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- x, PREFACE

This report was prepared =m§o.n.nonnﬂoon for the Office of Air Programs,
Envirommental Protection &ngw.“hngv rw Engineering-Science, Inc. to assist
the federal govermment in n-n-.v.wru.ocn its responsibilities under the Clean
Air Act of 1970. mvoo»mnn-:v.....mmo. purpose of thia project was to assemble
into one report information on auvi:-n gas flow rates from selected air
pollution sources. The nnnnnn»oa of nru report was to help the EPA evaluate -
specific details of state Fvw.vnn-n»on plans and to estimate the impact of
large sources on local air nunw»nv. even when details of the source were p-nr-
ing. However, it is obvious no ..nr,n investigators that state and local agencies

also will be able to use this 4 ..lt t as support for their emission inventory

and enforcement activities.



ACKNOWLEDGMENTS

In campleting this investigation, there were many people, other than
the principal authors, who made significant contributions.

We wish to scknowledge the guidance and direction provided by the
OAP project officers and their assistants, Messers Anthony Cortese,

Ted Creskmore snd Mark Harris. They were able to provide dsta which
was not readily available from other sources and they provided help in
polisking up the many draft reports.

Throughout the project, halp was obtained and data was secured from
several of the trade associations. The State air pollution control agencies
in New Jersey, New York, Maryland, and Missouri-also provided valuable
data which helped make this project a success.

In Engineering-Science, Inc., M. Dean High was the principal investi-
gator and Michsel E. Lukey was project Manager. Other staff members, who
worked part-time on this project, included John M. Craig, Ph.D., Gary Thom,
I1.K. Allison, Terrence A. LiPuma, and Pranklin Meadows.

The typing of this report was cowpleted by Mrs. Linda Arrasmith,
vhose diligence was especially appreciated. ’

i1

- .

II.

III.

TABLE of CONTENIS

INTRODUCTION A'HD SUMMARY

STATIONARY ‘FUEL: COMBUSTTON

1.
2,
3.
4.
5.
6.
7.

Anthracite Coal Combustion
Bituminous Coal Combustion
Residusl Fuel 0il Combustion
Distillate. Fuel 0il Combustion
Natural Gss Combustion

Liquefied Petroleum Gas Combustion
Wood Waste Combustion in Boilers
References .

REFUSE INCINERATION

1.
2.
3.
4.
5.
6.
7.

Municipal Incineration
Industrial-Commercial Incineration
Domestic Incineration
Pathalogical Incineration

Auto Body Incineration

Conical Buxners

Open Burning

References .

CHEMICAL PROCESS INDUSTRY

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12,
13.
14,
15.

Ammonia Plant )
Carbon Black.Plant
Charcoal Plant
Chlorine Plant

ofluoric Acid Plant
Nitric' Acid Plant
Paint and Varhish Plant
Phosphoric Acid Plant
Phthalic Anhydride Plant
Plastice Plant
Printing Ink Plant
Soap and Detergents Plant
Sulfuric ‘Acid Plant
Synthetic Fibers Plant
Synthetie Rubbex Plant
Reference -

II-1

1I1-13
11-32
11-44
11-50
11-58
11-60
I1-67

II1-1

I111-12
III~19
I111-31
I11-34
II1-36
I111-40
II1I-45



VI,

VII,

VIII.

g
d
:
:
:
:

Alfalfa Dehydrating Plant
Coffee Roasting Plant
Cotton Ginning Process
Feed and Gratn Mills

Fish Meal Processing
Fermentation Processes
Meat Smokshouse

Starch Manufacturing Plant
Reference

N -

Q0 ~ OV P
PR

METALLURGICAL INDUSTRY

Primary Aluminum Smelters
Primary Copper Smelters

Iron and Steel Mills

Primary Lead Smelters

Primary Zinc Smelters
Metallurgical Coke Manufacture
7. Secondary Alumimm Smelting

8. Secondary Brass and Bronze Smelting
9. Gray Iron Foundry

10. Secondary Lead Smelting

11. Magnesium Melting

12. Steel Foundry

13, Secondary Zinc Processes
Reference

oAl o S FON S
« s e o

MINERAL PRODUCTS INDUSTRY

1. Asphalt Roofing Manufacture

2. Asphaltic Concrete Batch Plang -
3. Bricks and Related Clay Products Mfg.
4. Calcium Carbide Plant

5. Castable Refractures Mamufacture
6. Cement Manufacturing Plant

7. Ceramic and Clay Processes

8. Clay and Fly Ash Sintering Plants
9. Concrete Batching Plant :
10. Fiber Glass Manufscturing Plant
11. Gypsum Manufacturing Plant
12, Lime Production Plant
13. Perlite Manufacturing Plant
14. Rock Wool Manufacturing Plant
15. Rock, Gravel and Sand Procesaing
16. Glass Manufacturing Plant

17. Frit Msoufacturing Plant

Reference

PETROLEUM REFINERY
Reference

V-1l

v-12
v-16
v-21
v-25
v-27
v-29
v-30

Vi-1
vi-3
vi-12
V132
vi-38

vI-39
v1-61
VI-63
VI-86
VI-68

VII-1
VII-5
ViI-10
VII-12
VII-16
‘VII-20
VII-28
VII-32
VII-33
VII-37
VII-41
VII-43
VII-49
VII-53
VII~59
VII-63
VII=65
VII-69

VIII-1
VIII-9

IX. PULP AND PAPER INDUSTRY .

1. Kraft Pulp Mills

2. Sulfite Pulp Mills

3. NSSC Pulp Mills
Reference .

X.' SOLVENT EVAPORATION AND GASOLINE MARXETING

Dry Cleaning Plant

1. .
2. Surface-Coating Operations .
3

. Gasoline Marketing
Reference

APPENDIX A

Page

IX-1

IX-14
IX-19
IX-25

X-1
X-4
X-10
X-13



CHAPTER I

INTRODUCTION AND SUMMARY

The objectives of this project were:

1. To determine the extent to which operating
varisbles and process throughput rates affect
exhaust gas conditions and emission rates.

2, To recommend exhaust gas conversion factors

to be used in the development of implementation

plans for air quality control regions.
The scope of the project required conversion factors to be developed for 76
major combustion and industrial processes suggested by the Office of Air
Programs. For each source category, four parameters were evaluated: gas flow
rate, gas temperature, gas velocity, amjl stack he';;ht. In addition, a brief
description of the industry, its operating characteristics, including an
input - outptit relation, and a process description were provided.

A linear regression and the statistical confidence of the conversion factors
were included where sufficient data existed (more than 6 poiﬁu) Also, the
reliability or credibility of the conversion factors for each source category
was rated from A to E with "A" considered good, "C" average, and "E" poor.

To be considered good a source category had to have numerous exhaust gas field
ements ring all important operating variables.

The project did not involve any field messurements. Nor did it include
review or update of air contq;mnt emission factors, i.e., the emission rate
of dusts, sulfur oxides, etc. Also, the use of centrol equipment by each

source category was indicated in the discussion. However, collection efficiencies
of the devices for esch process within the categories were not reviewed or'
tabulated. An earlier document of OAP entitled "Air Pollutant Emission FPactors"
(August 1970) does coutain both types of information. If such information

is not available, howsver, the following general collection efficiencies might

be assumed:

Partfculates
Baghouse 9%
Electrostatic precipitators 907%
High energy scrubbers 90%
Low energy scrubbers 752
Mechanical collectors
(cyclones & dry collectors) 50%



Organic Gases
Afterburners 99%
Adsorption 90%

Inorganic Gases
Scrubbers 5%

Information presented. in this report was obtained primar{ly from published
technical literature, from Federal, state and local air pollution control
agency files, from conferences with trade assocfiation, and from the experience
of the Engineering~Science, Inc. staff members.

Several abbreviations and equations were shortened specifically for the
susmary table. A brief discussion of each of the factors follows to facilitate
their usage. The flow rate is always given in terms of scfm (70°F and 1 atm.)
and is given as a function of an input or an cutput rate. In the case for
anthracite coel combustion the flow rate is based on the coal feed rate, in
pounds per hour. For bituminous coal fired power plants the flow rate is also
based on the megawatts of power generated,an output parameter. In several
instances a functional relationship for the flow rate could not be established,
therefore a mean and range are offered for those sources. (This is .uinly
due to the scatter in the data when the flow rate was plotted with the imput/
output factor.) For example, under the source category "Damestic Incineration"
the flow rate is listed as 35 scfm. The range for these units i{s 4 to 51 scfm.
The exhaust gss temperature is the tempsrature of the gmi at the exit .point.
Temperature is given in Farenheit and Centigrade units. The velocity {ndicated
in the summary table is the actual exit velocity given in feet per second and
meters per second. The stack height is given in feet and meters. Under
the column Common Control Device, we have listed abatement equipment commonly
used for the spacific category. (A list of their collection efficiencies has
been discussed shove.) In t;v;tnl instances more than one control device was
common. In those cases we have given two flow rates, termperatures, velocities,
etc,, but only where these different control devices changed the conversion
factors. "None™ means that no control equipment is commonly used. 1In the
column labled Other Data, additional information was listed about a specific
gource. Excess sir rates are given for combustion snd incineration catagories
because they are important parsmeters which effect exhsust gas flows. For
industrial catagories process weight ranges and operating times are included

in the "Other Dats" Column.
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Throughout this report the~fib’v;z¥lte: are given in standard cubic feet
per minute. An sttempt was made ‘inftially to report both actual and standard

flow rate equations. However thet.: was a general lack of correlation of actual.

fiows with the input-cutput parameter becsuse of the fluctuation in gas
temperature for the data. To coirect the flow from standard conditions
to actual conditions, the following c'guation is used:

Q actual = (460 + T‘) Q std. "
$30°

Q actual = Flow Rate at actual conditions

T, = Actual.stack gas temperature (°F)

Q std = Flow Rate at Standard Conditions
(70% and 1 atm )

(The equation assumes no change in pressure
for standard to actirral conditions)

The bulk of the time spent on this project was utilized in obtaining
the data. A prodigious smount of data is available for these categories on

i

emission rates: however, many li'tern.ture sources did not include flow rates,
gas temperatures, velocities, stack heights, or input-output characteristics.
In those instances estimates were made for these parameters., The estimates
were based on our prior experience, i:heai'ctical calculations, safety factors
(for aerodynsmic fatigue velocities) and other consultants experience.
Caution should be exercised .1_n- applying the conversion factors to
a specific plant or process. The factors should be used as a firet pass
or rough approximation of ethaé élpcd- but detafled source data should be
used to verify and refine the estimate whenever possibe. Furthermore, for
a few industrial processes, no data were found to even begin to estimate
exhaust emissions. It is nugge:téd’.f:hit investigators in the field con-
sistently report gas flow rates and conditions. Finally, this type of in-
vestigation should be updated and ."eip'an'ded at some later date to improve
upon the value of such conversion factors
A summary table of all converuo.n. factors and exhaust gas conditions
is presented for easy and quick‘ géf';e_x'ence by the reader. For backup or
explanation, please refer to the appropriate chapter in the discussion.

T1-3.



SUMMARY TABLE

EYHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES

. ’
Source Ca:ggo_{y Exhaust Gases At Stack Exit L.
' o K Stack | Common
Flow Rate Tgmperatgre Velocity Height Control Other
Chapter Description scfm F C|lfps mps| ft. m. | Device Date
I11 INCINERATION
_— MUNICIPAL refuse feed 500 2§0 2 7.6l 150 4s.9 Water cooleqd 2002
3070 x ton/hr + 16200 800 427 . . E AL
INDUSTRIAL/COMMRRCIAL fuse £
TI1-2 3070 x tonfhe + 16200 [1200 649 |20 6.1/ 40 12.2|None 100%
E
DOMESTIC refuse feed 700 n None
z III-3 Flue-fed 3.22 x 1b/hr + 414 20 6.1 35 10,7 Afterburner 2007
DOMESTIC heat ‘nput
111-3 . 400 x (10%8TU/hr) Jooo 53z ]ao 9.1} 25  7.6/None 2007,
(] ed ajr
DOMESTIC - . . _ 1 P
I11-3 homa 35 (4-51). - 500 Z60] 9 . 2.9 15 4.6| Afterburner| .400% .
| PATHOLOGICAL e T I s
£ £i . . . .
114 s x 1o/me e loco 537 |15 4.6] 50 15.2|Afterburner| 100%
: Excess Air
AUTO BODY : :
II1-5 3000 (2000-5000 1100 593 | 30 9.1} 50 15.2| Afterburner 1007
( )
Excess Air
CONICAL BURNER feed rate .
III-6 7 x 1b/hr 400 204 |15 4.6] 60 18.3|None 10007,
. E,
OPEN BURNING feed rate
III-7 20 x 1b/hr 150 661 2 0.6 0 0 |None 5000%
: ess Alr
M T T T T T T T T g RMARY TABLE -
EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES
Source Category _Bxhaust Gasss At Stack Exit
‘Stack < o Other
Flow. Rate Tgmperacyre Velocity |  Height Control Date
: . o |
Chapter Description acfm C | fos upe ¢
11 COMBUSTION
1 feed y
11 ANTHRACITE COAL 3.9x ;:7“ 450 2321 25 7.6] 60 18.3]Mechanicals L"WM'
BITUMINOUS COAL 2430 x yu + 81900 200 138 | 5o 15.2] 300 91.4|Precipitatod '2-25%
-2 | oower plants 7000 % ¢on/nr,
BITUMINOUS COAL coal feed s00 260 | 30 9.1] o 15.3|nechantc-1'
-2 3.15 x 1b/br + 210
Z I reial :
RESTIDUAL FUEL OIL oil feed 300 149 | 40 12.2] 200 61.0]Mechanicals
1I-3 27.2 x gal/hr - 570
power plants 60%
11-3 RESTOUML FIEL OFF 05 x ::i/lfx:“ 500 260 } 30 9.1} 60 18.3|None xcess Alr
a1l :
65%
[ | LT FEL O L/oes 580 350 177|200 61| 35 10.7]None
as £ : 10%
s | s rot0es (mt::h) - s600{310 156 | 50  15,2| 300 91.4{None |
pover plants
UEFIED PETROLEUM .
11-6 e mr! same as oatursi gas
wood feed 0%
g | 210x(1053TU/hr)+36400 | 300 260 | 30 9.1} 250  76.2|Mechanicals Lu_:;_ur_




SUMMARY TABLE

EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES

Source Category Exﬁnust Gases At Stack Exit
Stack Common
Flow. Rate Te:nperatgre Velocity Height Control COther
Chepter Description acfm °F C | fps mps ft. m. Device Lats
thermal process ¥, feed rate 50-500 tpd
-8 2.16 x lb/hr + 1190 170 77| 30 9.1] 50 15.2f Scrubber | .
PHTHALIC ANHYDR rate 40-175 ¢
_ T TBE 9.0 x 16 o so| 3 107070 21.3]scrubber pd
50 (20-67) 5 1.5{ 30 9.1] None cont.
PLASTICS 800-40000 |
1b/hr
IV-10 . 100 8} 10 3.0 None . i
total plant (polys |50 (50 - 8000) 1000 538 ) 35  10.7] %0 183 ) ¢ erburner| €ONt- 5
PRINTING INK - . )
i JIV=1l } 15qding of mixer 3000 (2000-10000) 60 16] 35 10.7 30 9.1 Scrubbers | 2sh, S dpw
. 10 wins. intermittent : . :
SOAP AND DETERGENTS o . S L
v-12 . : i 40000 (14000~66000) 12¢ 49 1100 "~ . 30.5] s0. 15.2 [Cyelones.
e Detecgene - drver o et LT | Sorubbare | :
.. : S e T " ) . N ] A £ N . - A
Sosp . 1 co . : - Scrubbers” - g
W~12 entire plant 5000 (3000-10000) 60 16| 35 . 10.7| 50 ~ 15,2 | Afterburner
v-13 SULFURIC ACID prod. rate 3000 Absorber 100-1().(?0 tof
w/o mist collectors | 0-074 X tons/day - 3 160 i 3 9.11150 45.7 | Scrubber cont,
w/mist collectors . 100-1000 tpa
prod, rate P
w-13 0.062 x tons/day 160 7t 3 9.1|150 45.7 Aboscber cont.
SYNTHETIC FIBER :400 l(13000--«000) 60-500 tpd
wv-14 autoclave/evaporator second inter- :
* mittent discharge 500 260 §200  61.0/ 75  22.9 |'None cont.
SYNTHETIC RUBBER . ] . . Avg ;gogoo
-15 fl:idi:lnﬁ, poly- 2000 (1600-2830) 100 38| so 15.21 75 22,9 hanical con:."., .
. mer{zation
" SUMMARY TABLE
EXHAUST GASES FROM COMBUSTION AND IMDUSTRIAL PROCESSES
Source Category Exhaust Gases At Stack Exit
) Stack Co:monl ots
Flow. Rate Temperatgre Velocity Height Coutro Ser
Chapter Description scfm °p C| €ps mps| ft. m. |. Device Data
™ CHEMICAL PROCESSES
ReHT nat g;c feed ' N 00 30.5 w
Iv~1l 2223 x cth 950 510 {so0 15,21 1 . rom_ cont,
98 Bk nac. sas feed 2| 150 45.7 [Prectpteat ¢
V-2 | furnace black 0.012 x cfh 500 260 |40 12 -/ [frecipitator] cont.
“CARBON BLACK I
nat. gas feed -
ot -2 chaunel black 1 x cfh 500 260 10 3.0 20 6.1 cont . .
® ARG e ..,I.
V-3 | 411 stecks, one kiln 1200 (#00-2000) 300 260 |10 3.0f 15 4.6 Hone 7 deys of 2
CHLOMINE - 600  (8-1078)
Ive4 | entire plent 60 16 |10 3.0] so 1s.zrou cont.
JORIC ACID . ’ 275-1000 t
V-5 vents 1000 (15-3000) 120 49 10 3.0] 50 . 15.2 Bcrubber cont. "’
kiln 3000 (3000-8000)
m .
prod. rate 50 232 terburner | 50-750 tpd
V-6 316 xib/mr+700 [ao g7 (30 192|200 6LOfg g, |
PAINT AND VARNISH mizer cap. 50-500 gph
-7 mixers 6.0 x gel/hr 60 15 4.6} 40 12,2 Scrubber 7.5 hra/cyclle
kettle cap. 140 60
- kettl 0.5 x gal/hr ne 8.6 hre/
w-7 es 1150 621 |15 4.6] 40 12,2 re/cycle
FHOGPHORIC ACID plant cep. . 100-1100 ¢
-8 60.0 x ton/day 100 38 |3 9.1] S0 15,2 Scrubber | cout.
wet Pfﬂcell . -
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SUMMARY TABLE

EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES

Source Category Exhaust Gases At Stack Exit
L L e Stack | Common
Flow Rate Tgnperatgre Velocity Height Control Other
Chaprer Description scfm F C | fps mps| ft. m. Device Data
VI METALLURGICAL' INDUSTRY
PRIMARY ALUMINUM 220-750 tpd
VI-1 vertical 300 (300 - 600)
prebaked and horisonal| 2500 (1800 - 3500y |3°0 149§ 30 9.1f 200 61.0|Precipitatod .
PBMRY COPPER . 3000-36000
vi-2 prod. tate|350 177 { 35 10.7] 300 91.4[Precipitatod T 17y
Iogster 0.70 x 1b/hr+3400] Acid plant | cont.
reverb 1.41 1b/hr+34
VIi-2 350 177 } 35 10.7] 300 = 91.4{Precipitato
0.70 x 1b/hr+2
yrg | LI e T 20 Bl 0s] 1s0 4s.y[Mechantcar ;T
. .1“5!!‘2‘ plant 2.0 % lb/hr 150 - 66 an'bb.r cont,
blast .furnace : ) = ) o : ) a
VI-3 - : o 0.5x 1b/hr 350 1771 35 10.7]| 150  45.7|Machenical
- open hearth 1130 x tonlhr'-c-'ilaoo ' h PR DA N A ",:..,,
Jvi-s R - i T f20 93] 35 1.7 200 -61.0 ::;pi-““ifz hr heat
BOF furnac . B
vI-3 ¢ i Precipitato
875 x ton/heat 300 149 | 35 10.7] 200 61.0 Scrubber
electric furnace . Baghouse
vi-3 6 ton/heat + 10700
30 x ton/heat + 1 150 66 135 10.7) 200 61.0] 2% OVoe
PRIMARY LEAD . 13000-45000
prod. rate
VI-4 1.1 x 1b/br 135 571 35  10.7{ 200 61,0|BABhouUse 1b/hr
sintering plant Precipitaton ¢
blast furnace . .
VIe4 ’ -6 x Ib/hr < |25 10735  10.7] 200 1.0 ,r"‘h;cg;::.mq
) SUMMARY TABLE
EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES
Source Category Exhaust Gases At Stack Exit .
Stack Common
Flow Rate Tsnperltxre Velocity Height Control Other
Chapter Description scfm F C | fps wps| ft. m, Device Data
v FOUD AND AGRICULTURAL
ALFALFA DEHYDRATING prod. rate
V-1 rotery dryer plus 6.8 x lb/hr 120 49| 10 3.0 30 9.1]Mechanical
COPTER. RONSTERG —protrare '
v-2 B:49x Ib/hr  cont. laoo 42720 61| 35 10.7 Afterburner
. 60 16
stoner 0 x .140 x 1b/hr
1 ir . 35 10.7|Mechanical -
v-2 cooler 120 x .200 x 1b/tr 200 93 20 '6 1 ¢
COTTON GIN . 215 bales/hr
o cont.
v-3 | dryer 3000 x bale/hr 100 38|10 3.0 30 9.1|Mechantcal |, 0t
FEED AND GRAIN , rain proceased
V-4 | grain clesger and 2.5 x folbr 60 16| 10 3.0 | 150 45.7|Mechantcal | oone.
FISH MEAL fish meal proces§ed 1b/hr
V-5 driers " 2.5 x 1b/hr 150 66 | 10 3.0 30 9.1|Mechanical sh. S d
2.2 CPY |
FERENTATION .
V-6 fermenter vent 20 (10-500) 85 29 3 0.9 50 15.2|Afterburner cont.
MEAT SMOKEHOUSES . frerd
v-7 4 x 8q ft floor area 5 1.5 30 9.1|Afterburner cont.
STARCH VANUF Avg, 20000 |
STARCH MANUFACTURING tarch processed %5162
v-8 dryer 2.0 x ;1,7;: proce 140 60 | 60 18.3 75 Mechanical 6-7 dpw




SUMMARY TABLE

EXHAUST GASES FRQM COMBUSTION AND INDUSTRIAL PROCESSES

Source Category Exhaust Gases At Stack Exit

Stack Common
Flow Rate b],'gnpe:'atglre Velocity Height Control Other
Chapter Description scfm F C | fps mps| ft, m. Device Date
VI-LL | SECOMDARY MAGRESIM | 1200 (900-1500) 3220 160/10  3.0/10 3.0 None cont.
VI-11 | SECONDARY MAGNESIUM prod. rate
total plant 22 x 1b/hr 90 321 20 6.1165  19.8| None cont.
prod. rate 25-240 tpd
VI-12 -] STEEL FOUNDRY 3.3 x lb/hr 150 66 50 15.2] 75 22.9 | Scrubber cont .-
ont .-
. prod. rate
- VI-13 | SECONDARY ZINC 1.0 x lb/hr 150 66| 35 10.71 40 12.2 | Baghouse -
o ' —
.
b ,
SUMMARY TABLE
EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES
Source Category Exhaust Gases At Stack Exit
. Stack Common
Flow. Rate rgpoutgu Velocity Height | Control Other
Chapter Description scfm C | fps mps| ft. m. |. Device Date
reverberatory furnace ’ : . Bagh
. ouse
Vi-& .3 x 1000 1b/hr 225 _ 107 ] 35 10.71 200 61.0 Precipitatde
_ PRINARY ZINC ;:7;: rate 300 149 | 35 10.7} 200 61.0 Prcctpitato+ 120-700 t’*
rosster 1.2.!( . l‘ . Acid plants | cont.
sintering machine
Vi-S 1.2 x 1b/hr 200 93 ] 35" 10.7] 200 61.0|Cyclones
distillation furnace
w |vies 25 x lb/hr 160 71] 35  10.7] 200 61.0|Baghouse
s METALLURGICAL COKE S
V16 10/1b coke prod. 550 288 ] 10 3.0] 20 6.0Illone cont.
50-500 ¢t
vie? SECONDARY ALUMINUM prod. rate 500 260 f 00 ool L0 4, zlﬂone »d
1.0 x 1b/hr 200 93 ’ *“{Scrubber tpd
SECONDARY BRASS AND od. rate
vI-8 BRONZE 10 x Sbrme e 200 93|50 . 15.2f 30  9.1[saghouss |a4n, 5 dpu
GRAY IRON FOUNDRY prod. rate 3-1T tons/ht
VI-9 1.0 x 1b/hr 200 93 1 40 12.2] 75 22.9|scrubbers |a4n, 5 dpw
SECONDARY LEAD Avg. 25 tpd]
od, t Vg
vI-10 3.0 x brme Y 200 93|50 15.2] 100 30.5|Baghouse
blast furnace : 2sh, 54
reverberatory i
vI-10 3.0 x 1b/hr 200 93 { 50 15.2] 100 30.5|Baghouse
pot furnace . )
VI-10 3 x 1b/hr 200 93| 50 1s.2{ 100 3_o.slughou-e




EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES

Source Category Exhaust Gases At Stack Exit
. : Stack Cozmon
: Flow. Rate Tgmperaj:gre Velocity Height Control Other
Chapter "Description scfm F’ fps mps| ft.  m. Device ‘- Data
VII-10 FfIBER GLASS Mechanical [50-500 1b/hr|
= orming and curin 200 nica
g 20000 (400-65000) 93] 40 12.2{ 60 18.3 Afterburner cont..
GYPSUM Avg. 500 tpd|
VII-11| drying kiln 40000 (3900-48500) 150 66 50 15.21 75 22.9]Scrubber Psh, 5 dpw
ITE U=E50 tpd
VII-12] kiln 40000  (19000-62000) 170 771 35 10.7] 300 91.4|Scrubber cont.
PERLITE . fvg, 2000
o | VTE-13] furnsce 5000 (3500-6400) 200 93| 40 12.2] 50 15.2{Mechanical | cone. sapw
-
L MINERAL WOOL ) JAvg. 50 tpd
VII-14] cupola 4600  (4550-4760) 300 149 cont.
blow chamber 20000 (11100-28000) 93| 25 761 50  15.2)Baghouse
- cur{ng oven 5000 1640-8000 300 149 : -
VII-14 . ¢ ) 25 7.6] 50 15.2|afterburner
coolers .9000°  (1850-11350) 200 200 . : . B B
-~ . | ROCK AND 6RAVEL - ~ | prod. rate - i -0 - N vg. 100 t
VIS | crusher - e o | 600w eeahr o f gy yg ) s L8|y g fene . < 08 8
- L i 1 17807 9.1 . " 7 Mpaghouse | L sh Spav
10000 (5000-15000 -4 ha
VII-16| GLASS PLANT 000 (éﬁﬁ“ﬁgsﬁ Syocen 60 16| 25 8.2l 60 18.3 ?ﬁ.:ﬂ:ﬁ:l con
- rming .
machine] * Bl 2 20 6.2] None i
: Baghouse or 7
VII-17| FRIT PLANT 400 (1000-5000) 600 40 40 12,2} Scrubber 1b/he
smelter cont.
SUMMARY TABLE
EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES )
Source Category Exhaust Gases At Stack Exit
Steck Common
Flow Rate Tgmpeﬂtgre . Veloeity Height Control Other
Chapter Description scfm F C | fps mpa| ft. o Device Data
VIl MINERAL PRODUCTS
ASPHALT ROGFING 1000  {100-1050) 230 110] 4 60  18.3] None 1-15 tph
VII-1 | felt saturator 15000 (10000-20000) | 3130  43}40  12.2] 60 -18.3| Scrubber | 2sh, S dpw
' 50-200 tph
ASPHALT prod. rate
r . «1{Mech 1
VII-2 | dryer kiln 53 x tons/hr. + 12600 | 220 ‘381 10 3ol 30 o ilsecummeett |1 an, sapw
Avg. 100 mi}lion
BRICKS AND CLAY - br{cks per Jear
w | VII-3 | screening 15,000 (500-30000) 60 16§ 10 3.0| 30 9.1}Baghouse
: kiln 1,500 (1000-2500) q 15 A 6 1 sh, 5dpw
- 200 . 93110 Hope.
Lad CALCIUM CARBIDE . Avg. 200 tpfi
VII-4 | furnace 250000 (152000-368000) | 150 66 ] 50 15.2} 80  24.4|Scrubber cont.
CASTABIE REFRACTORY. . 30-50 tpd
VII-5 | dryer - 7500 (1000-14000) $00 260 | 35 10.7] 30 9.1 Baghouse 2eh, 5 dpw
CEMENT prod. rate 1 -5
vir-s | Vet process J1x Ib/he + 40200 [ 400 206) . 450000 61,0]|Baghouse hr
Dry process .61 x 1b/hr + 18500 330 288 cont .,
CENT, 03000
viter | Mewer 60 160y 5.2l 30 9.1 mechantcals | ,10/0E
DrLer 4000  (400-21000) 200 93 . . 2ah, Sdpw
CLAY AND FLY ASH : _ , Avg. 200 ¢
VII-8 20000 (10000-20000) | 450 232 30 9.1y150  45.7|Precipitatod .one.
sinteri iy
CONCRETE BATCHING
VII-9 | material transport gggo ggg(-)fgg())o) 60 16 2(5) é:‘;” 35 10.7 g:::oune 1 sh, Sdpw




SUMMARY TABLE

EXHAUST GASES FROM COMBUSTIQN AND INDUSTRIAL PROCESSES

Source Category Exhaust Gases At Stack Exit
Stack Cozmon
Flow Rate 'remperatgre Velocity Height Control Other
[hapter Description scfm % % fps mpsi ft. m. Device Date
X PULP MILL
Avg. 10000
KRAFT pulp prod. 350 177 recipitato]  tpd
x-1 189 x ton/day 30 9.1] 250 - 76.2{PFec P cont.
recover ' furnace 170 77 scrubber
lime kiln pulp prod. -
IX-1 26 x ton/day 180 821 20 6.1 9.1| scrubber
digester relief and 0.10 xm'cont
" IX~1 ’ blow tank 0.20 x ton/day batch | 120 49 2Q 6,1 9.1
N
el dissolving tank . -pulp prod. R . . .- R
- . N : . - ] 200 93 . none . -
IX-1 . ; _’?Q’,‘_.ff?,“/.!"y a0 .. 20"2- 6.1 .30 0 9. scrubber - L
R SULFIIE . pulp prod, 1 o . - R
IX-2 . 208 x ton/day 165 74§20 6.1] 200 61.0]precipitator cont.
recovery furnace
digester relfef and ) pulp prod. - .
1X-2 blow tank .30 x ton/day 180 82120 6.1 30 9.1 -
NEUTRAL - (NSSC) pulp prod. . Avgépioooo
IX-3 ° 15.6 x ton/day 325 163§ 20 6.1 ) 200 61.0|precipitaton cont.
recovery furnace
blow tank pulp prod.
IX-3 16.5 x ton/day 200 93| 20 6.1 30 9.1
absorption tower pulp prod, )
IX~3 2.4: x ton/day 100 382 6.1 30 9.1
fluidized bed reactor pulp prod.
IX-3 85 x ton/day 180 82|20 6.1 30 9.1
SUMMARY TABLE
EXHAUST GASES FROM COMBUSTION AND INDUSTRIAL PROCESSES
Source Category Exhaust Gases At Stack Exit
. Cormmon .
Flow. Rate T ratyre Velocity Height Control Other
Chapter Description scfm 3; C | fps mps] ft. =m, bc-vlcn Data
VIII PETROLEUM REF INERY
oil feed rate -
VIII-1| Catalyst regenerators 2.0 x bbl/day 650 343130 9.1 ] 150 4&5.7 Pnc!.pitat*- cont.

1-1
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TABLE II-1.1 Analyses of Anthracite Coal from Pennsylvania
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-8.3

McAdoo (Schuylkill County):
Beaver Brook (Redco)
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3,4,31,33,3%

TABLE I3I-1.2

Exhaust Gases From Anthracite Coal Combustion (continued)

teown
gt | ome | ptesc | poms | pees | e | s
10° BTU/Br, 1b. /hr scfm oF’ alr 7 A efficlency %
1.38 172.1 590 445 9% 56- 65
1.44 179.0 700 440 ‘95 58 65
1.49 157.4 510 460 62 60 78
.77 210.7 840 485 72 72 70
1.78 197.0 780 490 80 72 74
1.89 221.8 170 480 ‘9% 76 73
2.42 301.6 . 960 550 71 98 66
2.45 . 296,6 . 830 550 63 99 67
247 285.9° 970 560 - 82 100 n
2559 : _',311.,3-"._ ) a30°; : . 560 §3 -"lj;u_)s'-‘; : .68
2.60 304 a0 540 s Tos 72
2.65 328 880 555 66 107 66
3.10 407 1200 560 55 125 62
3.14 380 870 585 53 126 - 67
3.38 486 1050 590 70 136 56
. *Exl_uult temperature measured at boiler flow outlet..
II-5
TABlE 11-1.2%4 ,
Exi:pult Gases From Anthracite Coal Combustion
Actual C“II
g‘:t;‘zz Input Exhaust Exhaust Excess Operating Heat
10° BTU/hr. 1:?7:: :‘:: Tagg'* air % Load % efficiency %

1.30 140 490 390 83 53 77
1.87 200 550 445 52 75 82
1.88 208 595 445 50 76 76
1.90 206.9 590 445 69 79 79
1.96 191.8 585 475 50 79 P2
1.97 193.4 520 480 ‘3 77 83
2.21 220.9 530 - 495 28 89 82
2.38 266.8 600 540 18 9 7%
2.46 254.8 650 535 28 99 77
2.65 286.6 630 sS40 k1 107 - 7%
0.48 62.9 330 285 200 19.7 64
0.63 76.6 430 315 200 25.6 69
1.06 110.5 420 355 92 43 79
1.06 106.7 385 380 8s 43, 8
1.41 150.9 610 400 97 57 79

. *Exhlult temperature measured at boiler flow outlet.
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-

(million BTU/hr.).

Coal Feed Rate « 131.3 x Boiler Output - 31.75

","(1b./hr.)

po;ﬁér_Output (Mi11ion BTU/hr.)

Figure II-1.1 Anth;'gcit'g“qoal requirements for various heat production
rates -

(0]
v A v L J o‘
o . L= [ =
g 2 R ] =
(ra4/-ql) ey padj |e0)
TABLE II-1.2
Exhaust Gases From Anthracite Cosl Combustion (continued)
Acﬁual Coal .
‘l;.;ﬂer Input Exhaust Exhaust Excess Operating Heat
5 tput Rate Flow Temp,* air % Load % . efficiency %
10° BrU/hr. 1b. /hr scfm °p
1.64 176.8 590 420 75 65 77
1.96 209.9 650 475 57 '79 77

. *Exhaust temperature measured at boiler flow outlet.
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TABLE II-2.2 Chemical Analyses of Bituminous Coald

(?eﬁnsylvania; Fayette Cb., Pittsburg Bed Illusttated).

Calorific
Value

s18vq £xp
.ﬂuﬂ

13,970

Ultimate, percent

Dry Coal

ue84ixo

4.9

usBoxaIy

1.8

aoqIw)

. 78.3.

uaBoxpLy

5.0

anjyins

1.3

ysy

8.7

uoqie) paxyg

60.5

13339 ITFIVTOA

30.8

Proximate, percent
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TABLE 1I-2.4

Exhaust Gases From Bituminous Coal Fired Power, Plants (Continued)

Electric Steam Input Raté Exhaust Exhaust Exit Stack Stack Bofler Excess
Generating at 100X Flow Temp. . Velocity at Height Diameters Efficiency Alr
Capacity load at 1002 load °F Stack Condtns .
awv. 1000 1b./hr. tons/hr. 1000 scfu jbefore after fps fe. fe. 2 %
1100 64.5. 398.8 20 280 40
1100 65.2 411._3 * 280 276 40
- 1100 67.0 419.5 265 255 45
830 48.0 300.4 230 220 “l
800 46.2 307.3 260 250 : 18
920 S5 321 ' 260 255 ; %
640 39 259 43 248 ; 30
. 860 52 32 260 260 s
T | o g, 37 “2s07 k0 ) . . _
: e Coams |t 2k ws a0 [T ) NN ¥ 3
960 - 5.0 33 280 279 . 28
693 a7 256 243 241 e 23 -
960 59 362 286 ‘ 261 30
960 54.2 k11 283 _285 . 27
II-Z}
TABLE 1I-2.4
Zxhaust Cases From Bituminous Coal Fired Pover, Plints (Continued)
Elc:;ric Stean Iﬂpuc‘ Ratd Exhaust Exhaust Bxit Stack Stack Boiler Excess
Generating at 100 Flow Temp.: Velocity at Height Dismeters Efficiency Alx
Capacity load at 100X load htuk Condtns .
nv, 1000 1b./hr. tons/hz. 1000 scfa by 4 fpe fr. fe. 4 2
115 :“5 54 . 47.3 T 264 250 ‘88 15
540 183 . 280 56. 550 22 %0 20
540 183 280 6 550 22 90 20.
180 75 600 280 n 300 ig 90 "20
225 80 . 290 500 25 90 20
1700 95 639 275 8¢ ‘200 15.5 a9 15
2568 138.5 826 269 5 600 18 a9 18
1750 ‘95 535 262 - n " 600 25 89 18
13800 9’ 607 260 R 69 . ?96 16 90 20
11-20 )




TABLE II-2.5

Exhaust Gases From Bituminous Coal

S.toker-FLre_d Heating Plante 20,21

Steam Ioput Exhaust Exhaust
Rate Rate Flow Temp. Excess Air Efficiency
1000 1b-. /hr. 1000 1b./hr. 1000 scfm oF % (%)
1.5 0.38 1.37 775 56 31
5.1 "0.64 2.54 906 8l 55 .
3.9 0.42 1.54 573 66 69
5.6 - 0.55 2,22 728 62 68
6.3 - 0.63 2.31, :‘,790' : 62 8
" 0.9 Taap 3.3 84 £96." 68
5.6 " 0.53 2.38 537 100 70
40.7 4.28 14.00 659 4 69
52.8 6.25 2.00 53y - K 64
3.4 1.91 5.89 510 ¥ 82
21.3 2.21 6.97 662 44 70
121.0 1.40 : '
80.0 80 : G
1292 ' 87
297" 8s
11-23
TABLE 1126
mtim From Bituinous Cosl Fired Pover, Plests (Continued)
' : . . o ¢
lhc'!db Stesm w‘:l:;;‘. mﬁr‘ s mf 'd:::' “ It’?- ' m'““:k u::::cy E:::.'
i vty “load lat 1008 108 o [seeck Comduas . . .
. 1000 1b./hx. | toms/br. 1000 scfm jbefore after fpe fe. :
;oo 39 2 263 264 27
149 8.8 0.3 -] ;0 305 a5
- sz 10.8 65.6 S 312 308 : ."‘
u 9.1 65.0 a1 308 . s
108 6.4 .9 318 316 42
AR 8.7 W 310 301 b
147 ‘ 9.5 $7.7 326 3% 2%

I

1122
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TABLE 11-2.5

Exhaust Gases From Bitumimous Coal

Stoker-Fired Beating Plants 20,_21 (c'ont'd)

Efficiency

@)

85

78

73
79
15
79
79
7

Excess Air

%

387
' 386
326

' 502

453
513
521
s81
569 -

520

Exhaust
Flow

1000 scfm

Input
Rate
1000 1b./hr.

Steam
Rate

1000 1b./hr,
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Table 3-35 also presents data on CO and PM emissions and boiler
efficiency from tests on 12 stokers using LEA. Carbon monoxide emission
data are available from 9 of the 12 stokers, and the results are mixed.
Four of 9 stokers (#21-2, Fairmont #3 boiler firing a 1.1 percent nitrogen
coal, #5, and (UM-Stodt #2) emitted slightly higher CO emissions during the
LEA tests than during baseline tests. Four stokers (including Fairmont #3
boiler firing ao0.5 percent nitrogen coal, #21-3, Site F and Site K) emitted
lower CO emissions at LEA than at baseline, and 2 stokers (#15-32-10 and
#15-32-13) emitted no CO emissions during either the baseline or LEA tests.
The excess 02 could have been lowered further during the LEA tests for the
three stokers emitting less CO at LEA than at baseline conditions and for
the two boilers emitting no CO during the LEA tests.

Particulate matter emissions were measured during both the baseline and
LEA tests on three stokers (Fairmont #3, Site K, and UM-Stout #2).
Emissions of- PM were measured at the inlet to the PM control device for th§
Fairmont #3 and'Site K boilers. From Table 3-35, emissions of PM from botE
boilers decreased as the excess air was lowered. Particulate matter
emissions also decreased as the excess air was Towered for the Fairmont #3
boiler firing a coal containing 1.1 percent nitrogen, but PM emissions
increased as the excess air was lowered for this boiler firing a coal with
0.5 percent nitrogen.

Boiler efficiency was determined during both baseline and LEA tests on
four stokers (#15-32-10, #21-2, Fairmont #3, and Site K). Operating at LEA

on these stokers increased boiler efficiency from 1 to 4 percent above
baseline efficiencies.

3.3.9.1.2 " Normalized NO emission test data. Emissions of NO, were

normalized with respect to full load grate heat release rate and excess air
for three spreader stokers presented in Table 3-36 (#21-2, Site F and

Site G). BoiTer-specific regression models were developed from data on
these boilers for predicting NOx emissions as a function of grate heat

release rate and excess air 1eve'|.219 The boiler-specific models were of
the following general form:

3-153
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Exhaust Gases from Residual Fuel (il LombusLion 1n Lalge facilicics

Electric Production " Input Exhaust Exhaust Excess Air Firing
Generating Rate Rate Flow Temp. Mechanism
Capacity 1000 1b.
M. steam/hr. 1000 gal./hr. 1000 scfm °F 3
175 1150 10.80 283 300 28 HMA
173 115¢ 10.90 303 300 28 A
80 275 2.34 69 310 44 HMA
41 400 2.74 91 320 35 . WA
220 1410 12.90 334 280 22 HMA
20 215 1.58 47 300 35 HMA
175 1150 10.40 281 300 28 HMA
410 3.75 116 330 42 HMA
215 1400 13.30 309 . 280 14 HMA
s 1400 - 13.60 e 280 . - . " HMA.
215 1390 13.30 309 280 i HMA
215 1400 13.20 309 280 1 A
215 1400 13.60 320 280 i1 HMA
215 1400 13.20 351 280 21 HMA
“11-37

Maxismmn exhaust gas velocity would be on the order of 25 to 30 feet per
Although no data were available for

second based on design considerations.

GAS VELOC

analysis, use 30 fps for calculations.

Typical stack heights, therefore,would range from 20 to 100 feet

with 60 feet being typical.

Most industrial/cosmercisl buildings have stacks slightly higher than

STACK HEI!
the roof.
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TABLE

11-3.2

Exhausc Gases From Residual Fuel 0il Combustion in Small Facilities
t

Production
Rate Input Exhaust Exhaust
1000 Rate Flow . Temp . Excess Air Firing
1b. steam/hr, gal./hr, 1000 scfm op Mechanism
4.14 35.7 1.70 10 >68 S.A,
4.31 241 1.70 330 180 P.A.
8.45 104.0 4.07 540 43 H:L 7-23
14.70 171.0 10.00 7 630 110 S.A,
15.75 83.5 4.56 220 107 P.A.
17.25 250.0 12.40 560 92 - S.A,
~20,00 59.@ ] 3.03 ,.580° .95 S.A.
- 30.00 iigto 7.40 .. '530. T s,K.'
. 11-39
TABLE 1I-3.1 (Continued)
Exhaust Gases from Residual Fuel 0il Cowbustion in Large Facilities
.
Electric Production Ipput Exhaust Exhaust Excess Air Efficiency
Generating Rat: Rate Flow Temp .
Capacity 1000 1b.
M. steam/hr. 1000 gal/hr. 1000 scfm °P X X
81 614 9.6 180 282 20 87
125 935 8.5 267 330 20 87
380 2640 22.2 665 298 13 89
380 2640 22.2 665 298 ‘ 13 89
69 680 5.5 172 382 14 86
60 600 5.0 152 347 14 85
2 680 5.8 166 - 347 20 . 86
81 680 5.8 160 382 14 86

11-38
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TABLE I1-4.2

Exhaust Gases From Distillate Fueil 011 Combustion2®
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S.A. = steam atomization
C.A, = centrifugsl atomization
P.A. = pressure atomization
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concentration in the flue gas which can result in corrosion of the cyclone,
At constant load and inlet particle size distribution, outlet emissions will
be proportional to inlet mass Toading. Therefore, a large increase in fly
ash loading (which could result from variations in load, coal ash content,
soot blowing or fly ash reinjection) will increase emissions.

Proper. mechanical collector maintenance is essential in sustaining the
desired removal efficiency. To avoid efficiency Tosses due to torrosion of

be constructed of materials that will withstand the highest expected loading -
of bofentia]]y corrosive flue gas cohponents. Primary considerations to be
used in evaluating the construction materials needed are:44

® Gas temperature

® Abrasiveness of the dust particles

® Corrosiveness of the gas stream
If the gas stream is corrosive or the dust particles are abrasive it may be

necessary to use a stainless steel alloy instead of carbon steel in the
construction of the cyclone.

"“the eyclone.from acid‘CohdéhSdtignﬂor_parﬁfcle.abrdgﬁong.the?¢yé]bné should -

It is important to accurately monitor the pressure drop across the
cyclone so that any plugging can be detected. ~In addition, the interior
should be inspected on a regular basis for corrosion damage, plugged tubes,
or defective gaskets. Another area of maintenance that is critical to
efficient mechanical collector performance is the discovery and remedy of
air leakage into the collector. Leakage can occur at the hopper access
door, hopper discharge valve, hopper casing, or the lower tube sheet. Air
Teakage into a collector hopper can result in reentrainment of collected
particles, thus reducing collector performance.

One of the most detailed sources of information on mechanical collector
performance is a study conducted jointly by the American Boiler
Manufacturer's Association (ABMA), the Department of Energy (DOE), and EPA.
Several stoker-fired boilers equipped with mechanical collectors were tested
in this study and particulate emissions tests were conducted at both the
boiler and the mechanical collector outlets. Based on a review of these

4-34
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TABLE II-7.2

Exhaust Gases From Wood Waste Combustion

35,36,37,38.39

! Production Input Exhaust Exhaust
Rate Rate Flow Temp. Excees Air
1b. steam/hr. ib. /hr. scfm oy %
150 420
350 557
750 3260
1000 3300
3000 15300
280,000 95255 96400 420 20
Heat input
million BTU/hr.
6 900 2720 100
228 460
408 738
457 420
407 410
457 455~475
456 640
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TABLE II-7.2 .
Exhaust Gases From Wood Waste Combustion 37,38 (continued)
*
Production Input Exhaust Exhaust’
Rate Rate Flow Temp. Excess Atr
L1000 1b. stesm/hr] mtllion BTU/h: 1000 scfm oF %
230 150 85
400 262
410 270 120
405 275 115
450 305 140
455 298 125
465 300
455 305 130
I1-64

Heat Input (million BTU/hr.)

Figure 11-7.1 Input vs. output for wood waste combustion units
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TABLE III-1.4

Exhaust Gases from Muicipal Incineration 17
.

Input %xhdust Exhaust Stack
Rate Flow 'Sellp Height % CO2 A
tph 1000 scfm F. ft. Excess Air
18.87 67.7 641 175 3.58 >200
16.08 63.6 706 4,58
17.37 64.7 716 3.56
13.48 65.8 730 3.87
16.37 65.6 728 3.77°
11,52 65.7 738 3.70
15.42 65.6 714 3.53
17.60 65.4 725 3.69
11.38 66.2 730 3.38
12.48° 66.0 737 3.87
16.57 66.4 751 1 7 3.2 ¥
19.35 66.4 670 178 3.72 200
14.70 66.4 642 3.67
14,82 66.6 674 3.66
13,50 65.2 679 3.96
13.54 56.5 672 3.29
15.95 67.2 702 3,58
16.0 54.0 410 N
8.5 30.0 250
5.3 24.8 710
5.0 1.1 680 - p

TABLE III-1.3
Typical Heating Value of Municipal Refuuu"16

HEATING VALUE
dry
6,336

ION
Washington, D. C.

5,000

Rorfolk, Va.

5,000

Chicago, 1llinois

5,395

Typical

I1I-6
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TABLE ITI-2.1

Exhaust Gases From Industrial/Commercial Incinerators®

€I-I1X

Refuse Firing Rate (1000 Btu/hr) Excess Temperature
Test No,  Ibjhr  Btujib® Refuse Fueld  Total SCFM  SCFM/(1000 Btu/hr)  Air (%) (°F)
la 47 6450 303 0 303 174 0.57 117 1160
1b 46 5270 242 363 605 193 0.32 7 1475
2 150 7660 1150 0 1150 420 0.36 96 1020
3 185 6210 1050 1080 2130 480 0.23 22 1600
4a 350 7660 2680 0 . 2680 557 0.21 110 1140
5 113 5900 4200 1240 5440 197¢ 0.36 ' 140 910
6 870 5800 5050 3140 8190 2190 0.27 83 1560
8 940 7660 7200 o 7200 3200 0.44 230 1000
9 1068 7660 8180 0 8180 3300 0.40 174 1160
10 820 6450 5290 1530 6820 2700 0.40 i 190 1080
11a 1055 7660 8090 0 8090 2200 0.27 65 --
11b 700 - 7660 5360 0 5360 2130 _ 0.40 114 --

a. Calculated from refuse composition.
b. Natural gas assumed to have higher heating value of 1100 Btu/SCF.
c. Calculated from Orsat stack gas analysis by means of equation II-4.

The results of such calculations are shown in

If velocity cannot otherwise be obtained or calculated,

20 fps should be used for dispersion calculations.
When no information can bu obtained, 40 feet

gas velocities can be calculated as a function of refuse firing rate for
Recommended stack heights shown in Table 1II-2.2 may be used in the
In many cases height of other buildings, etc.

should be used for stack height in dispersion calculations.

will set the stack height.

different types of refuse.

Figure I11-2.2.
absence of specific data.

STACK HEIGHT

I1II-14
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TABLE T11I-3.3
Exhaust Gases From Home Incinerators Burning Garbage9

a Total BTU Input Peak Flue Gas
Model Type Capagity BTU/hr. per lb. refuse Excess Temperature
(£t7) Input consumed Alr (%) CF)
A D 1.86 2,000 .- - .
B D 1.86 2,600 14,250 670 835
c D 1.61 1,100 10,600 650 510
D D 2.23 1,500 8,700 549 505
E H 2,23 20,000 7,300 319 1280
F H 1.86 10,000 - 413 380
G H 1.86 20,000 .- 488 470
: H , H 1.86 20,000 5,580 365 735
1‘_ 3. H. 2.11 10,000 3,800, 453 710
» K . H. 1.86 12,000 . - 31207 1270 -
L H ... 1.86° . "10;060 ... :1,850 . 590 . 1330
u H 1.86 20,000 ° 3,720 © . 7 se3 .o 920"
N H 1.86 20,000 3,750 . 440 800
0 A 1.98 38,000 14,500 . 302 620
P A 1.86 30,000 11,200 472 660
Q A 1.86 30,000 11,300 339 670
R A 2.48 35,000 19,800 . 420 620
S A 1.86 35,000 13,200 340 985
T A 1.86 35,000 14,250 348 860
u A 1.86 . 38,000 17,100 182 980
v A 1.98 5,000 22,700 289 650
W A 1.86 35,000 13,900 190 1160
X A 1.86 38,000 12,500 203 840
a. D--dehydrating, H--high input, A--after burner. i
i Exhsust Geses From “Controlled Air" Incinerstors 1:
{
AR EEE e e
Reto (1b./br.)| (a0 WU/ )" (sotm) (actm) [43] (tpe) ¥ )
1 z
Al s'zs 858 | 1340 " 5100 136 37.9 1519 ‘33
A2 625 850 1340 5440 131 9.2 1650 3
B.1 - 3% 32 1070 280 sy 32.5 916 21,5
8.2 330 356 1080 2770 97 L2 . 874 21.5
5.3 3% 338 1030 2170 376 - - 316 940 21.5
e e ' 800, o 4TL . 1360 50 35,4 1037 2
E c.2 800 ° 458 1290 - 48 33.8 1002 22 :
n.1 300 an 1062 2530, 410 2.2 70 2 -
.2 300 "6 162 )0 2%0 . 28.6 sss n
g1 320 n 516 1740 72 . - AL 1296 20
E.2 320 190 57L ‘140 170 - 18,0 " s80 20
E.3 320 173 587 1770 105 “38.8 1108 - 20
£ 320 T1wm 612 1190 m 16,8 s64 .20
F.1 160 97.5 %2 . 860 60 "26.3 850 - 20,
¥.2 160 . 985 374 %2 62 30.1 850 20
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Temg;rature
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482
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Garbage
Rubbish
Garbage
Rubbish '

Exhaust Gases From Home Incinerators Burning Rubbuh9

Capasity
(£t7) -
1.86'
1.86
2.23°
2.23
1.86
1.86
1.86
2.11
1.86
1.86
1.86
1.86
1.98
1.86
1.86
2,48
1.86
1.86
1.86
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1.86
1.86
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Table III-3.4

Total
BTU/hr,
Input

2,000

2,000

1,500
20,000
10,000
20,000
20,000
10,000
12,000
10,000
20,000
20,000
38,000
30,000
30,000
35,000
35,000
35,000
38,000
35,000
35,000
38,000

a. D--dehydrating, H-<high input, A--after burner,

[} ~—
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2 7 38
o -0
iH g8
w 4]
2 3
(3] - o
D a"!
- Ll -
- - ) -
Lo - Q& W~
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« el «<
- L2 =
o o
a o @
| M
3%
- ¥
88 o
= o0 ~
ERERE
4858 8
. ,.8‘5‘._ Lt
g.
£k
8
L]
L'}
£
&
Model Typea
A ]
B D
D D
E H
F H
G H
H H
J H
-
; K H
4 L H
M H
N H
o] A
1 4 A
Q A
R A
s A
T A
u A
) A
w A
X A

BTU Inph:
per 1b. refuse
consumed

51,500
31,400
26,400

20,200
13,700

6,700
13,400
13,600
52,400
40,500
40,800
71,500
47,600
31,500
61,800
82,000
50,200
45,100

Excess
Air (%)

409

217
310
213
430
2564
321
233
349
126
320
153

95

Peak Flue Gas

Temgcrature
(l.'

H
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Figure IV-4.1. Flow diagram of a typical diaphraga cell chlor-alkali instsllation
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Flourspar
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To Sfack
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(HF, soT €02)

Sulfuric Acig 1150 ¢

STACK HEIGHT

A typical

No data were available on hydrofluoric acid stack heights.
range for other chemical processes is 100 - 200 feet. Use 150 feet for modeling.

|, 30 - 35%
Hy S1 Fg

Kiln %1 Condensers > HpS04 - H20
Scrubber Scrubber
CaS0y
Y
Desorber > stin |5 99.98% HF

Figure IV-5.1 Flow diagram of the flourspar-sulfuric acid process for the manufacture

of hydroflouric acid.
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FLOWCHART FOR MIXING OF PAINT
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TABLE IV-7.1
17,18
Exhsust Geses from Paint and Varnish Plants
Kettles
Input Exhaust Exhaust Exit Stack Stack Operating
Rate Flow Temp. Velocity Height Diameter Time
sal./hr. sctm or. - fps fe
A . ;
102 670 - 170 50 0.5 1 hr/cye,
1000 cyc/yr
550 A 40 0.6 12 hrs/cyc,
. 300 cyc/yr
1000 150 50 2.8 12 bra/cyc,
250 cvc/yx
2000 110 50 3.0 6 hrs/cyc,
: . 50 eyc/yr
3000/2 150 - 50 3.0 12 hrs/eyc,
? 250 cyc/yr
@ 950 1,220 S U]
320 1,100 12
Avg 1109 647 423 13 48 1.9 8.6 hra/cyc,
. 370 cyc/yr.
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Ground Phosgﬂs‘e

Rock

Sul furic

TABLE IV-8.4

Acid

Exhaust Gases from Thermal Process Phosphoric Acid Plants, Comtinued 20

5iF,

Particulates,

Control
Equipment

v

Stack

Silicic acid

Gypsum Slurry to Pond

Concentrated
Digester- o o -
Reactor o Filters Evaporator Phosphoric
Acid
[
Y y
Filtrate .
Seal Tank Hydrofiuo-

Figure IV-8.1 Flow diagram f1ustrating a wet-process phosphoric acid plant

Based on 85% Acid

Exhaust
[
165
183

g 4
g8 2 =
g 37
&
L
gloﬂ

Rate
tons/day

178

106

Production

180
136
170
165

6.2

4.03

177

N o~
.

} 8 8
. . .

- oon e
-

2 5 X
N

182

19.8

1l1.10

172

12.4

358

175

2.27

106

117
169

3.7
9.9

3.00
4.63

132
191

IV-42




Al

Jjued pyoe

dydoydsoyd ssad04d 33m 40p u0pIINPosd *SA Ijed MOQ} ISneyx3 2:g-A] dunbyy -

Exhaust Flow Rate (1,000 sctm)
-

-
(-]
a

e 8.
3
a
g
z
-
- ~
2 2
=
g
L7
o Q@ x
] -— >
S g, 26z
o -~
2§:
g3,
z
3 Y
y H

POOH 493114 pue [y

jueid pjow Jpdoydsoyd ssadoud-

P11 NS UOUPAY + a1y

LBA3Y) @21dAY @ uoj weuceyp Mol4 ¢ g

1

-Al 3unbyy

Pry
dpdoydaoyg
asodung - Bujgeady
(e}29dg Pry
A
Py
djdoydsoyq | 431009
buouass
A3quey)
Jaquosqy { uoLISnquio
pioy - -40304pAH snJoydsoyy
: Iuawd 1nby
d140ydsoyq < 1043007
qeay

ISIN PLOY + dyy

yus

V=45



L9-A1

P -u.u Jj40ydsoyd

40 U0}3oNpoud ssadoud |muayy ayy 404 s33e4 Induy Geg-A] aunbyy

(Aep/suoy) ajey uo139npoayg

005 0oy 00¢ 002

' I | 'l

oot

- 2
(Rep/suol)  (-4y/-q| 000*()
93y U0LIdNPOUG X £20°( = @30y 3ndu] - 4
- 9
o) ~ 8
0]
966" =Y
=01
o}
2L
L) 1 v 1 ] | J

(*44/-qL 000*1) @3ey 3Indu]

99-A1
SSad0ud (ewuay;

*y
P1d® dqtoydsoyd 40) 338 pasy “sa Ijed MOLS Fsneyx3 p-g-A1 aunbjy

i ("44/°91 000°1) 93wy paay snuoydsoyy
ol 8 9 ’ 2
[ 2 'Y 1 "

-

ol

02

(WIS DO L) BAWN MO1 L A ehBirnv



Figure 3-10. Staged bed AFBC boiler flowsheet.ll’
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TABLE 1IV-9.2 -
Exhaust Gases from Phthalic Anhydride FPlants

Control

Wet scrubbaer

Catalytic
incinerator

None

Scrubber

Operating

Time

A hr/bat,
10 bat/day

k¥ hr/bat,
10 bat/day

6% hra/bat,
2 1/3 bat)h
4 hrs/bat
1 bat/day

24 hrs/bat
3.5 bat/vwk

Stack
Height

ft

110

82

30

36.5

45.8

23.8

12

12

Cxit
Velocity

fps

34.2

43.0

35.8

5.5

6.25

0.7

5.5

5.5

0.6

4.8

0.1

1.2

Exhaust
T
op,

90

400

85

120

70

75

Ambient

174

1724

156

70

120

Exhaust
Flow

cfm

116,200

32,600

50

67

20

20

2.2

900

20 scfm

laput
Rate

1000 1b.

16.0/hr.

2.8/hr.

25.0/hr.

50.0/bat

50.0/bat

40.0/bat

393/bat

220/bat

220/bat

165.3/at

70.0/bat

Process
Step

Reactor

Condensors

Storage

2

Treater

(2 ea)

Refining
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Stack
Naphthalene or Evaporator > Reactor - Cooter
Ortho-xylene
Y
Flaking, | Refinine |
Bagging, - stin Condenser ]
Loading
Off Gas
Figure 1v-9:1 Flow diagram of the fixed bed process for phthatic anhydride production
TABLE IV-9.2
Exhaust Gases from Phthalic Anhydride Plants(cont'd)
Process Input Exhaust Exhaust Exit Stack Operating
Step Ra:e Flow Temp. Velocity Height Tive Control
1000 1b. - cfa F. fpe fe. :
. ..
Drying 43.3 lblb-ﬂ 37.2 180 3.2 70 gos-::‘/:l;;: None
b 37'.8 180 3.2 70 ¥ hr/bat
6900 10/ ‘i 3.5 bnt/\'vk
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TABLE IV-~12.1

Exhaust Gases from Soap and Detergent Plants by

Operation
Time

16 batches/day,
30 min./bat

Stack
Diameter.

ft.

3.1

3.1

Stack
Height

ft,

15.5

15.5

15.5

15.5

1s.5

45

26

Exit
Velocity

115

115

33

156

142

65

Exhaust
Temp

°F

129

129

127

127

124

120

70

Exhaust
Flow

1000 scfm

48.8

48.8

14.0

66.0

60.0

14.5

50.0

Input
Rate

DETERGENTS

100,000 1b. /hr.

SOAP

8,000 1b./batch

Iv-65

- deos puw $3UBININP YI0Q 30J UOTIEWMIOFUF

89pTa01d 1°Z1-AT STqvL “YBTY 3993 (g Y3 sse] 2q prnoa L1931 Isom puw syom3s

I373p Jualielep pIsaxs J0u prnoa £7uTe3xed s3ysyay yowas *jueyd wews ay3 uy
paIn3owanusm aq pINOA JusPIeIap puv dvos Surmnsse ING ITQUITVAR IIIA wIWP ON

IWOIIR AOVis

‘S98S07 UOY3IOTAJ PESYIINUT 03 Inp vmvovuno °q LyoqTy
30U PINOA sd3 0S 9a0QE $9TITO0TeA wrusFXwWW 3ng FTQUTTRAR 2x0a wIBp ON

IIY0TIA SV

*SUOTIVINITEI U 009 osn
‘9103319yI °peisnwgxe SUTIq #T ITv UOTINTIIUVA WO 3UTS JUITQUE I O3 IARY PInoM
s9anIvyaduwsy ovws M3 ‘sasodand ywoyiowad 11® 303 Inq ITQPITwA” 239A 9I¥p ON

TNIVEEIREL 5V5

'99IPWIILI UT pesT 3q WO 0Q0‘S IFYI PIISe8Ene 8T 3] 83805 eeEaId

~%P PUR SITIURTOTFFY WIIIUT O3 WNMTUTE ¥ O3 swnjoa a4z desy pynoa sjuwypd

180w ‘paivTTIusa Buteq Jusyd a0 woox Y3 jo aenyoA 3yl wo Juspuadap 8T IVJAep
1033u0> worInyrod 13w ay3 Jo 9318 Y3 #IUTS ‘Ing VIqRITIVAY 2194 wIep ON

HIve WO1d 5VO




‘UOTIBUTWID ISTW INOYITA PUR Yiya sauerd 03

Teu0TIvaado ISTT Z'EI~AI PU® 1 E1-Al 991qel ‘-doxp saniwaadme3 ® aonpoad Lww 3ing

83383 073 sed any3 a8uvyD J0U Op SIVTAIP WYL °swAIsLs so«uuo«w.aunu 9 Y3

Y37a ROTIOoUN{UOD U pasn aq Os[¥ Avm 81038334Fo93d DTIVILCIIVNY " I93WA uyeld

pue a3IIITnSIq ‘3IFITns WNIpos ‘ysw wpos Buysn sIFun Buyqqnass Iaa Y3IJa pauye

~q0 29 A@W UOT3IONPAX JAYlang m.u.bu&»uon-ou ‘edd gog puv mdd 000$-0001 ©3

$98%8 (18I UT SUOTIVAIUIOUOD Ncm 20npal smeIshs 13qiosqe ¥3wls oal puw ITBuls

‘8103983 UOTESTWS Y3 SIUTWIIIIP YITUYA WRISAS UOTIqIOSqE Y JO LJWIIITFJ2

EUREE 3 ua. ‘snyL- *IINE31 [1F}A SUOTSSTHR NOm .a-u._ 943 “£ouaroy3ye uoridiosqe

Y3 193we1d ay] -eassad01d ay3 uyl J97tave peonpoxd seewsd Nom Y3 qI09qF 03 81

UOT3ISUN} $3F IJUFE 90TAIP UOTINIIOd IFF UW s¥ PIIIPTIUOD 2q PINOD I9GIOSqE YL
‘98 aod $307a9p TOX3W03 uoyinired IYv ou sasy L1pensn s3uvid pIO¥ ITaAnZIng

. . ‘8890024 10quwys 343 UY nue3 prow ssev0ad

343 WOl PIIITGRD om_. Aew s9pFX0 USBOIITU MF] sIuwInyiod IYQ ‘sIURA UM

38038 w13 puw -:o«u-womb. Suypeo] wnap puw Jed yusl wWoiy aleydsomyw ay3

031 pIIITMe 3q VW S9PJXO INJINE JO SIUNCUR IOUTH °3IVGIOEqE Y3 WOl ev8 IHe
343 #F Jueyd pyow SIaNIIne 3OPILOS 9YI WOIF UOTIETWS JO 33In0s Jo[ww Syl

1°€T-AY Indano ¢0m~= Kwp/uo3 ¢ = Induy anyIns awa Lwp/uol 1

* (U0TIVIIVIIWOD Juaazad (0T) PFOW 9)}anyIns jo spunod ¢ eqwm O3 POPIIU ST InyIns
te a1 3o punod uc 98300ad JIGURYD IO JOWIVOD IYI IIYIFI Ul .mo«uoavouu
PIO® 2TINIINE I0J pasn IPTISIVW AW o..—,u 30 juedaad g/ INOQE 303 $IUNOIIE

(93w3s weayom Iyl ug Lyuivw Sutavedde) ua.c-u.« JeIsuTE INJINS AOTTIL YL
*$°n ey3 203 ywIITeIed uojInyTod
Iye (1w ¥ PIIPPFIUCO 31w puw ‘A330wded AOY JO 3IF ‘aaTadeo dav TwIUIB
uy sjuwld lsqusy) ‘83800 UOTIONIISTEOD [PTIFUY PUR UOTINTOS YPIA Y3 3O
28NP23q IINIJWInuW PIOR OFINFINS U I03097 [IvES LIea ¥ sWDIIq 0 Bujpusy ]
#89501d Jaqmwqd Iyl ‘$99503d zequeys peey aepio Y3 Lq peanpoad s3 Juedzd 01
Sutujweoz aqL - {jrenuue peonpoad suo3 000°005°0Z. 43 3o 3usszed g 303 JUNOIOE
usTya s3uerd Yos¥g 20w3000 C1Z INOQE sav sasyL ‘S N Y3 INOYBROIYI PelelIos IIw
s3ue1d pyom oTanyIng ' IexFIFII93 vwydsoyd jo uorionpoad 43 103 peen Buyeq IF
3O PITQI-IO Y3IIa nﬂr«u-u!_o Sujanisegnuve pus ssed0ad [wyIIsSnpul 3O IBuea

IpIA {]9we1iXe UP U] [PTI9ICW AR ¥ 89 poen A[IBae] S} POV OANIING

v INVId @10V DI¥AZINS

€1-AI ¥ILIVHD

Stack

———

g g H
(-3 3
% s [Tk
(5 ) (%) m
wi m;
a mW
P2 —
P& 5
t |
5 1 &5
(%]
g2
gis
5|5 |
5
gy gl B
[ d b S ©
ﬂw z N =
.\uvs

e

Sulfonator/
Sulfator

Iv-66

Figure IV-12.1 Flow diagram for a detergent plant
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FLOWCHART FOR NYLON YARN PROCESS

DOWTHERM
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TABLE v-2.1

Exhaust Gases from Coffee Roasting Plantl4

Operation

Input Exhaust Exhaust Exit Stack Operating Control
Rate Flow Temp. Velocity Height Time - Equipment
1b. /hr. sofm °F fom It
Roaster 3250 5,000 110 2900 115 7.5 hr./day, 2 scrub
16 day/mo.
3250 2,500 100 1450 115 7.5 hr./day, 2 gcrub
16 day/mo.
. 3250 5,000 150 2900 115 7.5 hr./day, | cyclone/scruby
. 16 day/mo.
4 Roasters 9000 35,000 125 2100 135 15 min./batch| chem. serub
4 Roasters 5000 84,000 150 730. 102 ‘115 min./batch
24 Roasters 9000 325,000 100 1075 68 wet scrub
12 Roasters 1200 1b./bat. 3,300 - } 80 2200 110 600 bat./wk. | dry cyclone
4 Roasters” | 420 1b./bat. 959 Y050 - 253 - 32 15 min./batch| gas sfter- -
4 Roasters 420 1b./bat] - 2,919 950 ' 548 45 15 min./batch] gas after
. . : . burner

However, one plant which was tested had

No data were available.
stacks about 5 feet higher than the roof which topped a 3-story facility.

Total hefght for the roaster and cooling stacks would therefore be 35 feet,
The drier for instant coffee may be 20 feet in dimmeter and up to 80 feet

STACK HEIGHT

Therefore, assume a stack height of 100 feet for it.

high.
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Exhaust Gases from Primary Copper Smelting Opez:ations2

L=IA

Exhaust Gas Flow Rate* Gas Temperature
Estimated ’ : "
Plant No. Capacity R.oi:sger Reverb . Converter** Roaster Reverb’ Converter
' : o7 : * scfm -each ’ N
1ib./hr. scfm scfm (avg) °F °F - °F
1 16,577 9,500 28,400 2@ 19,250 2501 2501 450
2 21,158 - 40,500 3@ 13,917 - 315 300
3 16,743 16,800 53,600 j@ 13,201 - 600 550
4 6,164 - 26,200 3@ 5,683 - 300! 3001
5 - 23,990 139,000 83,200 4@ 23,507 3901 asol - 350
6 35,819 24,600 155,000 2@ 32,250 - - -
7 18,409 - 40,500 3@ 14,462 - 350l 3501
8. 23,824 - 53,700 4@ 25,500 - 3501, 350l
9 19,159 - 51,100, . (3@ 8,662 - 40! 400t
vo ot | vsgee | 1yo00 | 79,000 . |%@..31,824 asol . 3s0l o) 3sol
e (dl')!cl-’)" . . .: . . .- - ._3 : s
11 10,829 - 45,500 4@ 18,323 - - 350 350
12 25,157 - 46,500 2@ 16,450 - 450 650
13 3,832 N.R. N.R. - 900l . gool "909_1

*** Average for 24 hours; blow rates and time periods are.available from

1. Oas streams were combined and discharged thrdbugh one stack.

Stack gas velocities vary from plant to plant, but no data were

GAS VELOCITY
found.

Unless specific parameters are known, a velocity of 35 feet per

second should be assumed.

It is common for one stack to handle the combined exhsust gases from

more than one furnace, with stack heights ususlly in the tnnge‘ from 200

STACK HEIGHT

This height would vary from plant to plant and unless an

sccurate estimate of height is available from the installation under

to 500 feet.

investigation, an estimate of 300 feet should be used for this parameter,

the reference

Vi-6
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Stacks

Qust Collectors

S A . A . N !
Dilution Dilution Dilution ) Dilutio
Air Air Air Air
Waste
- Heat
- Boiler )
: “. 4
Copper Matte ,
; ) . gl Converter Converter: Blister Copper
Concentrate, Roaster Ca\cl: Rgv::b;::gory Slag > Finish —-—-———E—e
Silica Oreg Slag ' To Refinery
-~ Blow Blow
Limestone,
Dust from collectors,
Scrap, etc.
Figure VI-2.1 Flow sheet of a typical primary copper smelter
TABLE VI-2.1
Exhaust Gases from Primary Copper Smelting Operations (Continued)
Exhaust Gas Flow Rate¥® Gas Temperature
Estimated '
Plant No. Capacity Roaster Reverb Converter#** Roaster Reverb Converter
1b./hr. scfm scfm scfm °F °F °F
14 27,406 32,500%% 33,500 1@ 111,000%* 350l 350l 3501
15 75,800 - 165,000 59,850 - 3sol © 350!
- 79,400 58,200 .
16° 21,908 N.R. N.R. - - ~

** Includes Dilution Air
kA Average for 24 hours; blow rates and time periods are available from the reference
simwn mawhined and discharced through one stack.
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Figure 3-17. Stoichiometry. Figure 3-18. Flame temperature.

Figuré 3-17152 illustrates the very strong influence of stoichiometry

on thermal NO generation. The maximum NO occurs at a slightly lean fuel
mixture ratio due to the excess ava11ab111ty of oxygen for reaction within
the hot flame zone. The very rapid decrease in NO for either rich or lean
combustion indicates that control of local flame sto1ch1ometry is critically
important in achieving reductions in thermal NO

The influence of flame temperature on therma] NO generation is shown
in Figure 3-18. 153 For a given stoichiometry, the therma] NO generation
decreases rapidly as the flame temperature drops below the ad1abat1c
temperature. The local flame temperature decreases rapidly along the flame
axis as heat is radiated out of the flame. Therefore, most of the thermal
NOx is generated in the flame core and little in the furnace combustion zone
surrounding this flame core.

Localized control of the flame temperature is achieved by increasing
the time during which combustion occurs and, more important, by decreasing
the heat release rate. This is defined as the ratio of the bo11er heat
input, (Mw Btu/hr), to the heat transfer surface area (M2 ft ), or furnace
volume (M ft ). For stokers, the heat release rate is based on the
effective grate area.

Small combustion zones which generate high heat release rates and,
consequently, high NOx levels are typical in large, packaged industrial
boilers whose furnace size is limited by shipping restrictions. This

3-72



€z g ﬂo.,mw,. . §Lr . st 130y
14 - o.....u..n.. N g 91 TA
wz 009 ‘ o.r 3% 0zz-y
14 h..m.hn 0'1% 0E¢
x4 0S¢ 0°€c - 0°81 0°€T stz
€z oss . 0°ZE ~0%01 01z o5z
%4 “ovee 0'61 57z
€T 0°0y §'sT S0Z
€2 ooz 0°01 011
£z L2 B 13 09
124 09y - oetet 09 £9
1 o0st-009 - oo 0°sy 09¢
114 0ss o nnh 0°sg 009
0z 0S¢ n.“& 0°0§ . 0SS
61 0081-00%1 009 g e 00¢
a S
*dwmdg WFIS 0001 *2y/euol
20U2133 3y Jsneyxy 013 Ieyxy L3powdey Iway/suo]

s90RUINg YIIPIH =o&...ﬂ.v.um s9mRy IsnEYRY

T nuH.> -F18vVL

0Z-1A

-ssasoad sTYI YaTa

punoj £1ywmiou sy 3193 0GZ - OCI 3O @8uwi v ‘Iaasmoy {jusyd o3 juwyd
wWO3J AIwa [1IA IYSTIY AowIs Iyl ‘sassavcoad SupivelIIIs IIY3I0 ul By

IHO13H MOVIS

‘palvedxe axw puodas aad 1993 (0§ -

SZ 30 J%ue3 IY3 UT SITITO0TIA S8 owis Ing ‘ITQETIRGE Idan VISP ON
o XIIO0T3A 5VO
“aqulIear
33® ¥IWp Ou UIYA pIunssE g PINOYS Jo0S] INOQE Jo ainjwiadme) IBwavaw uy
*do0ST 03 ¢ Inoqe. luu 9Buwa JT1A UOTIVI[TOD Isnp puw Juipjoos Fulaoiiol
s9an3e33dwal ¥OWIT IWYI IJWITPUT 7 £-IA FTQE] WOIJ WIP IInJeIdmel Iyl
DENIVIIAWIAL SVO

'890WUING axw u,—uuwudo WOXJ $9IVI MOTJ IGNUYXD IIPWIISS 03 pasn aq Awuw Yojym
g°¢-IA 3By Ut pe3joyd azam ®IWD VY] ‘SIDWUIN [IIIS II¥ ITIIOID

WOly $OTISTINIVMINYD swd Jsneyxa uo eIPp Iowuang sjuIsead 7-¢-IA QR
AVE 1T SV

Feil
uoyINTIP Aq 20 $37230u Lwads-I93wa £q ‘sUENTO> SUT[00D UOFIVIABOI-UCTIIPRI Lq
PYeTIdmooow gy sosed Jenwyxe 9y3 Jo BuITO0) ‘[0IIUOD IwMp I0F sInbFUYoI3
£L1vwiad ay3 2I® #39qqniaos Jea pus sesnoySeg . °Joox SurpIEng aq3 wWoly seses JO
UOTIONAIXY 10 ‘I0FININT 20FUINZ IY3I WOl sIEES JO UOTIIWAIXP IVVIATP ‘UOTSSTWS
3o sured @swuany 2yl PUNCI® PUP IIA0 SPOOY JO asn :sambyuyoay Ivayy jyo
U0 £Aq PIIIITTOD ATTRIIUSS 21V 90WUINY DI OTIIOINY WOIF sosed 330 WYy
i3} 24
uotimpoad syl IewIA>UT 03 pesn 9q Lvm ueSfxy ‘Ivey 13d 19938 JO FUOI (OZ
03 7 woxy aonpoad Leyl - jooz 9dwuiny ay3 ySnoiyy Suyssed sIPo1308T9 UOQIED
98Iv] qITA STPss9a TWITIPUTTAD POUT] £I030B1I91 2I® $IVPTING YL ' BYIVIE
Lo11w 1wydads jo uojjzonpoad 303 Ayyavurad pasn v 8IOPUINT OTII0TH

L4POBUING DIV OFIIOANT,,



€Z-IA

2T-IA

- Exhaust Gases From Electric Arc Furnaces’

TABLE VI-3.2

Furnace Exhaust Exhaust Exhaust
Capacity Flow Flow gemp Melt Time Control
tons/heat scfm cfm/ton F hrs./heat Equipment
6, 2022 20,600 total 89 Wet Scrubber
2022 2,600 76 Vet Scrubber
622 20,700 92 Wet Scrubber
3, 322 10,860 total 92.5 Wet Scrubber
5022 29,800 99 ‘et Scrubber
7522 35,600 105 Wet Scrubber
TABLE VI-3.2
Exhaust Gases From Electric ATC Furnaces’ -
Furnace Exhaust Ex};nuct Exhaust
Capacity Flow Flow Temp. Melt Time Control
tons/heat scfm cfm/ton % hrs./heat Equipment
25, 8, 2 2,140 6.5,3.5,3 Faghouse
17 40,600 , 2:610 137 2 Baghouse
1% 31,700 4,280 139 2.5 Baghouse
19 46,100 3,160 153 2.5 Baghouse
L 75,4.5,4.5,6.5 2,370 2,2,2,2 Baghouse
4,4 14,110 2,760 121 2,2 Baghouse
3.5 9,900 3,940 106 1.5 Baghouse
3.3, 3.3 1,200 2,2 Baghouse
65.0%* 38,250 k 550
65.02% 38,250 550
80.0%* 54,100 480
150.0%¢ 132,000 ) 273
50, 75, 7523 98,000 total 127
1, 3, 6, 623 46,000 total 124
623 14,500 130-180
323 11,000 142
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le, but gas discharge velocity at each stack will

No data were availab

GAS VELOCITY

TABLE VI-5.1

EXHAUST GASES FROM PRIMARY ZINC su:x,n:ns2
CAPACITY EXHAUST GA‘S FLOW RATE (scfm)
Plant Capacity Sinteringl
Neo. Tons/Year 1b./hr. Roaster or Calc:i.ni.ng2 Furnace
1 252,000 57,480 99,878 - Electrolytic
2 88,000 20,080 33,821 - Electrolytic
3 88,000 20,910 23,463 24,5201 -
4 59,000 14,910 16,910 6,341° --
5 92,000 25,490 24,308 -- Electrolytic
6 116,000 26,490 -- - Electrolytic
1 92,000 23,240, . .- 158,536" - _
g TR -’{;4,000.' ‘ '1@,._5'00.‘.{--' 10,041 . - :169,6@0*
9. " 215,000 49,060 46,187 '6.'1",829.1:.' ' Electrothermic
10 105,000 " 24,990 25,154 - -
11 53,000 12,080 130,000 100,406 --
12 56,800 12,740 175,447 23,463° -
13 47,000 10,910 -- -- 40,200
14 45,000 10,750 - - Electrolytic

* SCFM out of stack from sinter plant and furnace including cooling water and/or
dilution air.

— p— o——

atacks to discharge process effluent

.50 fps should be assumed for stacks
plant to plant and within eac

and within each plant depending upon_ existing plant

h plant.
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stacks exceeding 150 feet in height; stack
are available,
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. Production Capacity (1,000 1b./hr.)

Stacks

Figure VI-5.2 Exhaust flow rates from zinc roaster sintering.machine,

Figure VI-5.1 Flow sheet of a primary zinc smelter
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TABLE VI-7.1

12
Exhaust Gases from Secondary Aluminum Smelters

Operating
Time

17.5 hr./batch
1 bat,/day

8 hr./day

5 days/wk.

15.5 hr./batchn
1 bat./day

6 hr./batch
1.5 bat./day

Stack
Height

fr

40

33.5

40

65

Exit
Velocity

fps

25

25

Temp.

Exhaust

°F

700

700

Exhaust
Flow

scfm

400

6000

400

Input
Rate

1000 1b./batch

200

1.2

200

VI-50
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The stack heights for 3 foundries ranged from 55 to 85 feet. Typical

stack heights fall in this. range, and 75 feet should be used for calculation

purposes.

STACK. HEIGHT

—

" TABLE VI-12.1

Exhaust Gaseg from ;:'teel Foundries

12

Exhaust

Exhaust Stack Stack
Input Flow Temp. Velocity Height Operating
Rate scfm 8?’ fps ft, Time
90,000 1b./bat] ° 110,000 80 56 85 3% hr./bat.,6/wl.
70,000 1b. /hr. %0,000 150 ‘50 78 cont.
4,635 1b./hr. 3,550 675 s9 S5 2 hr,/bat.,2 b
9,270 1b./bat] 24,500 2 bag.fuk,

VI-64
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TABLE VII-1.1

Exhaust Gases from Asphalt Roofing llnnfccturing:’

GAS VELOC

Product Iaput Exhaust Exhaust Exit Stack Stack Operating Control
Operation Rate Flow Temp. Velocity Height Dismeter Time Equipment
tons/hr. scfm °F fpe ft. ft
Roofing Felt 1.5 1050 180-270 46 45 2.3 -6 daycéwk;‘.
2 shifts
4.5 1050 270 P 45 2.3 . b6 days/uk.
-2 shifte/ds
Tasphais, 2.2 1050 108-270 44 45 2.34 15-6 days/vk.
o . . ; 2 shifes/da
- Szt 1050 | ma2m0- . - b 48 234 lS-6 days/wk. | .o
: Co- ' i o c- A ‘-2 shifes/ds}
Tar 2.4 1050 180-270 b 45 2,34 [5-6 days/wk.
2 shifts/dd]
9 1050 270 44 5 2.34 |56 days/wk.
2 shtfte/da
Miecellaneous 12 100 200 9 1.67  [5-6 days/vk.
o 2 shifes/dal por, o
20,000 82 '68.3 2.5 Scrubber—
10,30 w | wa resciricaer
12,19 2 “ 2.3 ey scrdiber
7.23 12,000 40 »n '
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TABLE VII-1.1

Exhaust Gesee from Aephalt Roofing lll_ijﬁhctutin'3

¥=11A

Product Input Exhaust Exhaust Exit Stack Stack Operating Control
Operation Rate Flow Temp.. Velocity Height Diameter Time Equipment )
tons/hr. scfu ' *F fpa £t ft
Roofing Pelt 1.5 - 1050 180-270 4.4 45 236 56 days/vk.
2 shifts/da
4.5 1050 270 v 45 2.34  PB-6 days/wk.
2 shifts/da,
Asphailc 2.2 1050 108-270 L &5 2.3 15-6 days/wk. ~
2 shifcs/del
12 1050 270 Y 45 2.34  [5-6 dsys/vk.
: o 2 shifte/daj
Tar . 2.4 1050 180-270 &.4 45 2.3 {5-6 days/wk.
. = T 2 shifce/da|
¥ 1080 .20, . T IO S P PR déye . 1
L R . 4 . 2 shifts/da .
Macellageods | 12 100- 00 | 90 1.67 - 156 daye/pi.. out
. 2 .hl!u/d:n tanks
20,000 a2 68.3 2.5 Scrubber
precipitator
10,300 185 36.2 2.5 Bag filter &
12,196 82 Cyclone
. * “ 2.5 later scrubber
7,28 12,000 40 3
|
T0
STACK
oo 1L
YET
DRY SPRAY
LOOPER SECTION . LOOPER

FELY
FEED

ASPRALT
SATURANY

ASPHALT
TANK

T0 ASPHALT
-
1 HEATER

10 ROLL PROBYCT
OR SHINGLE %
PRODUCT OPERATIONS

Figure VII-1.71 Schematic drawing of an asphalt roofing felt saturator
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Figure VII-1.1 Schematic drawing of an asphalt roofing felt saturator
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.053 x Production Rate + 12.6
(tons/hr.)
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Figure VII-2.1 Flow diagram of a typical hot-mix asphalt paving batch plant
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TABLE VII-5.1

Exhaust Gases from Castable Refractory Manufacturing Processes, Continued

Operation Input Exhsust’ Exhaust Exit Stack Stack Operating Time
Rate Flow Temp. Velocity Height Diameters
1b. /hr. 1000 scfn r s fc. te.
Grinding i.mo 1.14 . 546 26.6 30 1.0 - 2 hr./eye., 250 cyc./yr.
185 1.26 . 550 28.0 32 1.0 8 hr./cyc., 250 cyc./yr.
. 2,400 1.28 540 28.0 22 1.0 8 br./cyc., 250 cyc./yr.
1,000 4.4D 575 70.0 32 1.2 8 hr./cyc., 250 cyc./yr.
1,600 2.45 540 53.5 2 1.0 | 6 br./cyc., 250 cyc./yr.
1,600 2,48 sS40 | 3.5 32 - 1.0 6 br./cyc., 250 cyc./yr.
250 2.09 548 45.8 32 1.0 8 hr.fcyc., 250 cyc./yt.
100 2.11 340 6.0 32 1.0 2 br.feye., 130 cyc.fyr. :
300 1.46 $40 an.? 32 1.0 4 hr.feye., 90 cyc./yr.
1,550 0.63 545 na 32 et 4 br./cyc., 250 cyc./yr.
120 0.58 545 46,6 . 32 " e.s & hrofeyc., 250 cyc,/yr.
Tunnel, Dryer, ‘ ' .
Carton Station . . -
and Bag Station) 1,000 12,000 cfm 50-110 56 25 300 batches/wk.
(1b. /bat.) .
L)
TAMLE VII-S.1 d
Exhauet Gases from Castable Ref Manufacturing I . Contlnued
.
Operation Iaput Exhaust’ . Exhaust Exit Stack s:.ci Operating Time
Rate Flow Temp. Velocity Height Diameters
1b. /hr. 1000 scfa o) fos te. fe.
Kila 15.000 14.26' 640 - 45.5 21 2.6 220,000 sal./yr. of ofl
6,900 21.70 450 418 21 3.3 :
. 11,400 14.28 200 17.8 n 2.8
50,000 9.00 200 37.5 & 2x2sq, 2 ehtfes/day, 5 deysfvks
Crushing and . . : . '
Handling ‘30,000 -27.73 535 62.0 45 +83 x 1.3 8 hr./cyc., 280 cyc./yr.
24,000 7.97 $40. %0.0 s 1.2x1,3 B hr./cyc., 280 cye./yr.
12,000 0.18 540 3.0 ’ 15 1.2 x 1.3 8 hr./cyc., 280 cyc./yr, :
Crucible Mix 1,000 1.5 340 16.6' 22 1.6 8 hr./cyc., 280 cyc.fyr. |
Transport . . T . .
System 4,500 2.87 540 26.6 3 . 1.3 x 1.8 1.8 hr./cyc., 345 cyc./yr.
4,500 316 540 2.6 - 35 13x1s L.8'hr feye., 5 cye./fyr.
Blendtog oo 8.9 538 %.0 4 2.0 8 br./cye., 225 eye./yr.
3,500 492 540 7.0 a2 3.0x 2.0 12 fir./eye., 275 cyc.fyr.
2,500 1.&_7 S40 “.( 30 1.0. ] }Ir.leyc.. 260 cyc./.yr.
. . . .
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Figure VII-6.2 Flow diagram of cement plant operations’
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TABLE VII-7.1

3

Operating

Time

300 days/yrﬂ

5 hr./day,

8 hr./ day,
S4 days/yr.

24 hr./day,
78 days/yr.

16 hr./day,
50 .days/yr.

16 hr./day,
150 days/yr.

8 hr./day,
100 days/yr.

8 hr./day,
S days/wk.

Stack
Diameter

fr

3.5

.3

1.3

0.25
1.2

1.2

1.2

1.0 x .83

1.00

Stack
Height

fr

45

40

40

22
40

45

45

40

17.5

30

Exit
Velocity

58.3

Exhaust
Temp

°F

60

185

185

130
170

420

420

90

70

70

Exhaust Gases from Ceramic and Clay Manufacturing Processes

Exhaust
Flow

1000 scfm

21.4

0.4

0.03
2.2

1.5

1.5

10

1.0

Input
Rate

1b. /hr.

1600

85

4.8

6.66
115.8

" 706

700

85

1000

Operation

Drier

Mixing

VIii-29

8Z-11A

©3893 Q€ 3O NovIs IBeidaw uw I gagodand Sujispowm I0d

+3997 ¢ UwY3 sse] 9% $3yBraY sYOEIS [1¢ PIIIVTT0D BIBP A3 wal
IHOIEH AIVIS

red3 0§ IWIV

3o uvam ¥ YIta sdy 08 03 81 WO pefuvaseniea £3IJO0TIA ITXD S¥D
ALIJ0TEA §VO

*3,02% ©3 0E1 WoIF pesusa sanjwiadmel ISNBYXS IITIP Wyl
*jualque AYIRTIUVESS 2q [1IA seanjwaadwey ‘Isneyxe I9TIp I3 203 jdaoxy

TUNIVESAHEL SV9

-pemnsse 3q PINOYS WIOS 000y ITABTIVAR

300 s} exys uey ueyy o (7°L-TIA srqe) s3uwyd Awpjuol QT 203 WFIE 000°S

03 00§ WOI3 9BULI FWAISLs AOTF ISNBKD 1es1dl1 -9z¥s wey £q A11ea13¥oeds
puw pesn weisks UOFIDRTIOD I Kq PIUTWINIp 9T 938L AOTJ svd 1snBUX3

AIVE M0'1d SVO

*yosm 3od sfep ¢ puv Lvp/83yIus 7 10 1 I8 sWMOTI

Suiavaesdy -saveanyiod 103 87013U0D OU IANY s3uvd 108 ‘12A9mOH PpIST UIYA

¢ 8397A9P uﬂ.llunar ujsu Y3 e sa03w3ydysead O73¥I0IINITP puw ¢ 839qqnavs

28 ‘sauo(d£> ‘siequeyd Buj13IIS *guwang1od Jsmp aql jo Isow 93vIduUasd

suojavasdo Fuyxym pue Sujlag - Sujmioj pue Surpuslq 10 Sulxym ‘sTeIaedEwW
ARI 2jseq SUTUOTITPUOD EIATOAUT 93onpoad OJUMIPD JO IINJOVFRUEE YL

*ay/°qr 000°S 03 0§ WO33 -- A1apTa Kaea

so313711qudwo jueyd Twopdiy o—.voc«-uao 9q uwo setazedoad Lioldeazax 1e3oeds

yse 1aead pov $IUOQ PIUFOTED ¢$OpJXO UOIT ‘XBI0q AT STPTIIIVD ABI Suyppe

£g  ‘9aea SNOIIITA pUR ‘IIPAIUOIS ‘upwiaoxod ‘wulyd ¢£19330d ‘aemeerid JO

san3oeynuvw Y3 03 ITqeoridde [vjieIsw avi ¥ &V I8n 83T em Yorya LITITQURIOA X0

£31o1ase1d Jo A3aedoad ywydeds ayy sawy 84e1D .SNE.NSmN.noNZV @23TuTIoOvVy 8%
Teasutw o¥eRq 33 ‘A3INpuy oJmmaed 9y3 £q peen s£vid (¢ L1aeeu ul

g INVId AVID DINVEED

£=11A ¥ALIVHO



Notes for Figure 4.1-22.

enturi tests ordered by increasing operating pressure drop.
. A11 other tests ordered by decreasing percent ash in fuel.

bPM and SO control devices

Ventur/spray tower

95 percent efficient mechan1ca1 collector, FMC venturi dual
alkali scrubber.

Mechanical collector, mu1t1 -venturi f]ex tray dua] alkali
scrubber.

Mechanical collector, Zurn entrainment type scrubber.

80 percent efficient mechanical collector, venturi dual alkali
scrubber, ~

Venturi/seive tray scrubber.

Mechanical collector, venturi dual alkali scrubber with cyclonic
separators.

~ (S0 - w N —

CVentur'i_Ap/ sieve tray Ap...

dAp for venturi only,

4-51
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STACK HEIGHT

Stack heights ranged from 26 to 50 feet with a mean of about 35 feet.

TABLE VI I-! 1

i.
\

Exhaust Gases from Concre): Batching Plants3 R
Input Exhaust Exhaust Exit ‘ Stack Operation Control
Rate Flow Temp. Velocity ) Height Time Equipment
Ib. /batch scfm °F fps | £,
q
i
- 250 Ambient 42 Bag filter
- 250 Ambient 50 Bag filter
3300 600 70 ] 40 1 min./batch,
( 50 bat./day
3300 600 70 25 40 1 ain./batch,
50 bat./day
8000 5000 70 26 0.5 hr./batch} Bag house

16 bat./day

For modeling purposes this process should be.treated as an area source.
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TASLE vn-/o.x .
Exhavst Gases From Piber Class Plasss?

- T -
Euhoust Eshaust Stask Ssack - Staek |
Preduction Input lew Tv. Veleeity Netght Dismeters Operating Control
Step Rate 1000 ct» tpe fe, fe. Time Equipment
Forming 550 1b./tz 16.8 200 % 71 24 hrs./dsy | Fume Tocinero
7 days/wk. ator )
2,300 1b. /bat 2.5 0 [ % Hydrated 1ime
- 100 1b./hr. Asbeatos
Batch Process
550 1b. /hr. 16.8 200 % n © | % bre.7day
. 7 days/wk,
h0,000 1b./day 5.0 160 %0 5.42 x 5.03 | Conttnucus
41.5 1b./hr. :
5,000 1b./day|  38.0 160 40 5.16 x 5.59
15.0 160 40 Sx6
Curing 2,000 1b./bat 0.4 200 3 . 10 min. /batch
20-28 bat, /wk|
10,000 1b. /da 100 ) -
al.s n.m.# 30 4 173 Contiyuous
5,000 1b./dry 20 230 & 1.50 .
2.0 230 4s -1,00
Machining 300 1b. /hr. 8.4 7 41 42 N 24 hre./day Cyclone
7 days/wk.
— — e so— — — == === === = —_ = :_ —

STACX

The stack heights reported for three plants ranged from 30 - 71 feet.

For modeling use a stack height of 60 feet.
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Figure VII-12.2 Heat Input for Lime Kiln
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(*au/nig 90l) ndup qany
TABLE VII-12.2
Exhaust Gases From Lime Plants 13,14
! Production Input : i
Rate Rate Exhaust Exhaust Stack Stack Stack Control
tons/day 106 BTO/hr. Flow ' Temp. Velocity Height Dismeters Equipment
' Before - Aften fps
335 140 62,000 cfm | 350 165 Scrubber
(76% aval. ca0) ;
200 95 ;
120 52,000 462 176 55 Scrubber
29,000
i
150 48,000 522 165 | 3% Scrubber
40,000 . }
120 23,000 * ’ 400 152 25 Scrubber
19,000
45,000 410 170 58
25,000 ! :
1
52,088 476
- - - - 250 16
- - : - - 400 15-1/2
i
i a
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Figure VII-12.1 Flow diagram for a Lime processing plant
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TABLE VII-14.1
Exhaust Gases from Rock Wool Manufacturing, (Cofx:inued)
Operation Input Exhaust Exhaust Exit Stack Contral Operation
Rate Flow Temp. Velocity Height Equipment Time
1b./hy. 1000 scf °E frs fc,
Coolers 3525 1.85 128
3700 8.50 PYL)
3050 16.70 170
3050 8.98 298
Cupola 1780 11,35 400 38.2 5 - Cyclone 24 hr./day,
1b./cupola S days/wk.
1490 1b./batch 4,40 400 28.0 50 Cyclone 15 min./batch|
(4980 1b./hr.) : 96 bat./wk|
Conveying .
System 7500 22,00 100 21.7 65 Scrubber 24 hr./day
6 days/wk.
0480 1b./batch] 4440 400 1.7 42 Cyclone 15 min./batch
4980 1b./hr.) 96 bat./wk
1
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8-x1

TABLE IX-1.1

Exhaust Gases from Recov'ery Furnaces of Kraft Pulp Mills 1,2,3,4 (cont'd)
Production Input Rate -

Rate 1000 1b./day Exhaust Exhaust Exit Stack Stack
tons/day Black Liquor Flow Temp. Velocity Height Diamecers
of pulp solids 1000 scfm OF fps ft. fe.

Recovery Furnace| 4
Sample f;:;Pd 218 325
2-1 318.6 325
3-1 263.5 325
4-1 276.7 325
5-1 254.4 325
6-1 314.5 225
7-1 236.6 200
8-1 311.8 325
9-1 N -
10-1 253.9 375
Average 272
P 330
TABLE IX-1.1 ]
Exhaust Gases From Recovery Furnaces of Krcft Pulp Mills 1,2,3,4
Production Input Rate i
Rate 1000 1b./day Exhaust Exhaust Exit Stack Stack
tons/day Black Liquor Flow Tgmp. Velocity Height Diameters
of pulp Solids 1000 scfm F fps fe. ft.
|
1651 1,200 i 180
1s0! 50 300
260! | 8| 165
5002 i 167 |
Recovery Fu 3 .
680 1,900 220 250 14.5
H 680 1,900 : 220 a a
; 358 I 1,000 i 116 250 12
464 i 1,300 150 a
893 i 2,500 290 | a a
5 3 ! 880 i 102 k] 200 8
428 ' 1,200 ' 140 23 225 12
537 : 1,500 175 a a
1,000 ‘ 2,800 325 250 16
518 | 1,450 170 i 350 9.5
8% | 2,50 | 9 a .
89 ‘ 2,500 | 290 27 400 15.5
340 , 50 | 110 29 210 9
500 , 1,400 . 160 a
197 i 550 i 60 13 125 10
197 550 60 13 150 10
s | yseo | s 4 o | .| .
CalcuTaced From black liquor feed rate assuming 2,700 Tb. black liquor/ton of pulp produced.
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4 ' 1,2,3,6
Exhsust Gases From Lime Kilns of Kraft Pulp Mille :
Produc:ion. Exhaust Exhaust
Rate Input Flow Temp.
Rate 1000 scf/bbl Op Reference
Semple #-tpd .
1 -1 32 180 Hendrickaon
2 -1 - -
3-1 42 180
4 -1 46 180
5-1 42 180
6 -1 6 180
7-1 57 180
$ -1 47 180
9 -1 57 180
10 -1 40 180
Ave. 46
[$] Rough
tons/day 1 scim
500 18.7 Walthers
250 tona
calcine/day 26 150 Kenline
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TABLE ¥-1.1

Exhaust Gases from Dry Cleaning Plnnt03

Control
Equipment

Dilution -

Carbon

Operating
Time

35 min. /bat.
12 bat, fwk.

8 hrs./bat.

5 bat./wk.

45 min. /bat.

8 bat./wk.

Stack
Height

40

25

20

Steck
Velocity
fps

40

Exhaust
Temp.
&

75

110

85

Exhsust
.Flow
scim

8500
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Exhaust Gases from surface Coating Op

TABLE X-2.1

erations (cont' d)

Input ‘Exhaust Exhaust stack Stack
Production Rate Flow Tgmp. Velocity Height Operating
Operation 1b./hr. 1000 scfm F fps ft. Times
Auto Paint 520 50.0 70 38 38 lbsh;.lt;ai
: ay [wk.
1,380 50.0 .70 38 38 165hrd./7a{
ay/vk.
paking Plant 156 4.2 300 38 38 165*‘;-/‘;“1
ay/wk.
Litho Ovens - 34.0 450 25 75 8 hr./day
. 5 day/wk.
6.0 1,000 50 70 8 hr./day
S day/wk.
6.0 1,000 50 70 8 hr./day
5 day/wk.
Gravure Printing - 60.0 85 - 90 56 32
surface Costing Oger.
Manufacture of
Steel Drums
Hot Spray 100 18.6 Ambient 55 20
Hot 3pray 30 3.5 Ambient 22 30 -
Paint Spray 3 1.0 Ambient 8 30
Hot Spray 120 18.6 Ambient 55 25
TABLE X-2.1
Exhaust Gases from Surface Coating wex‘ltlonla”
producti Input Exhaust Exhaust Stack Stack
roduction Rate Flow Temp. Velocity Height rating
Operation 1b, /hr: 1000 scfm 8:9 fpe £t Op;h”
Auto Painting 360 12.0 Ambient 28 47 8 hr./day
5 day/fwk.
36 10.0 Ambient 45 58 8 hr./day
S day/vk.
36 12.0 Ambient 46 47 8 hr./day
. 5 day/wk.
Paint Oven 1,000 12.0 285 42 60 16 hr./day
5 day/wk.
Metal Sanding 2,360 0.60 Amb{ent S. 0 8 hr./day
S day/wk.
Auto Paint 32 9.6 Mmbient kY » 14 hr./day
S day/wk.
Manufacturing 50 18.2 Amb lent 9
Steel Drums B 2 :ﬂ;i;?{t
Auto Paint 100 60.0 100 63 28 4 nin. /bat.
32 bat./day
63 38.0 70 . 4 36 16 hx./day
S day/wk.
63 47.5 70 42 40 20 hr./day
. 6 day/wk.




8-X

"
-y § g
b
2
-4
5
g £
- " :
~ 8
© Iy o
&= o
DI~
£ £
o 8 = a
(3 S
3 &
© s %
3 =4
g =
4 L8 3
-
- »
=]
o £
w
- © © ’§ -
o§
(o} © >
D] §
L} v v -8 u-,
8 g &
(w95 000°1) mMOL4 Isneyx3
TABLE X-2.1
Eshaust Cases from Surface Coating Operstions (cont'd)
' Input Exhaust Exzhaust Stack Stack
Production Rate - Tlow 'r‘?. Velocity Haight Operating
Operation 1b. /hr, 1000 ecfm fpe ’ fe. Times
Can Paiat 238 20.0 400 60 60
Baking Oven
Enamel Spray 43 37.5 70 60
Aluminum Can
Spraying 2.1 3.2 80 36 39
8.3% 3.1 200 30 39
0.21 0.5 - 80 22 39
Aluminum Can 13.37 2.0 230 33 39
Bake Oven
Chrome Plating 9.0 80 43 ) 20.75
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Figure X-3.1 Oreathing emissions af gasoline and crude oi) frem fixed-reef tamks
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