.plant industrial waste, municipal waste, drums, and plastics, i
The following table provides a list of examples of material test shredded and evaluated by

Shredding Systems Inc, ; i
The conceptual (.4_,_ni,{_fth_,Jmaterlal size reduction unit,as Illustrated on Figures 8

and 9, consistsof two hop_ei:_or compartments above the cuffingchamber, Compartment
"A" is where the infectiouswaste is initiallyinserted intothe handlingsystem, Compartment

n

"A" has an infeed opening of 40 inches by 25 inches with a height of 30 Inch,3s. A single n
door is positionedatop the handlingsystem. Aftermaterial has been inserted into compart- n
ment "A", the single door should be closed prior to the opening of the double drop doors. imll

The opening ofthese doors allowsthe waste material to fall intocompartment "B". After the i
material passes through the double drop doors, the doors shall then close. Compartment

"B" is 40 inches by 25 inches and has a heightof 48 inches. The infectiousmaterial is now n
introduced into the shredder. The cuffingof the material is accomplished as the material is

in

drawn past the interfaces of the two counter-rotating blades driven by a 40 horsepower i
electric motor, lt is the close tolerance of these blades that performs the shearing action. i

As the reduced or shredded material passes throughthe cuffingchamber, the material falls nn
directly into a discharge chute. Installation of steep angle chutes and control of the i
combustor pressures will facilitate gravity feed of the shredded waste. One method for

m==

preventing blockage of the chute leading into the combustorwould be to force the material i
down the discharge chute with a series of compressed air jets, The discharge chute is

directly connected to thecombustor (see Figure 8). Anotherfeed option is use of pneumatic !
(pressurized) injection. With this approach shredded materialwouldexit the cuffingchamber

i

and fall directly into a compartment. The material then is pneumaticallyinjected immediately n

above the fluidized bed media. Finally,a screw auger feed system has potential to provide n

a uniform feed rate. Specific feed systems will be evaluated in greater detail and tested B1
along with the shredding system at DONLEE Technologies' combustion test unit prior to

installation at the Lebanon VA Facility. =
',_, BII

This conceptual design of the material size re_uctionunitand AFBC are builtas one i
unit so as to prevent contamination of the atmosphere. Ali doorsand connections between

individualcomponents of the system are sealed. Disinfectant atomizers are positioned in i
both compartments "A" and "B" and also in the discharge chute. These atomizers emit a

mn

misting spray, chemical in nature, to sterilize th_ systen_prior to any access into the II
icompartments for maintenance and/or any other reason ar:cess may be required. If the

I
_
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I
I TABLE 21

' MATERIAL TEST SHREDDED AND EVALUATED

I Aluminum Cans Metal Turnings
Automobile Fuel Tanks Mylar

I Bailed Cardboard Natural
Rubber

Beverage Cans Nuclear Fuel Rods

I Bullet Proof Windows Off.Road TiresCandy Bars Oversized BulkyWastes
Carpet Paint Filters

i Chairs Pallets
Chocolate PET Bottles

I Cigarettes PharmaceuticalsCigarette Cartons Plastic
Computers PVC Pipe

; I Computer Chips PVC Purglngs
Computer Circuit Boards Railroad Ties

I Computer Paper RopeCouches Sausage Wrappers

Disposable Diapers Shoes

I Dryers Steel Drums
Electrical Components Tables

i ExtrudedAluminum Telephone BooksFiberglass Tires
Fiber Drums Tire Bead Material

I Fiber Optic Cable Tire Retread MaterialFilm Tree Stumps

Food Truck Tires

I General Plant Waste Toys
HEPA Filters Washers

-: _,, Herculite Wax
II

IV Bags Weapons (Military)
Leather Wire

I Metal Wood

!



I
II

shredder is operating while material is Inserted through the double drop doors, then the I

disinfectant atomizer in compartment "A" shouldbe programmed to run priorto the opening lbl
Iof the single door. This is another safety factor to prevent possible contamination of the

waste processing area. lib

An optional item under consideration for installation in the material size reduction unit I
is a viewing window in the hopper and discharge chute, This is one way to monitor the

system, Another method of monitoring is to installe, video camera intothe system. These I
BB

two methods can readily identifyany equipment malfunction.

Another optional item is the use of a "dumper", a device which automatically feeds lm
IIthe system. The waste is inserted intothe "dumper" which then is mechanically raised and

fed intothe hopper. I
mn

Ash Or Re=tdue Di=po=al

I
Within the present design configuration, the Donlee AFBC unit provides for removal

of ash by gravity flow from beneath the combustor. Provisionswill be made for cooling of i
the ash priorto transporttoan interimstoragearea. Dependingon the storagearea's location

u

and quantity of 'material, the ash removal and transport could be accomplished manually or
INautomatically via a screw auger or conveyor system.

The operator of the facility which destroysinfectiouswaste is required to monitorthe II

waste residue to ensure that pathogens have been destroyed, The operator must submit a J

microbiological analysis of the ash residue to the Department of EnvironmentalResources

at a minimum, quarterly during the life of the facility. The operator must submit a chemical I

Iii

u

analysis of the ash residue, at least annuallyduring the life of the facility,to the Department

of EnvironmentalResources. These analysesmustbe on formsprovided bytheDepartment. I1_
Infectiouswaste will not be recognized as noninfectiousafter incineration unless the

IB

indicator spores have been destroyed as determined by a laboratory analysis. _11
Storage and containment of ash residue must be performed in a manner so as to I!

prevent the release, dispersal, or discharge of ash residue into the air, water, or onto land. I

Storage must be inan enclosed container or area, whichmay include a sufficientlyventilated I

buildingand on a pad that is no more permeable than 1 x 10.7 centimeters per second.

Transportationof ash residue mustbe inan enclosed or covered vehicle that prevents I
IB

the dispersal of the ash residue. I,

I
I

i
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|
i TASK 3 BENCH-SCALE COMBUSTOR DESIGN

m

i The DONLEE CFB technology has several distinctfeatures which make lt uniquely
suited for destruction of hospital wastes, In the DONLEE CFB design, the excess heat

I generated during the combustion process is mainly extracted by heat exchangers installedin an adjacent fluidized bed, The combustion temperature in the main fluidized bed is

controlled by changing the solids recirculation rate between the main and cooling fluidized

I beds, The existing DONLEE 10 mm BTU/hour CFB demonstration unit required design
modifications prior'to implementingthe combustion testing program in Task 4, As originally

i designed,,the pilotplanthad the cooling surface inthe combustionchamber itself ratherthan
in an adjacent cooling bed, Removal of existing surface and design, manufacture, and

I installationof an adjacent coolingbed, together withitswater circulationsystem representeda major modification to the pilot plant. In addition, instrumentationwas installedto facilitate

i continuous monitoringof stack gases.The method of operation of the DONLEE CFB design is as follows. The solidscarried

outfrom the main fluidizedbed, after being captured by the hot cyclones, are recycled back

I intothe main fluidizedbed via a partitioned, sealed sluice adjacent to the main fluidized bed
which provides a cooling effect. The allowable temperature difference between the fluidized

I bed and the combustorexitis controlled bymaintainingthe properfluidizedbed mean particle
e!_.e and superficial gas velocity which provides a mean suspension density sufficientto

I sustain the required maximum allowable temperature difference desired for any given fuel.The temperature difference between the fluidized bed and combustor exit is minimized by

i the solids being recycled from the cooling bed and injected intothe combustor's freeboardarea at some distance above the fluidizedbed level and below the combustor exit,

In the DONLEE CFB design, the excess heat generated during the combustion

I process is mainly extracted by heat exchangers installedin an adjacent fluidizedbed. ,The
combustion temperature in the main fluidized bed is controlled by changing the solids

I recircuk,_tionrate between the main and cooling fluidizedbeds.
In summary, the d_stinguishingfeatures of the improved DONLEE CFB design

I (illustrated in Figure 10) are as follows:

• A major portionof thecombustion air is introduced under the fluidized bedas the remaining part is injected intothe bed (as fuel transportingair)',

i • The excess heat generated during combustionis mainly extracted by theheat exchangers installed in a cooling fluidizedbed adjacent to the main
bed;

!
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FIGURE 10 n
DONLEE TECHNOLOGIES' CIRCULATING FLUIDIZED BED COMBUSTOR (CFBC)

II
II
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I

• The solids oarrled out of the main fluidized bed are recycled after being
r_apturedby hot cyclones into the main fluidized bed via a partitioned air

i sluice; and

i • Good sulfurcapture efficiency is maintained by controllingthe temperaturedifference between combustor exit and fluidizedbed throughmean par-
ti(::lesize and superficial velocity to sustain the neees,:ary suspension den-

slty,

I The final step in Task 3 was preparation of the detailed bench-soL le test program.Initial tests were aimed at attaining stable operating oondltions withinthe CFB unit, Sub.

sequent testing consisted of evaluating emissions and combustion efflolencles using three

I dtffe: ,nt coals and various mixturesof surrogatewaste materials. Details of the test program

ar_ provided withthe evaluation of test results under Task 4.

!
TASK 4- PILOT PLANT TESTING

I Optimization Tests

I lt was decided that a series of test runs would be necessary, prior to testing for

combustion of hospitalwaste, in order to optimizeoperation of the pilot plant and confirm its

I operating characteristics.

An Optimization Test Matrix was drawn up which comprised 22 separate test runs

' I each of 2 hours duration(Table 22). This matrixwas designed to examine the effects of:

m

I • upper combustor velocity;• combustor exit temperature;
• CaJS molar ratio;

I • excess air level;• main bed pressur_ drop;
. • main bed stoichiometrlc ratio;and

I • load level.
]1

_" I The test matrix was used as a guide and was adhered to as closely as possl_)le,
mm

bearing in mind that precise coal, limestone, and air flowmeasurements were not available

I at the time of the test (these were checked by later calculation from ali test data). Also at
this time, the combustor temperature was controlled manually (not automatically as for the

I
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I
I surrogatewastetests),The coalusedwas obtainedlocallyInPennsylvaniaand itsanalysis

legiveninTable23, lthad botha highfinesand moisturecontentwhichrenderedltless

t than an Ideal one for reliable feeding by the existing pilot plant feed system, and some
Interruptionsto the test program were encountered, Nevertheless a total of 56 useful data

i points was obtained, Gas analyzers oontlnuouslymonitored O=, CO, CO=, SO= and NOxthroughout the testing,

TABLE 23: HOFFLINGHOUSE COAL ANALYBI8

I Carbon 59,50%
Hydrogen 4,04%

I Oxygen 6,92%Nitrogen 1,41%
Sulfur 1,83%

I Ash 15,95%Moisture 10,35%
Higher heating value 10,770 Btu/Ib

| '
Optimizationof limestoneselection was outsidethe scope of the Phase 1 project and

'li a readily available local limestone was purchased, The analysis of this limestone is given
li in Table 24.

I TABLE 24: THOMASVILLE LIMESTONE ANALYSIS

I Galolum Carbonate 80,7%
Magnesium Carbonate 9.9% i.,

I Inerts 9,4%

I Analysis of ali ash samples for organic carbon content has not yet been fullycompleted, butinspection of Loss on ignition(LOI) values for the ash samples indicates that

combustion efficiencyis not sensitive to upper combustor velocity, Test d_ta valtms ranged

I from 10 to 13,5 ft/s,

If ther'e_isno calcium carbonate in the ash, then the Loss on Ignitionis the result ofIII

I residual carbon being burned. Hence, the combustion efficiency can be determined directly,
If there is a small amuunt of calcium carbonate present in rho ash, however, as is the case,

I then there is a further loss of mass by the thermal evaluation oi carbon dioxide. In this

I
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i
instance0 the LOI values are only indicative of oombustlon efflolenoy, and are not accurate I

measurements, BI

As expected, however, therewas a positivetrend for Increased oombustlonefflolenoy

with Increased oombustor operating temperature, as demonstrated by the data reduotlon

using the ash analyses completed, lt was decided to use a nominal oombustor operating I
temperature of 1600°F for the surrogate waste tests, This is at the high end of the range

typk_allyused in other CFB systems burning bituminous coal, and provides a reasonable II
trade.off between oombustlon efflolenoyand sulfurcapture, This temperature is also higher

III

than that predicted for optimum chlorine capture and tt was felt that this would provide a BI
reallstloally oonservatlve test for the baslo concept of chlorine reaotlon with limestone, II

NOx emissions were also investigatedwith respect to oombustor operating tempera. lm

ture and, again, as expected, there was a positive trend of Increasing NOx with increasing

temperature, Typloally, however, at 1800'F, NOx levels of 150 ppm (0,2 ib/lOe Btu) or less

were achieved, I
In the excess air level range of 25% to 45%, as was maintained for the majority of

tests, the oombustlon efficiency appeared to be insensitive to excess air, Again, this lm
observation was based on ash LOI values, lm

lt was felt that the bed material inventoryin the oombustor, as indicated by the main lm
IIbed pressure drop, may have an effect on the combustionsystemperformance, This proved

to not be the case for main bed pressure drop values in the range of 20 to 30 Inches W,G, m

The stolohtometrioratio in the main bed was also investigatedas a variable, 'The J
stolohlometrlc ratio is defined as the amount of air actually supplied to the bed divided by

the theoretloalamount of air required for stotohiometrlooombustlon of the fuel, lt was found I
that there was a trend for increasing ash LOI with reducing stoiohiometrlcratio. The opposite

effect was foundwith NOxemissions, as stolohiometrioratio rectuc_d,so did NOMemissions, m
m

since NOx emissions were generally at low levels, it was felt that a good compromise on

oombustlon effiolenoywould be obtained by operating at a main bed stoiohiometrloratio of BI
II1'1,

lt must be remembered that duringthese tests, operatingparameters were intention. mm

ally varied to examine the effects on combustion efficiency. Combustion effioienoies for 7
of the tests, with completed ash carbon analyses, ranged from 90% to over 99%, The 90%

combustion efficiency on one test resulted partly from a relatively lower average oombustor i
temperatureof 1520°F, The remaining6 testshad combustioneffioienoie_rangingfrom 97%

BB

to over 99%, For about 60% of the tests, carbon analyses on the ash have not been BN
lmcompleted at this time, and thus, their oombust,on efflolanoies are not included In this

!
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I
I discussion. Another indication of good combustion efficiency, however,was that 50% of the

data points showed CO emissions less then 120 ppm with the majority being less than 200

I ppm. In the case of sulfurcapture, the twovery well established main variables which have

been considered arerCaJSmolar ratioand temperature, lt shouldbe remembered; however,

I that some of the other variables may well have secondary effects on sulfur capture. For

results with the relatively narrow temperature range of 1600" + 15°F, 85% sulfur removal

I -witha Ca/S molar ratioof 3:1 was achieved, lt is recognized that thisCaJS ratio is somewhat

higher than that which typically is claimed in CFB combustion systems and likely reasons

I for this are given below.

I a. The limestone selected was readily available fn_ma local sourceat Thomasville. Work done at Penn State Unh.,rsity indicates that
this is not a very reactive limesto__.

I b. Out of concern with respect to solidstransport within the system, ....
a fine pa_cie limestone was selected. The mean paRticlesize was

III 140 microns and it is believed that an appreciable amount escaped :'I

II the system before itcould react. This is borne out by preliminary
flyash analyses which show the unburntcarbon quantity to be about

I half the total LOI quantity. Presumably the remaining LOI is due toC02 driven off from unreacteclCaC03. The concern about solids
transportwas infact unwarrantedand a larger limestone particle

I size could be used.
t _

..,

c. The flue gas residence time in the combustor for the majorityof

I was less than 1 second, commercial unit would be
results A

designed for a residence time of 1.5 second3. Two data points
showed a sulfurcapture of greater than 95% witha CaJS molar

I ratio of about 2.5:1. Both of these were at about 1570°F and within
the excess air range of ali the results (i.e., about 25 to 45%). The

I main difference between these and other results is that theywereobtained at a part-load conditionwhich resulted in a gas residence
lime of about 1.5 seconds.

!
Mean combustor temperatures greater than 1615°F gave appreciably lower sulfur

I capture figures. From the resultsobtained,itcan be statedthat,on average, mean combustor
temperatures less than 1585'F give higher sulfurcapture figures, but there may be other

II reasons for this as previouslydiscussed.
II

I
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I
I Finally, as as optimization were part runs were

far the tests concerned, load

conducted. This exercise showedthat stable operationcould be maintained witha fuel heat

I input of 20% that of full load operation (i.e., 5:1 turndownratio).

I Surrogate Waste Tests

The surrogate waste test matrix(see Table 25} was designed to simulate, as closely

I as poscible, actual operation of a full scale unit. At the start of tests, there was an extended

period of operation, without feeding surrcgate waste, in order to get the bed as close to

equilibriumcomposition as possible. Following operated continuously
this, the unit was and

surrogate waste fed in for 8 hour periods. This was to simulate hospital waste only being

fed into a full scale unit duringthe day sh_.
lt was determined that, withthe exception of Tests 10 and 11, the basic surrogate

i waste would simplybe 60% PVCI40% water by weight. This was to be fed in discrete 12-1/2Ib slugs to represent a worst possible situation of passing a 50 Ib bag of infectiouswaste

almost instantaneously into the shredder. The composition of an actual infectious waste,m

1 based on survey informationfrom the Lebanon VA hospital,was taken as:

1 • 20% plastics;
B1

• 60% paper;
• 10% liquid;and

® 10% metal glass.
and

J In the absence of good information, it was conservativelyassumed that 75% of the
plastics would be PVC. Thus, for a 50 lb bag, the PVC weightwould be 50 x 0.2 x 0.75 =

I 7.5 lb. Assuming that practically ali the liquid is water, the water weight would be 50 x 0.1
= 5 lb. Hence, the chosen slug feed size of 7.5 + 5 = 12.5 lb.

I Testa 8(a) and 8(b) were designed to investigatethe effects of two differentoperatingtemperatur_ based on a PVC feed rate of 60 Iblh (i.e., an equivalent infectious waste feed

rate of400 Ib/hbased on the above composition), ltwas notedfrom surveysat otherhospitals

that the plasticscontentof infectiouswastecould be as highas 40%, so Ilalving the equivalent

feed rate to possibly200 Ib/h. Thus, the approach taken was feltto be conservative, providing

| a strenuoustest for the basic project concepts°

_ During Test 8(a), as each slug of PVC/water was fed into the combustor, it was

I observed that SO2andCO emissionshada shorttime duration"spike", butbed temperatures
mcM

=
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only dropped about 10°F. Of more concern however,as each slug was fed, there was a puff I
of smoke out of the stack. m

At first itwas thought that almost instantaneousevaporation of the water was causing lm

the problem and so slugs of dry.PVC were then fed in. The same thing happened and it mim

became apparent that _'apiddevolaUlizationand combustion of the PVC was the culprit. I
Having demonstrated that the water did not have a significant effect on the combustion

process, tt waa decided that, for ali subsequent tests, the dry PVC would be mixed with the I
ii

limestone and fed continuously. This experience demonstrated that the waste handling

system conceptualized in Task 2 would have to be modified by incorporation of a feed m
mregulating device (either a ram or screw feeder) between the shredder and combustor.

Tests g(a), 9(b), and 9(c) were designed to investigate the effects of different waste m

feed rates. Nominal PVC feed rates of 30, 60, and 90 Ib/h were chosen.

Tests 10(a) and 10(b) were designed to investigate the effects of the surrogate
ro,mm

chlorine-containing chemicals selected in Task 1. lt was determined by Pennsylvania State I
University that the 5 types of molecular Structurerepresented by the chosen chemicals were

like0yto occur in the followingapproximate proportions: I

A- 2-Chloroethyl Benzene 0.3; II
B - BenzyltriethylammoniumChloride 0.1875; II
C - 2-Chlorobenzoic Acid 0.1875;
D - Potassium Chloride 0.25; and mm
E- 1-Chloro-2-Methylpropene 0.075. !!

ISince chemical E is a suspected carcinogen, and represents the smallest proportion

of the total chemicals, itwas decided notto use itand the proportionsof the other chemicals m

were adjusted to: ml

A- 2-ChloroethylBenzene 0.33 I
B - BenzyltriethylammoniumChloride 0.2
C - 2-Chlorol_nzoic Acid 0.2

D - Potassium Chloride 0.27 I
£-

lt was assumed, again conservatively, that of the total liquid in an infectious waste, I
80% would be water and 20% would be chemicals, lt was originally intended to run tests

lO(a) and lO(b) withtwodifferentPVC (and chemical feed rates), butbecause of the practical I
difficulties associated with continuously feeding the chemicals into the combustor, it was

- 90 - I
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I
I decided to use an average PVCfeed rate for test_0(b) (60 Ib/h) and to feed inali the available

chemicals to ensure their disposal (A - 1.4 Ib/h, B - 0.8 Ib/h, C - 1.1 lh/h, D - 1_4Ib/h). Test

I lO(a) was then run as a baseline test withoutany PVC or chemical feed.The likelihood of glass and metal (bottles, sharps, etc) in actual infectiouswastes is

an important concern. Tests 11(a) and 11(b) were designed to simply feed metal shavings

i at 10 Ib/h and brokenglass at 10 Ib/h for2 consecutivedays in order to examine the possible

effects on the combustionsystem. The glass didnot cause any bed material agglomeration

I and most it, togetherwiththe metal, was accumulated as discrete particles at the bottom
of

of the bed withoutany noticeable affect on fluidization. This implies that, in a full scale unit,

I metal and glass can be periodically removed from the combustion system by operating the
con'lbustor solids drain at a probable frequencyof once per day.

i Tests 8, 9, 10, and 11 were conducted with a Pennsylvania bituminouscoal with asulfur content of 1,62%. The coal ultimate analysis is given on Table 26. The limestone

used for ali surrogatewaste tests was the same as that used for the optimizationtests (see

I Table 24).

I TABLE 26: SURROGATE WASTE TEST COALS

g BITUMINOUS HIGH ASH
COAL BITUMINOUS ANTHRACITE

i (%) ('/')
H1

Carbon 75.29 71.95 77.56
Hydrogen 4.26 4.10 1.68

i Oxygen 2.29 .87 0.70
1

Nitrogen 1,20 1.17 0,80
Sulfur 1.62 3.59 0,60

I Ash 10.91 13.59 13.57Moisture 4.42 3,72 5.01
HHV (Btu/Ib) 13514 12999 12730

, Test 12 was essentially a repeat of Test 91c) but using a high ash Pennsylvania
Ilill

I bituminous coal. The term "high ash" is used as a means of distir_ctionas the actual ash
content was 13.59% (see Table 26). What is probablyof more significance is thatthe sulfur

g content i¢ 3.59%.
Test 13(a) was with a Pennsylvaniaanthracite (see Table 26) and its purpose was to

l establish the most appropriate combustor operatingtemperature. The combustion charac-
1 teristics of anthracite are significantly different from those of bituminous coal. Having

i
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established the opelating temperature,Test 13(b) was again essentially a repeat of Test 9(c) I

but using anthracite as the main fuel. m
For the surrogate waste tests, in additionto continuous02, CO2, SO2, NOx and CO I

emissions monitoring, stack flue gas samples were taken to be analyzed for dioxins and

HCI and hydrocarbons. Ash samples from each test run were screened for dioxins Ifurans,
i

and furan_ content. Assessment of the HCI emissions results, however, show that while

there is a good deal of variationdu_ to the differentoperatingconditionsfor the tests, typically
chlorine capture in excess of 50% can be achieved. The overall test average chlorine

lm

capture was 51%, rangingfrom 7% to 77%. Specifictrendsrelated to operating temperature, Em
IIsurrogate feed rate, or type of coal, could not be identified,however.

Analysis of Surrogate Wsste Tes_ Results I

Test 8(a) will not be considered in any furtherdiscussions. Due to the feeding of the I
PVC in slugs during this test, high emissions resulted for dioxin,s/furansand polyaromatic

BII

hydrocarbons. These emissions, however, are not representative of the later tests where
Iithe PVC was fed on a continuousbasis and where the emissionswere much lower and well

withinany guidelines. II
Gas emissions were monitored continuously for O2, CO, CO2, SO2, and NOn. Stack

flue gas samples were collected to be analyzed for dioxins/furans,HCI, and hydrocarbons. ,=

The dioxin/furanand polyaromatic hydrocarbons samples were collected via modified EPA I
Method 5 tests. The HCI tests were run before and after each modified EPA Method 5 test.

Ali sampling and analytical procedures were performed according to established EPA test i
Iii

methods or test methods that are required by PA DER (Energy Systems Associates, July,

'199o). I
Table 2"/ gives the ranges of the various emissions during these tests. The SO=

emissions met the New Source Performance Standards (NSPS) for Small Boilers (U.S. mn
IIEnvironmental Protection Agency, 1989) in ali tests. The bituminous coal tests had sulfur

dioxide emissions of 0.34 to 1.13 Ib/106 Btu. The high ash bituminous coal suffurdioxide mm

emissions were only 0.11 Ib/106 Btu with a sulfur capture of over g7%. The two anthracite i
coal tests had suffur emissions of 0.40 and 0.25 Ib/106 Btu. These results, although

acceptable, are notas good a_ they otherwise may have been due to the low residence time B
mm

in the unit and the poor reactivity of the limestone, demonstrated by the carbonate that

• remained in the ash. The high carbonate in the ash indicatesthat the limestone is not fully i
c;alcined in the unit, and can only be partially utilized. ml

!
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I A general increasing/decreasing trend in the sulfurdioxideemissions was noted for
increasing/decreasing the molar calcium-to-sulfur ratio. However, no general trend of

I increasing/decreasing sulfurdioxideemissions couid be discerned for decreaslng/increas-ing the combust0r temperatL,re from 16000F. This again is probablydue to the low reactivity
of the limestone and the short residence time in the unit.

I The NOx emissions ali meet the NSPS regulations (U.S. Environmental Protection

Agency, 1989). The emissions for the bituminouscoal testsranged from 0.20 to 0.38 Ib/106

I Btu. The high ash bituminouscoal test had emissions of 0.56 06 Btu, the highest value.
The anthracite coal test emissiOns were 0.28 and 0.25 Ib/106 Btu. A general trend of

I increasing NOx emissions with increasing combustor temperature was noted for all of theBIB
tests, as expected.

I The CO emissions ranged from 59 - 195 ppmv _t 7% O=. Note that the incineratorguideline fur the equivalent waste feed rates is 100 ppmv at 7% O2 in Pennsylvania

I (Pennsylvania Department of EnvironmentalResources, Bureau of Air Quality, 1989). Three• of the 9 bituminouscoal testsemitted less than 100 ppmv at 7% O2. The high ash bituminous

coal test had the highest concentration of CO of 195 ppmv at 7% O2. The two anthracite

I tests had concentrations of CO of 59 and 118 ppn_vat 7% 02.

I TABLE 27
EMISSIONS LEVELS VERSUS REGULATIONS

I
POLLUTANT ---RANGE OF EMISSION LEVEL--- REGULATION

I (ppmv)' (Ib/106 Btu)
SO2 1.2 Ib/106 Btu b

I High 414 1.13Low 35 0.11
Average 238 0.63

I NO), 1.0 Ib/106 Btu
D

High 242 0.56
Low 100 0.20

I Average 149 0.29

CO 100 ppmv @ 7% 02 c

I High 195 .....• Low 59
Average 112

I Total suspendsd No Data No Data 0.03 grlDSCF
Particulates Collected Collected @ 7% 02 =

!
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I
TABLE 27 I

(CONTINUED) I

POLLUTANT .....RANGE OF EMISSION LEVEL--- REGULATION m

(ppmv) a (Ib/106 Btu) I

IB
HCI

30 ppmv @ O2 or
High 2867 .... 90% capture =
Low 113

Average 1153 I

PAHd No Definite Regulation • ,
High 4.05 x 10"_ .... !Low 1.17 x 10-4
Ave. 1.58 x 10-3

Dtoxins/Furans I
as EPA TOXIC 0.15 ng/Nm 3
EQUIVALEPJTS @ 7% 021 and El
of 2, 3, 78 - 10 ng/kg of Waste II
TCDD Feed o

High 0.078 ng/Nm_a @ 7% Oa 1.51 ng/Kg of Waste BI
Low 0.025 ng/Nma @ 7% O2 0.37 ng/Kg of Waste II
Ave. 0.045 ng/Nm_ @ 7% O2 0.79 ng/Kg of Waste

lib

Total PCDD/ No Definite Regulations i
PCDF in Pennsylvania

High 2.48 ng/Nm_3 @ 7% 02 .... EK

Low 0.78 n_Nm=a @ 7% O= I
Ave. 1.51 ng_Nm= @ 7% O2

Notes for Table 27: I

IPa_l-per-Million on a volume, wet basis ,-
bNew Source Performance Standards (NSPS) for Boilers with smaller than 100 X 10e |
Btu/hr heat input (U.S. Environmental ProtectionAgency, 1989)
=Incineratorguk:_line for Pennsylvania for 300 to 2000 Ib/hr feedrate (Pennsylvania Depart- lE
ment of Environrn,)ntalResources, Bureau of Air Quality, August, 1988)
aPolyaromatic bye'lr=carbons
°No definite regulationof levels of the PAH are specifically listed (Energy Systems As- BE

sociates, August20, 1990) IB
f0.15 ng/Nm3@ 7% 02 corresponds to the concentrationof dioxins/furans

BI

from the Hershey Medical Center (Bureau of Air Quality, PA DER, August, 1990), and Bll

results in an ambient concentration []
of less than 0.30 X '_0"7ng/Nm3 (PA DER, Bureau of Air Quality, August, 1989), as re- II

quired.

I
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I TABLE 27
(CONTINUED)

I
¢

I gl0 ng/Kg of Waste Feed 9.[99% reduction in dioxinemissions is theproposed regulationfor Hospital Waste incineratorsin California.
Dioxlns here refers to total dioxins/furansexpressed in EPA Toxic Equivalents(State of

I Calilornia Air Resources Board StationarySource Division,May 25, 1990).

i Total suspended particulates were not measured during these tests. However, theemission limitof 0.03 grlDSCF is one which has been welldemonstrated as belngachievable

by a 3uitablydesigned bag filteras part of a CFB combustionand steam generation system.

I The range of hydrogen chlorid_ (HCI) emissions is given in Table 27. As can be
seen, none of the emissions meet the PA DER requirementof 30 ppmv at 7% 02 (PA DER

I Bureau of Air However, Table 28 shows that the emissions
Quality, August, 1989).

concentrations agree fairlywell withuncontrolledor baghouse-onlysystems. Also note that,

I to meet the PA DER requirement, a scrubber sysb_mwould be required, and that PA DER
does indeed require a scrubber system for a hospital waste incinerator. The combur;tor

planned in the next phase of the project will have a scrubber system to handle the HCL
I emissions.

The polyaromatic hydrocarbons(PAHs) for th_ tests ranged from 1.17 X 10.4 to 4.05

I x 10.3 ppmv at 7% 02. Ali of the tests had emissi(:_nconcentrations less than or equal to
4.05 X 10"3ppmv (or 4.05 ppb)_

I The dioxinsandfurans, expressed as total PCDD (polychlorinateddioxins)and PCDF
mB

(polychlorinated furans) as EPA Toxic Equivalents in ng/Nm3, ranged from 0.025 to 0.078

II ng/Nm3 at 7% Oa. The Hershey Medical Conter incinerator typically has an emissions
II

concentration oi_0.15 ng/Nm3 (Bureau of Air Quali_', PA DER, August, 1990), and the results

meet the PA DER required ambient annual concentration of 0.30 X 10"7ng/Nm3 (PA DER

I Bureau of Air Quality, August, 198g). Thus, ali of the tests would meet the same criteria.

Note that the emissions are roughly half, or less, (withthe lowest being 0.025 ng/Nm3) thanmm

I those at Hershey Medical Center. The newly proposed control measure for dioxins and
furans from hospital waste incinerators in Calitomia is 99% reduction in dloxins or an

" I emission limit of 10 ng of dioxins/Kg of waste fed (State of California Air Resources Board
IBm

Stationary Source Division, May 25, 1990). Here dioxins refer to total dioxins/furans=

: _ expressed as EPA Toxic Equivalents. On this basis, our emissions are equivalent to 0.37
II

to 1.51 (zg/Kgof waste. Ali tests have emissions that are nearly an order of magnitude lower

-!
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I
than the California control measure, Two values are greater than 1,0 ng/Kg at 1.34 and 1.51 I

ng/Kg. The average emission limit was 0.79 ng/Kg of waste ranging from 0,37 to 1.51 ng/Kg m

of waste. In general, the dioxin/furan emission decreases as the combustion efficiency

increases. Referring to Table 29, one notes that the total PCDD/PCDF emissions from the

Itest work (See Table 27) are several orders of magnitude lower than those from hospital

waste incinerators.
m

TABLE 28: DATA/FACTORS FOR HYDROGEN CHLORIDE EMISSIONS FROM E

HOSPITAL WASTE INCINERATORS (RADIAN CORPORATION, DECEMBER, 1988) BI
il

ADD.ON INCINERATOR HCL EMISSION Bi
CONTROL DeVICe:/ FEED RATE CONCENTRATION FACTOR li

HOSPITAL HEATRECOVERY (LB/HR) (PPMV) (LB[I"ONFEED)

Cedar Sinai Fabricfitter/Yes 980 I
High 521,0 16,3

BE

Low 403,0 12,7
Average 462,0 14,5 BI

St Agnes None 783 lm
High 926,0 15.5
Low 764.0 12,0 mB
Average II

845,013,7
Royal Jublt_ None 1,930

High 1,520,0 18.2 II
Low 983,0 14,8 II
Average 1,252,0 16,5

illinois Unit None 500-800 mm
High 1,490,0 10,6 I
Low 170,0 6,6
Average 550,0 8,6

Queen of the Valley NR
Htgh 412 445 8,7 m
Low 374 282 6,4
Average 396 341 7.2 BB

Swedkmh.Arnerica. NR il
High 175 174 12,0
Low 172 172 12,9 mm

Average 174 173 12,5 In
Universityof Michigan NR III

High 1,493 928 45,4
Low 644 31,1 IN
Average 788 37,8 il

Athabasca None 65 41,0 14,0
Miserlcordla None 740 670,0 13,6 lm
Mlsercordla None 740 687,3 13,0 lm
RoyalAlex None/Yes 1,160 553,0 17,4

III

RoyalAlex None/Yes 1,200 562,0 15,4

Foothills None 2,500 702,0 15,0 I
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I
I TABLE 28

(CONTINUED)

I
ADD-ON INCINERATOR HCL EMISSION

CONTROL DEVICE/ FEED RATE CONCENTRATION FACTOR

I HOSPITAL HEAT RECOVERY (LB/HR) (PPMV)
(La/TON FE;=O)

LothbrtdgeGeneral Wet Scrubber/Yes 1,060 44,6 1,2

I Unlver_ltyof Alberta We_Scrubber/Yes 1,400 643 0,1Unlversltyof Nberta Wet Sorubber/Yee 1,400 25,4 0,9
Bonnyvllle None 130 62,2 3,4

I WU_In_on None 130 308,0 5,0La¢omb_ None 150 234,5 3.0
Ft, McMurmy None 265 700,0 I 0,0
Ontario Hospitals Nor_ 400 NR 17,4

I St. Mlcheets Nor_ 465 2/95,0 20,5Queen ElizabethII None 575 (15,0 4,6
QL_en ElizabethII None 700 287,0 3,9

II Queen Elizabeth II None 700 378°0 5,2
i Red Deer None/Yu 185 726,0 59,8

!
TABLE 29: CHLORINATED DIBENZO.P-DIOXINS/DIBENZOFURANS EMISSIONS FROM

I HOSPITAL WASTE INCINERATORS (RADIAN CORPORATION, DECEMBER, 1988)

I CEDAR SINAI ST. AGNES ROYAL
MEDICAL CENTER MEDICAL CENTER JUBILEE HOSPITAL
LOS ANGELES, CA FRESNO, CA VICTORIa, B.C.

I FABRIC
FILTER UNCONTROLLED UNCONTROLLED UNCONTROLLED

(ng/Nm3) (ng/Nm3) (ng/Nm 3) (ng/Nm 3)li
Total PCDD

High 130,0 259,0 450,0 83.5

I Low 129,0 163,0 290,0 51,8Average 129.5 210,3 370,0 68,9

Total PCDFmm

li High 435,0 695.0 785,0 196.5m 106.0 441,0 704,0 117,3
Average 270,5 570.7 744,5 155,6

I

I Total ,_CDD/PCDF
High 565,0 9F.,4,0 1235,0 280,0-

Low 235,0 604,0 994,0 16911

I 1114,5 224,5Average 400,0 781$0



I
d

The ash sample screening showed that the dloxins and furans content of _he ash I

sampees was tess than 200 ngtkg, A composite ash sample was made from the individual !1
samples from ali the surrogat_ waste test runs and thiscomposite was analyzed to meet the

requirements of the Pennsylvania Depa_ment of Environmental Resources (PA DER) Form Ill

41 for disposal of incinerator ash. This analysis included EP Toxicity tests, See Table 30 I
for the results. The results of the Form 41 analysis show that the ash from the surrogate

waste testing can be disposed of in a sanitarylandfill. Recent changes in the ash disposal

requirements in Pennsylvaniahave resultedin;.heashes generated duringthis test program
lE

(both OptJmizatlon and Surrogate Waste Tests) being required to be resampled and am
Iireana_yzed prior to disposal in a landfill. The analyses to be performed on the composite

sample are TCLP (ToxicityCharacteristic Leaching Procedure) and Module 1 Analyses. II
Recent research into the compositionof infectioushospital waste now indicates that

i

the PVC content is unlikelyto exceed 10% o! the totalwaste, This means that, based on the

reference PVC feed rate of 60 Ib/hrfdr"the surrogate_ests_and from an emissions standpoint, I
the equivalent infectiouswaste feed rats was 600 Ib/h. Assuming a typical infectiouswaste

|hea_Jngvalue of 8500 Btu/Ib, the surrogate feed rate used was about 5 times greater than
the origina! concept of 10% waste/90% coal,

Consideration of the tests, and the results to date, provides a high level of confidence mm
mlthat the proposedtechniquesforwaste disposal ina proof-of-cor,cept plantwillbe successful.

TABLE 30: EP TOXICITY TEST DATA FOR COMPOSITE SAMPLE !
FROM SURROGATE WASTE TESTS

I
LEACHATE MAXIMUM-ALLOWED m

METAL CONCENTRATION CONCENTRATIONS AB
, ' _mg/L) (mg/L) aB

Arsenic < 0.1 5.0 BI
Bariem 0,76 100.0 III
Cadmium < 0.01 1.0
Chromium 0.02 5,0 BI
Lead < 0.1 5.0 II
Mercury < 0.1 0.2
Selenium < 0.I 1.0 lm
,Silver < 0.01 5.0 II

|
I
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I
I TASK 5 - CONCEPTUAL DESIGN COST ESTIMATES FOR

A FULL SCALE, PROOF OF CONCEPT FACILITY

I
A conceptual design and cost estimate were completed for a full scale hospital waste

I disposal facility. The selected sitefor thisanalysiswas the LebanonVA Hospital in Lebanon,
Pennsylvania, There is sufficientspace adjacent to the existing boiler house to install the

i unit and accessory facilities at the Lebanon VA Hospital. This conceptual CFB unit wasspecified to produce 12,000 lb./hr,of steam from a total heat input(coal plus waste) of about
1_ mm BTU/hr. This size ".¥asestablished based on a four to one summer turndownto attain

I a 3,000 lbl/hr, low steam usage level. As a design basis, itwas assumed that thi._unit would
destroy 10,000 lb./week of total waste from the Lebanon VA with about 15% of this waste

I being infectious. In addition, this combustor wouldbe used to destroy about 300 lb./week of
infectiouswaste from the Good Samaritan Hospitalalso located in Lebanon. The total waste

I feed rate for this incineratorwill be approximately5% of the total feed to the unit (coal plusweste).

I Figure 11 depicts the conceptual layoutof the CFB buildingand associated materialshandling facilities. As planned, the system can be located in the immediate vicinity of the

Lebanon VA Hospitars existing boiler house without interferingwi_ utility lines. The CFB

I unitwill be contained in a pre-er_ineered buildingwith rollingsteel doors. This construction
is consistent with a recently constructed buildingin the same area.

I Coal will be received by truck and dumped into a below ground 5-ton hopper with a
grizzly. The dump area will be partially enclosed to prevent dust problems. Coal will be

I transported from the h_pper by bucket elevator to coal storage silo. Storage capacity will
be provided to ensure at least one week's supply,approximately90 tuns. A 50-ton limestone

i sitowillprovide roughlytwoweeks of supply. The silowillbe equipped witha dust collector.Each co_l silo and the limestonesilo will feed material to a three.ton sur,," i,opper equipped
with a screw feeder.

I Bottom and fi._ash will be collected in receiving bins equipped with water cooling
capability. The ash w,illbe removed by drag conveyors and transported to storage bins.

I Once the ash has been sampled and test results received, the approved material will be
transported to an approved landfillby the coal trucks.

I Figure 12 showsa plan viewof the CFB layoutincludinga top view and floor elevation.Cross-sectional drawings A-A and B-B are presented in Figure 13. Dust collection will be

I accomplished using baghouse filters. Continuousmonitoringequipmentwillbe installed forstack ga:es. P;'ovisionshave been made for purchase of a scrubber to help ensure that

ii
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I
I the permit application will be approved by DER, Based on test results, the required capacity

of the scrubber should be greatly reduced due to the ability to capture chlorine and sulfur in

i the limestone bed.
lt should be noted that the CFB drawingsdo ,notshow the waste size reduction and

i feed unit. Specific design features for this unit will be finalized during the initial stages of
Phase 2. Based on shredder tests conducted by the project team at the manufacturer's

i facilities, lt was determined that two shredders inseries will be incorporated intothe design,Ali types of non-infectioushospital materials along with other items were processed during

the preliminary shredder testing. The materials were introduced into the feeder hopper in

i red i:)agsand boxes of the size specified in the conceptual design stage, Long strands of

plastic were frequently observed in the shredded wastes. The second shredder will help

i reduce the overall size of material the desired maximum 2 inch limit.
to

Anotherdesignmodificationwas made as a resultof the preliminarytests, A hydraulic

I ram will be incorporatedinto the second hopper chamber to assist th_ cutters in grasping
larger smooth objects such as bed pans and sharps containers, This is an optional

i component offered by the shredder manufacturer.
g Ali of these features willbe includedalong withthe material feed device for installation

at DONLEE's test facility. The complete waste processing system will be ret_ofitto them

i existing CFB pilotunit. A series of tests using non-infectiousmaterials will be conducted to
m

demonstrate the acceptability of size reduction,material feed rates, and isolationof waste

" i materials from the operatoi's duringprocessing. Any necessary design modificationswill be
• made and tested prior to delivery of the system to the Lebanon VA Medical Facility.

i A cost/benefit analysis was developed considering .._Noseparate scenarios that areavailable to the Lebanon VA Medical Facility, Scenario #1 assumes that compliance with

" i more stringentstate regulationsfor disposalof infectiouswastes is achieved by contracting
l with an outside service such as a regional incineratoras compared to the installationof the

=,

CFB unit, Scenario #2 evaluates the cost to purchase, permit, and operate a new gas

i incinerator at the Lebanon facility as compared to the installation of the CFB unit, In each
case, the costs for operating the CFB unitare incorporated as annual expenditures which

I are offsetagainst the benefitsor avoided costs (savings) of the alternatives, Tables 31 andm
32 summarize pertinentassumptionsforeach scenario whichwere utilizedin thediscounted

Ii cash flow analyses, Both inflated and constant dollar cash flows were calculated in these
I analyses and are shown in Tables 33 and 34, The analyses show a definite cost advantage

::lm

_- ._ for the use of the CFB unit at the Lebanon VA site for both scenarios,

!
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TABLE 31 II
COST SCENARIO #1

Af_$UMPTION5 I

* No upgrade for oil/gas facility I
* CFB capital investment= $1,600,000
* 75% of CFB capital investmentin Year 0 ii
1li

25% of CFB capital investmentin Year 1 I

1988 gas/oil cost/lb,steam $0,005790 lbl

Coal required (tons/week) 88,9 II
Coat cost/lb,steam $00001725 li

Coal cost/ton $36,00
Limestonerequired (tons/week) 25.5 ii
Limestonecost/lh, steam $0,000206 Bl
Limestonecost/ton $15,00
Ash disposal (tons/week) 36.3 I|
Ash disposalcost/lb, steam $0,000294 II
Ash disposal cost/ton $15,00
Power cost/lb, steam $0,000313 ii
Additional labor cost- Year 1 $154,300 II
Testing cost/year $10,000
Total waste rate (lb./week) 10,000 III
Infectiouswaste rate % of total waste 15% II
Infectious waste tons/year 39
Off-site "Red bag" waste disposal cost/lb, $0.50 II
Good Samaritan "red bag" disposal cost/lb, $0,30 I
Good Samaritan infectious waste Ib,/week 300
Good Samaritan infectiouswaste tons/year 7.8 =,,
General waste lb./week 8,500 il
General waste tons/year 221

ml

Off-site disposalcost/Ib, - general waste $0.10
Gas/oll escalation rate/yr, 5,20% !1
Bituminouscoal escalation rate/yr, 4,00% m

Power escalation rate/yr, 1,50%
Limestoneescalation rate/yr, 2,50% II
Labor escalation rate/yr, 4,00% II
Repair and maintenance escalation rate/yr, 4,00%
Ash disposalescalation rate/yr, 4,00% in
"Red bag" disposalescalation rate/yr. 10,00% II
General waste disposal escalation rate/yr, 6,00%
Testing escalation rate/yr. 3.00% I
Interest rate 7.00% I

I
i
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I TABLE 32

COST SCENARIO #2

I ASSUMPTIONS

I No upgrade oil/gas
for facillty

* CFB capital investment= $1,600,000
* New gas/oil facilitycapita_investment = $1,000,000

I * 75% of CFB capital investmentin Year 0* 25% of CFB capital investmentin Year 1

I 1988 gas/oil cost/Ib,steam $0.005790: Coal required (tons/week) 88,9
Coal cost/lb, steam $0,001725

' Coal cost/ton $36.00

I Limestonerequired (tons/week)
25,5

Limestone,cost/Ib, steam $0.000206
Limestone cost/ton $15,00

I ,Ai,shdisposal (tons/week)
36.3

Ash disposal cos_/Ib,steam $0.000294
Ash disposal cost/ton $15.00

I Power cost/lb, steam $0.000104Additionallabor cost- Year _ $77,1.50
:, Testing cost/year _5,000

I Total waste rate (lb./week) 10,000Infectiouswaste rate % of total waste 15%
Infectiouswaste Ib,/week 0

I Infectiouswaste tons/year 0"Red bag" waste disposalcost/Ib, $0.50
Good Samaritan "red bag" disposalcost/lb. $0.30

I Good Samaritan infectiouswaste lb./week 300: Good Samaritan infectiouswaste tons/year 7,8
General waste Ib,/week 0

. II General waste tons/year 0
I Off-slte disposal cost/Ib,- general waste $0,10

i PRICE ESCALATION
- Gas/oil escalation rate/yr, 5,20%

Bituminouscoal escalationrate/yr, 4,00%

I Power escalation rate/yr.
1.500/0

Limestone escalation rate/yr. 2.50%
Labor escalation rate/yr, 4.00%

II Repair and maintenance escalation rate/yr, 4.00%
g Ash disposal escalation rate/yr, 4,00%

"Red hag" disposalescalation rate/yr, 10.00%
._ II General waste disposalescalation rate/yr, 6,00%

III Testing escalation rate/yr, 3.00%
" Interest rate 7,00%

!
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TABLE 33

SCENARIO #1 H

studi

COST
mm_

EXISTING OIL/GAS FACILITY

VS. CFB UNOT i
l

(INFLATED)
m

TOTAL COST PRESENT PRESENT I
CUMULATIVE VALUE VALUE ..

TIME SAVINGS FACTOR |
Year 0 ($1,143,446) 1,00000 ($1,143,446 i

Year 1 ($203,489) 0.93458 ($190,177) lib
Year 2 $213,843 0.87344 $186,779 lib

Year 3 $221,235 0.81630 $180,594
Year 4 $242,118 0.76290 $184,711 i
Year 5 $264,605 0,71299 $188,660 i

]

Y )ar 6 $288,816 0.86634 $192,450
Year 7 $314,881 0.62275 $196,092 i
Year 8 $342,940 0.58201 $199,594 a
Year 9 $373,146 0.54393 $202,966
Year 10 $405,861 0.50835 $206,217 i
Year 11 $440,663 0.47509 $209,356 U

= Year 12 $478,342 0.44401 $212,389
Year 13 $._18,904 0.41496 $215,327 BI
Year 14 $562,572 0.38782 $218,175 !1
Year 15 $609,588 0.36245 $220,943

Net Present Value $1.480.631

BI
COST SCENARIO #1 i

EXISTING OIL/GAS FACILITY

VS. CFB UNIT i
m

(CONSTANT DOLLARS)

lm

TOTAL COST PRESENT PRESENT i
CUMULATIVE VALUE VALUE mm

. TIME SAVINGS FACTOR (_ i

= Year 0 ($1,143,446) 1.00000 ($1,143,446) I

Year 1 ($226,064) 1.00000 ($226,064) i
Year 2 $171,23I 1.00000 $171,231 I

. Year 3 $158,731 1,00000 $158,731

!
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I TABLE _3

, (CONTINUED)

! ,
TOTAL COST PRESENT PRESENT

I CUMULATIVE VALUE VALUETIME SAVINGS FACTOR ($)
1

I Year 4 $158,731 1.00000 $158,731Year 5 $158:731 1.00000 $158,731
Year 6 $158,731 1,00000 $158,731

I Year 7 $158,731 1.00000 $158,731Year 8 $158,731 1,00000 $158,731
Year 9 $158,731 1,00000 $158,731
Year 10 $158,73_ 1.00000 $158,731

I Year 11 $158,731 1
000000 $158,731

Year 12 $158,731 1.00000 $158,731
Year 13 $158,731 1,00000 $158,731

I Year 14 $158,731 1,00000 $158,731
B1 Year 15 $158,731 1.00000 $I58,731

I

I Net Present Value $865,219

TABLE 34

COST SCENARIO #2

I EXISTING OIL/GAS FACILI_VS. CFB UNIT

I (INF_TED}
_
=J1

TOTAL COST PRESENT PRESENT

I CUMULATIVE VALUE
VALUE

TIME SAVINGS FACTOR ($)
_m

I Year 0 (_9,824) 1.G0000 ($389,824)
Year 1 _9,_ 0.93458 _,_
Year 2 $225,111 0.87344 $196,620

I Year 3 _,141 0.81630 $191,128
I Year 4 _,_ 0.76290 $191,399

; Year 5 $268,686 0.71299 $191,569
• I Year 6 $287,605 0.66634 $191,643

1 Year 7 $307,710 0,62275 $191,626
Year 8 _,073 0.58201 $191,524

1 Year 9 _1,770 0.54393 $191,_
1
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TABLE 34 I

(CONTINUED) I

TOTAL, COST PRESENT PRESENT m
CUMULATIVE VALUE VALUE i

' TIME SAVINGS FACTOR

Year 10 $375,882 0.50835 $191,079 i
Year 11 $401,493 0,47509 $190,746

i

Year 12 $428,695 0,44401 $1_,_
Year 13 $457,583 0,41496 $189,881 i
Year 14 $488,261 0.38782 $189,356 m

Year 15 $520,835 0,36245 $188,774
BI

Net Present Value $2,333,502 i

SCENARIO #2 i
L

EXISTING OIL/GAS FACILITY
am

VS. CFB UNIT i

(CONSTANT DOLLARS)

I
TOTAL COST PRESENT PRESENT
CUMULATIVE VALUE VALUE

TIME SAVINGS FACTOR (5) li

Year 0 ($389,824) 1.00000 ($389,824) i
Year 1 $33,280 1.00000 $33,280 m
Year 2 $192,341 1.00000 $192,341
Year 3 $185,341 1,00000 $185,341 D
Year 4 $185,341 1.00000 $185,341 N
Year 5 $185,341 1.00000 $185,341
Year 6 $1_,_1 1.00000 $1_,_1 i
Year 7 $185,341 1.00000 $1_,_1 =
Year 8 $185,341 1.00000 $185,341
Year 9 $185,341 1.00000 $185,341 i

Year 10 $185,341 1.00090 $1_,_1 i
Year 11 $185,341 1.00000 $185,341

lm

Year 12 $1_,_1 1.00000 $1_,,_1 i

Year 13 $1_,_1 1.00000 $1_,_1
Year 14 $1_°_1 1.00000 $185,_1 I

Year 15 $1_,_ 1 1.00000 $1_,_'1

Net Present Value _.245,2_ i

!
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I Followingare some additional comments concerning these evaluations,

• The cost saving_ associated with steam generationfrom the CFB is com-

I puted by applyingthe hlstorical coststo proc;ucethe same quantityof
steam withthe existinggas/oil unitsagainst the coal, llmsotone, and ash
disposal costs projected for the CFB,

I Additional labor for Scenario #1 reflects hiringoi'four (4) operatoro for the
CFB, in Soenarlo #2, the additionallabor is reduced to two (2) operators
based on the assumptionthat two operatorswillbe required with a newm

_ I gas
incinerator.

f

• Additionaltesting resugtsh'om periodicanalyses of ash and stack gases

I withthe CFB havinga higher co_t to larger quantity
due the of ash

generated compared to the gas incinerator,

I • Bothscenarios reflect income based on a fee of $0,30 per pound for in.
clneration of infectiouswastes from the Good Samaritan Hospital, This

'. iii rate excludes the cost for transportwhich is included in the rate appliedii for outsidedisposalof the VA Medical Center's infectiouswaste in
Scenario #1.

I ,, lne general waste disposal savings in Scenario #1 considers the
capability to incinerate the VA facilities' non-infectiouswaste in the CFB

i unit. This savingsis eliminated in Scenario #2 based on the assumptionthat general waste can also be disposed of in the gas incinerator,

I = Escalation rates were establishedthroughevaluationof CPI trends alongwith assessment of impacts related to increasing costs of waste disposal
= due to more stringentregulations,

-! • The coal price represents a bituminouscoal utilizedin tile combustion test
program, With modificationsto the materials handlingsystem, the smaller

, BI sized anthraciteproducts could be used and represent a competitively
II priced fuel supplyoption,

The capital investment in Scenario #1 represents 50% of the cost for' design,

- fabrication, installation,and monitoring (one year) of the CFB unit as shown in Table 35,BI

= I Included in the capital cost are: coal receiving facility;100 ton coal storage silo; 50 ton
limestonestorage bin;and two 10 tonash storagebins. In the second scenario, the $600,000

-- I capital investment is the cost differential between the CFI:3unit and a state-of-the-art gas
incinerator,
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, TABLE 35 I
ESTIMATED COST ,FORDESIGN, FABRICATION,

INSTALLATION, AND MONITORANG
Ii

COMPONENT COST

Shredder Purchase/Testlng $t21 480 I
Shredder Move to Lebanon 15000
Fans and Blowers 25 500 tl
Baghouse 18,000 i
Circulating Pump 4 200
StartupBurner 3 000 lm

Valves and Dampers 17 300 IB
Gas AnalyzersJCondttioner 54,100

m

Control Room 8°500
Controls/Computer 45,000 I
Instruments 16,000 i

Combustor,Cyclone, and CoolingBed 127,400
Ducking 7,500 ii
Piping _ 7,700 II
Botle_ 9,000
insulation 13°800
Refractory 96,700 ii
Chimney 9,400

Paintln§ 8,500 ICoal, Limestone,and Ash Storage, Handling
Feed; Site Preparation; Foundations;
Steelwork; Building;_.lectrical; li

. and Installation 563,000 I!
Contingency _ 48,700

,, G&A :_,08,636
il

Subtotal Equipment $1,528,416

Engineering Design, Procurement, I
and Commissioning $1,043,465

BB

Permitting and Coal, Limestone, il
and Ash Agreements $142,432 IB

One Year Test Program 488,639 I

Report Preparation 20,.243

' ISubtotal Englneertng/l"esttng $1,694,779

Total Project $3,;_23.195 ml
Ii
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I
I Based uponthediscountedcash flowanalyses, thecirculatingfluidizedbed combus-

tor appro_.choffers the Lebanon VA Medical Center a substantialcost savings under both

! ,scenarios evaluated. Scenario #1 will result in a payback of the initial$1.6 million in nine

(9) years witha $1.48 millionin additionalbenefitsduringthe next15 years. Under Scenario

I #2, the incrementalcapitalof $0.6 millionhas a three (3) year payback withmore than $2.33
millionreturn on investmentover the 15 year period.

I The cost for ash disposal represents an area of uncertainty. Proposed regulationswill place greater demands on landfills concerning the suitabilityof materials. The U.S.

Environmental ProtectionP,gency has expanded the ash testing requirementsfor ali states

I beginningSeptember 25, 1990. Specific requirementsappeared in the "Federal Register"
on March 29, 1990. In place of testing for EP-Toxicity, ash will require the new Toxicity

I Characteristics testing for hazardous waste determination. The Toxicity Characteristic
Leaching Procedure (TCLP), which utilizesa more aggressive leaching solution,replaces

I the EP-Toxicity test. The number of parameters to be tested has increased to 39, including25 new organic parameters added to the eightmetals, four insecticides,and two herbicides.(

' 1 Comparison economics have an ash disposal cost of $15 per ton. This valueJ

I r_presents a conservative cost for back haul and disposalat a permitted stripmine landfill.

At the present time, utilityoperated power plants and cogeneration plants are utilizingthese

_m sites as cost effective locationsfor ash disposal. Althoughthe bulkof the ash generated at
raBBI

A
,i i

'_ the Lebanon VA Facility will come from the coal and bed materials, there is no assurance

I that DER willallowdisposal at these low cost landfills. A sensitivityanalysiswas performed
to evaluate the impact of increased ash disposal costs on the project economics. The

i economic scenarios were runwithash disposalcosts of $30, $35, and $40 /ton. Table 36presents the resultsof the discountedcash flowanalyses.

I TABLE 36
ASH DISPOSAL COST

' I SENSITIVITY ANALYSIS (ESCALATED)imlmm

YEAR NPV $ X 10 e NPV$ X 10 e

I S/TON SCENARIO #1 SCENARIO #2

$15 1.48 2.33

$30 1.19 2.05$35 1.10 1.95
$40 1.00 1.86

ii
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As can be seen, the incremental ash disposal costs do have a significanteffect on the net n

present value (NPV). However, even at $40 per ton, both scenarios show distinct cost i

advantages for the CFB unit. i

!
N
!
!
!
I
!
!
!
!
!
!
!
!
n
U
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I CONCLUSIONS

I a waste crisis, Many older hospital wasteH OSpita_S

are experiencing management

incinerators cannot maintain stable temperatures and resident times necessary to completely

I destroy toxic substances. The number of landfills able to safely handle these substances is
limited and decreases each year, Improvements to existing disposal methods as well as

I development of new technologies are necessary to remedy the hospital waste disposal
problem.

I Hazardous waste disposal in industrial boilers and the potential of using a circulating
fluidized bed combustor for destroying hospital wastes were surveyed, Circulating fluidized

i bed combustors can meet the stringent permit regulations of the Environmental Protection
Agency for hazardous waste incineration which is 99.99% destruction of hazardous

i chemicals and 99% retention of acid gases, The combustion of hospital wastes shouldbehave similarly to hazardous waste combustion. A coai-,fired fluidized bed combustor

cofiring small quantities of hospital waste has the potential to meet standards equivalent to

I those for hazardous waste incineration in a clean, efficient, and economical manner, The

simple design of circulating fluidized bed combustors uses high turbulence in the reactionlm,IB

I zone that allows lower operating temperatures compared to industrial boilers. Proven

performance combusting industrial wastes includes: combustion efficiency > 99.99%; HCI
mB

" I capture > 99%; no scrubbers or wet sludge product; no afterburners or auxiliary fuel; waste

volume reduction up to 40 to 1; highest boiler efficiency in the industry; and NO_ and CO

I emissions < 100 ppmv. Destroying hospital waste a
in coal-fired fluidized bed combustor

offers potential for in-bed capture of chlorine-containing compounds based on a survey of

I literature and thermodynamic calculations. The theoretical approach was appropriate to
establish baseline data and predict fluidized bed combustor benefits; however, pilot-scale

I testing was necessary to confirm actual performance.
Chlorine-containing drugs were surveyed to determine possible model compounds for

I use in circulating fluidized bed combustor testing. Chlorine is chemically incorporated into
the structure of drugs in five ways. Therefore, five model compounds were selected for

_- l testing. The structure type and model compounds follow:
IB

i 1° Aliphatic carbon (2-Chloroethyl) benzene- Amine hydrochloride Benzyltriethylammonium chloride
Aromatic carbon 2.Chlorobenzoic acid

ml
II
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li

Ionic Potassium chloride i
Vinylic carbon 1-Chloro-2.methylpropenea

!
A conceptual waste handling system was developed for introduction of hospital wastes

into thecombustionchamber withoutcontaminationor posingunduehealth risks to operators. Bni
Prior to conceptual design, solid waste handling, storage, and transport regulations were

investigatedand existinghospital waste management techniques were evaluated.
iMedical waste is regarded by the public as a high priority issue and, in turn,

lawmakers have made hospital waste management a priority. Federal guidelines fall into the
IIcategories of segregation,packaging, storage,transport,treatment,and disposalof infectious

waste. Additionally,the states are generally tighteningcontrol of infectiouswaste disposal i
through regulationsenforced by considerable fines for noncompliance.

Pennsylvaniawas chosen as the hoststateof the AFBC proof-of-concepttest facility. a
Therefore, current Pennsylvania regulations were considered although changes in present i

requirements and standards are imminent. Similar to Federal guidelines, Pennsy!vania i

regulates storage, handling,and disposal of infectiousand chemotherapeutic waste as well H

as operating requirement guidelines for waste processing facilities.

requires waste stream particles no !arger than two-inch-minus of feed i
The AFBC unit

size. Therefore, a size reduction unit will be integrated with the combustor and incorporate

sterilization, i
The DONLEE Technolo§;us' AFBC demonstration unit was chosen for pilot-scale

testing prior to installationof a proof-of-conceptfacility. Design modifications were completed Im
before testing began. The improved DONLEE CFB design has the following distinguishing

features: I

• A major portion of the combustion air is introduced under the _,
fluidized bed as the remaining part is injected into the bed (as =
fuel transporting air);

• The excess heat generated during combustion is mainly R
extract,ad by the heat exchangers installed in a cooling fluidized

bed adjacent to the main bed;
B

• The solids carried out of the main fluidized bed are recycled
after being captured by hot cyciones into the main fluidized bed
via a partitioned ai_ sluice; and i

I

!
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I
I • Good sulfur capture efficiency is maintained by controlling the

temperature difference between combustor exit and fluidized bed
throughmean particle size and superficial velocity to sustain the

I necessary Suspensiondensity,

I Prior to combustion of hospital wastes, 22 test runs of two hours duration were
conducted to test the effects of: upper combustor velocity and exlt temperature; CalS molar

I ratio;excess air level;main bed pressure drop and stolchtometricratio; and load level, Aftercompletion of preliminarytests, surrogatewaste testswere performed, Conclusionsof the

i testing procedure are summarized below.

I • Combustion efficiency is not sensitive to upper combustorsuperficial velocitywithin the range of 10 to 13.5 ft,/s.

• A combustor operating temperature of 1,800°F gives high

I combustion efficiency(> 97%), good sulfurcapture (> 85%), and
low NO. emissions( < 150 ppm).

I • Combustionefficiencyis not sensitive to excess air level withinthe range of 25 to 45%.

I • Combustionefficiency is not ,_ensitiveto main bed pressure dropwithinthe range of 20 to 30 inches WC,

I • A main bed stotchiometric ratio of 1'1 gives high combustionefficiency (> 97%), good sulfur capture (> 85%), and low NO,
emissions (< 150 ppm).

I • Good sulfurcapture (> 85%) is obtained with a calcium to sulfur
molar ratio of 3:1 or less.

I •, Stable low load operation at 20% of full load heat input can be
achieved.

" I • Controlled, continuousfeed, rather than slug feed, of the hospital
waste is required.

i

I • Feed rates of 10 Ib./h of broken glass and 10 Ib./h of metal= shavings did notcause any bed agglomeration problems,

I • An average of 50% of the infeed chlodne was captured in thecombustion system.

=!
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• With respect to chlorine capture, no trends could be discerned ==
related to either the operating temperature, waste feed rate, or

the type of coal. I

• When firing hospital waste, the SO2 emissions were always
below the 1.2 lh./108 BTU/h NSPS limit for small coal-flred n
boilers, a

• The NO. emissions were always well below the 1 lb./10e BTU
NSPS limit. |

• The CO emission levels were marginal when compared to the I
PA DER limit of 100 ppm for medical waste incinerators. =

• The HCI emission levels are of the same order of magnitude as a
from medical waste incinerators without flue gas scrubber l
systems, A scrubber will be necessary to attain the PA DER

limit of 30 ppm for medical waste incinerators, l
I

• The highest dioxlntfuran emission level is about half of that
permitted by PA DER for the Hershey Medical Center
incinerator, and an order of magnitude less than the latest i
preposed limit for the State of California. u

• The dioxin/furan emission levels are two to three orders of i
magnitude less than those fi'om selected medical waste =
incinerators without scrubbers,

IlO

• The ash from the unit meets the requirements of the PA DER i
Form 41 and the E,P, Toxicity test. lt does not require a

hazardous waste landfill for disposal, i
BB

• The reference surrogate waste feed rate was equivalent to an
infectious waste feed rate of about 50% of the total heat input, mm,
This compares to the originalconcept of 10% of total heat input. ,_. I

n

Consideration of test results provided a high level of confidence that proposed n

techniques tor waste disposal in a proof-of-concept plant will be successful. The Lebanon

VA Medical Centel in Lebanon, Pennsylvania was the selected site for a full scale hospital i
n

waste disposal facility conceptual design and cost estimate. A cost/benefit analysis was

developed for two scenarios available to the Lebanon VA facility, Scenario #1 assumes that !
ali

compliance with more stringent state regulations for disposal of infectious wastes is achieved

by contracting with an outside service such as a regional incinerator as compared to the i
I

installation of the CFB unit. Scenario #2 evaluates the cost to purchase, permit, and operate

I
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I
I a new gas incinerator at the Lebanon VA facility as compared to the installation of the CFB

unit, The analysesshow a definite costadvantagefor the use of the CFB unitat the Lebanon

I VA site for both scenarios.
Scenario #1 will result in a payback of the initial $1,6 mtlllon tn nine (9)years with a

I $1,48 million in additional benefits during the next 15 Under Scenario #2, theyears,

incremental capltal of $0,6 million has a three (3) year payback with more than $2,33 million

I return on investment over the 15 year period, Ash disposal costs used for thls analysis were
conservative ($15) based on proposed regulations, However, even at $40 per ton, both

i scenarios showdistinct cost advantages for the CFB unit,

i
!
!
!
I

I
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I
ON-GOING INVESTIGATIONS I

In order to complete Task 2 ,, Develop Waste Handling System, addltiona_work is I

continuing. Newlyproposedinfectiousandchemotherapeuticwastemanagementregulations II
appeared in the "Pennsylvania Bulletin" on April 14,+1990. These regulations concern II

permitting and operation of medical waste Inolneratlon facilities including handling of lm
processed waste, The new regulations must be reviewed for how they relate to the waste

handlingsystemwhichwasdeveloped, Includedwithinthe regulations are new criteria which iii

mustbe met, The resultsof Task 4 combustiontestsmustbe assessed for the abilityto meet I
new criteria.

will be held with the Department of Environmental Resources (DER) !Meetings
Ill

representatives of both Bureau of Air Quality and Bureauof SolidWaste Management, During

these meetings, appropriatepermit forms will be gathered, At the same time, DER will be i
advised of the project concept and possibilitiesfor future development,

Permit related evaluations will be performed to ensure compliance with ali existing I
III

requirements, Ali relevant permit forms will be initiated. This includes items such as

dispersion modeling and demonstration that the new source is justifiable as a result of II
IB

economic or social development.

Task 4 - Combustor Development and Testing requires additional work prior to II
IIcompletion. As previouslystated, a detailed analysis of combustion test results must be

conducted for comparison to new criteria established,
IIAdditionally, the shredding system will be investigatedin detail. The hospitalwaste

' shredding system willbe designed withstrictand detailed specificationsfor a bid package. !!
Competitive bids fitting the specifications will be obtained. Based on the bids received, a II

shredder system willbe purchased and delivered to the pilot plant, lm
Drawingswillbe created showingthe shredder system installationincludingany pilot BI

plant modtl_atlons necessary to complete the installation. Ali necessary materials
in

(steelwork, refractory, electrical equipment, etc,) will be purchased, then '_e pilot plant will I

be modified, and the shredder system will be in,tailed,

i_lstallation,the shredder systemwill be tested for operational reliability, Non- I
After

infectious waste material willbe shredded for a testdurationof 100 hours.

Prior to completion of Task 5 - Conceptual Design and Cost Estimates of Full Scale, I
Proof-of-ConceptFacility,numerousactivitiesmustbe performed, Stack gas and ash testing

!
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i
l procedures may need modifications to comply with new regulations, Other necessary

modifications include changes to the material proc,esslngand feed system as well as other

i components of thecombustion specifications package generated
unit, A detailed willbe and

reviewed for ali equipmentand services, included In the specification package will be the

I following,

I • Fans and blowers• Dry injectionfabricfilter
• • Circulating pumps

I • Chimney• Coal storage, handling,and feeding
• Limestonestorage, handling,and feeding

I e Ash handling and storage (includingcoolers)
1 • Start-upburner

• Valves and dampers
• Emission monitoringequipment
• Control room
• Instruments
• Ductingand pipingn

1 • Heat recovery boiler, economizer, and sootblowers
l

• CFB combustor,cyclone, and cooling bed
• Bed material cleaning system

• I • Controls/computerpackage• Controls installation
• Steelwork,stairways,and platforms

m • Electrical equipment and installation• Vendor equipment installation
• Site preparation and fou.dations

I • Plant enclosure and utilities• Painting
• Insulationmaterials and installation

- 1 . Refractory materiaasand installation

i More detailed designs for installation of the proof-of-conceptsystem at the Lebanon. VA Medical Facilityare necessary, Process and performance design calculations must be

_= conducted for a 20,000 Ibs./hr, facility Combustion and steam generation system process

I flow diagrams and arrangements drawingsof CFB combustor,cyclone, and cooling bed are

also necessary,

_!
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i !
APPENDIX A - SPECIES INCLUDED IN DATABASE i

Species

Gas (O_ Liquid _ _

Na A1203 A1203 i
K A16Si2013 A16Si2013 i

02 CaA12Si20 CaA12Si20
S Ca2A12SiO Ca2A12SiO i
C12 NaA1SiO4 SiO2 II
H2 NaA1Si3OIt Na2SO4
Na2SO4 Na2SO4 Ca.A1204 i
CO Si07. CaSO4 II
CO2 CaSO4 CaSiO3
SO2 CaA1204 NaC1
SO3 Ca2SiO4 CaC12 /
HC1 GaO KA1SiO4 i

NaOH CaSiO3 KA1Si206
H20 CaC12 KC1 li
CC10 NaC1 l
C1202S NaOH
ClS K2SO4

SiCl4 KAISi308 i
K2SO4 KAISiO4
KOH KCI

, H2SO4 KOH
i

!
!

i

|
!
!
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i ' APPENDIXC _/21/a8

I BF.ST AVA.YLASLE TE_O_XX_AND
127 PLA_ _PROVAL C_TJ_/A

FOR

I sosPZT IZ rzcmzous

0

This document specifies the plan approval re_Airements tor
hospltal/infectious waste incinerator _acili_les includin_ Best

I Available Technology (BAT) as re_'_iredby 25 Pa. code i_7.12(a)(5).This document As not intended tc be a comprehensive listin_ o_ the
chapmer 127 =e_uirements. Rather, lm elabcrames on selective

i ;movlsicns o_ Chapmer 127. The applicable ca;acimy =e_ems mo m_efacilimy :amber than mhe individual unit. However the emission
' limitations a:e appllca_le mo individual unims.

I This c=iteria As nem appllca=le mo cmematory incine=atcrs orinclnurato=s iocamed in any hosplmal or in any medical care _acili_Y
if mbe unlms wall be used to inclne:a=e only _enemal refuse, _r=vi_ed
_hat mbe applicant demons_rames uhA_ the ;=oposed incineramor will

I burn only _enemal refuse and the infectious, hazardous, and
, chemcmherapeumlc wasmes will be segregated anl _ispcsed of

satisfactorilY. The pe.-_ni_tlngc_itmria for such inclnera=ors will _e

I _emermlned on a case-by-case _asls inco_;=_am_n_ the =e_ui:emenms o_this Crlmerla as apprc_riame.

This Criteria wall be periodically revised as conmmol techno!oTI

J A_nprcves.

' _n addition to these a_plica_le pelleting _eq_Airements,

I facilities capable of bu=nlng hospi_al/infecmious was=es am :ames= _reater than or e_ual to 50 tons _er day shall also meem the
permituin_ cmlmerla esta_llshed for munlci;al wasme inclnera_ion an_
resource recovery facilities capable of burning municl;al wasmes a_

J :ames _reaue_ than _r e_ual to 50 mcns per day.

I _NCZNE_ATO_ - An_ device specifically designe_ to _rovlde mbe
conmmolled con_ustlon of wastes wlmh mbe products of com_usmlon
di=ecued mo a flue as defined at 25 Pa. Code Secmlon 121.1.

I HOSPZTA&WAST_ - Wasmes generated in any hospital o= any healmh ca:e
faciliay o_ any pathological was_es (except for human and animal

i =emalns burne_ in a crematomy incineramcr), chemotherapeumic wasmes or" infecmlous wastes gene_amed in any facillm¥.

I
- 151-

-!
i



I

i
IHTECT_OUS WASTE - Was=e =ha= contains oc may con=ain any disease
;:oducin_ mic:oc:_anism ac ma_e:ial. m

Infectious was:es include, _u_ ace no= Iimi_ed _o, =he _ollowln_:

(a) Those wastes _ha_ ace _ene:a_e_ _ haspi_aIA:ed patients w_o _ m
ace isolated in sepa:ame :ccms in code: =o pccmecm o:he:s _::m _hez= I
sevece and communicable disease.

(b) Ali culcu:eI and stocks of etiologic a_en=s. I
m

(c) Ali waste blood and blood producms.

(_) Tissues, c:_ans, body pa=Cs, blood and body fluids :hat a:e B
removed du:ing sur_emy and autopsy, and oche: wastes _eneraced _y g

su:_ery cc aumo;sy of septic cases oc _acienCs wAch infectious

diseases. I
(e) Wastes _haC we:e in contact wi_h _athogens in any W_e of

labc:aco_'_ wo:_, including collection conga/he:s, culcu=e dlshes,
slides, _laces and assemblies lo: dia_oscic tests: and dsvlces used
_o =:ans_e:, inoculate and max cul_u:es. m

(f) Sha:';s, including h_'_cdemmlc needles, sucu.ceneedles,
dls_osable :azo:s, sycin_es, ;asceu.c pi_ecces, boo,en _las_ and |
seal;el blades.

(g) wastes _ham we:e in contact with _hs blood of _aciencs
uhde:going hemcdial_sis a_ hcs;i_als oc inde;sndenC _:eacment cen_e:s.

(h) Carcasses and body ;a:=s of all an_als which we:e ex_osad I
c¢ zocno_ic _acho_ens. |

(i) _nLmal bedding and oche: wastes ¢hac we:e in contact wi¢h
diseased o: labo:aC¢:'_ :esea:ch animals oc _hei: exc:ecions,
sec:e_ions, ca:tassel, o: body pa_=s. M

(_) waste biolcgicals (e.g., vaccines) _:oduced by I
phaz'maceuclcal companies f:: hu.,mano: ve=e:ina=Y use. I

(k) F_od and oche: ;:oduc_s cham ace dlsca:ded because of

c=n_amAnacAon wi_ etiologic a_encs. I

(l) Oisca:ded e_i_z_en= and eqNA_ent _a:ms that ace

, contaminated wlt_ etiologic agents and ace to be disca:ded, l
l

_O'_RA2_,IT_C WASTE - All waste :esulming f:om the p:=ducmion o:
use of antineoplastic agenms used f=: _he ;u.c_cse of smopplng o:

:eve:slng the _:owch of mallcnanc calls. Chemcmhe=a_eutic waste shall I
no= include any waste conmaining antlneoplas=ic agents chs= a=e lis_ed
as ha:a:d¢us waste u.nde: 25 _a Code Section 75.261 (:elacin¢ mc

c:i_e:la, idenciflca=ion, and lis=in_ o_ hazardous wasme).

-. 152 -

!



!

l
i

HOSPZTAL/ZNTECTZOUS WAST_ _NCZNEKATOR FACZLZTY - Any com_ina_Lon oX
hosplmal/in_ecmious wasme inclne;amors Iocame_ on one o= more

l conmi_uOus or adJacenm prope;mies and which is owned o: ope:a_ed By
_he same person o_ by pe=son_ under common con_:ol.

l CKEMATORY ZNCZN_ATOR " Any incinerator de,lgned an_ used solely _o:_he burnin_ o_ human remains or animal =emains.

I u_A-T _v _.T. ,_c_oum'z. _._ouzzzmm_s

I 1. FacilA_.les wi_ capacity !_O0 1Ms/_:

a. parmicula_e mam_er emissions shall nem excee_ 0.08 _rain _e:

_'7 smanda:d cubic _oom o_ exhausm gas, c_rrecmed _o 7% o_.
b. Ca=ben monoxide (Co) emissions shall nem exceed i00 _pmv,

hou=iY ave=a_e, c_=recme_ mo 7% 02 on a _=¥ basis.

I c. _?_:ochlo=ic acid (HCl) emissions shall ncm exceed 4 l_s/h=
o=, shall _e :educe_ by 90% (_y wei;hm) on an hou=l_ basis.

I _. Visible aL= conmaminanms shall nem _e emimmed in such a
manner _ham mbe o_acimy c_ mbe emissions is e_ual _o o=
_=eamer mhan 10% lo= • _erlod o= ;e:!oAs a_;=e_amln_ more

I mhan 3 mAnumes in any one hou:; o= e_ual _o o: _:eame: mnan
30% am any marne.

I 2. FacilA_ies vi_.h capacity >500 lbl/h= and £2000 lbl/h::
a. Parmiculame maimer emissions shall nem exceed 0.03 _raln per

_r_ smanda=d cubic fco_ o_ exhaus_ _as, co:teemed mo 7% 02 •

- 1 b ca=Men monoxide (co) emissions, as me•su=cd am a Soc•mien
u_sm=eam c_ mbe conmrol _evlces, shall ncm exceed 100 _pmv,

" I hcu=iY average, co==ecmed mo 7% O2 on a _:y _asis.
c. _y_chlo_ic acid (SOl) emisslous shall nem exceed 30 _;mv,

hourly ave=a_e, co:recmed _o 7% 02 on a _:Y basis_ or, shall

I be =educed by 90% b_ wei_hm on an hourly _asls.

d. Sulfu2 dioxide (SO2) emissions shall nem exceed 30 ;pmr,

h_u_l¥ ave=a_e, co=roomed _ 7% 02 on a dry basis; c= shall_e =educed b? 75% (by wei;hm) on an ei_hm-hou_ _asls

l e" VlSi_le air conmaminan_s shall nem be emlmmed in such a

I r_.,'_e= _ham mbe o;acim¥ _ mbe emissions £s eq_Aal m_ o=

=l
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_reater than 101 _or a pe_Aod or _er_ods a_re_a:!n_ mo:e i
than 3 manures An a_y one hourj or equal to or qrea_e_ :_an
30_ at any tame.

S
3. Facilities wi_h capacity >2000 l_s/_,_:

a. Par=icula_e ma_er emAsslons shall not excee_ 0.015 _:a!n i
per d_-zs_anda:d cubic _oat a_ exhaust _aa, ca=recked to 7_ B
02.

b. Ca=ban mancxide (CO) emissLons, as measu=ed at a Ioca_A=n n
u_st_eam o_ the ¢_ntrcl devices, shall nat excee_ I00 ppmv,
hourly average, c_r_ec_ed to 71 02 cn a d_ basis. n

c. H_drochl_ric acid (HCl) emissions shall nam exceed 30 ;;my,
hau_iy average, co_=ecmed to 71 02 on a dry basAs_ or, s_A11
be reduced by 901 (by weA_h_) on an hou_iY basAs. |

d. Sul_u_.dAox_de (SO2) emAssions shall not excee_ 30 ;_mv,
hourly average, c_r:ec_ed _o 71 02 on a d:-ZbasAs_ or s_A11

be reduced by 751 (by weA_ht) _n an ei_h_=hou_ basAs.

e. C_m_us_Acn e_!ciency (C.E.) shall be at leas= _9.9 ;ercen=
on a hou_l_ basAs, com_uted as _=ll_ws_

x 100 i

[CO = Concenm:atLon a_ carbon _¢n=xAde

_. visLble air c_n_aminants shall not be emi_=,ad in such a
manne_ mhat mbe opacimy o_ the emissions As equal to or

than I0_ _o_ a period o_ periods a__atAn_ more
_eamerm4nu_e smhan 3 in any one hau_:_ o_ equal _o or _eamer mhan
30_ at any tLme. |

M

, I. The seccnda_Z cha_er shall be maintained at a _empera_ure a_
1800o_. The temperature o_ 1800°F shall be maintaAne_ _ar a:

leas= 2 seconds vlt_ a minlmum seconda_! cham_e: resA_ence tame jj
o_ I secon_. The duc:inv be:ween the seconds.'-=chamber and hea: Bl
_ecove_'Fsystem or the breachAn_ and a pc:_ion o_ :he stac_
(ter_Aa:-zcha_er) may i_ desA_ed, be Ancluded _or the _esldence

tlme demcns_atA_n. The te_e_ature exAtln_ the te_mAa:_ cha_er |
shall be main_aAned at 1800 Y. A the_ocouple shall be
appropriately locamed to c_nfimm the temperature. The auxiliary
(secondaA_zand _er_ia_} burners c_ _he incinerator should be
desi_e_ such the= wlthcu_ _he assAs_ance o_ the hea_ c_n_ent o_
the was=e, a minAmum temperature c_ 2000°F can _e maAn_aAned _o:

a_ leas_ 2 seconds, i
.
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I 2. The flrlng of the burnecs an_ mbe com_usmAon aic shall _emodulated au_cma_ically _o maintain a secondary ¢haJn_e:ex_.".
mempe:amure of l_00°F.

I 3. The incinemamo: Shall be equi_pe_ wimh an au_cmami= 1oa_e: excel'.for unims wi_h capacities less mhan om equal _o 300 l_s/hm an_
e_uippe_ wimh mbe inme:loc_s specifie_ in pa:a_:aph _.4. JIa,e em _ _._

Howeve:, • sealed fee_in_ _evice capable of p:evenmi.-._c.,,_us_.-._

I u;sems _u:in_ cha:_in_ will be :equi:e_ lo: =_e uni=s wi:h
capacimy less mhan ]00 lbs/hr.

i 4. For batch fe_ incine.'amcrs, i._merloc_s shoul_ be ;:o_i_-e_mOp_evenm cha_in_ unreal: (I) mbe secondary cha_em exam
mempecamu_e is esma_lishe_ a_ hol_i_ am 1800°F; an_, (_,) -.he
combustion cycle is c_mpleme.

i 5. Fo_ non-bamch fed incinemam_ms, =he ¢ham_in_ of wasme mo mbe
inclnemam_: shall aumam,_mica!ly cease mhrou_h mbe use o_ an

I in_:eml_ck sysmem if:
a. The i_ci_e_a_='s secondary =em;e_a_u_e d=_ps below 180_F

f_= • 15 minume pe:i.o_, _:

I b. The cambon m=noxi_e emissions ame equal mo o: _=eame: =hart
150 p;mv, co::ecme_ mo 7_ 02 _n a i_'Ybasis _c: • 15 mi_ume

I ;emlod, _m
c. The flue _;as _x'y_en level d_ps bei:w 6_ (we_ basis) _ a

I d. °i've_;aci_y _f :he visible emissi_r._ is equal _ _: _:ea_e:
o mhan 10% f_m a _e:iod of 15 mi_umes.

I
c'w_ 127 RE_REM_qT_

i C. A-_ien_ _Tmpac_ Analyses
Amble_ Im_ac_ analyses shall be c_nduc_ed fa_':a) a_senlc a_._

- compounds ; b) be_llium and com._cunds; ¢) cadmium and compounds; d)
I •) lead and c::mpounds; f) me:cu_yhexavalen_ _h_um an_ CO_G_'_dS

I expEessed as 2,3,7,8 ueu:achloE!_a_e_ di_enzo-p-dlcxin (TCDD)equivalen_ _ing _oxici_y equivalen_ fathoms (TEFs) described in
Appendix A. Using available emission faccocs, mbe emissions f_om mbe
facility shall be esmimamed and mbe anal_ses shall be conducmed b_

I ;erfo_uin_ dlsperslcn m_delin_ usin_ mbe facilimy's exhausm
cha_ac_e_ismics. The analyses shall Me c_nduc_ed in accordance wlmh
=he ;_ocedu_es smipulamed in _pendlx C.mn

|
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Zf :he application is subject to "Pceven:Aon of SA_nAficanc l
_e:ecioracAcn" (_SD) mequAremen=s, mbe analyses shall be conducmed Ln
acco:dance wi:h the "Guidelines on Ai: _ualAty Modeling" dated

Januamy, 1983 (as revised). The a;plAc_n= should discuss :he modeli.'._ I=equA:emenms wimh mbe Depa:mme._t ;:Ao: _o sta:mAn_ any modelAn_ smudy.

The analysis :us: show mha: ;:edlcmed c¢ncen::acions de no: Iexceed mbe followlnq annual a_:Aenm c_ncenmmamLans. Levels exceedlng
these concerto:amiens have _een detemmined by :he Depa:mmen: to _-e

u_accep:able. Ambient C=ncqnt:aticn lConmamlnanms . (_,:lm,A,) ..... ,

Amsenlc and compounds 0,23 x 10_
_emyllAum and c:mpounds 0.42 x 10 I
CadmAum and ccml;ound_ 0.56 x 10" 3
Hexavalen¢ Ch:cmium and compounds 0.83 x Z0-4

Lead and compounds 0.50 IHe:cumY and c:m;ounds 0.08
Nickel and compounds 0.33 x Z0"Z

PCDD & PCDF expressed as I2,3,7,8 TCDD eclmAAvalen:s 0.30 x 10°7

C¢mpllance shall be ve:ifled by s_ack sampling as desc=ibe_i in

paragraph F. Usin_ :he a:mual smack emission :ames, _he exhaust i;a:ame:e:s f:cm each test and the dispe:slon modelln_ :echni_ues
_;eclfied in :he a;_li:ati_n as a;_:oved by ::.eDe;a=mmen:, the
calculamed maximum annual a_ienm ccncenm:a: _:ns shall no: exceed mbe

a_ve levels. I

D. Moni_orln_ Requi:emen_s

:em_e:acu:e shall be con:AnuousAy measu:e_ an= :e¢_:=_,_. -- _
shall be locame_i suc_ :ha: flames f:¢m mbe buzners _o no: :.mp_.n_e cn

:he sens¢:s, i

:ncine:a:o:s wi_ a capaci:_ la:;e: :hen 500 lbs/h= shall be

ii a_so :e_uIEe4 foe facili=les w_ a ca;aci_y ;:es=cE =hart _: e_al l

:o 2000 L_s/_. IThe Depend.merit: :ese=ve= :he :i_h_ co ceq_:e mbe :wneE/opecacoc
=f facilimies wi:_ a ca_aci:¥ less caaa 2000 1Ms/b:, mo ins:all SO2

m_ni=ocs a= a =line al=e= :he Ini=lal compliance =escs i_ i= As decec- imane_ :o be necessa_'Y. The De_a=_men_ also cese=ves r2%ecigh_ _o _e-
_ui:e _acill:ies vimh • capaci:Y _:ea:e: _ 20D0 lbs/h=, co ins:all
HCl and SO2 m_nAc¢:s am an_ tame i! lc is dece=mine4:0 be necessa:Y.

,,._ ,,_ _,_ .._ _. m_i_rm, when :e_Ai:e_l, shall be co-loca=cd I

u_s::eam o :he aic !umion c:nm:¢l devices, z: :he ap_liCA_

I
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I wi_h and HCl emission 1imi:a_ions bY mee_n; :_echooses to comply sc2
75% and %0% reduction :equi:emen_, uhe SO2 and HCl monitors, when
Ee_ired, shall be located ups_Eeam and downstream f:om the ai:

I pollution cent=el devlce. Zf _he applicant chooses _o monA:=: :he :weiocaulons with a single de_ec_o:, the _wo iocauions should _e s_mpled
at an interval a=:epuable _o _he Department.

I Continuous moni_oEin_ shall be con_ucmed in accoEdance with 25 ?a
Code Cha;ter 139 and be ap;rove_ by the Deparument.

I The DeparU'nenm :ese:ves the fichu mo :e_uire, at a lamer date,the owner/operator :o _:ovi_e :elemetering o! conuinuous mcnA:=:_
_a_a to the De;armment.

I and Shu_-down Re_rementS
SCa,_c-up

No was:e shall be char;ed to the incineEatoE until e_Ailib:ium a_

I the recDAired _Lmperamume has been attained in the cha_ems. Thecontrol e_ui;ment shall be opera,Aorta! an_ _uncuionin_ ;roperl_ _rio:
to mbe int=oducuion o_ wasme into the incine=ato_ and until all the
_asues a=e incinerated.

I Du_in_ shum_owns mbe :equi:ed tem;eratures ame to be mainmaine_
in mbe cham_e_s usin_ auxiliary bumne=s unuil the wastes a_e

i ccm;letely com_us_d.
_etailed _ro_ume _om normal sysmem s-amu-u_ an_ shuu-_own

shall _e su_itted as a _a_ o_ the a;_licam_:n fom a;_rcval inclu_in_

I t_e duration c_ ;reheat and _urn-out cycles.

F. Tesming Requiremenms

i I. Facilities wig.h capacitor500
IMe/_:

Source tests shall be c_nduc_ed for: a) _ar_iculate ma_e_; b)

I HCl; c) CO; _) arsenic and c_m_cun_s (e_ressed as a=senic); e)beryllium and compounds (e_messed as beryllium).; f) cadmium and
c_m;cunds (er_esse_ as cadmium); g) he_avalent chromium and compounds
(expressed as chromium); h) lead and compounds (expressed as lead); _)

l as me=cu_); _) nickel and c0m_oun_smercury and com_oun_l (ex;ressed
(ex;_esse4 as nickel); and _) _CDD and _CDF (ex;=essed as
2,3,7,8 TCDD e_Aivale_s).

i The Deparumen_ reserves the Eight _o _e_iEe the owne: o:
- o_erato= to conducm _urthe_ sou=ce tests at any time if lt As

_etecmined to _e necessa_TbY :.heDepa_u_ent afte_ the initial

i compliance tests.

2. FacUlAe/es wlmhcapacit-_ >500 iMs/hz and!2000 IMs/hz:

i Source tesms shall be ccnducte_ fo_: a) ;armiculate maimer: b)
_i; c) CO_ _) 502; _) -;_=-l- -+,,_ - .... • -+--- -_
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f) beryllium an_ compounds (expressed as be:711Aum); q) ca_mA,=m a=_
c=mpounds (expressed as cac_nAum); h) hexavalen= ch:=mZ'Am and ==mFc_Is l
(expressed as ch:omAum); A) lead and compounds (ex_=essed as lead): :)
mercu:y and compounds (expressed as me:cu.-7); k) nickel and --,,_-,,_s_----'-_m
(expressed as nickel); and i) PCDD an_ PCDF (ex;ressed as 2,3,7,8 -::: |
e_AAvalen=s).

The cwne: or c;e:a_or shall ccnducm source _es_s am any _ime o:
inmerval c_ mime as may be prescribed by mbe Deparmmen=. Am a m:._m_,,, m
source _esms shall be conducmed _or mhe above s_eci_ied pcllu:an:s
every year. As a da=a base As esmablAs_e_ and mbe emissions
consistently

show compliance mbe schedule may be almer._, i
3. Facilities wi_h capacity >2000 IMa/h_:

Scu::e mesms shall be ccnducme_ for: a) pa:micula=e mam=e:: _) I
HCl; C) COs d) S02; e) a;senic and compounds (e_resse_ as a;se_i=);
f) be_yllium an_ compounds (ex_;esse_ as be:yllium) _) cadmium an_
compounds (e_:esse_ as cadmium); h) hexavalen_ c_cmlum an_ compounds n
(ex_esse_ as chromium); i] lea_ and compounds (expresse_ as lea_); _) m
me:cu_7 and cc_oun_s (ex_Eesse4 as mercury); k) nickel and ccm;oun_s
(expressed as nickel); and 1) _CDD and _CDF (ex_:essed as 2,3,7,_ TC_D
e_uAvalen_s). |

The owner _r cpera_cr shall ccn_uc_ source _es_s a_ any mime c:
in_emval o_ mime as may _e _resc:ibe4 by :he De_ammmenm. Am a min_mum, i
source :es_s shall be conducted: []

a. Pc: all _olluman_s s;eci_le_ in F._ cf :._4s cmlmemla excel:
_CDD an_ _CDF - every six mcn_hs, a_d |

_. _om PCDD and PCDF - every yea=.

c. Po= HCl a_ SO2(if _oni_o=s a:e Ee_Ai_e_) - as _e_ui:e_ _y E
uhe De_a:_men_ ZoE r.he inis!al cer_iflca_icn and sysuem

_e:f=mmance au_ius cf mbe c:nmincus mcnimcms.

As a da_a _ase la es_a_lishe_ an_ _he emlsslcns conslsmenmly show
compliance mbe schedule may _e al:e:e_. m

All mes=s aec _o be ccnduc_e_ in acccm_ance wlmh :he Depa:umenm's n
sou=ce mea=ing p:oce_u:es desc:i_ in "Sou=ce Tesmln_ Manual,
Revlalcn No. I" (as revlse_) dame_ _anuary, i_83. Sou:ce =esmln_

prcce4u=es a:e =o Me a;_rcve4 by _e De_a:u_enm ;mAc: _ :es_in;. i
G. _ecord Kee_tnq _4 _e_in_ _e_:e_enta

C_nmlnucus emissicn/_aramemer da_a ;amhe:e_ from _he mcni_o:s
shall be su_mi_me_ mo mbe De_a:umenm _ua:me:Iy. The dams shall be
remalne_ _cr aU leas_ mwc (2) yea:s _ollcwln_ mbe _ame o_ reccr_ and
shall _e ma_e available mc :he De_a_=menm du_in_ _acili_ ins_ecuicns.

I

I
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The De;arument shall be notifled by telephone £mme_ia:ely

I failure of equipment, failure of any ai:
follow£n_ any process
pollution control ecruApment, failure of any moni=orin_ e_fu_men=, o= a
process operational error which :esults in an inc:ease An emissi:_s

I a=ove any allowa=le emission rate. Zn addition, the Depa:_men= shallbe notified An wrA_!n_ of the p_o_lem and measures taken _o c=::ec=
the problem as ex_e_i=iously as possible bum no lamer mhan five 151

i days followln_ such failure.

E. Operator Tralnln_ Re_Aire_ents

I Prior to the s_art-up, all incineratoE operators shall be ::ai_e_
by mbe e_uipmenm manufacturers ° mepmesenmamlves and/or anomher
_ualifled o=_anizamion as mo pmcper ope=amln_ practices and

I pmocedures. The conmenu of mbe mrainin_ _ro_ram shall be su_mlm:ed _ombe De_a=ument for a_roval. The ap_licanm shall submit a co_y of a
ce=uificate ve=if_ng mbe samisfacto_y com_lemion of a trainin_

I _=o_=am _=io= mo issuance of mbe o_e=atin_ _e:'ml=. The a_llcanmshall no= o_e=aue mbe incinerauo= wimhout an ope=atc= who has
samis_acmomily com_lemed the U:alnin_ _ro_mam.

I I=..Gene_al X_plica_ionRe_ulmemen_s
The plan app=oval a_plica=i=n shall include a desc=i_mlon of _ach

specific waste and a_proxlmate _Aantlty of each such was=es which will

I be cha=_ed to mbe incine=a=or, a_lica=_:n
The shall, as a minimum,

ccnuain the final design specifications of =he incinerat=E an_ the
associame_ ai= _olluuion c=n:rol devices wlmh _imensioned _mawln_s

I in_icamln_ mbe locations of burners, ai= in_e:_icn _omms and mo_i=c=s.The a_;llcamion shall also include an esmima:_ of ;cmen=ial and acmual
emissions o_ mbe ncn-my_ical aim conmaminanus. These c=nmaminanms
shall include: a) HCl; bl PCDD and PCDF (ex_resse_ as 2,3,7,_ TCDD

I e_DAivalen=s (esmimame_ as po=en=ial
and actual emissions) I _ C)

a=se_Ac_ d) _e_-_'llium: e) cac_mium_ fl hexavalen= ch=omAum; ql nA=_el:
h) lea_ an_, i) me=cu.r_. The a_lAca=i=n shall also include a sem of

I calculatimns f== es=ima=in_ seccnda=y cha_e= =esidence time usin_ the_=cce_u=es contalne_ in A_en_ix B and =he =esulus of am_ien= im_ac=
anal_ses c=nduc=e_ usin_ the modelin_ _=oce_u:es conmaine_ in

I k_endix C.

'eau of Xi= _uality C=nt==l

I January 21, 1988

,is
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APPENDIX A

to APPENDIXC B

2,3,7,8 - TODD Toxlclt'y Equlvalence Fac:o=s (TEFs)

!
Hcmcloque/Con_ener , _ ,,TZP

HOmo =h=ou_h =richl::=o _i=xins an_
Dibenzo_urans 0 m

2,3,7,8"TCDD 1
O_heE TCDDs 0.01 l
2,3,7,8"PeCDD 0.5 |
O=he: PeCDDs O.005
2,3,7,8-HxCDDs 0.04
O=he= F+xC:Ds 0.0004
2,3,7,8 HpCDDs 0.001 i.
C=heE HpCDDs 0.00001

OCDDs 0 I
2,3,7,8-TCDF 0.I
O=he: TCDPs 0.001
2,3,7,9 PeCDFs 0.I
C:he: PeCDFs 0.001 I
2,3,7,O-HxCDFs 0.01
O=he: HxCDFs 0.0001 m
2,3,7,8-HpCDFs 0.001 |Omhe= HpCDFs 0.00001
OCDFs 0

!
I
I
I
I
I
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i A_PENDIX - Bto APPENDIX C
RY.SZDE:_ICZTIMECALC'JLATZONG_:DANCZ

I The :eview of all incinerators shall include verif!ca:i_n of =he
residence mime s%ate_ on she applicamion. This _uidance shall _e
followed so assure mhau these calculations ace handled in a uniform

i minutE.

STEP I. EstL_ate the total hea_ in;u_ to the system:

I To_al system hea_ inpu_ (B_u/h:) = [Maximum waSte
_irln_ ra_e (ibslhr) x Maximum hea_in_ value (_tull_)]
+ Average _rimar7 _urner heat inpu_ + Ave:a_e sec_n_a:y

I _urner in;um.No_e: Use She average bumner inpums requi_ed a_ter _he
onse: o_ waste _u:nin_.

i Use a waste hea_in_ value o! 8500 _TU/IM.

STE_ 2. Estimate she sys_e_ hea_ loss (;=lot mo hea_ _ecove_):

I System heat loss = Shell loss + sensible hea_ in ash .
sensible heat in unbu_ne_ ca=bcn + lamen_ heamo

i The hea_ loss may be assumed _o be 20%
mcmal beam

in_u_.

i s_ 3. calculame she nem beam available (_) _o _aise mbe
_em_eramu=e o_ mbe ;_oduc_s _f _om_usmi_n:

i _ (_u/h=) • (Toual sysuem beam i_;um) - (sysmem beamloss)

STE_ 4. Calculate _he wei_ c_ produc_ of combustion (_)

i = x (To - TA))

i _ = average s;ecific hea= (a_u/lb _F),,assume a value
c_ 0.28.

= exi_ _,_pe:a_u._e (oF}, use the _esi_n tem_e:atu.:eTo
cf 2000 _F as To •

- B TA = ambien= ai_ _em_era=u=e (°F3, assume _he am_ien=_emperatu_e _ be 70°F.

STE_ S. Calculate She volume o_ produc_ cf cormbus_i_n (F):

I , F(sc_s) = M __
' _"x 60 x 60



I

I
ci (1_1¢',1. _t, ) " de.-.si:,f ¢_ e._haus: ;ases ii- i:c.: ", ';se

I

I
F' t design _empe:'a:u:'e I r x 2460 I

I

S-v_ 6. Calculate the vo_._me o! sec_n_a=y cha_,_e: a.-._:e::la.-y I
c_a_e: (i! te:mia:_ chimaera ii included .eomthe 2
sec=n_ :esi_ence mime _emonsm.-amion)• "'" _"'"= :..S.',_e.'_ am

As the a:ea bemween sec_n_a_ cha_e: an_ hea: :e::ve-.'f I
sysmtm := _:iachin_; a:ea/;a:t of t._estacK.

S,'_,P 7. _esidence _me I Ch_em q_e_l_! ' i
r* tj

Po= a minimum I sec sQconda_ cha_e: :esldince mime, I
ii

I

I
I
I

' 1
I
I

• I
' I
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m APPENDIX C

!

In the absence of any _ucslde inCecfe:ence on the _ispe:sion _
stack plumes, the PTPLU dAsperslon m_del can be used to make a

i conservative scceen of g_oumd level concenm_ation. Mcsc c_ _he _imeinfluences de exist, an_ they must be ccnsldece_. First the buA.idln_
oc buildings cf ;ccential influence must _e deCemmine_. When mcce
than one buAldin_ As likely C= influence the stack _lume dAs_e=sion,

i the contcollAn_ influence needs cc be determined. Except ininfrequent cases the dememmina_i_n c_ ;ccential buildin_ influence
shall be ma_e cf buildings cn site at the facility.

i The buildin_ influence can _e determined as follows:

! ,I. DeCermlne the height (Hl and _c_]ecCe_ width (W) c! cho
tallest buildAn_ ac the facility.

i wlch radius of I0 _ 10 W (whicheve_ is
2. DEaw circle OE

less) around the building.

I 3. Disce_ard any _osslble buil_in_ influence if the stack isnet wlthin the ci:cle, as determiz_i in step 2, a_cve.

I 4. wo_kin_ cl_se_ to mbe stack fc_m _he _istance of chotallest buAl_Ang, me,eat seeps I, 2, an_ 3 a_cve c_
_etemuine whAch m:2_ecbuildings may •iso exert an influence
on _he aC•ck.

i 5. Sf no Muil_in_s are ccnsidece_ slgnifi_anm enough co exe:t
an influence on the stack, ski_ mbe cemalnln_ secclons in
mhls A_ENDZX an_ use METHOD _foc _is_ecsion modelln_.

_ B. D ZNI_ _UZLDZNG CAVITY .%%'.Z_HT:j_T_ _, . ...... --

- i I. Calculate the building cavity height (Hc) SO= all
| SiS_IflCanC buildln_s (fou£d by the procedure in Section A)

by use of the followln_ formula:

i a H + 0.5 L, where L As the lessee =f the buildin_ec
height o_ pro_ected width.

i 2. Select the buildin_ wlch the lar_est cavlcy height as choone which would exect the greatest influence.

I
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IC. CHE¢_ ST_CK KEZ_HT A_EQU_CY:

dispersian of substance (i.e., na rain caps, ei=aws, e::.). |
2. Z! the physical sO,ck height As _ceamer mhan Hc, and i_ :he

distance a_ 10 L (the bu/idin_ wake re_ion) does not ex_e_d
beyond the plant bound,oy, skip the _esc c_ the append_x,_o i

to ;age C-4 and use _'_OD A.

3. Calculame the effeccAve smack height, _e, usin_ the I
follcwin_ fommula:

He • Hs + _ whece Hs As _hysical stack height and _m As Imcmen_u_ _lume else c_Iculaced by the _cllawlnv e_Aa:Acns

(_ef: _e_i_nal workshops on _ic OualAt_ Modeling: Summa_
_e___, E_A'450/a-82-_15i A_;endAX C, ;a_e C 2, _Amended
Ocma_ec 1983)): J

where _ = ( I/3 + u/vs), I
• c=i=Acal wand s_ee_ lm/s),

(assume 7.5 m/s)
x = dc_nwi=d dAsa,rice (m) (assume 2 _uildin_

heights ac _c_ec_ widths d¢_nwlnd, U
' whichevec La less),

V 2,d2
Fm • momentum flux •(Ta/Ts) /4
Ta = a_ienC ai_ tempecatu_e _°K] (assume

293C)K),
Ts • so,ck exiC cem;ecaCu_e (_K),
vs • stackexA:velaciW (m/,), an_ I

• scac_ £nnec diamecec (m). H

4. Z! _e As _eacec than Kc and L! the distance ¢_ I0 L (_he
wa_e region) doe, _¢ ex_end be_¢ml the _iAn_ bounda=_, ski_ B

cesc an_use_E_OD A _¢u_ndin pa_e ¢-4.

5. _o _e page C-4 and use MEI'HODI f:= all remaining cases.
m

The ;PCI,L_-2 dA_pJr_ion m_del(MZZHOO A) maybe used lc: sc=eening if:
(I) thece a_e n_ buildin_ influences p_e_icCe_ by mbe ;c¢ce_uce in

smack heliac As ade_ace and _he_e a_e n_SecCA_, A a_ve, OE the
building wake e_feccs beyond the pccpec_ iane (acc_dAn_ m_ SeccAon C
a.bcve).

. !
I
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| - For screening purposes, _he P'L'gLU dispersion model may _. used
_o= sv_luaCL=n o_ poin= sou:=es in cases whece n= buildinq _n_luen=es

I ace expected. Same Jud_e=en: muse be made, howeve:, in :ases whe:estack designs (:ain caps, elbows, e::.) may :esul_ in _ccce:
dis_e:si=n. Whe:e buildln_ in_luences may be 0_ :once:n, as
dece=mined ea:lie:, :¢nse:vi:ive estimates ¢_ :he maximum g:ound level

I ::ncencca:i¢ns wi:hin buildin_ c=vi_ =e_i¢n or_nual &

buildAn_ wake e_ecC :e_ion should be made and ¢=m_ate chose values
wi_h _he acceptable ambient c_ncen¢raci¢n _0: :he suJ=scance.

4

1. use :he _0110win_ assum_:L¢n: _mbien: :em_e:a:u:e 293°K, mLxin9

I height 1500 m, and a :ece_::: height o_ 2:.

2. E_=e= =he s:ack pa:ame:e: dasa i_ me::i¢ u_i:s: s:ac_
:empe:amu_:e (°KI, scac_ _Iow ( : /secl, sCac_ a=ea (:'I and mbe

I emAssAon :ace (_/sec).
m

3. The model will ;:ed_c: h=u_ly _:ou.nd level concenC:aci¢ns _¢:
I :_l ltA_l:a_¢l (_/_) _OE I&Ch O_ SiX S:aJ=ili:_ _lallll a:va=ious dovnwind dis:antes _::m :he sCac_.

I 4. Dens:mine chs maximum hou=l¥ c=nce_,c:a:ion _:edicCe_ and c=nve:c:his value := an annual con:cns:saLon _7 mulCi;IYin_ :he hou:ly
c=ncenm=amAon b_ a _acm¢= o_ 0.15.

I. Fo: buildin_ caviW slmua_ions, as dece.--m.Aned in A_ENDZX C-I
calculame mhe maximum _==und level con:est:scion (An _/m3)

I exl;ecced in :he cavi:_ by mbe

' X(conc.) • _IOS/( 1.5 U*A*O.15)

I whe:e X a Chs maximum annual concenc=a_Aon (_/m3),
_ As :he emission =ase (_/sec),

U _ :he vlnd s_eed (m/ssc l,

i A = :he buildin_ a:ea (_ei_h: o_ buildin_ :Ames i_s
pc:_ec:ed w_dch) (m')_ and

1.5 La a coefficient =ecom_ended by FJPA.

i 2. F=: bullaing wake effec_ ce_ions ex:ending bey:sd chs fs:alLOy

_ e_ecC :egion by using :he ZSCST moae_ w_cn cepcemen____.
"worm: case" meceorolo_Acal c¢ndAcAon8 L:e=e= :: _eg_naA
Workshops on Ai= _ua!i:y Modeling: _, Summa:Y _epoc:,
1_A-450/4-82-015, A_pendix C0 _ages C-4 :l_cough C-_ (amended

_

I OcC¢be= 1983) lo: _idance].

I ,
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_AspecuA=n m=c!e_s appc=vecl _y :he Depa:_.men:.

!
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