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1. INTRODUCTION

. The document "Compilation of Air Pollutant Emission Factors" (AP-42)
has been published by the U. S. Environmental Protection Agency (EPA)
since 1972. Supplements to AP-42 have been routinely published to add new

emission source categories and to update existing emission factors. AP-42

is’ routinely updated by EPA to respond to new emission factor needs of
EPA, State, and local air pollution control programs and 1ndustfy.

An emission factor relates the quant1ty (WETthﬁ of po11utants
emitted to a unit of activity of the source. The uses for the emission
factors reported in AP-42 include:

1. Estimates of area-wide emissions;

~ 2. Emission estimates for a specific faci]ityﬁjand

3. Evaluation of emissions relative to ambientiair quality.

The purpose of this report is to provide backgrdund information from
over 80 test reports to support revision of emission factors for sewage
sludge incinerators. ' '

Including the 1ntroduct1on (chapter 1) this report contains five
chapters. Chapter 2 gives a description of the sewage sludge incineration
industry. It includes a characterization of the industry, an overview of
the different process types, a description of emissicns, and a description
of the technology used to control emissions resulting from sewage sludge
incineration. Chapter 3 is a review of emissions data collection and
analysis procedures. It describes the literature search, the screening of
emission data reports, and the quality rating system for both emission
data and emission factors. It also describes particle size determination
and particle size data analysis methodology. Chaptér‘4 details pollutant
emission factor development. It includes the review of specific data A
sets, the results of data analysis, and the data base protocol. Chapter 5
presents the AP-42 Section 2.5.

1-1







o

-

2. INDUSTRY DESCRIPTION °

Incineration is a means of disposing sludge produced in sewage i i
treatment plants. Incineration has the advantages of (1) destroying or |
reducing the organic matter present in the sludge, (2) Towering disposal
and hauling qosts‘by reducing solid mass approximately 95,pgrcent, and \ |
(3) the potential for recovering energy through combustion of waste ‘ : ‘ |
products. Disadvantages include the problems of disposal of the _
remaining, but reduced, waste and the potential for air pollution. Sludge
incineration systems usually include a sludge pretreatment stage to
th1cken and dewater the incoming sludge, an incinerator, and some type of
air pollution control equipment (commonly wet scrubbers)

2.1 CHARACTERIZATION OF THE INDUSTRY

There are about 250 sludge incinerators currently operat1ng in \
35 States. The three major types of sewage sludge incinerators are
multiple hearth, fluidized-bed, and electric infrared; which account for o
approximately 85, 10, and 5 percent of all sludge incinerators, -
respectively. The majority of these facilities are Tocated on the East
Coast and in the MidWest. New York has 21 sludge incjneration'faci11ties,
the most of any State. Connecticut has the second highest total with 15, i
followed by Pennsylvania with 14 and Michigan, New Jersey, and Ohio with
12 facilities each. Table 2-1 shows the d1str1but10n of sludge “
incineration facility types by State. ‘

Appro§1mate1y 5.9 million dry megagrams (6.5 m11110n dry tons) of
sludge are generated in U.S. municipal wastewater plants each year.2 It.
is estimated that 25 percent of this sludge is incinerated.’ On this
basis, the total amount of sludge incinerated annually is about
1.5 million dry megagrams (1.6 million dry tons). ‘

2-1




2.2 PROCESS DESCRIPTION v :
Sewage sludge incineration refers to the oxidation of combustible
materials generated by wastewater sewage treatment plants to reduce the
volume of solid waste.
The first step in the process of sewage sludge incineration is the

dewatering of the sludge.. Sludge is general]y dewatered unt11 it is 15 to

30 percent solids. "At this Tevel, the s1udge will usually burn without
auxiliary fuel. After dewatering, the sludge is conveyed to the
combustion device where the thermal oxidation occurs. The unburned !
residual ash is removed from the combustion device, usually on. a -
continuous basis, and disposed. A portion of the nontombusf1b1es, as we11
as unburned volatile organics, is carried out of the- combus1or throqu
entrainment in the exhaust gas stream. Air pollution contr01 devices
primarily wet scrubbers, are used to remove the entrained: p011utants from
the exhaust gas stream. The cleaned gas stream is then exhausted ‘to the
ambient air and the collected pollutants, now suspended in the scrubber
water, are sent back to the head of the wastewater treatment p1an§.

Two main types of sludge incinerators account for approximately |
95 percent of the units in use. These are multiple-hearth and fluidized-
bed designs (see Figures 2-1 and 2-2). Mu1t1p1e hearth incinerators are
vertically or1ented cylindrical shells conta1n1ng from 4 to 14 refractory
hearths stacked one above the other. Sludge typically enters at j:he| |
periphery of the top hearth and is raked inward by the teeth on a rotating
rabble arm to a drop hole leading to the second hearth. The teeth on the
rabble arm above the second hearth are positioned in the opposite V
direction to move the sludge cutward. This outs1de in, inside- out pattern
is repeated on alternate hearths. Fluidized-bed incinerators also qre |
vertically oriented cylindrical shells. Tuyeres are located at the'base
of the furnace within a refractory-1lined grid. A bed of sand

-approximately 0.7-meters (2.5-feet) thick rests on the grid and is.

fluidized by air injected through the tuyeres. STudge is introduced
directly into the bed. Temperatures in a multiple-hearth furnace are
320°C (600°F) in the Tower, ash-cooling hearth; 760° to 1100°C (1400° to
2000°F) in the central combustion hearths; and 540° to 650° C (1000° to
1200°F) in the upper, drying hearths. Temperatures in a f1u1d1zedfbed

!
i
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reactor are fairly uniform, from 680° to 820°C (1250° to 1500°F). In both
types of furnaces, an auxiliary fuel may be required either during startup
or when the moisture content of the sludge is too high to support
combustion.

Another type of incinerator is the electric (infrared) furnace, the
newest of the technologies currently in use for s]udge incineration (see
Figure 2-3); The furnace is horizontally oriented. - The sludge is
conveyed into one end of the incinerator where it is first dried and then
burned as it travels beneath the infrared heating elements. Residual ash
is discharged into a hopper at the opposite end ofvthe furnace. Because.
electricity is used to provide the suppTemehta]‘energy,'exce;s:air
requirements are lower for these facilities than for‘thosé that combust
fossil fuels for subp1ementa1 energy; therefore, the supp1ementa1:energy
requirements of the electric furnace are lower than those for multiple-
hearth or fluidized-bed units. ‘ | | .

Other techno]ogieé used for sludge incineration include cyclonic
reactors, rotary kilns, and wet oxidation reactors. These are no Tonger
in widespread use. Some sludge is coincinerated with refuse.

2.3 EMISSIONS o

Sludge incinerators have the potential to emit significant quantities
of pollutants to the atmosphere. One of fhese pollutants is particulate
matter, which is emitted because of the turbulent movement of the
combustion gases with respect to the burning sludge and resultant ash.

The particle size distribution and concentration of the particulate
emissions leaving the incinerator vary widely, depending on the
composition of the sludge being burned and the type and operation of the
incineration process. B

Uncontrolled particulate matter emissions are usually highest for a
fluidized-bed incinerator because the combustion gas velocities required
to fluidize the bed result in entrainment of large quantities of ash in
the flue gas. Particulate matter emissions from multiple-hearth
incinerators are usually less than those from fluidized-bed incinerators
because the agitation of ash and gas velocity through the bed aJe lower in’
the multiple-hearth incinerators. Electric furnaces have the lowest
particulate matter emissions because the sludge is not stirred or mixed

2-3




during incineration and air F]ows through the unit generally are qu1te
low, resulting in minimal entrainment.

Incomplete combustion of sludge can result in emissions of |
intermediate products (e.g., volatile organic compounds and carbon
monoxide). Other potential emissions include sulfur dioxide, n1trogen
ox1des, metals, acid gases, and toxic organic compounds. Tables 2-2 and .
2-3 present the emission factor ranges for criteria po11utant and acid gas -
emissions from sludge incineration, respectively. Table 2-4 presents the
-emission factor ranges of metals and organic pollutants from sludge .
incineration. Table 2-5 presents a matrix of sewage sludge 1ncineration
sources for which emissions data have been obta1ned ‘and em1ss1ons factors
developed. . ' ' ')

2.4 CONTROL TECHNOLOGY | ' B

Wet scrubbers are commonly used to control part1cu1ate matter
emissions from sludge 1nc1nerators. There are two pract1ca1 reasons for
this: (1) a wastewater treatment plant is a source of re]at1ve1y
inexpensive scrubber water (plant effluent) and (2) a system for the
treatment of the scrubber effluent is available (spent scrubber water is
sent to the head of the treatment plant for solids removal). Gaseous
emissions (e.g., SO,, NO,, CO, and VOC's) are also reduced in wet
scrubbers. )

In the past, a wide variety of wet scrubber types were used to
control s1Udge incinerator emissions. Currently, the most widely used are
venturi and impingement-tray scrubbers. Cyclone wet scrubbers are also
common]y used, as are systems comb1n1ng all three types of scrubbers.

Venturi scrubbers utilize high gas velocities and atomized liquid
droplets to remove particulate matter from the gas stream. Atomized
droplets of water or caustic solution are introduced’to the gas stream,
and the gases are accelerated to relatively high velocities in a venturi
throat. Because the particles in the gas achievé velocities that are high
relative to those of the droplets, the particles are collected by -
impaction on the surface of the dropiets. The particulate-Taden drop]ets
subsequently are removed in a mist elimination systeﬂ The Pff1c1ency of
a venturi scrubber depends on the energy used to accelerate the gas Stream
as indicated by the pressure drop across the system. Pressure drops in

t
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venturi scrubbers can-range from less than 1 to 40 kPa. The efficiency of
a typical venturi scrubber can range from 60 to 99 percent depending on
the scrubber pressure drop and particle size distribution.

Impingement tray scrubbers consist of a vertical tower with one or
more perforated plates mounted inside transversely to the shell. As the

~gas f]ows upward, it passes through the perforated p]ates and is forced to

turn 180 degrees into a layer of 11qu1d by an impingement baffle placed
over the perforations. The particulate matter is collected in the liquid
droplets as the gas passes through the:11quid;' The Tiquid flows downward
through the tower, continuously remov1ng the collected particles. A -
typical pressure drop through a baff]e p1ate is 0.4 kPa per stage.
Because these devices generally have relatively low pressure drops, they
primarily collect large part1;1es.’ T£

impingement tray scrubber can range from 60 to 90 percent depending on
scrubber pressure drop and part1c]e s1ze distribution.

LI

e efficiency of a typical

In cyclone scrubbers, a spiral mot1on is imparted to the gas as it
passes upward through a vertical tower. Centrally located nozzles spray
1iquid droplet into the gas stream, credt1ng a crosscurrent droplet -

"~ motion. Part1cu1ate matter is captured by impaction on the droplets and

by inertial 1mpact1on on the wa11siof the scrubber. The particulate-laden
droplets are co]]ected on the wa]]s of the scrubber by the inertial force
supplied by the gas stream, drain doﬁn the walls, and collect in the

bottom of the scrubber for remova].' Static pressure drops of 1 to 2 kPa
are typical of cyclone scrubbers Cyc]one design mist eliminators are
commonly used to remove entrained drop]ets. The efficiency of a typical
cyclone scrubber is approximately 95 percent.

- : ’( !
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TABLE 2-1. DISTRIBUTION OF SLUDGE COMBUSTION FACILITIES
BY STATE AND TYPE :

Incin- No. of Total
erater incin- capacity, Base b
Facility name/location type erators dry ton/d controls
! Anchorage, Anchorage, Alaska 1 1 1.1 1
N. Little Rock, N, Little Rock, Ark. 5 1 c 5
. Wrangell, Wrangell, Ark. 3 1 0.2 2
. Barstow, Barstow, Calif. : 2 1 2.5 6 .
' * C. Contra Costa, Walnut Creek, Calif. 1 2 4 1
Lake Arrowhead, Lake Arrowhead, Calif. 1 1 4.8 5
Palo Alto, Palo Alto, Calif. 1 2 6 1
. Sacramento, Sacramento, Calif. 1 1 7.2 2
' .. San Manteo, San Mateo, Calif. 1 1 4.9 3
‘ . 'S, Lake Tahoe, Lake Tahoe, Calif. 1 1 0.8 1
P Yosemite, Yosemite National Park, Calif, 1 1 3.4 3
N East Shore, New Haven, Conn. 1 1 29.2 2
Enfield, Enfield, Conn, 1 1 37.8 1
| ' Glastonbury, Glastonbury, Conn. T 1 11 1
' | Hartford, Hartford, Conn, 1 3 336 5
Mattabassett, Cromwell, Conn. 1 1 12.5 4
Middletown, Middletown, Conn. i 1 7.2 2
Naugatuck, Naugatuck, Conn. 1 1 25 1
| New Canaan, New Canaan, Conn, 4 1 38.9 2
New London, New London, Conn. 1 2 51.8 3
Norwalk, Norwalk, Conn. - 2 1 36 2
© Stamford, Stamford, Conn. 4 1 94,7 7
| . Stratford, Stratford, Conn. 1 1 20 1
.| Waterbury, Waterbury, Conn. 1 1 6.5 1
‘ Willimantic, Willimantic, Conn. 1 1 19.2 1
| Vernon, Vernon, Conn. 1 1 : 25 3
| Jacksonviile, Jacksonville, Fla. 1 1 28.4 3
' Attanta Boiton Rd., Atlanta, Ga. 1 .2 129.6 3
P . Atlanta Utoy Creek, Atlanta, Ga. 1 1 8.1 2
| | | 3' Cobb County, Marietta, Ga. 1 1 19.8 3
J : Decatur, Decatur, Ga. 3 2 44.8 3
. Gainesville, Gainesville, Ga. 3 2 " 5.5 2
R. M, Clayton, Atlanta, Ga. 5 2 60 5
L | Marietta, Marietta, Ga. 1 T c 3
Savgnnah, Savannah, Ga. 1 2 12 3
Honouluili, Ewa, Hawaii 1 1 12 3
' Sand Isiand, Honolulu, Hawaii 1 2 25.9 3
. Granite.City, Granite City, 111, 1 1 c 5
! ' Indianapolis, Indianapolis, Ind. 1 8 362.9 4
ll - Cedar Rapids, Cedar Rapids, lowa 1 1 24.3 3
Davenport, Davenport, iowa 1 1 35.6 3
! Dubuque, Dubuque, lowa 2 2 7.5 10
Kansas City, Kansas City, Kans. 2 2 6.4 - 2
Turkey Creek, Shawnee Mission, Kans. 1 1 17.8 5
Covington, Covington, Ky. 1 1 c 5
Lake Charles, Lake Charles, La. 1 1 5 1
New Orleans, New Orleans, La. 1 1 16.2 4
New Orleans, New Orleans, La. 2 1 41 2

(contTinued)




TABLE 2-1. (continued)

L

Incin= No. of Total
erator incin- capacity, . Base b

Facility name/location type erators dry ton/d controis
Ocean City, Ocean City, Md. 2 1 7.2 1
Patapsco, Baltimore, Md. 1 3 98.4 3
Attleboro, Attlieboro, Mass, 1 1 40,2 3
Chicopee, Chicopee, Mass, 1 1 9.6 3
. Fitehburg, Fitchburg, Mass. 1 1 8.9 U
Lawrence, N. Andover, Mass, 1 2 90.8 9
Manchester, Manchester, Mass, 1 2 c 2
New Bedford, New Bedford, Mass, 1 1 16.2 1
Upper Blackstone, Millbury, Mass., 1 3 35.1 1
Ann Arbor, Ann Arbor, Mich. 1 1 54 5
Bay City, Bay City, Mich, 1 i 3.2 5
Detroit Complex 1, Detroit, Mich. 1 6 408 3
Detroit Complex 2, Detroit, Mich. 1 8 673.6 1
East Lansing, East Lansing, Mich, 1 2 32.4 5
Grand Rapids,‘ Grand Rapids, Mich. 1 1 32.4 2
Kalamazoo, Kalamazoco, Mich. 1 1 48 3
Pontiac, Pontiac, Mich. 1 1 64.8 5
Port Huron, Port Huron, Mich, 2 1 7.6 1
Wayne Company, Wyandotte, Mich. 1 4 243.2 5
Warren, Warren, Mich. 1 1 25.4 8
Ypsilanti, Ypsilanti, Mich, 1 1 54 2
Duluth, Dututh, Minn. 4 2 34 2
Metropolitan, St. Paul, Minn. 1 6 777.6 3
Seneca, St. Paul, Minn. 1 2 19.4 3
Western Lake, Western Lake, Minn. 2 1 c ; 3
Independence, Independence, Mo. 2 1 - 9.7 : 3
Kansas City, Kansas City, Mo. 1 1 45.4 ' 5
St. Louis Bissel Point, St. Louis, Mo. 1 5 324 4
St. Louis Lenay, St. Louis, Mo. 1 4 145.8 : 3
Papillion Creek, Omaha, Neb. 2 2 78 : 3
, Round Hill, Lake Tahoe, Nev. 2 1 4.5 5
i Lebanon, Lebanon, N.H, 1 1 7.2 3
Merrimack, Merrimack, N.H. 5 2 30 2
Atlantic City, Atlantic City, N.J. 1 1 25.9 3
Bergen County, Waldwick, N.J. -2 1 13,2 3
Jersey City, Jersey City, N.J. 1 1 13.8 2
Lincoln Park, Lincoln Park, N.J. 2 1 69 2
Parsippany, Parsippany, N.J. 1 2 77.8 0
Princeton, Princeton, N,J. 1 1 c 2
Recon, Three Bridges, N.J. 2 1 c 2
Somerset-Raritan, Raritan, N.J. 1 1 12 3
Stony Brook, Princeton, N.J. 1 2 39.5 3
Union Beach, Union Beach, N.J. 2 1 30 4
Waldwick, Waldwick, N.J. 1 1 18 ' 3
Wayne, Wayne, N.J. 1 2 - 96 " 5
Albany North, Albany, N.Y. 1 2 129.4 1
Albany South, Albany, N.Y. 1 2 91.4 1
Amherst, Amherst, N.Y. 1 1 c 3
Arlington South, Arlington, N.Y. 2 1 8.4 5
Auburn, Auburn, N.Y. 1 1 40.5 5

(continued)
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TABLE 2-1.

(continued)
Incin- No, of Total
erator incin= capacity, Base b
Facility name/location type erators dry ton/d controis
Beacon, Beacon, N.Y, 1 1 9.7 5
Birds Island, Buffalo, N.Y. 1 3 183.6 2
Glen Cove, New York, N.Y. 4 1 25 7
Hamburg, Erie County, N.Y. - 2 2 288 3
Little Falls, Little Falls, N.Y. 2 1- 3.9 2
- N. Tonawanda, N. Tonawanda, N.Y, - 1 1 ¢ 3
Orangetown, Orangetown, N.Y. 1 1 16.8 3
Ossining, Ossining, N.Y. 1 1 c 2
Port Washington, Port Washington, N.Y. 2 1 c 3
Rochester Gafes-Chl {1, Rochester, N.Y. 1 2 36 5
Rochester N.W. Quad, Rochesfer, N_.Y. 1 2 48 5
Rochester Van Lare, Rochester, N.Y. i 2 72 5
Saratoga, Saratoga, N.Y. 2 1 c 2
Schenectady, Schenectady, N.Y. 1 1 140 5
Utica, Onedia County, N.Y. 1 2 40 2
Watertown, Watertown, N.Y. 1 1 21 5
Greensboro, Greensboro, N.C. 1 1 45.4 1
Rocky Mount, Rocky Mount, N.C. 1 1 7.5 3
Rocky River, Concord, N. C 1 1 ! 50 3
. Shelby, Shelby, N.C. 2 1 16.2 1 -
Akron, Akron, Ohio 1 2 19.4 2
Can‘l‘on, Canton, Ohio ) 1 2 25 1
Cincinnati Mill Creek, Cincinnati, Ohio 1 4 168.4 1
Cleveland South, Cleveland, Ohio 1 4 259,2 5
Cleveiand West, Cleveland, Ohio - 1 2 194.4 5
Columbus Jackson Pike, Columbus, Ohio 1 1 38.9 2
Columbus South, Columbus, Ohio 1 2 45.4 2
Euciid, Euclid, Ohio 1 2 21.4 5
Jacksonville, Jacksonville, Ohio 1 1 3 c -2
Little Miami, Cincinnati, Ohio 1 4 333 3
Lorain, Lorain, GChio 2 1 c 2
Youngstown, Youngstown, Ohio 1 1 40.5 6
Lawton, Lawton, Okla. 1 1 c 5
Tigard, Tigard, Oreg. ’ 1 2 15 3
Delora-Chester, Chester, Pa. 1 2 19.4 5
Duryea, Duryeg Pa. 1 1 25.4 5
E. Norriton and Plymouth, Norrns+own, Pa. - 1 1 100 5
Erie, Erie, Pa. 1 2 135 5
Harrisburg, Harrisburg, Pa. 4 2 135.4 7
Hatfield, Colmar, Pa, 1 1 5.7 -5
Hazleton, Hazieton, Pa. 2 1 4.5 5
Hershey, Hershey, Pa. 1 1 40.5 1
Johnstown, Johnsiown, Pa. 1 1 8.1 0
Kiski valley, Appolo, Pa. 1 7 136.1 5
Tyrone, Tyrone, Pa. 2 1 5.1 2
Upper Gwynedd, N. Wales, Pa. 2 1 1.1 5
Wyoming Valley, W||kes-Barre, Pa. 1 1 32.4 5
York, York, Pa. 1 2 38.4 5
Cransfon Crans*l'on, R.1l. 1 2 20.4 3
Fields Poin'i', Providence, R.Il. 1 1 60 3
Providence, Providence, R.l. 1 1 43 2
(continued)
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TABLE 2-1. (continued)

Incin~-- No. of Total
erafgr incin- capacity, ! Base b
Facility name/location type erators dry ton/d . controls
Charleston, Charieston, S.C. 1 1 32.4. 5
Columbia, Columbia, S. C. 1 2 8.2 5
Bristol, Bristol, Tenn. 1 1 16.2 5
Maryville, Maryvxile, Tenn. 1 1 13 3
Newport, Newport, Tenn. : . i ! 7.8 .5
Irving, Irving, Texas 2 1 c ] 2
Rowlett Creek, Plano, Texas 3 2 9,7 ! 3
Arlington, Arlingfon, Va. 1 2 34.8 : 3
Chesapeake, Elizabeth, Va. 1 1 c . 5
Fairfax, Fairfax, Va. 1 2 90.8 ' 1
Fairfax, Fairfax, Va. 1 2 64.8 ' 4
Hopewel:l , Hopewell, Va. 1 1 8.1 5
Newport News Boat Harbor, Newport News, Va. 1 2 9.8 5
Williamsburg, Williamsburg, Va, 1 2 5.3 5
Edmonds, Edmonds, Wash. 2 1 1.6 5
Lynnwood, Lynnwood, Wash. 2 1 0.7 5
Post+ Poinf Bellungham, Wash 5 1 c 5
Vancouver, Vancouver, Wash, 1 1 34 5
Brookfield, Brookfield, Wis, 1 1 3,9 1
Green Bay, Green Bay, w:s. 1 2 87.5 5
Milwaukee, Milwaukee, Wis. 1 1 7.1 5

Y = Multiple hearth, 2 = fluidized bed; 3 = electric; 4 = siudge-refuse; 5 = unknbwn
bxncinerafor type.
0 = Uncontrolled; 1 = impingement; 2 = venturi; 3 = venturi/impingement; 4 = wet cyclone,
5 = unknown scrubber type; 6 = spray chamber; 7 = electrostatic precipitator; 8 = wef
cyclone/impingement; 9 = packed tower; 10 = venfuru/packed ‘tower,
Capacity unknown.
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3. GENERAL DATA REVIEW‘AND ANALYSfS PROCEDURES

3.1 LITERATURE SEARCH AND SCREENING _ |

The first step of this investigation involved a search of available
literature relating to criteria and noncriteria pollutant emissions
associated with sewage sludge incineration. This search included: data
collected under the auspices of State and Territorial Air Pollution
Program Administrators and Association of Local Air Pollution Control
Officials (STAPPA/ALAPCO); source test reports and background documents
for Section 2.5 of AP-42 located in the files of EPA's Office of Air

~  Quality Planning and Standards (0AQPS); references cited in the Second

. Review of Standards of Performance for Sewage Sludge Incinerators
(EPA 450/3-84- 010, March 1984); various EPA contractor reports; and
© Midwest Research Institute's (MRI) in-house files.

To reduce the large amount of literature co11ected to a final group
of references pert1nent to this report, the following genera] criteria
were used. ' }

1. Emissions data must be from a primary reference: -

a. Source testing must be from a referenced study that does not
reiterate information from previous studies.

b. The document must constitute the original source of test data.
~ For example, a technical paper was not included if the original study was
~contained in the previous document. If the exact source of the data could
‘not be determined, the document was eliminated. ‘

2. The referenced study must contain. test resu1té based on more than
one test run. ‘

3. The report must contain sufficient data to evaluate the testing
procedures and source operating conditions (e.g., one- page reports were
generally rejected).

3-1




A final set of reference materials was compiled after a thorough
review of the pertinent reports, documents, and information according to
these criteria.

3.2 EMISSION DATA QUALITY RATING SYSTEM

As part of MRI's analysis of the emission data, the quant1ty and
quality of the 1nformat1on contained in the final set of reference
documents were evaluated. The fo110w1ng data were a]ways exc1uded from
consideration. . ‘

1. Test series averages reported in units that cannot be converted
to the selected reporting units; ‘

2. Test series representing incompatible test methods (i. e.;
comparison of EPA Method.5 front-half with EPA Method 5 front- and back-
half);

3. Test series of contro]]ed emissions for which the control device
is not specified; .

4., Test series in which the source process is not clearly identified
and described; and %

5. Test series in which it is not clear whether the emissions were
measured before or after the control device.

Data sets that were not excluded were assigned a quality rating. The
rating system used was that specified by the 0AQPS for the preparat1on of
AP-42 sections. The data were rated as follows:

A--Multipie tests performed on the same source using sound
methodology and reported in enough detail for adequate validation. These
tests do not necessarily conform to the methodology specified in either
the inhalable particulate (IP) protocol documents or the EPA reference
test methods, although these documents and methods were cer1a1n1y used as
a guide for the methodology actually used.

B--Tests that were performed by a generally sound methodology but
Tack enough detail for adequate validation. ,

C--Tests that were based on an untested or new methodology or that
lacked a significant amount of background data. ‘ ‘

D--Tests that were based on a generally unacceptable method but may
provide an order-of-magnitude value for the source.

3-2 f




The -following criteria were used to evaluate sodrce test reports for
sound methodology and adequate detail: ‘
1. Source operation. The manner in which the source was operated is

well documented in the report. The source was operat1ng within typical
parameters during the test. '

2; Sampling procedures. The sampling procedures conformed to a
genera11y‘acceptab1e methodo1ogy. If actual procedures deviated from .
‘accepted methods, the deviations are well documented. When this occurred,
an evaluation was made of; the extent such alternative procedures could

influence the test resu]ts. N
3. Samp11ng and process data. Adequate samp]ing and process data

are documented in the re ort. Many variations can occur unnoticed and
without warn1ng dur1ng tist1ng Such variations can induce wide

}‘ deviations in samp11ng results. If a large spread between test results
cannot be exp1a1ned by . 1nformat1on contained in the test report, the data

~ are suspect and were g1ven a lower rating. ‘

| 4. Analysis and calculations. The test repo?tsfcontain original raw

‘data sheets. The nomenc]ature and equations used were compared to those
(if any) specified by EPA to establish equivalency. The depth of review
‘ of the calculations was dictated by the reviewer's confidence in the
: ab111ty and consc1ent1ousness of the tester, which in turn was based on
. factors such as conspstency of results and completeness of other areas of
the test report. ‘
3.3 PARTICLE SIZE DETERMINATION
There is no one hethodfwhichiis universally acceoted for the
determination of particle size. A number of different techniques can be
| used which measure thelsize of particles according to their basic physical
properties. Since there is no "standard" method for particle size )
- analysis, a certain degree of subjective evaluation was used to determine
if a test series was performed using a sound methodology for particle
| sizing. o
For pollution studies, the most common types of particle sizing
instruments are cyclones and cascade impactors. Traditionally, cyclones
have been used as a preseparator ahead of a cascade impactor to remove the
- larger particles. These cyclones are of the standard reverse-flow design
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whereby the flue gas enters the cyclone through a tangential inlet and
forms a vortex flow pattern. Particles move outward toward the cyclone
wall with a velocity that is determined by the geometry and flow rate in
the cyclone and by their size. Large particles reach the wall and are
collected. A series of cyclones with progressively decreas1ng cut- po1nts
can be used to obtain part1c1e size distributions.

Cascade 1mpactors used for the determination of particle size in
process streams consist of a series of plates or stages conta1n1ng either
small holes orislits with the size of the openings decreasing from one
plate to the next. In each stage of an impactor, the gas stream passes:
through the ?r1f1ce or slit to form a jet that is directed toward. an
“impaction, p1aTe. For each stage, there is a characteristic particle
diameter that'has a 50 percent probab111ty of 1mpact1on. This
characteristic diameter is called the cut-point (Dsy) of the stage.
Typically, commerc1a1 1nstrumﬁnts have six to eight impaction stages with
a backup f11ter to collect those part1c1es which are either too sma11 to
be collected by the last stage or which are reetrained off the var1ous
impaction surfacbs,by the moving gas stream.’

3.4 PARTICULATE SIZE DATA ANALYSIS METHODOLOGY

The ?articu1ate emission information contajned in the. various
reference documents was reduced to a common format using a family of -
computer prog?ams developed especially for this purpose. These programs
use the so-called "spline" fits. Spline fits result in cumulative mass
size d1str1but1ons very similar to those which would be drawn using a -
iFrench curve and fu]]yl1ogar1thm1c graph paper. In effect, the 1ogar1thm
of cumulative mass is plotted as a function of the 1ogar1thm of the
particle size, and a smooth curve with a continuous, nonnegative
derivative |is drawn. )

The pFocess by which this smooth cumulative distribution is
constructed involves passing an interpolation parabola through three @
measured data points at a time. The parabola is then used to interpolate
additional points between measured values. When the set of interpolated
points are added to the original set of data, a more satisfactory fit is
obtained than would be the case using only the measured data. The;size-
specific emission factors are determined once the size distribution is
obtained by a spline fit. -

3-4
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3.5 EMISSION FACTOR QUALITY RATING SYSTEM
The quality of the emission factors deve]oped from analysis of the
test data was rated utilizing the following general criteria:
A--Excellent: Developed only from A-rated test ‘data taken from many
randomly chosen facilities in the industry popu1atioh. The source

category is specific enough so that variability w1th|n the source category
population may be minimized.

B--Above average: Developed only from A-rated ﬁest data from a
reasonable number of facilities. Although no specific biqs is evident, it

is not clear if the facilities tested represent a random sample of the
industries. As in the A-rating, the source category'ié specific enough so
that variability within the source category population may be minimized.
C--Average: 'Deve1oped only- from A- and B;rateditest data from a
reasonable number of facilities. Although no specific bias is evident, it
is not clear if the facilities tested represent a random sample of the
industry. As in the A-rating, the source category is specific enough so
that variability within the source category popu1at1on may be m1n1m1zed
D—-Below.average‘ The emission factor was developed on]y From A- and
B-rated test data from-a small number of facilities, and there is reason
to suspect that these facilities do not represent a random sample of the
industry. There also may be evidence of variability within the source

category population. Limitations on the use of the emission factor are
noted in the emission factor table.

E--Poor: The emission factor was developed from‘C— and D—rated.test
data, and there is reason to suspect that the faci]itﬁes tested do not
represent a random sample of the industry. There also may be evidence of
variability within the source category population. Lﬁmitations on the use

of these factors are always noted.

The use of these criteria is somewhat subjective and depends to an
extent on the individual reviewer. Details of the rating of each |
candidate emission factor are provided in Chapter 4 of this report.
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4. POLLUTANT EMISSION FACTOR DEVELOPMENT

This chapter describes the test data and methodology used to develop
po]]utant emission factors for the sewage sludge incineration industry.
4.1 REVIEw OF SPECIFIC DATA SETS
7 A total of 84 references were documented and reviewed during the
lTiterature search. These references are listed at the end of this
‘chapter. ' -

The sources used for emission data for the previous AP-42 versions
are customarily included in the source data for the revision. However,
the few sources used ‘for the 1974 and 1981 versions of the Sewage Sludge
Incineration AP-42 are not of the quality found in most of the data
collected for this revision. Further, the sources used in the previous
versions are based on 1972 and 1973 reports. Therefore, none of these
data were used in this revision. |

The following efforts were made to ensure that the selection and
rating of reference documents did not introduce a bias in the data. The
majority of references uséd (82 percent) were comp]iahce test reports.
Given the impetus for compliance testing, these reports would be expected
to characterize facilities with various levels of maintenance, operation,
and control. - Eighteen percent of the references used in this report were
classified as research or special study‘tests. In some cases, it could be-
reasoned that such studies would involve testing of facilities with above
average maintenance, operation, and control dnd would, therefore, not be
representative of the industry. Rather than downgrade the ratings for
these references, each reference was considered on its own merit.

The original group of 84 documents was reduced tc a final set of

primary references utilizing the criteria outlined in‘Chapter 3. For the
39 reference documents not used, the reason(s) for reJect1on are
summarized below:
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Ref. Reason for rejection

8 Back-half collection included in results

23 Control device not specified

31 Insufficient lab, process, analytical data

35b Duplicate of test in References 34 n and s

36 Not primary data

37a, " Insufficient lab, process, analytical data

38 Duplicate of test in Reference 4

4la- . Test results based on only one run

46 Duplicate of test in Reference 42

50 Not primary data -

51 Test results based on only one run

52 Insufficient process, control data

55 Duplicate of test in Reference 30

56 Insufficient lab, process, analytical data

57 Insufficient lab, process, analytical data

58 Insufficient lab, process, analytical data

59 Test results on only one run

60 Test results on only one run

61 Test results on only one run

62 Insufficient lab, process, analytical data
63 Insufficient lab, process, analytical data

64 Insufficient lab, process, analytical data

65 Insufficient process data

66 Insufficient lab, process, analytical data

73 Control device not specified

74 Averages cannot be converted into selected reporting units

76 Scale reading problems during test

82 Insufficient lab, process, analytical data

83 Duplicate of tests in Reference 5

The following is a discussion of the data contained in each of the primary
references used to develop candidate emission factors. Emission factor
calculations were made in terms of weight of pollutant per weight of dry
sludge incinerated. It should be noted that the terms "controlled" and
"uncontrolled" in this discussion.are indicative only of the location at
which the measurements were made.

A summary of the particulate emission data discussed below is
contained in Tables 4-1 and 4-2. Tables 4-3 through 4-7 present summaries
of criteria pollutant (other than particulate matter) data, and Tables 4-8
through 4-16 contain summaries of noncriteria pollutant data. Table 4-17
summarizes the data presented in Tables 4-1 through 4-16.
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4.1.1 References 1 Through 3
References 1 through 3 are tests performed on three different sludge
incinerators by an EPA contractor. These tests were performed to gather

emission data for a study conducted under Tier 4 of the National Dioxin
Study. The primary obJect1ve of the tests was to de1erm1ne the presence
of dioxins and/or furan emissions from the 1nc1nerat|on process. k
Controlled data for these emissions are provided in References 1 and 2.
Reference 3 contains controlled and uncontrolled emissions data.’

In References 1-and 3, testing results were also presented for
uncontrolled emissions of oxides of nitrogen. (NOy), sulfur dioxide (S0,),
and carbon monoxide (C0). Uncontrolled nonmethane valatile organ1c
compound (VOC) emissions results were provided in References 1 and 2.
These values were obtained from continuous mon1tor1ng of the combust1on
gases during the dioxin/furan tests. ’ _

A rating of A was assigned to the data in each ofvthe tests for -
criteria pollutants.. A.rating of B was assigned to the toxic organics
(dioxins and furans) data because EPA Modified Method 5 was used for .
sampling. Modified Method 5 has not yet been validated for organics
sampling by the Agency. '

4.1.2 Reference 4 | f ‘

This report comprises emission tests performed on-a fluidized-bed
incinerator to demonstrate the relationship between the temperature of
incineration and the em1ss1ons of certain trace metals. The tests were
performed at three d1fferent operating temperatures. Results were
obtained for controlled emissions of total particulate matter and metals
(arsenic [As], cadmium [Cd], chromium [Cr], lead {Pb]; and nickel [Ni]).

Modified Method 5 and source assessment samp]ingfsystem (SASS) train
results were presented for each test, but the report $tates that SASS
train results were used in preference to the Modified Method 5 results
because approximately 10 times as much flow was samp]ed by the SASS train
method. Metal emissions did increase with increasing incineration
~ temperature. Operating temperatures for a fluidized-hed incinerator
' usually range from 680° to 820°C (1250° to _1500°F). These tests were
~ conducted at 704°, 816°, and 927°C (1300°F, 1500°F and 1700° F).
| The data in this report were assigned a rating of‘B.
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Particle size determinations for controlled emissions were made by
sampling with an Andersen Cascade Impactor. ‘
4.1.3 References 50 through 5r

These references contain data from particulate and gaseous emissions
tests conducted at four sludge incinerators. Each test"providesf
controlied particulate matter emission déta, and, except for incinerator
"q," uncontrolled data are also presented. Controlled emission factors
for Cd, Cr, Pb, SO,, and H,S0, are presented for each incinerator. Data
from incinerator "p" include controlled results for Ni. Uncontrolled
emission factors for SO, and H,S0, are presented for 1nc1nerators "o,"
llp 1] and llr n '

A rating of A was assigned to the data for incinerators "o"éand
"p." .These reports provided adequate detail for validation, and the

- methodology appeared to be sound. The report for incinerator "q" did not
contain sufficient process information to determine whéther the ..
incinerator was operating within design specifications. The report for
incineratbr “r' showed a wide, unexplained deviation in test results. For
these reasons, References 5q and 5r were given.a B rating.

4.1.4 References 6 and 7 ,

These are chromium and organics screening study test reports. The
tests were conducted by an EPA contractor on two incinerators located at
the same site. Tests were conducted at the inlet and outlet of the
scrubber to determine the concentration and mass emission rates of total
particulaté matter, semivolatile organic compounds and VOC's. Results
were also obtained for controlled methane VOC emissions.

Total particulate matter emissions were determined using EPA
Method 5. Volatile organic compounds were measured with a Yolatile
Organic Sampling Train (VOST) and semivolatile organic compound emissions
were determined using Modified Method 5 with an XAD-2 resin trap.

The data for metals and total particulate matter presented in
Reference 7 were assigned @ rating of A. The data for sem1vo1at11e

organic compound emissions, presented in Reference 6, were rated B because
Modified Method 5 has not been approved for sampling of these compounds.
The report states that the VOC results must be considered as "estimates"
because the samples saturated the analytical systems during analysis.




" Further, the inlet results were obtained from one incinerator and the
outlet results from another. Therefore, the volatile organic emission
 results were aséigned a rating of D and will be used for "order-of-
magnitude" values only. ,

Particle size distribution measurements were made at the scrubber
inlet. and out]et; Four samples were co[lecfed at the scrubber inlet and
five dt the scrubber outlet. Particle size fractions were.analyzed
- gravimetrically. Because the Method 5 particulate matter tests were
. conducted at the same time the particle size determinations were made, the :
results can be used in the development of particle size-specific emission
factors.

- 4.1.5 References 9 through 13
These are the results of five particulate matter emissions compliance

. tests performed on five different sludge incinerators located at one
- treatment plant. Each test was conducted in accordance with EPA Methods 1

" through 5 and provided controlled emissions data. | ‘
It was determined that the tests were generally of good‘qua1ity.

‘ Howevef, original raw field data sheets, laboratory data sheets, and

- sampling train calibration data were not included with the reports. For
- this reason, a rating of B was assigned to the test data in these
references. -

- 4.1.6 References 14 and 15

These are reports of compliance tests conducted to determine

| particu1ate matter emissions from two different sludge incinerators. Each
~ test was performed in accordance with EPA Methods 1 through 5 and provided
controlled emissions data. The quality of each test was generally good.
; However, in each case, information pertaining to design operating
parameters (e.g., sludge feed rate) was not provided; fhus, it could not
: be determined if the sources were operating within typﬁca1 ranges of these
parameters. Therefore, the test data from these references were assigned
. a Eating of B.
4.1.7 Reference 16

Reference 16 is a particulate matter emissions compliance test report
' that provides controlled emissions data. The tests were performed in
accordance with EPA Methods 1 through 5. The quality of the tests and
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process description provided were good, and the information requ1red was
complete. A rating of A was assigned to the test data.
4.1.8 References 17 through 20 )
References 17 and 18 contain the results of two compliance tests for
one incinerator. References 19 and 20 contain information from comp11ance
tests for two incinerators at. another’ site. For each test, EPA Methods 1,
2, 3, and 5 were used to provide controlled part1cu1ate matter em1ss1ons
data. '

The quality of each test was good and enough detail was prov1ded for
adequate validation. The test data from each reference were. assigned a
rating of A. E

4.1.9 Reference 21 ‘

Reference 21 is a source sampling report of testing performed
concurrently at the sludge incinerator scrubber inlet and scrubber stack
to determine particulate matter emissions and particle size
distributions. The results of the EPA Method 5 tests provided contro]]ed
and uncontrolled particulate matter emissions data.

The tests were of good quality and all necessary data pertaining to
process descriptions and ‘sampling and analytical data were prov1ded.
However, because design parameters for the incinerator were m1sswng, it is
not known if the source was operating within typical ranges for these
parameters during the test. Because of this, the data were rated B.

Particle sizing was performed using a cascade impactor attached to a
probe on the Method 5 sampling train. The report presents the scrubber
collection efficiencies by particle size range.

4.1.10 References 22a through 22d
These compliance test reports present controlied particulate

emissions data for incinerators within the same metropolitan sewer
district. The tests were performed using EPA Methods 1 through 5. While
the testing methodology appears to be sound, all four reports lacked
enough detail for adequate validation. Field, laboratory, and calibration
data were not provided in the feports. In addition, the conditions under
which the source was operated were not well documented. For these
reasons, each of the four tests was assigned a C rating.
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4.1.11 References 24 and 25 ,
These are reports of two particulate matter emissions compliance
tests performed on the same incinerator at different times. The testing

methodology was sound, and the level of detail of the documentation was
adequate (except for missing design parameters). However, the results of
the tests, taken=oniy 1 honth_apart, show a wide.deviation. Particulate
matter emissions averaged 1.62 kilograms per dry megagram of sludge (3.25
pounds per dry ton df’s1udge) in the first test and 0.36 kilograms per dry
megagram of sludge (0.73 pounds per dry ton of s]udgé),in the second
test. While there may be a reasonable technical explanation for the
deviation, none was provided. Therefore, each test Was assigned a C
rating. .
'4.1.12 References 26 through 29

These are reports. of compliance tests conducted'on four different

sludge incinerators. Results are presented for controlled emissions of
total particulate matter, NO, (for References 26 through 28), SO,, acid
gases (HC1 for References 26 through 28, and H,SO, for Reference 27), and
methane VOC. ‘Reference 29 also contains controlled GO emission data.
Reference 28 containing controlled Pb and Hg emissions data. Controlled
metal emissions'data are included in References 26 ahd 28 for As, Cd, Cr,
and Ni. Metal emissions data from Reference 27 were not used because,
according to information obtained from the State agency, the results were
based on sludge analysis.

The testing methodology for each test appeared to be generally
sound. Each of the reports lacked sufficient detail for adequate
validation of the results. Also, this:State reqdires‘front- and back-half
collections to be included in particulate matter emission results, and the
reports did not include a breakdown of the collections. The State agency
was contacted for additional information including dry feed rates for each
of the test runs and weights for the front-half collections of particulate
- matter. } |
Because raw data sheets, design feed rates, and bther process data
ﬂ were missing from the reports, each data set was rated B.

1
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4.1.13 Reference 30

Reference 30 is a particulate matter emissions compliance test
report. Sufficient documentation was provided for validation and the
testing methodology was generally sound. However, the first run of the
test was made with the percentage of isokinetic nozzle velocity less than
the desired m1n1mum of 90. The report discussion mentions this deviation
and states ‘that correct1ons were made for this in the report.

Neverthe]ess, it was decided that only the second and third runs wou]d be.
used in determining the average emission value for th1s test. A rat1ng'of
B was assigned to the data.
4.1.14 Reference 32 :

This compliance report presented the results for particulate matter
emissions testing of one sludge incinerator. The testing methodology was

sound and thé Tlevel of documentation was sufficieht for validation
purposes. However, background data pertaining to the source operation and
design parameters were not provided. For this reason, the data were
assigned a B rating.
4.1.15 Reference 33

Reference 33 is a parficu1ate matter emissions compliance reﬁort for

one §1udge}incinerator. The tests were performed in accordance with EPA
Method 5 and provided controlled emissions data. Complete background
1nformat1on and testing details were prov1ded. The data were given an A
rating.
4.1.16 Reference 34n and s

This report presents the results of a source emissions survey

conducted for an incineration systems manufacturer. Testing was performed
on two incinerators at one site to determine particulate matter
concentrations at both the scrubber inlet and outlet. Tests at the
scrubber inlet consisted of one run for each incinerator and both back-
and front-half collections were used. Three runs were used for each
outlet test, and the results were based on the front-half collections
only.

The testing methodology was sound and the source process was
described adeqhate]y. Original field data, calibration 1nformatioh, and
laboratory analysis sheets were not included in the report. For this
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reason, the controlled (outlet) data for each test were given a B
rating. Uncontrolled (inlet) data were assigned a D rating because the
- results were based on a single run. These data (using the front-half
co11ect1on results only) may provide an order- of-magn1tude value for the
source. _

-Particle size distribution for uncontrolled em1ss1ons was determ1ned

\f using a Coulter Counter. Results of particle sizing are presented in

- Reference 35b (a duplicate of the part1cu1ate em1ss1ons test descr1bed in
Reference 34)

4,1.17 References 35a, 35c, 35d and 35e !
' These are reports present1ng emission data for four 1nfrared sludge

incinerators. Each of the reports provides controlled part1cu1ate matter
- emission data, and Reference 35e provides uncontrolled data as well.
: Reference 35e also presents emissions data for NO, and S0, before and
- after the control device, . .
The data are part of summary repdrts-compi]ed for an incinerator
- manufacturer, and background information was not included. Raw data,
~analytical reports, sampling procedures, calibration ﬁnformation, and
- process descriptions were missing. Because of these deficiencies, each of
the tests was assigned a C rating.

References 35a and 35e prov1ded controlled and uncontro11ed particle
- size data. In the case of Reference 35a, the ‘uncontrolled particulate
size distribution data were established 5 months after the particulate
; loading tests. Therefore, these data cannot be used.
:4.1.18 References 39 and 40
These reports are part of research projects designed to investigate
1 the performance of air pollutant abatement systems for controlling metals
: and organics emitted from sewage sludge incinerators. The tests were
conducted by an EPA contractor. The reports pertain to tests conducted to
' determine the efficiency of an ESP and a baghouse, respectively. In each
| case, testing was done on incinerators with existing scrubber systems, and

slipstreams were used for experimental testing of the control devices.

" Because comparative data were needed, the reports contain scrubber inlet
. and outlet data representing emissions not contro]]ediby the ESP or the

© baghouse.
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Controlled and uncontrolled emissions data are provided in
Reference 39 for particulate matter, As, Cd, Cr, Pb, and Ni. Unéontro11ed
emissions data are presented for nonmethane VOC's in both reports and for
NO,, CO, and SO, in Reference 39. '

The methodologies were sound, and background information and
documentation provided were comp]ete in both reports. Therefore, both
reports were assigned A ratings. a

Each report provides controlled and uncontrolled part1cu1ate matter
mass concentrations by SASS size fractions.

4.1.19 References 42 through 44 ‘ ,
These are particulate matter emission compliance reports For‘s1udge

incinerators at three different sites. In each case, the methodoﬁdgies
were sound, and appropriate background information and docdmentation were
provided. Each data set was given an A rating.
4.1.20 Reference 45

This is a part1cu1ate matter and sulfur dioxide emissions test report
for a s]udge incinerator. The report provides controlled emissions data
for each of these pollutants. While the methodology used was sound, the’
report did not include sufficient background information to estabiish the
design feed rate value. Therefore, a B rating was assigned to the data.
4.1.21 Reference 47

Reference 47 is a particu]ate‘matter‘emissipn compliance report for
one sludge incinerator. Method 5 procedure was used for the test. The
report did not include complete documentation for validation purpdses, nor
did it provide design parameters for the source. Therefore, the data were

given a rating of B.
4.1.22 References 48 and 49

These references are reports of two particulate matter emissipn
compliance tests for the same incinerator. The tests were done in 1982
and 1984. Each report contained documentation adequate for validation,
and the test methodologies were deemed to be sound. An A rating was

assigned to each.
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4.1.23 References 53 and 54

These are reports of comﬁ]iance tests performed on two different
sludge incinerators. The reports contain controlled emissions data for
particulate matter. Reference 53 also contains data for Hg emissions
after the control device. o

In each case, sound testing methodologies were used However, each
report lacked enough detail for adequate validation, e.g., source manner
of operation was not well documented. The State agency was contacted to
determine‘dry feed rates for use in emission factor calculations. Both
reports were assigned a B rating. |
4.1.24 References 67 through 72

References 67 through 72 comprise seven compliance tests on seven
different sludge incinerétorsf Each of the reports p?esentS‘controlled

partiéu]ate matter emissions data. Other controlled emissions data

reported include: Reference 68—-NOX, co; and nonmethane VOC's;

. Reference 69--NOy, S0,, and methane VOC's; References 71 and 72--NO,, and
S0,. _

Each of the tests was considered to have used sound testing

. -methodologies, and the reports included ehough detail.for adequate

validation. The data were assigned an A rating in each case.

- 4.1.25 Reference 75

‘ This is a report of a compliance test performed bn one,inéinerator

. and provides controlled particulate matter emissions data. Sufficient

process information and field data were provided for validation of the

- results. However, no information regarding the sampling procedures and
test methodb1ogy was included with the report. The State agency was
contacted for this information and confirmed that EPA Method 5 was used.

. The data were assigned a rating of A.

- 4.1.26 References 77 through 79

‘ References 77 through 79 are reports of compliance tests performed on
_ three different sludge incinerators. Each test reporﬁ provides controlled

f particulate matter emissions data, and Reference 79 also provides
controlled emissions data for nonmethane VOC's. For each test report, the
% methodology was judged to be sound. Each report included appropriate and
- complete background information with details sufficient for validation.
The reports were assigned A ratings.
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4.1.27 Reference 80

This is a report of a compliance test performed on one sludge
incinerator. Controlled particulate matter emissions results are
presented. Laboratory, calibration, and field data sheets were provided,
but information pertaining to the source process was not included. The
State agency was contacted to obtain th1s information. The data were
assigned an A rating. ‘
4.1.28 Reference 81 ‘ |
‘ This compliance test report provides controlled emissions data for
total particulate matter. The testing methodology was judged to be sound,
and adequate detail was provided for validation. A rating of A was . |
assigned to.the data. .
4.1.29 Reference 84 o L

This test report provides controlled emissions data for noncriteria
pollutants. The report included original raw field data sheets, |
laboratory data sheets, sampling train calibration data, and procéss
data. The quality of each test was good. The data from the reference

were assigned a rating of A.
4.2 RESULTS OF DATA ANALYSIS
4.2.1 Total Particulate Matter Emissions Data

Both uncontrolled and controlled particulate matter emission factors
were determined from the data contained in the reference documents
'described above. In the case of uncontrolled emissions, References 50, p,
rs 75 213 34n and s; 35e; and 39 contained useful data. For all of these
except Reference 39, the emission factors were determined from the test
data by manual and computer calculations from emission factors expressed
in units other than mass of pollutant per megagram of dry sewage s1udge
incinerated. For Reference 39, the appropriate uncontrolled emission
factor was extracted directly from the test report. References 34n and s

each contained a single-run value for uncontrolled particulate matter
emissions. As discussed in Section 4.1.16, these emission results were
used as order-of-magnitude values only.

For controlled processes, a procedure similar to that described above
for determining uncontrolled emission factors was used. References 4; 50
through 5r; 7; 9 through 21; 22a through 22d; 24 through 30; 32; 33; 34n
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and 34s; 35a, 35c, 36d, 35e; 39; 49; 53; 54; 67 through 723 75; 77 through
81; and 84 contained useful data. Except for References 4, 10, 11, 13, |
15, 17 ‘through 22a-22d, 23, 24, 25, 32, 33, 34n and 34s, 35c and 35d, 39,
42, 47, 48, 49, and 70, the controlled emission;factdrs were calculated
(manua11y and with the computer program) from data presented .in other
terms. A summary of all ava11ab1e part1cu1ate matter emission factors is
shown in Table 4-1.
4.2.2 Particle Size Data S ‘ (

- Both uncontrolled and controlled particulate matter emission‘Factors

were determined from the data contained in the reference documents
“described above. In the case of uncontro11ed em1ss10nsg References 7, 21,
35a, 34n and s, and 35e contained useful data.l For controlled em1ss1ons,
References 4, 7, 21, 35a, ‘and 35e conta1ned useful data. A summary of all
available PM;, emission factors is shown in Table 4-2.
4.2.3 Other Criteria Pollutant. Emissions Data

4.2.3.1 Volatile Organic Compounds. Controlled VOC emission factors
were determined for both methane and nonmethane VOC's. References 68, 79,

and 84 were used to determine controlled nonmethane VOC emission
factors. References 6, 26 through 29, and 69 were used to determine’
controlled methane VOC emission factors. Uncontrolled nonmethane VOC
emission factors were determined from data contained in References 1, 2,
39, and 40. No data were available to develop emission factors for
uncontrolled methane VOC's. In all cases, the emission factors were
determined from the test data by calculations’ from emﬁssion factors
expressed in terms other than mass of pollutant per megagram of dry sludge
incinerated. A summary of VOC emission factors is shown in Table 4-3.
4.2.3.2 Lead. Controlled Pb emission factors were determined from
the data contained in References 4, 5o through 5r, 28, 39, and 84. Only
Reference 39 contained uncontroiled emissions data. None of the data
reports indicated that Pb emission values were based on data from lead
compounds. Therefore, elemental Pb was assumed in each case. Because the
lead emission factor is the sum of both front- and back-half catches, the
© lead emission weight cannot be compared to the part1cu1ate matter em1ss1on
~ weight.
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In each case, calculations were performed to convert frem the units
used in the reports to conventional emission factor units. A suhmary of
Pb emission factors is shown in Table 4-4. f

4.2.3.3 Sulfur Dioxide, Oxides of Nitrogen and Carbon Monoxide.

Data for determ1n1ng uncontrolled emission factors for SO, were taken from
' References 1, 3, 50 5p, br, 35e, and 39. Uncontrolled. em1ss1ons data for .
N0 were taken from Referénces 1, 3, 35e, and 39; and for CO from
References 1, 3, 39, and 84. _ ;

Controlled emissions data used to determine emission factors were

prov1ded in the following reports:
502. References 50 through 5r, 26 through 29, 35e 45, 69 71 ‘and
72 : : o
: References 26 through 28, 35e, 68, 69, 71, and 72 | \
CO:  References 29, 68, and 72. -
The emission factors were determined from the test data by calculations.
Tables 4-5 through 4-7 present a summary of emission factors for those
pollutants.
4.2.4 Noncriteria Pollutant Emissions Data ‘
4.2.4.1 Acid Gases. Reference 50, 5p, and 5r contained data for
uncontrolled acid gas (H,S0,) emissions. References 50 through 5r and 27
provided data for the determination of controlled emission factors for

H2S04. References 26 through 28 were used for emission factors for HCT.

Calculations were required to convert 1nto conventional emission factor

units. A summary of acid gas emission factors is shown in Table 4-8.
4.2.4.2 Toxic Organics. References 1, 2, 3, and 84 were used for

the development of controlled emission factors for several dioxin and
furan compounds. Tables 4-9 through 4-14 present summaries of organic
emission factors.

4.2.4.3 Noncriteria Metals. Reference 39 provided uncontrolled
emission data for As, Cd, Cr, and Ni. Reference 7 provided uncontrolled
emission data for Cd. References 4, 26, 28, and 39 provided data for the
determination of controlled emission factors for As, Cd, Cr, and Ni.
Reference 5p was used for Cd, Cr, and Ni. References 50, 5q, and 5r were
used for controlled emissions of Cd and Cr. No emission data were
presented for Be. Controlled emissions data were presented for Hg in
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References 28 and 53. ATl results were converted to conventional emission
factor reporting units. A summary of emission factors for metals is
presented in Tables 4-15 and 4-16.

4.3 PROTOCOL FOR DATA BASE

4.3.1 Engineering Methodology

Us1ng the criteria discussed in Section 3.2, 29 reports representing
39 source tests were rejected. The remaining 55 reports representing 65
source tests were thoroughly reviewed to establish a data base for the
- following classes of pollutants: particulate matter and other critéria -
pollutants, acid gases, metals, and orgénic cémpouhds.

Data log forms (see Appendix A) were created to document and
facilitate transfer of reported emission and process.information to
L pollutant-specific data base files created using dBase III™. A program
{ was written to perform most of ‘the calculations and to present the results
" in a consistent and comparable format. Pollutant-specific tables were )
' generated by computer to (1) Tist results for uncontrolled and controlled
~ emission levels and collection efficiency, (2) presenf emission results as
© an emission factor in pollutant mass per mass of'51udge feed, and
‘ (3).identify the faci11ty by reference number and type. The sections
- below briefly describe the methodology and rationale used to develop the
. data base files and programs. | '
| The emission déta,'documented on the data log fOVms, were averaged as
the arithmetic mean of different sampling runs prior to inclusion in the
data base. Test programs at most facilities consisted of three sampling
runs conducted during distinct and controlled normal operating
. conditions. ‘
Due to the variety of formats used to report units'of measure at
. different sludge incineration facilities, the emissioﬁ data required some
? preprocessing to standardize the units of measure pridr to computer
L calculation of emission factors. Emission factors were then calculated in

terms of kg/Mg of dry sludge and 1b/ton of dry s1udge‘f0r all pollu-

; tants. Computerized preprocessing was possible with the data bases for
acid gases, criteria pollutants, and organ1c compound< because the variety
of measurement units was limited. The 1ist of convers1on factors used in
~ the data base preprocessing is included as Table 4- 18
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In the acid gases and criteria pollutants data bases, some
preprocessing required simple calculations in addition to unit
conversions. If the pollutant-specific data, D1, were reported in ng/dscm

. corrected to 12 percent CO, in the test report, the following calculation

DI=Dix(percent concentration of C0,)/12
was performed to.present the "uncorrected" va]ue in the resulting table.
When the data, D1, were reported in ng/dscf in the test report, the
conversion o
: 'DléDlx35.31 | _
was required to present D1 as ng/dscm. Acid gas and criteria pollutant
data were presented in ppmdv cbrrected to 12 percent CO0,. In order to
convert data, D1, from mg/dscm corrected to 12 percent CO, to~ppmdv at
12 percent C0,, the reTation
D1=D1x(1000x0. 02404)/(mo1ecu1ar weight of po]]utant)

was employed. -

Calculation of emission factors was performed using conversion
factors (CF's) to relate process cond1t1ons to emission concentrat1on
levels. The CF's were calculated manua]]y for each facility that provided

- percent concentration of CO,, process feed rate, and stack gas flow

measurements. The emission factors in 10~ '° 1b/ton were ca1cu1ated using

the "corrected" concentration data in Eng11sh units, E1 in 107" gr/dscf,

and the following equation :
EF=CFxE1l

where

(Percent concentration of €0,) (stack gas flow in dscfm)(7.l4x10'“)

CF = Process rate in ton/h

The emission factor in ug/Mg were then calculated using

EF in pg/Mg=(EF in 10~'° 1b/ton)x0.05 v
In order to calculate emission factors from data presented in ppmdv at
12 percent C0,, a second conversion factor, CCF, was needed. .CCF was
defined as ‘

_ {(molecular weight of po11utant)(1.3x10'§(CF)

CCF —
7.14x10
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An emission factor value may be calculated from

EF in 1b/ton feed=(D1 in ppmdv @ 12 percent CO,)(CCF).
Because test periods were nonsimultaneous, CF values for some facilities
were different for the various po11utants.; Determ1ndt1ons of emission
factors were made.only when process feed rates were documented or
derivable from plant records of sludge process rates.

Qua11ty control and quality assurance procedures were used to assure
that the data base accurately reflected the reported test data. - Each data
log form was checked by other MRI staff to assure documentat1on of
reported em1ss1on and process data pr1or to deve10pment of the computer '

data base. The data Tog forms provided the structure for the computer

data base f11es and qua11ty check. After em1ss1on tables were generated
a final compar1son was made between randomly se]ected test reports their "

associated data log form, and the produced emission table to assure the
quality of the data acquisition and the associated calculations.

:‘4.3.2 Computer Programming Methodology

The dBase III™ programs initially were modified%and»tit]ed in a
pollutant-specific fashion; these gradually were developed into a more
generalized format to allow for improved quality control and consistent
data manipulation. The programs were written in a modular fashion with a
main procedure, MAINRPT, calling several subroutines. The subroutines
were designed to (1) conduct the preprocessing and emission factor -
calculations; (2) print the table heading and column identifications;

(3) print the facility reference number, type, control device type and

" facility rating; and (4) print the emission factors in SI and English

units.
The data base files remained pollutant specific so that the fiTes

~ could be checked against the test reports. These files are presented in
. Table 4-19. These data base files were used to generate the pollutant-

specific tables shown in Table 4-20. These programs required simple

modifications prior to producing the desired tables. These modifications

included selecting desired table number and data type and altering the

j field name used in the program to reflect this data type.
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TABLE 4-1. SUMMARY OF EMISSION FACTORS FOR PARTICULATE MATTER FROM
SEWAGE SLUDGE INCINERATORS
Uncontrol led, Control led, Efficiency,
Source category/reference/rating ‘kg/Mg (ib/ton) kg/Mg (ib/ton) percent
Multiple hearth . ) -

Cyclone - : : . . '
5r,b 23.1 (46.2) 1,17 (2.348) 94.9 .
79,a 2. 930 (5.86) '

. ) Cyclone/impingement - ' . -
78,a . 0.404 (0.808)

Cyclone/venturi - .

“10,b ) f : . ' _ 0.240 (0.480)
11,b ‘ ) 0.280 (0.560)
13,b . X 0.150 (0.300)
84,a . C . 0.368 (0.736)

Cyclone/venfurl/implngemenf ' :

39,a 15.9 (31.8) 0.309 (0.618) : 98.1

Impingement C Co o ro oy
50,a . ; 178 (356) - 0.458 (0.916) ’ 99.7
5p,a _ 13.4 (26.8) 1.72 (3.44) 87.2
7,a 7.7 (15.4) 0.108 (0.216) . 98.6
9,b . 0.916 (1.832)

12,b . . . 0.937 (1.874)
22d,c ] 0.375 (0.750)
30,b 0.233 (0.466)
53,b .0.574 (1.148)
54,b v 0.521 (1,.042)
67,a ) 1.116 (2.232)
68,a ’ . 1.16 (2.32)
71,a 0.179 (0.358)
72 a 0.726 (1.452)
75,a 0.233 (0,466)

Yenturi
21,b - 12.4 (24.8) 1.73 (3.46) 86.1
24,c ) 0.365 (0.730)

25,c ’ 1.625 '(3.250) -
26,b : ’ . 0.274 (0.548)
27,b 7.065 (14.13)
32,b 1.60 (3.20)
47,b . 0.540 (1.08)
70,a 0.429 (0.859)
77,a 0.880 (1.76)
Venturi/impingement .
15,b 0.235 (0.470)
16,a 0.411 (0.822)
17,a 0.105 (0.210)
18,a ‘ 0.270 (0.540)
19,a 0.370 (0.740)
20,a 0.290 (0.580)
22a,c ) 0.925 (1.850)
22b,c 0.460 (0.920)
22¢c,c ‘ 0.865 (1.730)
33,a 0.255 (0.510)
42,a 0.165 (0.330)
45,b 0.509 (1.018)
48,a 0.910 (1.820)
49,a. 5.60 (11.2)
(continued)
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TABLE 4-1.

B

(continued)

Source category/
reference/rating

Uncontrolied,
kg/Mg (1b/ton)

Controlled,
kg/Mg (1b/ton)

Efficiency,
percent

80,a
81,a

Fluidized bed
Cycione?venfhri/impingemen+
. 43,a
44,a

Impingement
5q,b
14,b
Venturi
© 69,a

Venturi/impingement

28,b
29,b
Electric infrared

Cyclone/venturi
35¢,c

imp ingement

0.636 (1.272)
0.170 (0.340)

0.431(0.862)

0.5%-(1.10)

0.114 (0.228)
0.149 .(0.298)
0.570 1(1.140)

0.090 (0.180)
0.292 (0.584)

0.427 (0.854)

1.93 (3.86)

35a,c 0.821 '(1.642)
Venturi/impingement
34n,d,b 2.50 (5.00) 0.472 (0.944) : 81.1
34s,d,b? 4.05 (8.10) 0.640 (1.28)
' 35d,c ' - 0.875 (1.750)
35e,¢ 4.55 (9.10) 1.818 (3.636) 60.0

’aEfficiency cannot be catculated due to different inlet and outlet test run times.

I
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TABLE 4-2. SUMMARY OF EMISSION FACTORS FOR PARTICLE SIZE (PM,,) DATA
FROM SEWAGE SLUDGE INCINERATORS

Uncontrolled Controlled
Cut Emission Emission .
Source category/ diameter, factor, factor, ' Control
reference/rating , microns Cum. % < cut 1b/ton feed Cum. ¥ < cut 1b/ton feed } efficiency, %
Hultiple hearth . : .
. Impingement . . : : N
. 7.2 . ) 0.625 ~. 4,11 0.61 - 593 . 0:15 , 75.
o 1.00 6.37 0.94 62.4 0.16 83
2.50 15.0 2.22 68.9 0.17 . 92
5.00 28.7 4,24 74.3 0.19 . - 96
10.0 54,8 8.11 80,1 0.20 : 98
. 15.0 80.0 11.8 83.7 0.21 98"
Venturi ) .
21,b 0.625 12.7 3.17 73.9 2,59 : 18
1.00 13.6 3.38 77.2 . L2711 20
2.50 15.4 3.82 84.3 2.96 7 23
5.00 16.9 4,19 90.1 .3.16 25
10.0 18.5 4,61 96,2 3.38 27
15.0 19.6 4,87 99.3 3.49 28
Fluidized bed
Venturi .
4,b " 0.625 ’ : 32 ) 0.16
1.0 ' 60 0.30
2.50 71 . 0.35
5.00 78 0.39
10.0 86 0.43
15.0 92 0.46
Electric infrared
Impingement
35a,¢ 0.625 3.41 : 0,059
‘ 1.0 5.32 0.092
2.50 12.6 . 0.22
5.00 24.3 0.42
10.0 46.8 0.81
. 15,0 . 68.9 1.19
Venturi/impingement
34n,d 0.625 59.4 0.17
1.0 65.3 0.19
2.50 78.5 0.23
. 5.00 90.3 0.26
10.0 99.0 0.29
15.0 100.0 0.29
34s,d 0.625 59.8 0.88
. 1.0 65.7 0.97
2.50 78.9 1.16
5.00 90.6 1.33
10.0 99,0 1.46
15.0 100.00 1.47
3Se,c 0.625 11.1 1,01 31.1 1.13 -
1.0 13.9 1.26 36.2 1.32 --
T2.50 23.2 2.11 49,4 1.80 : 15
5.00 36.9 3.36 63.9 2.33 31
10.0 64.4 5.86 85,5 3.11 ' 47
15.0 93.7 8.53 100.0 3.64 57
-
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TABLE 4-4. SUMMARY OF EMISSION FACTORS FOR LEAD FROM SEWAGE SLUDGE

INCINERATORS
Source category/ ' Uncontrol led, . . Controlled, Efficiency,
reference/rating , kg/Mg' (!b/ton) kg/Mg (1b/ton) percent
.Multiple hearth . . ' oL
Cyclone . : -
5r,b - . : 0.037 (0.074)
Cyclone/venturi
84,a . - 0.,0052 (0.0104)
Cyclone/venturi/impingement ' .
39,a ! 0,047 (0.094) 0.011 (0.022) : 77.2
Impingementi .
50,a ' , : = 0.019 (0.038)
5p,a o ' .. 0.039 (0.078)
Fluidized bed
Impingement : ;
5q,b ' 0.003 (0.006)
Venturi/impingement
4,b 0.005 (0.010)
28,b : 0.002 (0.004)
i
4-22




.

TABLE 4-5. SUMMARY OF EMISSION FACTORS FOR SULFUR DIOXIDE FROM

SEWAGE SLUDGE INCINERATORS

Controlled,

Source category/ - Uncontrolled, Efficiency,
reference/rating kg/Mg (lb/ton) kg/Mg (Ib/ton) percent
"Multiple hearth
Cyclone ' . ? :
5r,b 8.34 (16.68) 1.77 (3.54) 78.7
CycIone/venfﬁr}/impingemenf
1,a 19.7 (39.4)
39,a 25.1 (50.2)
Impingement
3,a 9.98 (19.96)
50,a 14.4 (28.8) 0.031 (0.062) 99.7
5p,a 4.686 (9.372) 0.107 (0.214) 97.7
71,a 0.360 (0.720)
72,a 0.807 (1.614)
Ven+uri -
26,b 0.78 (1.56)
27,b 3.84 (7.68)
Venturi/impingement
45,b 0.001 (0.002)
Fluidized bed '
Impingement
5q,b 0.347 (0.694)
Venturi ‘
69,a 9.25 (18.5)
Venturi/impingement Lo
28,b 0.10 (0.20)
29,b 0.78 (1.56)
. Electric infrared
Venturi/impingement
35e,c 9.2 (18.4) 2.32 (4.64) 74.7

4-23



TABLE 4-6. SUMMARY OF EMISSION FACTORS FOR OXIDES OF NITROGEN FROM
SEWAGE SLUDGE INCINERATORS

N - _After oo .
- Source category/ Uncontrol ted, control device, ‘Efficiency,
reference/rating kg/Mg (1b/ton) kg/Mg (!b/ton) percent
Multiple hearth
+ Cyclone/venturi/impingement '
1,8 4,37 (8.74)
39,a 6.73 (13.46)
Impingement .
3,a 5.965 (11.930)
68,a 5.65 (11.30)
71,a 0.888 (1.776)
72,a .3.77 (7.54)
Venturi
26,b 0.248 (0.496)
27,b 1.705 (3.410)
Fluidized bed
Venturi
69,a 2.92 (5.84)
Venturi/impingement ’
» . 1.41 (2,82)
Electric infrared
Venturi/impingement '
35e,c 4.32 (8.64) 2.90 (5.80) 32.9
4-24
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TABLE 4-7. SUMMARY OF EMISSION FACTORS FOR CARBON MONOXIDE FROM
o : SEWAGE SLUDGE INCINERATORS

Source category/
reference/rating

- Uncontrol led,
kg/Mg (ib/ton)

i After
control device;
kg/Mg (ib/ton)

© Efficiency,

percent

Multiple hearth

Cyclone
84,a

Cyclone/venturi/impingement
1,8
39,a

lmpingement
3,a .
68,a
72,a

Fluidized bed

Venturi/impingement
29,b

53 (106)

19.5 (39.0)
44,1 (88.2)

27.0 (54.0)

1.65 (3.30)
1.78' (3.56)

2.13:(4.26)
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TABLE 4-11. SUMMARY OF TOTAL TETRA- THROUGH OCTACHLORINATED
DIBENZO-P-DIOXIN EMISSION FACTORS FROM SEWAGE SLUDGE INCINERATORS

After control
Uncontrolled, ug/Mg device, ug/Mg ° Efficiency,

fSource ca*egory/refereqce/rafing (Ib/ton, E-9) (Ib/ton, E-9) percent

‘Multiple hearth

Cyclone/venturi

2,b B 5.63 (11.26) .
' Cyclone/venturi/impingement : ' L
1,b A - 113 (226)
Impingement . . ‘ .
3,b 847 (1,694) 360 (720) 57.4
o 3
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TABLE 4-14. SUMMARY OF TOTAL TETRA- THROUGH OCTACHLORINATED DIBENZOFURAN
EMISSION FACTORS FROM SEWAGE SLUDGE INCINERATORS ]

After control

, Uncontrolled, ug/Mg device, ug/Mg Efficiency,
. Source category/reference/rating (ib/ton, E-9) : (I1b/ton, E-9) percent
Multiple hearth
Cyclone/venturi
2,b 97 (194)
84,a ‘ _ 35.5 (71.0)
Cyclone/venturi/impingement . .
‘1,b : ' 250 (500)
¢ lmpingement . '
3,b 3,766 (7,532) 3,056 (6,100) 18.9
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TABLE 4-18. LIST OF CONVERSION FACTORS

Multiply By .~ _.To obtain
mg/dscm 4.37 E-4 . .. gr/dscf
m 10.764 ~ ot
acm/min 35.31 ~ “ acfm .
m/s 3.281 ft/s

kg/h 2.205 1b/h -

kPa 4.0 ~in. of H,0
Tpm 0.264 gal/min

kg /Mg 2.0 B 1b/ton

"Temperature conversion equations
F=(9/5)*C+32 |
C=(5/9)*(F-32)
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"TABLE 4-19. LIST OF DATA FILES

Name 3Conténts

SSLACID Acid gas data -

* SSLCRIT Criteria pollutant data '

SSLORG Organic data: 2,3,7,8-tetra's, total measured tetra's,
penta’s, hexa's, hepta's, octa's, tetra through octa's,
benzene, benzo-a-pyrene, chlorinated phenols, and
chlorinated benzenes :

SSLSITE Facility type,‘name; control device, test condition,
rating, and reference number

SSLPROC Stack gas flow, process rate, percent CO,
concentration, percent 0, concentration

SSLMET Metals data: As, Be, Cd, Cr, Hg, Ni, Pb
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TABLE 4-20. SUMMARY OF COMPUTER PROGRAMS

‘Name - Input data file Tables produced
_ 'SPART - SSLCRITS | . Criteria pollutant tables
'NONCRIT SSLMET " Metals
ACID SSLCID Acid gases
i 'ORG .. SSLORG 2,3,7,8-tetra's, total tetra's, penta‘é,

v : hexa's, hepta's, octa's, and tetra
L N . through octa's

TORG :'.  SSLORG - Total ‘measured dioxins and furans

i
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Stack Sampling Report for City of New London (CT) No. 1 Sludge
Incinerator, Recon Systems, Inc., Three Bridges, New Jersey,

April 1984, '

Stack Sampling Report for Municipal Sewage S1udge;Incinerator No. 1,
Scrubber Outlet (Stack), Providence, Rhode Island, Recon Systems,
Inc., Three Bridges, New Jgrsey, November 1980.
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33.
34.

35.

36.
37.
38.
39.
40.
41.

42.
43.

44,

Stack Sampling Report, Compliance Test No. 3, at Attleboro Advanced
Wastewater Treatment Facility, Attieboro, Massachusetts, David Gordon
Associates, Inc., Newton Upper Falls, Massachusetts, May 1983.

(Two tests). Source Emission Survey. North Texas Municipal Water
District. Rowlett Creek Plant. Plano, Texas, shirco, inc., Dallas,
Texas, November 1978. . o ‘

(Five tests). Emissions Data for Infrared Municipal Sewage Sludge

‘Incinerators, Shirco, Inc., Ddilas, Texas, January- 1980,

Liao, P. B. and M. J. Pilat. Air Pollutant Emissions from Fluidized
Bed Sewage Sludge Incinerators. Water and Sewage Works..
February 1972. ' »

- (Two_tests) Emission Evaluation for: Merrimack wéstewater Treatment '

Plant, Merrimack, New Hampshire, Mogul Corp., Chagrin Falls, Ohio, .
November 1977. . . | ‘ :
Perfbrmance of Emission Tests and Material Balance for é FTuidized-"
Bed Sludge Incinerator, GCA Corp, Bedford, Massachusetts,
November 1980. . :

Electrostatic Precipitator Efficiency on a Multiple Hearth
Incinerator Burning Sewage Sludge, EPA Contract No. 68-03-3148,
Radian Corp., Research TriangTe Park, North Carolina, August 1986.

Baghouse Efficiency on a Multiple Hearth Incinerator Burning Sewage
Sludge, EPA Contract No. 68-03-3148, Radian Corp., Research Triangle
Park, North Carolina, August 198s6. ‘

Farrell, J. B. and H. Wall. Air Pollution Discharges from Ten.Sewage
Sludge Incinerators, U. S. Environmental Protection Agency,
Cincinnati, Ohio, August 1985.

Emission Test Report. Sewage Sludge Incinerator. Davenport

Wastewater Treatment Plant. Davenport, lowa, ’
[STAPPA/ALAPCO/11/04/86-No. 1197, PEDCo Environmental, Cincinnati,

Ohio, October 1977.

Sludge Incinerator Emission Testing. Unit No. 1 for City of Omaha,
Papillion Creek Water Pollution Control Plant, ‘ ' .

| STAPPA/ALAPC0/10/28/86-No. 100], Particle Data Labs, Ltd., Elmhurst,
ITlinois, September 1978. ‘ ,

Sludge Incinerator Emission Testing. Unit No. 2 for City of Omaha,
Papillion Creek Water PoTllution Control Plant,
{STAPPA/ALAPC0/10/28/86-No. 100], Particle Data Labs, Ltd., Elmhurst,
I11inois, May 1980.-
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45,

46.

47.

48.
.
51.
52
55.
56.

57.

Particulate and Sulfur Dioxide Emissions Test Report for Zimpro on
the Sewage Sludge Incinerator Stack at the Cedar Rapids Water
Pollution Control Facility, [STAPPA/ALAPCO/11/04/86-No. 119], Serco,
Cedar Falls, Iowa, September 1980.

City of Davenport (IA) Particulate Emission Test,
[STAPPA/ALAPCO/11/04/86-No. 119], Zimpro, Rothschild, Wisconsin,
September 1977. o

Newport Wastewater Treatment Plant, Newport, Tennessee. ‘(Nichols;
December 1979). [STAPPA/ALAPC0/10/27/86-No. 21].

Maryville Wastewater Treétment Plant Sewage Sludge Incinerator
Emission Test Report, [STAPPA/ALAPC0/10/27/86-No. 21], Enviro-
measure, Inc., Knoxville, Tennessee, August 1984. ‘

Maryville Wastewater Treatment Plant Sewage S1udgé Incinerator

‘Emission Test Report, [STAPPA/ALAPC0/10/27/86-No. 21], Enviro-

measure, Inc,; Knoxville, Tennessee, October 1982,

Newport (Tenriessee) Utilities Board, [STAPPA/ALAPC0/10/27/86-No. 21]
Entropy, Research Triangle Park, North Carolina, December 1974.

Kiski Valley (Penhsy1van1a) Water Pollution Control Authority.
Source Test Report, [STAPPA/ALAPC0/11/04/86-No. 1227, Pennsylvania,
Department of Environmental Resources, May 1986.

- Anchorage Water and Sewer Utilities. Point Woronzof Wastewater

Treatment Facility, [STAPPA/ALAPC0/10/28/80-No. 108], Chemical and
Geological Laboratories of Alaska, Inc., September 1982.

Souther1y Wastewater Treatment Plant, Cleveland, Ohio, Incinerator
No. 3, [STAPPA/ALAPC0/11/12/86-No. 1247, Envisage Environmental,

Inc., Richfield, Ohio, May 1985.

Southerly Wastewater Treatment P]aht, C]evé1and, Ohio. Incinerator
No. 1, [STAPPA/ALAPCO/11/12/86-No. 1247, Envisage Environmental,

Inc., Richfield, Ohio, August 1985.

Atmospheric Emission Evaluation. Anchorage Water and Wastewater
Utility Sewage STudge Incinerator, [STAPPA/ALAPCO,/10/28/86-No. 108],
American Services Associates, Bellevue, Washington, April 1984.

Source Test Report Review. R. M. Clayton WPC Plant; Atlanta,
Georgia. Nos. 1 and 2 Incinerators, (May 11 thru 12, 1983).
[STAPPA/ALAPC0/06/23/86-No. 16]. 1

Source Test Report Review. Flat Creek Wastewater Treatment Plant;
Gainesville, Georgia. Nos. 51 and 1 Incinerators,
[STAPPA/ALAPC0/06/23/86-No. 16], Department of Natural Resources,
Atlanta, Georgia, January 1985. 7 ‘
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58.

59.

60.

61.

62.

63.

64.

65.

66. -

67.

68.

69.

70.

City of Bellingham Post Point Wastewater Treatment Plant Mercur
Source Test, (January 29-30, 1979). [STAPPA/ALAPC0/10/28/86-
No. 106]. )

Source Test Report. East Norriton and Plymouth Township Joint Sewer

Authority, [STAPPA/ALAPCO/11/04/86-No. 122], Pennsylvania Department
of  Environmental Resources, July 1986. :

Source Test Report. Erie Sewer Authority, Erie, Pennsylvania.
Sludge Incinerator No. 1, [STAPPA/ALAPCO/11/04786-No. 122],

. Pennsylvania Department of Environmental Resources, July 1981.

Source Test Réport. Erie Sewer Authority, Erie, Pennsylvania.
Sludge Incinerator No. 2, [STAPPA/ALAPCO/11/04-86-No. 122],
Pennsylvania Department of Environmental Resources, July 1981.

Cities of Columbia and Charleston (three tests).
[STAPPA/ALAPC0/05/29/86-No. 15], South Carolina Bureau of Air Quality
Control, May 1976 and August 1977.

Letter from American Interplex to J. D. Helms, August 16, 1984.
North Little Rock (Arkansas) Stack Emission Summary.

Report from U. S. Environmental Protection Agency, Region II to Barry
Mitsch, Radian Corp. Information on Sewage Sludge Incinerators in
Region II and Emissions Data Report for Atlantic City, New Jersey.

Hobbs, B. Testing and Evaluation of Sewage Sludge Incinerator'at‘

Fields Point Wastewater Treatment Facility, Providence, Rhode Island,

GCA Corp., Bedford, Massachusetts, August 1982,

Report: South Essex Sewerage District: A Case History, MA
Department of Environmental QuaTlity Engineering. November 1982,

Final Report for an Emission Compliance Test Program (July 1, 1982)
at City of Waterbury Wastewater Treatment Plant Sludge Incinerator,
Waterbury, Connecticut, [STAPPA/ALAPCO0/12/17/86-No. 136], York
Services Corp, July 1982.

Incinerator Compliance Test at the City of Stratford Sewage Treatment
Plant in Stratford, Connecticut, [STAPPA/ALAPCO/12/17/86-No. 136],
Emission Testing Labs. September 1974. ‘ ‘

Emission Compliance Tests Conducted at Norwalk Wastewater Treatment
Plant, South Smith Street, Norwalk, Connecticut, ’

[ STAPPA/ALAPC0/12/17/86-No. 136], York Research Corp, Stamford,
Connecticut. February 1975.

Final Report--Emission Compliance Test Program at East Shore
Wastewater Treatment PTant, New Haven, Connecticut,
[STAPPA/ALAPCO/12/17/86-No. 136], York Services Corp., Stamford,
Connecticut, September 1982.
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71,
72.

73,

74..

75.

76.

77.

78.
79.
80.

81.

Incinerator Compliance Test at Enfield Sewage Tréatment Plant in

Enfield, Connecticut, [STAPPA/ALAPC0/12/17/86-No. 136], York Research
Corp., Stamford, Connecticut, July 1973.

Incinerator Compliance Test at The Glastonbury Séwage Treatment Plant

in Glastonbury, Connecticut, [STAPPA/ALAPC0/12/17/86-No. 136], York
Research Corp., Stamford, Connecticut, August 1973. oo

Report on Measurement of Particulate Emiséiohs from the (Hartford,
Connecticut) Sewage Sludge Incinerator of the Metropolitan District

Commission, [STAPPA/ALAPC0/12/17/86-No. 136], The Research Corp.,

Wethersfield, Connecticut, August 1977.

Emissions Tests at the Hartfdrd Sewage Sludge Incinerator Brainard :

Road, Hartford, Connecticut, [STAPPA/ALAPC0/12/17/86-No. 136], The
Research Corp., Wetherfield, Connécticut, May 1973. -

Results of the May 5; 1981, Particulate Emission Measurements of the

Sludge Incinerator Located at the Metropolitan District Commission
Incinerator Plant, Hartford, Connecticut, [STAPPA/ALLAPCO/12/17/86-

No. 136], Henry Souther Laboratories.

Incinerator Compliance Test at The Willimantic Sewage Treatment Plant

in Willimantic, Connecticut, [STAPPA/ALAPC0/12/17/86-No. 136], York
Research Corp., Stamford, Connecticut, February 1974.

Official Air Pollution Tests Conducted on the Nichols Engineering and
Research Corporation Sludge Incinerator Located an the Wastewater
Treatment Plant, Middletown, Connecticut, o ) ;
[STAPPA/ALAPC0/12/17/86-No. 136]. . Rossnagel and Associates, Cherry
Hi11l, New Jersey, November 1976.

Measured Emissions From the West Nichols-Nepturne Multiple Hearth

Sludge Incinerator at the Naugatuck Treatment Company, Naugatuck,
Connecticut, April 24, 1985, [STAPPA/ALAPC0/12/17/86-No. 136], The

Research Corp., East Hartford, Coqnectitut, April 1985.
Compliance Test Report--(August 27, 1986) Mattabaﬁset District

Pollution Control Plant Main Incinerator, Cromwell, Connecticut,
[ STAPPA/ALAPC0/12/17/86-No. 136], ROJAC Environmental Services, Inc.,
West Hartford, Connecticut, September 1986. )

Stack Sampling Report (May 21, 1986) City of New London No. 2 Sludge

Incinerator OQutlet Stack Compliance Test, ‘
[STAPPA/ALAPCO/12/17/86-No. 136], Recon Systems, Inc., Three Bridges,
New Jersey, June 1986, : . ’

Particulate Emission Tests, Town of Vernon Municipal Sludge

Incinerator, February 10, 11, 1981, Vernon, Connecticut,
[STAPPA/ALAPC0/12/17/86-No. 136], The Research Corp., Wethersfield,
Connecticut, March 1981. !
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82.

83.

84,

Six Tests on Buckman Incinerator No. 1, Jacksonville, Florida. 1982
through 1986. Provided by the Department of Health, Welfare, and
Bio-Environmental Services, City of Jacksonville, Florida,

| STAPPA/ALAPC0/01/05/87-No. 137].

(Four tests). Bennett, R. L. and K. T. Knapp. Characterization of
Particulate Emissions from Municipal Wastewater STudge Incinerators,
ES and T Volume 16, No. 12, 1982. "

Non-Criteria Emissions Monitoring Program for the Envirotech Nine-
Hearth Sewage Sludge Incinerator at the Metropolitan Wastewater
Treatment Facility, St., Paul, Minnesota, ERT Document

No. P-E081-500; October 1986.
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5. AP-42 SECTION 2.5: SEWAGE SLUDGE INCINERATION

revision to Section 2.5 of AP-42 is presented in the following
it would appear in the document.
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2.5 SEWAGE SLUDGE INCINERATION

‘ . . 123
2.5.1 Process Description

In sewage sludge incineration, materials generated by wastewater
treatment plants are oxidized to reduce the volume of solid waste.

. In-the first step in the process, the sludge is dewatered until it is
15 to 30 percent solids so that it will burn without auxiliary fuel.
Dewatered sludge is conveyed to a combustion device where thermal oxidation
occurs. The unburned residual ash is removed from the combustion device,
usually on a continuous basis, and disposed. The exhaust gas stream is
directed to an air pollution control device, typically a wet scrubber.

' Approximately 95 percent of sludge incinerators are multiple~hearth and
fluidized-bed designs. Multiple-hearth incinerators are vertically oriented
‘cylindrical shells containing from 4 to 14 refractory hearths stacked one
above the other. Sludge.typically enters at the periphery of the top hearth °
and is rdked inward by the ‘teeth on a rotating rabble arm to a drop hole
leading to the second hearth. The teeth on the rabble arm above the second
hearth are positioned in the opposite direction to move the sludge
outward. This outside-in, inside-out pattern is repeated on alternate
hearths. Fluidized-bed incinerators also are vertically oriented
cylindrical shells. A bed of sand approximately 0.7-meters (2.5-feet) thick
, rests on the grid and is fluidized by air injected through the tuyeres

located at the base of the furnace within a refractory~lined grid. Sludge
is introduced directly into the bed. Temperatures in a multiple-hearth
furnace are 320°C (600°F) in the lower, ash-cooling hearth; 760° to 1100°C
(1400° to 2000°F) in the central combustion hearths; and 540° to 650°C
+ (1000° to 1200°F) in the upper, drying hearths. ‘Temperatures in a
fluidized-bed reactor are fairly uniform, from 680° to 820°C (1250° to
1500°F). 1In both types of furnaces, an auxiliary fuel may be required
either during startup or when the moisture content of the sludge is too high
to support combustion. : '

- Electric (infrared) furnaces are the newest of the technologies
currently in use for sludge incineration. The sludge is conveyed into one
end, of the horizontally oriented incinerator where it is first dried and
then burned as it travels beneath the infrared heating elements.

. Other sludge incineration technologies that are no longer in widespread
use include cyclonic reactors, rotary kilns, and wet oxidation reactors.
Some sludge is coincinerated with refuse.

i .. 1,2 4
2.5.2 Emissions and Controls 2”7

Sludge incinerators have the potential to emit significant quantities
of pollutants to the atmosphere. One of these pollutants is particulate
matter, which is emitted because of the turbulent movement of the combustion
_gases with respect to the burning sludge and resultant ash. The particle
size distribution and concentration of the particulate emissions leaving the
incinerator vary widely, depending on the composition of the sludge being '
burned and the type and operation of the incineration process,

Solid Waste Disposal




Total particulate emissions are usually highest for a fluidized-bed
incinerator because the combustion gas velocities required to fluidize the
bed result in entrainment of large quantities of ash in the flue gas.
Particulate emissions from multiple-hearth incinerators are usually less
than those from fluidized-bed incinerators because the agitation of ash and
gas velocity through the bed are lower in the multiple-hearth
incinerators. Electric furnaces have the lowest particulate matter

' emissions because the sludge is not stirred or mixed during incineration and
air flows through the unit generally are quite low, resulting in minimdl.
entrainment.

Incomplete combustion of sludge can result in emissions of intermediate
products (e. Bes volatile organic compounds and carbon monoxide). Other
potential emissions include sulfur dioxide, n1trogen .oxides, metals, acid
gases, and toxic organic compounds.

Wet scrubbers are commonly used to control particulate and gaseous
(e.g., SOz, NOx, -CO, and VOC's) emissions from sludge incinerators. There
‘are two practical reasons for this: (1) a wastewater treatment plant is a
source of relatively inexpensive scrubber water (plant effluent) and (2) a
system for the treatment of the scrubber effluent is available (spent )
scrubber water is sent to the head of the treatment plant for solids removal
and pH adjustment). The most widely used scrubber types are venturi and
impingement—-tray. Cyclone wet scrubbers and systems combining all three
types of scrubbers are also used.

Pressure drops for venturi, impingement tray, and cyclone scrubbers are
1 to 40 kPa, 0.4 kPa per stage, and 1 to 2 kPa, respectively. Collection
efficiency can range from 60 to 99 percent depending on the scrubber
pressure drop, particle size distribution, and particulate concentration.

.Emiggsion factors and emission factor ratings for sludge incinerators
are shown in Table 2.5-1. Table 2.5-2 shows the cumulative particle size
distribution and size specific emission factors for sewage sludge
incinerators, Figures 2.5-1, 2.5-2, and 2.5-3 show the cumulative particle
size distribution and size-specific emission factors for multiple-hearth,
fluidized-bed, and electric infrared incinerators, respectively.

2.5-2 EMISSION FACTORS
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TABLE 2.5-2. CUMULATIVE PARTICLE SIZE‘DISTRIBUTION AND SIZE SPECIFIC
EMISSION FACTORS FOR SEWAGE SLUDGE INCINERATORS2 )

Particle Cumulative mass § < stated size Cumulative emission factor, kg/Mg (ib/ton)
size, Uncontrol led Control led Uncontrol led Controlled
microns MH®  Fb® EI9  MH° . Po® EI9 MH®  Fp®  E1T MeP FbC E10
15 15 NA 43 30 7.7 60 6.0 NA 4.3 0.12 0.23 1.2
o ) (12) (8.6) (0.24)  (0.46) (2.4)
10 10 NA 30 27 7.3 50 4.1 NA - 3.0 0.11 .0.22 - 1.0
(8.2) (6.0) (0.22) (0.44) (2.0)
5.0 5.3 NA 17 25 6.7 35 2.1 NA 1.7 0.10 0.20 0.70
.. (4.2) (3.4) (0.20) (0.40) (1.4)
2.5 2.8 NA 10 22 6.0 25 . 1.1 NA 1.0 0.09 0.18 0.50
. (2.2) (2.0) (0.18) (0.36) (1.0)
1.0 1.2 NA  6.0° 20 5.0 18 0.47 NA 0.60 0.08 0.15 0.35
(0.94) (1.2) (0.16) (0.30) (0.70)
0.625 . °0.75 NA 5.0 17 2.7 15 0.30 NA 0.50 0.07 0.08 0.30
(0.60) {1.0) (0.14) (0.16) (0.60)
TOTAL 100 100 100 100 100 100 40 NA 10. . 0.40 3.0 2.0 )
(80) (20) (0.80) (6.0) (4.0)

gReference 5.

MH = multiple hearth.
gFB = fluidized bed.

El = electric infrared.
NA = not avallable.
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Figure 2.5-1. Cumulative particle size distribution and

size-specific emission factors for
multiple-hearth incinerators.
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Figure 2.5-2. Cumulative particle size distribution and
size-specific emission factors for
fluidized~bed incinerators.
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electric (infrared) incinerators.

) ? ’ Solid Waste-Disposal ' 2.5-5







REFERENCES FOR SECTION 2.5

1.
' Wastewater Sludge, EPA-625/10-84-003, U. S. Environmental Protection
. Agency, Cincinnati, OH, September 1984,

2.5-6 EMISSION FACTORS

Environmental Regulations and Technology: Use and Disposal of Municipal

; Seminar Publication: Municipal Wastewater Sludge Combustion Technology,v>
' EPA-625/4-85/015, U. S. Environmental Protection Agency, Cincinnati,
. OH, September 1985. : : N

 Written communication from C. Hester, Midwest Research Institute, Cary,

NC, to J. Crowder, Office of Air Quality Planning and Standards, U. S.

~ Environmental Protection Agency, Research Triangle Park, NC, September
- 1985. -

' Control Techniques for Particulate Emissions From Stationary Sources

Volume 1, EPA-45/3-81-005a, U. S. Environmental Protection Agency,

' Research Triangle Park, NC, September 1982.

' Draft report. Emission Factor Documentation for AP-42 Section 2.5--
- Sewage Sludge Incineration, Monitoring and Data Analysis Division,
. Office of Air Quality Planning and Standards, U. S. Environmental

- Protection Agency, Research Triangle Park, NC, September 1987.







APPENDIX: A.
DATA TRANSFER LOG FORM
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SSI/RT  CritJPart/Acid/Met/Part Size Date:__ By:

Source: _ : Control Device:

Test: Stack/Material Balance/Other: OVERALL RATING:' A B C D

NRRRARNER mﬂmn*m***************** RRXREREEEREERRXRTEREREREERRLRE R R LB A RN Ph Ry

Check for Rejection: ' accept rejec;

-i. Test series averages can be converted to selected reporting .units
é. Tést series-represent compatibie tesf methods o
3. ' Test series of controi1éd emissions §pecify the control device
4. Testﬂseries clearly identify and describe the source brocess
5

;. Test series clearly specify emissions as controlled/uncontrolled

If not Rejected, Evaluate: t . yes no ‘rating*

T-__SOURCE_OPERATION _ X80

a. Source manner of operation well documented

b. Source operating within typical pa}ameters dufing test
2 SAWPLING PROCEDURES ! . —FECT
 a. Deviatiop'from Standard Methods '

b. Deviations well documented
c. Deviations result in questionable test results

3. SAMPLING AND PROCESS DATA -~ ~ A8 CtL

a. Wide deviation ih test results

b. Deviation explained in report

3. ANALYSIS AND CALCULATIONS AB CCT
a. Original raw data shéets included
b. Nomenclature and equations equivalent to EPA-specified

c. Calculations warrant review

COMMENTS:

*Rating: A = Sound methodology; enough detail for adequate validation. )
: B = Generally sound methodology but lack enough detail for adequate validat
: C = Based on untested or new methodology or lack a significant amount of
. ‘ background data. j
' D = Based on generally unacceptable method but may provide an order-of-
magnitude value for the source. ‘
A-1

]




1D

Incinerator Type/Mfg

e g e I P YT T 2 X R R bdedidiadodolio bkl ol h il

Ref# B

—— Y
fadialeh R 2 ooy

Control Device Type/Mfg

Comments:

£y

Particulate Sizing on Pages

TOXiC METALS EMISSIONS DATA

Process Measurements : Runs
Page Table Location Units 2 3 4 5 6
Feed Rate '
Flow Rate
%
co,
Emissions
Intfet ~ ___ _ As .
__ __ Be
R ¢
— _____Cr
I o -
—_Hg
N
Outlet —\  As
__________ _Be
I ¥
- Cr
________Pb
—_— . Hg
Ni

A-2




;ACID GAS EMISSIONS DATA

: Process Measurements N Runs
x A Page table Location Units 1 2 -3 4 5 6
‘Feed Rate
‘Flow Rate
. C0,
Emissions
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'CRITERIA POLLUTANTS EMISSIONS DATA

Process Measurements Runs : *
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TOXIC ORGANICS EMISSIONS DATA

Process Meésuremgnts . )
Page Table Location Units ; 2 3 4 5

Feed Rate

Flow Rate

0

2
o,

Emissions (Units:

) .
Inlet i ' Outlet
Page Table 1 2 3 "ave |Page Table 1 2

2378 TCDD

. 2378 TCOF

Tot TCDD

Tot TCDF

Tot PCDD

Tot PCDF

Tot HxCDD

Tot HxCDF

Tot HpCDD

Tot HpCDF

Tot 0cCDD L

Tot OcCDF

Tet-0ctCDD

Tet-0ctCDF

Tot PCB

Formaldehyd

Tot C1B

Tot CIP

BaP

Benzene
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