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SECTICON !

SUMMARY AND CONCLUSIONS

The :nitial hazardous wast=2 management facility standards promulgated
on May 19, 1980 under the Resource Conservation and Recovery Act (RCRA),
conzrolled the turning o>f hazardous waste i. incinerators but exempted the
burning of hazardous waste for the purpose of energy recovery. This exemp-
tion for boilers and other cambustion devices was allowed by EPA because the
Agency had not investigated the extent of the practice, the risks that may
be posed to human health, the envircnment, or regulatory alternatives.

Since the promulgation of the incinerator rule, EPA has undertaken a re-
search program to obtain the informatior needed to develop and evaluate al-
ternatives for regulating the burning of hazardous waste in boilers and indus-
trial furnaces. The results of thls research are presented in this document
and two companion volumes, which together comprises the Background Informa-
tion Document (BID) for use by EPA in its Regulatory Impact Analysis (RIA) of
the practice of burning hazardous waste in industrial boilers and industrial
furnaces. This volume contains background information on industrial boilers
as related to hazardous waste burning. The practice of burning hazardous
waste in industrial furnaces is addressed in Volume II. An assessment of the
risk associated with burnirg hazardous waste in industrial boilers and fur-
naces is made i1in Volume IXII of the BID.

One of the major tasks of EFA's regulatorv development efforts was to
characterize industrial boilers in terms of paramecers believed to affect
their hazardous waste burning potential and/or which impact the selection
of reguiatory alternatives. This was dcrne to provide an understanding of
1ndustrial boilers needed to develop practical regulatory apvroaches. The
boilers were characterized in terms of their design, fuel usage, air emis-
sions, and control technigques as well as their population distribution.

Another major task completed by EPA in its regulatory development ef-
forts was to determine the hazardous waste incineration performance capa-
bility of boile-s. EPA conducted field testing on a total of 15 industrial
boilers. The test program was designed to: (1) determine if boilers oper-
ated under steady-state conditiors to achieve maximum combuscion efficiency
could achieve 99.,99% destruction and removal etficiency (DRE) of principal
organic hazardous constituents (POHCs) in the waste; and (2) determine how
changes in operating conditions (e.g., waste firing rates, boiler load, ex-
cess flue gas oxygen levels) would affect the boiler's ability to achieve
99.,99% DRE o>f POHCs -~ so-called parametric testing. The boilers tested



ranged i1n size from a sm2ll 8 million Btu/hr fire-tube poiler <o a 2%) million
Btu, hr wazer-tube borler. ‘'he hazardous waste burnaed ranged from toluene and
me thancl wastes with a heazing value of 18,500 Btu lb {(simllar to heating val-
ue Of No. o fuel oi1l) to a methyl acctate waste with a heating valiue of less
than half that of No. 6 fuel o1l. Both these fuels were soviked w.th chlor:i-
nated organics for test purposes. Auxiliary fue.s burned included natural
gas, No. © fuel or1l, coal, and waste wood.

In total, over 100 individual stack tests were conducted. The results
1indicated tnat the 99.39% destruction and removali efficiency (DRE, standard
for the tested POHCs is achievable. These POHCs included some of the more
difficulr compounds to destroy such as carbon tetrachloride, chlorobenzene,
trichloroetnvlene, and :tetrachloroethylene. The 99,.,99% DRE of POHCs was
found to be achievable under various operating conditions including load
changes, waste feed rate changes, and excess a.r rate changes for boilers
cc-firaing hacardous waste fuels with fossil fuels. There appears to be
no direct correlation between combustion efficiency (as evidanced by smoke
emissions) and POHCs destruction. Boilers operated under poor combustion
efficiency still achieved 99.99% LRE of POECs. Wher the bolilers were oper-
ated at maximun cambustion efficiencies, “he DREs ex.eeded 99.99%.

These results should not be inteipreted to indicate that any boiler
purning any hazuardous waste will achieve 99,99% DRE. Not al. paramaters
could be tasted at the boilers where the operating conditions were varied.
For example, the maximum waste firing rate tested was 56% of the total heat
input, and the bhoil'lers wecse not operating at loads below 25%, the heating
values of the wastes were all greater than 11,000 Btu/lb, and excess oxygen
levels did not exceed 10%., Therefore, we do not fully know how nacrrow the
envelope of operating conditions may be to ensure both peak combustion ef-
ficiency and 99.99% DRE for a boiler operating at the extremes of "steady
state" operation.

Typical chliorinated products of incampiete combustion (PICs) found
during the boiler testing included chloroform, trichloroethane, tetrachlor-
cethvlene, dichloramethane, chlorarethane, and carbon tetrachlorid2. Two
non-chlorinated PICs always found were benzene and toluene. The measured
chlorinated PIC emissions were generally of the same order of magnitude as
measured during the ccaventional fuel tiring., They were also generally of
the same order of magnitude as the POHC emissions. Exceptions to these
generalizations occurred during sootblowing and waste atomizer upset por-
tions of the parametric testing.

Several potential problems should be noted related *o the testing pro-
gram. There is a substantial degree of uncertainty whea trying to quantify
emissions of unburned organics. The test results may have over- or under-
estimated the unburned organic emissions attributed to the burning of haz-
ardous wastes. The potential for overestimating these emissions exists be-
cause the hazardous waste was co-fired with fossil fuels. The burning of
fossil fuels produces similar PICs as the burning of hazardous wastes. Some
organics found in the -2st samples could have been the result of contamina-
tion of the sampling train absorbent or the use of laboratory solvents. It
is also possible that the PIC emissions could have been underestimated, since
only Appendix VIII of the Code of Federal Regulations pollutant PICS were
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1dentified (there are 1in fact mcre PICs than the 100 pollutants the GC/MS was
used to guantify). Even thougn additicnal research 1s needed in order to
fuily understand tr: compusticn reactions, the available data suggests thas
health risks (presented 1 Volume 3) pcosed by PIC emissions are probably not
significant when a DRE of 99.99% of POHCs is achieved and the combustion
efficrency 1s good.

Several surveys were vompleted by EPA and other organizations to help
guant:ify and characterize the hazardous waste being generated and that which
may be burned in i1ndustrial boilers. A review of these surveys indicate that
apprroximately 264 metric tons of hazardous wastes regulated by RCRA were gen-
eratad 1n 198'. Total burnable nazardous waste is estimated at 160 million
metric tons per year. Of this total, 1t 1s estimated that less than 4 mil-
lion metric tons were burned in industrial boilers in 1982.

Cost elements needed for an economic impact analysis of regulatory al-
ternatives were Jdeveloped. Capital and operating and maintenance costs werd
provided for reurofitting industrial boilers for burning hazardous waste.
This BID i1ncludes cost elements for:

© Egu.pment to pretreat the waste by blending, straining, and thermal
treatment for viscosity adlustment,

© New or mocdified burner guns to fire the waste.
© Egquipment for combustion controls.

¢ Equpment for monitoring waste feed rates, oxygen, and carbon mon-
oxide levels.

© EJuipment for controlling particulate and gaseous stack emissions.
In addition to these cost clements, fuel costs were compiled and projected

through 2010 for natural gas, residual fuel oil, distillate fuel oil and
coal for the ten EPA reqions of the country.
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SECTION 2

INTRODUCTION

The Resource Conservation and Recovery Act (RCRA) requires EPA to devaiop
regulations for the storage, handling, and disposal of hazardous wastes. It
also requires that EPA encourage in its regulactions the recycling of wastes.
On May 19, 1980, EPA issued requirements for hazardous waste incinerators.

At that time, the burning uf hazardous wastes in boilers was not regulated
because EPA lacked sufficient information i¢o determine the extent of the risk
to public health posed by such burning, as well as the extent of regulatory
controls that would be necessary to address the risks. Since 1980, EPA has
researched the nature and extent of the practice of burning hazardous waste
as fuel in boilers. A boiler is defined in 40 CFR 260.10 as an enclosed de-
vice using controlled flame combustion with specified design and operatirng
charcteris:ics related to the recovery of energy. This document presents
the results of research efforts for industrial boilers.

OBJECTIVE

The objective of this project was to provide sufficient research and
investigatior into the concept and practice of burning hazardous wastes in
industrial boilers such that EPA could develop and evaluate regulatory alter-
natives. The informaticn and data collected by this investigation constitutes
a Background Information Cocument (BID) for use by EPA in pr2paring its Regu-
latory Impact Analysis (RIA),

The investigation undertaken by EPA to obtain the information needed for
its regulatory development effort covering hazarcdous waste burning in indus-
trial boilers entailed tne following tasks:

o Establishing an understanding of boilers by characterizing them in
terms of those parameters thought to influence regulatory decisions.

o Field testing a variety of industrial boilers to establish their
capacity for destroying hazardous waste.

o Assessing the risk to human health and the environment associated
with burning hazardous waste in industrial boilers.

o Defining the extent of the practice of burning hazardous waste in
industrial boilers.

© Compiling the cost of items to be included in an economic¢ impact
analysis of regulatory options.
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These tasks were completed by a number of EPA groups and their contractors.
A summary of the results of the field testing and hazardous waste practice
surveys are documented in thls volume of the BID, More aetalled descriptions
of these efforts may be round in the repcr:is referenced throughout this docu=-
ment. A summary Of risk assessment results are presented in Volume 3 of this
BID. The other task results are presented along with the summaries of the
test program and waste usage surveys 1n the following sections of tnis docu-
ment. The information is organizel as described in the following paragraphs.

Section 3 characterizes industrial boilers in terms of their design,
fuel usage, population, air pollution emissions, and control techniques.
This characterization is made2 to provide a bpasic understanding of boilers
needed to develop a practical regulatory approach.

Section 4 describes the results of tasts conducted in order to measure
the performance of industrial boilers in burning hazardous wastes. This
performance 1s described in terms of acnieved DRE of PCHCs, and the emis-
sions of PICs, particula:e matter, HCl, metals, and combustion gases.

Section 5 characterizes the various waste streams used as supplementary
fuel in industrial boilers.

Presented in Section 6 are cost data needed by EPA to conduct an Econo-
mic Impact Analysis (EIA) of regqulatory alternatives. Costs are presented
for those irems used in analyzing the economic impact in terms of how the
fuel and waste cisposal savings of hazardous waste burners are altered by the
various regulatory alternatives. The i1tems being provided ian this document
fall into three major categories: (1) conventional fuel prices, (2) costs to
modify the boiler system to fire the waste, and (3} the major operating and
maintenance costs associated with burning hazardous waste.
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SECTION 3

CHARACTERIZATION OF INDUSTRIAL BOILERS
FOR BURNING HAZARDOUS WASTES

An essential element for defining the impact of regulating the disposal
of hazardous wastes in industrial boilers is a characterizatiun of the boil-
ers for this use. Not all types of boilers are suitable for burning every
type of waste, e.g., gas-fired and oi.-fired units are not suited for durn-
iag solid hazardous waste materials. An understanding of the different boil-
er types .s therefore necessary to develop a practical regulatory approach.
Also, since the regulatory impact will depend on the number of boilers cap-
able of burning hazardous waste, it is necessary to describe the boiler pop-
ulation and how this population 1i1s distributed by size, type, fuel, and ca-
pacity. Finally, the current and future extents of the practice of burning
hazardous waste in boilers must be estimated. This section presents the ex-
isting boiler population, the estimated air emissions, and the types of air
poliution control devices presently used to abate these emissions. Est_nates
of the guantity of hazardous waste burned in these boilers are discussed in
Section 5 of this document.

DESCRIPTION OF EXISTING BOILER POPULATION

Industrial boilers are generally described in terms of the heat trans-
fer cunfiguration and the fuel burned. The first term defines the physical
structure of the boiler while the latter indicates the fuel type and firiung

mechanism,

Heat Transfer Coufigurations

There are three basic types of heat transfer configurations: water-tube,
fire-cube, and sectional which are also referred to as "cast iron" from the
material of construction used. A brief description of these three types fol-
lows.

Water-tube boilers are designed to transfer heat from the combustion
gases flowing over the outside of the tubes to water, steam, or other fluid
contained insida the tubes. Because the tubes in these units are of relative
small diameter, they provide rapid heat transfer. They are available in many
sizes, jJenerally in the range of 15 x 106 to 1500 x 106 Btu/hr. All boilers
greater than 50 x 106 Btu/hr are of this type. These boilers generate high-
pressure, high-temperature steam up to 12,000 KPA (1740 psig) and 810°K
(1000°F) (Paference 1).



In fire~tube boilers, the hot combustion gases flow through the inside
of tubes with water, steam, or other f£luid contuined outside tine tubes.
Flre-tube units are not avallable .n capacities as large as water-tube units
with most less than 20 x 10° tu,/hr (Reference 1). They constitute Lhe lar-
gest share of small and medium~size 1i1ndustrial »doilers. Because they are
susceptible to structural faiiure when subject to large variations in steam
demand, they are generally used where loads are relatively constant.

Sectional or cast iron bolilers employ irregularly shaped heat excnange:s
and hence cannot be classed as either water-tube or fire-tube, Hot combus-
tion gases are directed through some of these passages, transferring heat
through metal walls to water or steam i.' other passages. These units are
manufactured in identical sections wnich can be joined together according to
the needs of the operator. Cast iron boilers are the smallest of tha three
boiler types, with a maximum size of only 10 x 106 Btu/hr thermal input (=e-
ference 2). They are generally used for producing low pressure steam or hot
water for commercial or institutional establishments. Generally, cast iron
units cost more than firetube units for comparable size, but require less

intenance and can handle overloading in demand surges.

Fuel Usage

Boilers are also described by the type of fuel they are designed to burn.
The vast majority of industrial boilers are designed to burn one or more of
the fossil fuels: gas, oll, or coal. Nuclear powered boilers are currently
used only by the utility industry and military. They are innherently uansuit-
able rfor hazardous waste disposal. Wood, bagasse, municipal solid waste,
indus*rial solid waste, and refuse derived fuel are also used as fuels but
comprise lesc than 1% of the boiler population and less than 0.01'% of the
heat input capacity. Because they comprise the bulk of the boilers capable
of burning harardous waste, this analysis will focus on gasfired, oil-fired,
and coal~-f.red types. .

Oil~fired bolilers are often distingquished by the type of o1l used, i.e.,
whether they use distillate or residual oil.

Coal-fired boilers are further categorized by firing mechanisms which
can be divided intyo three major groups: stokers firing, suspension firing,
and fluidized bed combustion. A stoker is a conveying system that feeds coal
into a furnace while providing a moving grate upon which the coal is burned.
In suspension fxring the fuel is blown into the boiler and burned as a sus-
pension of particles in combustion air. Fluidized bed combustion boilers
burn the coal on a bed of inert particles through which air is blown so that
the bed behaves as a fluid. There are very few of these units in use as
this is an emerging technology.

Stoker firir, systems can be further divided intn three groups: under-
feed stoker, overfeed stoker, and spreader stoker, In an underfeed stoker,
coal is fed to the bottom of a fuel bed, where moisture and volatiles are
driven off and the coal is coked. The volatiles rise through the bed and
undergo combustion above the bed. The coked coal is forced to the top of
the bed by newly fed coal and spills out of the bed onto side gates, where
combustion is completed. Combustion air is supplied at the side grates;
also overfire air is often supplied to the flame zone above the bed. 1In
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an overfeed stoker, coal is fed onto a continuous conveyer called a traveling
grate. The grate carries the coal under an adjustable gate and through the
furnace chamber, wnere combustion air is fed through the bottom of the grate.
The c¢oal burns as it moves acrcoss the furnace. In a spreader stoker, feeders
distribute coal uniformly over the grate. Compbustion air is provided both
over and under the grate.

Suspension firing systems incluae pulverized coal=-fired and cyclone sys-
~ems. In pulverized coal-fired units the coal is pulverized to th= consis-
tency of fine powder and pneumatically injected through the burners into the
furnace. Combustion begins at the burners and continues into the furnace
volume. Cyclone units are used to burn low fusion temperature coal that has
been crushed to a maximum particle size of about 4 mesh. The coal is fed
tangentially, wich primary air to a horizontal cylindrical chamber. In the
furnace, th? smaller coal particles ire burned in suspension, while, because
of the tangential firing method, °‘he larger particlies are forced against the
outer wall of the champer. Ash is also forced against tne outer wall, where,
because of its low fusion temperature, it forms a molten layer of slag and
causes laryer coal particles to adhere to the combustion chamber wall until
they are burned instead of becoming entrained in exhaust gases leaving the
combustion chamber.

Boiler Population

Table 3.1 summarizes the installed population of industrial boilers by
design type and Figure 3.1 presents their relative distribution by capacity.
Although nearly 60% of the boilers are cast iron units, these units account
for only 6% of the installed capacity. Water-tube boilers, on the other
hand, represent 7% of the boilers by number, but account for 70% of the in-
stalled capacity. As shown by Figure 3.1, water-tube boilers are available
over a larger size range than the other types. Figure 3.1 also shows that
the largest concentration of boiler capacity is in tne 10 to 50 x 106 Btu/hr
range, which contains 26% of the installed capacity. Units over 250 x 106
Btu/hr thermal input are the next largest group accounting for 20% of the
installed capacity.

The distributions of the three types of boilers by capacity and fuel are
summarized in Tables 3.2 through 3.4. As shown in Table 3.2 about 25% of the
installed water-tube boiler capacity is coal-fired, 32% is oil-fired, and 43%
is natural gas-fired. This distribution varies with size. In the smallest
size range (less than 10 x 106 Btu/hr thermal input), only 7% of the capacity
1s coal-fired, whereas in the largest boiler size group (above 250 x 10% Btu/
hr thermal input), 20% of the installed capacity is coal-fired. Even in this
large size group, however, 47% of the currently installed water-tube capacity
is gas-fired. 1In cornparison, only 6% of the installed fire~tube capacity is
coal-fired, 43% is oil~fired, and 51% is natural gas-fired as shown in Table
3.3. These units range in size up to 50 x 106 Btu/hr thermal input. For
cast iron boilers, 12% of the installed capacity is coal-fired, 33% is oil-
fired, and 55% is natural gas-fired, as shown in Table 3.4, Cast iron boil=-
ers are the smallest of the three types, with a maximum size of only 10 x 108
Btu/hr thermal irput.



TABLE 3.1

BOILER POPULATION DISTRIBUTION BY HEAT -
CONFIGURATION

TRANSFER

Boiler Population Total Boiler Capacity
Heat- MW Thermal
Transfer Number of Percent Input Percent
Configuration Boilers of Total (106 Btu/hr) of Total
Water-Tube 37,696 7.5 638,665 70.0
(2.2 x 106)
Fire-Tube 173,936 34,3 219,360 24,2
(0.76 x 108)
Cast Iron 295, 298 58.2 £2,570 5.8

(0.18 x 108)
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TABLE 3.2

DISTRIBUTION OF U.S. WATER-TUBE INDUSTRIAL BOILERS BY UNIT SIZE AND FUEL TYPE
(MW Thermal Input (10° Btu/hr))
L Capacity by Unit Size o -
0 to 2.9 2.9 to 14.7 14.7 to 29.3 29.3 to 73.3 >73.3
Fuel (0 to 10) 10 to 50) (50 to 100) (100 to 250)  (»>250)  Totals
Pulverized Coal
Number of Units 0 0 0 453 266 719
Total Capacity, MW 0 0 0 19,895 40,180 60,075
Thermal (10® Btu/hr) (0) (0) (0) (67,800)  (137,000) (204,800)
Spreader-Stoker Coal
Number of Units 46 464 285 474 88 1,357
Total Capacity, MW 70 4,650 6,175 20, 295 11,010 42,200
Thermal (108 Btu/hr) (240) (15,900) (21,060) (69,000) (37,600) (143,800)
Underfeed-Stoker Coal
Number of Units 578 1,500 788 169 41 3,076
Total Capacity, MW 680 14,105 17,265 7,080 5,230 44,360
Thermal (10® Btu/hr) (2,300) (48,000) (58,900) (24,200) (17,550) (151,200)
Overfeed-Stoker Coal
Number of Units 59 345 207 g5 29 724
Total Capacity, MW 85 3,470 4,455 3,555 3,510 15,075
Thermal (106 Btu/hr) " (290) (11,800) (15,200) (12,+G0) 112,000 (51,390)
Residual O11l
Number of Units 3,217 5,637 1,654 1,039 325 11,372
Total Capacity, MW 3,960 48,190 15,640 44,7<0 43,570 17¢, 150
Thermal (IO6 Btu/hr) (13,500) (164,000) (122,900) (153,000) (148,600) (601.100)
Distillate Oil
Number of Units 3,151 1,067 191 170 30 4,609
Toral Capacity, MW 2,560 8, 280 4,295 6,370 4,085 25,590
Thermal (106 Btu/hr) (8,700) (28,200) (14,600) (21,700) (13,900) (87,100)
Natural Gas
Number of Units 4,414 6,533 2,515 1,443 434 19,339
Total Capacity, MW 4,475 57,900 53,585 63,320 95,935 27%,215
Thermal (109 Btu/hr) (15,300) (197,500) (182,800) (216,000} (327, 200) (938,800)
Total All Fuels
Number of Units 11,465 15,546 5,640 3,833 1,212 37,69¢
Total Capacity, MW 11,830 136,595 121,415 165, 305 203,520 634,665
Thermal (106 Btu/hr) (40,330) (46%5,400) (414,560) (563,800) (694,100) (2,178,190)




TABLE 3.3

DISTRIBUTION OF INDUSTRIAL FIRE-TUBE BOILERS
BY SIZE AND FUEL TYPE
(MW Thermal Input (10® Btu’hr))

Capacity by Unit Size

0 to 2.9 2.9 to 14.7
Fuel (0 to 10) (10 to 50) Total
Coal
Number of Uni*s 8,112 1,224 9,336
Total Capacity, MW 5,650 7,780 13,430
Thermal (10% Biu/hr) (19,270) (26,530) (45,800)
Residual Oil
Number of Units 46,884 4,353 51,237
Total Capacity, MW 35,280 25,860 61,140
Thermal (10° Btu/hr) = (120,330) (88,200) (208,530)
Distillate Oil
Number of Units 22,643 2,653 25,296
Total Capacity, MW 17,770 15,770 33,540
Thermal (10® Btu/hr) (60,610) (53,790) (114,400)
Natural Gas
Number of Units 79,456 8,611 88,067
Total Capacity, MW 59,120 52,130 111,250
Thermal (10% Btu/hr) (201,€30) (177, .90) (379,420)
Number of Units 157,095 16,841 173,936
Total Capacitg, MW 117,820 101,540 219,360
Thermal (10° Btu/hr) (401,840) (346,310) (748,150)




TABLE 3.4

DISTRILUTION OF INDUSTRIAL
CAST IRON BOILERs R3Y FUEL TYPE
(MW Thermal Iupvt (10® Btu/hr))

Fuel

Boiler Capacity?d

Coal
Number of Units
Total Capacity, MW
Thermal ¢10° Btu/hr)

Residual 0il
Numper of Units
Total Capacity, MW
Thermal (109 Btu/hr)

Distillate 0Oil
Number of Units
Tctal Capacity, MW
Thermal (106 Btu/hr)

Natural Gas
Number of Units
Total Capacity, MW
Thermal (10® Btu/hr)

Total All Fuels
Number of Units
Total Capacity, Mw
Thermal (10® Btu/hr)

35,965
6,330
(21,590)

59,P34
10.780
{36,770)

37,612
6,740
(22,990)

161,827
28,720
(97,950)

295,298
52,570
(179,400)

4 all cast iron boilers have a capacity
less than 4.0 MW thermal input (14 x

10® Btu/hr).



EXISTING EMISSIONS FROM INDUSTRIAL BOILERS

Criteria Pollutants

The estimated (by Kemp and Dykema (Reference 3) and Devitt, et al. (Re-
ference 1)) emissions of criteria pollutants from industrial boilers are sum-
narized in Table 3.5 {(Reference 2;. There is no information indicating that
control devices or techniques for criteria pollutants cther than particles
have been adopted to a significant degree in the industrial poiler industry.
The estimated net control of particle emissions, presented in the next sub-
section have been applied to the uncontrolled emission rate to yield the
estimated existing emission rate of particles.

None of the test data, acscumulated during test burns of industrial
boilers co-firing hazardous wastes (collected in conjunction with developn-
ment of this background information document) indicate that the rates of
emission of carbon monoxide or hydrocarbon are affected by co=firing of
hazardous waste. The rates of particles, sulfur dioxide, and nitrogen ox-
ides emissions will be affected only insofar as the waste stream contains
ash, or sulfur or nitrogen compounds.

M2tals Emissions

Trace elements are found in fossil fuels. Tlie largest amounts are
found in coals and residual oil. No data were found on the trace element
concentrations in either gas or distillate oil. Nor were any emissions fac-
tors for trace elements from gas or cil-fired combustion equipment found.
The concentration of trace metals in distillate oils is generally believed
to be gquite low; the concentration in gas fuels is thought to be nearly zero.
Table 3.6 (xeference 4) lists some toxic metals and their approximate, un-
controlled rates of emissior from oil- and coal-fired boilers. The emission
rate of a trace metal depends upon:

Its concentration in the fuel

The vapor pressure of the element and its products of combustion
The combustion zone temperature

The temperature history of the combustion gases in cne boiler

00 0O

It is not necessary that the flane temperature exceed the boiling psint of
an element for it to evaporate, the temperature must only ne high encugh to
create a significant vapor pressure. There is a correspondence between en-
richment of metals in small particles and their occurrence as minera. sul-
fides in the earth's crust. This implies that ease of reduction to Ddase
metals (which are usually, but not always, more volatile than metal oxides)
cr metal hydrides during the initial phases of combustion of a fuel particle
may facilitate evaporation of the metals (Reference 6). The more vc.atile
elements (and those that form volatile oxides) appear to partition favorably
into the fly ash. The less volatile elements partition evenly between the
fly.ash and slag. Apparently, the more volatile elements become vaporized
in the high temperature flame and condense into very small particles (fumes)
as the flame temperature is quenched by radiant and convective cooling. The
distribution of particle sizes and the elements affected depend on both the
maximum flame temperature and the rate of cooling,
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SUMMARY
CRITERIA POLLUTANTS
(Reference

TABLE 3.5

2)

OF EXISTING EMITSIONS OF
“OM INDUSTRIAL BOILERS

Emission Factor {1b/10° Btu)

Particles NO,, S0O5 Co HC
Gas-Fired Uncontrolled 0.005 to 0.015 0.067 to 0.442¢ 0.001 0,017 0.003
Boilers Net Control 0 0 0 0 0
Controlled 0.005 to 0.015 0.067 to 0.442 0.001 0.017 0.003
Distillate Uncontrolled 0.015 0.102 to 0.249€ 1.04088 ¢,037 0.007
Oil~-Fired Net Control 0 0 0 Q 0
Bcilers Controlled 0.015 0.102 to 0.2439 1.0408 0,037 0.007
Residual Uncontrolled (0.068s2 0.156 to 0.842¢ 1,06082 0,034 0,007
Oil-Fired + 0.,020)
Boilers Net Control 0 0 0 0 0
Contrelled (0.0688 0.156 to 0.842 1.060S2 0,034 0.007
+ 0.020)
Pulverized Uncontrolled 0.679aP 0.637 1.61282 0,042 0.013
Bituminous Net Control 81% 0 0 0 0
Coal-Fired Controlled 0.129aP 0.637 1.61282 0,042 0.013
Boilers
(Dry
Bottom)
Bituminous Uncontrolled 0.551aP 0.637 1.61252 0.085 0.042
Coal-Fired Net Control 75% 0 0 0 0
Spreader Controlled 0.138abP 0.637 1.61252 0,085 0,042
Stoker
Boilers

2 g5 is the fuel sulfur content.
P A is the fuel ash content.

c
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.TKR3LE 3.0

EMISSION FACTORS (UNCONIROLLED) OF
SELECTED TOXIC TRACE ELEMENIS
FROM INDUSTRIAL BOCILERS
(Reference 4)

Emission Factor (1b/10° Bru)

Residual Spreader Stoxker Pulverized
Oil-Fired Bituminous Coal- gituminous Coal=-
Element Becilers Fired Boilers Fired Boilers

Antimony 0.000023 0.00047 0.0003~
Arsenic 0.000042 0.00279 0.00214
Barium 0.000067 0.00744 0.00977
Beryllium 0.000005 0.0G018 0.00023
Cadmium 0.0001 21 0.00014 0.00019
Chromium 0.000070 0.00465 0.00605
Cobalt 0.000719 0.00072 0.00093
Lead ———mm——— 0.00161 0.00209
Mercury 0.000002 0.,00002 0.0C002
Selenium 0.000037 0.00054 0.00070
Thorium <0.000002 0.00012 0.00014
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Health risk considerations imply that the most critical emissions from
boilers co-firing hacardous wastes will be toxic metals. Cowherd, et al.,
in the course of an investigation of the hazardous emissions from coal-fired
utility boilers, ranked various trace element constituents of coal according
to their reported toxicities (Reference 3). They then sampled a boiler ex-
naust gas with cascade :mpacters and analyzed the 1individual stages for the
various elements. Table 3.7 lists the mass fraction of the total amount of
the eight most toxic metals that was found to be in the particles of less
thar 0,87 micrometers diameter. They did not report enrichment for Hg, Se,
and As. Lyon, following similar tests, classified elements accerding to
thelr propensity to be incorporated into the boiley slag (Class 1); be con-
centrated in the £ly ash and exhausted from the electrostatic precipitator
(Class 2); or remain completely in the gas phase iClass 3) (Reference &),
see Table 3.7.

Where the measurements of these two investigations overlap the conclu-
sions agree except for thallium. There appears to be an enrichment of the
most toxic metal elements in the smallest particles emitted during coal com-~
bustion. These small particles are difficult to remove; mechanical collec-
tors and scrubbers are relatively ineffective. Only 15% of industrial coal-
fired roilers (3% of all industrial bcilers) are presently equipped with
either electrostatic precipitators or tfabric filters, which are needed to
control small particle emissions.

CURRENTLY INSTALLED EMISSION CONTROLS

Data gathered from the National Emissions Data System (NEDS) reveal
that uncontrolled oil- and gas~-fired industrial boilers generally comply
with emissions regulations encoded in State Implementation Plans (Reference
1,7). Therefore, there are few air pollution control devices instzlled on
boilers that burn either of these fuels. Approximately two-thirds of coal-
fired industrial boilers have some particle control device installed., Sul-
fur dioxide enissions are generally not controlled. A survey of 2,533 boil-
ers (Reference 8), summarized in Table 3.8, revealed that cyclones are the
most commonly installed control devices.

Table 3.9 summarizes the percent collection efficiency and percent ap-
plication of control devices by boilier firing type. By combining these data
with those in Takle 3.2 it can be estimated that approximately 70% of the
installed capacity of coal-fired industrial boilers is equipped with some
type of particle control device. However, coal-fired equipment comprises
only about one-fnurth of the total installed capacity, so only about 17%
of the installed inZustrial boiler capacity has any type of control device,

Control Technigues for Particulate Matter

The four types of particle emission control devices tha* are presently
in use to any significant extent are electrostatic precipitators, fabric
filters, wet scrubbers, and mechanical collectors (cyrlcnes). The present-
ly installed equipment is in place exclusively f~r the purpose of attaining
compliance with standards for emission of particles. These four devices are
discussed in this section. Other, advanced design equipment is in use or
undergoing evaluation. The more promising of these devices are discussed
in the next section.
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TABLE 3.7

ENRICHMENT OF TOXIC ELEMENTS IN sMALL PARTICLES

% of Element % of Element
in Particles Less in Particles Greater
‘Than 0.37 Microns Than 0.87 Microns Element Class@
Element Diameter (Ref. 5) Diameter (Ref. 5) (Lyon, Ref. 6)
Be 82 18 -
< 59 41 2
Pb 32 63 2
Hg -= .= 3
e - - 2 or 3
Te 72 28 -
Th 84 16 1
- -— 2
Cr - - 1 or 2

2 (Class 1 elements partition evenly between boiler slag and fly ash.
Class 2 elements concentrate in small particles.
Class 3 elements remain in vapor phase through ESP,
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TABLE 3.8

INSTALLEDU AIR POLLUTION CONTROL DEVICES
COAL~FIRED BOILER
(Reference 8)

Percent
Contrel Device by Nuuaber
None 33
Cyclone 47
Scrubber q
Electrostatic
Precipitator 14

Fabric Filter 1

TABLE 3.9

ESTIMATED APPLICATION OF CONTROL EQUIPMENT
TO COAL-FIRED INDUSTRIAL BOILERS, 1978

Average

Collector Control Net

Efficiency Application Control
System Type (%) (8) (%)
Pulverized 85 95 81
Cyclone 82 N 75
Stoker 85 62 53

Source: Reference 1 and 2.
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Electrostatic Precipitators

Process Description. Electrostatic precipitators (ESPs) remove parti-
cles from a gas stream by impressing an electrostati: charge upon them ana
then causing them to migrate to oppositely charyed collection plates in a
high potential d.c. field. In addition, gravitational settling can account
for sagnificant fracticnal removal of large diameter (>40 ) narticles. In-
coming, particle laden gas flows by a discharge electrode, whicn, because
its electromotive potential is high relative to ground, is surrounded by an
electrostatic corona. As particles flow through the corona they accumulate
charged ions and thereby become charged. Thus charged, the particles mi-
grate toward the collection electrodes (or plates) wiose potential is at
ground, where they are collected. Remcoval of the particles from the col-
lection electrode is effected by rapping (vibrating) the electrode.

Rapping the coliection electrodes may be done by pneumatic or electric
vibrators or by mechanical dropping hammers. Reentrainment of particles,
released from the collection electrode during rapping, is a significant
cause of inefficiency, whatever the rapper design. Precipitators normally
consist of 2 to 4 parallel sections, each consisting of 2 to 4 seqguential
fields. Thus, if rapping cycles are well conceived, reentrainment from
only the final field is problematical.

Air flow inside the precipitatHor must be evenly distributed to avoid
overloading some portions while underloading others. Velocities are kept
low (4 to 8 ft/sec) to avoid scouring collected particles from the collec-
tion electrode.

Applicability to Industrial Boilers. The first successful application
of an electrostatic precipitator was in 1907, when Cottrell installed a unit
to collect acid mist from a sulfuric acid plant. 3ince then, many thousands
of units have been installed. ESPs are available in sizes to handle from
5000 acfm (0.5 x 106 Btu/hr boiler) to the largest electric utility boilers.
Electrostatic precipitation is a well established technology that has been
studied and researched for nearly 80 years. Adequate solutions have been
developed for most technical problems so that ESPs are applicable to nearly
any boiler fly ash control situation. The largest power utility boiler can
be equipped within 2 to 4 years, smaller boilers even more quickly.

Factors Affecting Performance. The boiler operating parameter that has
the greatest effect un the performance of an ESP is the resistivity of tnhe
ash particles. If the resistivity is too high (greater than 10'' ohm-cm)
the charges o:: individual particles will flow through the dust layer at a
rate sliower than the rate of particle (and charge) accumulation. Ultimately
an electric breakdown will occur in the dust layer that will initiate exces-
sive sparking between the precipitation electrodes (Reference 9). Sparking
wastes charges and thereby attenuates performance. At higher resistivity
(»10'2 ohm-cm) back corona effects will introduce positive ions into the
electrode interstices and reduce the charges on the particles. If the ash
resistivity is too low (<107 ohm-cm) particles will loose their charges im-
mediately upon contact with the collection electrode. Then, lacking elec-
trostatic adhesive, they will be easily reentrained.
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Ash resistivity is more problematical for ESPs in service on coal-firea
industrial boilers than those in service on electric utility boilers because,
unlike utilities, 1lncustrial users Qo not normally purchase long-term coal
commitments. As a result induztria. bollers burn a more variable fuel, hav-
ing a more variable ash resistivity. Ash with acceptable resistivity results
from combustion of coal with high alkali (Naj0 and Liy0), Fe;03 vontent ana
low concentrations of Ca, Mg, Si, and P oxides. Resistivity drops as sulfur
content increases. Injections of SOy (and some proprietary compounds) ap-
pears to be an effective means of reducing excessive ash resistivity and
thereby 1mproving ESP performance.

The size of the ash particles is also, an important variable. ESPs ap-
pear to be least efficient for collection of particles in the size range of
0.1 to 1.0 microns diameter (Reference 10), There are indications that pen-
etration through hot side ESPs (those located upstream of the air preheater)
are primarily the result of rapping losses of particles yreater than 2 mi-
crons diameter.

Most oil-fired boilers now employing ESP control were converted from
their original coal :tuel (Reference 11). The ESP on such a unit, if not
modified, may be only 50% efficient. Oil ash tends to have a high carbon
content. The carbonaceous nature of the ash causes two types of prcblems.
First, the ash can be sticky and tar~like in nature and therefore difficult
to remove from the collection plates, insulators, frame members, and other
surfaces. Its accumulation on the collection plates eventually effects
sparking which creates a fire hazard. This difficulty can be overcome some-
what by moving the ESP to the upstream side of the air preheater, or by prac-
ticing fly ash reinjection. Both techniques yield a dryer, less sticky ash
but neither alleviates the second problem - the resistivity of the ash 1is
low because of the high concentration of relatively conductive carbon. Lcow
resistivity ash is subject to reentrainment because it is not electrostati-
cally bound to the collection electrode.

There is no reason why an ESP could not be installed to control the par-
ticle emissions from a gas-fired boiler. However, particle emissions {rom
gas-firing are so low that control is unnecessary.

Impact of Burning Hazardous Waste. Corrosion is the major ant..cipated
impact of combustion of hazardous waste in boilers equipped with ESPs. Com=-
bustion of S, P, or Cl containing compounds will result in emission of the
corresponding inorganic acids. ESPs (an be designed to remove particles
from highly corrosive gases (the first installation was at a sulfuric acid
plant) by incorporating special materials of construction. < is unlikely
that this will have been done for an ESP that was originally designed to
control particle emissions from a coal-fired boiler.

A second potential _mpact could be alteration of the ash resistivity by
these acids. This could be beneficial or detrimental to the ESP performance,
depending upon the resistivity of the coal ash.

ESPs can be expected to efficiently (>Y9%) remove particles from the
boiler flue gas. Their minimum efficiency is for particles of approximately
0.5 microns diameter. However, this minimum efficiency is in excess cf 90%.
As was mentioned previously, toxic metals appear to be concentrated in small
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particles; those less than 0.9 microns in diameter. However, even though 10%
of the particles most heavily laden with the toxic metals may penetrate the
ESP, tnhe net control cf the toxic metals will be over 90%.

A dry ESP will not remove any vapor phase supstances. These include tne
hazardous organic compounds, hydrochloric acid and vaporous metals (sucn as
mercury). It would be necessary to cool the exhaust gas to condense or ab-
sorb these substances.

Fabric Filtraction

Process Description. The microscopic mechanisms by which fabric filters
{paghouse:) remove particles from gas streams are less understoud than those
operating in other air pollution control devices (Reference 12). The typical
pore size of fabric is on the order of 10 to 100 microns, which is large re-
lative to the diameters of the particles to be removed. When, at the begin-
ning of a gas cleaninqg cycle, the fabric is clean, the removal mechanisms
for large particles appear to be direct interception and impaction. Large
zarticles (>2 microns diameter) are those having sufficient inertia to be
separated from gas slip streams as the gas flows ~round individual fibers.
Small particles (those less than 0.1 microns ciameter) are not subject to
inertial removal mechanisus but are sufficiently small to be cubject to the
molecular mechanisms of diffusion and Brownian motion. Penetration of par-
ticles through the fabric is relatively hign during the initial moments of
a gas cleaning cycle. Electrostatic forces may have an effect on particle
removal, but neither the magnitude nor the mechanism of the effect is well
understood.

After the first few minutes, accumulated particles bridge the pores and
form a filter cake on the fabric. The filter cake ha:c a smaller average pore
size than the fabric and, apparently, sieving becomes the precdominant removal
mechanism. Some installations create an artificial filter cake by injecting
lime or recycled ash into the gas stream entering the clean bag chamber. The
artificial cake hastens recovery to full efficiency of the cleaned bags.

Bag cleaning is generally done by one of three met! ods: mechanical shak-
ing, reverse air flow, or pulse jet rflow. Mechanical shaking is accomplished
by rapidly moving the frame, to which the tops of the bags are attached, back
and forth in a rapi” horizontal motion. The resultant flexing of the bag wall
causes the filter cake to crack anrd fall off in chunks. Reverse air c¢leaning
1s accomplished by closing off a section of the baghouse from the boiler ex-
haust gas flow and forcing clean air {(either filtered stack gas or ambient
air) to fiow backwards through the bags. The reversal of the gas flow causes
the bag walls to f£lex (either expand or contract, depending on whether the
normal flow tc the inside or to the outside of the bag), The flexing cracks
the cake which is then forced off of the bag by the reversed air flow, Fulse
jet cleaning is accomplished by introducing a sudden blast of compressed air
into the top of the bag. The pulse sends a traveling mechanical wave down
the bag, cracking and flaking oft portions of the filter cake. Some back flow
through the bags is created aiding cake removal. Pulse jet cleaning can be
accomplished without cordoning off the bags being cleaned.

Factors Affecting Performance. Once the filter cake is established on
tne bag surfaces, fabric filters remove 99% or more of all size of particles.
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Penetration of particles is almost exclusively through rips in the fabric,
leaks through poorly sealed conrections, or through abnormally large (>200
microns) pores in the fabric. Particle size distribu-ions downstream of
fabric filters are nearly identical to those upstream. Maintenance 1is the
most importdant aspect of operation of a baghouse. Other factors can be im-~
portant. Sticky particlz2s are poorly removed and can result 1n excessive
pressure drops that can, ultimately, c=use bag failures. Condens=ztion of
water can cause bag blinding, condensatzion of inorganic acids can cause
corrosion and weaken some fabric matevials. The temperature of the filter
fabric must be kept above the acid dew peoint to avoid acid damage to the
filters. The minimum acceptable temperature is dictated by the amount of
sulfur trioxide in the flue gas which, in turn, is a function of fuel sul-
fur content. The acid dew point of fossil fuel combustion exhaust gases
generally falls between 325° and 400°F,

Applicability to Industrial Boilers. The first fabric filters were
installed on industrial processes approximat=ly 100 years ago. The rirst
installations on coal-fired boilers, at the impetus of tightening pollution
abatement regulations, were made in the late 1960's. Performance has been
encouraging and new installations are increasing. Existing applications
range in size from small industrial boilers (5,000 actual ft3/min) to large
electric utility boilers (3 x 106 actual ft3/min;.

The ash from oil-fired boilers tends tc be hygroscopic and sticky and
tends to be irreversibly trapped in the 1interstices of the bag filter fabric
(Refcrence 11). The few installations of baghouses on oil-fired boilers
that have been attempted have met with limited success.

There is no known installation of a fabric filter on a gas-fired boiler.
This is because gas-fired boilers, properly operated, emit minute gquantities
of particles.

Impact of Burning Hazardous Waste. The primary, expected effect of the
combustion of hazardous waste in a boiler already eguipped with a fabric fil-
ter is the potential for increased corrosion.

If the waste birned creates an oily or damp ash, blinding of the fabric
filter could become a problem. The efficiency of fabric filters is relative-
ly insensitive to particle size. They are as efficient for collection of
fine particles as for larger particles. (Excessive amounts of fine parti-
clees will ultimately clog the fabric since they are not effectively removed
during cleaning.} Thus, the efficiency of removal of metals by fabric fil-
ters is expected to be excellent.

Hcwever, unless the exhaust gas is cooled so as to condense vapor phase
metals (e.g., Hg), these will not be collected. Vapor phase organic compounds
will not be collected. Cooling the gases sufficiently to cause their conden-
sation probably would result in blinding of the filter.

Wet Scrubbers

Process Description. A wet scrubber is a device for providing contact
between a liguid and a gas in order to effect the capture of some constituent




of the gas. The captured constituent may be solid, liquid, or gaseous. There
are hurdreds of designs in use most of which fall intc one of four ca-egories.

O Spray towers - high pressure iijuid is sprayed into the gas stream
in a relatively open chamber.

o Packed bed scrubbers - liguid flows downward through a porous bed
of inert material, countercurrent to the gas flow.

O Flooded piate towers - similar to packed bed scrubbers except that
tr.e gas bubbles through holes in a discrete number of plates on
wnich there is a layer of liguid.

o Venturi scrubbers - relatively low pressure water is admitted into
the highly turbulent gas flow at the throat of a venturi.

Particle removal is effected by each of several processes. Laryer par-
ticles are removed by impaction upon liquid surfaces. These may be film sur-
faces (as in a flooded plate scrubber) or droplet surfaces (as in a venturi
scrubber). Smaller particles are deposited on the same liquid surfaces by
diffusion or Brownian motion. If the gas being scrubbed is warm and moist
then condensation occurs as it is ccoled in the scrubber. The condensation,
to some extent, occurs on the surface of the particles, thereby increasing
their size (Reference 12). Increasing the size of the particles, by includ-
ing them in the 1ligquid phase, is the necessary operation. As dry particles,
few have sufficien:t size to be easily separated from the gas stream inertial-
ly. Taeir inclusion in a water droplet yields a liquid/solid mixture that
does have sufficient mass to be separated from the gas stream by relatively
simple filters (de-mister pads) or cyclones,

Several studies have shown that the =2fficiency of particle removal is
proportional to the total pcwer expended by the scrubber. The power expen-
diture includes the pressure drop in the gas and lijuid phases, It does
appear, however, that the efficiency is also inversely proportional to the
mass concentration of particles in the inlet gas stream., This implies that
removal of the last few particles is at a great energy expense.

Scrubbers, no matter their design, do not remove small particles effec-
tively at any reasonable power consumption. At practical energy expenditures,
scrubbers are ineffective for removal of particles less than 0.5 to 1 micron
in diameter (Reference 11).

Applicability to Industrial Boilers. Scrubbers, certainly, are appli-~
cable to coal-fired industrial boilers. They are small, relative to fabric
filters and electrostatic precipitators, so, space allocation problems are
less. However, scrubbers consume more energy than other control devices.,
The energy loss occurs both through the mechanisms of pressure drop in the
gas stream and loss of stack draft that results from cooling of the gases.
Especially high pressure drops are required to remove sub-micron particles.
Beiler de-ratings, on the order of 5-10% have been required on large utility
boilers to provide the power consumed by scrubbers. The usefulness of scrub-
bers for control of particles from oil- and gas-fired boilers is limited be-
cause of the small size, low concentration, and low density of the particles
emitted., There are few existing installations.
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Factors Arfecting Performance. The sine qua non of scrubber performance
1s intimate contact betwean the jas and liquid pnases. This contact may be
effected by creating *urbulence in the gas stream (i1.e., venturi) wi:th con-
sejuent loss of kinetic 2nergy in the gas, by high pressure sprays to dis-
perse the liguid in fine droplets, or by drawing the gas through a bed with
a small average pore size with consequent high pressure drop.

Particls size is also '‘mportant. Collection of particles of less than
1 micron diameter 1is at a uracceptably high erergy cost (Reference 11)., Par-
ticle density and tendency to abserb water, although these do not vary widely
among coal-fired boilers, ar. important. Dense, hygroscopic particles are
more easily scrubbed.

Impact of Burning Hazardous Waste. Of che four most commonly employed
air pollution control devices on industrial boilers, only scrubbers have the
capacity to remove the vapors of inorganic acids and volatile toxic metals
that may be emitted., Corrosion, that might become a problem with the other
types of control devices, can be overcome in a scrubber system by addition
of alkali ©o the scrubber water. Should this become necessary it will exa-
cerbate an already existing, spent scrubber liquor treatment and disposal,
problem. Also, even though installed scrubbers will remove, at least some
of, the vaporous metals, they operate at too low a pressure drop to remove
the metal fume that consists of particles less than 0.5 micron in diametar.

Centrifugal Ssparation (Multiple Cyclones)

Process Description. Multi-tube cyclones (cyclones) consist of banks
of tubes in parallel through which the exhaust gas flows. The tubes vary
from 2 to 12 inches in diameter. Gas enters through an annular opening near
the top of the tube, passes over spin blades (curved blades between the out-
er tube wall and the inner tupbe wall) which impart a tangential e.~ment to
the gas velocity, flows into the chamber, and then back up through the cen-
tral exhaust tube. The vortex created, causes particles, whose density is
greater than that of the gas, to miyrate outward to the tube wall. Colli-
sion with the wall absorbs their momentum and they fall into the hopper
below. The literature on cyclones is extensive, techniques for prediction
of collection efficiency based on; particle size and density; tube size;
gas flow rate; and gas density are readily available (Reference i1).

Applicability to Industrial Boilers. As was noted earlier, nearly half
of all coal-fired boilers are equipped with cyclone separators. They are
relatively small, consume little power (pressure drops range from 3 to 6
inches w.c.) and have no moving parts that require maintenance. However,
their collection efficiency is poor for particles of less than 10 microns
in diameter. Thus, their effectiveness for control of oil- and pulverized
coal-fired boilers is marginal. Even for stoker coal-fired boilers their
prime utility is as a pre-cleaner for more efficient collection equipment.

Factors Affecting Performance. Particle size and density are the most
critical factors affecting the performance of cyclones. Gas density and
flow rate are also important: the latter more so, because cyclone perfor-
mance falls off rapidly when the gas flow falls below its design value.
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Impact of Burning Fazardous Waste. Corrosion of metal parts in general
and cyclones in particular may be increased by combustion of hazardous com=-
pounis that contain Cl, P, and S.

The efficiency of cyclones for removal of small diameter particles and
vaporoils substances is nil. Thus, a large portion of the most toxic metals
and al. of the vaporous substances will penetrate the cyclones and be emitted
into the environment.

Control Technigques for Nitrogen Oxides

Nitrogen oxides (NOy) emitted from the combustion of fuel are formed by
oxidation of organic nitrogen compounds in the fuel and by oaiacation of at-
mospheric nitrogen (N>) (Reference 2). Approximately 95% of the NO, formed
is nitric oxide (NO), the remainder 1s nitrogen dioxide (NO3). The ratio
of products varies somewhat. Coal and oil-fired furnaces apparently emit
a smaller fraction ¢f NOj. The rate of formation of NOy, by both mechanisms
(fuel and thermal) is a function of combustion conditions, primarily flame
temperature and excess oxygen availability. Both fuel bound and atmospher-
ic' nitrogen are more resistant to oxidation than the organic components of
fuels, so their oxidation is effected only at relatively harsh conditions.
Therefore, it is possible to mitigate the combustion conditions in a boiler
firebox somewhat to lessen formation of nitrogen oxides without reducing the
efficiency of fuel combustion. In fact, reducing the excess air (one NOy
reduction technique) may increase the efficiency for the boiler.

Five techniques for reducing NO, emissions are currently practiced (Re-
ference 2):

Low excess air (LEA)

Staged combustion (SC)

Flue gas recirculation (FGR)
Low NOy burners (LNB)
Reduced air preheat (RAP)

0O 0 00O

Each of these techniques is discussed below.

Low Excess Air

Process Description. Most industrial boilers are routinely operated
at higher excess air rates than are recommended by the manufacturers of the
boilers. Operation at higher than design excess air provides a cushion
against smoke emissions during sudden load changes, lessens the need for
careful operator attendance, and obviates the requirement for sophisticated
(and expensive) combustion air controls., High excess air also reduces the
thermal efficiency of the boiler by increasing the amount of hot gas ex-
hausted, and increases the amount of residual oxygen available for oxida-
tion of fuel and atmospheric nitrogen.

Reduction of excess air in small, relatively simple fire tuke and pack-
age water tube boilers is accomplished by closing down the inlet vanes on
the forced draft fan or by closing down the vanes on the windbox. On larger,
more sophisticated boilers, the forced and induced draft fan speeds can be
reduced.
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Development Status. Reduction in the excess air is being applied widely
to improve thermal efficiency and thereby reduce fuel costs.

Applicability to Industrial Boillers. Lowering excess air is agplicable
to all industrial boilers that have been operated at higher than design air
levels., It is recommended that automated air controls {(oxygen trim systems)
be installed to ensure safe, smokeless operation,

Factors Affecting Performénce. At any ioiler load, the percent reduc-
tion of NOy emissions 1s directly propcrtional to the reduction in excess
air. 1In coal-fired boilers, a decrease of 1% in the flue gas oxygen concen-
tration cen result in a 5% reduction in NOy, emissions.

Impact of Burning Hazardous Waste. It has been hypothesized that reduc-
tion in the available oxygen in the combustion zone might reduce the oxida-
tion of hazardous compounds for the same reasons that it reduces oxidation of
nitrogen. This effect was not observed at one of the sites tested for this
effort where excess air was varied at constant boiler load. The destruction
efficiency of hazardous materials with the oil-fired boiler at 50% excess air
(7% O05) was not discernably different from the destruction efficiency with
the boiler at 17% excess air (3% Oz). The determination of destruction effi-
ciency was made by comparison to the flow rates of the hazardous compounds
in the stack gas to their flow rates in the fuel stream. It is possible that
their destruction was by some means other than oxidation.

Staged Combustion

Process Description. Staged combustion consists of reducing the air flow
through the burner port {burner box) to a level flow needed to completely ox-
idize the fuel. Secondary air is added to the flame zone to provide the addi-
tional oxygen required. The practice has two effects: it reduces the temper-
ature and oxygen concentration in the primary flame zone ond it diffuses the
flame into a larger wvolume. The reduced temperature and oxygen levels reduce
formation of NOy. The more diffuse flame provides a larger volume from which
heat is radiated, allowing more rapid coocling of tne flame and tlLus, a shorter
time for oxidation of nitrcgen., Staged combustion is rearly always applied
in conjunction with low excess air. The secordary (staged) air can be intro-
duced through the side wall or the top of the flame zone. The effect is in-
herent in coal-fired stoker boilers but may be enhanced by reducing underfire
air flows.

Development Status. The status of development of technology to imple-
ment staged zsombustion in various types of industrial boilers 1s summarized
in Table 3.10.

Applicability to Industrial Boilers. Staged combustion normally can be
implemented on oil and gas-fired boilers. Installation of an oxygen trim sys-
tem to monitor and control the flow rates of primary and secondary combustion
air is necessary to prevent excessive smoke and combustible gas emissions.

Implementation of staged combustion on pulverized coal-fired boilers
can result in increased slagging and corrosion and pose the same, poor com-
bustion efficiency problems. These again can be alleviated by installation
of automated combustion air controls, and by installation of compartmented
windboxes to assure equal distribution of combustion air among burners.
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TABLE 3.10

DEVELOPMENT STATUS OF STAGED COMBUSTION
FOR AFPLICATION TO INDUSTRIAL BOILERS - 1982
(Reference 2)

Coal-Fired
Industrial Boilers

0il- and Natural Gas~-Fired
Irdustrial Boilers

|
|
Boiler Packaged and Field erected [Field erected Fackaged Packaged
Type field erected pulverized | watertube watertube firetube
stokers |
i
Status Available available tavailable Available N/A
but not and | and and R&D status
implemented implemented implemented implemented

N/A = not available
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Stoker coal-fired boilers appear to present the most difficult case for
retrofit of staged combustion. In general, the overfire air ports are not
adeguartely designed and positioned to provide efficient secondary combustion.
In addition 1if the primary iunderfire) air is reduced too much, clinker
forms on the grates requiring additional labor tc manually break the lumps.
Emissions OF NOy are reduced by implementation of staged combustion in most
stokers, but the emissions reductions are not consistent with increased stag-
ing.

Factors Affecting Ferformance. Utility boiler experience has shown that
if the secondary air ports are located foo close to the connection bank high
steam temperatures result. If the secondary air 1is introduced too close *O
the burners, the staging is compromised and optimum NO, reductions are not
realized.

With distillate oils or gas fuels, efficient smoke-free operation can
be attained with the primary air as little as 90% of theoretical combustion
air. Primary air must be 105% of theoretical combustion air to prevent slag-
ging and corrosion in residual oil- and coal-fired boilers.

Impact of Burning Hazardous Wastes. As with all approaches to reducing
NOy emissions, the intent of staged combustion is to effect lessened oxida-
tion of nitrogen by reducing the flame temperature and the availability of
oxygen in the flame. Mitigation of the flame conditions may be inimical to
destruct.on of nazardous compounds. To date, one boiler practicing staged
combustion has been tested. The unit was an 86 x 106 Btu/hr, gas-fired
water tube boiler that was co-firing aniline wastes., The waste stream was
spiked with chlorinated hydrocarbons for the test. The DRE of the wastes
exceedea 39.99% for all compounds (except benzene, a common PIC of fuel
burning for which the DRE was 99.98%) for all runs. There was no discernible
difference between the DRE observed during staged combustion and unstaged
ccmpustion runs.

The second potential impact is accelerated corrosion trom hydrocnloric,
nitric, and phosphoric acids formed when hazardous wastes containing Cl, N,
or P are burned. This effect will be most pronounced in residual oil- and
cnal-fired boilers that are subject to enhanced corrosion during phased com-
bustion.

Flue Gas Recirculation

“rocess Description. Recirculation of flue gas into the burner air
reduces NOx formation by reducing the concentration of oxycen available to
react with nitrogen. Recirculation also provides a larger mass of combustion
gases to absorb the heat of combustion. The nverall effec: is to lower the
average cambustion chamber temperature, again reducing NOy formation. Phy-
sizally, the system is simple. It requires only that ductwork be provided
to return some of the flue gas to the forced draft fan, and that the fan be
increased so it is capable of forcing the extra gas through the windbox.

Applicability to Industrial Boilers. Flue gas recirculation is commer-
cially available and applicakble to any distillate o0il or gas-fired boiler.
It is avaliable but much less effective for redu:ing NOy emissions from fir-
ing residual oils and coals that contain fuel bound nitrogen.
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The higher operating temperature impressed upon the forced draft fan
reporteCly causes it to erode more rapidly than normal (Reference 2). Flame
instability 1s lessened if recirculation exceeds 20 to 25% of the combusticn
air.

Factors Affecting Performance. Recirculation rate is the only variable
in this system. The percent reduction of NO, emissions from distillate oil-
and gas-fired boilers is approximately linear with recirculation rate up to
30% flue gas recircalation. The percent reduction of NOy enissions is ap-
proximately 10 for flue gas recirculation rates and between 15 and 25% in
residual oil-fired boilers.

Impact of Burning Hazardous Wastes. The inorganic acids formed when
compounds containing CL, N, or P are burned will contribute to corrosion of
the recirculation duct work and the forced draft fan. Addition of hazardous
wastes, especialily those with high water contents, may contrikute to thre
flame instability that has been observed at high recirculation rates.

Low NO, Burners

Process Description. Low NOy, burners are designed to accomplish the
functions of low excess air flue gas recirculation ond staged combustion
within the burner itself. They incorporate techniques such as delayed fuel/
air mixing, internal gas recirculation, flame cooling and dispersion sur-
faces, off-stoichiocmetric fuel/air mixing to reduce flame temperatures, and
oxygen availability in the high temperature zone. They differ from the pre-
viously discussed techniques only in that these functions are accomplished
internally (in the burner) rather than in the boiler.

Applicabili*v to Industrial Boilers. Low NO, burners are available for
relatively small industrial boilers. The size of available low NO, burners
has inhibited their use in larger boilers because of the cost of construction
of multiple burner boilers. Single burner, shop-erected boilers uvp to 250
x 10® Btu/hr are less costly than field-erected multiple burner boilers of
equal size.

Factors Affecting Performance. Low NO, burners are affected by the samec
operating parameters as tiae three technigques previously discussed. Greater
dispersion of the flame may cause it to impinge upon tae back wall of the
furnace. Higher temperatures appear to cause increased NO, emissions.

Impacts of Burning Hazardous Wastes: Burning hazardous materials will
impact low NO, burners the same way it will impact other NOy control tech-
niques, i.e., possible: increased corrosion, low destruction efficiency and
flame instability. No testing of units burning hazardcus wastes in low NOy
burners has been reported.

Reduced Air Preheat

Process Description. Most boilers larger than 50 x 106 Btu/hr recover
scwre heat from the flue gases, either by combustion air preheaters or by
feedwater heaters (economizers). Selection of an economizer rather than an
air preheater lowers the heat input to the flame and thereby reduces oxida-
tion of atmospneric nitrogen. It does not appear to reduce NO, formation
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from fuel-bound nitrogen and, therefore, is less effective for residual oil~
fired and coal-fired boilers.

Development Status. Both air preheaters and economizers are well-devel-
oped technologies. In most cases, the purchazer of a boiler can opt for one
as easily as the other.

Applicability to Industrial Boilers. The technigue is cpplicable to
new boilers. Retrofit of existing boii2rs is not likely to be eccnomically
feasible,

Factors Affecting Performance. The degree of reduction of NOy emissions
is a function of the degree of rcduction of air preheat. Normally, *=he air
preheater either exists or it does not, and the combustion air temperature 1is
either ambient or about 457°F. Gas and distillate oil-fired boilers with no
air pre-heat emit approvamately half as much NOy as boilers with air preheat.
As was menticned, there is little or no affact oun formation of NOy from fuel
bound nitrogen. Therefore, the percent reduction of NOy from residual oil
and coal-fired hoilers is less, although the absolute reduction is probably
equivalent,

Impact of Burning Hazardous Waste., Other than possible increased cor-
rosion of the economizer and boiler, combustion of hazardous wastes should
have no effect on the performance of a boiler employing reduced air preheat.
Insufficient test data have been collected to demonstrate the effect of re-
duced flame temperature on the efficiency of destruction of hazardous com-
pounds.

POTENTIALLY APPLICABLE CONTROL EQUIPMENT

*vajilable data indicate chat combustion of hazardous waste streams in
industrial boilers contributes no fly ash to the boiler exhaust, other than
the amount that is expected during combustion of virgin fuels of comparable
ash content. Compliance with EPA and state particle emission regulations
should be attainable by the same means employed for boilers burning virgin
fuels. There may be some wastes (e.g., paint manufacturing waste, degreas-
er waste) that contain abnormally high ccncentrations of ash and inorganic
matter that, when burned, emit excessive amounts of fly ash. Unless these
wastes also contain high concentrations of organic chlorine or toxic metals,
the application of oune of the control devices discussed previously should
be sufficient.

Existing baghouses and electrostatic precipitators (ESPs), where they
are installed, are adequate to control the emissions of the relatively non-
volatile, toxic metals. ESPs are less efficient for removal of particles
of approximately 0.5 micron diameter than for other sizes; but, are approxi-
mately 90% efficient for these particles. Thus, even if as much as 80% of a
toxic metal is concentrated in particles of less than 1 micron diameter, the
overall penetration of the toxic metal will be less than 10%. The efficiency
of baghouses is relatively unaffected by particle size and should be in ex-
cess of 99%.

~
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The presence of hydrochloric acid (HCl) alone in the exhaust gas also
presents no difficulty to conventional control devices. Relatively simple
water flooded packed towers can achieve 98% efficiency if the scrubber water
blowdown rate is sufficient to keep the HCl concentration below 2% (Reference
12}. Single pass scrubbers using caustic ligquor can easily attawn 99% eff.-
ciency.

In the case that the hazardous waste contains high concentrations of
chlorine and toxic metals, presently installed equ’puwent will prove inade-
quate. This case will require removal of vapor phase HCl (and perhaps vapor
phase metals) and highly efficient removal of the sma.l particles that will
¢onzain most of the volatile toxic compounds. Of course, i1t would be possi-
ble to achieve adequate removal of both types of pollutants (vapors and fine
particles) by series installation of a scrubber and an ESP or baghouse; but
this may be more expensive than one of several recently demonstrated dcevices
that have demonstrated c¢fficient removal of both particles and gasec.

Emissions of nitrogen oxides (NOy) during combustion of wastes having a
high nitrogen concentration is the seccnd case that may require application
of advanced control technology. Of the five combustion practices that are
currently implemented for control of NO, emissions, three (low excess air,
flue gas recirculation, and rcduced preheat) are effective for reduction of
thermal oxidation of atmosvheric oxygen but less effective for reducing oxi-
dation of fuel-bound nitrogen. Of the two techniques (staged combustion and
low NO, burners) that have demonstrated capability for reducing oxidation
of fuel-bound nitrogen only one, staged combustion, has been evaluated in a
hazardous waste service. These tests were performed on a gas-fired boiler
in which aniline production wastes (nitrobenzene and aniline) were kbe.ng co-
fired. The nitrogen contributed by the waste stream amounted to approximate-
ly 1.5% (wt/wt) of the total (gas plus waste'® fuel - a concentration that is
typical of coals. The test results showed NC, emission rates to be about 1.1
1b Noxé106 Bio when combustion staging was not implemented and about 0,35 1lb
NOX/IO Btu wnen the combustion was staged.

Thus, staged combustion reduced NO, emissions sufficiently to effect
compliance with emissions limits placed upon a fuel with a comparable nitro-
gen content, but not sufficiently to comply with emissions limits for either
gaseous or liguid fuels. Note that the regulations cited apply only to large
(>250 x 106 Btu/hr) boilers but that regulatory alternatives for smaller boil=-
ers are presently being considered. Currently proposed regulation of indus-
trial boilers larger than 100 x 106 Btu/hr heat input limit NO, emissions to:

NO, Emission Limit

Fuel __(1b/10% Btu)
Gas and Distillate 0il 0.1
Residual 0il 0.3 - Q.42
Coal (Stoker) 0.8
Coal (Pulverized) 0.7

a2 variable - depends upon fuel nitrogen content.
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Obviously, this boiler would not meet the pruposed regulation for gas-fired
boirlers, However, the proposed NO, regulation contains a provision that
allows holders of RCRA permits to obtain a variance based upon their demon-
stration that the best available technology will nct bring them into compli-
ance with the NOy emission limit while maintaining adequate DRE of the haz-
ardous macerial. Such conflicts will be resolved on a case by case basis.,

Advanced Control for Vaoor Plus Small Particle Emissions

Many novel, air pollution control devices have been developed and tested
over the past several years under the EPA Research on Novel Device for Par-
ticulate Control program. These were considered in relation to control of
emissions from the incineration of hazardous waste py Branscome, et al. (Re-
ference 12). Several of these novel devices appear to be applicable to the
possible need for simultaneous control of vapors (HCl and vapor phase toxic
metals) and the several toxic metals that appear to concentrate into parti-
cles less than 1 micron diameter. These novel devices are in various stages
of engineering development from bench-scale to full-size industrial instal-
lations. Pilot~scale models are available for nearly all, but only a few
installations exist. The discussion in thjs section is restricted to those
for which encouraging pilot-scale or full-scale recults have been reported
end which show the greatest promise for practical, economical application
within the next year or two.

Wet Electrostatic Precipitators

Process Description. Electrostatic precipitation was discussed in the
previous section. Most of that discussion applies directly to wet eiectro-
static precipitators (E3Ps). The boilar exhaust gas is cooled and saturated
with water vapor in a gquench chamber upstream from the wet ESP. As the par-
ticle laden gas flows through the ESP it is subjected to a high voltage fieid
that impacts electrostatic charges to the particles in a manner analagous to
the dry ESP. The collection electrodes, however, are flushed continucusly
with water (or reagent liquid). As particles migrate to the collection plate,
they become entrained in the liguid and are removed with it. The liquid may
be clarified and recirculated.

Because the collection plates are continuously wetted, the wet ESP also
serves as a packed bed gas abscrber. Soluble gases (e.g., HCl, SO;, NOj)
.i1ssclve in the water and are removed along with the particles.

Development Status. Several companies have produced pilot-scale wet
ESPs and a few full-scala units have been installed, mostly in service as
demisters.

Applicability to Industrial Boilers. Wet ESPs are thought to be di-
rectly applicable to industrial boilers. Because the incoming gases are
cooled and saturated, their volume is reduced. Thesiefore, a wet ESP can be
smaller thar a dry ESP. Pilot tests of two units, iastalled on a municipal
incinerator demonstrated overall particle collection efficiencies ranging
from 94.3 to 98.8%. Unfortunately, particle size measurements were not made
at the outlet so that expected efficiency of remova “ fine particles was
not confirmed. The efficiency of removal of sulfur dioxide ranged from 7¢
to 78%; of HCl from 84 to 98%, and one unit reportedly removed 39% of the
NO,.
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Factors Affecting Performance. The factors affecting the performance
of dry ESPs will, for the m-st part, affect the performance of wet ESPs. The
exceptions are that reentrai.ment due to low resistivity and gas scrubbing of
the collection plates will be less in the wet ESP. Once a particle becomes
entrained in the liquid that is flushing, the collection plate nc longer needs
to be held to the plate electrostatically, Therefore, low resistivity parti-
cles will not be as readily lost.

Since the wet =TSP will have been selected only in the case where acid
gas (HCl) removal is necessary, its design should incorporate corresion re-
sistant materials.

Steam Hydro and Free Jet Scrubbers

Process Description. These devices are similar in concept; water is
injected into a gas stream as that stream enters a jet nozzle. The free
jet scrubber relies upon the turbulent mixing that occurs in the nozzle to
provide intaimate gas/liquid contact. The steam hydro scrubber directs the
scrubber water flow onto a supersonic steam jet in order to break the water
into even smaller droplets. The steam ejector also provides the draft so
that no ID fan is needed. Mixing occurs in the set nozzle throat providing
for absorption of dust particles and soluble gases., The free jet scrubber
is normally provided as a tandem, two jet nozzles with water sprays, in ser-
ies. The incoming gases are gquenched by water sprays prior to entry into
either device., Both provide cyclone separators to remove the water droplets
(and entrained particles) from the gas stream. The devices are essentially
venturi scrubbers. Their manufacturer claims that the tandem free jet scrub-
ber has a lower energy requirement than other scrubber types for eguivalent
particle removal efficiency. The use of supersonic steam in the steam hydro
sCrubber results in a power consumption of about 10 times that of an air
ejector venturi, albeit particle ccllection efficiencies are better.

Development Status. Applications of the steam hydro scrubber are us-
ually limited to specialty problems that require reliability and efficiency.
They also are applicable where a source of waste heat can be captured to pro-
vide the needed steam. Free jet scrubbers have been commercially installed
on radiocactive waste, PCB, and municipal waste incinerators. As mentioned,
both devices are esseutially similar to venturi scrubbers and consist large-
ly of existing technology.

Applicability to Industrial Boilers. Either of these devices ought to
be applicable to industrial boilers though no known installation exicsts.
Both were pilot tested at a municipal incinerator. The free jet scrubber
reduced outlet particle concentrations to 0.014 to 0.032 gr/dscf at pressure
drops between 30 and 40 inches w.c. The steam hydro scrubber gave overall
particle removal efficiencies of 99.9%, the highest attained by any scrubber
in the EPA novel control device research program.

Factors Affecting Performance. As with other scrubbers, energy consump-
tion is the most important factor affecting the efficiency of particle re-
moval by these devices. The case where the boiler exhaust gas contains a
high concentration <Y inorganic acids (HCl) can be accommodated by use of a
caustic sclution in lieu of water scrubbing liquid and by fabrication of the
unit from corrosion resistant materials,
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Ionizing Wet Scrubbers

Process Descripticn. Ceilcote has developed an ionizing wet scrubber
(IW3®), rne device is conceptually similar to a twr-stage ESP. The gas to
be cleaned is first guenched, if necessary, to lower its temperat:ire; 1t then
passes through a high voltage 1onizer section in which the entrained particles
become charged and, finally, through a cross flow packed bed scrubber where
the charged particles are attracted to and absorbed by a grounded scrubber
ligquor. The scrubber liquor may be water or water augmeated with caustic
(lime) for improved HCl collection.

Development Status. The IWS® is a combination of two existing technol-
ogies: electrostatic charging of particles and packed bed scrubbing. As of
March 1982, the company listed over 30 installations, including 13 at munici-
pal and industrial waste incinereators. The device can be considered to be
existing technology.

Applicability to Industrial Eoilers. Although no installations are
known, the IWS® appears applicable to industrial becilers. Natural draft
i3 lost because of the heat removal that occurs in this (or any) scruboer.
H-wever, the low pressure drop and total energy consumption reported are
attractive.

Fac-ors Affecting Perfornance. The incoming gas stream must be condi-
tioned to reduce its temperature, remove large (>5 microns) particles, and
to effect condensation of volatile organic material in order tc attain max-
imum efficiency. Company literature states that a one-stage system will re-
mova 75 to 90% of 0.5 micron particles and that a two-stage unit will remove
93 to 97%. Results of tests of a two-stage unit in service on a re ‘ractory
kKiln showed only 50% efficiency of collection of 0.5 micron particles.

Dry Scrubbers

Process Description. The “erm dry scrubber refers to a device where-
in a powdered absorbing reagent is dispersed into the pollutant laden gas
stream before the gas enters a baghouse. For example, lime can be injected
to the exhaust of a combustion source to absorb, with reaction to CaCl,, the
HCl generated .uring combustion of chlorinated compounds. There are several
designs which vary primarily in the means by which the reactant powder is
dispersed. Dispersion equipment used includes centrifugal atomizers, spray
nozzles, and venturi throats. At least one manufacturer injects the reac-
tant as a slurry which dries in the gas stream before removal by the bag-
house.

Development Status. Dry scrubbing is a relatively new technolcgy so
there is not a large base of published information about their performance.
A few installations /mostly on hazardous waste incinerators) have shown pro-
mise.

Applicability to Industrial Boilers. There is no known installation
on industrial boilers burning hazardous waste. Although several (about a
dozen) have been solé for the purpose of flue gas desulfurization, the tech-
nical and economic¢ viability for controlling HCl emissions from a boiler
using dry scrubbing has not bteen demonstrated.
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Factors Affecting Performance. Operazion in an ECZl laden gas nas been
problematical. The HCl is, of course, corrosive and the reaction product
(CaCl;) is delinguescent and corros:ive. Hign chloride 1s damaging not only
to metallic structural members but also = tne pag mezerial. Two materials,
polypropvlene and Teflon®, appear to de satisfactory. The former shouid not
be usec at temperatures above 235°F, Tne latter may be used at algner tem-
peratures but is more expensive, However, unless th2 stack gas temperature
is reduced, from the 350° to 400°F typical of small noilers, the efficiency
of removal of volatile metals will not be optimun.

Ammonia Injection

Process Description. Ammonia (NH3) injectior ivolves the noncatalytic
decomposition of NOy in the flue gas Tto nitrogen and water using ammonia as
the reducing agent. This technique is often referred to as selective non-
catalytic reduction or thermal DeNOy. At a mole ratio of 1.5 moles NHj3 per
mole NOy, over 40% of the NO can be reduced if the resction is designed to
take place at a location in the boiler where the zemperatura vanges from
1700° to 1800°F. Outside the range of 1650° to 2000°F less than 10% of the
NOy in the flue gas can be reduced to nitrogen and water by ammonia injec-
tion.'3 Since ammonia must be injected into the section of the boiler that
is within the narrow optimal temperature window, some curtailment of load
following capability may resulc,

Cevelopment Status. Ammonia injection is applicable to all industrial
briler types and fuels where there is access in the proper temperature ruange,
Although this technique is commerically offered, it is not currently applied
to any domestic operating industrial boiler.'3 Ammonia injection has been
installed on three gas- and oil-fired boilers ranging in size from about 16
to 79 MW (55 %o 270 x 10® Btu/hr) thermal input in Japan. In the U.S. this
technique has been investigated only on pilot-scale facilities, except for
one commercial installation on a crude ocil-fired thermal enhanced oil recov-
ery steam generator, This installation is not currently operating because
of problems experienced with the steam generator.

Applicability to Industrial Boilers. Application of ammonia (NHj)
injection to industrial boilers is complicated by the frequent load swings
these boilers typically undergo. Since the reaction between NH3 and NO 1s
efficient in only a narrow temperature range development of an injection
grid is necessary so that the injection can be made in the appropriate fur-
nace zone as load varies.

Factors Affecting Performance. The required reaction temperatures for
noncatalytic decomposition of NO with ammonia are found in different 2reas
of the boiler depeading on its design and operating load. For example, at
full load these temperatures occur in the convective section of both pack~
aged and field-erected watertube boilers. Changing boiler locad, however,
causes a shift in the temperature profile through the boiler, reducing O,
removal to below 30%. For small firetube boilers, optimal ammonia injec-
tion temperatures occur directly in the firebox. 1In this area of the boil-
er, cross-sectional flue gas temperatures are often not uniform, causin
significant degradation of the Nox reduction performance to below 108,
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Ffor new units, multiple ammonia injection grids can be strategically
designed and located to compensate for temperature gradients and shifts in
temperature profiles with changing loads. This technigue, however, has not
yet been demonstrated. '3

Other factors affecting performance include NH3 injection rate and resi-
dence time at optimal temperature. The optimal NH3/NO, molar ratio has been
established to be approximately 1.5, with no additional NO reduction gained
by increasing the ratio to 2.0. Maximization of the residence time at opti-
mal temperature can be achieved by proper location of the muitiple injection
grids. A cross-sectional temperature profile will be reguired for each boil-
er design to identify these locations.’'3

Effects of Burning Hazarous Wastes. Sulfur-containing wastes present a
potential problem, The formation of ammonium sulfate or ammonium bisulfate
can cause plugging of an air preheater or corrosion of beciler parts. In-
creased frequency of water washing will minimize this problem. To insure
that ammonia emissions t> the ataosphere are minimized, ammonia sensors and
feedback control systems for the injectors may be required.

Seiective Catalytic Reduction

Process Description. Selective catalytic reduction (SCR) is a technigue
involving reduction of the flue gas NO, concentration by reacting NO, with
NH3 in a catalytic reactor. With the exception of the use of a catalyst it
is similar to the ammonia injection NOy, control technique described above.

In this process, ammonia, taken from a liquid storage tank and vaporized, is
injected at molar ratios of 0.7-1.2 moles NH3 per mole of NO, and mixed with
flue gas prior to the reactor. The flue gas passes through the catal st beq
where NO, is reduced to Np. Typically, a 1.0 mole ratio of NH3 to NO should
yield a 90% reduction in NO, emissions. The flue gas exits the reactor and
is sent to the air preheater and, if necessary, further treatment equipment
for removal of particulates and SO;. Flue gas must enter the reactor at 350-
400°C since it is in this temperature range that the catalysts show the op-
timum combination of activity and selectivity. The catalysts used in most
SCR processes are oxides of non-noble metals which have shown the best com-
bination of high reactivity and resistance to SO, and S0O3 poisoning.

Development status. SCR is not considered a commercially demonstrated
control technology for coal-fired sources in the U.S. SCR processes have been
used commercially in Japan on gas~, distailate oil-and residual oil-fired
industrial boilers and SCR processes on coal-fired utility boilers are under
construction. Ongoing studies in the U.S. are investigating NOy only and NO,/
SO, SCR performance with coal combustion in pilot-scale facilities. There is
no full-scale U.S. or Japanese SCR installation with documented performance
in accordance with EPA test methods, although removals in excess of 90% have
been reported for Japanese gas- and oil-fired boiler SCR applications. EPA
is sponsoring two (2) pilot=-scale evaluations of SCR technology on coal-fired
utility boilers. The Electric Power Research Institute (EPRI) is also spon-
soring a coal-fir=d utility boiler SCR pilot plant,
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Appli~ability to Industrial Boilers. GSCR is applicable to all indus-
trial boiler types. The particular catalyst formulation and shape as well
as reactor tvpe will be dictated by the fue. fired. Variables associated
with boiler type that can affect the performance of SCR systems are flue
gas flow rate, NOy concentration, and boiler load variability,.

The flue gas flow rate and NO, control level determine the catalyst
volume necessary. increases in either increase the required reactor size.
The NOy concentration is primarily a function of fuel type used.

The system will work well with gas- or oil-fired units using convention-
al catalysts and fixed bed reactor designs. With cosl firing, potential ash
plugging problems dictate the use of one or more of the following approaches:

o Operation of the NO, contrcl system downstream of an efficient and
reliable particulate removal device.

o0 Use of a moving bed design which permits the periodic removal of
catalyst for cleaning.

o Use of a catalyst shape that does not collect the entrained particles
present in the flue gas as they pass through the catalyst bed.

Factors Affecting Performance. An important design variable witn cata-
lytic systems 1s the space velocity which is expressed as the volume of ca-
talyst required to treat one volume per hour of flue gas. Space velocity
varies with catalyst formulation, catalyst shape, and control level. Both
NH3/NO, ratio and space velocity will range from approximately 1.5 to 8 for
control levels of 70 to 90%.'4 The operating temperature range for most of
these processes is about 300-500°C, though more efficient NO, removal usually
occurs in the higher portion of this range. To maintain the reactor temper-
ature at desirable operating levels during periods of reduced boiler load,
most process vendors recommend bypassing a part of the flue gas around the
economizer. In some pilot-plant and larger operations, auxiliary heaters
have been used to maintain reactor temperatures during turndown.

Impact of Burning Hazardous Wastes. The most probable impact of hazari-
ous wastes on SCR systems is catalyst degradation by metals and by the high
chloride concentrations that result form combustion of chlorinated compounds.
Disposal of spent catalysts may be an environmental concern since some of the
non-noble metals used in their formulations are hazardous. This problem will
be exacerbatad if combustion of hazardous wastes increases the frequency of
replacement. In addition, if metals in the hazardous wastes accumulate in
the catalyst the problems associated with catalyst disposal will be exacer-
bated.
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SECTION 4

DESTRUCTION EFFICIENCY AND CONTROL TECHNIQUES

The EPA Office of Solid Waste recognized the need to collect emission
data from bcilers burning hazardous wastes as fuels. Since little data ex-
isted, EPA developed a program to test representative industrial boilers
burning a variety of waste streams. This section evaluates the sampling
and analytical procedures used to collect the field data and summarizes the
results of test burns conducted at 15 sites. This section also includes a
discussion on the types of system modifications that will be required in
order to burn hazardous wastes in existing boilers. This will include mod-
ifications to the boiler, as well as the need for pretreatment and air pol-
lution control equipment.

EVALUATION OF TEST METHODS

The most widely employed procedures for measurement of the rates of
amissions of organic substances from combustion sources are the Modified
Method 5 (MM5), the volatile organic sampling train (VOST) procedures, and
an adaptation of the VOST protocol for short sampling times and field anal-
ysis called Mini-VOST procedure. These methods are conceptually similar;
both sampling trains consist of a particle filter, a condenser, a bed of
porous polymer sordent, and a condensate trap. Their differences lie in
their size, sorbent, and analytical techniques. Some of the salient at-
tributes of the two methods are compared in Table 4.1. The strengths and
weaknesses of these two methods are discussed in this section.

Modified Method 5 (MM5)

Description of Method

This method is an adaptation of EPA Method 5 (40 CFR Part 60) modified
%o obtain samples for organic compound analysis as well as quantification of
particulate matter emissions. The adaptation (Figure 4.1) is the addition
of a sample gas condenser and a sorbent resin module between the heated fil-
ter and first impinger of the Method 5 train. The sorbent resin most common=
ly used for hazardous waste combustion evaluation is XAD-2 which is highly ef-
fective at trapping organic compounds with boiling points greater than 10C°C.

The sample is collected by isokinetically drawing stack gas through a
heated glass or quartz probe, through a heated glass fiber particle filter
and then to the condenser/resin module. The sample gas is kept above 120°C



TABLE 4.1

COMPARISOI OF MM5 AND VOST PROCEDURES

Feature MM5 VO3T Mini-VOST
Sampling Rate 14-40 1lpm 0.5 to ' lgm 1.0 lpm
Sorbent XAD-2 Tenax®-cC Tenax®-GC
Analysis of Condensate yes no no
Sample Recovery sorbent thermal thermal
Technique extraction desorptior desorption
Analysis GC or GC/MS GC,/MS GC/HECD
Boiler Point of Analytes >100°C 30° to 10C“C 30° to 100°C
Sampling Duration 1 %o 4 hr 9.3 to 1 h: 10 min
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until it reaches the condenser where it is cooled to <20°C. Filtration tem-
peratures up to 205°C are used to minimize organic species condensation prior
*o the condenser if this does not incerfere with the de-emination of parci-
culate matter. The sample gas and condensate pass throujh a resin bed lo-
cated below tihe condenser allowing the condensate to percolate through the
bed and collect in an impinger or condensate trap underneath the resin module.
The sample gas is then bubbled througl. two more impingers ian the conventional
Method S5 configuration for acid gas and additional moisture .[emoval.

Samples are analyzed by performing solvent extractions on the probe and
filter material as one fraction, the resin as a second fraction, and option-
ally on the condensate and impinger catches as third and fourth ‘ractions.

The solvent extracts are concentrated and may be combined and ana.yzed by gas
chromatography using mass spectrameters, flame ionization detectors, or elec-
tron capture detectors, as appropriate, for the organic compounds of interest.

Procedure Standardization

The construction and operation of a Method S5 train is well known and
well described in the literature. The train operation, sample recovery,
choice of sorbent resin, and analytical method to be used in a given appli=-
cation of MM5 are not specified. At this time, a single description of how
the MM5 train is or may be used is not availabla. The sample collection
aspects including resin choice, are discussed in various publications, but
the sample recovery, analysis, and data reduction are not well described.

The Method 5 trzin and sample collection scheme has become the standard
for measurement of emissions of particulate matter and it is not surprising
that modifications to it have evolved in attempts to quantify other types of
emissions using the same equipment and technigques. Method 5 is written as a
compliance test method for certain specific categcries of sources subject to
NSPS. This specificity has not been established for the MM5 procedure as ap-
plied to hazardous waste DRE sampling in part because at least some of the
measurement objectives will be different from test to test. Many of the ok~
jectives will be the same and these need to be identified and the method
written to ensure that the aoals are clear.

First, the relatie priorities of measuring particulate matter and or-
ganic campound emissio s need to be set. Most often these will not conflict
and no sacrifice of one measurement for another is needed. In the cases
where some relatively significant guantity of organic chemical of interest
may be found in the "front half" (probe, filter, connecting glassware) of
the Method 5 train then the accuracy of particulate matter measurement may
need to be sacrificed to obtain the S-VOC data. Examples are not brushing
the probe to avoid contamination, removing some particulate matter with the
solvent used for S-VOC recovery, and/or operating the heated portion of the
train at higher than normal temperature (e.g., 205°C) and vaporizing parti-
culate matter which would otheriise deposit in the front half of the train.
In the case of cil-fired boilers, much of the particulate matter is carbon-
aceous with little inorganic ash and the material contains straight chain
and aromatic hydrocarbons which may or may not be collected in the front
half depending on the filtration teamperature. This is different from a coal-
fired unit where the ash is mostly {typically >95%) inorganic matter. If



POHCs or PICs to be measured from hazardous waste cambustion are to include
naphthenic or paraffinic hydrocarbons, then whether the boiler is oil- or
coal-fired will probably affect the sampling and analysis scheme.

Sele=tion of POHCs and PICs also bears on the choice of a suitable sor-
bent resin. Generally, the MMS5 1s used to sample for PICs - the higher beoil-
ing compounds, but it is also used to collect samples for certain Appendix
VIII compounds, e¢.g., toluene, monochlorobenzene. XAD-2 is the resin most
commonly used and recommended as a general purpose sorbent when solvent ex-
traction is tile means of sample recovery. XAD-2 was selected four its sor-
bent properties, ease of cleaning, and sé¢mple recovery efficiency. Others
are also used, for example Tenax®-GC, if themmal desorption is the sample
recovery procedure. However, selection of a sorbent resin usually involves
a great deal of time and effort (literature and laboratory research) that
is usually not practical on a case-by-case basis.

The last major uncertainty in regard to applying the MM5 to boiler DRE
testing is analysis - compound identification and quantification. Currently
gas chramatography is used with one of three detection modes MS, ECD, and
FID. Each has its own benefits and disadvantages relating to sensitivity,
reproducibility, campound identification, interference rejection, and ana-
lytical cost. Each of these factors needs tc be considered and “he method
written to describe when each would be appropriate.

QA/QC Evaluation

Most of the QA emphasis has been on obtaining acceptable blank values
and preventing contamination. The large gas sample and relatively large guan-
tity of resin concentrate the sample which, in conjunction with the solwvent
extraction, usually results in a greater analycable mass than methods employ-
ing a lower sample volume. This greater analytical mass tends to decrease
the importance of trace contamination of the sample. The resin cleaning,
blank extraction, field trip, and laboratory handling blanks are adequate
to identify problems an. likely causes.,

There is one ‘mportant aspect lacking in the method as it is being ised
and this is use of field spikes to check on sample loss and recovery effi-
ciency. As currently practiced, the procedures does not provide a means yor
determining target compound collection efficiency or for evaluating sample
recovery. The nature of the sample and the field conditions preclude the
usual option of splitting the collected sample and spiking one split with
a target caupound to check loss and recovery. These spikes and replicate
analyses can be performed in the lab using the extractate with some loss of
sensitivity. It is also possible, aad it seems highly advisable, to spike
the field samples with a tracer compound having properties similar to the
target campounds.

Because the volume of gas sampled by MM5 is large, the total gquanti-
ties of the various semi-volatile organic compounds (S-VOC) in the samples
ranged fram a few to several hundred micrograms. Thus the MMS5 results are
not greatly influenced by even a few hundred nanograms of contaminants.

Two quality assurance acceptance criteria were applied to the MM5 data
before they were included in this document.
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e The recovery of surrogate or spike conpounds added to the sample
before analysis must have been in the2 range of 50 to 150%.

N

. The rate of feed of any given compound must have been 10,000 times
tne minimum detectable limit of the MM5 procedure.

The first of these is merely a demonstration of acceptable analytical
accuracy. The acceptable range is wide relative to normally attainable ana-
lytical precision. It is adequate for this analysis because the DRI calcu-
lation is insensitive to an error of a factor of three (3) in the emission
rate measurementc.

The calculation of DRE, the primary use of the data in this document,
is based upen the concentration of the various constituents in the waste
feed stream ana in the exhaust gas. The accuracy and precision Ot these
concentration measurements decrease when they are near the limit of detec-
tion of the analysis methods. Consequently, the dispersion of DRE values
that are calculated based upon these imprecise measurements becomes unzc-
ceptably large. The decision was made to include only those data that are
as accurate as is possible using the available methods. The method chosen,
the second of the quality assurance acceptance criteria, dccomplishes this
goal.

The blank MM5 samples were, for the most part, uncontaminated. The sam-
ples contained many times more of each compound of interest than the blanks.
Correction of the sample values by subtraction of the blank values would have
had little effect on most of the results. Therefore, the decision was made
that no blank corrections would be done for the MMS data.

At most sites a baseline run was per-formed. This consisted of the taking
of a MM5 sample while the boiler was burning only virgin fuel. 1In many cases
the emission rates of waste fuel constituents measured during the baseline run
was of the same order of magnitude as their emission rate during the co-fired
runs. No satisfactcry explanation ¢ould be found for these observations. The
baseline emission rates were not subtracted from the co-fired emission rates
before calculation of DRE values. Although a case could be made for making
the subtraction, it was decided to take the conservative approach and to err
on the side of safety.

Volatile Organic Sampling Train (VOS1, 2nd Mini-VOST

Description of Method

The basic details of construction and operation of the VOST are des-
cribed in the "Protocol for Collection and Analysis of Volatile POHCs Using
a Volatile Organic Sampling Train (VOST)" by Envirodyne Engineers for IERL
(Reference 1). The highlights of the procedure are described below. Stack
gas 1s drawn through quartz wool particle filter in a glass or quartz probe
heated to approximately 130°C, through a three-way stopcock and through a
coil condenser. Following the condenser, the sample gas passes through a
glass tube containing 1.6 g of Tenax®-GC, a condensate trap, a second con-
denser, and a second sorbent tube containing 1.0 g Tenax®-GC followed by
1.0 g of activated charcoal. A second condensate trap is next, followed by
a silica gel drying tube, and the pump/flow control system (sample lines,
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valves, flow meters, gas meters, etc.}. All pcrtions of the sample line
preceding the last condenser are glass, stainless steel, or Teflon®. Figure
4.2 1s a schematic depiction of the train., Previous experiments have estab-
lisned 20 liters as a maximum safe sample volume for this train. A greater
sample volume 1ncurs tne risk of strrppilng sorbed POHCs cff the resin., Tus
sample rate for these tests was 0.5 L/min “or a total of 40 minutes per pair
Of tubes.

An lce water bath is used to circulate wacter through both condensers to
maintain sample gas temperature below 20°C through the sorbent tubes., Ten-
perature of the probe liner, first ccndenser oitlet, ambient air, and dry
gas meter are measured and recorided. Leak checks of the whole train and
each pair of sorbent tubes for each run are ccnducted and <+he resulting va-
cuum is released by allowing ambient air in through a charcoal filter con-
nected to the <three-way valve,

Tubes used for the boiler tests were of :he inside-inside design that
are held in the sample train with stainless 5:cee) Swagelok® fittings and
ceramic-filled Teflon® ferrules. Other samplers “ave used the inside-out-
side design; a double walled sorbent cartridge/shipping container that uses
O-rings and end caps to seal the cartridges. Stainless caps are used to
seal tube ends for shipment before and after sample collection. After sam-
£l2 collection, tubes are Kept and shipped -n chilled styrofoam containers.

The tubes were analyzed on a GC,/MS using thermal desorption '/ith trap
and purge. The method is descriped in the protocol and involves spiking
each tube or pair of tubes with an internal standard, thermally desorbing
the tubes into a water trap, and purging the water trap onto an analy*ical
column for component separation, Identification and quantification are made
by elution times, characteristic ions, and ion current profile using a com-~
puterized data library.

The Mini-VOST method is an adaptation of the VOST protocol for short
sampling times and field analysis. The sample itself is similar to the VOST
procedure described in the previous paragraphs, except the second condenser
aud backup sorbent cartridge are eliminated. Also, a knockout was placed
after the first condensor to collect condensate. A sample volume of 10 li-
ters was used, which is one-half the VOST protocol volume. The sample was
collected at a rate of 1.0 L/min for 10 minutes.

Standardization of Procedure

The VOST protocol provides clear and specific directions about the sample
train to oe used and the method of sampling and the method of analysis. Re-
agent preparation, sample handling, QA/QC activities, calibration and calcu-
lations are all described in detail. The protocol states that conditioned
cartridges, as well as used ones with sorbed sample, be kept in ice water
before use and after sample collection. This ice water storage is nct re-
quired if acceptable blank levels can be maintained.

Options regarding sample collection and recovery (analysis) efficiencies
are also provided along with evaluation criteria. The analytical procedure
is also described very specifically.
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M1n1-VOST procedures have not been standardized by EPA except for tnose
st2ps that are 1identical to the VOST protocol. This procedure is still being
evaluated by EPA.

QA/QC Fvaluation

The fcllowing paragraphs describe the QA/QC criteria used in evaluating
the VOST data. No criteria were established for the mini-VOST results which
were accepted or repcrted as valid by the contractor performing the tests.

The pre-sampling QA activities are clear and direct. Tenax® and char-
coal cleaning, tube packing, desorption blanking, provide sufficient assurance
that the sample cartridges start clean. The trip blank, field blank, and lab
blanks are intended to provide a history and background levels of contamina-
tion and/or degradation so that the results of the sample analysis reflect
only POHCs present 1n the stack gas. This history 1s especially cifficult
to create 1f the samples and blanks are not analyzed promptly. Sample degra-
dation, tube cross-contamination, contamination from external sources (lab
air, ambient air, etc.), and calibration and response standard degradation
become more likely and less distinguishable.

As each analysis is a core time occurrence (no way tc split), if an
analysis is bad, a tube contaminated or otherwise invalid, the data pcint
is lost. As the sample collection involves three pair;, the duplicat:on is
inherent in che sampling. One could carry this suggestion further to say
that two bachups are desirable to yield an average value and increase the
confidence in the resulrts.

The protoccol requires one expocsure pailr per six pairs of sample tubes.
These exposure (field or shadow) blanks are opened as if they were sample
tubes but are not installed in the train.

Cuae 2o action which has not been done, for several reasons, is spiking
tubes in the fieid with one or more target POHCs or surrogates to establish
recovery efficiencies. The difficulty stems from two major areas. One is
the dAifficulty i1n maintaining reagent and tube purity in a field environment
and tne othrr is not being able to split a single sampling and spike one por-
tiorn. The methods used to date have centered on lab simulations and the ana-
lytical process. A suitable field spike procedure would yield data on sample
loss (leakage out) and desorption efficiency as well as additional data on
contaaination, lab QA, and overall method validity.

The following list identifies areas where additional effort and investi-
gation could strengthen the VOST procedures.

o Spike blank cartridges in the field with a labeled compound to de<ect
potential leakage during field storage and subsequent transport.

© Analyze the sample immediately with as little storage time in field
and lab as possible.

o Conduct a detailed systematic evaluation of field handling, field
=torage, shipping, and lab storage, to identify potential causes of



contamination and/or leakage. Develop guidelines to detect and pre-
vent contamination and to leak check cartidges.

o Investigate the current seal design. Do temperature cnanges cause
leakage? How can one be certain the tubes are perfectly sealed? How
can overtightening/undertightening be prevented? Can a pressure/va-
cuum tighc seal be obtained repeatedly on a large number of tubes
with no failures?

o Investigate cross contamination. Place spiked samples and clean
blanks in the same contziner, store one to two weeks, and analyze.
Do the above with lonose fittings or cracked tubes and observe for
cross countamination. Place the samples and lab blanks with their
double seal 1n an atmosphere containing trace amounts of methylene
chloride or waste fuel vapors, store, and analyze.

Quality assurance acceptance criteria were developed for the volatile
organic compound data produced during each test. These criteria could not be
identical for all sites since the methods used differed. 1In all cases only
those components of the waste listed in Appeadix VIII (CFR 40 Part 261) were
included in the DRE results; even though there may have been other organic
constituents measured in the waste feed and stack exhaust streams.

For most of the test performed during this program, three pairs of
~ubes constitute a sample run, this run sample would also include one expo-
sure biank pair and one unopened (trip blank) pair. It is noted that not all
of the volatile organic compound sampling done during these tests were done
by the VOST procedure as has been described. The train used to sample vola-
tile organic compounds (VOC) at Site C consisted of two tubes of Tenax¥-GC
in series., Sites D and E were sampled with one Tenax®-GC and one Tenax%-GC/
charcoal tube. No condenser or other sorbent temperature control was used
at Site C. Impingers were inserted in the train upstream and downstream of
the Tenax®-GC tube at Site D and E.

Site M was sampled by EPA Method 23. Sams-les were collected in inert
plastic bags rather than on sorbents.

The volatile organic compound sampling trains used at Sites D and E
varied from the VOST train in that an impinger (containing water) in an ice
bath was inserted in the sample line ahead of the Tenax®-GC cartridge. A
second impinger was placed between the Tenax®-GC and the Tenax¥®-GC/charcoal
cartridge at Site D, Three gquality assurance acceptance criteria were ap-~
plied to these data. They were:

o The contents of both impingers must have been analyzed,

© Both sorbent tubes must have been analyzed.

o At least 708 of the total quantity of any compound found on the
sorbent tubes must have been found on the first (Tenax®-GC) tube.

The first two (2) of these are completeness cri“eria. while analysis

of the condensate is not normally a part of the VOST protocol, 1t is neces-
sary in these instances because of the location and the temperature nf the
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condensate trap. The volume of condensate obtained from a 20-liter sample
of boiler stack gas is approximately 1.5 ml., Even though the compounds of
interest (mostly chlorinated hydrocarbons) are normally considered to be
insolubie in water they are miscible to a small but measurable extent. A
compound soluble to 1 mg/liter 1s said to be 1nsoluble yet that translates
o 1500 ng/1.5 ml of condensate which is large relative to the analytical
quantities of interest. The VOST train causes the condensate to be drawn
through the resin bed. The resin should remove the compounds from the con-
densate. Since there was no contact between the condensate and the resin
at these sites, it was necessary to analyze the condensate.

The third acceptance criteria was included to eliminate contaminated
samples from the data. Persons who have sampled surrogate stack gases spiked
with chlorinated hydrocarbons under controlled conditions have reported that
at least 90% of these compounds are sorbed on the first resin trap. This is
not true of highly volatile compounds, e¢.g., vinyl chloride, but it is for
the compounds of interest in this document. Tenax®-GC has sufficient affi-
nity for these compounds to remove them nearly quantitatively from the sample
gas stream. The charcoal, used as a back~up sorbent in the second cartridge,
has a much greater sorbent capacity and affinity for these compounds. Thus,
if the cartridges are exposz:d “o contaminants, the second tube should sorb
them at a higher rate. Therefore, setting the acceptance criteria at 70%
allows acceptance of some contamination but rejects grossly contaminated
cartridges.

At the remaining sites (F, G, H, I, J, K, M, and N) the VOST train (Fi-
gure 4.,2) was used. Acceptance criteria #1 is not applicable but the other
t40 are.

The procedure employed herein for making blank corrections follows that
suggested by the VOST protocol. The mean and standard deviation of the gquan-
tity of each compound of interest was found from all blank tubes (field, trip
and laboratory) analyzed. 1If the quantity of a compound was greater than the
average blank value by an amount equal to or greater than three (3) times the
standard deviation of the blanks, then (and only then) the average blank vol-
ume was subtracted from the test run value,

The effects of application of these gquality assurance criteria on the
data are discussed for each test in the following pages.

TEST BURN RESULTS

The initial surveys that were performed during the early stages of de-
velopment of this background information document (BID) revealed that ade-
quate information about the destruction and removal efficiency of hazardous
compounds Dy industrial boilers did not exist. EPA has also developed ex-
tensive data that reported the DPE (DRE includes both thermal destruction
and removal by control devices) of hazardous compounds by incinerators.
There are significan« differences in the two processes, Incinerators typi-
cally hold their combustion gases in an oxidizing atmosphere at temperatures
ranging from 1800 to 2500°F for times ranging from 2.0 to 3,0 sec. The com-
bustion zone temperature in boilers is typically higher (2250 to 3000°F) but
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the retention time is typically less (approximately 0.5 sec). However, Kine-
tic theory predicts that elementary reactions should be faster at the higher
boiler temperature by a factcr ranging from 4 up to 20,000, depending upon
the activation energy of the particular reaction. This range has been con-
firmed by thermal destruction analytical system (TDA3) data for many common
hazardous compounds. These data demonstrate that rates of destruction in-
crease by facturs that range from 17 to 12,000 when the temperature is

raised from 1900 to 3100°F.

EPA undertook a series of tests to determine whether the destruction
of hazardous materials by co-firing in industrial boilers is adequate to
protect the environment. Beginning in March 1982, EPA performed tests at
12 industrial boilers that are representative of the range of boilers co-
firing liguid hazardous wastes. The results of these tests are described
in this section.

The sources that have been tested are characterized in Table 4.2. The
boilers range in size from 1 to 32 kg steam/sec (8000 to 250,000 lb steam/
hr). With the exception of the boiler at Site G they were standard indus-
trial boilers that are representative of the various boiler types currently
in use., The boiler tested at Site G was specially modified to burn hazard-
ous compounds. The modifications consisted, prima:ily of rearrangement of
internal baffling so as to maintain surface and gas temperatures favorable
for destruction of hazardous compounds. The remaining boilers were indus-
trial equipment that had been modified only to the extent of providing a
means for injection of hazardous wastes.

Destruction and Removal Efficiencies of Principal Organic Compounds (POHCs)

The data from all test sites have been reviewed and subjected to the
quality assurance acceptance criteria that were presented previously. The
results at each site are presented individually. An overview of the impli-
cations of all of the data are summarized following the individual test dis-
cussions.

The data are summarized, by site, in Tables 4.3 through 4.30. Each
table heading reiterates some of the source characterization data that were
presented in the previous section. The compounds listed are those that were
measured in the waste and that are named in Appendix VIII (Reference 1).

Site A

The boiler tested at Site A was an old coal stoker that is used to burn
waste wood and waste creosote at a wood preserving plant. Waste wood chips
and saw dust are transported to the boiler by a conveyor system., Waste creo-
sote trickles onto the wood from a storage tank that is suspended above the
conveyor. No means to measure either the wood waste or the creosote waste
flow rate was available during the tests. The test team attempted to measure
the creosote flow rate bv recording the change in the liquid levels in the
creosote storage tank. The tank was large, however, so the rate of change
of the level was small (approximately 2 inches/hour) and the rate measure-
ment was unreliable. More uncertainty was added by the observation that
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TABLE 4.2

COMPLETED F1ELD TESTS ON HAZARDOUS WASTE CO-FIRING

Site o Emission e
Desig- Primary Control
nation Boiler Type Fuel(s) Waste Description Source Sampling Protocol )
A Keeler CP 308-hp |Wood chips, |Creosote sludge containing {Multiclone o Flue ygas
(10,000 lb/hr of |bark, and chlorinated aromatics in- for -- Modified EPA Method 5 for
steam) water tube}sawdust cluding pentachlorophenol particulate cii- & nonvolatile orygarnics
boiler and chlorinated dibenzo- coullection -- Tenax¥ train for volatile
dioxins organics .
-- Continuous wunitors U,, (0,,
€O, NO,, and TUHC
o Bottom ash
o Cyclone collected ast
o Ambient hydrocarbon levels
B Cleaver-Brooks Natural gas|Alkyd wastewater with paint|None o Flue gas
250-hp (8,400 lb/ resin containing toluene, -- Modified EPA HMethod 5 for
hr of steam) fire xylenes, and several acids seml- & nonvolatile organics
tube boiler -- Tenax¥ train tor volatile
oryganics
-- Continuous mouiltors 0,, CO,,
CO, NO,, and TUHC
C Babcock & Wilcox |Natural gas|{Phenclic waste containing None o Flue gas
29-kg/s (230,000 phenol, alkyl-benzenes, and -- Modified EPA Method 5 for
lb/hr of steam) long-chain aromatic and semi- & nonvolatile organics
multiburner aliphatic hydrocarboqas -- 1enax?® train for volatile
water tube organics
== Continuous monitors 0O, CUy,
€O, NOy, and TUHC
o Ambient hydrocarbon levels
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TABLE 4.2--Continued

Site Emission
Desig- Primary Control
nation Boi ler Type Fuel(s) Waste Description Source Sempling Protocol
D Babcock & Wilcox |[No. 6 oil o Waste stream no. 1 NoneP ' o Flue gas
11.4-kg/s (90,000 -- Mixture of methanol, -- Modified EPA Method 5 for
lb/hr of steam) xylenes, and tetia- semi- & nonvolatile oryanics
multiburner chloroethylene -- Tenax® train tor volatile
water tubed O Waste stream no. 2 oryanics
~~ Mixture of toluene and -- Modified EPA Method 6 tor
bis(2-chloroethyl) HCL emissions
ether -- €y to Cg hydrocarbons by gas
chromatography
~-- Continuous monitors Oy, CUy,
€O, NO,, and SO,
o Fly ach
E Combustion Engi- |[No. 6 oil o Waste stream no., 1 None o Flue gas

neering 13.9-kg/s
(110,000 lb/hr of
steam) single
burner packaged
water tube

and natural
gas

~~ Mixture of methyl
methacrylate, methoxy
butanone, methyl
methoxy butanone, and
fluxing oils
Waste stream no. 2 and
waste stream no, 1 arti-
ficially spiked with:
-- Carbon cetrachloride
-~ Chlorobenzene
--= Trichloroethylene
o Waste stream no. 3,
ture of toluene, and
methyl methacrylate

mix-

Modified EPA Method S5 tor
semi~ & nonvolatile oryanics
Tenax® train for volatile
cigyanics

Modified EPA Method 6 for
HCL emissions

Cy to Cg hydrocarbons by ygas
chromatography

Continuous monitors Up, COy,
CO, NOy, and S0,
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TABLE 4.2--Continued

Site Emission
Desig- Primary Control
nation Boiler Type Fuel(s} Waste Description Source Sampling Protocol
F Babcock & Wilcox [No. 6 oil o Purge thinner containing [None o Flue gas
7.6-kg/s (60,000 mixed methyl e-ters, -- Modified EPA Method % for
lb/hr of steam) butyl cellosolve acetate, semi- & nonvolatile organics
multiburner aromatic hydrocarbons, -~ Volatile oryanic sampling
water tubed aliphatic hydrocarbons train for volatile oryganics
o Spiked with chloroben- -~ Modified EPA Method 6 for
zene, trichloroethylene, HC1l emissions
and carbon tetrachloride -- Continuous monitors Uy, CU,,
CO, NGy, and TUHC
G Modified fire None - o Mixture of chlorinated Two chloride|o Flue gas
tube boiler 5.0- |natural gas hydrocarbons containing recovery/re- -~ Modified EPA Method 5 for
kg/s (40,000 1lb/ Jused only up to 55% by weight chlo-{moval water semi- & nonvolatile oryanics

hr of steam or
1,200-hp); ther-
mal hot recovery

oxidizer (THROX)C

for startup

rine; major components:
-~ Bis(2=chloroisopropyl)
ether
-- Propylene trichloride
-- Epichlorohydrin
o Spiked with carbon tetra-
chloride

scrubber
columns in
series

-- Volatile organic sampling
train for volatile oryganics
-- Modified EPA Method 6 for
HCl1 emissions
-- Continuyous monitors 0y, CU,,
CO, NOy, and TUHC
0 Makeup scrubber water
~- Chloride
o Scrubber discharges
-- Chloride
-~ Volatile organics by puryge
and trap (EPA Method 624)
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TABLE 4.2--Continu

ed

Site Emission
Desig- Primary Control
nation Boiler Type Fuel(s) Waste Description Source Sampling Protocol
H Combustion Engi- |Pulverized |Crude methyl acetate; Cold side o Flue ygas
neering tangen- bituminous |spiked with trichloro-~- electro- ~~ Modified EPA Method 9 for
tial NSPS coal- coal ethane, carbon tetrachlo- static semi- & nonvolatile oryanics
fired 31.5-kg/s ride, and chlorobenzene precipitator -~ Volatile organic sampling
(250,000 lb/hr train for volatile oryganics
of superheated -- Modified EPA Method 6 for
steam) boiler HC1l emissions
-- Continuous monitors Uy, CU,,
CO, NOy, and TUHC
o Bottom ash and fly ash for
nonvolatile oryanics
1 Foster Wheeler Fuel oil 0 Waste gas (mostly me- None o Flue gas
type AG252 bent |or gas thane) ~- Modified EPA Method S5 for
tube boiler 7.8- o Steam stripper waste from semi- & nonvolatile oryganics
kg/s (68,000 1b/ aniline proiuction spiked ~- Volatile oryganic sampling
hr) of steam with chlorinated hydro- train for volatile organics
carbons -~ Modified EPA Method 6 for
HCl emissions
-- Continuous monitors CO, COy,
0y, NUX, and ‘1TuUtic
o Composite liguid waste samples
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TABLE 4.2--Continued

Site Emission
Desig- Primary Control
nation Boiler Type Fuel(s) Waste Description Source Sampling Protocol
J North American Natural gas|Blended for test 98% tol- None o Flue gas
model 3200X fire land No. 6 uene spiked with carbon -- Modified EPA Method 5 for
tube boiler 1.06-loil tetrachloride, chloroben- toluene and chlorobenzene
kg/s (8,400 1lb/ zene, and trichloroethylene -~ VOST for carbon tetrachlo-
hr) of steam ride and trichloroueihylene
-- Modified EPA #Metchod © for
HCl emissious
-~ EPA Method 23 for all waste
components
-- Continuous monitors 0,, COy,
CO, NOy, and 'TUHC
K Combustion Engi- |Heavy and ¢ Waste solvent None o Flue gas

neering VU-10
water tube 7.6
kg/s (60,000 1b/
hr) of steam

light fuel
oils

o Light oil spiked with
chlorinated hydrocarbons

Modified EPA Method b for
semi- & nonvclatile uryganics
Volatile organic sampling
train for volatile organics
Modified EPA Method 6 for
HC1l emissions

Continuous monitors CO, CO,,
O3, NOy, and TUHC

o Composite liquid waste samples




TABLE 4.2~-Cont

inued

Site Emission
Desig- Primary Control
nation Boiler Type Fuel(s) Waste Description Source Sampling Protocol
L Combustion Engi- |No. 6 oil Methyl methacrylate still None o Flue gas
neering 13.9 kg/s|and natural|bottoms spiked with carbon -~ Modified EPA Method 5 tor
(110,000 1b/hr) gas tetrachloride and chloro- semi-volatile PICs
of steam single benzene -= VOST for volatile POHCs and
burner packaged PICs
‘|water tube -~ Field analyzed Tenax¥ tubes
for volatile POHCs and PICs
-~ ‘fotal organic chlorine by
electrical conductivity
de tector
-~ Continuous monitors for 0,,
€Oy, CO, TUHC, NO,, S0,,
and smoke
M Cowbustion Engi- |Natural gas|o Waste stream No. 1 - None o Flue yas
neering 44.2 kg/s butanol/propanol heavy -- Modified EPA method 5 for
(350,000 lb/hr) ends spiked with carbon semi-volatile PICs and HCL
of steam, multi- tetrachloride, chloro- ~= VOST with post test analy-
pile burners benzene sis for volatile POHCS and
o Waste steam No, 2 -- PICs
process - waste gas con- -- Mini-vost with onsite anal-
taming principally, CHg, ysis for volatile POHCs and
CoHg, CyHy, CO, Hjy, and PICs
aldehydes -=- Continuous monitors 0y,
€0y, CO, NO,, and TUHC
o Waste oil
-~ Grab samples with post test
ultimate and POHC analyses
a

b some particulate collected by existing hopper cavities.

[

Boiler originally stoker coal-fired converted to oil burning.

Patented process for neat generation and chemical recovery of highly halogenated hydrocarbons.
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TABLE 4.2--Continued

Sampling Protocol

Site Brission
Desig- Primary Control
nation Boiler Type Fuel(s) Waste Cescription Source
N Riley spreader- |Coal o Inorganic sludge consist-|Mechanical o Flue gas

stoker coal-
fired 19.0 ky/s
(150,000 1b/hr
of steam)

ing primarily ot water
(79.5%) and served inor-
ganic elements

Spiked with trichloro-
ethylene

Spiked with 1,2,4-%tri-
chlorobenzen, lead, and
cliromium

No. 2 fuel oil spiked
with trichloroethylene
No. 2 fuel oil spiked
with 1,2,4-trichloroben-
zene

No. 2 fuel o0il spiked
with 1,2,4-trichloroben-
zene, lead, and chromium

colliection
and baghouse
in series

-- Modified EPA Method 5 for

particulate mass, trace
metals, and semi-volatile
oryanics

Vost with posttest analysis
for volatile POHCs and PICs
Anderson impactor for parti-
cle size distribution and
trace metal partitioning
Mini-VOST with onsite anal-
sis of volatile chlorinated
organics

EPA Method 5 for particulate
matter

Modified EPA Method 6 for
HC1

Continuous monitors 0,, 0)
CO, NO., 505, and TUHC

Coal for ultimate and proxi-
mate analyses and metal
Waste fuel (sludge or No. 2
0oil) for POHCs, metals, and
chloride

Baghouse ash for trace
metals and semi-voltile
Mechanical collection ash
for trace metals and semi-
voltile

buttom ash for metals and
semi-volatites
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TABLE 4.2--Continued

Site Emission o
Desig- Primary Control
nation Boiler Type Fuel(s) waste Description Source sSampling Protocol

(0] Modified Combus- |Natural gas|Alcoholic still bottoms None Flue gas

tion Engineering
coa. stoker 2.8-
kg/« (22,000 lb/
hr) steam

and No. 6
oil

with methanol, methyl ace-
tate, and methyl chloroform

EPA Method 23 for waste
components

Continuous monitors CO,, CO,
0y, and TUHC

Modified EPA Method 6 for

HCl emissions




the wood waste apparently was contaminated with creosote. This observation,
made gualitatively by the test team mempbers based upon the odeor of the wood,
was supported by the results of the gross calorific value analyses of the
wood waste. These analyses. together with <zypical heating values for wood
found 1n the literature, led to the conclusion that the wood waste may have
contained 25% creosote by weight. The relatively high emission rates of
mhenol and naphthalene (Table 4.3) during the baseline wvun add credence to
the supposition that the wood waste contained creosote. Unfortunately, it
1s not possible to verify that the wood was contaminated. Therefore, the
DREs of the various components are based upon the reported creosote fesd
rates.

The boiler thermal efficiency as determined by the ASME heat loss method
was only 63%. The carbon monoxide concentration in the flue gas (Table 4.16)
averaged 1,200 ppm. These observations imply that the boiler did not main-
tain good combustion conditions.

All of the hazardous components of the waste stream had boiling points
in excess of 100°C so all of the POHC emission rates were based upon MM5 test
results. Table 4.3 gives the feed rates, eunission rates, and DREs for the
seven Appendix VIII compounds for which the data met the gquality assurance
acceptance criteria. The report included data for 12 compounds that a-e
not listed in Appendix VII. The DREs of these compounds was approximately
99.99%. The data for two compounds, 2,4-dimethyl phenol, and 4-nitrophenol
were omitted because their concentration in the feed was too low. The data
for one campound. pentachlorophenol, were omitted because its spike recovery
(33%) was outside of the QA acceptance range.

Less than 1% of industrial boilers burn wood waste (or bagasse or other
hog fuels) so it is not representative of a large number of boilers. Its op-
eration (high CO, low efficiency) was not representative of good boiler com-
bustion. The rate of feed of hazardous materials was not well documented;
it probably was under-estimated by more than a factor of two. The DREs werc
marginally acceptable. This boiler may be operating just outside of the
range of cambusticn conditions that provide adequate DRE of hazardous mate-
rial. 1It, and others similar to it, seems to have the potential to destroy
hazardous material but a trial burn demonstration of that potential should
be required in individual cases.

Site B

The boil=2r at Site B was a gas-fired fire-tube in which alkyd resin
waste was co-fired. The waste stream was largely water. The waste holding
tank was nearly full during the tests so that the agitator could not be turned
on without causing it to overflow. The lack of mixing allowed the organic
material to separate and float to the top. Since the waste feed line was
below the phase boundary the waste fed during the tests was more than 99.7%
water. It is interesting to note that the water, which was 14% of the mass
of the natural gas (Table 4.4), had no obvious deleterious effect on the
boiler combustion. Neither the CO nor the total unburned hydrocarbon con-
centrations in the flue gas increased over their concentrations during the
baseline run when the wastewater was co-fired. The test data do not allow



TABLE 4.3

SITE A’
Manufacturer: Keeler CP DPesign Steam Rate: 10,000 in/hr
Type: Water wall (solid fuel) Design Steam Prescure: 250 psig
Fuel: wood Waste Test Steam Rate: 10,000 1lb/hr
waste Stream: Creosote Waste Fraction Waste Fuel
Mass: 17%
Heat Input: 40%
Quantity Found (ug) Test
Feed Base- Aver- Test Emission Blank@
Rate line age Runs Rate Cor=
Compound mg/sec Run Blank (avg) (ug/sec) rected DRE

rhenol 44.7 350 ND 11 80 No 99,821

2,4-dinitrotoluene 13.0 ND ND ND <0.6 No >99,995

2,6=dinitrotoluene 21.7 ND | ) <0.7 No 99,997

naphthalene 507 39 23 165 90,5 Ne 99,982

fluorene 283 ND ND 23 <22.3 No 99,992

chrysene 40 ND ND 29 3.0 No 99,993

bis(2=chlorcethoxyl)

methane 8 ND ND ND <0.6 No >99,994

mass-weighted average 99.378

NOTES: 1) pRg = (Feed Rate) - Test Emission Rate) , 00y
Feed Rate

2) Waste feed rates were probably underestimated by approximately
1258, 1If the feed rates are increased by 125%, the mass-weighted
DRE becomes 99.991.

4 Indicates whether or not ‘the results of laboratory and field blank analy=-

ses were subtracted from the results of sample analyses prior to calcula=-
tion of DRE.
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TABLE 4.4

SITE B
Manufacturer: CTleaver Brooks Design Steam Race: 8,400 lp/hr
Type: Firetube Design Steam Pressure: 150 psig
Fuel: Zas Test Steem Rate: 2,000 lo/hr
wWaste Strearn: Faint Manufacturing Waste Fraction Waste Fuel
Mass: 14%
Heat Input: <1%
Quantity Found (ug) Test
Feed Base- Aver- Test Emission Blank@
Rate line age Runs Rate Cor-

Compound mg/sec Run Blank {avg) (ug/sec) rected DRE
naphthalene 0.0187 WASTE FEED RATES ARE TOO LOW TO
pentachlorophenol 0.0065 ALLOW CALCULATION OF ACCURATE
toluene 4.670 DESTRUCTION AND REMOVAL EFFICIENCIES
NOTE: DRE = (Feed Rate) - (Test Emission Rate) y y00%

Feed Rate

3 Indicates whether or not the resul:ts of laboratory and field blank analy-

ses were subtracted from the results of sample analyses prior to calcula-
tion of DRE.
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a conclusion as to the DRE ¢f hazardous compounds to be made., The rate of
feed of the hazardous compounds was insufficient to contribute mea.urable
stack gas concentrations of tne campounds of i1nterest. The results re-uf-
i.rm the need to assure that POHC feed rautes are h:igh e€rn.ugh *hat the resi-
due (after 99.99% CRE) w:1l]l exceed the limit of detection of the method to
be used for their measurement 1n the stack gas.

Site C

The boiler tested at Site C was a wall-fired steam generator with a
capacity of 230,000 pounds of superheated (250 psig) steam per hour. The
boiler ras six burners each having a gas ring and an oil gun. The o0il guns
were used to inject ligquid waste while either natural or waste process gas
is fired through the gas rings. The boiler operated well during the tests,
There were nu upsets reported. The boiler was operated at approximately 25%
of its design capacity so the percert excess air was high during all tests.
The concentrations of CO, NOyx, and unburned hydrocarbons were low.

Only two compounds listed in Appendix VIII were found in the waste feed
and exhaust gas. The waste stream contained approximately 5% phencl and ap~
proximately 0.004% bis(2-ethylhexyl)phthalate. The DRE of phencl (Table 4.5)
was in excesg of 99.99s. The DRE of the phthalate was less than 98s., The
phthalaze was detected in all four of the stack gas samp.es. Its measured
emission rate during the haseline run was twice its average co-fired emission
rate, whereas the baseline emission rate of phenol was only 3% of its average
co-fired emission rate., It appears that all of the phthalate measurements
may have been due to contamination. Further evidence that the phthalate re-
sult was anomolous is provided by the non<Appendix VIII compound results.

The DRE of nine other campounds identified in the waste feed averaged 99.999w,
the same as the DRE of phenol. 1%t is scarcely conceivable that one compound
was not destroyed while 10 others were.

The conclusion is <“hat a wall-fired boiler, operating at 25% of its de~
sign capacity with 408 of the fuel heat provided by waste, destroyed more
than 99.99%8 of the hazardous organic material that was co-fired.

Site D

The boiler tested at Site D was a balanced draft, field erected water-
tube with a rated capacity of 90,000 pounds per hour of 260 psig saturated
steam, The boiler was operated at approximately 808 of full load with (on
the average) 408 of the heat provided by waste material and 608 by No, 6
fuel o0oil. The boiler has four Ba&W oil/gas burners. One of these was used
to inject the waste material during the co-fired runs. The plant produzes
several different waste stresms. Two were selected for testing based upnn
their relatively high contents of chlorinated hydrocarbons. One of these
streamns was primarily (approximately 70%) methanol with 158 xylene and 5%
perchloroethylene (perc)., The second was 307 toluene with 6-7% bis(2-
chloroethyl)ether (BCEE), Three co-fired test runs were done for each
waste s.ream,
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TABLE 4.5

SITE C
Manufacturer: Bapbcocx & Wilcox Design Steam Rate: 230,000 ip/hr
Type: wWall Fired Design Steam Pressure: 250U psiy
Tuel: Gas Test Stear Rate: 59,000 lpb/hr
Waste Stream: Phenol.c Wastes Fraction Waste Fuel
Mass: 43%
Heat Input: 38y
Quantity Found (ug) Test
Feed Base- Aver- Test Emission Blank?
Rate line age Runs Rate Cor=~
Compound mg/sec Run Blank (avg) (ug/sec) rected DRE _
phenol 13,300 27 7 49 33 No 96,999
bis(2-ethylhexyl)
phthalate 11 270 2 154 233 No 97.362
mass~welghted DRE 99.999
NOTE: DRE = (Feed Rate) - (Test Emission Rate) , 100s
Feed Rate

2 Indicates whether or noct the results of laboratory and field blank analy=-
ses wvere subtracted from the results of sample ana'ytes prior to calcula-
tion of DRE.
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Some upset conditions occurred during the field tests. These were
mostly during the first co-fired run for the first waste stream. These
upsets, which included smoke formation were caused by flame outs of the
waste fuel burner which in turn were caused by waste feed disruptions and
improper flame scanner settings. Testing was suspended during most of the
upsets, though some testing did occur during upset conditions.

Perc axd toluene were sampled by a variation of the VOST procedure.
The train used included two impingers, one upstream and one downstream of
the firs* sorbent cartridge. Considerable difficulty was encountered dur-
ing the laboratory analysis of the Tenax®-GC samples. None of the impin-
gers were analyzed for toluene and only 15 of the 21 were analyzed for perc.
None of the seven impinger blanks were analyzed for either compound. These
data were rejected because »f their failure to satisfy quality assurance
acceptance criteria #i. Both sorbent cartridges were analyzed for toluene
in 6 of the 21 pairs and in only three of these cases was more than 70% of
the sorbent-bound toluene found on the first cartirdge. Only one of seven
pairs cf sorbent cartridge blanks was analyzed for toluene. Both tubes of
9 of the 21 pairs of cartridges were analyzed for perc, Twelve pair did
not satisfy quality assurance acceptance criteria #2. More than 708 of the
sorbent-bound perc was on the first tube in only two of these nine pairs.
Thus, only two runs satisifed all three quality assurance acceptance cri-
teria. Only four of the seven sorbent blanxks were analyzed. The amounts
of thegse two campounds detected during runs when they were a fuel consti-
tuent was not significantly different from the amounts detected during runs
when they were not.

All of this is strong evidence that the perc and toluene detected in the
sampling train was the result of contamination. Even so, the calculated DRE
for both campounds exceeded 99.99%. However, not enocugh data satisfied the
quality assurance acceptance criteria to provide confidence in these numbers.
Therefore, for the purpose of this document only the BCEE results (obtained
by MMS) will be considered. These results (Table 4.6) show that the DRE of
BCEr was much greater than 99.99%.

It {s concluded that this boiler destroyed mcre than 99.99% of the haz-
ardous compounds that were co-fired. Test runs 2, 3, and 6 were those during
which most of the upset conditions occurred. Sampling during upset conditions
was most prevalent during run 2. No effect on the emission rates or DREs of
either hazardous or other campounds is evident in any of the data. These up-
sets apparently did not interfere with the destruction of the hazard~us mate-
rials.

Site E

The boiler tested at Site E was a forced draft packaged water-tube with
a design capacity of 110,000 pounds of superheated steam per howr. The design
steam delivery pressure wis 425 psig. The boiler is equipped with a dual air
reqgister COEN burner that has a gas ring and a No. 6 oil gun., This burner
had been modified by the addition of two waste fuel guns., These were located
at opposite ends of a diameter of the burner approximately midway between the
oil gqun and the gas ring.
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TABLE 4.

SITE D

6

Manufacturer: Babcock & Wilcox Design Steam Rate: 90,000 1lb/hr
Type: Water Wall (field erected) Design Steam Pressure: 260 psig
Fuel: o1l Test Steam Rate: 70,000 1lb/hr
Waste Stream: Methanol and Toluene Fraction Waste Fuel
Wastes Mass: 40%
Heat Input: 37%
Quantity Found {(ug) Test
Feed Base- Aver- Test Emission Blank?
Rate line age Runs Rate Cor-
Compound mg/sec Run Blank (avg) (ug/sec) rected DRE
bis (2-chloro-
ethyl) ether 7,600 ND ND 3.7 <4.7 No >99.9999

NOTE:

a

DRE = (Feed Rate) - (Test Emission Rate) y 100%

Feed Ra

te

Indicates whether or not the results of laboratory and field blank analy-
ses were subtracted from the results of sample analyses prior to calcula-

tion of DRE.
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Two different waste streams were co~fired during the tests. One (TSB
waste) consisted largely (approximately 80%) of fluxing oils and contained
approximately 1% methyl methacrylate (MMA) and 7% and 11% »f x-hydroxy-
methylisobutyrate (MOB) and x-hydroxy-methylisobutyrate methyl ether (MEMOB},
respectively. The second (toluene waste) waste stream was approximately 80%
toluene and 20% methyl methacrylate. A third waste stream (Cl-TSB) was pre-
pared by adding approximately 2% each of carbon tetrachloride, chlorooenzene,
and trichlorocethylene to the TSB waste.

Nine test runs were done, they were:

baseline run - No. & ¢il cnly

co=-fired, No. 6 0il plus TSB waste
co-fired, No. 6 oil plus Cl-TSB waste
co~fired, natural gas plus Cl-TSB waste
co-fired, natural gas plus toluene waste

0O 00 0O
-t wd ) b

Of the five co-fired (No. 6 plus Cl-TSB) runs, three were at 50% design steam
load, one was at 37% load, and one was at 73% load. One of the gas-fired runs
was at 50% load the other was at 40% load.

MMA, MOB, and MEMCB were all sampled and analyzed by MMS, the chlori-
nated hydrocarbons were sampled and analyzed by a modified VOST procedure.
The modification consisted of placement of an empty impinger (in an ice bath)
upstream of the first Tenax®-GC sorbent tube.

The Tenax®-GC sampling and analysis for the volatile hydrocarbons was
only marginally successful. Of the total of 27 pairs of tubes exposed, the
quality assurance acceptance criteria (QAAC) were satisfied for: carbon te-
trachloride -~ 6 pairs, trichloroethylene - 3 pairs, chlorobenzene - 5 pairs,
and MMA - 13 pairs. The number of analyses rejected by the various QAAC are
shown below:

Number of Samples Rejected for QAAC Failures

QRAC #1 QAAC #2 QAAC #3

(impinger (analyze (70% on Accepted
Compound analysis) both tubes) first tube) Samples
cCly 0 5 16 6
TCE 0 5 19 3
chloro-
benzene 0 S 17 S
MMA 0 5 9 13

Based cn the data that satisfied the QAAC, the average DREs for these
compounds for all tests were:

Test Average DRE

Compound QAAC Data DRE All Pata
carbon tetrachloride 99.9988 99,9996
trichloroethylene 99.9969 99,9986
chlorobenzene 99.3357 99.9981
methyl methacrylate 99.9 87 99.9910
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The third column, DRE calculations based upon all data, is similar to the
second. Even though most of the measurements appear to be the result of
contamination rather than campounds sampled fram the flue gas, the DREs are
all in excess of 99.99%. Such a conclusion cannot be unequivacable because
there is a second possible explanation for the observation of large guanti-
ties of the compounds on the back-up sorbent tube, i.e., breakthrough. 1f
the sampling train conditions were such that the first sorbent tube did not
collect ~ompounds efficiently, then finding large quantities of material on
the back-up tube is expected., Determination of how much material may have
broken through the back-up sorbent tube cannot be done guantitatively. It
is unlikely that breakthrough caused hig-~ loadings on the back-up tube, but
the possibility cannot be totzlly discounted. Therefore, the data can be
accepted only with qualification. Only the DRE for methyl methacrylate is
listed in Table 4.7 because it was the only compound for which there were
enough successful test runs to afford confidence to a conclusion. The [RE
of this compound appears to have been almecst exactly 99.99%.

The two non—aAppendix VIII campounds (MOB and MEMCB) that were present
in the TSB waste in significant quantities were sampled by MMS5 during these
tests. The XAD-resin was maintained at 60°C during the sampling. At this
resin temperature and the total volumes of gas sampled, the resin would have
retained only 1/3 to 1/2 of these canpounds. If the measured emission rates
of these compounds are tripled the poorest calculated CRE becomes 99.996%.

The data from Site E are not sufficiently sound to allow definitive
correletions between DRE and operating conditions to be made.

Site F

The boiler tested at Site F was a balanced draft watar-tube with a rated
capacity of 60,000 pounds per hour of 200 psig steam. The boiler was origi-
nally constructed to burn coal, but had been converted by the addition of two
B&W circular burners to the burning of either oil (No. 6 or No. 2) or gas
fuels. Waste solvent is injected through a separate y-jet gun near the cen-
ter of the lower burner. The waste solvent normally co-fired in this boiler
consists of paint tninner that has been used to purge paint spray guns. The
waste was spiked with trichloroethylene, carben tetrachloride, and chloroben-
zene for the purposes of these tests., Waste thinner was 12% of the mass of
fuel fed and provided 9% of the heat input.

The boiler had been cut of service for repair of refractory before the
test program. It had been operated solely on gas fuel since the repair at
the time the tests began. Apparently, the lower oil gun had not been rein-
stalled properly after the repair. It became encrusted with coked fuel to
the extent that is caused the boiler to shut down after the third test ard
again near the end of the fourth test. The burner misalignment had no ob-
servable effect upon the concentrations of any of the contimiously monitored
gases. Neither the carbon monoxide nor the total unburned hydrocarbon in-
struments were on-line during Test 4, so no data for these two gases at the
time of failure are available., There were no significant changes in the con-
centrations of any of the cambustion gases from test to test. The fraction
of the particle emissions that was attributable to fuel ash dropped somewhat
during Test 4. Between 92 and 106 of the stack gas solids were accounted
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TABLE 4.7

SITE E
Manufacturer: Combustion Engineering Design Steam Rate: 110,000 lb/hr
Type: Water Wall (package) Design Steam Pres.: 425 psig
fuel: o1l Test Steam Rate: 55,000 lb/hr
Waste Stream: Methyl methacrylate Fraction Waste Fuel
manufacturing waste Mass: 28-75%
Heat Input: 21-52%
Quantity Found (ug) Test
Feed Base~ Aver- Test Emission Blank@
Rate lipe age Runs Rate Cor=-

Compound mg/sec Run Blank (avg) (ug,sec) rected DRE
methylmethacrylate 12,210 1.5 0.287 2.920 1378 Yes 99.989
NOTE: 1) prp = (Feed Rate) - (Test Emission Rate) , 1g0%

Feed Rate

2) Low DRE may be the result of sample contamination; see text.,

2 Indicates whether or not the results of laboratory and field blank analy-
ses were subtracted from the results of sample analyses prior to calcula-
tion of DRE.
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for by fuel ash during the baseline and the first two co~-fired runs. This
fraction dropped to 80% during the final co-fired run (Test 4). This implies
that the poor burner alignment was piroducing soot particles during Test 4 and
was probably causing poor combustion efficisncy.

Stack gas samples were taken by both VOST and MM5. Butylbenzyl phthalate
was the only semi-volatile orgénic compound listed in Appendix VIII that was
found in the waste stream. 1Its concentration in the thinner was approximately
2.5%. Its mass flow rates was approximately 0.85 ga/sec. It was not detected
in any of the stack gas samples. Therefore, its DRE was in excess of 99.999%.
The only other MM5 campound detected in bcth the thinner and any stack gas
sample was butane diocic acid dimethyl es*ter. It was detected in the stack
gas only during Test 3. Its DRE during that test was greater than 99.999%.
Several other Appendix VIII compounds were detected in some stack gas samples.
Of these only bis(2-ethylhexyl)phthalate was detected at levels significantly
greater than its minimum detectable limits. The amount of this compound de-
tected in the blank exceeded the average amount detected in the co-fired run
samples so its detection is judged to be due to contamination.

The chlorinated hydrocarbons (carbon tetrachloride, trichlorocethylene,
and chlorobenzene) that were added to the thinner were sampled by the VOST
procedure. Three pairs of VOST cartridges were used during each of the first
two and two pairs during the third co-fired test runs. Of these eight pairs
the QAAC were met by three carbon tetrachloride samples, three trichlorocethy=-
lene samples, and three chlorobenzene samples. Two runs were rejected because
of failure to analyze both tubes (QAAC #2). One analysis was lost because
of failure of the GC/MS. wo analyses were rejected because the amounts of
compounds found on the first tube was less than 70% of the total (QAAC #3).
The DRE of only chlorobenzene appears to have been less than 99.,99%. 1Its
concentration in the thinner was low, only 20% of the planned concentration,
however. Because the feed rate was so low the DRE calculation is subject
to undue influence by small amounts of sample contamination., The DREs of
the other two campounds (Table 4.8), both of which are more refractory than
chlorobenzene, were greater than 99.99% as was the mass weighted average DRE.

Most (5 of 9) of the accepted data were from Test 4, the final co=fired
run. It was during this run that the boiler was shut down by coking of the
lower oil burner. The mass weighted DRE of all the chlorinated hydrocarbons
during this test was 99.997%, It is difficult to compare this run to the
other two co-fired runs since the data recovery from them was poor. The
final co-fired run does demonstrate acceptable DRE under less than ideal
operating conditions, however.

Site G

The boiler at Site G was a three-pass wetback scotch marine packaged
fire=tube with design capacity of 26 million Btu/hr heat input. This boiler
was originally rated at 40 million Btu/hr heat input but was deratad in con-
junction with its modification to a hazardous waste combustor. The modifica-
tions included a change from positive to negative pressure in the firebox and
changes in in<%ernal baffle configurations needed to maintain surface temper-
atures that retard acid gas attack. The boiler is fitted with a two-3tage
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TABLE 4.8

SITE F
Manufacturer: Babcock & Wilcox Design Steam Rate: 60,000 lb/hr
Type: Water Wall Design Steam Pressure: 250 psig
Tael: 21l Test Steam Rate: 50,000 lb/hr
waste Stream: Paiant Sclvents Fraction Waste Fuel
Mass: 12%
Heat Input: 9%
Quantity Found (ug) Test
Feed Base- Aver- Test Emission 3lank®
Rate line aase Runs Rate cor-

Compound mg/sec Run Blank {(avg) (ug/sec) rected DRE
trichloroethylene 1,100 0.398 0.041 0.104 25.7 Yeu 99.998
chlorobenzene 109 0.029 0,010 0,060 15.3 Yes 99.986
carbon tetrachloride 806 0.116 0.107 0.264 70.3 Yes . 99,9

. S*
mass-weighted DRE 29,992
NOTE: DRE = (Feed Rate) - (Test Emission Rate) . 100y s
Feed Rate \

4 Indicates whether or not the results of laboratory and field blank anal/-

ses were subtracted from the results of sample analyses prior to calcula-
tion <f DRE.
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scrubber system to remove and recover halogen acids from the exhaust gases.
The boiler was equipped to burn ne=~ural gas and either liguid or gaseous
wastes. It would operate on waste halogenated hydrocarbons only, if the
heat value of the waste exceeds 9,500 Btu/lb.

The waste being fired during the tests contained 40% bis{2-chloroiso-
propyllecther (BCPE), 30% propylene dichloride, and 17% epichlorohydrin. Four
percent carbon tetrachloride (CCl,) was added to the waste for the purpose of
the tests. The waste was approximately 43% chlor.ne. Its average heating
value was 8,990 Btu/lb, slightly less than the heat value specified by the
manufacturer for waste only firing. In spite of the nature of the fuel, the
boiler cperated with cut incident at 82-83% thermal efficiency while burning
1008 waste throughout the tests.

Carbon monoxide (CO) and total unburned hvdrocarbon (TUHC) concentra-
tions decreased slightly during the tests. The 2verage concentration of CO
decreased from 170 ppm (all concentrations corrected to 3% Oz) during Test
1 to 146 ppm during Test 3; TUHC decreased from 0.7 ppm to 0.3 ppm. The
changes, though small, were attributad to better atomization of the waste
during the later rurs.

One Appendix VIII compound (BCIE) was sampled and analyzed by MM5. It
was cetected in one of the three samples at an emission rate of 1.2 micro-
grams per seccnd.

Three Appendix VIII compounds were sampled and analyzed by VOST fproce-
dure. They were: CCly, epichlorohydrin, and trans-1,3,dichloropropene
(T-DCP). Epichlorohydrin was not detected in any stack gas sample. T-DCP
was detected, in trace amounts, in two of the eight pairs of VOST tubes an-
alyzed. CCly was detected in all eight pairs of VOST tubes but three pairs
did not satisfy QAAC #3 (less than 70% on first tube). 1Its emission rate
averaged 259 micrograms per second, over half of which was observed during
the first part of the second test. No measured aspect of the boiler opera-
tion accounts for this one high emission rate result.

All compounds were destroyed with greater than 99.99% efficiency (Table
4.9) during 211 test runs. This was a special purpose boiler. The results
can be extrapolated to similar units designed for *the purpose of destruction
of hazardous materials.

Site H

The boiler tested at Site H was a pulverized coal-fired boiler built in
1975, with a rated steam capacity of 250,000 lb/hr of superheated steam at 670
psig and 740°F. This tangentially fired boiler was equipped with three le-
vels of pulverized coal burners in each furnace corner. The three levels
were separated by two levels of steam-atomized oil burners. Generally, or=-
ganic wastes were injected into the furnace by means of one or more of these
01l burners. Typical steam loads are 250,000 lb/hr which is the rated steam
capacity of the boiler. Primary and secondary combustion air is preheated
by means of a regenerative air preheater. The unit is equipped with a cold
side ESP for fly ash control. Fly ash is collected and removed from the hop-
per continuously via pueumatic system.
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Marufacturer: THROX

TABLE 4.9

SITE G

Design Steam Rate:

26,000 lb/hr

TYyRe: Fire Tube Design Steam Pressure: 250 psig
Fuel: None Test Steam Rate: 15,000 lp/hr
Waiste Stream: Chlorinated Solvents Fraction Waste Fuel
Mass: 100%
Heat Input: 100%
Quantity Found (ug) Test
Feed Base- Aver- Test Emission Blank?@
Rate line age Runs Rate Cor=-

Compound mg/sec Run Blank (avg) (ug/sec) rected DRE
carbon tetrachloride 9,800 NR 0.0143 2.58 259 Yes 99.997
trans-1,3-dichloro-
propene 31,600 NR ND 0,003 <2.0 Yes >99.9999
epichlorhydrin 40,400 NR <1 <1 <2 Yes 99,9999
bis(2=-chloroiso-
propyl)echer 107,000 NR <1 <1 <2.0 No >99,.9999
mass-weighted

99,9997

average DRE

NR =~ No baseline run at this site,

NOTE: DRE =

(Feed Rate)

- (Test Emission Rate)

Feed Rate

X 100%

the boiler burned only hazarcous waste.

4 1Indicates whether or not the results of laboratory and field blank analyses
were subtracted from the results of sample analyses prior to calculation of

DRE.
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Several organic waste streams are produced and incinerated in the boil-
€rs at this site. Firing rates of these waste streams are dgenerally between
3 and 7 gpm when boiler locaas exceed 150,000 lb/hr. The waste stream cf in-
terest was crude methyl acetate available in a 1,500-gal tank. The methyl
acetate was artificially spiked with chlorinated organic compounds, namely
CCly, chlorobenzene (Cl@), and 1,1,1-trichloroethane.

Four tests were performed: one baseline and three co-fire. All tests
were performed with the boiler set on manual control. A heat output of
246,000 lb/hr of steam was maintained. No boiler upsets or transients were
recorded. For Test 1, the boiler was operated with pulverized coal (gene-
rally eastern Kentucky or south west Virginia bituminous only). Furnace
excess air and soot blowing cycles were typical for this firing condition.
Tests 2 through 4 were the co-firing tests. The chlorinated methyl acetate
firing rate varied from 2.4 to 4.2 gpm. One steam-atomized oil burner was
used to input the waste which accounted for 2 to 4% of the total heat input
to the boiler.

The minimum concentration of any POHC in the waste fuel was approximate-
ly 2%, At this concentration and at the rate of waste feed cited the mini-
mum rate of flow of any POHC was approximately 2.5 g/sec. At 99.,99% DRE the
flow rate of this POHC in the flue gas would have been approximately 250 ug/
s, which is easily detectable by the method of sampling and analysis used.

No test report is available for this site so it is not possible to com-
pare the methods and data to the QA acceptance criteria that were developed
earlier in this section., The data in Table 4.10 were abstracted from a re-
port that summarized the results from all sites. The data available indi-
cate that the boiler achieved 99.99% DRE of hazardous materials.

Site I

The boiler tested at Site I was a forced draft bent tube capable of de-
livering 62,000 pounds of 175 psig steam per hour. The boiler was originally
designed for either oil or gas fuels but had been modified to burn waste gas
(largely methane) in combination with small amounts of organic liquid waste,
The boiler was equipped with two gas ring burners. Steam atomizing ligquid
waste guns could be inserted into the center of both, The burners are ar-
ranged in a vertical plane. Most of the organic liquid waste burned by the
plant (and the only liquid waste burned during these tests) is a high nitro-
gen aniline production waste, The plant normally operates the boiler in a
siv2jed combustion mode while burning the high nitrogen waste in order to re-
duce formation of nitrogen oxides from fuel-bound nitrogen. Staging is ac~
complished by firing the high nitrogen waste through the lower burner and
reducing the flow of combustion air through the burner port.

Approximately 2% each of carbon tetrachloride (CCl,) and trichloro-
ethylene (TCE), and 3.5% chlorobenzene (MCB) and toluene were added to the
nitrogenous waste during the tests. The fuel, as fired, contained approxi-
mately 83% nitrobenzene (NB) and 2% each of anilane (AB) and benzene. The
organic liquid waste contributed approximately 17% of the fuel mass and
approximacely 8% of the fuel-heat input. The primary fuel burned during
the te,ts was natural gas.
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TABLE 4.10

SITE H
Manufacturer: Compustion Engineering Design Steam Rate: 250,000 lo/nr
Type: VU=-40 Design Steam Pressure: 600 psig
Fuel: Pulverized Ccal Test Steam Rate: 246,000 lp/nr
Waste Stream: Methyl Acetate Waste Fraction Waste Fuel
Mass: 6%
Heat Input: 3%
gggEthy Found (ug) Test
Feed Base- Aver- Test Emission Blank®
Rate line age Runs Rate Cor-

Compound my/sec® Run® Blank® (avg)d (ug/sec)® rected® DRE
carbon tetrachloride 99.98
chlorobenzene 99.992
me=hyl chloroform 99.994
magss-weighted 99,991

average DRZ

4 Dpata not available

® Indicates whether or not the results of laboratory and field blank analyses
Wwere subtracted from the results of sample analyses prior to calculation of
DRE.
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Both MM5 and VOST samples were taken during the tests. The procedure
used for each POHC is summarized below:

MM5 vOsT
chlorobenzene carbon tetrachloride
aniline benzene
nitrobenzene trichloroethylene

toluene

Toluene would normally be sampled by MM5 since it boils at 171°C. However,
since the VOST results for toluene were higher than the MM5 results they were
used to calculate DREs for toluene. Both benzene and chlorobenzene (MCB) were
also tested by both methods. The two methods gave camparable results for MCB.
Benzene is too volatile to remain in the sample during the MM5 solvent evapo-
ration. The test organizatioa concluded that benzene was either a contaminant
in or a product of decompositinn of the Tenax®. Therefore, the benzene re-
sults were deemed unreliable and are not reported in Table 4.11.

All MM5 data met both guality QAAC that were devaloped for them.

The test method used for the VOCs was VOST so QAAZ No. 1 (impinger anal-
ysis) does not apply. All VOST samples satisfied QAAC No. 2 (both tubes ana-
lyzed). All the VOST samples mre analyzed in pairs, however - no individual
analyses of the Tenax® or Tenax®/charcoal tubes were done. Therefore, QAAC
No. 3 (70% on first tube) cannot be applied.

Combustion staging effectively reduced production of NOy fram fuel-bound
nitrogen. Whereas 72% of the fuel bound nitrogen was oxidized to NUy during
the six unstaged caombustion runs, only 22% was oxidized to NOy during the
staged ccmbustion runs.

There was no di fference in the exhaust gas concentrations or the DREs of
any of the compounds between the staged and unstaged combustion runs. Of the
campounds measured, only nitrobenzenc¢ and (Cly were emitted at a signific nt-
ly (95% CI) higher rates during the co-fired tests than during the baseline
tests, Therefore, the DRE data have been canbined. The averages shown in
Table 4.11 are for all six co-fired runs. The DRE of all compounds tested
exceeded 99.99% for all co-fired test runs,

It is apparent that the combustion staging practiced at this site was
effectrive at reducing the conversion of fuel-bound nitrogen to NOy, but that
it had no adverse effect on the DRE of the co~fired hazardous compounds.

Site J

The boiler tested at Site J was a packaged, fire-tube capable of deliver-
ing 8,400 pounds of 150 psig steam per hour. It is designed to burn either
oil or natural gas but nomally burns the latter. The fuel burned during these
tests was blended from nitration-grade toluene and technical grade chlorinated
hydrocarbons. The fuel contained approximately 1% each of carbon tetrachloriie
and trichloroethylene and 0.5% chlorobenzene: the balance (97.5%) was toluere.
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Manufacturer: Foster Wheeler

1]
—
+3
tn
[ ]

Oesign Steam Rate:

68,00V lo/nr

Type: Bent tube (stagea Design Steam Pressure: 250 psiyg
cembustion) Test Steam Rate: 3qV,V00 lp/nr
Fuel: o1l or Gas Fraction wWaste Fuel
Waste Stream: Aniline Wastes Mass: 17%
Heat Inpuct: 8y
Quantity Found (ug) Test
Feed Base- Aver- Test Emission Blank®
Rate line age Runs Rate Cor-

Compound mg/sec Run Blank (avg) ‘ug/sec) rected DRE
carbon tetrachloride 797 0.061 0.028 0.133 24 Yes 99,997
trichloroethylene 797 0.019 0.043 0.026 8 No 99.999
chlorobenzene 1,457 0,209 0.0423 0.183 29 No 99,998
toluene 1,571 0.190 0.174 0.199 16 No 99.999
nitrobenzene 37,980 21,1 64.9 360 Yes 99.9998
aniline 1,070 10.6 12.93 21 Yes 99,998
mass-weighted
average DRE 99.9989
NOTE: DRE = (Feed Rate) - (Test Emission Rate) « 1004

Feed Rate

4 Indicates whether or not the results of laboratory and field blank analyses
were subtracted from the results of sample analyses prior to calculation of

DRE.
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The operation of the biiler was varied during the tests 1n an atfempt To
discover what effects boiler load and excess air have on the DKE of hazardous

compounds. The coperating conditions are summarized below:
Test Numver Coundition Steam Flcow LACesS ALlr

1 1 Half Load Norma il

2 2 Full Loaa Normal

3 1 Repeat of Test 1

4 3 Full Load High

5 4 Half Load High

6 5 Full Load Low

Two of the compounds, chlorobenzene, and toluene were measurcd by MMS.
All of the toluene results satisfied both QAAC. The feed rate of chloro-
penzene was insutficient to provide measurable concentrations in the stack
gas at 99.99% DRE. Most (11 of 17) <hlorobenzene results were less than
datectable and the calculated DRE was 99,968. The maximum calculable DRE,
based upon the limit of detection and the feed rate, was 99.98%, It was
judged that the data could neither confirm nor deny 99.99% DRE of chlcro-
benzene so it was not included in this analysis.

Carbon tetrachloride and trichloroethylene were sampled by VOST so QAAC
No. | (impinger analysis) does not apply. Six of the 55 pairs of VOST tubes
sampled were invalidated because one or the other tube was broken (QAAC No.
2) and therefore not analyzed. An additional 19 pairs were lost because of
problems 1n the GC/MS. Six pairs of tubes were analyzed individually in order
to indicate the fraction of the couwpounds collected on the first versus the
backup tube. Unfortunetely, three of thesc analyses were lost, either by GC/
MS problems or broken tubes. The average fraction of the compounds of i1nterc-
est found on the first tube cf the three remaining pair was 8578, Of the six
analyses (three for CCly and three for TCE) all showed more than 80% on the
first tube but one, The first tube contained only 61% of the total collected
TCE in one pair of tubes. Though the amount of data is small it was judged
that QAAC No. 3 was satisfied by the data.

The DRE (Table 4,12) of every compound during every run exceeded 95,99%,
The DREs of hazardous compounds at 508 load were no different from the DREs
at full load. No chiange in the DRE was found when the excess combustion air
was changed from a low of 178 to a high of 508, The DREs measured at these
extreme values of excess air were the same as those measured at the normal
excess air of approximately 35%,

It is concluded that small fire-tuhe boilers can maintain adequate DRE
of hazardous compcunds while operating between 50-~100% of full load. It 1is
further concluded that the changes in excess air that occur when the load 1is
changed do not reduce the DRE of hazardous compounds.

Site K
The boiler tusied at Site K was a water-tube boiler that was designed to
deliver 60,000 pounds of 125 psig steam per hour. It is equipped with four

burners each of which can be used to fire either light or heavy oil by con-~
necting the appropriate burner tip. Heavy o0il is steam-atomized, light oil
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TABLE 4.12

SITE J
Manufacturer: North American Design Steam Rate: 6,000 lo/hr
Type: Fire Tube Design Steam Pressure: 150 psig
Fuel: None Test Steam Rate: full load
waste Stream: Blended (98% toluene) Fraction Waste Fuel
Mass: 100%
Heat Input: 100y
Suantity Found (ug) Test
Feed Base- Aver- Test Emission Blank?
Rate line age Runs Rate Cor~-

Compound my/sec Run Blank (avg) (ug/sec) rected DRE
carbon tetrachloride 360 - 0.036 0.120 17.2 Yes 99.995
trichloroethylene 494 - 0.010 0.061 4.3 Yes 99,9991
toluene 44,050 -— 140 877 1,514 No 99.997
mass-welighted
averajge DRE 99,997
NOTE: DRE = (Feed Rate) - (Test Emission Rate) y 100%s

Feed Rate

4 Indicates whether or not the results of laboratory and field blank anal=-
ys.s were subtracted from the results of sample analyses prior to calcu-
lation of DRE.
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1s air-atomized. The bciler typically burns off-specification fuels and
waste solvents. The burners are located in a horizontal row along one side
of the boiler. During the three baseline tests, standard No. 6 oil was fired
through all four burners. During the three cc-fired tests a mixture of 70%
Nc. 6/30% waste solvent was fired through the two outside burners and a light
o1l (a waste solvent mixture) spiked with chlorinated hydrocarbons was fired
through the two inside burners. The light o1l contained approximately 0.5%
each of carbon tetrachloride, tirichloroethylene, and chlorobenzene. The
waste oils also contained approximately 5% xylenes and approximately 1% ben-
zene. Xylenes were not considered because they are not listed in Appendix
VIII; benzene was not considered because its concentration in the waste feed
is low (QAAC No. 2).

Only phenol was determined by MM5. Both QAAC were satisfied by all the
phenol data. The VOST method was used coO measure the concentrations of car-
bon tetrachloride, trichlorcethylene, toluene, and chlorobenzene. QAAC No.
1 (impinger analysis) is not applicable. Five of the 24 pairs of VOST tube
analyses were not accepted because of failure to analyze either the first
tube or the back-up tube (QAAC No. 2). The laboratory attempted analysis of
individual tubes for four pairs of VOST tubes. Two of these attempts failecd
because of loss of one or the other of the analyses. The average amount of
the various POHCs found on the first tube of the two pairs for which separate
analysis was successful was 93%. These analysec were taken as evidence that
QAAC No. 3 (70% on first tube) was satisfied by all VOST analyses.

The boiler was operated at 80% capacity during these tests. The percent
excess air was invariant at approximately 285%, 1Individual carbon monoxide
concentrations ranged from 65-300 ppm. Test long averages .anged from 87-150
ppm. The waste material contributed 57% of the fuel mass and 49% of the heat
input. Combustion efficiency (calculated from CO, and CO concentrations) av=-
eraged 99.9%. The DRE of all compounds (Table 4,.13) exceeded 99.99% during
all co-fired test runs. The lowest DRE measured (99,998%) was measured for
carbon tetrachloride during Run 6.

Site L

The testing at Site L was undertaken as an attempt to define the range
of boiler operating conditions over which adequate DRE of hazardous compounds
can be attained. The boiler was controlled at the request of the test team
to provide DRE tests under conditions of: low steam load, low O;, high O,,
normal CO, high CO, rapid steam load changes, high fuel substitution rate,
various waste atomizer steam pressures, different waste atomizer orientations,
with No., 6 0il primary fuel and with natural gas primary fuel. Stack gas and
boiler operating parameters were measured in an attempt to find relationships
hetween them and poor DRE of hazardous compounds.

The boiler tested at Site L (Site L testing was done on the Site E boil-
er) was a forced draft packaged water-tube with a design capacity of 110,000
pounds of superheated steam per hour. The design steam delivery pressure
was 425 psig. The boiler was equipped with a dual air register COEN burner
that had a gas ring and a No. 6 oil gqun. This burner hacd been modified by
the addition of two waste-fuel guns. These were located at opposite ends of
a diameter of the burner, approximately midway between the o0il gun and the
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gas ring. 17The waste-fuel is normally atomized in a fan snaped pattern that
impinges upon the oil flame but they can be rotated so that the waste fuel
1s sprayed avay from the flame toward the bo:ler walls. The waste fuel was
methyl methacrylate wast=s spiked with carben tetracrnloride and chloroben-
zene. During these tests the waste material supplied between 12 and 56% of
the total heat input to the boiler. The ranges of conditions under which
the boiler was operatei during these tests, are compared to good engineering
practice (Reference 22) below.

Range of Flue Gas Compositions for
Gas- and Qil-Fired Package Water-Tube Boilers

Gas-Fired Oil-Fired
Good Good

Flue Gas Engineering Engineering

Component Practice These Tests Practice These Tests
O (%) 2.5 to 5.5 2.2 to 5.3 3.0 to 7.6 3.5 to 6.3
NOyx {(ppm) 70 to 100 a 65 to 470 a

COo (%, 9.0 to 10.0 a 7.5 to 13.5 a

CO (ppm) 145 to 170 90 to 1970 45 to 55 90 to 370
TUHC (ppm; 25 to 45 a 3 to 35 a

4 pata not available.

The data for the hazardous compound DRE runs, Table 4.14, demonstrate
that with few exceptions the boiler destroyed more than 99.99% of both of the
hazardous components. The DRE of carbon tetrachloride (CCly) was less than
99.99% in 3 of 44 runs; the DRE of chlorobenzene (ClpPhi) in only 2. These 5
runs are summarized below.

Site L
Summary of Tests Showing DRE Less than 99.99%

DRE
Da‘e Time CCly ClPhi CO (ppm) 0o (%) Comment
May 8 1447 99.7 100.0 92 5.25 Low waste flow
May 8 1660 99.9996 99.98 345 4.7 No waste atomization
May 8 2232 99,998 99.97 120 4.3 Soot blowing
May 9 1311 99.987 99.995 325 3.07 Low waste flow, O2
May 10 1030 99.989 99.993 128 6.33 Waste startup

Two of these are related to waste feed disruptions (one startup and one test

with no atomization). Two occurrences of low DRE occurred during periods of

low waste feed rate. These appeared to be caused by the relative instability
of the waste feed rate control system at low waste flow rates. Although only
two DREs at low waste flow were less than 99.99%, all DRLs measured when the

waste flow was less than 1.5 gallons per minute were relatively low.



TABLE 4.13

SITE K
Manufacturer: North American Design Stean Rate: 60,000 lb/hr
Type: Fire Tube Design Steam Pressure: 125 psig
Fuel: No. 3 0il Test Steam Rate: 49,000 1lb/hr
waste Stream: Alconol, Waste Solvents Fraction Waste Fuel
Mass: S1%
Heat Input: 49%
Quantity Found (ug) Test
Feed Base- Aver- Test Emission Blank?@
Rate line age Runs Rate Cor-

Compound mg/sec Run Blank {avg) {(ug/sec) rected DRE
carbon tetrachloride 2,090 0,022 0.065 0.081 1€.0 No 99.999
trichlorocethylene 1,800 0.008 0.008 0.044 9.0 No 99.999
toluene 8,290 0.081 0.089 0.143 14.6 Yes 99.999
chlorobenzene 1,945 0.013 0.024 0.025 1.4 Yes 99.999
phencl. 49,760 None 5 <370 No >99.999%
mass-weighted
average DRE 9%.999

2 1Indicates whether or not the results of laboratory and field blank anal-
yses were subtracted from the results of sample analyses prior to caleru-
lation of DRE.



TABLE 4.14

DRE GROUPED BY TEST CONDITIONS

SITE L
CCL4  CHLORO- MMA

DATE TIME GC # FUEL LOAD CONDITIONS BENZENE

25-Apr MMS GAS 59000 TSB BASELINE NA NA 99,9997
27-Apr M5 GAS 59000 TSB BASELINE NA NA 99.999987
10-May 1408 96 OIL 27000 LOW LOAD BASELINE 99.996 99.9996

10-May 945 90 OIL 28000 LOW LOAD BASELINE NA NA

10-May 716 87 OIL 32000 LOw LOAD BASELINE NA NA

10-May 1647 101  OIL 44000 BASELINE OIL, MODERATE 99.9988 99.9997
10-May 1750 103 OIL 46000 HIGH GPM/MODERATE LOAD 99.9996 99.9998
10-may 1831 104 OIL 50000 MODERATE 02/HIGH GPM  99.99997 99.99993

09-May 1410 57  GAS 52000 GAS BASELINE 99.992 99.9986
08-May 1740 48 GAS 54000 LOW 02 BASELINE 99.9997 100
27-Apr 1626 FULL VOST GAS 57000 BASELINE 99,997 99.99991 99.99992
25-Apr 1732 FULL VOST GAS 57500 TSB BASELINE NA NA  $9.99989
08-May 1430 36 GAS 58000 TSB HIGH GPM BASE 99.9995 39,997
25-Apr 1606 FULL YOST GAS 58000 TSB BASELINE kA NA  99.99987
27-Apr 1755 FULL VOST GAS 60000 BASELINE 100 99.99988 99.99%897
08-May 1154 35 GAS 60000 TSB HIGH GPM BASE 99.99990 99.99991
12-May 9 FULL VOST OIL 60000 HIGH 02 99.99994 99.99988  99.9997
11-May 1528 144 0IL 60000 HIGH BASELINE 99.98  99.998
11-May 2319 FULL VOST OIL 61000 MIGH 02 99.9997 99,9998  99.99%6
27-Apr 1446 FULL YOST GAS 62000 BASELINE 99.996 99.99989  99.9998
25-Apr 1445 FULL VOST GAS 64000 TSB BASELINE NA NA 99,9997
11-May 7 122 OIL 50000 MIN. USABLE ATOM 99.9997 99.99989
10-May 2313 118  OIL 50000 MIN. USABLE ATOM 99.9998  99.998
08-May 1600 40 GAS 57000 NO WASTE ATOMIZER 99.998 99.98
11-May 2225 FULL VOST OIL 60000 POOR ATOM 99.9998 <©€v.3998  99.9997
11-May 2033 1 TRAP VO QOIL 60000 REDUCED ATOM. 99.99989 99.9997  99.9988
08-May 2224 FULL VOST GAS 61000 LOW ATOM STEAM (VARY) 100 100 99.99¢
09-May 20 53 GAS 73000 EA TRANSIENTS 100 99.994
09-May 2108 77 GAS 25000 GPM TRANSIENTS 99.9990 99.9994
10-May 1030 92 0L 28000 WASTE STARTUP 99.989  99.993
10-May 1917 105  OIL 47000 GPM TRANSIENTS 94.9997 99.99989
08-May 2108 FULL VOST GAS 60000 WASTE OIL STARTUP 99.9997  99.997  99.9996
11-May 1430 143  QIL 652000 WASTE STARTUP 99.998 100
10-May 2134 109  OIL 47000 INVERTED SPRAY 99.9990 99.99992
10-May 2012 107  OIL 47000 START INVERTED $PRAY 99.9989 99.9998
10-May 2055 108  OIL 50000 INVERTED SPRAY 95.9994 99.99994
09-May 1508 69 GAS 25000 LOAD REDUCTION 99.997 99.9990
09-May 2301 83 GAS 15000 LOAD DECREASE 99.9995 99,9997
10-May 1452 97  OIL 40000 LOAD INCREASE 99.998 99.9996
09-May 2153 81 GAS 55000 LOAD INCREASE 99.9997 99.99993
09-May 921 57  GA3 63000 START UP DUAL VOST 99.99994 99.9994
09-May 1702 FULL VOST GAS 25000 LOW LOAD, MODERATE 02  99.9997 99.9997  99.9997
09-May 1946 76 GAS 27000 LOW LOAD/02/GPM 99.998  99.998
10-May 1132 94 OIL 27000 LOW LOAC/02/GPM 99.994  99.995
09-May 1801 74 GAS 28000 LOW LOAD, LOW 02 99.998 99.9989
09-May 1311 66 GAS 51000 LOW 02 & GPM 99.987  99.99%
09-May 1142 62 GAS 53000 LOW 02 & GPM 99.999904 100
08-May 1710 46 GAS 55000 LOW 02 WASTE INCREASE 100 99.9998
09-May 1038 60 GAS 57000 LOW 02 99.9998 99.9989
08-May 1642 42 GAS 59000 LOW_GPM/Q2 99.998  99.998
08-May 1447 38 GAS 60000 LOW..GPM 99.7 100
11-May 2118 1 TRAP VO OIL 60000 SOOTBLOW 100 99.9998  99.999%
10-May 2222 111 OIL 46000 SOOTBLOW 99.9993 99 9998
08-May 2332 50 GAS 62000 SOOT BLOW 99.998 99.97
09-May 2146 86 GAS 32000 SOOTBLOW LOW LOAD 99.9996 99.9998
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Low steam production did not reduce DRE. Between 1508 and 2018 on May
9, the boiler operated at approximately 24% capacity. DREs during this time
average 99.999%. The load reduction from 52,000 to 25,000 pounds of steam
#er hour during the early part of this period d:d not aZfect the DRE. The
load increase from 25,000 to 55,000 pounds ¢f steam per hour at the end of
this period did not reduce DRE.

DRE did not correlate with CO concentration. Three of the five poor
DREs occurred during periods when the CO concentration was within the range
of good operating practice (less than 170 ppm). Yet, on May 9 at 1508 when
the CO was 1970 ppm, the DRE was approximately 99,999%.

The principal investigator reported (Reference 23) that “the boiler was
more forgiving than we expected". It was his observation that acceptable
(greater than 99.99%) DRE was attained at virtually any steady state operat-
ing condition. He reported that disruptions in the waste feed flow caused
DRE to be reduced but not danverously even at extreme conditions. For exam-
ple;, on May 8 at 1600 the steam to the waste atomizer was turned off. Even
with the stream of waste reaching the boiler floor, causing relatively high
CO emissions and stack gas opacities in excess of 20% approximately 25% of
the time, the overall DRE of chlorobenzene was 99.98% and carbon tetrachlo-
ride DRE was 99.9996%.

The conclusion, based on these results, is that this boiler is able to
maintain excellent DRE of hazardous components under any operating condition
within the range of good operating practice. The parameters that control DRE
are atomization of the waste fuel and stability of the waste fuel flow rate,
Poor atomization, direction of the atomized waste away from the oil flame to-
ward the bciler walls, the fluctuations and rapid changes in the waste flow
rate all produced lower DREs. For the most part these lower DREs are not
less than 99.99% but are lower than typical values obtained during normal
operation,

These tests we:e done at a packaged water-tube boiler. The conclusions
are believed to be applicable to any suspension fired boiler. 1Inversion of
the waste spray (away from the oil flame toward the boiler wall) resulted in
slightly lower destruction of hazardous coumpounds and increased generation
of PICs. Similar effects might be predicted for fire-tube boilers. However,
the DRE did not fall below 99,.,99% during the inverted spray experiments, nor
was the DRE of the fire~tube boilers tested (Sites G and J) less than 99.99%.
The destruction of the hazardous waste appears to occur in the flame zone of
the boiler. Maintenance of a steady flame at a sufficiently high temperature
anpears to assure destruction of hazardous compounds.

Site M

The boiler tested at Site M was a forced draft water-tube with a rated
capacity of 350,000 lb/hr of superheated steam at 620 psig and 700°F., The
unit is front-fired with four CE R-type burners arranged in a sgquare pattern.
Each burner is capable of firing gas and/or fuel oil or liquid wastes. Fuel
gas which is fired in all four burners is a mixture of natural gas and pro-
cess waste gas. Heavy ends wastes from a butanol/propanol production unit
are fired in the lower two burners. The butanol/propanol waste stream con-
tains sJrface oil from a waste-retention pond.
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The objective at Site M was to provide confirmatory tests to validate
Site L results using an alternative boiler design. The ligquid waste stream
was spiked with carbon tetrachloride (CClg), chlorobenzene (MCB), and 1,2,4-
trichlorobenzene (TCB) to gquantify DrRZIs for parameters testing (nonsteady and
off-design operating conditions) during confiring in an indus:irial poller.

Several boiler loads, excess air levels, waste gas and waste oil flow,
and various transient conditions were investigated using waste oil selectively
spiked with individual or a combination of tracers (CCly, MCB, and TCB). The
concentration of the tracers were also varied by adjusting their rate of in-
jection. Boiler transient and off-design conditions such as sootblowing, low-
excess air, lightoff, reduced atomization, unsteady oil flow, and use of dif-
ferent burner locations were aimed at identifying the POHC DRE failure limicts
for the boiler waste combinations. Poor combustion and smoky conditions were
produced to determine whether DRE values were affected. 1In one tast, the cil
injection locations was moved to the two top burners which produced high smoke
levels even when the excess oxygen level was increased significantly. 1In many
of of the tests, only one burner (lower right) was working, producing condi-
tions which were unfavorable for efficient combustion since the combustion air
was uniformly distributed to all four burnsrs. Near the end of some tests
days, the waste oil feed was shut off, and the emissions where checked for
any residual PICs and POHCs which might be caused by hysteresis in the boiler
(emission of PICs and POHCs after these materials are no longer being intro-
duced into the boiler caused by POHC deposition on soot, and subsequent ela-
tion, etc.). PCHC and PIC measurements were by the full-VOST (FV), mini=-vVOST
(MV), and EPA modified Method 5 (MMS)., Summaries of the test conditions are
presented in Table 4.15 through 4.20.

Carbon tetrachloride and monochlorobenzene were measured by the full VOST
and mini-vOST. Compliance of the full-VOST data with the quality assurance ac-
ceptance criteria could not be fully assessed because the analytical results
were reported as a single value for the pair of VOST traps rather than for the
individual traps. No peaks were detected for Run FV-9, and therefore this run
is not considered valid. Since only one trap was analyzed for Run FV-6B, the
results of this run do not meet the second QA acceptance criteria and there-
fore are not included in calculated the average DRE presented Table 4.21.

The DRE (Table 4.22) of the three compounds used for spiking waste fuel
exceeded 99.99% during every run except one. For the lone exception (Run
MV-30 in which soot blowing was being conducted), the DRE was greater than
92.98%., As with the Site L test, the high DRE values measured for the chlor-
inated PCHCs did not seem to be affected by the various trst conditions aimed
at producing poor combustion with high smoke and CO emissions. Values of the
DREs measured under these conditions were similar to baseline values measured
under normal load and excess air conditions,

Benzene was detected as a measurable POHC in the waste o0il. Because the
concentration of benzene in the waste oil was very low (barely exceeding 1000
ppm) and because benzene is readily produced as a PIC for the waste oil and
natural gas combustion, benzene DRE values calculated from the test results
were not considered an accurate indicator of the actual DREs during the waste
oil combustion and are not reported here.

4-46



TABLE 4.15

MINI-~VOST TEST DESCRIPTION

SITE M
Q1L BURNERS

o OIL AlOM

05T ¢ DATE ¢ TINE SaPLED  LOAD Q2 WASTE SFIKE FRESS PRESS OVERALL DESCRIPTION
(1} 645 011 xC3 CCl4 0P Osig) (psag)

ihost 01] flom ires

rt dottos gual
w-i BIES 0803-0015  morsal 1.2 1 Baselane, low 217, mo 01l
-l 1/23/85 1000-1010  Rorsal 13 1 1 | . % 160 Maste oil ligntoff, los auir
m=3  1I2/85 0780-0750 mormal L5 1 1 LA 132 Baselime, norsal load b air
K- NWIE LSRG Nersal A7 T Y B | [} 2 16b L3 sprke stort
-3 NHI 131=1320  nersal 1 11 R "% 10 Les ar, seoky
V-4 J/2/0% 1840-1430 ereal 5 111 L /28 OFF  Lew wir, atosszation off
W=7 220/83 1630-1040 Low .3 11 1] 23 150 Low load, ne maste gs
WN-§ WS R-1702 Low p R | 11 LA W 158 Seoky, iow 1oas b air, a0 waste it
m-8 TS M20-0830  Mersal &5 1 11 | 4 160 fa fan capacity
W-10  7/7HES 08A-0850 ereal 3 1 1 1 | § L ] 160 Raz fae capacaty
Wil 12085 030-000  Nersal 5 1 11 | ¢ 13 Loe aar, Mazy
W-12  7/20/8 31-1007  mreal 3 1 1 1 H 0 13 Low wr, dazy
M-13 N8 1300-1130  wormal % 1 11 ] (4] 160 High arr
W-14 TITHES 1334-1404  woreal 3 1 1 1 ] 4] {60 Soothiowing
W-i  TITVET A-1430  wersal (9 I T A t 42 160 Sostbiowimg
W-ip NG INFITS wrul L2 1 OFF Resasusl POMC & PIC chect, me 01)
wi-l? I -0 low  &,0-4.) 11 1 LA 25/2% 160 1 laghtoté, low loas
W-i§  7/28/83 10151028 Low (N 1 11 LA /25 160 Law Jeas
W-1?  7/28/85 1033108 Low [N} 1 11 L W2 158 Low 1004, Jow 217
WX T/ 130120 Noreal 87 1 1t LA /2 160 Wigh oi) firing
™-21 WS 1314-1328  Neraal o2 | S 4 LR 65/55 160 Migh 3] firing, seely, low air
-1 TTHES 101-1341  Noreal %0 1t 11 L 45/35  1eb Migh ail firing, secty, low air
W3 WS 140-1440  Norsal 3.0-0.0 111 TP 2 Seoxy 2 top dermers oniy
=24 T//8% 1856-1506 Nersal 1ed OFF Resigual POMC & PIC check, e 011
w2 NN 1036-1108  Nersal Lo 1 OFF Resigual PONE § PIC chect, ap 01l
V-2 712995 1132-5202 tow 0.0-10 | S S S S X 150 160 Low load, lightotf, seoky
V-7 1TSS 1352-1402  Nersal 6.0 1 1 1 1 [ 4 T 160 Daselrse wits AC3, CL34, 1CB
WS T/7UE5  1600=1410  Norasl 1.3 1 11 H | | n 160 Wigh asr
e 1T 1810-1129  Neresi 3.0 T 5 1 1 LB 7045 160 Sootdlowing
W-3e 1298 1K-1837  Norsal 4.3 I 1 1 1 LR T4 160 Sectdiomay
=31 7/30/83 0937-3002 wersa) 8.0 1 [ ] » 168 0i] lightedd, Restduas POMC & PIC ct
w3 T10/8% 1027-1037  moresl [ 194 H H ] 3¢ 160 Neraal load ot uir
W33 7730/85 1050-1100 Nersal 1.3 1 1 [ % 160 Worsal load ¢ air
W34 T30/85 1200-1230  Noreal | B 1 t ] % 10 Migh CCI4
W-33  T/30/83 1232-1302  Mersal 6.0 1 .1 L§ n 160 Migh CC14
mI-36  7/30/85 1331-1400  Woreal b4 H 5 R 3 160 Low TN
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TABLE 4.15--Continued

0IL DURNERS
o it MM
V081 0 DATE L TIME SAAPLED  LDAD 02 WASTE SPINE PRESS PRESS OVERALL DESTRIPTION
(1) SAS Q1L WCD CT3¢ 70D ipsaq! tpsag!

(Nost a1l flow iros
rt dotten pua)

V=37 7/30/8% 14T3~1433  Nereal b H 1 ] b ] 160 Lew (14

mi-:0 23085 150%-1218  mermi (W) H 1 | § p ] 160 Mgn CTI4

V=37 7730785 1330-1000  Neresl — 1 [} b | 160 Resiowal PONC & PIC chect

W-40  T/30/85  1eM~1430  Neres! - 1 . ] b ] 160 Resitual PONC 4 PIC chech

Fe-41  1/85 1105-1713  Varning - OFF (st200 on) Resigeal POMC & PIC check, no 03 °
42 731785 M13-0123 Low 4.3 1 S | 4 160 Umstoady ma) flow, low load
-4l 131785 1202-1212  Nersal 4.9 1 H ] ] 10 g 100

W4 731/85 151-1200 mersal LY 1 1 010 Mg 103

=4S 5185 180%~1415  Mersal 2.1 1 H ] » 160 Mign TCI, low air, sesky

Riedé  M3N/ES 161T7-1427 Seresl 3.0 1 1 ] % 168 Roswced 1C3, low air, dazy

m-47 /38T LeS3 1088 Nersal 2.1 1 S % 160 Resuced 0B, Joew atr, My

=48  7/31/8% 1810-1020 Wersal (%) 1 H ] L] 160 Sosthlomng

W-dt  3/01/83 0820-0030 Mersal .41 Resisual POMC | PIC coecs, »e 01!
W-50  3/01/85 0%4~02¢  wreal .3 1 1 | 160 gn wir, a9 spilkes

meeS31 MOL'ET 1030-1045  Nereal LIV B I A | t [ 160 Magh ur, migh KCY & CCI4

W-52 §/01/8% 1200-1250  Werssl “8 1 1 11 ] % 160 Lew air, hazy stact

=03 B/01/85 1410-1620  Nerssl L0 1 1 11 [ -] 160 Low a1r, sesty, high ACI § CT1¢
m-54 9701783 1843~1423  nmereal 1. 11 11 1 -] e ag» Q3 4 CTI4

w93 Wi/ 13001410 Low 1.2 1 11 ? -] 160 Mmee RC) & CT14
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TABLE 4.1¢

MINI-VOST TEST CONDITIOKS

SITE M
FUEL FLOW RATES TRACER INJECTION RATE

ROILER STEARm DPOILEK LT} WASTE  WASTE FLUE

vOST OUTLET LOAD 02 6AS GRS 0iL CCis nCP TCR 643

WUNBER TEMWP (1000 (1) (1069 (1000 tgpa) (ope) igpe) (1000
«F i1d/nr} oscén)  gecth)  (gpal dscih)
nv-y T H 180 1.2 140 7% 0.0 0.00 0.00 0.090 4.7
V-2 343 190 1.3 140 % 0-7.2 0.00 0.00 0.00 30.°¢
nv-: 580 184 4.7 133 7.3 s.0 0.00 0.00 0.00 51.8
nv-4 b1 M 184 3.9 113 7.5% .3 0.00 0.85 0.00 50.8
V-3 380 182 3.1 119 (14 .3 0.00 0.6! 0.00 S b
RV=y 83 189 3.5 120 '3 S.9 0.00 0.6) 0.00 33.%
-7 540 39 9.9 ile 0 3.3 0.00 0.5¢ 0,00 6.6
nv-§ 340 130 3.4 110 [ 3.3 0.00 0.34 0.00 30.2
Y-y 390 180 6.3 130 49 S.7 0.0 0.06 0.00 0.9
nv-10 390 190 6.3 130 43 S.? 0.00 0.0é 0.00 .3
nv-11 380 180 3.8 130 45 2.7 0.00 0,06 ¢.00 49.1
Av-12 580 180 3.3 130 43 .7 0.00 0.9 0.00 4.9
nv-13 o83 180 3.3 133 44,2 .4 0,00 0.08 0.00 .9
nv-14  38¢ 17¢ .3 133 44.2 .0 0.00 0.06 0.00 98.3
Av-13 I8¢ 176 6.0 123 04,2 .9 0.00 0.06 0.00 8.7
Av-16 370 160 .2 150 47.23 0.0 0.00 0,00 0.00 44,3
NV=17 30 140-1460 4-4.9% 110 0 e 0,17 0.03 0.00 5.2
V10 54% M ] 8.0 110 0 4.0 0.18 0,05 0.00 6.0
nv-1? 540 26 4.1 110 [ 2. 0.23 0.04 0.00 1.3
Av-20 380 i% 6.7 139 0 131.2 0,24 0.)4 0,00 54,3
me-2 979 194 4.y 13 0 i1.6 0.30 0.43 0.00 5.6
Wv-32 370 180 .0 13 0 11.8 0.21 0.43 0.00 4.0
Mv-2Z 600 160-190 5,.0-8.0 123 0 114 .26 0,13 0.00 50,0
HV-24 380 170-189 1.9 230 0 0.0 0.00 0,00 0,00 42.2
MV-3S 6% 170-189 3.0 160 L} ] 0.00 0,00 0.00 4%.3
my-36 380 110-163 8-10,2 (35-170 o 7-13 0.28 0.08 0.30 4.0
nv-27 %80 180 6.0 160 0 . b 0.1 0.08 0.2 v,
nv-28  e00 174 9.3 160 0 .0 0.1% 0.05 0.24 70.0
nv-2y 373 17¢ S.0 160 0 4.0 0.15 0.03 0.2¢ 33.0
nv-30 379 176 4.8 160 0 6.0 0.13 0.03 0.26 3%.0
nv-3t 570 173 8.0 1350 5 6.0 0.00 0.00 0.00 4.3
wv=32 7% 170 6.2 150 (¢ 6.2 0.19 0.00 .00 49.0
n=33 9% 172 7.3 150 0 b b 0.!9 0,00 .00 0.4
nv-3s 573 177 8.0 130 0 6.0 0.64 0,00 « 00 1.2
nv-33 370 172 6.2 160 0 6.0 0.64 0.00 .00 46.3
nv-3 570 . 182 6.4 162 0 6" 9.10 0.00 0.09 48.3
Rv=37 $70 172 6.4 162 ° 6.8 0.i0 0.00 0,00 40.4




TABLE 4 .16~-~-Continued

FUEL FLOW RATES TRACER INJECTION RATE

BOILER STEam BOILER NATY WASTE WASTE FLUE

YOST  QUTLET (DR gc GAS GRS ol cli4 N0 108 (1]

NURBER  TEnP 11000 ($3] (1000 (1000 (gpe) i(gpa) (gpel (140Q
« k) in/rr) dscéh) gscéh)  (gpei gscén)
nv-33 ™ 170 6.4 162 0 6.0 0.4 0.00 0.00 40.%
V-3¢ 370 18 -- 162 4 6.3 0.00 0.00 .00 48.90
n-40 %70 i78 -- 162 ] 6.3 0.00 0.00 .0 48.0
Av-4§ <79 133-18° .- 193 2 0.0 0.00 0.00 0.00 4.4
ny-42 360 148 4.3 132 [ 3.7 0.00 0.00 V.42 4.0
ny-43 <70 172 4.9 150 0 .9 0.0 90,00 0.37 54.9
Av-44 $70 173 49 192 0 .7 0.00 0.00 0.37 2.
Av-435 $70 172 2.4 130 0 b. 4 0.00 0.00 0.37 0.1
nv-44 343 180 3.0 150 0 .1 0.00 0.00 0.42 su. 4
ny=47 Se 100 2.0 150 0 () 0.0 0.00 0.42 20.4
Ny-48 o83 172 [ 79 ] 190 [ $.0 0.00 0.00 0,29 2.0
nv-49¢ 570 183, .4 159 »3 0.0 0.00 0.00 €."0 4.3
AV=-30 90 170-19% 8.5 §30 64,5 6.1 0.00 0.00 0.00 <. 8
nv-21 8 190 9.1 125 6.2 [ ] 0.22 0.24 0,01 0.7
nv-o3 970 17% 4.9 129 4.3 4.0 0.19 0.17 0.0 4.0
nv-g3 370 179 40 bt 46.5 .0 0.22 0.28 , 00 45.0
nv-24 560 169 1.2 129 46.3 2 0.22 0.24 .00 29.4
LA ] 60 148 7.2 130 0 6.2 0.2 0.2¢ .00 4.9
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TABLE 4.17

VOST TEST VESCRIPTION

SITE M

T AR AT AR LT RIS EIE RS AELS F T T A RS P ER T A LM EEAREST FYW I AT T A AR ICHAT CE LT IR R AN IS 3 TP L T I T or2

VOST & DATE L VINE SANPLED  STEAN EXCESS  WASTE

SPLKE
LOAR 92 (1) GAS OIL WCD CCI4 10D

0IL DURNERS
O Ot ATOM
PRESS PRESS

(psiq) (psig)

OVERALL DESCRIPTION

Fv-3

V-4

Fv-3
FV-6A

Fv-48
-7
Fv-a

V-9
Fv-10

-1
w-12
Fy-13

TR Tt R R R T T AR TN T ST I T IS S T E R ET T CEEET T AEAE X R LS T TR S o

1126183
1128183

1121183
1128183

7129/83
1129183

1130/83
7/30/83
1730183

1134183
1130783

80183
§/01/85
8/01/83

1135-1155
1440-1500

0930-0930
1033-1103

1130-1210
1600-1820

1200-1220
1232-112
1330-1810

0915-0933
1403-1425

1033-1033
1240-1300
1410-1430

Norsal 39 1 11
Noraal L 70 TN B B
Nor sal A 70 AU B B |
Low 4.2 I 1 1

Varying 9.0-9.8 I v 1 1
Noraal ) | I B | |
Norsal 0.2 I I
Noraal 6.2 X I
Nornal 4.3 |

Low 4.4-5.0 1 |
Noraal 3d 1 1
Norsai | D SR B S |
Norsal &6 1 1 ¥ 1
Nursal § 1 Xr a1

{Most oil flow froe
rt bottoa qun}

R n
LR 26/28
R 3
LR 25/25
L 130
R n
R 30
k 38
t 38
R 1
R 30
R 80
R 90
R 3

166
OFf

158

160

160
160

150
160
160

160
160

160
140
160

NCD spite start
Low air atoaization att

Low air, hary
Low load, low air

Lon load, lightott, saoky
High air

High CCI4
High CC14
Residual PONC & PIC check

Usteady oil flow, lox toad
High 1CD, low air, seaky

High air, high MCB & CCIA
Low air, haiy
Low air, high seoke, high NCH & CCHA

FIT T T LS ET ZEDCECT T ST Tt ooz osizmos
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TABLE 4.18

VOST TEST CONDITLONS

SITE M

CSETEESTEISTE F ALREMIETR FEET S L IX TS X S8 F et FEEES $ 389 52 883 ¢TI .00 0.8 xx 1

BOILER STYEAN BOILER

FUEL FLOW RATES

ze.8 e w T T T

TRACER INJECTION RATE

vasT OUTLET LOAD 02 NAT WASTE WASTE CCl4 NCB 1CB FLUE
NUMBER TENP (1000 0y GAS GAS olL (gpa) (gpm) (gpm) GAS
{deg F) 1b/hr) (1000 (1000 (gpm) (1000
dscfh) dscth) dscth)
Fv-1 583 184 3.9 113 67.5 3.3 0.00 0.6 0.00
FV- 585 189 3.3 §20 69 5.4 0.00 0.69 0.00 .
Fv-3 380 180 3.7 130 43 3.7 0.00 0.06 0.900 49.8
FV-4 543 128 4.2 16 0 4.1 0.03 0,08 0,00 39.5
FV-3 300 to6-184 9-9.8 133-170 0 0.2-12 | 0.05 0,18 64.9
FV-6A 600 176 9 160 0 6.2 0.16 0.06 0.2/ 70.0
FV-4b 3735 177 8.2 150 0 6.4 0.68 0,00 .00 50. 4
Fv-7 370 17¢ ~ 6.2 140 0 6.9 0.64 0.00 0,00 46.3
Fv-8 376 175 - 162 0 6.3 0,00 0.00 .00 48.0
Fv-9 360 14015, A | 132.5 0 3.7 0.00 0.00 0.42 A%,
FV-10 370 172 ve l 150 0 6.4 0.00 0.00 0.37 50.1
FV-11 383 174 9 123 45.9 4.0 0.22 0.24 0.01 3.7
Fv-12 370 180 4.8 128 456.3 6.0 0.19 0,17 0.01 49.7
Fv-13 570 155-180 4 128 4.5 6.2 0.22 0.24 .00 49.0

FrE f E I T ST FTETFEECE SR I ET F 2 IS F T TN TTree t:X 8 8% € % ¥°1 T8
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TABLE 4.19

MODIFIED METHUOD 5 TESYT DESCRIPTION

SITE M
OIL BURNERS
EICESS ON  OIL ATOM
NN3 4 DATE & TVIME SAMPLED"  LOAD 02 WASTE -----SPIKE----- PRESS PRESS OVERALL DESCRIPTION
() 6AS QIL MCB CCl4 ¥CB ipsi1g) (psig}
{Most ail flow tros
rt hottoa qun)

MNS-1 7/26/85 0740-8%¢  Normal 3.9 I LR 28 132 Baseline, noraal load & air
MNS-2 7/26/85 1232-1332  Normal 31 1 1 LR 28 166 Low air, sevky

MNS-3 7/27/85 0924-1026  Noraal A B B | R 30 138 Low atr, hazy

WS-8 720/85 1352-143%  Moraal 5.9 1 1 R 85 150 Sootdlowing

N33 2728785 1033-1133 Low 4.3 | B B | LR 25/22 158 Low load, low air

NMS-¢ 7/29/85 1134-1238  Varying 35-10 I I °I X LR 150 140 Low load, lightoft, smoky
MM5-7 7/29/85 1334-1434  Normal 5.7-8 I I I &I R 70/70 150 Daseline with MCB, CCl4, TCB
M5-8 7/29/85 13537-1641  Noraal 9 I ¥ 1 I R 72 160 Migh alr

MN5-9 7/29/85 1810-1910  Morsal 3 I ¥ X 1 LR 70763 180 Sootblowing
nns-10 7/31/85 0910-1010 Low 3 | I R 43 180 Unsteady oil flow, low load
M5-11 7/31/85 1131-1231  Morsal 4.9 | I R 4 160 High TCB
MS-12 7/31/83 1346-144T7  Norsal 3.} I X R S0 160 Low air, high TCB, saoky
WNS-13 7731/85 1808-1708  Noraal I I R 30 160 Reduced TCH low air, haxy
MS-14 7/31/85 1810-1858  Moresl 6.9 1 Y R 43 160 Sootblowing




TABLE 4.2C

MODIFIED METHOD 5 TEST CONDITIONS
SITE M

FUEL FLOW RATES TRACER INJECTION RATE

AMS ¢ BOILER  STEAM 02 NAT  WASTE NASTE FLUE
QUTLET (1000 (3} B6RS 645 OIL CTl4  ACB (B B5AS

TERP 1b/hr) 11000 (1000 {gps) (gpe) (gps) (1000

{ F) dscéh)  dscéh)  (gpe) gscéh}

-1 580 184 1.9 115 67,5 b0 0,00 0,00 0.00 58.2
ms-2 380 182 3 113 68 5.6 0.00 0.8 0,00 Neb
ms-3 580 183 3 123 49.5 5.3 0.00 0.06 0.00 9.8
m-3 540 126 4.3 110 0 37 0,23 0N 0.00 39.5
mmS-¢ 380 10%-200 S-10 i33-170 00.2-14 0,25 0.08 0,30 b4.9
3?7 380 180 3.7-8 160 ¢ b3 013 0,06 0,29 M, 1
M-8 600 178 9 160 0 6.0 0.15 0.05 0.26 70,0
ms-9 573 174 3 180 0 b0 015 0.05 0.2 5.0
m3-10 339 143 3 132.5 0 3.5 0.0¢ 0,00 0.42 4,0
r-11 570 170 4.9 130 0 S8 o000 0.00 0.7 4.9
mo-12 367 176 3.4 150 0 &1 0,00 0,00 0,37 30.1
me-13 W3 180 3 190 0 6.0 0,00 0,00 0.42 50.4
mi-14 383 172 6.9 130 0 60 0,00 0,00 0.28 82.0
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TABLE 4,21

SITE M
Manufacturer: Combustion Engineering Desiyn Steam Rate: 350,000 Lb/hr
Type: VU-60, Water-Tube Désign Steam Pres.: 620 psiyg
Fuel: Natural Gas, Oil, Waste Gas, Test Steam Rate: 200,000 lb/hr
and Waste 0Oil Fraction Waste Fuel
Waste Stream: Butanol/Propanol Heavy Ends, Heat Input: 36 - 48 x 100 Btu/hr
Process Waste Gas
Test
Quantity Found (ug) Emission
Baseline Average Test Runs Rate Blank
Feed Rate Run Blank (Avg) (myg/sec) Corrected DRE o
Compound mg/sec  |MV|FVIMM5] MV FV_ |MM5] MV FV MM5 | MV |FV| MM5 |MV|FV[MM5] MV kv MMS
Carbon Tetra- 3,018~ 03] b 0.0005|0.031 0.073|v.166 184.6 No|No 99.9995]99,9997
chloride 64, 395 o
Chlorobenzene 2,095~ |o03| © 0.103 0 0.129]0.057 285.5 No{No 99.9998
45, 391
1,2,4-Trichlo~| 23,717~ 0 0 1.7 i91.9 No 99,9994
_robenzene 38,312 B
4 No CcCl, or Ceh Cl was detected during first three baseline runs. During runs made to test for hysteresis (i.e.,
after POHC feed stopped: MV-16, MV-24, MVi-5, MV-31, MV-39, MV-40, MV-41, MV-49, and MV-50) the collected CCl,
ranged from 0.0025 to 0.365 ug with an average value of 0.072 ug while CgligCl ranged from 0 to U.024 uyg with an
average value of 0.011 ug.
k

Boiier burning natural gas and unspiked waste oil during single test for hysteresis resulted in 0.130 uy collected
or trap. No baseline VOST sampling conducted several hours after spiked waste firing.

Boiler burning natural gas and unspiked waste oil during simple test for boiler hysteresis resulted in 0.149) ug
collected on traps. No baseline VOST sampling cornducted several hours after spiked waste firiny.
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TABLE 4.

22

DRE GROUPED BY TEST CONDITLONS

SITE M

1237 4 FERALL DESCRIFTION DAz PRZ : uR:
Cous At 1t BINIEN:
®v-2"  kaseirne with Kb, CCI4, TCH 96,9961 95.994:¢t - -
M5-7  kaseline with MCE, CT14, TCE . - 0l -
Mv-32  Norsal loac ang air 99.958357 _ - .
Bv-23  Norsai load and ar 99.9574° _ . .
®v-G  Rax tan capality o 9e,999" - -
Bv=1¢  Max fan Capalite - 10¢ - -
fe-1l  Figr air . 99.9995: _ -
F¥y—or  higr air 106 99,9585 9576170
nv-28  mor arr 95.999868 99,9988¢ - -
M5 Mg ar - - 106 -
MV-5  Low air, saoky — 99.99491 - -
mv-ll  Low a1r, nazy . 99.9992¢ - -
fv-12  Low air, nany _ 99.9957¢ - _
F¥=3  Low air, nacy - 99.99Bei . 9871648
A¥-21  Hign oil firing, saoky, lox air 99.99945  §9.999% - -
#v-22  High o1} firing, sacry, low air 99.99940 99,9985 - -
®y-52  Low air, hary stack 99.99937 99.99947 . _
#¢-33  Low air, saofy, high ACB & CCI4 99.99932 95.99990 - -
F¥-13  Low air, high seore, high BCP & CC14 99,.99968 99.99938 _ 97.49i%¢
F¥-i2  Low a1r, hazy ©9.99967 99.99850 __ 99,8780
MS-12  Low air, high TCK, sscky - 9%, 99773 -
KMo-13  Reouced TCB low aar, hazy - 9%, 99978 -
Fv=1¢  High TCH, low air, sacky - - o 92.64495
Ny-6  Low air, atosization of -~ 99,9974¢ - -
F¥-2  Low air atosization ofé - 100 - -
nv-7 Low load, no waste gas o 99.9914é - -
M¥-8  Sacky, low load & air, no waste gas - 100 - -
Wv-18  Low Joad 99.99933  99.99705 - -
Kv-19  Low load, low 3ir 99. 99931 100 - -
Fv-4  Low load, low arr 99.99481 99.9978% .. 96.29147
H¥-26 Low loac, lightoft, smory 95.99922 99.999¢67 - .
FVv-5  Low load, lightott, seoky 100 99,9973 . 9%.9977¢
Mi-6  Low load, lightoft, smoky - 99. 99991 —
KMI~10  Unsteady oil flow, low load - 99. 99934 -
Nv-55  High MCB ¥ CCl4 99.99:55 99.9999 - -
Kv-54  High MCB & CCl4 99.99963  99.99994 . .
®V-23  Figh air, hioh ACB & SC14 95.99870  99.99985 . _
Fv-11  Hign air, high ACH & CCI4 99.99976 99,99884 . 99.B4947
Av-34  Hign CCI4 99.99931 - - -
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TABLE 4.22--Continued

EET A GvesnLt DESIRIPTION DAt b3t pa: 2
CoLe L8 (% BENIEND
Fv-¢  Higr CC14 99.99911 - 99.39:7¢
mv-25  kign TN 99.99928 - -
Fe=?  mign STI4 99, 99845 .. 9689711
M3 Hign JIN4 99.9998) .. .
AES-11 mgn T2 - . 99,9989 =
K-S0 los 014 9%, 59454 - - -
m-37  Lew IIl4 95,95795 - - -
Av-d  BCH sprie stare -~ 99,8579 - -
FY-i  RCE spibe start == 9%,9§°3; 99. Jhel:
V=17 Qi) ligntoft, lom oac 99,9989¢ 95,0003 - -
Mv-14  Soctllowing -~ 95,9530 - -
Av-13  Seotvlowing ~  99,%9994 - -
AR3-14  Sootbloming - _. 99.99892 -
Av-29  Seotblowing 10¢ 106 - -
mv-30  Sostalowing 99.9998C 99.96762 - -
MMZ-8  Sootblowing - - 100 -
BV-20 HMigh o1l firing 99.9997¢ 99.8937¢ - -
AV-23  Seoky 2 top burners only 99,9997%  99.99%4; - -
Fv=9  Usteady oii ¢low, low Joad - - 100
AVERAST DRt 99.999;  99.9987  99.9994 98.8573




I+ s conciuded from the results that the co-fiiling of hazardous wastz
i. the tested boller produce very high DREs of the waste compounds witinln
the normal range or boiler operatinc conditions including transients such as
startup, insufficient combustion «ir, and sootblowing.

Site N

The boiler tested at Site N was a coal-fired spreader stoker with a rated
capacity of 150,000 1lb/hr of saturated steam at a design pressure of 290 psig.
It is equipped with a fly ash control system, consisting of a mechanical col-
lector in series with a baghouse. The boiler is used to dispose of industrial
sludge which 1s injected at opposite sides of the furnace at approximately 3
£2et above the traveling grate.

The objective at site N was to provide ccnfirmatcry testing to validate
parameters testing and Site L and M by measuring principle organic consti-
tuents (POHC), DRE and PIC emissions for a typical cocal-fired spreader stoker.
Chlorinated organic and metal traces were added to the sludge to broaden the
range of POHCs available f£or DRE gquantification and to determine the parci-
tioning of hazardous metals to the ash and flue gas streams generated. Tests
were also performed with o1l used as a carrier for these trace pollutants.

Eighteen boiler operating conditions, shown in Tables 4.23 through 4.26,
were investigated during the site N test program. The test matrix consis-ed
of four distinct series of tests., The initial four baseline test conditions
established the background emission data with coal combustion only and coal
with sludge co-fired. Background emissions with coal and No. 2 oil feed were
measured during test condition 5. For these background tests, the sludge and
No. 2 o0il were not spiked with either organic or inorganic tracers. Both nor-
mal and low steam load test conditions were investigated. Excess combustion
air was maintained at normal operating levels during these tests corresponding
to approximately 7% excess O, at the boiler econcmizer exit. Baseline tests
were repeated during test conditions 14A and 17 to determine the reproduci-
bility of iritial baseline resnlts during and at the conclusicon of the test
program,

The second series of tests, 6 through 10, consisted of tests with coal
and sludge spiked with TCE and TCB, alternatively. Boller operation was set
on manual and tested at normal load and excess air levels (test condition 6
and 7), low load and high excess air (test condition 8 and 8A), low load and
low excess air test condition 10). Combustion excess air was varied by ad-
justments in both undergrate and OFA.

The third series of tests, conditions 2 through 14A, were performed with
the boiler co-fired with No. 2 vil spiked with TCE and TCB, alternately. These
tests were performed to provide a compariso. of POHC, DRE, and PIC emicssions
with an alternative liquid stream. As in the case of the sludge co-fire test
series, variations in combustion excess air and boiler load were investigated.

The fourth and final series of tests, represented by test conditions 153
and 16, were performed to investigate the partitioning of metal tracers (lead
and chromium) spiked in the sludge and No. 2 Jil liquid streams. During these
tests, TCB was 2lso simultareously injected alcng with the me*al) tracers. DRE
calculations were performed on the TLE and TCB POHCs spiked in the simulated
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TABLE 4,24

BOILER TEST COND1TIUNS--BASELINE TESTS

SITE N
Studge tajerticn wo. 2 ald
OIA Pressure (1n 130) Opacity (percent) {grm injecilon (er=)
e vt Regosute Tcnnenloer . o - .
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aditton  Test detcription (107 1B/Nr)  (psiy) {sslg) (percont]) Woder Front Resr relnjection (1n #30)  {1n H;0) ") Talet onllet on que o we
] Migh stesn loed, iy 150-26% no-1s 4.0.1.2 n " 4] " -8.Q .6-0.0 no n.n 1.5 )0 .- -
cosd ety ) (22} (A1) (6.4) ten (1) (1.0)
1 Migh stese lond, 11 760-263% N1 -40n 4.0-1.9 un " 143 " LN ] 4600 L] - .98 2029 Lo
to8) and sluidge (i) (282} {am) {¢.9) “w.n e th0) (r.s) (1.6)
| low steem Tead, -9 % - rere (L3 I ] ] 1] LR ] 1.4 »e -2 200 .- .- -
coat orly [{1}] ) (L] 3.9} (e) [ERT]
L) lav stea= ltosd, 594 138-15% 395400 1.4-9.0 i " n 1 4.7 1.6.1.0 111 26-4) 30 VR LS .-
coal and tludge {av) sn [(§L1] (t.n \ tn (RE4] {r.m .4
3 High steam Ingd, 139w s e 6166 n [ " (1] BN 4940 (1) "-3 1,0 )¢ - -- 2.0 1.1
nal and #e. 7 ot {tny 16.4) (4.6} (FL1] (AR}
(L1 Luw load, coal ond W "o " [V} (L] .6 (L] L] -8.8 L " H 1 -- o te o020
abt
[ Migh slesm laad, 1 760-260 70998 s.1-6.% 13 "m (] (1) - s.1 Ll ] "y s 1.0-11 02y .
conal and sludge (). (262) {1 ({1 1342 (EN}} N

RA . Mot arailshle.

$Tsedustsr teeperature 1o econenizer o JII°F,
Soetpry tn parenthorts are arlthestic susrages of recotded speraling dats.



(-1 4

TABLE 4.25

SLUDGE CO-FIRE TEST CONDI'CIONS
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2 OIL CO-FIRE TEST CONDLITIONS
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liguid waste streams. Tables 4.27 tnrouch 4.29 summarize these results. DRE
results on TCE from six test conditions and a total of 15 individual measure-
ments clearly indicate that the destruction of TCE was approximately 99,9999%
or well aiove current regulations for commercial incinerators. Some reduc-
tion in DRE 1s evident during test condition 8, where excess air was increased
well above the typical operating setting of the boiler. DRE results for TCBL
averaged 99.997% indicating thermal destruction approximately equal to that

of TCE.

It is concluded from the results that co-firing hazardous wastes in <he
coal-fired spreader stcker boiler produces high DREs of waste compounds within
the normal ranges of boliler operating conditions including low=-load and high-
excess ailr.

Site O

The boiler tested at Site O was a coal stoker that had been converted to
fire natural gas, fuel oil, or liguid wastes. It is capable of delivering
22,000 pounds of 95 psig steam per hour. The exhaust gas from the boiler was
tested by EPA Method 23 (inert plastic bag samples). All other tests rueported
herein were done by either VOST or MMS5, or pothi., Analyses were done on-site
by GC/FI1D os GC/ECD. Samples from all other sites were shipped to the labora-
tory for GC/MS analysis. The waste fuel consisted of alcoholic still bottoms
to which the test team added methyl chloroform (1,3,1 trichlorocethane). The
waste contained nn other hazardous material (Appendix VIII).

The QAAC for this site was a demonstration that the method (Method 23)
would have detected methyl chlorofcrm had it been present. Before going to
Site O the testing organization added known quantities of methyl chloroform
to samples of the exhaust gas from a residential heater that was burning a
fuel similar to the Site O waste fuel. Recovery of the spikes was good (55
to 96%). There was a further demoustration that low concentrations (0.5,
0.005 ppm) of metayl chloroform were stable in the bags for up to 3 days.
All sample analyses were completed within an hour of their collection.
These tests were taken as eviderce that had methyl chloroform been present
in the stack gas at Site O, it would have been detected. Therefore, the
data were accepted.

All stack gas methyl chloroform concentrations were less than the limit
of detection of the analytical procedure (Table 4.30). The test average DRE
of methyl chloroform was greater than 99,999%. The boiler operated at the
same steady conditions throughout the seven test runs. The carbon monoxide
concentration in the stack gas during runs 2 and 3 (210 ppm and 110 ppm) was
higher tha. the average (40 ppm) measured during the other five tests. There
was no discernible effect on the DRE of methyl chicroform ncr on the other
two non-hazardous compounds (methanol and methyl acetate) that were measured.

Products of Incnmplete Combustion

Several means have been suggested by which compounds that were not pre-
sent in the fuel or waste fuel burned in a combustion source may appear in
the exhaust jas of that source. There arz two general mechanisms by which
products of incomplete ccmbustio., (PICs) may be formed. One is formation of
products of partial oxidation of fuel components. The formation of aldehydes
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TABLE 4.27

TCE DESTRUCTION

SITE W

TCE emission rate TCE-DRE (percent)

TCE
injection
Test rate Run Mini-vVOST  VOST
no. (9/s) no.  (ug/s) (ug/s) Mini-vQST  VOST
6 17.62 1 17 38 99,99990C 99,9998
2 33 99.9998
8 18.55 1 130 72 99,9993 99,9995
2 32 99.9998
8A 40.80 1 13 NA 99.99997 NA
2 10 99.99998
9 21.33 1 ND NA 100 NA
2 ND 100
10 20.40 1 8 ND 99.96996 100
2 5 99,99998
14 19.47 1 2.8 NA 100 NA
2 2.8 100
wWeignted average 99.99991 99.9998

ND -- Not detected, less than 1 ug/sec.
NA -- Not available, sample not taken.
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TABLE 4.23

TCB DESTRUCTION

SITE N
TC8 TCBA
injection emission
Test rate rate TCB DRE
no. (g/sec) (ug/sec) (percent)
7 19.81 17 99.99991
12 22.78 120 99,9995
13 20.80 59 99.9997
15 19.81 32 99,9998
16 20.80 74 99.9996
Weighted average 99.9997

dBaghouse inlet condition -- emissions
are not blank corrected.
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TABLE 4.29

SITE N
Manufacturer: Riley Design Steam Rate: 150,000 1b/hr
Type: Coal-Fired Spreader Stoker Design Steam Pres.: 290 psigy
Fuel: Coal Test Steam Rate: 130,000-140,000 Ib/hr
Waste Stream: TCB & TCE Spiked Sludge and No. 2 0il
guantity Found (ppm) Test - T
Feed Emissiorn
Rate Baseline Run Blank Run Test Run Rate (uy/sec) DRE L
Compound my/sec MV V MM5S MV v MM5S MV \ MM5 MV \ MM5 MV v oo MM
TCE 14,369.74- .0029 O .0032 .0028 .0073 .056 037 99.9999  YY.9996
33,218.36
TCB 15,489.46~ .00243 v] .0064 99,9997
18,786.41




TABIL.LE 4.30

SITE O
Manufacturer: Combustion Engineering Design Steam Rate: 22,000 lb/hr
Type: Converted Coal Stoker Design Steam Pres.: 95 psig
Fuel: No. & 0il and Natural Gas Test Steam Rate: 7,600 lb/hr
Waste Stream: Alcoholic Still Bottoms Fraction Waste Fual
Mass: 100%
Heat Input: 100%
Quantity Found (ppm) Test
Feed Base- Aver- Test Emission Blank?
Rate line age Runs Rate Cor-

Compound mg/sec Run 3lank (avg) ( g/sec) rected DRE
methyl chloroform 113.9 NR NA <0.02 <82.5 No >99.999
NR - No baseline rur at this site.

NA -~ Not applicable.
NOTE: DRE = (Feed Rate) - (Test Emission Rate) y 100%
Feed Rate

2 Indicates whether or not the results of laboratory and field blank anal-
yses were subtracted from the results of sample analyses prior to calcu-
lation of DRE.



during incineration of refuse is an example of this mechanism. Formation

cf low molecular weight hydrocarbong (Cy-Cg) Jduring combustion of coal and
heavy o1l fuels is another. The second general mechanism is a reaction of
free radicals or other molecular fracaments produced in the high temperature
flame to produce different compounds. The products of these reactions may
nave higher molecular weights than the fuel components., Benzene, polynuclear
aromatic compounds, and scot particles appear to be formed in this manner.

There are also weans by which fuel-absent compounds may appear in the
exhaust gas that are unrelated to the combusticr. These include evaporation
of lubricating oils from mechanical equipment downztream of the furnace, com-
pounds that were present in the ambient air that was used in the furnace, and
compounds introduced with the compressed :ir used in soot blowing. Where the
combustion sources are equipped with scrublers the waier may be a source of
organic compounds. These may exist in the fresh water supply, be introduced
by other processes where water re-use is practi<ed, or they may have been
added in the form of fungicides or other watar treatment chemicals. Com-
pounds from these sources are not PICs, but rather, are flue gas contami-
nants.

A third source of fuel-aksent compounds in samples “aken from the flue
gas is contamination of those samples during sampling or analysis. This con-
tamination can be external. For example, large amounts >f Freon were iden-
tified in Tenax®-GC samples from one site. Appar:ntly the refrigerator in
which the samples were stored was defective and Freon invaded the samples.
The contamination can also be internal. Several irvestigators have reported
that benzene appears to be a product of thermal degradation of Tenax®-GC.
Others have attributed the presence of several Cg-Cy alcohols and ketones
in exhaust gas samples to the degradation of XAD resin. In addition, there
is evidence that compounds sorbed by porous polymer resins are not guantita-
tively removed during their preliminary cleanup. Succussive cleanings re-
lease additional amounts of these compounds., Thus, it is possible that a
measured ccmpound may be the residue of some past sample or contamination.

Ascription of the presence of a compound to its formetion by incomplete
combusticn of other compounds must be done with cauticn in light of the small
quantities of matter involved, the potential for contamination, and the poten-
tial for degradation of the organic polymer sorbents that are used for these
tests. The PICs reported at Sites A and C (see Table 1.17) wre an example of
these difficulties. The limits of analytical detection for tiuese compcunds
are typically 1 microgram. Even though some were detected ar levels several
times their limit of detection they are, on the average, found at only a few
micrograms above this limit. Further, their concentration in the co-fired
samples is not greatly more (and in some cases less) than their .;oncentra-
tions in the baseline run and blank samples. The difficulties with contami-
nation and high blank values are even more pronounced with tha VOST method
than they are with the MM5 procedure. -Methylene chloride, for exanple, is
found in nearly every VOST tube analyzed. This compound is a comuon labor-
atory solvent. It is used for the MM5 extractions and clean-ups. Creation
of a protocol and an environment that would allow credible sampling and anal-
ysis of methylene chloride would require a monumental effort.
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Much of the PIC data (Table 4.31) are more demonstrative of the diffi-
culty of maintaining contamina-ion-€free VOST samples thar they are of the
formation of PICs., Only at Site G Jere the amounts of PICs (chloroform, per-
chloroethylene, chlorobenzene, chlo:cmethane, and 1,2 dichloroechane) found
in the samples significantliy higher than blanks. Chloroform was found in
significant concentrations in the stack gas during all eight of the runs.
Over 80% of the total guantity of the other four compounds found was found
in one of the eight runs. The remaining 20% was distributed among five other
runs. The boiler operation, as characterized by the flue gas concentration
of combustion gases and particles, was not any different during this run than
during the other runs. The gquantities of these ~ompounds emitted were small.
1f the total rate of emissicns of these five compounds is added to the total
rate of emissions of the POHCs, the total hazardous compound emission rate 1is
less than 14 mg/sec (PICs = 3.6 mg/sec; POHCs = 0.3 mg/sec). The DRE of haz-
hazardous chlorinated compounds would be 99.998%.

A different sampling and analysis procedure was used at Site L, M, and
N. At these sites Tenax® tubes that had been cleaned and sealed in the lab-
oratory were recleaned immediately prior to use in an in-field desorber/gas
chromatograph with a Hall electrical conductivity detector (GC/HECD). 1In
this way the lack of contamination could be verified imnediately prior to the
use of a Tenax® tube. The tubes were chen taken to the stack and samples ac-
cumulated. The tubes were analyzed in the field by GC/HECD within two hours
of sample collection. RBlank tubes that were treated similarly (taken to the
stack, opened, closed, returned to the laboratory, and analyzed) showed in-
significant (2 to 5 ng total chlorinated compounds) amounts of contamination.

Several PICs were measured by this technique. Identification of the com-
pounds was made by mstching their relative retention times on the column to
those of known compoundc.

The measured PICs at the three parametric testing sites (L, M, and N)
are summarized in Table 4.32 through 4.34. The PIC emissions were generally
on the same order of magnitude as those measured durinc baseline testing and
as the POHC emissions. Exceptions to this generalization were observed dur-
ing soothlowing and waste atomizer upsets when the PIC emissions were much
greater than the POHC emissions. Cv=iously, POHC emissions were lower than
usual during the sootblowing and atorizer upse+s.

Tables 4.32 and 4.33 give the PIC/POHC ratios calculated from the PIC
and POHC emissions for Sites L ani M. The use of PIC/POHC ratios without
their associated PIC and POHC emissions is considered a bad practice because
it can lead to misconceptions about the magnitude and risks associated with
PIC emissions. This ratio is calculated from both the PIC and POHC emission
rates and consequently, a high PIC/¥FOHC ratio does not necessarily indicate
a high PIC emission level. It could simply mean that the POHC level was very
low indicating a high DRE was achic ed.

The emission rate of PICs was highest during periods of unstable waste
feed (low unstable flow of waste, waste startup, and waste spray directed
away from the oil flame). The amount of organic chlorine released as PICs
ranged from approximately .02 to 0.0002% of the POHCs fed to the boiler,
There was no discernible relationship between PIC emission rate and carbon
monoxide or oxygen concentrations, boiler load, or load changes.
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TABLE 4.31

REPORTED PRODUCTS OF INCOMPLET

L COMRUSTION

ug,/Samgle
Average Average
Site Compound Baseline Run Blank Cc--Fire Run

A 2~chlorophenol ND ND 4
2,4-dichlorophenol ND ND 2
2,4,6-trichlorophenocl ND ND 6
nitrobenzene 7 ND 1
dichlorobenzene ND ND 2
trichlorobenzene ND ND 2

B none reported - - -

c butylbenzylphthalate 22 5 6
dibutylphthalate 35 5 8
diethylphthalate 4 4 7
chrysene ND ND 2
fluoranthene ND ND 1
benzo(a)anthracene ND ND 1

D carbon tetrachloride ND NA 0.07
chloroform ND 0.032 0.08
1,1,2-tricnloroethane ND ND 0.007
methylene chloride ND NA 0.12

E chloroform ND 0.27 4.8
me thylchloroform ND 0.064 0.49
perchloroethylene 1.1 0.51 4.3

F none reported - - -

G chloroform NR 0.057 21
chlorome thane 0.21 2.4
chlorobenzene 0.68 1.8
1,2=-dichloroethane 0.01 7.4
perchloroethylene 0.18 4.0

H ---- Test Report Not Available ===-=-

I none found

J none reported

K subs tituted phenols ND ND trace

0 none reported

ND - None detected.
NA - Not analyzed.

NR -~ No baseline run at this site.
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TABLE 4.32

COMPARISON OF PIC AND POHC CONCENTRATION AT SITE L

SATL 1= Samoae LS. CORZINION. e 1 (ST} PRI,
w-2Lui01 tn3/ [
FUL ¥2IT G N : it
Fu.. V23T Gs N : :
fu_. ¥YOIT G 1.k % it 5.
FuLl V23T GAS . c.: 3¢ 1.t
Uon W33T 0 GRS £.: G.¢ py .
1735 FULL ¥OST O GAS N C.e 3 &2.0
s 3 GAl c.: 0.¢ :
3420 3 GAI b 1. :
1e4” 38 GAL 283.0 XD 20
18 OV (38 62.¢ t
1640 & G 1. 2.l Z
it 4i B2 L0k CF WASTI INZRE N C.i 37
17450 43 3% LCa G2 BASILD c.t N K
2i8F UL VAST O BEX WASTE QL. STANTH 0.1 g.¢ 2
2224 Fui.. Y037  GAL  LDa ATOY STLAM (VARY, 1.4 2E.6¢ kIt
233 €2 GAS SDOT BLD. 4.t 73.0 ?
002¢ €3 BAS  EA TRANSIENT: BKRA 20.C G.3
0§22 57 GAS  START UP DUAL VOST ] 2.8 c.3
103s 60 GAS oW O 2.c 12.0 10
1147 6 GAS LOw 02 b GPw 0.2 Iy 52
131 852  BGAS LOw 02 & GP¥ 62.C 3.C 2
1410 67  GAL  GAS BASILIN: 18.C 20.C 7
1509 6%  GAS  LDAD RIDUITION 27.¢C i2.¢ 100
1702 FULL VOST  GAS LD« LORD. MIJZRATE 0O: [ 7.¢ 3
18C: 74 QA L0« LOAD, L0a G 28.( 8.0 £
194¢ 76 BAS  LOW LODAD/GZ/5Pw s.C 10.¢ 3
201 77 GAS  GPM TRANSIENT: 15.¢( 12.¢ 3
21s: 8: BA>  LOAD INCREASI 2.C c.” :
05-ma» 230 E3 GAS  LDAC DECREAS .0 .8 7
09-may 234¢ 56 BAS  SOOTBLOW LOw LOAC 2.3 1.2 H
10-may G71c T 0l. LOW LOAD BASELIN: 1.¢ 0.t ?
1G-ma) 054: 9C Ol LOW LOAD BASELINI 3.8 1.C ¢
1C-May 103¢C 92 Ou. WASTD STARTU® 128.¢ 95.¢ €
10-May 1137 92 QIL L0« LDAD/02/GP¥ 42.0 41.C g
10-May 1408 96 OIL  LOw LOAD BASELINS 24.0 3.C ¢
10-may 1457 97 0L LOAD INCREAS! 12.¢ 2.t [
10-may 164° 01 0l.  BASEILIND Qliu, MODFRATL LOAD 5.0 4.t L
10-Mar 1750 103 0. HIGn GPM/MODERATI LOAL 5.¢ 2.8 10
10-Mav 1331 108 0l.  MODERATL Q2/HlaH GPM G.: 0.¢ i
10-May 1917 105  OIL  GPM TRANSIENT: 2. 1.C 23
10-May 2017 167 OI.  START INVERTID SPRAY 18.¢ s 37
10-mav 20:2 108 OIL  INVERTED SPRa 7.6 PN ¢
10-May 2132 106 0l.  INVERTED SPRA* 4.¢ 0.}
10-may g2 111  ©l.  SOOTBLO 8. 2.7
10-Mav 231z 11E  0l.  MIx. USABLE ATO™ 2.8 3s.C
11-may 000~ 122 Ql.  MIN. USABLE ATD: e.: PO
1)-may 1430 742 0IL WASTE STARTW: 10.¢ N
11-may 1828 185 Ol HIGH BASELIN. 100.1 17.L
1l-may 2032 3 TRAP VOST _0IL  REDUCED ATO». 0." 2.0
1l-may 2118 1 TRA® YOST OIl.  SOOT3LO» 1.¢

¢ numpers 1ndicate MinivDST anaiysie
* As chiorine bas1is
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TABLE 4.33

PIC AND POHC EMISSIONS AT SITE M

TOTAL Chlorinates PlC/»2-1
TEST CONDITIONS SONRC PIC;V AT

iug/s? iug/s’
LAUES “Yaseline, low arr, nc o1l - -~ --
Ay -2 Nast2 211 lignhtcéd, low air -- 571.4 --
"y -3 Raseline, noraal load & air o .- --
w-3 MC: spire start 940, 4 £67.1 0,3
LIS LOw al1r, SAO) 214%5.5 1862.9 0,9
ey LOow air, atomization off 1086, 1 Jit.6 G003
-7 Low losg, no waste gas ~142.¢ 3531.4 PP
Y-8 Seokvy, 10w lcao & a1r, no waste gas -- 0.0 --
ny-9 Max fan capacity 13.0 1447%.7 111,72
W-10 Max fan capacity - 480.9 --
XvV-11 Low air, ha:ly 30.3 3135.9 43,53
"Y-12 Low air, nazy 8.8 1837.4 175.7
#V-13 High arr 7.2 673.2 9.5
MvV-14 Sooctblowing 7.3 1568. 4 214.4
mV-15 Soothlowing 2.2 2942.3 1363.7
my-156 Residual FOHC % PIC check, no o1l -- 34,0 --
Mv-17 011 lightoff, low load 189.4 233.2 1.2
mv-18 Low load 188.7 05.5 1.8
"V-19 Low load, low air 121.2 122.5 1.0
MV-20 High o1l frring 101.9 279.4 2.7
mv-21 High o1l f#iring, smoky, low air 191.6 28%5.3 1. ¢
MV-22 High o1 firing, smocy, low air 314.5 836.6 2.7
my-23 Seziy 2 top burners only 119.1 227.9 1.3
"v-24 RKesidual POHC & FIC check, noc 01l - 126.3 --
1Wv=-2% HRes:dual POMC % PIC check, no o1l -- CY- I --
Mv-25 Low loacd, lightofr, smoky 229.4 385.6 1.7
Mmy-27 PRaseline with ACBE, CCl4, TCEH 70. 3% 434,32 5.2
ne-2 High air 60.8 224.0 3.7
Av-29 Sootblowing -- 296.2 -~
AV--30 Sootdlowing 449.3 260.6 0.6
"W-31 01l lighto¢$, Residual FOHC & PIC ck -- 572.8 --
Y-32 Norsal load and arr 308.3 268.3 0.9
WV-37 Normal load and air 440.8 367.8 0,8
mv-74 High CCl4 476.737 TI8.0 1.2
WW-33 Hignh CCl4 457.2 209.s 0.°%
-6 Low CLCl4 £3434.0 1284.5 L, 2
"J-37 Low CC14 205,48 172,59 R
“v-73 Hign CCl4 120.6 277 4 1.5
V-39 Residual POKRC & PIC checr -- 168.5 --

W —Em—rr ey 3 I amE et T NS S TR e TR RS T ST T X TS TRy Ty ey e Ty s e

4-72



TABLc «.33--Continued

TOTAL Chlor nated FIC/FQONE

TEST CONDITIONS PORC FICs K&TI10
tug/s! (ug/s?

Mv-40 Residual PCHC & PIC checy -- 632.¢ --
my-41 Fkesidual PCHC & FIC check, no o1! -- b42.. --
My-42 Unsteady o'l flom, low load 252.0 2334.8 9.9
MV-43  High TCB 339.8 642.1 1.9
MvV-44 High TCE , -~ 343.2 --
MV-45 Hign TCB, low air, saoky 765.6 £13.9 0.7
Mv-44 Readuced TCB, low airr, hazy 79.6 7.8 7.3
MV-47 Reduced TCB, low air, hazy 79.6 716.5 9.u
MV-48 Sootblowing 266.7 76,7 2.5
MV-49 FRKesidual POHC & PIC check, no o1l -- 3.9 -~
MV-50 High air, RO spirkes -- 1518.7 --
Mv-S1 Mign air, high HMCB & CCl4 290. 4 104,72 0,4
Mv-S2 Low air, ha®y stack 180.0 975.35 3.8
mv-53 Low air, smoky, hignh MCPR & CClL4 163.3% 157.4 1.0
nv-54 High MCB & CCl4 90.6 52.9 0.6
mv-55 High MCB & CCl4 103.6 263.5 2.5
Fy-l #.% spike start 19.7 89.4 2.

FV=-2 Low a1r atomization off . 426.0 --
Fv-3 Low air, hazly 35.7 126.3 2.3
Fv-4 Low Joad, low air 183.8 163.1 1.1
Fv-S Low load, lightoté, smoxy J1.1 180.4 5.8
Fv-6A High azr 120.8 438.5 3.8
Fv-48 High CCl4 564,77 730.9 1.3
Fv-7 High CCl4 859.8 1283.7 1.5
Fv-8 kesidual POHC & PIC check -- 713.8 --
Fy-9 Usiz2ady o1l +low, low load 2%2.0 47.2 0.2
Fv-10 High TCB, low air, saoky 78635.¢ 3038.5 .0
Fv-11 Migh air, hi1gh MCB & CCl4 244.2 394.3 2.4
FV-12 Low air, hazy 189.95 226 9 .o
FVv-13 Low air, high smove, higr MCB & (CCl4 V7303 £54.0 P

== ===

4-73



————— o — ] 5 S————————— ——— S — > W~

POHZ tmission rate PIC Zmissions® . uziescr

PORC
Test POHC feegrate DRZ
congitron typ2 tgrsec) vug@/aesem}  {pg/sec)  (percent) Chlorinate¢ ‘'woncnicrinates

1 -- - -- -- - 25 to 22C 4800
(g3

2 - - -- - -- 20 1o 2% NA
128}

3 -- - .- -- -- 20 to 3% N2
(78,

4 - - -- - -- 17 %0 22 N&
(20:

5 - - - - - 36 to 200 78¢
(97}

6 TCE 17.62 1.0 to 2.3 17 to 38 99,9994 41 t> 73 118C
(1.8) (29) (61)

7 TC8 19,72 0.9 17 00,90991 11 to 1§ NA
(18}

8 TCE 18.55% 2.0 to 8.2 32 to 130 99.%99¢ 57 to 13C 46¢C
14.9) (78) {90)

8a TCE 40.80 0.6 to 0.8 10 to 13 0%_99988 9 to 4C N~
(0.8) (12; (40"

S TCE 21.33 NO ND 100 €.4 1o 7.0 NA
(€.7:

10 TCE 20.40 0.4 to 0.6 & to & 93.99997 £.2 to 88 4.7
(0.6 (7v . (41}

12 TC8 22.68 9.6 12¢ 99,9995 91 te 115 N~
{100)

13 TC8 20.7 3,4 59 99,9997 12 to 18 NA
(18

14 TCE 19.47 0.20 2.8 100 31 to 43 NA
{38)

154 - - - - - 127 NA

15 TCB 19.72 2.0 32 99,9298 57 NA

16 TC8 20.71 4.7 78 99.9996 7.3 to 23 N~
(15)

17 - - -- .- - 29 to 1300 290C
{450)

RA -~ Not available. Sampling and analysis not performed or loss of data due to
analytical problems.
ND -- Mot detectec.

3RCRA — listed Appendix VIII, Volatile and Semivolatile Compoungs -- nonchiorinateg ars
primarily benzeie, toluene, naonhthalene, and phthalates.
humber in parenthesis 1s the arithmetic average of multiple test measurements.
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Total unburned hydrocarbons (TUHC) was meas.urad at seven sites; Cy-Cg hydro-
carbons were measured at five sites. Both measurements were made at one site
- Site G. The former, ...l measurements, were made continuously by a FID.
Filtered stack gas is drawn through the FID which has been calibrated with a
specific hydrocarbon (methane and propane are commonly used). The Cy-Cg pro-
cedure is a GC analysis of integrated bag samples of the stack gas. The GC
(also with an FID), is calibrated with five to seven different low molecular
weight a.kanes. The results of the two methods are not directly comparable.
At Site G (Table 4.35), for example, the hydrocarbon emission rztes estimatec
by the C,-Cg procedure were higher than the TUHC results by a factor of 30.
The Cy~Cg procedure is more rigorous and should produce better data.

The unburned hydrocarbon emission rates summarized for the steady opera-
tion tests are approximate (+100%), but precise enough for the present dis-
cussion. They, plus the carbon monoxide that is emitted at approximately
the same rate, are the products of incomplete combustion of the organic fuel.
The most predominate species emitted is three-carbon (propane) which is not
a significant component of No. 6 (or distillate) fuel oil. 1t is noted that
the DRE of the fuel is, except for Site E, greater than 99.9%.

During the parametric testing TUHC was measured continuously by the FID
method described above. An attempt was made at Site M to determine if corre-
lations exist between PIC emissions and TUHC, and between the POHC emissions
and TUHC. There appeared to be a slight increase in PIC and POHC emissions
as the TUHC emissions increased. The correlation is weak, however (least
squares correlation coefficient of 0.21), and more data is needed to substan-
tiate th.s trend.

Chloride Emissions

The emission rate of chloride was measured during most tests by draw-
ing sample gas through liguid filled impingers. The impinger solution was
variable (there is no reference method) but should be unimportant since HC1l
is very soluble in water at room temperature. The variocus attempts to per-
form mass balances on the chlorine in the fuel streams were unsuccessful.
In general, the measured chloride emission exceeded the measured chlorine
input by 25%. The exhaust gas chlorine mass flow rate ranged from 69 to
168% of the fuel chlorine mass flow rate.

The method used by the contractors to determine the amount of chlorine
in the fuel and waste fuel samples was ASTM-D808 or a procedure similar to
its This procedure consists of ignition of the sample in a Parr bomb that
contains enough water to dissolve the resulting HCl. The chlorine content
of the solution was dete-mined either by classical wet chemical titration
or by specific ion electrode.

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
(SW-846) contains no procedure for measurement of the chlorine content of
oil and waste oil. Persons in the Studies and Methods Branch (EPA/QOSW/DC)
recommend that Method 9020 (for organic halides in water and wastewater) be
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SUMMARY OF UNBURNED HYDROCARBON EMISSIONS
{NONPARAMETRIC TESTING)

|Fuel Plus| ] [ ] i
| Waste |Emission| | Emission| |
|Feed Rate; Rate |Fuel DRE|TUHC , ,,o| DRate |Fuel DRE}C1-C6 % 10
Site |(gm/sec) !(mg/sec)] (%) Fuel | (mg/sec) (%) Fuel
| | | |
¢ i 3525 | <25 [>99.995 | <¢.005 NM | -=--—- N
| ! | |
D i 718 NME | e ———— 356 99,950 0.05
{Hi |
Load) J
l ]
D 346 NM | esecee | cmee- 300 99.913 0.09
(Lo
Load)
E 439 NM | meeees | ameee 1606 | 99.725 0.27
|
F 240 ! 1.19 | 99.995 | 0.025 NM —————- —--
G 247 2.95 99.999 0.001 91.6 99,963 0.04
1 264 21.8 99.992 0.008 NM | ecomew- ————
0 115 NM | =eeeee | em—e- <28,5 >99.975 <0,002
| | | i
a

Not measured.



used). This procedure regulres pyrolysis or organic material followed by
microcoulometric titration of the liberated halides. It is not known whezaer
the two method: give comparable results, nor has 1t peen demonstrated that
SW-846 M=<hod 9020 is applicable to fuel and waste fuel samplec.

A methods development effort 1s needed to standerdize these procedures
and to develop gquality ascsurance criteria for them. The observed weaknesses
do not preclude use of the data for this project, however. The exhaust gas
measurement of HCl emissions gives the higher estimated emission rate sc 1t
1s recommended that this (conservative) estimate be used to assess the im-
pacts of chloride emissions.

The chloride emission rate data, presented in Table 4.36, are based on
the exhaust gas ncasurements. They range from 0.45 to 14.53 grams/secona
(3.5 to 115.2 lb/ur) depending upon the size of the boiler and the percent
chlorine in the fuel. Site M was a relatively small boiler that was burning
a high chlorine ccntent (approximately 12.5% Cl) fuel. Site D was a rela-,
tively large boiler burning a low chlorine content fuel.

Particle Emissions

Measurements of the emission rates of particles were made at only five
of the sites. The measurements were all done with the MM5 procedure, which
is not an EPA reference method. The results are useful estimates of the par-
ticle emiss.on rates but cannot be considered highly accurate. The results
are summarized for all sites (except Site N which are presented in Table
4.38) in Table 4.37. The available data are not sufficient to allow assess-
ment of the impact of co=-firing hazardous waste on the emission of particles
by boilers.

Particulate emissions were measured at Site N (parametric tests) a%t the
inlet and outlet of a baghouse to calculate particulate collection efficiency.
€ignificant variation in the pariculate emissions and the baghouse collection
effici2ncy was observed. The fly ash controi system consists of a mechanical
collector in series with a baghouse. The baghouse typically treats only 70%
of the flue gas from the collector. The other 30% is bypassed to the stack.
During the tests the bypass valve was classed resulting in baghouse filtering
of all the flue gas. This valve positioning resulted in the baghouse operat-
ing at rates in excess of the design level which could account for the var-
iation in collection efficiency and the poorer than anticipated collection
performance,

The large variation in particulate emissions reported for the baghouse
inlet is not only a result of changes in the boiler but also reflects changes
in the performance of the upstream (of the baghouse) mechanical collector.
This device is affected by changes in flue gas flow rate and particulate
loading.

Grain loadings calculated from Table 4.38 range from 0.110 to v.776

grain/dscf at the baghouse inlet and from 0.014 to 0.031 grainssasci it *he
nutlet.
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SUMMARY OF

TABLE .36

CHLORIDE EMISSION RzZSULTS

T Tlcefficient Average Chloride Emission
Chlor:de average of Variarnce Dur.ng Co-F'ving {(as HC1)
Site Recovery {(I.ge, iyn) (percen=) gm, sec lb/hr
A NM ——— NM NM
B NM —— NM NM
C NM ———— NM NM
D 1.1 47.2 14.53 115.2
E .8°8 76.8 6.18 49.1
3 1.68 49.7 2.87 22.8
Ga 1.52 3.8 0.448 3.52
E --- Report Not Available =---
I 1.27 10.9 5.18 41.1
J 0.69 41.0 0.5 4.03
K 0.886 37.3 3.41 27.1
L 0.5 55.9 0.94 7.672
M 0.389 45.2 2.48 19.7
N 0.728 38.2 €.52 51.8
0 1.62 23.0 12.98 103.1

NM - Not measured.

4 Source was equipped with two-stage scrubber.
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TABLE 4.37

SUMMARY OF PARTICLE EMISGION RESULTS
SITES A-M, AND O

Particle Emission Rates@

Site gm/sec lb/hr ng/J 1b/10° Brtu gr/dscfP
A ~- Not Measured --
3 -- Not Measured =--
c -=- Not Measured =--
D
Baseline (oil) 630 5.00 25.0 0.058 0.026
Average Co-Fired 785 6.22 33.2 0.077 0.039
E
Baseline (oil) 304 2.41 13.9 0.032 0.105
Average Co-Fired (oil) 441 3.50 18.3 0.042 0.152
Average Co-Fired (gas) 157 1.25 9.4 c.022 0.068
F
Baseline (oil) 0.0807 0.641 7.61 0.0177 0.009
Average Co-t'ired 0.408 3.24 40.77 0.095 0.042
G
100% Waste Fuel 960 3.36 86.9 0.202 0.099
H -=- Not Measured --
I -= Not Measured --
J ~= Not Measured --
L -= Not Measured --
M -~ Not Measured --
o) -~ Not Measured =--

2 These results are based upon Modified Method 5 (MMS) samples. They should
be considered to be approximate.
Corrected to 7% 02 as required by incinerator regulation.

o
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FIGURE 4.38

PAKRTICULATE MASS EMISSIONS AND BAGHOUSE COLLECTION EFFICIENCY
S.TE N

tagnouse 1nte:

tagnouse oulie:

tagnouse
Gas Gas Gas [ 1 cotieciror
Test temperature figwrate tmissyons temoerature flowrate Emissions efficrenc:
zonzition Test gescription {°F" {10° ascfm) (Ip/nr) (") {10% ascfm)  {In/n-)  percent
Higr Joac deseline 3% 34,75 116.C ki) 38.47 10.2% §:.:
codi oniy
2 High ioac Daseline 38¢ 5.8 105.2 387 39.2¢ 6.52 e3¢
coa! ang siuoge
3 Low loac 258 25.34 33.32 319 30. 42 .37 g3.%
coat only
4 Low loac 363 28.14 34.8¢ 323 29.2% 5.7¢ g3.¢
coal an¢ siuoge
5 Hon loac 397 34.66 92.75 - - -— -
coal and of’
€ Hign ioae coa’ 382 34.97 245.¢ - - - -
siuoge anc TCI .
? mah load coa’ 186 40. 8¢ 265.6 - -- - -
sieooe ang TCE
¢ Low load, iow 21° 347 27.2¢ 110.00 3D 26.87 219 [ 2
coal, siuoge ana TII
12 Low joac. coal, 253 26.16 25.90 324 3113 6.5¢ gi.-
o1l ano TCE
13 Low Joad, high arr 370 36.% 75.66 - - - -
coal, oil, ano TCB
14 Low loac. coal. 383 20.82 28.0¢2 pv4] 30. 48 €.57 76.¢
o) ang TCI
169 Wron load, coal, oi! 375 33.5% 46.73 3% 40.08 9.4} r9.¢
TCh and metais
16 Low load, hign a1- 367 33.49 48.9¢ 37 37.8¢ 4.6 90G.¢
coa), siunge, TCE,
ana metals
17 Wigh load. haseline 372 34.64 96. 3¢ -- - - -
coal and sluage

27ect snorted hefore all lraverse noints were samplec.



Metals Emissions During Co=-Firing

Sampling and analysis of the metals content of the waste fuels and stack
emissions was not a primary object of this test program. It was decided that
:ufficient inforration about the behavicr of various fuel-contained metallic
elements in boilers already existed. Section 3 of this document contains a
discussion of the volatility and small particle enrichment of the metals in
fuels. The limited aim of metals sampling during this program was %to confirm
that “he reported partitioning was applicable to the case of hazardous waste
combustion. Thus, the emission rates of hazardous trace metals were measured
at only four of the sites.

Of the eight metals measured <= one ot these sites (Ag, As, Ba, Cd, Cr,
Hg, Pb, and Se) only two were found in higher concentrations during the co-
firing tests than during the baseline test, Mercury was higher by 180 pico-
grams per cubic meter and lead by 80 picograms per cubic meter. Only the
concentration of selenium exceeded 1 microgram per cubic meter. All others
were less than 400 picograms per cubic meter.

Fourteen metals were measured in the teed streams and exhaust gases at
the secund site. There was no statistical difference between the baseline
run stack g.3 concentration and the co=-fired run baseline concentration for
six of these. Increased stack gas concentrations for seven of the other
eight corresponded to increased fuel concentrations. The emitted concen=-
trations of the more hazardous of these metals is given below.

CONCENTRATION OF HAZARDOUS METALS EMITTED FROM SITE K

Exhaust Gas Concentration (ug/m3)

Metal Co=-Fired Baseline
Arsenic 13.7 3.0
Cadmium 114.5 71.2
Chrcmium 64.4 46.8
Cobalt 33.3 18.7
Mercury 0.9 0.3
Lead 1050.8 455.8
Antimony 4.6 1.8

The stack gas contained approximately 70% of the chromium ir the combined
fuel. The partitioning of metals between fly ash and boiler ash, as discussed
in Section 3, varies according to the vapor pressure of the metal and its com=
pounds at the boiler flame temperature. The more volatile elements measured
during this test (As, Cd, Pb, and Sb), demonstrate this effect.

In Site N testing the oil (test condition 15) and sludye (test condition
16) were spiked with chromium and lead to investigate the partitioning of
these metals between the bottom ash and the fly ash. To qualify the portion
in the fly ash, the metals were measured in the flue gas at the baghouse in-
let and in the mechancial collector ash. Results of these measurements are
summarized below.
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Bottom Ash Fly Ash Inlet/

Test Condition g/hr g/hr Qutlet
Cr Pb Cr Pu Cr Pb
1 Baseline Coal 0.73 0.73 9.22 16.1 2.92 0.00
2 Baseline Coal and Sludge 0.75 0.66 2.99 18.54 2.94 0.00
15 Ccal Co-fired with
Metal Spiked 0Oil 0.73 0.73 88,37 207.22 2.58 1.15
16 Coal Co-fired with Metal
Spiked Sludge 0.33 0.24 30.45 58.67 7.45 4.07

The chromium results are considered inconclusive because of the poor
closure of the material balance (less then 40% of chromium unaccountea for).
The single run (test condition 15) in which a good mass balance crosure was
obtained, indicates that lead, which is a volatile metal, can be expected to
be emitted in the flue gases during combustion of lead-containing wastes.

Regulatory Implications of the Test Burn Dszta

Test burns were conducted at several types and sizes of industrial
boilers. They were:

Size Range of Tested

Boiler Type Boilers (MMBtu/har)
Fire Tube 8.4 - 40
Package Watec Tube 10 - 110
Field Erected Water Tube 230 - 350
Converted Coal Stoker 22 - 90
Coal Stoker Burning Wood Waste 10
Pulverized Coal Tangential Fired 250
Coal Stoker Burning CToal and Sludge 200

Only one bhoiler type, the coal stoker burning wood waste, failed to destroy
at least 99.99% of the hazardous material that were co-fired. This boiler
exhibited other signs of poor combustion efficiency; e.g., high (1250 ppm)
carbon monoxide concentration in the flne gas and low (63%) thermal effi-
ciency. Additional testing is needed to demonstrate that this type of boil-
er can effectively destroy hazardous waste.

The hazardous waste fuels burned during these tests were atomized into
tae boiler combustion chamber: at all sites but one. This one was the coal
stoker burning wood waste, The lack of waste atomization could have contri-
puted to the poor performance of this unit. It is deemed wise to specify
that atomizing guns be provided for any hazardous wastes to be burned. 1In
addition, one cther boiler (Site F - a multiburner water wall boiler) failed
to destroy 99.99% of the hazardous waste. This failure was attributed to
improver orientation of the waste burner gun relative to the boiler flame
that caused flame instability, some smoking, and formation of coke on the
burner. Engineering specifications on the size, location, and orientation
of the waste atomizing gun should be developed to assure adequate destruc-
tion of hazardous wastes.
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The percent of total fuel comprised of hazardous waste materials ranged
from a low of 8% to a high of 52% for the koilers co-firing wastes. No ef-
fect of waste fraction on DRE was observed. One boiler, a fire-tube boiler
that was specially modified for the purpose of burning hazardous waste, was
able to destroy more than 99.99% of the hazardous components while burning
100% waste material. This was a special circums:ance that should not be con-
sidered representative of boilers in general.

The minimum heat content of the water materials burned curing these tests
was 3700 Btu/lb. This, co-incidentally, was approximately the heat content
of the waste that was successfully destroyed by the specially modified boiler
firing without auxillary fuel. The data suppcrt the conclusion that adequate
DRE will be attained when the hazardous material has a heat content of 8,700
Btu/lb or more.

Attempts to correlate DRE with operating conditions (e.g., CO, Oy) failed.
The DRE of the hazardous components did not vary significantly and no corre-
lations were possible even though cmrmbustion parameters were varied duriny
some tests over a wide range of operating conditions.

No correla+ticon of PIC emission with carbon monoxide was observed during
the testing either. However, below a carbon monoxide concentration of about
100 ppm the PIC emissions observed during the burning of hazardous waste
were approximately the same order of magnitude as those observed during the
burning of conventional fossil fuels (baseline conditions).

The minimum boiler steam load (as a percent of boiler capacity) tested
was 25%. The maximum load tested was 100%. DRE of hazardous constituents in
excess of 99.°9% was demonstrated at all loads. The data support the ccanclu-
sion that a boiler may be operated within this range while maintaining 99.99%
DRE.

MODIFYING BOILER SYSTEMS TO BURN HAZARDOUS WASTE

In crder to fire hazardous waste,'certain modifications to the boiler
system may be necessary. Some wastes may need 1o be pretreated before they
can effectively be used as fuel, Also, burner guns and combustion controls
may have to be adopted to handle the wastes. In addition to these changes,
certain modificaticns may be required to coaplv with requirements adopted
as part of a regulatory option. For exampl:z, waste feed, oxygen and carbon
monoxide monitoring is being considered to ensure that adequate destruction
of POHCs is achieved in these hoilers. This subsection describes the ration-
ale and the types of equipment used for these mocifications.

Waste Pretreatment

Some hazardous waste streams are pretreated to improve their suitability
for firing in industrial boilers. An OSW sponsored mail survey of approxi-
mately 250 industrial boiler operators burning hazardous wastes revealed that
four types of pretreatment are common:
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o Blending of the waste stream with a conventional fuel cr another waste
stream

o Heating the waste to reduce the viscos:ty {(thermal treatment)

« Dewatering

o Solids removal

These four types of pretreatment are described below, Based on information
obtained from a follow-up telephone survey of 11 responde.ts to the OSW sur-
vey, other types of pretreatment are expected to be rare.

Blending

In any facility, the quantity and composition of waste produced will
likely vary with time. Blending helps to normalize fluctuations in compo-
sition, heating value, and viscosity of waste fuel flowing to the boiler.
This reduces the potential “or boiler upset and assures high efficiency in
destruction of hazardous wastes. Blending may also be the oaly way to> re-
duce emissicn rates of ash, metals, chloride, and similar contaminants, to
permissible levels.

Tests for incompatibility are performed before components are mixed on a
large scale to assure that no unexpected events occur. Several possible
upsets are:

Release of dissolved water or formation of two organic phases
Precipitation of solid materials

Release of gases or fumes

Sudden release of heat

0O 00O

It is theoretically possible to continuously blend wastes, end run the
blend to a boiler. However, the wide variety of wastes which might be ex-
rected at any given facili-y and the unexpected problems which might arise
from mixing varying components indicate that tank Llending is the better
mixing technigue. The technology is simple, requiring only storage tanks
equipped with top- or side-entering agitators. The wastes are pumped to
the tank and agitated for several hours. After testiig, the mixtvre can
be pumped to the boiler,

At least three amixing *anks should be provided, each equipped with an
agitator. One tank will be filling, one filled and on standby, and one emp-
tying to the koiler, each tank sized for at least eight hours of burning ca-
pacity. Additiornal tanks may be required to store wastes with high metals,
ash, chlorine, or other contaminant levels. The contents of these special
tarks would be plended down in the working tanks. Blending may be combined
with settlinc, in which case the components would ke introduced into cone
bottom tanks, agitated for blending, then allowed to remain quiescent to
allow separation of the phases.

Each tank should be equipped with level indicators, and with high and
low level alarms. These will assure that the tanks are neither overfilled
nor sumped dry.



Thermal Treatment

Although waste fuels may be heated to assist in breaking emvlsions or
to keep mixtures in a singl2 phase, the primary reascn for heating waste f{fuel
is tw maintain viscosities at desirable levels, Very high viscosity materials
may only be pumped with difficulty, so it is generally considered desirable
to keep viscosity below 10,000 SSU.

Feavy fuels (e.g., N2. 6 fuel oil, bunker fuel and tars) are generally
stored in insulated tanks equipped with tank heaters. This proven technology
is directly applicable to waste fuels. The storage tank is usually insulated
with a two to three inch layer of suitable insulation and heated with a side-
mounted steam heat exchanger or steam colils installed near the floor. A gear
pump, designed for the expected temperature and viscosity is usually used to
transfer the fuel. The pump and pipe are insulated and heat traced to prevent
fuel from cooling in the lines. The main fuel pipe runs past the boiler, and
recirculates to the storage tank. A branch, as short as possible, carries
fuel to each burner.

In addition, it is nocessary tc regulate fuel viscosity at the burner.
Although some burners are capable of handling high viscosity materials (Refer-
ence 2), maximum viscosities as low as 100 SSU have been cited by one supplier
(Reference 3) and 250 SSU by another (Reference 4). As fuel viscosity at the
burner increases, the likelihood of incomplete combustion and stack opacity
increases, so 750 SSU has been selected as the maximum desirable viscosity
at the burner for this study. This can usually be achieved by installing
a steam or electric heat exchanger adjaczsnt to the boiler. Figure 4.39 is
a block diagram of a typical installation at the boiler. The storage tank
and tank heater are not shown. Temperature of the oil discharged from the
beoiler is usually controlled, but if characteristics are variable, the fuel
should be tested frequa2ntly to determine the temperature which will yield the
proper viscosity.

The waste fuel may be heated to S500°F (260°C). The temperature limit
is set by the possibility of charring and cracking the liguid stream, and of
volatilizing low boiling components.

Before an unknown waste is heated, small samples should be tested to be
sure that no undes:rahle reactions cccur. These may include:

Separation of phases

Coagulation of components

Release of vapors

Explosive reactions

Increased danger of ignition during storage
Cracking

0O 0 0 00O

Dewataring

Water in a liquid waste fuel impacts a boiler n three ways. Free or un-
dissolver. water in a waste stream almost invariably causes burner pulsation,
and frequently leads to flame failure with concomittant burne~ shutdown. The
problem is addressed in detail in Reference 5. Wa*er also tends to lower the
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neating value of the organic waste fraction since a portion of the heat gen-
2rated by its combustion 1s consumed 1in vaporizing and heating tne moisture
up to the boiler discharge temperature. A third effect of water in a waste
stream is to i.acrease the molsture content of the combustion gas which lowers
1ts dew point. This will increase the potential for acid corrosion in the
five gas handling equipment,

One large facility limits waste fuels to single phase mixtures contain-
ing less than 15% water (Reference 6.. Howsever, because few facilities will
have the sophistication to handle this level of water, this discussion is
based on a maximum water content of 5%,

Blending and decanting are the means being used for reducing the water
content of waste streams fired in industrial boilers. Blending, which was
described above, can be used to lower the water concentraticn when the water
and organic fraction of the waste stream are highly miscible. Decanting is
used to remove undissolved or free water from a waste stream and is described
in this subsection. It does not remove water dissolved in the orjanic waste
fraction which is governed by solubility limits,

Decanting is a physical separation process where the waste is allowed to
stand until the water and organic phases form two separate layers. Each layer
is then mechanically drawn off. The process may either be a batch or contin-
uous operation.

Equipment for decanting is relatively simple. One or more common storaje
tanks are often used for dewatering waste streams fired in industrial boilers.
For a continuous operation requiring a long detention time to effect the sepa-
ration, an arrangment like that shown in Figure 4.40 may be used. Three tanks
are used to provide the long detention time. Each tank is alternatively used
for receiving the water laden waste; holding the waste until the separation
is achieved; and for a transfer tank from which the dewatered waste is pumped
to the boiler. In the holding mode, the tank is used to provide a quiescent
enviromment for the water to separate from the organic fraction, the tank de-
tention time required depends on the properties of the waste and may be deter-
mined by periodically withdrawing samples from the tank if it is not known
from past experience. Once the separation is achieved, the water is pumped
to the sewer cr the plant's wastewater treatment facility and the holding
tank then becomes the transfer tank. The tank originally serving as the
transfer tank becomes the new receiving tank and the original receiving
tank becomes the new holding tank.

Solids Removal

Although almost any waste material that can be pumped can be used as a
waste fuel, high solids materials cause significant operating problems:

B-ner gun plugging

Abnormal burner Jun fouling and abrasion
Deposition in tre fuel train

Deposition on briler heat transfer surfaces
Increased particle emissions
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FIGURE 4.30
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To minimize these deleterious effects, this discussion is basedl on a maximum
of 5% solids in the waste fuel fed to the boiler. The more common processes
vsed for removing solia:s from waste streams incinerable in industrial boilers
include settling or sedimentation, straining or screening, ana filitration.
cettling i1s a physical separat.on process whereby particles suspended in a
liquid are made to settle by mean:z of gravitational and/or ‘nertial forces
acting on both the particles suspended in the liquid and the ligquid itself.
A rariety of devices are used for this process, For the size streams incin-
erated in industrial boilers, one or more ccnical bottom tanks are used =0
provide the time and space for the solids to settle out. These sometimes
have provisions to prevent the incoming stream from disturbing the settling
solids.

In-line strainers consist of one or more mesh baskets housed in a vessel
which may be one of a variety of geometric configurations. When the waste is
rassed through the strainer, the solid particles are trapped in the basket.
Several strainer designs are commercially available, differing mainiy in the
¢leaning approach. A duplex strainer which permits the cleaning of one bas-
ket while another is on-line is a common choice for this application.

Filtration is a physical process whereby the suspended particles are
separated by forcing the fluid through a porous medium. As the fluid passes
throught the porous medium, the suspended particles are trapped on the sur-
face of the medium and/or within the body of the medium itself. A wide vari-
ety of filtration equipment is commercially avalaible to meet the many types
of process reguirements. A cartridge type filter may be used for solids re-
moval from hazardous waste streams incinerated in industrial boilers. This
device consists of a vessel containing one or more cartridges constructed
from fiber glass, polyethylene, or other suitable materials through which
the waste is forced to flow. The particles are collected on the cartridges.
By using a duplex vessel containing two cartridges, either side may be shut
down and serviced while the other side continues to filter.

A strainer or a filter may be used if the solids loading is sufficiently
low that the cleaning frequency is not excessive. When the solids content is
high, a combinaticn of either settling and straining or settling and filtering
is used. The overall process may be a patch or continuous operation. For a
continuous operation requiring a long retention time, an arrangement like that
shown in Figure 4.37 may be used. T-is arrangement is nearly indentical witn
that described above for dewatering. In this scheme, the wastes are pumped
fr~ a processing unit into one of three tanks, The three tanks are alter-
nately used in a receiving w~de, a hclding mode to provide a guiescent envi-
romnment for settling, and a transfer mode from which the supernatant waste
is pumped to final solids removal by either screening or filtering, The col-
lected solids are transferred from the bottom of the tanks into either a tank
truck, drums, or carts for transport to safe disposal.

Burner Gun Assembly and Process Control Instrumentation

Burner Gun Assemblias

Burner gun assemblies are intended to provide intimate mixing of fuel
and combustion air, assuring complete combustion using the minimum amount of
air. Assemblies are available to burn combinations of gas, liquid, and solid
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FIGURE 4.41
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fuels, or to burn two gas or liguid streams wlth another fuel., ..lnhoug there
are diffecrences in design details, the following, based on Zurn Industries
Equipment (Reference 7), 1s typrcal. F.gure 4.41 showc basic buvner compo-
nents. The ignitor maintains a pilot flam2, when necessary, to ignite tne
main stream of fuel. Three types of gas rfeed systems are shown, as well as

a ligquid fuel atomizing gun, ard a solid fuel {(pulverized coal) gun. The air
registers act to control air flow and %o direct the air providing intimaze
contact with fuel, and shaping the flame.

Figure 4.42 shows single fuel burner assemblies, and Figure 4.43 shows
combination fuel burner assemblies,

Most boilers are equipped to burrn one fuel at a tine, although dual fuel
burning is not unknecwn. If a boiler 1s to be dedicated to burn relatively
high heating value waste fuels which can support combustion, modification
might be as simple as replacing a burner nozzle (and resetting fuel:oir flow
rates)., It is more common to have wastes which vary in heating value and
water content. To assure good combustion of these wastes, it is good prac-
tice to equip the beiler with two guns, one burning conventional fuel, and
the other burning waste fuel. Some furnaces are already equipped to burn
two fuels, in which case only the burner wouid have to be replaced. Single
fuel boilers would require more extensive modificazion, which might regquire
replacing the entire burner assembly and modifying the end of the boiler or
the burner ports. In any case, all boiler safety controls and interlochs
must be maintained.

Burner maintenance and operating problems associated with waste combus-
tion include pulsation and flameout, poor acomization, flame instability and
smoke formatiou, abrasion and fouling, coking, premature ingnition, and cor-
rosion. These problems usually occur when the waste contains significant
levels of water and solids, or when the burner design is not compatible with
the physical properties or combustion characteristics of the waste (Refereace
S). Many of these problems can be solved by co-firing waste fuel with conven-
tional fuel, but it is critically important that each burner be suited to the
tuel being burned., A nozzle designed for high heating value gas such as LPG
might not be suitable for burning medium heating value gas such as natural
g~s, and would certainly not be suitable for burning low heating value waste
gas.

Burners for liquid waste fuel are sensitive to viscosity, solids content,
and particle size of the fuel. Burners can be selected fiom the following
five types (Reference 2).

Rotary cup atomization

Single-fluid pressure atomization
Two-fluid, low pressure air atomization
Two-fluid, high pressure air atomization
Two-fluid, high pressure steam atomizacion

o 0 00O

In air or steam atomizing burners, atomization can be accomplished inter-
nally, by impinging the gas and liquid stream inside the nozzle before spray-
ing; externally, by impinging jets of gas and liquid outside the nozzle; or
by sonic means. Sonic atcmizers use compressed gas to create high frequency
sound waves which are directed on the liquid stream. The liguid nozzle diam-
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FIGURE +.43
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eter is relatively large, and little waste pressurization is required. Some
slurries and liguidés with relatively large particles can be handled without
piuggl.iy problems.

The rotary cup consists of an open cup mounted on a hollow shaft. The
cup is spun rapidlv and liguid is admitted through the hollow shaft. A thin
film cf the liguid to be atomized is centrifugally torn from the lip of the
cup and surface tension reforms it into droplets. To achieve conically shaped

flames an annular high velocity jet of air (primary air) must be directed ax-
ially around the =up. If too little primary air is admitted, the fuel will
impinge on the siies of the furnace. If too much primary air is admitted,

the flame will nct be stable and will be blown off the cup., For fixed fir-
1ng rates, the proper adjustment can be found and the unit operated for long
periods of time w~ithout cleaning. This requires little liguid pressurization
and is ideal for atomizing liquids with relatively high solids content. Burn-
er turndown is ‘ibout 5:1 and capacities from 1 to 265 gal/hr, (1-280 em3/s)
are available.

In single-fluid pressure atomnizing nozzle burners, the liquid is given
a swirl as it passes through an orifice with internal tangential guide siots.
Moderate liqu'd pressures of 100-150 psi provide good atomization with low to
moderate liguid viscosi*y. In the simplest form, the waste is fed directly
to the nozzl:, but turndown is limited to 2:5 to 3:1 since the degree of atom-
ization drops rapidly with decrease in pressure. In a modified form involv-
ing a return flow of liquid, turndown up to 10:1 can be achieved.

when :cthis type of atomization is used, secondary combustion air is gen-
erally introduced around the conical spray of droplets. Flames tend to be
short, bushy, and of low velocity. Combustion tends to be slower as only se-
condary air is supplied and a larger combustion chamber is usually required.

Typical burner capacities are in the range of 10 to 105 gal/hr. Disad-
vantages of single-fluid pressure atomization are erocsion of the burner ori-
fice and a tendency toward pluggage with solids or ligquid pyrolysis products,
particularly in smaller sizes.

Two-fluid atomizing noczzles may be of the low pressure or high pressure
variety, the latter being more common with high viscosity materials. In low
pressure atomizers, air from blowers at pressures from 0.5 to 5 psig is used
to aid atomization of the liquid. A viscous tar, heated to a viscosity of 75
to 90 SSU, requires air at a pressure of somewhat more than 1.5 psig, while a
low viscosity or aqueous waste can be atomized with 0.5 psig air. The waste
liquid is supplied at a pressure of 4.5-17.5 psig. Burner turndown ranges
from 3:1 up to 6:1. Atomization air required varies from 370 to 1,000 ft3/
gal of waste licuid. Less air is required as atomizing pressure is increased.
The flame is rrlatively short as up to 40% of the stoichiometric air may be
admixed with the ligquid in atomization.

High pressure two-fluid burners require compressed air or steam at pres-
sures from 30 to 150 psig. Air consumption is from 80 to 210 ft3/gal of
waste, and steam requirements may be 2.1 to 4.2 lb/gal with careful control
of the operation. Turndown is relatively poor (3:1 or 4:1) and considerable
energy is employed for atomization. Since only a small fraction of stoichio-
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KINEMATIC VISCOSITY AND SOLIDS

TABLE 4.38

OF VARIOUS ATOMIZATION TECHNQUES
(Reference 2)

HANDLING LIMITATIONG

Ma ximum

Kinematic

Viscosity, Maximum Solids Mavimum Solids
Atomization Type SsU resh Size Concentracion
Rotary cup 175 to 300 35 to 100 20%
Single-fluid 150 Essentially O
pressurs
Internal low 100 Essentially O

pressure air
(£30 psi)

External low
pressure air

External high

pressure air

External high
pressure steam

200 to 1,500

150 to 5,000

150 te 5,000

200 (depends on
nozzle ID)

100 to 200
(depends on noz~-
zle 1ID)

100 to 200
{depends on noz-
zle ID)

30% {(depends on
nozzle 1D)

70%

70%
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metric air is used for atomization, flames tend to be relatively long. The
major advantage of sucn burners is the abilirty to burn barely pumpable li-
quids without furthier viscosity reduction. Steam atomization also tends to
reduce soO%t tormation with was<es that would normally burn with a smokey
flane.

Table 4.38 identifies typical kinematic viscosity and solids handling
limications for the various atomization techniques. These data are based on
a survey of 14 burner manufacturers. In evaluating a specific boiler instal-
laticn: however, the viscosity and solid content of the wastes should be com-
pared with manufacturer specifications for the particular burner employed.

Whatever nozzle is selected, proper operation reguires that the fuel
arrive at the boiler at a reasonab'y constant viscosity.

Process Controls

Direct-connected controls are found on many packaged boilers. A single
actuator-operated jackshaft (mechanical linkage) is used to open and close
fuel and air valves (Reference 8). Typically, the jackshaft is positioned
proportionally to boiler pressure, and linkages from the jackshaft regulate
fuel supply valves and air dampers. If waste fuel is fed to a boiler of this
type at a constant rate, limited to about 30% of the expected max.mum heat
load, and a conventional fuel is co-fired to take up the boiler swings, the
direct-connected controls can be set up to fire without reaching reducing
condi tions or too much excess air in the stack gases (Refevence 9). If wide
swings in waste fuel heating value are expected, waste fuzl flow might be
limited to 5% of the boiler heat input, or an oxygen (excess air) analyzer
might be installed in the stack gas duct. The output signal from the oxygen
analyzer would be used to trim the position of the combustion air dampers,
permitting firing of higher proportions of various heating value waste fuels.

Larger boilers are usually equipped with metering combustion contrel
systems utilizing conventional instrumentation (Reference 10). The controls
may be set up to fire single or multiple fuels, usually based on known heat-
ing values or air:fuel ratio requirements for each fuel (Reference 11) or on
manually measured stack gas oxygen levels if waste fuel characteristics do
not vary rapidly. The trend in conventional boiler instrumentation is to-
ward a metering combustion control system with automatic adjustment of fuel:
air ratio as a function of the target oxygen set point (Reference 10). This
technique is directly applicable to burning waste fuel. Oxygen (excess air)
control is necessary if high boiler efficiency is to be maintained. Automa-
tic excess air trim systems which have been used succesfully in conventional
boilers are available frcm several vendors for use on spreader stoker and
packaged oil and gas boilers (Reference 12). These systems are reliable,
requiring only about one hour a week of maintenance,

Carbon monoxide control is usually installed in response to regulatory
requirerents. An instrument senses carbon monoxide concentration in the
stack gas and outputs a signal which may be used to reset the oxygen control
set point. Alternatively, carboa monoxide concentration may be indicated
and oxygjen level adjusted manually.
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Waste Feed Rate Monitoring

I~ may be necessarv to restrict the flow of some highly toxic waste
streams to a small fraction cf the total fuel input to minimize the health
risks associated with POHCs. If such restrictions are adopted, waste feed
rate monitoring will be needed. Similarly, a trial burn may be advisab’e
to demonstrate the capability of a boiler to achieve an adopted DRE. The
guantity of PCHC being fed to the boiler is needed for the DRE determina-
tion. This subsecticn describes some of the more useful flowmeters that
may be used for this application. Detailed information on these and othecr
flowmeters can be found in References 13-16.

The orifice meter, the positive displacement meter, and the flow tube
meter are well suited for measuring the flow rate of liquid hazardous wastes.
All three instruments are moderately inexpensive, are capable of the level
of accuracy needed, are of relative simple design, and can be used over a
large range of flows. The orifice meter and flow tube are differential pres-
sure type flov measurement devices. This type device indirectly measures
flow velocity oy measuring a differential head (pressure) across an obstruc-
tion in the flov stream which increases the velocity of the fluid, thereby
decreasing its pressure. Flow equaticns relate the velocity change to the
pressure change. In an orifice meter, the differential pressure between the
upstream and downs-ream sides of an orifice plate is measured with pressure
taps on either side of the orifice plate.

One disadvantage of the orifice meter for use in this applica+tion is
that suspended matter in the fluid may build up at the inside of the orifice
plate (which will affect its accuracy). This can be avoided by keeping the
solids content low- If it is not practical to reduce the solid content, the
flow tube may be used. The flow tube is basically a venturi without the down-
stream recovery cone. Because it does not restrict the flow to the extent an
orifice plate does, it is applicable to streams with appreciable solids con-
tent. It has a very constant discharge coefficient and is considered to be
highly reliable. It is not as expensive as the venturi but consideratly more
expensive than the orifice meter.

The positive dispiacement type flowmeters have one or more moving parts
positioned in the flow stream. The main devices are reciprocatory piston,
rotary piston, rotary-vane meter, and nutating disk. Of these, the nutating
disk meter is probably used in greater quantities than all the others com-
bined. This device consists of a movaple disk mounted on a concentric sphere.
The disk is contained in a working chamber with spherical sidewall: and top
and bottom surfaces that extend conically inward. The disk is restricted
from rotating about its own axis by a radial partition that extends across
the entire height of the working chamber. Each complete movement of the disk
displaces a fixed volume of ligquid. The liquid enters through an inlet port
and fills the spaces above and below the disk, which fits closely and precise-
ly in the measuring chamber. The advancing volume of liquid moves the piston
in a matatirg motion until the liquid discharges from the outlet port.

The vortex shedding meter works on the vortex shedding principle. 1In
this device, the gas stream is forced past an obstruction (shedding bar) which
sets up vortices (eddies) in the gas. These vortices cauge vibrations in the
shedding bar which are proportional to the flow. These vibrations are mea-
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sured by a piezoelectric crystal which creates a voltage that is amplified
and transmitted to an electronic scaling module. Advantages of these 1nstru-
ments incliide accuracy, no moving parts, and relative inexpensive price.

The tirbine meter i3 a mechanical type measurement instrument. It oper-
ates on the turbine principle; i.e., the volume is measured by the movement
of a wheel ¢r turbine type of impeller. The blades of the turbine, which are
Dositioned within a chamber, rotate as the gas passes through them. The rc-
tor can be positioned so that it can be driven by radial or axial flow or a
combination of both. The rotor's motion can directly drive a register. This
device can be used to measure continuous high flow rates with minimum pres-
sure loss.

Oxygen and Carbon Monoxide Monitoring

Some continuous indicator of the combustion performancc of a boiler burn-
ing hazardous waste is essential. Combustion performance depends on operat-
ing parameters such as temperature, feed rate of waste, and air flow rate,
but monitoring those operatinn parameters does not indicate what is actually
being acceamplished in the boiler in terms of the waste destruction. Monitor-
ing oxygen and/or carbon monoxide levels in emissions does give a continuous
assessment of the effectiveness of combustion. This point is supported by
the industry trend to install O, and/or CO monitors as part of excess air
trim systems to save fuel costs through increased combustion efficiency. CO
monitoring is being required on hazardous waste incinerators as an indicator
of the completeness of comkbustion.

Instrumentation for both O, and CO monitoring of boiler flue gas is
commercially available, is considered to be reliable (Referencz 12), and
is already installed on many boilers as part of the excess air tiim system.
Both in-situ and extractive systems are being used. A variety of analyzers
are used in these monitoring systems, These are reviewed in Reference 17
which also presents a list of vendors.

BOILER OPERATING CONDITIONS PROVIDING ACCEPTABLE DREs

Most of the testing that was undertaken during this program was accom-
plished at stable boiler operating conditions. In fact, test runs were sus-
pended or aborted if the operation of a boiler became unstable during a test
run. The data generated demonstrated conciusively that the DRE of hazardous
compounds by boilers exceeds 39.99% under stable conditions. EPA recognized
that boilers are not always operated at steady state and that the DRE micht
be less during unsteady state operations. For these rzasons, special test-
ing for the purpose of determining the effects of boiler operating conditions
on the DRE of hazardous compounds were done at Site L. The objects of these
tests were to determine whether DRE fell to dangerously low levels at unusual
boiler operating conditions and to determine whether some relatively easily
measured parameter would serve as an indicator of the DRE of hazardous com-
pounds.

This section consists of two parts: a discussion of kinetic theory as

it relates to DRE of hazardous compounds in boilers, and a discussion of the
results that were were obtained during the unsteady state boiler operation
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tests. The discussion of the Kinetic considerations was first presented in

a previous EPA report (Reference 18). The second part is based on an incom-
plete analysis of the test data and i1nterviews with the principal investiga-
tor and others who participated in the tests.

Kinetic Considerations

Currently available kinetic data suggest that thermal oxidation can be
enpirically described as a pseudo~first-order reaction:

€ . ke (1)
dt
where: C = the conrcentration of the compound to be oxidized
k = the pseudo-first-order rate constant
t = time

Thus, the concentration of the compound at a given time, at constant teapera-
ture is:

c
ln [=%] = -kt (2)
CO

where: Cgq = the initial (t = Q) concentration
The rate constant can be expressed in Arrhenius form as:

k = A exp(-E/RT) (3)
where: the apparent Arrhenius pre-exponential frequency factor
the cpparent activation energy of reaction

the universal gas constant

A
E
R
T absolute temperature

The pseudo~first-order rate constants for the thermal oxidation of seve-
ral organic compounds have been measured using various adaptations of a ther-
mal destruction analytical system (TDAS). The system consists of a narrow-
bore quartz tube placed in a furnace capable of attaining, in some cases,
temperatures up to 1,200°C. A gas supply {(typically air) provides a contin-
uous flow of gas through the unit. A test organic compound is introduced
into the gas stream and carried into the apparatus where it is held at a
constant high temperature for a set period of time (determined by the gas
stream flow rate). As the vapor leaves the high-temperature qua:tz <=ube,
reactions are quenched, and the product gas is carried to an analytical de-
vice such as a FID or a gas chromatograph/mass spectrometer (GC/MS). This
analysis unit determines the final concentration (or fraction remaining) of
the organic compound unde:: investigation. Such information, developed as a
function of temperature, can be used to determine the frequency factor and
the apparent activation energy of the pseudo-first-order rate constant des-
cribing the compound's destruction.

Rate ccnstant parameters determined in experiments using various forms

of a TDAS could, ideally, be used to predict the degree of destruction ef-
fected by a combustion device. 1If the temperature-residence time environ-
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ment presented by the combustor were known (and assuming destruction was
Xinetically controlled as described by the pseudo-first-order rate constant
and not mixing, i.e., O availability, controlled) DRE coald be predicted
by integrating Equation 1 over the temperature-residence time profile. Of
course this is not possible since the details of the temperature-residence
time preofiles or practical combustors defy description.

However, one would expect that a relative ranking of incinerability
could be established based on the magnitude of the pseudo-first-order rate
constant at temperatures of incineration (or combustion) interest., That is,
compounds with lower rate constants at incineration temperatures should be
more thermally refractory than compounds with higher rate constants. Corres-
pondingly, given rate constant data, it is possible to calculate from Equation
2 the temperature at which a certain degree of destruction (as measured by C/
Co) is attained for a given residence time at that temperature. For example,
the temperature required to achieve 29.99% destruction (C/C, = 0.0001) in 2
seconds could be calculated. Compounds predicted to require higher tempera-
tures would be expected to be more thermally refractory than compounds recuir-
ing lower temperatures.

Table 4.22 shows just such rankings. For each compound for which rate
constant data are available pseudo-first-order rat: constant calculated at
2,850°F and the length of time required to attain 99.99% DRE at that temper-
ature are shown. 3Species are ordered in Table 4,39 in decreasing order of
difficulty of destruction. No obvious patterns that relate the predicted de-
structability to the percent chlorination, the presence of double bonds cor
heat of combustion are evident. It is interesting that methane is predicted
to be more difficult to destroy than chloroform, chlorinated biphenyls, and
some other compounds that one considers to be refractory. Chloroform is not
ignitable; which means that the heat released during its coumbustion is in-
sufficient to support its evaporation and molecular fractionation. This is
apparently unrelated to the speed at which it fractures when exposed to an
external heat source.,

Also of note are the lengths of time that are predicted to be necessary
to attain 99.99% destruction of these compounds. Even the longest are on the
order of 1% of the average residence times of gas parcels in the flame zones
of industrial boilers. The conclusion is that, even allowing for the imper-
fect predictions that often resulit from theory, the destruction of hazardous
compounds by industrial boilers ought to be nearly quantitative if the flame
configuration provides an adequate time/temperatucse contact. The mass-weighted
CREs displayed in Table 4.15 confirm that, except in cases where the flame con-
ditions were known to be poor, the DRE of hazardous compounds exceeded 99,999%.
The destruction of methane, one of the compounds predicted to be relatively
refractory, exceeded 99.999% at those sites where natural gas fuel was burned.

4-100



TABLE 4.39

TIRST ORDER REACTION RATE CONSTANT AND TIME NEEDED TO
ATTAIN 99.99% DRE FOR SELECTED COMPOUNDS AT 2850°F@

First Crder

Reaction Rate Time to Attain
Constant (k) 99,99% DRE at
Compound at 2850°F 2850°F (seconds)
carbon tetrachloride 5,89 x 102 1.6 x 10=2
hexachlorobenzene 3.23 x 103 2.9 x 10-3
1,2,3,5 tetrachlorobenzene 6.43 x 103 1.4 x 1073
hexachloroethane 6.87 x 103 1.3 x 10-3
chloromethane 1.01 x 104% 9.1 x 1074
allyl chloride 1.35 x 104 6.8 x 1074
1,2 dichlorobenzene 3,03 x 104 3.0 x 10-¢
methane: 1,08 x 105 8.5 x 10>
hexachlorobutadiene 6.11 x 105 1.5 x 10~5
dichloromethane 7.09 x 10° 1.3 x 103
decachlorobiphenyl 1,02 x 106 9.0 x 10~6
ethylene 1.26 » 106 7.3 x 10-6
acrylonitrile 1.40 x 108 6.6 x 1076
acrolein 1.78 x 106 5.2 x 10-6
1,2 dichloroethane 1.83 x 108 5.0 x 1076
toluene 4.39 x 106 2.1 x 10-6
chloroform 4.69 x 106 2.0 x 10-6
vinyl chloride 1.07 x 107 8.6 x 10=7
1,2,4 trichlorobenzene 1.75 x 107 5,3 x 10~7
ethane 1.81 x 107 5.1 x 10~7
2,5,2',5' tetrachlorobiphenyl 4.79 x 107 1.9 x 10=7
2,5,2',4',5' pentachlorobiphenyl 5,26 x 107 1.8 x 10=7
chlorobenzene 1.05 x 108 8.5 x 10-8
biphenyl 1.40 x 108 6.5 x 10~8
propane 3.92 x 109 2.3 x 1079
benzene 2.97 x 1010 3.1 x 10-10

2 Arrhenius factors and activation energies
are from References 19, 20, and 21.
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SECTiON 5

CHARACTERIZATION OF WASTE STREAMS

In this section, the waste streams generated and those which may be
burned in boilers will be characterized. In the discussion below, sources
of data on waste stream generation will be identified and evaluated. The
estimates of the quantity of waste burned in industrial boilers will be pro-
filed.

SOURCES OF DATA

Since the adoption of the Resource Ccnservation and Recovery Act (RCRA),
the U.S. Environmental Protection Agency (EPA) has undertaken a variety of
studies to quantify and characterize the amount of hazardous wastes generated
in the U.S. Although some of these studies have been overlapping, the tech-
niques used, the data sources, and the quality of the data differ from one
study to the next. The major studies reviewed for thls regulatory impact
analysis (RIA) include the following:

© RCRA Risk-Cost Analysis Model (W-E-T Model)

o OSW Burner Questionnaire

o National Survey of Hazardous Waste Generators and Treatment,
Storage, and Disposal Facilities Regulated Under RCRA in 1981
(Rainbow Survey)

o OSW Survey of the Synthetic Organic Chemical Industry

© MITRE Study of 104 Selected Waste Streams

Each of these data bases will be discussed in detail below. B8ecause the RCRA
Risk-Cost Analysis Model was considered to have the best data available for
the purposes of this RIA, emphasis will be placed on it, and the other data
bases will be evaluated in comparison to it. In the discussion of each data
base, the data base will be described, its limitations identified, and the
types of information included in the d:zta base explained.

RCRA Risk-Cost Analysis Model

EPA developed the RCRA Risk~Cost Model or Waste-Environment-Technolcgy
(W-E-T) model to support the development of regulaticns authorized by RCRA.
The model contains data on 154 waste streams, i.e., the combinations of sub-
stances, such as unusable byproducts or residues generated during a manufac-
turing process, that require disposal. Each waste stream is representative
of the type of waste generated by any facility or plant of the various fiims
1n a particular industry, The waste stream characteristics given in the data
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base are for a "typicalr" facility. Thus, simplifying assumptions were made
about facility size and the uniformity of waste streams within a Jiven indus-
try. Data collection concentrated on the following industrial sectors iden-

titred by Standard Indvstvial Classification (31iC) code:

o SIC 25 - pulp arnd paper

© S8IC 28 - chemical industry

© 3IC 33 - primary metals

© SIC 29 - petroleum and coal products
© S8IC 34 - ftabricated metals

Since no primary data were collected, the waste profiles were developed
the following existing sources:

0O 00 QO

State zermit information

RCRA Part B permit applications

Trade associations

CWA Development Documents

Wastewater data from the Effluent Guidelines Division
State studies on hazardous westes

The data base also includes the following non-Subtitle C waste streams:

(o]

Organic waste streams which contain more than one percent by weight
of constituents of concern and have an annual generation grea+ter than
100 metric tons. Although some of these waste streams have conven-
tionally been considered to be within the jurisdictinn of the Clean
water Act, their inclusion in the 4data base ensures flexibility in
considering regulatory options by allowing the model to cross the
boundary between hazardous and non-hazardous properties.

A limited number of 1norganic waste streams containing heavy metals
not listed in 40 CFR 261 for the characteristic of EP toxicity.

PCB wastes,

Production wastes from guatenary amine (disinfectants) manufacture,
distillation bottoms from linear alkyl benzene sulfonate (32etergents)
production, and off-specification commercial 2,4-dichlorophenoxyacetic
acid, salts, and esters (a herbicide)., These wastes pose a hazard
based on potential ecolcogical effects rather than effects on human
health.

High volume utility wastes including fly ash and flue gas desulfuri-
zation (FGD) sludge from conventional coal combustion.

she following wastes were specifically excluded from the data base:

o Hazardous wastes from federal and other government establishments

¢ Discarded products, off-specification products, and containers (RCRA
class P and U wastes)

0 Hazardous wastes from spills and abandoned sites
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0 State-designated nazardous wastes
O Mining wastes

o Asbestos separator wastes from draphragm cell process chlorine
production

Wastes from small generators have been partiilly included when a large volunme
of a particular waste stream with well-documented characteristics are gene-
rated by a large number of sources.

Although data japs are frequent, the following types of information are
available from this data base for each waste stream:

o Concentration of toxic constituents

o Portion >f each constituent dissolved

© Quantity of waste produced per day, per facilicy

o Heat value

o Ash, chlorine, and non-water percentages

o0 Mclecular weight, vapor pressure, solubility, and bio-degradation
rate for each constituent

o Waste stream pH

o Fraction of waste stream suspended

o Amount of waste genarated per year

o Number of facilities producing the waste

o Four-digit SIC codes of industries producing the waste

o Applicable treatment technologies

An EPA waste code associatoed with the waste stream is also included in the
data base.

Because of the methods used to develop the data base, there are three
major liwitations in its use to characterize waste streams burned in indus-
trial boilers. First, :the "typical"” waste streams included in the data base
may not adequately represent all segments of the industry producing that waste
because industrial processes can vary greatly within a given SIC. The data
base does noc. con%ain any information on the variability of any of the waste
characteristics. Second, not all burnable waste streams are characterized,
Only those streams which are potentially touxic are included. Third, the da-
ta used to corstruct the waste profiles were often incomplete. If data for
a particular stream were missing, constituent level estimates were based on
analogies with cther streams nd on knowledge of the waste source.

O3W Burner QuestionnAalre

OSW recently undertock a three phase survey of burners of hazardous
wastes. In the first phase, a comprehensive guestionnaire was sent to 200
facilities believed to be burning waste as fuel. These 200 facilities were
selected from a list compiled from anecdotal information and information
contained in reports. Fach facility surveyed was called, 'nd answers to the
questionnaire were taken over the telephone. Responses wer: obtained for
only 100 facilities. 1In the second phase, EPA attempted to develop a list of
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all facilities in the U.S. burning waste as fuel. EPA's mailing list, which
included 25,000 facilities was drawn from all industry types fcund in the U.S.
but was weisnted towards indus<ries using large amounts of non-eleczric and
non-natural gas energy sources and those SICs, e.g., the chemical industry,
likely to burn waste as fuel. The third phase of this effort will be a sam=-
pling of those facilities with a positive response in the second phase using
the gquesticnnaire tested in the first phase.

Although the Burner Ques:ionnaire includes a broad spectrum of informa-
tion, the following types of information are most useful for profiling burn-
able wastes streams:

Types of wastes burned by EPA waste code

Description of the urit or process producing wastes which are purned
Quantity of each waste burned

Amount of waste burned as fuel which is generated off-site

SIC code of off~site generator of wastes burned

SIC code of facilities burning waste as fuel

Specification limits such as minimum and maximum levels of Btu/lb,
sulfur, halogen, ash, lead, and water content for devices burning
waste as fuel

00 00OO0ODOO

The following information was available from the second phase mailing:

Number of facilities burning waste as fuel

Number of facilities by SIC code burning waste as fuel
Quantity of waste burned as fuel in 1982

Quantity of waste burned during 1982 for each SIC code,

O 00O

The results of the final Burner Questionnaire mailing as available, were used
to update or modify earlier results. However, deta.led information on consti-
tuents were not available for risk analyses based on actual wastes.

Data from the initial mailing was probably biased because no effort was
made to ensure that the facilities sampled were representative of all facili-
ties burning waste as fuel. Data from the second mailing was useful primar-
ily for quantifying waste burned as fuel but not for profiling burnable waste
streams. Data from the third mailing represents a comprehensive review of
current practice.

Mail (Rainbow) Survey

Ten separate gquestionnaires were used to survey hazardous wast2 manage-
ment practices. Of these questionnaires, the most useful for characterizing
burnable waste streams were the Generator Questionnaire and the Treatment,
Storage, and Disposal (TSD) General Questionnaire., A total of 11,220 Genera-
tor Questionnaires were mailed, and 9,877 responses were received. Of these,
most (7,793) were excluded from the data base for the following reasons:

o The facility had filed a Part A application for protection but did
not handle hazardous wastes.

o The facility was subject to a small quantity exemption under RCRA.



© The facility was subject to a farm exemption.

o 100 percent of the facility's hazardous waste was recycled, reclaimeg,
cr reused.

Of the 2,348 responses to the TSD Questionnaire, 886 were excluded from tne
data base for the same reasons. Since burning waste for heat reclamation is
considered a type of reuse, all facilities surveyed which burn all of their
waste or otherwise recycle, reclaim, or reuse it were excluded. Data from
these facilities were unavailable.

For the facilities included in the data base, the following type of in-
formation is available:

Types of waste burned by EPA waste code

Number of facilities burning each waste type
Quantities of waste burned

SIC codes of facilities burning waste as fuel
Cross tabulation of any of the above information

0O 00 O0O0

Of course, this data base does not include information for many facilities
from which responses were received,

Major limitations to the use of this data include the following:

o Certain groups of facilities which might be burning waste as fuel
were excluded from the data base. Only those facilities which sub-
mitted either a Part A or notification form, which were not exempt
under RCRA, and which burn waste as fuel would be included. Those
generators that do not treat, store for more than 90 days, or dis-
pose of hazardous waste on-site kut do burn waste as fuel and, thus,
are exempted under Part 261.6 of RCRA were not included.

© Extrapolations from data which have be.n highly cross-tabulated may
not be statistically sound because extrapolation factors were based
on the overall questionnaire rather than on the responses tn 2 speci-
fic guestion.

o0 Exact quantity estimates of wastes burned as fuel cannot be obtained
because of the wording of the waste-as-fuel question.

o No data on waste stream constituents or characteristics are avail-
able.

© As discussed above, a facility was excluded if it recycled, reclaimed,
or reused (including burning) 100 percent of its hezardous wastes.

Thus, this data base was of limited usefulness to the RIA because of these
limitations.
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OSW Survey of the Synthetic Organic Chemical Industry

Because of the importance of the organic chemical manufacturing indus-
try 1n the generation and management of hazardous wastes, OSW surveyed this
industry. This data base includes the following types of information:

0O 00O

Process information including block flow diagrams
Constituent data

Boiler operation data if the wastes are burned in boilers
Btu, metals, and halogen contents of wastes buvrned as fuel

Information in tae data base is treated by TPA as RCRA confidential because
of industry claims.

The usefulness of this data base was limited 'y the following factors:

Q

[=}

Because
general

Data aggregation to avoid compromising confidentiality greatly re-
duced the specificity of the information.

EPA waste codes were not used. Thus, comparisons with other data
bases were difficult.

Constituent concentration data was only given by broad ranges. Sig-
nificant over- or under-estimation of POHC burning rates was possible
depending upon the assumptions used. ’

The data base covered only one industry.

of these limitations, this data base was used solely to provide a
framework for estimating POHC burn rates. The maximum percentage

in the range for a constituent and the average waste stream volume were used
to estimate POHC quantities. These gquantities were compared with estimates
from other data bases.

MITRE Study of 104 Selected Waste Streams

A total cf 104 waste streams were identified as both incinerable and
potentially hazardous. Using OSW Background Documents and studies examining
the waste management practices of relevant industries, each of these waste

streams

00 0O0O0O0

were characterized with the following information:

Four-digit SIC number and EPA hazardous waste code
Amount produced per year

Heat content

Listing of hazardous constituents

Constituent levels for some of the waste streams
Constituent level ranges for some of the waste streams

This data base was expanded later in the MITRE Incinerator Study which covered
413 hazardous waste streams iacinerated at 204 facilities having operational
hazardous waste incinerators.

Major limitations on the use of this data base include the following:



o Constituent data (concentrations or level ranges) are not giver for
each waste stream.

© Only 104 waste streamc are characterized.
o Chlorine, ash, and water content data are usually not given.

However, this data base did provide a useful starting point for the identifi-
cation of constituents.

QUANTITY OF HAZARDOUS WASTES GENERATED

Estimates of the quantity of hazardous wastes generated in the U.S.
differ greatly. On April 27, 1984 EFA announced, as a result of a revision
to the Rainbow survey, that 264 million metric tons of hazardous wastes regu-
lated by RCRA were generated in 1981. Table 5.1 compares the waste quantity
estimates in the RCRA Risk~Cost Rnalysis Model with other recent surveys.

Table 5.2 summarizes the guantities of waste managed in 1981 by waste
group. The data in this table were taken from the results of the Rainbow
survey because those data represent the most recent on the quantities of
waste generated and managed in the U.S. Actually, the survey reported that
only 71.3 billion gallons were managed in 1981. The data in the table re-
flects a higher total, i.e., 82.3 billion gallons for the following reasons:

© The respondents may have interpreted the term “"handled® more broadly
than intended in the survey by including wastes not managed on site,
quantities carried over from previous years as stocks in hand, or
wastes managed in RCRA exempt processes.

o Multiple hazardous waste codes were used to report some guantities,
An estimated 6.6 billion gallons reported were mixtures of hazar-
dous wastes. Solvents were sometimes reported as ignitable wastes.
In both of the cases, the waste guantities were double-counted in
Table 5.2.

CHARACTERIZATION OF WASTE STREAMS

Published data on hazardous waste strezz characteristics are quite lim-
ited. One of the more extensive compilations of waste characteristics is
from the W-E. T Model data base and is presented in Table 5.3. This dataz
base and its limitations were described previously.

The metzl content of a hazardous waste greatly influences the risk
associated with its burning in an industrial boiler. For this reason, EPA
reviewed the previously described data bases and solicited waste aialyses
results from hazardous waste burners to compile information on the metal
content of hazardous waste. The following data were reviewed and analyzed
to create Table 5.4 (References 1-11):



TABLE 5.1

COMPARISON OF SCCPE OF RCRA RISK-COST ANALYSIS MODEL
DATA BASE WITH OTHER STUDIES?

waste Quantity
(million metric

Study tons‘/year) Universe of Wastes Data Sources
Risk-Cost 158 1. Potentially hazardous waste EPA industry
Analysis under Subtitle C, excludirg: studies, per-
Model o Corrosive reactive and mit applica=-
(1984) ignitable wastes tions, delist~

o Discarded commercial chem- ing petitions,
ical products state data,
2. FGD sludge, fly ash, and trade asso-
wastes selected for ecosys- ciations
tem effects
OSW Mail 160 Subtitle C hazardous wastes Responses %o
Survey Generator
(1984) Questionnaire
265 Responses to
TSD General
Questionnaire
PHB 41 Subtitle C hazardous wastes EPA industry
(1980) excluding commercial chemical studies
products discarded
oTA 250 1. Subtitle C hazardous waste State data
(1983) 2, State designated hazardous
waste
Chemical 9 Subtitle C hazardous wastes Members survey
Manufacturer in SIC 28 for 1981
Association

(CMA) (1983)

4 mTaken from The RCRA Risk-Cost Analysis Model: Phase 111 Repor:t submitted

to OSW by

ICF, Inc., on January 13, 1984.

P Includes PCBs, waste oil, fly ash, oil field wastes, mining wastes, and
other wastes for selected states.
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TABLE 5.2

QUANTITIES OF HAZARDOUS WASTE HANDLED BY MANAGEMENT
FACILITIES IN 1981 BY THE TYPE OF WASTE GROUP?

(Billions of Gallons)

EPA Waste
Codes Included guanitity
Type of Waste in Cateygory Handled
Spent Halogenated and Nonhalogenated Solvents FUOU1-F0O0S 3.2
Electroplating and Coating Wastewater Treatment Sludyes FU06-FO1Y 2.6
and Cyanice-Bearing Bath Solutions and Sludges
Listed Industry Wastes from Specific Sources KOO1~K106 13.0
Off-Specification or Discarded Commercial Chemical U001-U247 2.9
Products and Manufacturing Intermediates
hcutely Hazardous Wastes POU1I-P123 0.2
Ignitable Wastes DOOY 1.4
Corrosive Wastes D002 33.0
Reactive Wastes DOO3 3.2
E.P. Toxic Wastes DUV4-DOV7 11,1
Unspecified (Including State Regulated and Self-Defined ———— 1.7
Hazardous Wastes)
TOTAL 82.3

4 Taken from National Survey of Hazardous Waste Generators and Treatment, Storage, and Dis-

posal Facilities Requlated Under RCRA in 1981 submitted to OSW by Westat, Inc., in April

1984.
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TABLE 5.3--Continued

HWASHI 1AL ING
sS40 SIREAM QUANS LY VAL W TRACE TRACE  TRACTH  IRACTION COHCEHIRATION
CODL LA NUMBER(S) NUMBER (1000 MI/ZYR) NO OF 1AC  (KJ/KG) 1 ASH WATER  SUSPENDID CONSTETULNY (rimM)
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HWAS L HLALING
S S AN QUANLLLY VAL U ERACT FRACT  TRACT  ERACLION COHCLNIRATION
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I'ABLE 5. 3--Continued

WAS I HANNNG
SHG SIHI AN QUANLEY VAL UL I RACT H(A'til I RALCIH IRACTION COHCTHERA T TON
CODL LPA NUMBLIYS) NUMBLEIG (1000 ME/ZYR) NO O 1AL (KI/KG) ol AbLN WALL K SUSPIENDLD CONSTEIUE NS {riM)
N/A gr.oh. 1} 60, 00 73} 0.0 0.0 "4 0.9 o 30u0l -0l CHROAL (V) J00 ., 00
K06 b 01 08,21 10,00 6 0.0 0.0 0.0 C.800 0. 150010 «40 CADMIUM 200 .00
CHROMIUM (V) 1000 .00
1EAD 292000
KOG2 0102 01 LUHY .00 ouY a0 0.0 [TN1) 0.800 O, 2omi-0; CHROMIUM (V1) 1000
1HAD 100, 00
K60 01 03,01 12.00 62 0.0 .0 .0 0.9%0 G 400t -0) CYANIDE 1100 .00
i HOL 1000, 00
ARSENIC 1100, 00
roat 0. 0602 39.80 16 0.0 0.0 w20 0.0 0.9 /7001 100 HAPILLHAL H IR 150000 0G0
il ot Yoo . 00
Kol 0y, .01 01 Hol. 60 0 0.0 v [{1) 0.0 [ THIT YT CADNIUN OO0 . 00
CHROMINM (V1) S04, 00
Ltan 15000 .00
HOEAE QUANIT R Y 1684 . w0
3543 M/A oLy 32 80 Y 0.0 v 0.0 O 450 0. 20001 190 HICKEA 1H06 . 00
CHROMIOM (Vi) S0 00
N/A 09.01.02 43 .60 12 0o.n 0.0 4.4 0.0 0. 00008 00 HLAD N HLOO, O
N/A 0. 01.03 12.20 13 0.0 0.0 0.0 0.0 [ T Y] 1EAD 2304000
N/A G500 0n 85.ho) 19 0.0 0.0 0.0 0.0 O, 1006t 1010 CHROMIUN (V1) 31600 .60
ttab 65H0 .00
1O1AL QUANI LY 2ih.00
3320 N/A 0%. 001,09 211910 2000) 0.0 0.0 0.0 0.0 O, 10008 101 CAUMIUM L. 00
1EAD 10004 . 00
N/A 05.00.06 1691% .10 LU00 0.0 0.0 0.0 0.0 O, et CADMIUM 60 .00
JOIAL QUANKITY 19054 .20
31331 N/A 01,001,014 L4000 N) 0.0 0.0 0.0 0.800 0.15001 ¢00 CADMI U S0 00
1LAD HOLO . OO
TOIAL QUANB LY GO0
3332 N/A 04.01.u8 2. on U] 0.0 o0.u 0.0 0.800 01806018 100 CADHMIUM 13h. 00
1tAD 2950000
TO1AY QUARILEY [T
1333 N/A 01,08 09 H.u0 i a0 o0 0.9 0.800  J. 1800t 100 CADHIUM HOUOL OO0
LtAD K200, 00
H/A ol ol e 1600 '» 0.0 5.0 g.u 0,800  0.18008 00 CADM UM i oo

LEAD Lo0un, a0



Li=§

TABLE S.3-<Conlinued

WAL HAVING
LYIR SIRI AN UUANL I Y VAL Ul TRAGCT ERAC)  ITRAGCE ERACLHION CONCERIRATION
CODL | PA NURIIR(S) HUMBI G (1000 HIEZYR) NO OF BAL (RIJKG) «l ALN WAHILI SUSPINDED CONS LTI {IPEN)
N/A 0.0 1Y .0 Yy 0.0 0o [T} O.500 0. 49 100 CAIIUN o)
LEAD L0000
TOTAL QUANLLLY Y At
3t rOOLY a0l 1y S0 00 ] .0 o0 w.n O 450 0 20000 00 CALIU #. 00
CHIOMIUN (Vi) .00
tian oo . 00
KOOLY uh. o). 0 HNIIT 13 0w oo 0.0 0.0 o, unal o CADMILM QU 00
CHROMIUN (V1) [NTUI
LA F2ounn o
N/A 0. 01 08 151 0 1 0.0 0. 0.0 0.0 O 10U 10 corein 12000, 00
NG HOVOVO B0
VEAD SO0 .00
T1OIAL QUANTL LY Wil 90
3190 N/A TINIIY] 8.00 L0 0.0 0.0 0. V900 0. %Y -0 coreen 0000 . 00
TOILAL QUANN Y 8.00
3138 010 O 0oy 02 6. 00 u% 25000 0.0 0.1 a. 800 O, ol von CYAHI SOO00 ()
HMHAL QUANLILIY 6.00
MY 1006 oo 0o 16 W . ho oo 0w.o oo 0.0 0940 L. %0008 -01 coreven oo o0
CHROMIUM (V1) [T
CADMIUN 350,00
1LAD Hot) . 00
NIkt 1650 00
O 1009 G102 .02 1990. 00 ©He o 0.0 0.0 0.0 0.99% 0. 20000 -2 CADM{UN 100 GO
corrin tho . oo
CYAN LM 15 .00
CHROMIUM (Vi) V210,00
NICKLT 1500, 00
N/A 0. a0 ah 0./ 190 0.0 0.0 0.0 0.996 0. 200M -0 corein S 0o
CYANIIY 6.00
FEUORIHE (LEUQOKRIIS) 9.00
NICKLE S0
HN/A ol 2. 0Y V2ion . on nhee 0.0 u.a 0.0 0.999 0.4 corren 6.00
CYANILIY S0 .00
CHROMIVMA (V) 11,00
NICKLY 200
J NG .00

TOTAL QHANT LY 19809 10



8l=¢S

TABLE 5.3-—Continued

WASHL AN ING
Sic SIREAM QUANTL LY VALl ERACTE ERALT IRACTE  TRACHION COUCTHIRALION
CODL L PA NUMBIR(S) NUMBLR (OO0 MEZYI) NO O BAL (KB/KG) (M) ASU WALER SUSPENDED CONSTLTUEH) (PIrM)
1691 N/A Lo N 150,00 202 0.0 0.0 0.0 0.890 0. 10008 t00 HEAD 15000 . 00
10IAL QUANILILY 190. 00
1692 N/A 0. 03.01 V.30 il 0.0 0.0 [T 0.0 O, HOUt 10) CADH I UM HOOO) . 00
tiAD HOOGL . 0O
MLUCURY 10000, 00
TOEAL QUANHITLEY . Jo
121 oo 0. 0l 00 .64 et W0 .0 a.% w2 0.0 0. 20000 100 1ELIAGCHTTOROL DIt NI GOOLOL, O
1002 0. 67 .04 9.451 18004 82000 0.2 0.60 0.0 O, un 101 FEERACIH OROL HIE 1L 2900050, 040
TOIAL QUANHI LY hi. v
H/A H/A 0r.0.02 20400, 00 {0 0.0 0.0 0.0 0.5%00  0.45%000 400 ARST NG 18.00
HAR YU L0000
CADHIUN t1.00
1LAD 5. 00
‘tund 0l .ol .ol .93 e 32000 0. 09 010 0,100 0. 1ot son VRICUE OO Lt NI OOUBBOO ., B
1001} 03.00.02 0. 24 116808 112000 0. 48 0 10 0100 O, 1OOOL s b, U, b= TIEGCHE ORI BIAN GCOODOY . 0D
fom 03.ot.0} 10. ¥4 21419 121000 0.%0 010 0,100 0, 10Ol 100 DICHEOROMI THANL GOOLHL . O
1001 0y.ol.04 19.8) hal8h 126000 0.%1 010 0,100 010008 100 HOVRAGHT ORO LD NI GOOODY . 00D
1002 03.01.69 1.68 329 6800.0 .48 0.U2 0.9 0. 20008 -0} L4, V= HIECHEOROL THAR BOBOHO . OO
1002 03).00.06 2060 23294 500.0 0.671 0.02 0.0 w.20000 -01 DICHEOROME THARIE BOV000 .00
1ol 03 .00 .08 0.48 OO0 Shlon.o 0.0 0.2 0.0 0. 20001 -0 NI TROBLRZE UL HOO000 ., 00
1002 03.02. 02 2.5%6 hivno S5600.0 0.16 0.20 0.0 0. 20001 100 LV, =THICHT OROL FHAN LO0000 . 00
o2 03.02.0} 9.19 niLa 2000 0,17 04.20 0.0 0. 20001 100 DILCHTOROME THANL 20000000
N/A 031.03.01 29. 00 (2200 29300.0 0.0 0.20 0.2%0 0.20000 100 101 UL HI 10009 . 00
HEVHYD L IHYE W VONE Lonay . 00
CHROMIUM (V) H6 . 00
1LAD ho . 00
MERCURY 12.00
N/A 03.03.90 11,00 196 KOO . 0 0.0 0.20  0.600 O, 20001400 CHROMIUM (VI ) HIOU . 01}
101 UL NL 10000 .00
N/A 0).00.0) h.% 616) 23000.0 0.% 0.0 0.0 0.0 PCB-12%94 SHBHLD . HO
1,2, 8- 1R1CH OROBLKZE SONHGO . DO
N/A 0%.03.0) ho2lh 00 BsouBY 0.0 0.0 0.0 0.0 0. 10001 010 ARSENHIC UTON Y]
BARIUM VOO . (1)
CHROMIUM (V1) 1ho. o0
LLAD 90.00

1OIAL QUANT LY i/ . 81



TABLE 5.4

METAL LEVELS IN HAZARDOUS WASTE FUELS IN PPM (References 1-11)

Ash As Ba Cd Cr Pb Ni Hg
No. of Samples 40 1862 1592 1918 198 199 169 175
90th Percentile 20 182 2512 108 296 572 25 <1
50th Percentile 2.82 «5 <5 <.5 <5 <8 <2 <.06
10th Percentile .05 .02 <2 <ol <e2 <e5 <2 < .01

Note: "“less than" values were included at the detection limit when
determining means and percentiles.
contribute significantly to the sum of all wvalues, the means
and percentiles are presented as "less than" values.

Where

"less than" values

2 some used o0il data was included in the data base for 90% wcrst

As, Ba, and Cd.
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© Thirty samples from Reference 1 (those wastes with heating values
jreater than 5,000 Btu/lb).

o Clix samples from kiln test burn reports, Sites B-G (References :-7).

© Twenty-two data points presented in the Mitre reports for spent
flammable solvents and chlorinated solvents (References 8-9). Given
that a low/high range was presented for metals levels in many waste
streams, such wastes were included in the data bzse as two wastes,
one with the low metals level and cone with the¢ high metals level;
thus, the 22 data points were derived from 13 waste streaus as charac-
terized by Mitre.

© One hundred forty-two samples fror a company participating in the
Keystone workshop (Reference 10), burning 100% waste in lightweight
aggregate kilns.

© Five samples from ICF (W-E-T Model) data base of wastes as generated
(Reference 11).

© Other waste streams characterized for metals by Mitre and ICF (W=-E-T
Model) either had low heating value {(less than 5,000 Btu/1lb) and are
not currently burned as fuels, or were waste streams known not to be
burned as fuels (e.g., petroleum refinery wastes typically sent to
petroleum cokers or land treatment).

Some data on arsenic, barium, and cadmium levels in waste oil were included
in the data base used to compute the 90th percentile values.

QUANTITY OF HAZARDOUS WASTE BURNED IN INDUSTRIAL BOILERS

Basic data for quantifying the amount of hazardous waste burned in indus-
trial boilers were available from the OSW Burner Questionnaire. The limita-
tions of this data base ' ich were discussed above must be remembered. Table
5.5 shows the breakdown of hazardous wastes as to the amount burned versus the
total generated. Table 5.6 provides estimates of distribution waste burned by
SIC code. These data represent the latest and best estimate of the guantity
of hazardous waste being burned. =
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TABLE 5.5

BURNABLE HAZARDOUS WASTE UNIVERSE

Item

Waste Quantity (million
metric tons per year)

Total Hazardous Waste Generated
Total Burnable Hazardous Waste
Amount Burned:
Incinerators
Boilers <50 Million Btu/hr
Boilers 50-100 Million Btu/hr
B~ilers >100 Million Btu/hr
Kilns, Etc.

Total

160

25

a ,68
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TABLE 5.6

ESTIMATES OF WASTE-DERIVED FUEL BY SIC3

Quantity
{million Number of
SIC Code Industry gal/yr) Facilities
20 Food Products 3.4 104
22 Textile Mill Production 0.2 135
24 Lumber and Wood 100C.9 273
25 Furniture and Fixtures 113.1 118
26 Paper and Allied Production 213.9 117
27 Printing and Publishing 173.2 118
28 Chemical and Allied 375.8 320
29 Petroleum and Related 84.9 78
30 Rubber and Plastics 30.9 76
kRl Leather and Leather Production 0.03 2
32 Stone, Clay, Glass, Concrete 9.0 26
33 Primary Metals 73.4 145
34 Fabricated Metals 1.1 47
3% Non-Electric Machinery 0.4 162
36 Electrical Equipment 0.01 13
37 Transportation Equipment 0.6 131
30 Miscellaneous Manufacturing 0.2 27
40 Railroad Transportation 0.004 7
42 Motor Freight Transport 0.02 14
49 Electric, Gas, Sanitation Serv, 0.07 43
51 Wholesalie Trade-Nondur. 0.1 7
72 Personal Services 0.3 477
75 Auto Repair and Services 0.03 198
TOTAL 1009.4 2639

4 pata from EPA's Burner Questionnaire.
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SECTION 6

COST ELEMENTS FOR REGULATORY ANALYSIS3

A key element of the RIA is an assessment of the potential economic
impact of the various regulatory options being considered. This section
identifies the major cost factors being considered in the assessment and
provides the cost data that are not being obtained from other sources.

Regulating the burning of hazardous waste in industrial boilers could
potentially have an economic impact on those being regulated as well as the
regulatory agencies. This section is limited to the costs associated with
burning the wastes. Potential cost to regulatory agencies are addrasssed in
a separate document (Reference 1).

The economic impact on those burning hazardous waste ir. industrial toil-
ers is being analyzed by EPA in terms of how the net fuel and waste dispcsal
savings is altered by the various regulatory options. This net savings is
the difference in: (1) the credits associated with the fuel replacement and
the elimination of alternative waste disposal waste; and (2) the increased
capital and operating costs associated with firing waste above that for fir-
ing conventional fuels. Therefore, to analyze the economic impact of a re-
gulatory option, cost data for the significant elements of these credits and
incremental costs are needed. The choice of cost elements will depend, to a
large extent, on the level of detail specified in the analysis. These data
are being obtained from a number of sources. The items being provided in this
document fall into three major categories: (1) conventional fuel prices, (2)
costs to modify the boiler system to fire the waste, and (3) the major operat-
ing and maintenance costs associated with burning wastes.

CONVENTIONAL FUEL PRICES

The prices of conventional fuels used by indust_ial boilers are used in
the analysis of fuel replacement credits. Two sets of prices are presented
here. The first set is for 1982, which is the year covered by the OSW Burn-
er Quescionnaire survey of waste fuel users., The results of this survey are
also being used in the economic impact anlaysis. Having the fuel prices in-
dex for the period covered by the survey facilitates the economic impact anal-
ysis. The 1982 prices are:



Natural gas - $3.63 per million Btu
Distillate Oil - $7.24 per million Btu
ResiZual 0Oil - $4.62 per million Btu
Coal - $1.09 per million Btu

O 00 ©

The above prices were developed from data taken from publications by
the Energy Information Administraiton which is the branch of the Department
of Energy responsible for collecting, compiling, and disseminating data on
U.S. energy cost and usage. Natural gas and oil prices were developed from
data provided in Reference 2 while coal prices are based on data from Refer-
ence 3. These prices are representative of the national average values paid
by industrial users in 1982.

One aspect of the RIA is to estimute the impact of the regulation on
future operations of the waste burner. Projected fuel prices for the period
covered by the analysis are therefore needed. Projected fuel prices have al-
ready been generated for use in developing New Source Performance Standards
(NSPS) for industrial boilers. Fuel prices projected for the period 1985
through 2010, are listed in Tables 6.1 through 6.4. These projections were
taken from Reference 4 and are currently being used by the EPA Office of Air
Quality Planning and Standards (OAQPS) Branch for its economic modeling.
Updates to these costs are made periodically. Mr. Rober+ Short is the EPA
Project Engineer responsible for the updates. He is located at Research
Triangle Park, North Carolina. .

BOILER SYSTEM MODIFICATION QOSTS

When fossil fuel-fired boilers are used to burn hazardous wastes, capital
expendi tures may be required for a number of system modifications, including:
waste pretreatment, storage and handling facilities; boiler modifications;
and combustion control instrumentation modification. Additional expenditures
may be incurred as a result of regulatory requirements. For instance, re-
strictions on emissions of particulate matter, metals, and hydrochloric acid
may require additional air control equipment or modifications to existing
devices. PFurther capital outlays will result if waste feed metering and
monitoring of the boiler temperature, combustion gas O and CO levels are
required. :

Cost data for the above elements have been aggregated into three groups:

© Waste pretreatment cCosts
© Boiler modifications costs
© Air pollution contro. device costs

The cost data presented below were developed from published data, vendor
information and engineering judgement. The following discusses the various
elements comprising these three groups with one exception. Cost data for
waste storage and handling facilities have been generated by the EPA for its
economic modeling efforts and are not presented here. However, these data,
which are documented in Reference 5, are being used in impact analysis.
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TABLE 6.1

PROJECTIONS OF REGIONAL INDUSTRIAL NATURAL GAS PRICESa
(1982 § per milliion Btu)

Demand Region 1985 1990 1985 2000 2005 2010

1. New England 6.09 7.16 8.350 11.47 14.67 16.50

2. New York/New Jersey 4.90 5.41 6.42 8.67 11.09 12.47

3. Middle Atlantic 4.29 4.59 5.45 7.35 9.40 10.57
4. South Atlantic 4.82 5.70 6.76 9.13 11.67 13.13
5. Midwest 4.14 4.90 5.81 7.85 10.03 11.29
6. Southwest 4.27 4.63 5.50 7.42 9.49 10.67
7. Central 3.77 4.55 5.40 7.30 9.33 10.49
8. ©North Central 4.22 4.79 5.68 7.67 9.81 11.04
9. West 4.69 5.44 6.45 8.7 11.14 12.53
10. Northwest 4.90 5.08 6.03 B.15 10.41 11.72

2 Taken from Reference 4.



TABLE 6.2

PROJECTICNS OF REGIONAL INDUSTRIAL RESIDUAL FUEL OIL PRICESa/DP

(1982 $ per million Btu)

Demand Region 1985 1950 1995 2000 200> 2010
1. New Zngland 4.09 5.15 7.32 8,92 1111 12.78
2. New York/New Jersey 4.02 5.09 7.23 8.82 10.98 12.63
3. Middle Atlantic 4.01 5.09 7.22 8.81 10.97 12.62
4. South Atlantic 4.20 5.32 7.56  9.21 11.48 13,20
5. Midwest 4.34 5.44 7.73 9.42 11.73 13.50
6. Southwest 4.43 5.63 8.00 9.75 12.14 13.97
7. Central 4.40 5.51 7.83 9.54 11.89 13.67
8. North Central 4.25 5.40 7.67 9.35 11.65 13.40
9, West 4.49 5.7 8.10 9.88 12.31 14,16
10. Northwest 4.31 5.49 7.79 9.50 11.84 13.62

2 1,6% sulfur.

0.3% sulfur = 7.6% sulfur + $0.68/MMBtu.
0.8% sulfur = 1.6% sulfur + $0.35/MMBtu.
3.0% sulfur = 1.6% sulfur - $0.45/MMBtu.

D Taken from Reference 4.



TABLE 6.3

PROJSEZCTIONS OF REGIONAL INDUSTRIAL DISTILLATE FUEL OIL PRICESA

(1982 § per millicn Btu)

Demand Region 1985 1990 1995 2000 2005 2010
1. New England 6.33 7.28 10.02 12.07 14.84 16.96
2. New York/New Jersey 6.27 7.22 9.93 11.97 14.71 16.82
3. Middle Atlantic 6.24 7.18 9.88 11.90 14.632 16.72
4. South Atlantic 6.08 7.03 9.68 11,66 14.34 16.39
5. Midwest 6.20 7.13 9.82 11.83 14.54 16.62
6. Southwest 6.08 7.06 9.72 R A 14.40 16.45
7. Central 6.15 7.08 9.74 11,73 14.42 16.49
8. North Central 5.98 6.94 9.55 11.50 14.14 16.16
9, West 6.04 7.01 9.65 11.63 14.29 16.34
10. Northwest 6.04 7.01 9.65 11.63 14.29 16.34
2 Taken from Reference 4.
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DELIVERED INDUSTRIAL COAL PRICE FCORECASTAD

TABLE 6.4

(January 1983 $ per million Btu)

Sulfur Content

Demand Region Cocal Type (1b SO»/MMBtu) 1985 1990 1995 2000

1. New England Bituminous <0.80 3.53 3,77 3.93 4.01
0.80 - 1,08 3.42 3.67 3.80 3.92

1.08 = 1.67 3.30 3.67 3.88 4.03

1.67 = 2.50 3.25 3.68 3.35 3.96

2.50 - 3.33 3.19 3.50 3.64 3.68

3.33 -« 5.00 2.68 3.98 3.29 3.48

>5.00 2.94 3.21 3.41 3.56

2. New York/New Jersev Bituminous <0.80 3.34 3.52 3.62 3.74
0.80 ~ 1.08 3.20 3.4t 3.51 3.63

1.08 -~ 1.67 3,10 3.42 3.54 3.66

1.67 « 2.50 2.94 3.22 3.35 3.47

2.50 - 3.33 2.87 3.14 3.22 3.3

3.33 - 5.00 2.39 2.717 2.90 3.14

>5.00 2.60 2.83 2.97 3.13

3. Middle Atlantic Bituminous <0.80 2.93 3.20 3.34 3.45
0.80 - 1.08 2.77 3.05 3.17 3.30

1.08 - 1.67 2.60 2.96 3.11 3.25

1.67 - 2.50 2.40 2.74 2.88 3.00

2,50 - 3.33 2.4 2.70 2.82 3.04

3.33 - 5.00 1.98 2.50 2.81 2.96

>5.00 1.77 2.14 2.32 2.54

4. South Atlantic Bituminous <0.80 2.92 3.32 3.47 3.686
0.80 - 1,08 2.74 3.12 -3.26 3.42

1.08 - 1.67 2,55 2.60 3.03 3.3

1.67 - 2.50 2.30 2.80 3.06 3.17

2.50 - 3.33 2.64 2.53 2.55 2.70

3.33 - 5.00 2,09 2.69 2.81 2.36

>5,00 2.52 2.64 2.7 2.87

S. Midwest Bituminous <0.80 3.13 3.39 3,53 3.66
0.80 - 1,08 2.94 3.22 3.37 3.48

1.08 - 1.67 3.00 3.1'4 3,30 3.45

1.67 - 2.50 2.70 2.97 3.08 3.0

2.50 - 3.33 2.59 2.917 3,02 3.14

3.33 - 5.00 2.18 2.46 2.78 2.9

>5.C0 2.23 2.42 2.52 2.67

Sub- <0.80 2.63 2.84 2.84 2.92

Bituminous 0.80 - 1.08 2.63 2.84 2.84 2.92




IABLE 6.4-~Continued

Sulfur Content
Demand Region Coal Tvoe {lb SO5/MMEtu) 1985 1990 1995 2000

6. Southwest Bituminous <0.80 2.94 3.317 3.58 3.77
0.80 - 1,08 2.89 3.26 3.51 3.69

1.08 - 1,67 1.03 2.65 3.C2 3.16

1.67 - 2.50 2.1 3.09 3.19 3.21

2.50 - 3.33 2.57 2.79 2.94 3.08

3.33 - 5,00 2.9% 3.17 3.29 3.46

>5.00 2.82 2.84 2.97 3.07

7. Central Bituminous <0.80 2.77 2.97 3.09 3.14
0.80 - 1,08 2.76 2.95 3.C7 3.09

1.08 - 1.67 2.95 3.23 3.34 3.46

1.67 - 2.50 2.95 3.22 3.18 3.22

2.50 - 3.33 2.94 3.15% 3.27 3.40

3,33 - 5.00 2.69 2.61 2.58 2.66

>5.00 2.34 2.47 2.52 2.%8

Sub=-Bitumincus <0.80 2.53 2.60 2.72 2.8
0.30 - 1.08 2.53 2.60 2.72 2.81
1.08 - 1.67 2.37 2.44 2.52 2.8
1.67 - 2.50 2.43 2.48 2.63 2.54

8. North Central Bituminous <0.80 1,64 1,87 1.,%2 2.01
0.8 - 1,08 1.47 1.66 1.74 1.76
.08 - 1,67 1.29 1.34 1.3% 1.38
1.67 - 2.50 1.917 1.40 1.50 .54

Sub~Bituminous <0,.80 1.82 1.6 1.%9 1.75%
0.80 - 1.08 1.36 1.48 1.47 1.59
1.08 -~ 1,67 0.86 0,92 1.01 1.12
1.67 = 2.50 0.80 C.90 1.04 1.06

9., West Bi tumincus <0.80 2.69 2.87 2.91 3.15
0.80 - 1.08 2.63 2.76 2.82 2.98
1.08 - 1,67 2,26 2.49 2.85 2.9
1.67 - 2,50 2.93 2.78 2.60 2.8%

Sub-~-Bituminous 1.67 = 2.50 2.34 2.42 2.49 2.59

10. Northwest Bituminous <0.80 3.13 3.37 3.42 3.58
0.80 - 1.08 3.0 3.24 3.30 3.42
1,08 - 1,67 2,17 2.27 3.29 3.42
1.67 = 2.50 2.80 2.81 2.78 2.80

Sub-Bituminous <0.80 2.06 2.'4 2.29 2.36
0.80 - 1,08 2.06 2,14 2.29 2.36
1.08 - 1,67 2.05 2.10 2.29 2.26
1.67 - 2.50 2.05 2.05 2.05 2.10

4 By ICF Inc., 1850 K Street, N.W., Waskington, D.C., 20006.
b Taken from Ruference 4.



Waste Pretreatment Costs

The cos < o pretreat a hazardous waste Stream to make it suitab.e for
firing 1n an 1industrial boiler offsets the money saved in fuel replacement
ané alternate disposal costs. Estimating the magnitude of this offsetting
cost requires cost data for the typical pretreatment systems being employed.
EPA colilected preliminary data concerning facilities pretreating wastes used
as boiler fuel in an OSW Burner Questionnaire Survey. This was fclliowed up
by a telephone survey of 11 facilities pretreating wastes.

Results of these initial efforts indicate that four basic types of
pretreatment are practiced: blending, solids removal, water removal, and
heating the waste to adjust the viscosity. Blending of a waste stream with
eilther a conventional fuel or another compatible waste stream 1s used toO up-
grade 1t to the gurality reguired by the particular boiler design. This 1is
commonly done to reduce the concentration of metals, solids, water, or halo-
gens, and/or to increase the heating value. Scolids are being removed to pre-
vent plugging of the burner gun and to meet particulate emission standards
1f they are inorgaric. Water reduces the caloric value of the waste anc can
cause burner flame instakility. Viscous wastes must be heated to make thenm
pumpable and to permit proper atomization necessary f.r high combustion ef-
ficiency.

Wastes regquiring more extensive pretreatment than the four basic types
listed above are generally disposed of py a'ternate means. Many wdastes sim-
Fly cannot econwumically be made suitable for firing a boiler, i1.e., inorganic
wastes.

The type =f equipment used for blending, solids and water removal, and
thermal pretreatment is generally extremely simple. This equipment was des-
cribed in Section 4. Costs follow for a typical equipment arrangement for
eacnh of the four pretreatment processes. These costs are developed for the
rarge of Jaste flow rates considered represe: tative of those being fired in
industrial boilers. The flow rates given in the developed cost curves below
are the rates of treated waste leaving the pretreatment process.

The following includes a subsection on the desired waste fuel charac-
ceriszics for effective operation and discussions of the four pretreatment
costs identified above.

Waste Fuel Characteristics for Effective Boiler Operation

Fuel characteristics can have significant effects on boiler operation,
such as:

Deterioration of boiler tubes and refractories
Excessive emission levels

Reduced combustion efficiency

Increased maintenance requirements
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However, the range of boilier sizes and types, combined witn the range of
available waste fuels, generally make it impossible to set specific limits on
fuel paramenters. £ach case must be based on a separate economic evaluation,
considering cost of various levels of fuel pretreatment; of boiler operating
cost, including possible reduction in steam procduction; and of possible flue
gas pollution control tecnniques.

The effects of several fuel characteristics on boiler operation will be
discussed below.

Chlorides and Halides. Several sources {(References 6,7) nave indicated
that they prefer to keep the concentrations of chlorides and halides below
0.5 = 1.5%, However, other sources (References 8,9,10,11) have indicated
that the actual corrosive effect may depend on boiler operating techniques
and the final form which the halides will take. If the ash contains enough
free alkali, the resulting chloride salts may cause severe fluxing of the
boiler refractories and deterioration of some types of alloy boiler tubes-.
The corrosive effect also depends on boiler design parameters which govern
the probability of ash impingement on boiler surfaces while the ash is still
hot enough to be soft and adhere to the surfaces.

High levels of chloride salt, may also form a mist of fine particles,
contributing to stack opacity. Dilution of the waste fuel is the only way
to reduce chloride coacentrations.

The primary effect of releasing halides as acids will be the possibil=-
ity of increased corrosion of ductwork and equipment handling stack gases if
the gas temperature falls below the dew point. This can be avoided by first
warming the boiler, using a non-corrosive fuel, then introducing the waste
solvent, and monitoring the stack to assure that the temperature does not
fall below the dew point.

Sulfur. Although excess sulfur ir the waste fuel may not be found very
often, if burned it will cause corrosion in ductwork and equipment handling
combustion gases if the gas temperature falls below the dew point. This can
be avoided if the boiler is first heated using a suitable fuel, and if the
stack gas temperature is monitored (Reference 9). Alternatively, high sul-
fur content waste may be co-fired with low sulfur waste or fuel to reduce
the sulfur concentrations of the boiler feed (Reference 6).

High sulfur levels in the waste solvent will also cause excessive levels
of 507 in the boiler emissions.

Sediment and Particulate Matter. High levels of sediment and particulate
matter will i-crease apparent viscosi.v of the waste solvent, cause blockage
of filters or burner nozzles, settle in waste solvent lines, and may (if not
incinerated) cause increased opacity of the stack gas. If particle size is
below 100 mesh, and piping is properly designed, wastes containing 5% or more
soclids may be rfed to the boiler. Effects on emissions depend on boiler de-
sign and stack gas treatment, as well as the contributing effects of ash in
the waste. This will be discussed in the next section.
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Ash. Effects of ash, combined with uncombusted particules, include
fouling the tubes (Reference 7), slagging the furnace walls (References 8,
9), and 1ncreasing opacity of the emissions. These effects can vary widely,
depending on actual composition or the ash, design of the boiler, and stack
gas treatment. Boilers designed fcr natural gas or distillate fuels may be
significantly affected because they are no: equipped with socot blowing pro-
visions, but there may be little effect in boilers designed for residual or
solid fuels (Reference 9). Although not definitive, ash fusion-temperature
tests may permit some prediction of boiler effects, but test firing in the
actual boiler, or in a similar boiler at the manufaturer's facility, is the
best way to determine the effects of a given fuel on a given boiler.

Moisture. It is of primary importance that the boiler fuel be a single
phase or a stable emulsion. Feeding a two-phase mixture might result in ra-
pidly alternating feed compositions. The results can vary from flame failure
to rapid, almost explosive, heafr release.

Even when the water and organic components of the waste are miscible,
there are two other effects which must be watched: decrease in flue gas dew
point, and decrease in boiler efficiency. Moisture in the fuel will appear
in the stack, and the higher the moisture level, the lower the dew point of
the stack gas. Unless care is taken, there might be a sndden increase of
corrosion in stack ducting and equipment.

Very high moisture levels also lower boiler efficiency. Heat required
to vaporize the moisture is carried to the stack, and, as a result, furnace
temperature is lowered, resulting in reduced heat transfer through the boil-
er tubes. These effects can be minimized by limiting the waste fuel rate to
about 5% of the total fuel rate. With this proviso, there is no limit to the
moisture content of the waste fuel; the primary fuel will produce enough heat
to vaporize and incinerate the waste while meeting the steam demand.

Viscosity

If viscosity of the waste fuel is too high, it will not be possible to
atomize the liquid into droplets small enough to oxidize completely. Good
acomization can usually be achieved if waste fuel at the burner is less than
750 sSU (Reference 12). Heaters are available which can heat the fuel as
high as 500°F (260°C) to reduce viscosity.

Reasonable pump designs and piping pressure drops set limitations of
waste fuel viscosity at about 10,000 SSU. It is practical to maintain stor-
age temperature at 200°F (95°C).

Thus, the limitavions on viscosity are:

© 750 SSU at 500°F
o 10,000 SSU at 200°p

Fuel Composition

Smaller hoilers are usually equipped with simple controls which link
the combustion-air dampers with the fuel control valve (Reference 6)., Sig=
nificant changes in fuel composition will cause fluctuation in the required

6-10



fuel:air ratio. If too little air flows tnrough the boiler, CO concentration
in the stack gas will ircrease, and combustion efficiency will decrease. One
technigue to avoid this problem is to set waste fuel feed at a constant flow
rate, to supply no more than 30% of the expected heat load. Primary £fuel
flow is varied to supply the required total hes: load, and combustion air
flow is set to assure that there will be adequa.e air throughout the boiler
firing range, and for all expected waste fuel compositions.

Larger boilers are usually equipped with combustion controls which can
permit fir‘ng 100% waste fuel if the heat of combustion is high enough to sus-
tain a good flame, if fire box temperatures are high enough to insure adequate
combustion, and if heat realease is adequate to supply steam demand.

Pretreatment Cost

Blending Costs. A blending system consists of three tanks, each equipped
with an agitator, Tank size is a function of waste fuel throughput and ex-
pected blending time. Because one tank would be required as a dry tank, ad-
ditional capital costs for blending are based on two storage tanks and three
agitators. These costs are shown below.

Capital Costs = Blending

Tank Installed? .
Size Capital Cost
(gal) (S$)

1,000 12,000

2,000 20,000

5,000 30,000
10,000 51,000
20,000 80,000

4 1Two tanks and three
agitators.

Thermal Treatment. Although there is an infinite range of possible 1li-
quid wastes which might be burned, the techniques for introducing the wastes
into the boiler are similar, and are based largely on techniques already de-
veloped for burning conventional fuels: The liquid must be sufficiently
atomized to permit fairly rapid combustion. The resulting flame must be as
long as possible to minimize flame temperature and to minimize formation of
NO,, but the flame must not touch the boiler refractories, walls, or tubes
unless the boiler is specifically designed for such contact. Although good
atomization may be achieved with fluid vicosities as high as 5,000 SSU (Re-
ference 12), it is common practice with standard fuel oils to limit viscosity
to 750 SSU a+t the burner nozzle. Pumping problems increase with liquid vise
ccsity, ani common practice with fuel oils is to maintain viscosity below
10,000 SSU for storage and transfer, with additional heat supplied just be-
fore the burner tu further lower the viscosity.

For purposes of developing thermal pretreatment costs, liquid wastes
have been categorized into three groups according to their viscosity:
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1. Viscosity at ambient temperature <750 SsU.

2. Viscosity at amblent temperatur> is between 750 and 10,000 SsU,

3. Viccosity at ambient temperature >10,000 SS, but <10,000 sSsU, at
200°F.

If the viscosity is less than or equal to 750 SSU, the waste is both
pumpable and capable of being properly atomized. No thermal treatment :s
needed for wastes in this category. Wastes of viscosity beteen 750 and
10,000 SSU are pumpabie but must be heated to achieve satisfactory atomiza-
tion. A fuel heater (shell and tube heat exchanger) may be used to raise
the liguid temperature sufficiently to lower the viscosity to below the lim=-
it for good atomization (750 SSU). An equipment arrangement for this purpose
is shown schematically in Figure 6.1. In this scheme, the waste is heated
(by steam) as it pases through the heai exchanger before entering the boil-
er. The only thermal treatment eguipment items needed are the heater and
piping. The installed costs of this equipment are plotted as a function of
waste feed rate in Figure 6.2 as curve 1.

Wastes of greater than 10,000 SSU viscosity at ambient temperature must
not only be treated to insure good atomization, but must also be kept hot
enough to prevent them from setting up in the storage tank and piping. Eguip-
ment requirements for waste in this category include the heat exchanger for
heating the waste as it is pumped to the boiler, provisions to recirculate
the waste back to the storage tznk, as well as items to keep the liquid warm:

Storage tank insulation

Storage tank heaters

Pipe tracing and insulation

Addition of a spare circulating pump

0O 00O

Instalied costs of this equipment, excluding the storage tank insulaction and
heaters, are plotted as a function of waste throughput in FPiqure 6.2 as curve
2. Because ES is not supplying waste storage costs, the tank heater and ir
sulation costs are being provided as separate cost items. These costs are
presented in Table 6.5. The storage tank heater for which costs are presented
here 1s the immersion steam coil type. Insulation costs are for three inches
of fiberglass insulation.

Solids Removal Cost. As discussed in Se~-tion 4. sludges and slurries
are generally not pretreated to reduce the soiids content to levels where the
liquid can be burned in an industrial boile- but, rather, are mixed with solid
fuels (coal or non-fossil fuels) before firing in a solid fuel unit. For the
solids removal system priced below, an upper limit on solids content of 5% by
weight is used. Wastas of higher solids content will probably be dispocsed of
Ey alternate means.

A typical solids removal system will include either both settling and
screening or settling and filtration. A tyrical system is illustrated by Fi=-
gure 6.3. 1In this scheme, the waste is first pumped from a processing unit
into one of three tanks. The three tanks are alternately used in either a
receiving mode, a holding mode to provide a gquiescent environment for set-
tling, or a transfer mode from which the suprernatant waste is pumped to fi-
nal solids removal by either screening or filtering. A duplex basket type
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FIGURE 6.1

BLOCK DIAGRAM, THERMAL TREATMENT FOR LIQUIDS
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FIGURE 6.2

THERMAL TREATMENT EQUIPMENT COST

AS A FUNCTION OF WASTE FLOW RATE
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TABLE 6.5

STORAGE TANK HEATER AND INSULATION INSTALLED CO3STS

Tank Size Heater Costs Insulation Costs
(gal) ($) {($)

500 11,000 430
1,000 12,000 660
2,000 14,000 960
5,000 17,000 1,310

10,000 19,000 2,850
20,000 38,000 3,640
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strainer (100 mesh) 1is commonly used when the polishing stage is achieved by
screening. A dual cartridge filter is generally the choice 1f a filter 1is
used. Either of these devices permits cleaning without process shutdcwn.

The cost for this type system is shown in Figure 6.4 as a function of the
throaghput of treated waste. 1In developing this curve, it was assumed that
waste entering the system contained 5% solids by weight as mentioned above.
The capital costs should be essentially independent of the solids content for
levels below 5%. The system shown in Figure 6.3 is capable of reducing tle
solids content down to levels where no plugging of the burner gun nozzle oc=-
curs, wnich is probably between 0.5 to 1%,

The equipment items inclucded in the cost development are the tanks, pump,
piping, and a cartridge type filter. Since a duplex screen is generally less
expensive than a filter, a filter was assumed in developing the cost curve.
The tanks are above ground, vertical, conical r-cf of carbon steel construc-
tion with c¢oncrete support pad. They were sized to provide a detention time
of approximately 10 hours which should provide sufficient settling time for
mosSt nonviscous wastes. The costs estimate includes only two of the three
tanks shown in Figure 6.3 because a waste holding tank is generally used
when no pretreatment is required. A Movno® pump is assumed for removal of
the sludge or slurry formed by the settled solids. It is assumed that this
sludge/slurry is either pumped into a tank truck, drums, or a cart for trans-
port to safe disposal.

Water Removial Costs

Decanting was the only means of removing water from wastes fired in
boilers reported by those contacted during the telephone survey. This pro-
cess only removes the water in excess of the solubility limit in the organic
fraction of the waste., Standard above ground cylindrical storage tanks are
used as decanting devices. A typical arrangement is depicted schematically
in Figure 6.5 and is very similiar to that used for removing solids.

The total installed capital costs for this type of system were developed
as a function of the dewatered waste flow rate. These costs are presented
in Figure 6.6. Costs are presented for three different assumed inlet water
contents: 10, 50, and 75% by weight. It was assumed that the water content
of the waste is reduced to 5% by weight. This level of water should not
cause any significant adverse effects on the boiler.

Equipment items included in the costs are two tanks, a pump for trans-
ferring the decanted water, and pijping. Because a holding tank is often used
when no pretreatment is required, one of the three tanks shown in Figure 6.5
is not included in the cost estimates. Similarly, the duplex strainer and
pump for transferring the treated waste to the boiler are required if there
is no dewatering and, therefore, are alsc not included. The tanks are cylin-
drical, above ground, conical rocf design of carbon steel construction with
a concrete support pad. They are sized to provide approximately 10 hours
detention time which should be adequate for dewatering mos: wastes where de=-
canting is practical. A gear pump of carbon steel construction was assumed
for removing the water from the tank. It was sized to remove the water layer
in less than one hour.
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FIGURE 6.4

SOLIDS REMOVAL EQUIPMENT COST AS

A FUNCTION OF WASTE FLOW RATE
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FIGURE 6.5

TYPICAL WATER REMOVAL SYSTEM
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FIGURE 6.6

WATER REMCVAL EQUIPMENT COST

A FUNCTION OF WASTE FLOW RATE
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Boirler Modification Costs

Burr2~ Modifica<cion Costs

The cost for modifying an existing burner system to provide for firing
hazardous waste 1s extremely site specific and depends on the existing burn-
er type and capacity, number of burners employed, type of conventional fuel
fired, properties of the waste, and quantity of waste to be fired. Generally,
the least expensive approach is taken. Some boilers were originally designed
to fire hazardous waste as either the primary or as the supplemental fuel.
Others require only that a burner gun be replumbed to fire the waste. This
would not require significant capitial expenditure. 1In many other instances,
the hazardous waste 1s blended with the conventional fuel and fired with no
modifications being made to the burner. This is the basic approach used
when burning sclid wastes 1n coal-fired boilers,

Costs given here are for providing the necessary burner components to
fire a gaseous or liquid hazardous waste in natural gas, oil, coal, and com-
bination fossil! fuel-fired boilers. Solid hazardous waste firing is not ex-
tensively practiced and is generally limited to coal-fired units where it is
blended with the coal before being fed to the boiler. All costs given below
assume that the waste is piped to the burner, i.e., costs do not include a
fuel handling train., They are based on prices obtained from boiler burner
vendors and therefore may be higher chan actual costs as many large indus-
trial boiler owners fabricate their own waste burners.

There are two baslic alternatives commonly practiced for burner system
retrofit to accomodate waste firing that require significant captial expendi-
tures. The first alternative 18 to install additional burner guns for waste
firing in the air register of the existing burner(s). Waste is simply atom=-
ized into the primary fuel (natural jas or oil) fliam= envelope. 1In boilers
equipped only with ring burners for natural gas, liquid waste co-firing can
be effected by plumbing a liquid waste nozzle into the burner centerline 1in
much the same fashion that these burners are retrofitted for fuel oil firaing.
For safety reasons, the waste burner gun must be tied into the flame safe-
guard syscem to shut off thne waste flow in case of flame cut. A good gual-
ity air or sceam atomizing burner gun capable of handling the range of waste
flows typically fired in this type arrangement can be purchased for under
$5,000. The total inctalled cost, including plumbing and 2lectrical to tie
into the flame safeguard system, can run from $10,000 to $15,000.

In some burner retrofits, replacement of the en*ire burner assembly may
be required. A conmplete burner assembly includes air register, burner guus,
ignitor, flame safeguards and windbcx. The number of new burner assemblies
ingtalled as part of the retrofit depends on the quantity of waste to be
burned and the boiler size. The cost of a single burier assembly depends on
a number of factors including the number o1 fuels/wastes fired (which deter=
mines the number of guns), the properties of the fuels/wastes, and the fuel/
wagte quantities. The small gas and oil fired packaged boilers selected for
the econcmic analysis (15 million Btu/hr heat input) are single burner units.
A complete burner assembly for one of these boilers that is capable of firing
both 0il (or gas) and a liguid hazardous waste typically cousts $25,000 to
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$30,700 installed. A 15U million Btu/hr neat input oil or gas fired poiler
Jenerally has Zrom one tc six burners. Therefore, the purners for tnose
units vary from 25 to 130 million Btu/hr heat iniuz. Installed cost of tnese
burner assempliiles typically runs from $35,000 to $40,000 for the 25 mill:on
Btu hr uniz to $75,000 £o 390,000 for tne 150 mililicn Btu/hr unit. A large
field erected o1l fired cwoiler of 400 million Btu/hr heat input generally nas
four or more burners. Therefor2, costs for the individual burner assemdlies
snould be apoutr the same as those for a 130 million Btu/hr neat input dciier,

Replacement ¢f a complete assembly for a pulverized coal-fired boililer
t¢ provide for hazardous waste burning is unlikely because it is almos: al-
ways possible to insert some type of waste gun in the air register of one
of these units. Furtnermore, many of these units alsc have oil or gas guns
that can be replumwed for firing the waste. For the size pulverized coal
poilers selected for the economic analysis, the burners are most likely be-
<ween 35 to 75 miilion Btu/hr capacity. Installed cost of a complete assem-
bly capable of co-firing a liquid or gaseous waste witn the coal typically
runs from $75,000 to $100,000, 1Installiation typically is 50% of the equip-
ment COStS.

Stoker boilers are purchased with or without auxillary burners to fire
2il or gas. When the boiler does not have a buraer that can be retrofitte.
to burn the waste, a complete burner assembly 1is necessary. To install a
complete burnar assembly in the furnace wall of a stoker not having an exist=
ing opening to accept 1t wWould be extremely expensive because a section of
the wall cubes must be removed. This generally requires an expensive engi-
neering study and costs for complete retrofit are estimated to run between
$200,000 to $300,000 depending on the boiler and burner designs. If an ex~
1sting opening can be used, the installed cost would be considerably less per
burner assembly. As with the other boiler types aescribed above, the cost
would depend on the size of burner assembly installed. If the waste is to
be co-fired with the coal, the burner would likely be designed to provide
approximately 25% or less of the total fuel requirement. For the 30 million
B=u/hr stoker, the maximum capacity burner assembly would be slightly less
tnan 10 million Btu/hr and would typically cost $20,000 to $25,000 instalied.
For the 75 and 150 million Btu/hr stoker models, one Or two burners mw.y be
used. A single 25 million Btu/hr burner costing approximately $35,0J0 to
$40,000 installed would be representative for the 75 m:illion Btu/hr boiler.
For the 150 million Btu/hr stcker boiler, the burn assembly retrofit is
likely to cost $60,000 to $70,000 regardless of whntiier cne or two units
are used to supply up to 25% of the total heat input,

Oxygen and Carbon Monoxide Monitoring

Continuous monitoring of 05 and CO concentration in the exhaust gases of
a boiler burning a hazardous waste may be necessary to insure that good com-
bustion conditions are being maintained. Many boilers are already equipped
with Oy and/or CO monitoring as components of automatic excess air trim sys-
tems. These systems were purchased primarily to save fuel costs through in-
creased combustior efficiency. Automatic excess air systems are becoming in=-
creasingly common on new boilers of all types (Reference 3), Furthermore, one
of the requirements of the new source performance standards for industrial
boilers being considered is that either 0; or CO, monitoring be installed to
measure the amount of diluent air leaking into the stack gases (Reference 14),
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Tne cost of both O> and TC continuous emlsSslons MONITOring systems vary
depending on vendor and type (in=situ Or extractive), This variation 1s in-
significanz, nowever, for the _:zwel of accuracy needed for the economic anal=-
vsis. Trer2fore, a single cost figure 1s given for each monitoring system.
The cost data presented here were developed uslng engineering judgment and
prices obtained from vendors, and reference costs were for tne 1983 period.

Typically, an installed cxygen monitoring system costs approxinately
$15,000 including analyzer, sample transport and conditioning system (if
an extractive type), strip chart recorder, and installation. This cost 1is
essentially independent of boiler size and type.

Carbon monoxide monitoring systems are more expensive than C; systems
pecause a more scphisticated analyzer 1s required. A representative cost
for an installed CO monitoring system 1is $20,000 including the CO analyzer,
a sample transport and conditioning system (for an extractive type), a strip
chert recorder, and installation. As with the O; system, this cost should
be i1ndependent of boiler size and type.

The akove costs assume that the collected strip chart data will be re-
duced manually. For an additional $20,000 an automatic data reduction system

can be provided (Reference 14).

Furnace Temperature Monitoring

One basic stratecy for regulating the combustive destruction of hazard-
ous waste in boilers is to set performance goals thet must be met Dy the
equipment. The ability of the combustor =0 generate a specific environment
{(time, temperature, turbulence) is one of several performance goals being
considered as part of an approach for regulating the burning of hazardous
waste in boilers. If this performance goal is adopted, some means of moni-
toring the boiler furnace temperature may be required.

One or more thermocouples will be needed to monitor the temperature in
the hot environment of a boiler furnace. A pryometer is not capable of suf-
ficient accuracy. The thermoucouple must be capable of measuring temperatures
in the range of 2000 to 3000°F and, therefore, should be radiation shielded.
If more than one thersmocouple is required, a scanner is recommended to alter-
nately switch to each thermocouple. A simple strip chart recorder is adequate
for providing a permanent record of thermocouple ouput. A linearizer with
reference junction compensation is necessary. This can be either a separate
device or built into the strip chart recorder. Sufficient thermocouple wir-
ing is needed to link the various ~omponents. Total cost of this type of
monitcring system is typically $4,000. These costs are based on prices ob=-
tained from Reference 15, 1Installation shouuld be less than $1,000. These
costs should be relatively independent of boiler size and type.

Waste Feed Metering. I1f limitations on the hazardous waste feaed rate
are adopted, capital outlays for flow metering wilil be necessary. Liquid,
jaseous, or both types of flow meters will be needed, depending on the waste
fired. Two types of ligquid flow measurement devices well-suited for this
application are the positive displacement meter and the orifice meter. These
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urits are relatively inexpensive and are applicable to a wide range of wastes.
E.ther device can De obptained for approximately $2,000 to meter flows up tC
2,400 gallons =2r hour, wnich 1s tne maximum flow rate one would artic.zacze
for waste feed to an 1ndustrial size boialer. (A 400 million Btu per hour heat
input doiler fires approximately 2,400 gallons per hour of residual fuel o1l
at full load.) Some type of recording 1s needed to provide a permanent recora
of the waste feed rate. A simple $2,V00 srrip chart woula serve this purpose
adequately. Installation is likely to cost an additional $1,000. Thus, the
total installed cost of a liguid waste feed metering system will be approxi=
mately $5,000.

Three types of meters which should cover the range of gaseous waste
applications are the turbine meter, the vortex shedding meter, and the ori-
fice meter., Orifice meters recult 1n a large permanent pressure drop and,
therefore, are limited to applications where such large pressure drops can
pe tolerated. Both the turbine and vortex shedding meters are low pressure
drop devices. A turbine meter or vortex shedding meter capable of measuring
gas fiow rates up to 30,000 standard cubic feet per hour costs approximately
$6,000. Most hazardous waste streams fall within this flow range. An ori=-
£ice meter capable of measuring flows up to 30,000 standard cubic feet per
hour costs approximately $3,000 including all the ancillary items (pressure
transducers, etc.). A recording device for any of these devices can be pur-
chased for approximately $2,000. Installation should cost less than $1,000,
Therefcre, the total installed cost of a turbine or vortex shedding metering
system might typicaily cost $9,000 and an orifice meter system might cost
$6,000,

Process Control Instrumentation

As with burner gun assemblies, the costs to retrofit the combustion
control instrumentation to permit the firing of hazardous waste is very site=-
specific arnd generally che most economical approach is taken. Because the
cost is so site-specific, some generalizations are necessary to tailor thenm
for use in analyzing the economics of incinerating wastes in boilers. For
example, the costs presented here include only ccmponents necessitated by
the addition of waste firing.

For many retrofits of boilers to fire hazardous waste, no significant
change to the combustion control instrumentation is required. For instance
when a waste is co-fired with a ~onventional fuel at a rate of less than 25%
of the total fuel demand, the gen<ral practice is to base-load with waste at
a steady feed rate and modulate the cunventional fuel only. 1In this case,
the cowmbustion control instrumentation is essentially unaltered, Similarly,
wnen the waste is blended witl the conventional fuel before it is fired,
there is no combustion control instrumentation modifications required. In
situations where the total hea* input is provided by waste(s) that can be
fired in the same burner(s) already installed on the boiler, there, also,
are no significant changes in the combustion controls required.

Installation of a completely new combustion control system is rarely
needed to fire hazardous waste., When mciulation of the waste feed rate is
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reguired, 1t 1s almost always achileved Dy lntegrating some additional compo-
nents 1nto the ex1sSting sSysi2m. A possible exception 1s when tne existing
svstem 1S SO antiguated that 1t 1S more eccnomical =™ irstalil a new one than
Lo upgrade 1t to nandie tnhe waste.

The majority of oil, gas, or combination gas,oil boilers of 30 million
Btu per hour heat :r1nput or less have direct-positioning (jackshatt) type
combustion contrul. Because of 1ts simplicity, this type of control system
can easlly be modified to integrate modulation of the waste feed. This can
easlly be done in most applications tor less than $5,000 including hardware
and :nstallation. Hardware includes waste flow valve, additional control
linkage for the jackshaft, and some minor plumbing items.

All other boilers have some form of a metering type combustion control.
Hardware necessary to control the combustion of the waste can generally be
1ntegrated into this type control system for $22,000 to $30,000, including
installation. Hardware includes a setpoint controller, flow ccntrol valve,
flow metering device, miscellaneous piping, and electrical wiring. The flame
safeguard is not considered as part of the control system here because it was
included as a burner assembly component.

Air Pollution Ccntrol Devices Costs

If EPA promulgates emission standards for boilers firing hazardous waste,
similar to those adopted for incinerators it is likely that some boilers may
either reguire the addition of removal equipment for particulate matter and
HCl c¢r the reduction of the ash and/or halogen content of the waste to be
fired. Air pollution control devices may also be needed to limit the emis-
sions of toxic metals wnich may be emitted as either fine particles or as
vapors. Due to the large capital and operating expense associated with the
application of air pollution control devices, it is not likely that burning
hazardous wastes will prove economically attractive should these devices be
required. Boiler operators are more apt to meet emission standards by either
blending the waste to reduce the concentration of the contaminant of concern
or find alternate means of disposal. It 1s impossible, however, to predict
with certainty the industry trends relative to the additional air pollution
control devices. Therefore, the costs presented in this section are for the
control devices that are most likely to ke applied should performance stan-
dards for particulate matter, metals and/or HCl be adopted.

If control devices are chosen as the means to meet emission standards,
then one of three basic systems is likely to be used. For particulate mat-
ter control (including metal particles), either an electrostatic precipita-
tor or a baghouse is the likely candidate. The high energy costs associaied
with scrubbers will limit their use when only particulate matter removal is
required. However, a scrukber system is a logical choice for the removal of
HCl or vaporous metals. Wnen more than one of the four pollutants (particu-
late matter, HCl, metal particles, metal vapors) must be removed, a scrubbing
system becomes even more attractive.

Capital costs are presented below for each of the three types of air pol-
lution control devices (APCD) as a function of the volume of gas treated. The
costs presented here were developed from informa‘tion obtained from Reference
16 and 17.
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The purchased egulpment costs prov:ide the nasis for estimating the cap-
1tal APCD costs. Factors used to calculate Ine capital costs are listed uin
Table $.€&. These factors represent the individual capital cost components
expressed as a fraction of the purchas=d equlpment costs. Direct capital
costs consist Of the basic and auxiliary equipment costs in add. zion to the
lapor and material reguired to 1nstali the equipment. Indirect costs are
Tnose S0sSTs not attributable to specific eguisment ituws.e Each of the con-
Trol system cost curves presented below include the cost of auxiliary eculp-
ment normally associated with such a system.

Electrostatic Precipitator Costs

The electroszatic precipltator 1s llkely to be u primary candidate should
a boller operator only need to install an APCD to meet @ particulate matter
emission standardi. These devires typically have a high particulate matter
collection efficiency. Furthermore, they are low pressure drop devices which
make them especially welle-suited for retrofit applications such as industria.
boilers co-firing wastes. Another advantage of being a low pressure drop device
1s that new fans or other gas handliing equipment are not needed., Consequently,
the costs presented below include no provisions for a new fan or other gas
handling equipment.

Capital costs of electrostatic precipitators are plotted in Figuve 6.7
as a function of rthe exhaust gas treated. These costs were developed using
the Deutsch equation:

A ==Q1ln (1 = n)/w
where: is the Jdesign efficiency specified
is drift velocity, ft/s

n
w
Q is the exhaust flow rate, cfs
A is the net plate area, ft2?

The drift velocity quantifies the electrical characteristics of the dust and,
therefore, has a large e2ffect on the collection efficiency and plate area.
For these reasons, costs given for drift velocities of 0.115 ft/sec are re=-
presentative cf high=-resistivity dust and of 0.282 ft/sec are representative
»f low-resistivity dusts. High resistivity dust cost data should be used for
application to low sulfur containing fuels. Conversely, cost data for low
resistivity should be applied for high sulfur containing fuels.

Since they are also a function of the efficiency, ESP costs are reported
for two different levels, 99.5 and 99.9%. It is unlikely chat efficiencies
in excess of 99.9% will be required for this application as it is difficult
to routinely achieve higher levels.,

The ESP cost curves are for an insulated carbon steel unit since the
wastes or waste/fuel mixtures burned may possibly ccntain significant quanti=-
ties of water, sulfur, phosphorous, or halogen compounds. The presence of
significant quantities of these materials in the fired waste can result in
the formation of sulfuric, hydrochloriec, or phosphoric acids in the combus~
tion gases. Insulation will keep the temperature of the combustion gases
above the dew point of these acids and thur, prevent corrosion of the ESP,
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TABLE 6.6

AVERAGE COST FACTORS FOR LSTIMATING CAPITAL COSTS

Wet Fabric
Cost Facters FSP Scrubber Filter
DIRECT J0S8TS
1. Purchased equipment cost<
a, Control device and 0.82 0.82 0.82
auxi.iary eguiprent
b) Instruments I contro.ls 0.10 0.10 0.10
c) Taxes 0.03 0.03 0.03
d) Freight 0.05 0.05 C.05
Subtotal 1.00 1.00 1.00
2. Installation direct costs
a) Foundations & support 0.04 0.06 J.04
b) Erecticn & handling 0.50 0.40 0.5
c) Electriczal 0.08 0.01 0.08
d) Piping 0.01 2.05 0.0
e) Insulation 0.02 0.02 0.07
f) Painting 0.02 0.01 0.02
Subtotal 1.67 1.56 1.72
INDIRECT COSTS
3. Installation indi~ect costs
a) Engineering & supervision 0.20 0.10 010
b) Construction & field expense 0.20 0.10 0.20
c) Construction fee 0.10 0.10 0.10
d) Startup 0.01 0.0 0.01
e) Performance test 0.01 0.01 0.01
£) Model study 0.02 0.0 0.0
g) Contirgencies 0.03 0.03 0.03
TOTAL 2.24 1. 2.7
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Baghouse Costs

Baghouses have infreasingly becr. selected for controlling particuiace
matter emissions Irom industrial boilers. These devices are capapie of ex-
tremely nigh collection efficiencies and can be used across a broaca range of
exhaust Jas volumes. Reverse alr 1s the most common type baghouse installed
on boilers (Reference 13). Theretcre, the cost curve presented 1n Figure 6.7
1s for this ctype 2f unit. The mest commonly chosen bag for poiler appliczation
is constructed of fiberglass (Reference 13). Thus, tne cost curve presented
in Tigure 6.8 assumes fiberglass bags are used. An air-to-cloth ratio of 2
te 1 £t/min was used to generate the cost curve. Because baghouses are re-
latively low pressure drop devices, the costs do not provide for a fan or a
fan drive. It 1s assumed that the existiny combustion air fan and/or blow-
ers are capable of pushing the exhaust gases through the baghouse. The cost
curve shown 1n Figure 6.8 1s for an insulated carbon steel unit. For this
application, the baghouse should be insulated to prevent molsture condensa-
tion which could blind bags and to prevent acid dew point CoOrrosion.

Scrubbing Systems Costs

Because of the inherent high operating and maintenance costs associated
with scrubbers, 1t 13 7ery unlikely that these devices will be installed to
solely mee< particulate matter emission limits. A scrubber system 1S, how-
ever, a logical choice for HCl, simultaneous particulate matter and HCl, or
simultanecus vaporous retals and HCl removal. For simultaneous HCl and par-
ticulate removal, a combination venturi scrubber/acid gas absorber system 1is
likely to be the most economical ch»nice 1f there 1s no existing particulate
matter APCD. A typical system might include a guench tower, venturi scrubber
for particulate collection, acid gas absorber, caustic recycle system, and
ID fans plus auxiliaries. The capital costs of this type system is plotted
as a function of exhaust gas flow through it as Figure 6.9. This cost curve
was developed from Reference 17 and is based on a venturi pressure drop re-
quirement of 30 in. w.c., which is also typical. For high pressure drop
systems (approximately 100 in, w.c.), the additional costs for the venturi
and multiple, high~head fans frequently double the total system purchase
cost. The venturi scrubber comprises approximately 15% of the total system
costs. Therefore, multiplying the costs in Figure 6.8 by 85% providss an
estimace of an absorptive system capable of removing HCl, metal vapors or
both.

OPERATING AND MAINTENANCE COSTS

The operating and maintenance costs for boiler operation are likely to
be greater whenever wastes alone or a comdbination of waste and conventional
fuels are hurned than when only conventional fuels are burned. Additional
storage and handling facilities are typically required t» fire wastes. Tnese
must be maintained and, if agitators or nitrogen blanketing are used, could
increase operating costs also. When the wastes must be pretreated before they
can be burned, additional O/M costs are incurred. Additional maintenance of
the boiler itself, resulting from the presence of high ash, alkali metals,
chlorine, sulfur, or phosphorous compounds in the waste, is another octential
incremental cost associated with burniny wastes in boilers. The deleterious
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i1mpacts oOn boliler subsystems thdt can result from burning wastes contalnling
these specsies are drscussed in detarl in Reference 19. There also may be
1ncreased boiler O /M CSOsSts as a result of 1ncredsing the number Of burner
guns and using more complex combustion control i1nstrumentat:on. These costs
are not expectad to be significant, however.

Eguipment reqguired to meet adopted regulatory requirements will likely
fdrzher 1ncrease the J,/M costs associated with firing hazardous waste over
those associated with firing conventional fuels. Air pollution control ade-
vices addea to meet emission limitations will increase the O/M cost burden.
Further costs will be incurred to maintain O, and/or CO monitoring, waste
metering, and furnace temperature monitor.ng systems. 7,M costs assocaited
W1tn waste metering are, however, expected to be insignificant. The costs
of maintaining a furnace temperature monitoring system 1ls difficult to esti-
mate because of the uncertainty in predicting the fregquency of thermocouple
replacement.

This section presents O/M costs for the following of the aforementionea
items:

O Waste pretreatment
o Bouler modification costs
© Air pollution control devices

Increased O/M costs associated with waste storage and handling cther than
pretreatmeat are provided by others. Boiler maintenance costs stemming from
corrosion and fouling-related groblems resulting from burning hazardous
wastes are not grven as there is not sufficient information available to
deveiop them.

Pretreatment O/M Cos*s

The annualized O/M costs associated with the four pretreatment processes
(blending, thermal treatment, water removal, and solids removal) for which
zapital costs were given in this section are presented here., Certain ele-
ments of these costs are generic to all four processes. 7These are listed
in Table 8.7,

As shown in Table 6.7, the O/M costs include both direct and indirect
components. The direct components include operating labor, maintenance,
ut.lities, and residue disposal. Operating labor is taken at $9.75/marhour.
Estimated labor requirements are one manhour per shift for solids removal,
water removal, and blending. For thermal treatment, it is assumed that no
operating labor is needed. Supervision is estimated at 15% of the total op-
erating labor costs (Reference 20). Maintenance requirements are difficult
to predict accurately for these types of operations. For such situations,
maintenance 1s generally taken as 2-6% of the capital costs (Reference 21).
Five percent was used in these estimates.

The only utilities required for these processes are electricity to drive

the pumps and steam for the thermal pretreatment. Pump power consumption 1is
estimated from the folleowing equation:
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COMPONEMTS

TAB

OUF

LE o.7

ANNUALIZED COsT:

Dlrect
Operating Costs

Cost Factord

Operating .abor
Qperator

Supervisor
Maintenance
Utilities

Electricity

Steam:

Residue disposal

$9.75,/manhour
15% of operator

5% of capital costs

$0.05/kwh
$6.00/1000 lbs.

wWastewater $2.00/1,000 gal.
Sludges $100/ton
Indirect

Operating Costs

Overhead

Property tax
Insurance
Administration

Capital recovery cost

80% of operating labor and
Taintenance labor

1% of capital costs

1% of capital costs

2% of capital costs
0132 (using i = 10% and
an equipment life of 15
years)

2 all costs are in 1984

d

ollars.
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Q.746(GPM) (hd ) (SG)H
3960n

Kwh =

wnere: GPM = flow rate, U.S. gpm
nd = nead of fluid, ft.
= gpecific gravity relative to water ¢4 60°F, 29.92 inches mercury
= overall pump/motor efficiency = 40%
= hours of operation

[}
I3 W
[

An electricity cost of $0.05 per kilowatt hour (Reference 22) was used in the
power costs determination.

Steam i1s needed for the thermal pret-eatment. An average cost of $6.00/
1000 pounds of steam at 100 psi was uscd.

Total residue disposal costs include the costs for the sludge generated
by the solids removal pretreatment and wastewater formed during the water re-
moval pretreatment., Disposal 2f the sludge is by landfilling in a secure,
hazardous waste landfill. The cost of this type disposal depends 2n location
of the landfill. A representative cost is $100/ton (Reference 22). Water re-
moved from wastes that are fired in boilers may be sent either to a municipal
sewer (more typical of smaller facilities) or to the facilities' wastewater
treatment plant., Municipal sewer charges are quite variable, but $2.00/1000
gallons is a reasonably representative charge. If the wastes are sent to an
industrial wastewater treatment plant, the cost of disposing of the wastewa-
cer should be less. The $2.00/1000 gallon figure was assumed in calculating
<he annualized O/M costs. Residue disposal is increasingly the dominant O/M
cost for solids removal pretreatment as the quantity of waste being treated
increases. At 50 gal/hr , it is slightly over one-~nalf the total O/M cost,
while for a waste stream flow of 1000 gal/hr, it would be slightly over 90%.

The indirect operating costs include the costs of overhead, taxes, in-
surance, administration expenses, and capital charges. Taxes, insurance,
and administration can collectively be estimated at 4% of the capital costs,
while overhead charges can be considered at 30% of the labor charges for
both O/M. The annualized capital charges refiec. the costs associated wi+h
capital recovery over the depreciable life of the system and can oe deter-
mined as follows:

i(1+1)8

Capital Recovery Cost = (capital costs) x -
(1+1)0=1

where: 1 = annual interest rate
n = capital recovery period

For these estimates, a useful life of 15 years and an average annual interest
rate o2f 10% were assumed.
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3lending O/M Costs

3ize and number c¢f blending tan.s will vary with waste luel flow, and
the time regquired to blend the mixture. This section is based on a three
cank system: one filling, one blending, and one feeding the boiler. However,
because one tank would be required as a dry tank, the costs are based on two
storage tanxs, agitators for ail tnree tanks, anc energy for all three tanks.

waste materials would be pumped from storage into one tank, the volume
transferred based on flow meters or tank level measurements. Several waste
streams could flow to the blending tank at one time. As soon as the agitator
propeller is covered, the agitator can be started. Reguired agitation time
will vary widely, depending primarily on the viscosity of the waste material.
Hazardous waste flowing to the tank should be shut off when the blending
tank i1s filled. Filling may take one snift and blending may take one shifct,
aftar which the contents of the tank are fed to the boiler during one shift,

Operating and maintenance costs for this operation are shown in the fol=-
lowing table.

Operating and iaintenance Cost = Blending

Tank o&M
Size Costd
(gal) (S/zr)
1,000 21,500
2,000 23,600
5,000 26,300
10,000 31,700
20,000 39,400

2 One hour per shift (3 shifts/day) plus
maintenance (5% of capital costs).

Thermal Treatment O/M Costs

Figure 6.10 presents the annualized thermal treatment O/M costs as a
function of waste feed rate for the two categories of wastes for which capi-
tal costs were given earlier in this section:

Curve 1 = Wastes with viscosities greater than 750 SSU but less than
10,000 SSU at ambient temperature.

Curve 2 - Wastes with viscosities greater than 10,000 SSU at ambient
temperatures.

As with the capital costs, provisions for heating and insulating the storage
tanks are not included in the O/M costs for wastes with viscosities greater
than 10,000 SSU but are reported separately in the following table., Wastes
with viscosities between 750 and 10,000 SSU at ambient temperature do not
require storage tank insulating and heating. .
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Operating and Maintenance Cost - Therwral Treatment

Tank o&M
5122 Costs
(gal) ($/yr)
500 470
1,000 890
2,000 1,710
5,000 2,190
10,000 3,900
20,000 5,380

wWater and Solids Removal O/M Costs

The O/M costs for removing water from wacte streams containing 10, 50,
and 75% water are given in Figure 6.11., These cos:s assume that the water
content 1s reduced to 5% betore the waste is pumped to the boiler. The re-
moved water is assumed to be sent either to the plant's wastewater treatment
unit or to the sewer.

The solids removal costs are given in Figure 6.12. Disposal of tne
collected slurry is by far the dominant C/M cost as discussed above.

Boiler Modification O/M Costs

Burner Modification O/M Costs

The burner gun assembly and the associated controls to fire waste fuel
should recquire little operator attention beyond that required for the boiler
firing conventional fuels. Maintenance cost will be about 5% of capital
cost, capital reccvery 13.2%, and taxes and iasurance 2%. Therefore, total
annual O/M cost will be about 20.2% of the original burner gun assembly cap=-
ital cost.

Processs Control Instrumentation

.+ 1’ditional operating labor will be required to operate the process

control . <crumentation. Maintenance and fixed costs are shown Lelow.
Boiler Heat Capital o/M
Input Cost Cost
1068tu(hr $ $/yr
< 30 5,000 1,000
> 30 25,000 5,000

6-37



10Y bollars

Anmmnalized O/H Conta,

10C

FIGURE 6.11

ANNUALIZED O/M COSTS FOR WATER REMOVAL

li

}
i

10

10C

waste Flow, GPH

6-38

100¢



Ammmalized 0O/M Coata, 10} bollars

1000

FIGUFE 6.12

ANNUALIZED O/M COSTS FOR SOLIDS REMOVAL

100
Waste Flow, GPHE

6-39




Oxvgen and Carbon Monoxide Monitoring Q&M Costs

Anrual operating costs fcr several conrinuous mMONltoring systems nave
oeen estimated for evaluating the econoxic impact of NSFS for i1ndustrial boil-
ers (Ra2ference 14). These ccsts should also be applicaple tc "clean" exhaust
gas applications. An zannual O/M cost of $18,°00 1n 1982 dollars wes estimated
for an oxygen monitoring system. Costs for a carbon monoxide sysrtem should pe
about the same. Th: major iteas included 1n this estimaze are the malntenance
and performance certification. One~half manhour per day was assumed to be re-
quired for the maintenance at a rate of $35.81/manhour, including supervisor

and c¢verhead. ©One certification test per year, costing $1:,900 was assumed.

Requiring O, and CO monitors on industrial boilers burning hazardousg
waste could resulz in a fuel cost savings %o the operators of these devices.
This potential saving would vesult if the operators used the CO/0; monitors
tc maintain low excess air (LEA) combustion of the fuels. With LEA combus-
tion, less fuel is required because less heat is iost out <he stack with the
combustion gases.

The magnicude of the potential fuel savings that can be cobtained by LEA
combustion must be determined individually for each boiler because it depends
on many factors. The major factors influencing the potential savings include:

soiler type and condition

Burner type and condition

Combustion control type and condition
Operating load level

o 0 0O

The boiler tvpe and condition have a large impact on the amount of fuel
saving that may be achieved through LEA combustion. owumz2 types have design
characteristics that limit the range of LEA operaticu. Also, the flue gas
exit temperature for one type boiler can be significantly different from
those of another type. Since the fuel savings for a given excess air reduc-
tion is temperature dependent, bcilers with higher exit flue gas temperatures
shculd be capable of achieving a higher fuel savings per unit excess air po-
tential >f LEA. The condition of the boiler also impacts the fuel savings
potential of the LEA. A boiler that has significant air in-leakage is more
difficult to operate at low excess air levels because the air infiltration
may distort the O; reading drastically.

The type and condition of the burner(s) installed in the boiler also
greatly influence the fuel savings potential of LEA operation. A burner is
designed to operate efficiently over a specific excess air range. If oper-
ated at an excess air range lower than the design level, proper mixing of
the fuel and combustion air cannot be achieved. Poor air and fuel mixing
would likely result in incrmplete combustion of the fuel and higher fuel
consumption. Gas burners generally operate at lower levels than coal burn=-
ers. There is also a wide variation in the excess air level operations
capability of burners for a given fuel. The ccndition of the burner also
affects the potential fuel savings because the fuel flow chrough a dirty
or damaged burner is difficulr to control.
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Another important factor determining the potential of LEA combustion and
hence fuel savings 1s the type and condition of the combustion controls., Com=
bustion controls vary widely in comg'=2Xity from the simple single-polint posi-
tioning units typically found on smaller units to the metering s stem of a com-
plex, computerized process control system. Interfacinj the TN/0p monitor to
these sys=ems has limitations that are unique to each type of control system.
The level of LEA achievable is limited to how well the CO/0O; monitoring is
used oy the control system. Also, the condition of control system mechanical
compeinents also impacts the fuel savings potential. Damper linkage may flex
slightly, and bearings may '/ear over time., Even metering systems are suscept-
ible tc some shortcomings, since their flow transmitters are operated at tem=-
peratures and pressures that vary significantly from those at which the trans-
mitters were initially calibrated.

More exze2ss O is needed at low loads because of poorer mixing of the
fuel and air. Consequently, the operating load level aliso impacts the fuel
savings of LEA combustion.

Because of the influence of the factors discussed above, a Jdetailed break-
dowr of potential fuel savings by boiler type and fuel is deemed unjustified.
For che purpuse of determining the economic impact of requiring O,/CO monitor-
1ng, a 2% savings is estimated as a typical average value. 7This estimate is
based on discussions with ccmbustion control equipment suppliers, information
found in the literature, and data on oxygen levels and beiler exit flue gas
temreratures. These savings are also based on an estimated J3.5% increase in
combustion efficiency per 1% reduction in the 0, level in the flue gas.

Net all boiler operators would receive the fuel saving estimated for LEA
operaticn as a consequence of requiring 0/CO monitoring. Some boilers are
already equipped with O; trim or 05/CO-trim. In fact, those boilers equipped
with CO-trim systems may actually be required to operate at a higher LEA level
than they are currently operating at, depending on the level of CO limits im=-
posed, and thus would consume more fuel. Boilers with CO-trim systems typic¢al-
ly are operated with a CO setpoint of from 200 to 400 prm. A CO limit lower
than this range would require that they operate at a hicher LEA level than
their current setpoint level. Alsu, some boilers are ejuipped with Oj-trim
systems. Thus, estimating the fuel savings potential ¢f requiring 05/CO mon-
itors on a particular population c¢f boilers requires a knowledge of how many
units in the population already are operating at LEA levels (i.e., how may
are using O, or CO monitors to achieve LEA combustion.) Once the fraction
of boilers currently employing LEA controls is determined, the potential fuel
savings for the entire population may be estimated from the potential savings
of a single unit,

The savings of a single boiler can be estimated by multiplying the total
annual fuel cost by 0.02 or 0,04 depending on the type fuel burning device be-
ing considered. The annual fuel cust is estimated by multiplying the design
heat input by the unit fuel cost pra2sented in the preceeding paragraphs. For
example, the maximum potential annual fuel savings of a 150 x 108 Btu/hr, re-
sidual oil-fired boiler would be:

.02 x 150 x 106 Btu/hr x 8760 hrs/yr x $4.62/106 Btu = $121,400
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This assumes that the boller operates 24 hours per day, 365> days a year.
This savings can be adjusted to watch different assumptions regarding load
factor.

A comprehensive survey of dollers was not conducrad to determine the
fraction of units already equipped with an LEA capacity.

Alr Poullution Control Devices O/M Costs

The annualized O/M costs for e.ectrecstactic precipitaters, baghouses,
and combined venturi/gas absorption systems presented Ln Figures ©6.13 through
6.15 are hased on B700 hr/yr operating time and the cost factors presented in
Table 6.8, The annualized costs given in Figure 6.15 are for a ccmbination
vencruri/gas absorption system. When no venturi 1s reguired, the /M costs
are approximately 895% of that given by Figure 6.5, The O/M Z>nsts irclude
direct costs such as operating labor and materials, maintenarce, r- _.lacement
parts, utilities, and collected particulate disposal. A.s0 iLncluded are in
direct costs such as overhead, insurance, taxes, and capital recovery. Cost
factors presented in Table 6.8 were estimated from information contained 1irn
Reference 16 and represent 1977 dollars. Methods for updat.ng these costs
to the year finally selected for indexing the economic impact analysis are
detailed in Reference 16. The annualized O/M costs for the three types of
control devices presented in Figures 6.13 through €.15 are in 1980 doliars
(Reference 23).

Estimated operating labor requirements for APCD systems (Reference 186)
are 0,5 to 2 manhours per shift for electrostatic precipitators, 2 t> 4 man-
hours per shift for baghouses, and 2 to 8 manhours per srift for wet scrub-
bing systems. The only utility requirement for bSeghouses and electrostatic
precipitators is electricity. For baghouses, the power raquirement is ap~
proximately 0.2 kwh per 1000 ft2 for the reverse air far motor. The power
requirement of energizing the plates of a precipitator .s approximately 1.5
watts per square foot of collection area (Reference 20). For the scrubber
system, the ID fan is the major electricity consuming item. The following
formula was used for calculating the electric requirement of the fan (Refer-
eace 16):

kwh = 0-746(CFM) (5P} (SG)H
6356n

kilowact-hours

actual volumetric flow rate, acfm
pressure loss, inches WG
efficiency, usually 60%x

hours of opera*ion

where: kwh
CFM

[
o
L N N R

The scrubber also requires water which must be treated to remove solids and
neutralize its collected HCl.
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COST, 103 JANUARY 1980 DOLLARS

FIGURE 6.13
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COST, 103 JAMUARY 198 DOLIARE
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FIGURE 6.14

ANNUALIZED O/M COST OF REVERSE AIR FABRIC FILTERS,
CARBON S'Uhit. CUNSTRUCTION

1 1 [N B T U S O : ) 1

100.000
EXHAUST GAS RATE, acim

6-~44



COST. 103 JANUARY 19R) DOLIARS
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FIGURE €.15
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VYENIVRI/GAS ABSORPTION SYSTEM
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TABLE 6.3

COMPONENTS OF ANNUALIZED COSTS

(Reference

16)

Direct QOperating Costs

Cost Factor?

Operating labor
Operator
Supervisor

Maintenance
Labor
Material

Utilities
Electricity

wWater treatment and cooling water

Waste disposal

$7.87/manhour
15% of operator

$8.66,/manhour

100 % of maintenance labor

$0.0432 kwh
$0.2500/1000 gallons

$10.00/ton

Indirect Operating Cost

Overhead

Property tax
Insurance
Administration

Capital recovery cost

80% of operating labor and main-
tenance labor

1% of capital costs
1% of capital costs
2% of capital costs

0.16275 {as an example of xf%
and equipment life of xf years)

@ All costs are in December 1977 dollars.
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