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DISTRIBUTION OF IRON FOUNDRIES
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GEOGRAPHICAL DISTRIBUTION OF IRON FOUNDRIES

Source: Foundry Magazine Census of Foundries.
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EXHIBIT [lI-6

IRON FOUNDRY ELECTRIC FURNACE TRENDS
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EXHIBIT I1II-7

CHARACTERISTICS AND SOURCES OF EMISSIONS Page 1 o
IN VARIOUS FOUNDRY DEPARTMENTS
EMISSIONS ! RELATIVE
PARTICLE CONTROL- | RELATIVE
DEPARTMENT OPERATION TYPE CONCENTRATION _SIZE LABILITY |  COST
(Microng
RAW MATERIAL STORAGE Store metal scrap, coke, limestone, | Dust: Coke, 3 to 5gr./cu.ft. Fine to conéLe Moderate | Medium
AND CHARGE MAKEUP dolomite, fluorspar, silica sand limestone and sand. Moderate 30 to 1,000 to
Difficult
Centrifuge or heat metal borings 0i. vapors Light .03 to 1
and turnings to remove cutting oil | Smc e Light .01 to .4
Unburned hydrocarbons Light
Weigh charge materials Coke dust 3 to 5gr./cu.ft. Fine to coarse
Limestone cdust Moderate 30 to 1,000
MELTING Cupola furnace melting Fly ash, dust .2 to S5gr./cu.ft, 8 to 20 Moderate High
Coke breeze 5gr./cu.ft, & up Fine to coarse to .
Smoke Heavy .01 to .4 Difficulc
Metallic oxides Moderate to heavy To .7
Sulfur compounds Light
0il vapors Light .03 to 1
Carbon monoxide Heavy -
Electric furnace melting Smoke Heavy .01 to .4 Moderate | Medium
Metallic oxides Moderate To .7 to high
0il vapors Heavy .03 to 1
Induction furnace melting 0il vapors, metallic Easy Little
oxides or none
Reverberatory (Air) furnace Smoke Moderate .01 to .4 Difficult | High
01l vapors Moderate .03 to 1
Metallic oxides Moderate To .7
Fly ash, sulfur com- .2 to 5gr./cu.ft. 8 to 20
pounds
Furnace charge preheating or drying | Smoke, dust Light to heavy .01 to .4 Easy Low
0il vapors Light to heavy .03 to 1
Metallic oxides 1,244 /ton 75%-5 to 60 bottom fired
Metallic oxides 414 /ton 0 to 20 top fired
Holding furnaces Iron oxide Light Fine to medium Easy to Low
01l vaper Light 3wl moderate
Duplexing furnaces 0il vapor Light .03 o1 E Easy None to
Metallic oxides Light To .7 1 medium
Inoculation Metallic oxides Heavy To 0.7 Moderate | Medium
MOiDING, POURING AND Molding Light Coarse Easy Low
SHAKEOUT Dust, mist
Vapor




CHARACTERISTICS AND SOURCES OF EMISSIONS
IN VARIOUS FOUNDRY DEPARTMENTS

EXHIBIT 111-7
Page 2 of 3

“EMISSIONS RELATIVE
. PARTICLE CONTROL-~ RELATIVE
DEPARTMENT OPERATION TYPE CONCENTRATION SIZE LABILITY COST
MOLDING, POURING AND (Microns)
SHAKEOUT (Cont'd) Pouring Moderate |Medium
Gray and ductile iron Core gases Heavy
Malleable Facing fumes Heavy
Metallic oxides Light Fine to medium
Fluoride fumes Heavy
Magnesium oxide fumes Heavy .01 to .4
Synthetic binder Moderate to
Smoke and fumes heavy
Shakeout Dust 3 to S5gr./cu.ft. 50%~-2 to 15 Moderate [Medium
Smoke Heavy .01 to .4
Steam Heavy
CLEANING AND FINISHING Abrasive cleaning Dust 3gr./cu,ft.& up 50%~2 to 15 Easy Low
Grinding Metal dust Sgr./cu.ft.& up Above 7 Medium Low
sand dust 3 to Sgr./cu.ft. Fine to medium
Abrasive dust .5 to 2gr./cu.ft 50%-2 to 7
Wheel bond material Light Fine
Victrified resins Light 50%-2 to 15
Annealing and heat treating 0il vapors, gas products .03 to 1 Moderate |Low
of combustion
Painting Solvent vapors Easy Low
Spray and dip Paint spray carry-over .5 to 2gr./cu.ft 50%-2 to 7
Water spray carry-over
SAND CONDITIONING New sand storage Dust 3 to 5gr./cu.ft, 50%-2 to 15 Moderate High
Sand handling system Dust 3 to 5gr./cu.ft, 50%-2 to 15 Moderate | Medium
Steam
Screening Dust 3 to 5gr./cu.ft, 50%-2 to 15 Easy Low
Mixing Dust 3 to 5gr./cu.ft. 50%-2 to 15 Easy Mediuve
Flour Moderate Fine to wedium .
Bentonites Moderate Fine to mediunm }
! Sea coal Moderate Fine tc medium '
i Cellulose Moderate Fine to mediuz i !
Drving and reclamation i Duss B 1/2¢ec 2gr./cu.ft, 50%~7 to 17 .l Easv iMe'_".u:
Lo .03 tc 1 3 i
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ILLUSTRATION OF SAND MULLER

|

Source: Beardsley & Piper.



IT IV=25 j

ILLUSTRATION OF SHAKEQUT STATION
e T vt OHARLOUL STIATION

Source: Molding Methods and Materials;
Published by the American
Foundrymen's Society, 1962, p. 205.



EXHIBIT IV-24

ILLUSTRATION OF POURING STATION WITH HORIZONTAL DRAFT,
CANTILEVERED HOOD

B AR T

I

Source: Modern Casting, published by the American
Foundrymen's Society, Inc., November, 1970,

p. 83.



EXHIBIT IV-2

ILLUSTRATION OF MAGNESIUM TREATMENT METHODS
FOR _PRODUCING DUCTILE IRON
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p \GAS

PRESSURE LADLE PRESSURE CHAMBER DETACHABLE BOTTOM LADLE
{MAG-COKE)

t: JEEEEE)
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[
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PLUNGING

< \

POUR-QVER THROW-IN

PLUNGING

Source: ''Comparing Processes for Makin

g
Ductile Iron,'" E. Modl, FOUNDRY,
July, 1970, pp. 44-46.



_EXHIBIT 1V-22

S ION OF REVERBERATOR

ABRASIVE SEPARATOR
AND HOPPER

WHEELABRATOR

APRON
CONVEYOR

" ABRASIVE
ELEVATOR

ABRASIVE
HOPPER
SCREEN

Source: Eclipse Fuel Engineering Company.



IBIT IV-21

ILLUSTRATION OF CORELESS INDUCTION FURNACE

A. HYDRAULIC TILT CYLINDERS I. STEEL SHELL

B. SHUNTS J. TIE RODS

C. STANCHION K. CLAMPING BOLTS

D. COVER L. COIL SUPPORT

E COiL M. SPOUT

F. LEADS N. REFRACTORY BRICK

G. WORKING REFRACTORY O. ACCESS PORT

H. OPERATOR'S PLATFORM P. LID HOIST MECHANISM

Source: '"Electric Melting for Mass Production
in U.S. Iron Foundries,
Modern Casting, July, 1968, p. 47.



EXHIBIT 1IV-20

ILLUSTRATION OF CHANNEL INDUCTION CE

LINING

INSULATING
1 BACK-UP

HOT FACE

THROAT

CHANNEL

REFRACTORY -

INSULATION

cou
CORE

Source: "Electric Melting for Mass Production
in U.S. Iron Foundries,k"
Modern Casting, July, 1968, p. 47.



ILLUSTRATION OF ELECTRIC ARC FURNACE

CIRCUIT
BREAKER

S
TRANSFORMER /—- ELECTRODE

CONTROL
PANEL

ELECTRONIC
CONTROLS
MAINTAIN
PROPER ARC | __— TAPPING SPOUT

CHARGING
MACHINE
CHARGES
THROUGH
THIS DOOR

SLAG

FLOOR CUT AWAY
TO SHOW TILTING
MECHANISM

Source: The Picture Story of Steel,
published by the American Iron
andlgteel Institute, 1952,

p. ;



EXHIBIT 1IV-18

ILLUSTRATION OF CUPOLA REACTION AREA

COKE BED

Fig. 3.3. Cross-section of cupola showing reaction areas.

A—0O2+4 CO;p D — High CO: COa ratio
B — Area high in O» E — High CO: COg ratio
C—CO + CO2

Source: The Cupola and Its Operation;
published by the American
Foundrymen's Society, Third:
Edition, 1965, p. 26.



_ILLUSTRATION OF WATER-COOLED CUPOLA

Skip-hoist rail
(1of 2)

Brick lining
Cas! iron lining
Charging door

Water outlet
Steel outer shell

Steel inner shetl\

TR
SR Stack
2
Skip-hoist rail

4

:

L

/- Water tlow between

(lon)\

Charging ==
dnck Brick liming
Cast iron lining
Charging door

inner and outer shell
Sohd
steel shell—{

_/

Blast duct

Water
curtain

Water inlet

Water-cooled cupola (water-wall)

Source: Metals Handbook
Forging and Casting,

Slog and

Sand bed

/'Sldck

Charging
\/ deck
N

S My
/e

N

- Wafer
manifold

Blost duct

Wind box

/—cher-cooled
fuyere

.| _~Taphole

—Slog
dam

Slag and
iron trough

Sand bed
Door (lat2)

Water-cooled cupola (flood cooled)

, 8th Edition, Vol. 5,
American Society

for Metals, 1970, p. 337.



BIT IV-16

ILLUSTRATION OF CONVENTIONAL LINED CUPOLA

S
(oo e '-(':?,\‘.'4” Stack
Skip-hoist rail s 1 1.0 B /

- Refracfory fining

Brick lining—~
Cas! iron lining —~
Charging door —_.

Wind box

Taphole for iron
(slog hole 1s 1BO®
oppostte)

Sond bed
Door (lIof 2)

Conventional cupola

Source: Metals Handbook, 8th Edition, Vol. 5,
Forging and Casting, American Society
for Metals, 1970, n. 337.



EXHIBIT 1IV-15

PROCESS FLOW DIAGRAM

CORE_MAKING

RESIN CORE SAND CEREAL BINDER CLAY OTHER
ADDITIVES
ACCELERATORS D MIXER WATER
KEROSENE oy S 2
ALCOHOL CORE OIL
CORE SAND
STORAGE

{ ﬁ [ ﬁ

SHELL OR CORE CORE CORE
HOT BOX MOLDING EXTRUDING BENCH
MACHINE MACHINE MACHINE

1 l 4
l |

GASSING CORE
STATION OVEN

l ]lf_._.l
CORE
FINISHING

'

TO MOLDING AREA




!

.

PROCESS FLOJ DIAGRAM

RAJ MATERTAL
STORAGE

MAGHETIT SAND
SEFARAICR SCREEN RECLAMATION
SYSTEM
CUEIS 12E I
= 1S SAND RECLAIMED CEREAL OTHER ACTIVATOR PREMIX
BIV SAND NEY SAND BINDEP CLAY BIN ADDITIVES RESIN BIN SAND AND RESIN
BIN FIN

t

1

!

!

!

'

!

‘ .

LIQuID
ADDITIVES

SAND
MIXER

COCL ING
AIR

!

AERATOR

l___,

PREPARED
SAKD

1

SPILL AND

MOLDING

MACHINE

BAKE OVEN

ASSEMBLE

1

-

-
L

—

REFUSE

{ SHAKEOI'T

L"—l

|
—_

#T-A1 LI9IHX3



PROCESS FLOW DIAGRAM

CLEANING & FINISHING.

FROM SHAKEOUT

1

cooL

SORT

)

- REMOVE
GATES ANP
RISER"

SURFACE

CLEAN -

HEAT
TREAT

TRIM

INSPECT

STRESS
RELIFF

PRESS
STRAIGHTEN

SURFACF
COAT

SHIP

EXHIBLT. IV-13.



PROCESS FL.OW_DIAGRAM

MOLDING, POURING & SHAKEQUT

A, S

CORES_FROM _CORE DE!ARTMENT

SAND FROM SAND CONDITIONING

et

1

!

CORE DRY SAND SHELL OR HOT BOX CORE GREEN CORE GREEN
MOLDING SAND MOLDING SAND MOLDING SAND MOLDING SAND
MOLDING SHELL OR HOT BOX MISCELLANEOUS * MISCELLANEOUS*
MACHINE MOLDING MACHINE .
BAKE TRIM AN . MOLDING COPE MOLDING DRAG MNLDING
OVEN CLEAN SHELL MACHINE MACHINE MACHINE
cooL SET CORE SET CORE SET CORE
ASSEMBLE ASSEMBLE CLOSE CLOSE
MOLD MOLD
POUR
cooL
SHAKEOUT

MISCELLANEOUS - PARTING COMPOUND, WASH, CMAPLETS, ETCG.

CASTlNi TO CLEANING I

SAND TO SAND Cgl‘lanlanNf-. RECLAMATINN OR REFUSE

¢1-A1 II9IHXd



EXHIBIT IV-22

ILLUSTRATION OF REVERBERATORY FURNACE

ECLIPSE CENTRIFUGAL
BLOWER CHARGING HOPPER

RECUPERATORS

HIGH CAPACITY GAS

REMOVABLE ARCH OR OIL BURNER

ALLOYING AND POURING SPOUT
INSPECTION DOOR

Source: The Wheelabrator Corporation.



HEAT BALANCE BTU/TON PERCENT
x 000

INPUT HEAT

ELECTRICAL ENERGY 1,669 100.0

OUTPUT HEAT

MELTING AND SUPER-

HEATING IRON 1,131 68.4
LLECTIRCAL LOSSES 325 19.1
TRANSMISSION LOSSES 81 4.7
HEAT LOSS 132 7.8

TOTAL 1 6§9 100.0
NOTE: ENERGY QUANTITIES INCLUDE
ONLY ICAL UIREMENTS

USED
TICE SINCE IT DOES NOT INCLUDE
ALLOWANCES FOR HOLDING, OR
NORMAL OPERATING DELAYS.

MATERIAL BALANCE POUNDS PERC
INPUT MATERIALS
RETURNS 378 18.6
Charging
STEEL SCRAP 1,351 66.7 o
IRON CHIPS 188 9.3
FERROALLOYS 43 2.4 Tapping
Spout
LINING 6 .3
CARBO-COKE 61 3.0
Charge
TOTAL 2,027 100.0 u.uf
OUTPUT MATERIALS
. Tilting
MOLTEN IRON 2,000.0 98.7 i o
SLAG 10.0 .5
EMISSIONS
GASEOUS 15.5 ]
PARTICULATE 1.5 .1
TOTAL 2,027.0 100.0
Furnace Shell
CORELESS INDUCTION .

Cables

=AI 1I¥I



HEAT BALANCE MATERIAL BALANCE
BTU/Ton
(x1000) Percent Input Material
Input Heat
Returns
Electrical Steel Scrap
Energy 1,907 100.0 Ferroalloys
Carbo-Coke
Output Heat Electrodes
Air
Melting and Moisture
Superheating Lining
Iron 1,132 59.3
Heat Content Total
of Slag 81 4.3
Decomposition Output Material
of Water 9 3
Gases Molten Iron
Sensible Heat 231 12,1 Slag
‘Latent Heat -138 - 7.2 Particulate
Heat, Electrical Emissions
and Cooling Gaseous
Losses 592 31.0 Emissions
Total 1,407 100.0 Total
NOTE: Energy quantities include

only theoretical requirements
for heating, meltigs and
superheating to 28 3 F,

and normal electrical, trans-
mission and heat losses. The
total is less than the average
used in normal practice since it
does not include allowances for
holding, or normal operating
delays.

ELECTRIC ARC FURNACE - HEAT AND MATERIAL BALANCE

Pounds

1,388

1,997
93

14

336

2,440

Percent

Nwb
[ w = v
.

P

[

..

N WOPFWNDY

-
(=]
o
o

Electrodes (3)

Electrode
Holder

Tapping
Spout

Furnace Roof

Charge
Metal

Lining

0T~AI IISIHX3



FUEL

LADLE
ADDITIONS

METALLICS

PROCESS FLOW DIAGRAM
TING DEPARTMENT

INOCULANT

POUR

FLUX FUEL
CHARGE CHARGE CHARGE
Y { I ! ‘
REVERBERATORY ELECTRIC ELECTRIC
AIR INDUCTION ARC CUPQOLA
FURNACE FURNACE FURNACE FURNACE
HOLDING DUPLEXING FOREHEARTH et ——
FURNACE FURNACE
oy
LADLE
gy

6-A1 LI



PROCESS FLOW DIAGRAM

RAW MATERIAL STORAGE AND
FURNACE CHARGE MAKF(UP

»

EXHIBIT IV-8

FROM FOUNDRY
RECEIVE
FROM FOUNDRY
SHOT
BLAST
TURNINGS PIG FOUNDRY IRON STEEL ALLOYS :
AND IRON RETURNS SCRAP SCRAP COKE CARBONATEQFLUORIDES | CARBIDES
BORINGS
c SCRAP BREEZE
DEGREASE PREPARATION ‘ SCREEN
l T
BRIQUET TRIM
PLATFORM
WEIGH WEIGH
DRY OR CHARGING CHARGING
PREHEAT MECHANISM MECHANISM

- FURNACE -




PIG IRON AND FERROALLOY SPECIFICATIONS

Designation

Silicon
Percent

Sulfur

X. Percent

Phosphorus

Percent

Manganese
Percent

Carbon
Percent

=

F1 - Foundry, low Phosphorus 1.75 - 3.50 .05 .30 - .50 .50 - 1.25 -

Fh - Foundry, high phosphorus 1.75 - 3.50 .05 .501 - .700 .50 - 1.25 -

Fs - Foundry, Southern 1.75 - 3.50 .05 .70 - .90 40 - .75 -

S - Silvery 5.0 - 17.0 .05 .30 Max. 1.0 - 2.00 -

Max.

Ferromanganese 1.25 Max. .05 .10 - .35 78 - .85 Up to 7.50
Max.

Ferrophosphorus 1.50 - 1.75 .05 17.0 - 25.0 .07 - .50 1.1 - 2.0
Max.

Spieceleisen 1.0 Max. .05 .25 Max. 6.0 - 28.0 6.5 Max.

Ferrosilicon 8.0 - 18.0 .04 - .06 .05 - .15 - .15 - 1.50

Source: The Modern Blast Furnace, Iron and Steel Engineers, April, 1946.

L-AT LI9IHX3



IRON FOUNDRY SCRAP SPECIFICATIONS

Carbon Silicon Sulfur Phosphorus |Manganese

Source Percent Percent Percent Percent - Percent

Agricultural and Stove Scrap 3.25 - 3.600 2.35 - 2.55| .08 - .13 .50 - .70 .50 - .70

Soil Pipe 3.25 - 3.60{ 2.35 - 2.50 .12 Max. .65 - .90 .50 - .70

Automotive Blocks 3.10 - 3.45]2.10 - 2.50 .12 Max. .15 - .30 .50 - .70

Malleable Iron 2.25 - 2.65] 1.20 Max. .05 Max. .05 Max. .40 Max.
Machinery Castings

Light 3.35 - 3.55}2.25 - 2.55 .10 Max. .20 Max. .55 - .70

Medium 3.25 -~ 3.4542.20 - 2.25 .12 Max. .12 - .18 .55 - .70

Heavy 3.15 - 3.30/1.80 - 2.10 .12 Max. .12 - .20 .65 - .75

Cast Iron Car Wheels 3.40 - 3.60F .60 - .80 .09 - .15 .15 - .25 .55 - .65

Ductile Iron 3.35 - 3.55}2.25 - 2.55 .04 Max. .08 Max. .50 Max.

Source:

Data collected by American Foundrymen's Society.

Adapted from "Maximum Limits for Specified Elements in Foundry Grade Scrap."

A=AT TYQTWUVA



Type

SUMMARY OF MALLEABLE IRON SPECIFICATIONS

Ferritic Malleable
Iron

Pearlitic Malleable
Iron

Source:

TYPICAL COMPOSITION RANGES

Carbon Silicon Manganese Sulfur Phosphorus

Percent Percent Percent Percent Percent
Grade Min. Max. Min. Max. Min., Max., Min, Max. Min, Max,
32510 2,30 2.65 .90 1.65 .25 .55 .05 .18 - .18
35018- 2,00 2.45 .95 1,35 .25 .55 .05 .18 - .18
- 2,00 2,65 .90 1.65 .25 1.25 .05 .18 - .18

American Society for Metals

Handbook, Vol. 1, 1961.

G-Al LI9IHXH



SUMMARY OF DUCTILE IRON SPECIFICATIONS

Tensile Yield Total
Class Strength Strengtl Carbon Silicon Manganese  Phosphorus Nickel Chromium Brinell
Specifying or Minimum Minimum Percent rcent Percent Percent Percent Percent Hardness
Body and Number Use Grade PSI PSI Min, Max. n. ax, MIn. Max., Min. Max. MIn, Max, MIn. Max. Min. Max.
D-2 58,000 30,000 - 3.00 1,50 3,00 .70 1.25 - .08 18.00 22,00 1.75 2.75 139 202
American
Society Austenitic Ducttile D-2B 58,000 30,000 - 3.00 1.50 3.00 .70 1,25 - .08 18.00 22.00 2.75 4.00 148 211
for Iron Castings
Testing D-2C 58,000 28,000 - 2.90 1.00 3.00 1.80 2.40 - .08 21.00 24,00 -~ .50 121 171
and
Materials D-3 55,000 30,000 - 2,60 1.00 2,80 - 1.00 - .08 28.00 32,00 2.50 3.50 139 202
A439-62 D-3A 55,000 30,000 - 2,60 1,00 2.80 - 1.00 - .08 28.00 32,00 1.00 1,50 131 193
D-4 60,000 - - 2.60 5.00 6.00 - 1.00 - .08 28.00 32.00 4.50 5.50 202 273
D-5 55,000 30,000 - 2,40 1.00 2.80 - 1.00 - .08 34.00 36.00 - .10 131 185
D-5B 55,000 30,000 - 2.40 1,00 2,80 - 1.00 - .08 34.00 36,00 2,00 3.00 139 193
American Ferritic Ductile Iron
Society Castings for Valves, 60-45-15 60,000 45,000 3.00 - - 2.50 -~ - - .08 - - - - 149 201
for Flanges, Pipe Flanges,
Testing Pipe Fittings and
and Other Piping
Materials Components
AL45-63T

Source: Gray and Ductlile Iron Founders' Society, Inc.

|



SUMMARY OF GRAY IRON SPECIFICATIONS

Tensile
Strength Brinell Total Silicon
Specifying Specifying Minimum Hardness Carbon Percent Percent
Jody Number Class PSI Minimum Maximum Minimum Maximum Minimum MaxImum

Ame_-ican G2000(110) 20,000 - 187  3.40 3.70 2.30 2.80
Society
for G3000(111) 30,000 170 223 3.20 3.50 2.00 2.30
Testing
and G3000a(113) 30,000 179 229 3.40 - 1.10 2.10
Materials A159-62T

G4000b(114) 40,000 207 269 3.40 - 1.10 1.80
Society G3500c(115) 35,000 187 241 3.50 - 1.10 1.80
of
Automotive G3500(120) 35,000 187 241 3.10 3.40 1.90 2.20
Engineers J431la

G4000(121) 40,000 202 255 3.00 3.30 1.80 2.10
General G4500(122) 45,000 217 269 3.00 3.30 1.80 2.10
Services
Administra- QQ-1-653  G4000d(123A) 40,000 248 311 3.10 3.40 2.10 2.40
tion

G4000e(123B) 40,000 248 311 3.10 3.45 2.10 2.40

G4000£(123C) 40,000 248 311 3.40 3.75 2.10 2.35
Source: Gray and Ductile Iron Founders' Society, Inc.
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PROCESS FLOW DIAGRAM

GRAY, DUCTILE AND MALLEABLE [RON

RAW MATERIAL STORAGE
AND FURNACE CHARGE

EXHIBIT 1v-2

MAKEUP
MELT
[ 2 Y
HOLD LADLE
ADDITIONS
'
o LADLE <
y
N MAGNESTUM
POUR < TREATMENT
DUCTILE IRON ONLY
y
CORE- MOLD . SAND CONDBITIONING
MAK ING - - AND RECLAMATION
y
SHAKEOUT
y
ANNEAL - CLEAN
MALLEABLE IRON ONLY ‘
FINISH
1 1 !
PRESS HEAT
STRAIGHTEN TREAT
DUCTILE AND !
IRON OWLY
L SURFACE e
COAT -
y
SHIP -
NOTE: ALL OPERATIONS APPLY TO GRAY, DUCTILE AND MALLEABLE IRON UNLESS OTHERWISE NOTED.

4




i#0¢ . IRON FOUNDRY
(O£ PROCESS FLOW
j SOURCES OF EMISSIONS

AV cas ano
CUPOLA “AL: L PARTICULATE
xS 1" )] EMISSIONS
) SHIPPING

DUCTILE IRON
INNOCULATION @ FINISHING

GAS AND
PARTICULATE
\ (:mssuons

L

A CASTING

0\“% SHAKEOUT
2 COOLING AND
R POURING CLEANING

<A

PREPSAA:ADTION CORE SAND \7\? “.

v AND BINDER :
CoRe 4 LA iﬁ
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EXHIBIT 1I1-7
Page of 3
CHARACTERISTICS AND SQURCES OF EMISSIONS
IN VARIOUS FOUNDRY DEPARTMENTS
EMISSIONS .- - RETATIVE
“PARTICLE CONTROL- | RELATIVE
DEPARTMENT OPERATION TYPE CONCENTRATION SIZE LABILITY COST
(Microns)
COREMAKING Sand storage Dust Heavy Fine Moderate [High
Flour 3 to Sgr./cu.frt, 50%-7 to 15
Binders
Coremaking Resin dust Heavy Fine to medium Moderate |Medium
Sand dust Light Fine to medium
Baking Vapors, gases - - Easy Medium
Smoke




EXHIBIT V]-2
Page 2 of

TEST METHODS

Method A, This method is based on the
determination of the average dust concentra-
tion at the inlet of the separator and at the
outlet of the separator. From these data the
efficiency can be computed in accordance with
the equations given in Section 5 of reference,
which are based on the assumption that no change
in the mass of gas flowing takes place between
the two sampling locations. It is not necessary
to know the gas flow rate or total quantity
passing through the separator for the duration
of each run, nor is it necessary to weigh or sam-
ple the dust caught by the separator,

Method B, This method is based on the

quantity of dust caught, the dust concentra-
tion at the outlet of the separator, and the
total quantity of gas passing through the
separator. Obviously, this method can be
applied only to those installations where the
dust can be removed from the hopper in the

dry state for the period of each test run, Also,
it is necessary to measure the total quantity of
gas passing through the separator with reason-
able accuracy in order to correlate the average
outlet dust concentration with the total quan-
tity of dust caught. For method of computation
see Section 5 of reference.

Method C. This method is based on the

quantity of dust caught, the dust concentra-

tion at the inlet of the separator, and the total
quantity of gas passing through the separator.
The other factors relative to measurement by this
method apply as in Method B, 4



PERTINENT ASME ITEMS WHICH MUST BE
CONFORMED TO BY PARTIES CONDUCTING

A STACK SAMPLING TEST

(a)
(b)
(c)

(d)

(e)

(£)

(8)

(h)

(1)
(3)

(k)

(1)

The object or objects of the test,
Time of making the test. |

That the dust separator is in a
satisfactory condition for
testing at the time selected.

Whether the test is to be made by
Method A, Method B, or Method C.

The number, type, and location
of dust samplers and other in-
struments to be employed where
alternatives are permitted,

Method of maintaining constancy
of test conditions.

Gas flow rates or boiler loads
at which runs are to be made.

Method of determining gas flow
through separator, i.e., by Pitot
tube.

Number and duration of rums,
Duration of operation at each
test load before sampling is
commenced,

Selection of laboratory for making
equipment calibrations, weighing,

size analysis and combustible content
determinations of the dust samples if
equipment and trained personnel for this
work are not available at the plant,

Tolerances or margins, if any, to be

applied.

EXHIB%T VI-2
age 1 o



EXHIBIT VI-1

RINGELMANN SCALE FOR GRADING
DENSITY OF SMOKE

0. EQUIVALENT TO 0% BLACK 2. EQUIVALENT TO 407 BLACK
1. EQUIVALENT TO 207 BLACK

3. EQUIVALENT TO 607 BLACK 5. EQUIVALENT TO 1007 BLACK
4. EQUIVALENT TO 80% BLACK

Source: Control of Emissions from Metal Melting Operations, American
Foundrymen's Society.



EXHIBIT IV-27

ILLUSTRATION OF BLAST CLEANING UNIT

ABRASIVE SEPARATOR
AND HOPPER

ABRASIVE
FEED VALVE

WHEELABRATOR

APRON
CONVEYOR

ABRASIVE
ELEVATOR

ABRASIVE
HOPPER
SCREEN

Source: Eclipse Fuel Engineering Company.
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EXHIBIT VI-3

a o e

L S Y

age 7 o
1'
i
DESI1GN FEATURS OF TWE cupgia
CAS_TAKE-OFF, A, BURNER OMBUSTION
CHAMBER, _AND WARCE DoOR
cupgLs
e
p
g
GAS TAKE-OFF GAS TAKE.OFF
ABOVE BELOY oRE® SeACK
DOOR DOGR
vITH wITHOUT urH wiTHON vimi wITHOUT
AFTERBURNER AFTERBURNER co@usTION cmausTIoN RBURNER AFTERBURNER
CHAMBER CHAMBER AFTERBURNE
.
. 1 l ]
1
CHARE CHARGE CRARCE CHARGE CHARGE cHaRGE : CHARGE CHARCE CHARGE CHARGE CHARCE CHARGE
book DOGR DOOR DOoR booR pona DOOR DOOR DOOR DOOR DOOR DOCR
OPER cLosep oFEN cLosep OFEN CLOSED OPEN cLosep OPEN cLosED OPEN cLosED
TYPICAL
WITHOUT WITI
CONTROL CCNTROL
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EXHIBIT VI-3

age 3 o
DESIGN FEATURE OF THE CUPOLA
FUEL TNJECTION, OXYGEN ENRICHMENT
AND TUYERE DESIGN
CUPOLA
BLAST
FUEL NO FUEL
INJECTION INJECTION
OXYGEN NO OXYGEN OXYGEN NO OXYGEN
ENR{CHMENT ENRICHMENT ENRTCHMENT ENRICHMENT
L
HALANCED STANDARD TUYERE BALANCED STANDARD TUYERE BALANCED STANDARD TUYERF. BALANCED STANDARD TUYERE
SLAST DESTGN BLAST DES IGN BLAST DESIGN BLAST DESIGN




LGN FEATURES OF THE ELFCTRIC ARC

VLECTRIC
ARC
FURNACE

I

DIRECT
ARC

BASIC
LINED

ACID
LINED

TOr
CHARGE

SIbE
CHARGYE

rop
CHARGE

be—————— 1vprcar sasic

ALY

-

I

l

-

INDIRECT
ARC

EXHIBIT VI-4

GAS TAKE-OFF
Ve

CAXCPY HOOD

CAS TAKF -0FF

GAS TAKE-OFF

CAS TAKV-OFF

GAS TAVE (FF

TIOCULATION

N A NCLLATION

NOOCAS
it INTO INTO DIRECT < L TAKF COFF
FULL RODE ipep SIDY DRAFT HOOD SNORKLL '
TYPICAL

—

.



DESICN FEATURES OF THE [NDUCTION FURNACE

ELECTRIC
INDUCTION
FURNACE

ul

CHANNEL
(CORE)

]

CORELESS

EXHIBIT VI-5

SINGLE TVIN AC1D BAST
cofL colL LINED Lmﬂc;
CLUSED OPEN LINE MEDIUM HICHR LINE
CHANNEL CHANNEL FREQUENCY FREQUENCY FREQUENCY FREQUENCY rﬁgtxr::!:cv m&ﬁﬁa
TYPICAL CLOSED & OPEN p=®———— TYPICAL FOR CORELESS & CHANNEL
DRIN VERTICAL STATIONARY DRUM VERTICAL STATIONARY
TILT T
MELTING COLD WITH HOT 28411
CHARGE SREHEATFR METAL DRYER
TOURIT
IOCULATIN N RO INCCULATION ISOCITATEC, MY INACUT AT ION INOCLLATION RO IWULATION

Z




CUPOLA FURNACE




EXHIBIT VI-6

IACES FOUND IN PRACTICE :

3
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A TER- arreR-
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o ot ot
1 1 T
o " 0
47 {8 L Uy
T T V
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onvaen 0xveds [11. 4]
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EXHIBIT VI-8

PARTICLE SIZE DISTRIBUTION-CUPOLA EMISSIONS

Cumulative Percent by Weight
Diameter 1n Microns

Foundr 1 <2 -5 =10  -20 =50 =100 =200

9 30% 50% 65%  82%  90%  99%

14 64 82 93 99

18 2 12 34 92 99 99%
26 13 28 45 55 60

32 54 86 98 99 99 99
67 14 15 15 21 99

67 19 25 99

146 99 99

151 0.6 2 3 8 99 99
Al 4 5.5 7 13,7 75 80
:h 11 13 32 53 75 94
cl 8 12 17 28 69 89
12 18 25 38 62
2 17 26 36 53
32 2% 28 23 42
4% 26 30 32 N2
A 0 725 32 34 41 56 61
B2 0 7 24 41 47 32 69 81

Sources: 1., The Cupola and Its Operation,
Third Edition, 1965i
American Foundrymen
p. 82,

s Society,

2. Air Pollution Engineering Manual,
Public Health Service Publication,
No,999-AP-40, 1967
Department of Health, Education, and Welfare.




CHEMICAL COMPOSITION OF CUPOLA PARTICULATE EMISSIONS

Percent by Weight in Cupola Effluent

oundry Iron Magnesium Manganese Lead Aluminum Zinc Silicon CalcIum

wamk r Oxide Oxide Oxide Oxide Oxide Oxide Dioxide Oxide Combustibles
66 11.1% 12.3%
85 14.7 1.3% 1.4% 28.7 24, 0%
90 56.3 42,0% 0.9

113 8.6 3.7% .05% 31.8 3.1 27.0

116 10.0 5.0 10.0 5.0 1.0% 10.0 3.0 5.0

146 33.0 1.0 5.0 38.0 20.0 1.0

150 11.6 1.0 5.5 20.0 1.4 14.7 30.1 1.1

Note: Quantities as reported. They do not add up to 100%.

L-IA LIGTIHXH




(T, -.‘
B
:

,'3
&
|
4 ¥ 3
R

2

|

¢

Source:

CUTAWAY VIEW SHOWING
FABRIC FILTER TUBULAR:--TYPE BAGS

EXHIBIT VII-15
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Pangborn Division, Carborundum Company.
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EXHIBIT VII-14

CUTAWAY VIEW SHOWING
FABRIC FILTER, FLAT- OR
SCREEN-TYPE BAG

Sly Manufacturing Company.

Source:



EXHIBIT VII-13

WET COLLECTOR PARTICLE COLLECTION
LIMITATIONS AND DESIGN CAPACITIES

Range of Capacities

Control Relative Comparison Available
Equipment of Smallest Particle in Cubic Feet/Minute
Type Collected (Microns) Low High
Static Washer 10 500 100,000
Dynamic Precipitator 2 to 3 1,000 50,000
Centrifugal 2 to 5 575 108,000
Orifice 2 400 50,000
Centrifugal Spray 2 300 50,000
Flooded Bed 2 1,000 500,000
Venturi 0.5 5,000 50,000

Source: Dust Collectors, American Foundrymen's Society.

A. T.XEARNEY & COMPANY. INnc.



EXHIBIT VII-12

VENTURI COLLECTOR

Source: Chemical Construction Co.



EXHIBIT VII-11

IMPINGEMENT BAFFLE GRID-TYPE
WET COLLECTOR

Source: Arco Ind.



EXHIBIT VII-10

MARBLE BED-TYPE WET COLLECTOR

Source: National Dust Cnllector Corporation.



EXHIBIT VII-9

CENTRIFUGAL SPRAY WET COLLECTOR

Source: Centri-Spray Corporation.



ORIFICE-TYPE WET COLLECTOR
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EXHIBIT VII-7

MULTIPLE TUBE-TYPE CENTRIFUGAL
WET COLLECTOR

CLEAN AIR
T0 FAN

NON-CLOGGING —————
WATER INLET

- NO MOVING

PARTS
NN 77

2
N\

DIRTY AIR

SLUDGE
QUTLET

Source: American Air Flow Corporation.



EXHIBIT VII-6

VANE-TYPE CENTRIFUGAL
WET COLLECTOR

Source: Dust Collectors, American Foundrymen's Society.



EXHIBIT VII-5

WET DYNAMIC PRECIPITATOR COLLECTOR

Source: American Air Filter.



EXHIBIT VII-4

WET CAP_COLLECTOR
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Source: Modern Equipment Company.



EXHIBIT VII-3

DRY DYNAMIC PRECIPITATOR COLLECTOR

Source: American Air Filter.



EXHIBIT VII-2

HIGH EFFICIENCY CENTRIFUGAL COLLECTOR

Source: American Air Filter.



EXHIBIT VII-1

CYCLONE COLLECTOR

CLEAN GAS OUTLET

e

DUST SHAVE-OFF

INLET FOR
DUST-LADEN
GASES

BYPASS
DUST CHANNEL

BYPASS
REENTRY
OPENING

DUST OUTLET

Source: Buell Engineering Company.



EXHIBIT VI-24
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EFFECT OF SAND TO OIL
RATIO ON AMOUNT OF
CORE GAS GENERATED
DURING POURING
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SAND RATIO BY WEIGHT

Source: Foundry Core Practice, H. Dietert, 1966,




EFFECT OF BAKING TIME ON
GAS GENERATED DURING POURING
FOR VARIOUS BAKING TEMPERATURES

EXHIBIT VI-23
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Note: Adapted from Foundry Core Practice by
H. Dietert, 1966, p, 172.
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EXHIBIT VI-22

GAS VOLUME EVOLVED AS A
FUNCTION OF VOLATILES
CONTAINED IN MOLDING SAND

80
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GAS EVOLVED AT 1,500°F - FT3/FT3

50

7

0 1 2 3 4 5 6 7 8 9 10 11 12 13

ENDOTHERMIC VOLATILES (MOISTURE, VOLATILES IN BINDER & ADDITIVES)
LB. VOLATILES/FT.3 SAND

Note: Adapted from an article by F, Hoffman, '"Property Changes
and Conditioning of Repeatedly Circulating Foundry
Sand Systems,'' Modern Casting, October, 1967.




MOLDING SAND
GAS EVOLUTION AND HOT PERMEABILITY

Cubic Feet Gas

Percent CC Gas Evolved per Gram of Sand at 1,800° F,
Tempering Gas from Dried Specimen Steam O Total Gas per Cubic Foot
Bond Clay Added Water 1/2 Minute 3 Minutes 7 Minutes 212° F, ZI29 F, 1,800 F. of Sand
Washed and Dried Silica Sand plus Bond Clays
5% Western Bentonite 2.5 .50 2.50 2.50 40.0 43.3 145.2 233.8
47 Southern Bentonite 2.5 3.50 3.50 3.50 41.5 46.1 154.9 247.8
11% Ohio fireclay 3.5 3.00 3.00 3.00 56.5 60.3 203.0 824.8

Silica Sand Bonded with 5 Percent Western Bentonite and Other Binders

1-10 Sea Coal (Vol.) 3.0 9.00 19.50 19.75 49.8 76.2 256.0 409.6
1-35 Pitch (Vol.) 2.9 4.25 7.50 7.50 48.2 58.2 195.5 312.8
17 Cereal Binder 3.4 7.25 9.50 9.50 56.5 69.0 231.8 370.9
17 Resin Binder 3.4 5.25 7.00 7.00 56.5 65.4 219.7 351.5
1% Special Binder A 3.5 4.25 7.00 7.00 58.0 67.3 220.0 381.6
1% Special Binder B 2.0 2.25 3.75 3.75 33.2 87.7 126.7 202.7
17 Dextrine 3.5 8.00 8.75 8.75 58.0 69.6 234.0 74.4

Silica Sands Bonded with 5 Percent Western Bentonite and 1-10 Sea Coal Volume

Washed and dried Ottawa 8.0 9.00 19.50 19.75 49.8 76.2 256.0 409.6
Western Michigan core sand 2.9 5.00 15.25 15.25 48,2 68.4 229.8 367.7
Michigan bank sand 2.8 10.25 25.00 25.50 46.5 80.3 270.0 432.0

Gas Evolution from Sands in Actual Use

Steel foundry-old sand 2.0 4,50 5.25 5.25 33.2 40,1 134.7 215.5
Steel foundry-facing sand 3.1 12.25 13.25 13.25 51.4 69.1 232.0 371.2
Malleable foundry-system sand 3.7 9.75 18.00 18.25 61.5 85.5 288.0 460.8
Malleable foundry-facing sand 3.8 18.25 27.75 27.75 63.0 99.4 334.0 534.4
Gray iron foundry-system sand 3.8 11.25 28.75 33.00 63.0 106.5 358.0 572.8

Synthetic Sand vs. Naturally Bonded Sand
95% Washed and dried Ottawa

5% Western Bentonite 2.5 .50 2.50 2.50 40.0 43.3 145.2 232.3
New Albany sand 4.8 9.00 11.00 11.00 78.0 93.3 314.0 502.4
New Ohio sand 7.8 11.00 15.25 15.25 124.8 145.0 480.5 778.3

Source: '"Gas Developed in Molds," Dunbeck, Foundry, September, 1944,

g



Molding Sand Gasg Analyses
A B C D E F

1.5% Cereal
4% 47 4% 47, 47 Core 0il 1.0%
Sand Bentonite Bentonite Bentonite Bentonite Bentonite Kerosene 1.0%
Composition Oven Dried 2,5% H20 5% Water 1% Cereal Dried 1% Cereal 3.47% H50 Dried
€O, 4.9 3.3 2.0 6.5 2.8 5.0
02 9.2 6.2 2.9 7.4 1.7 5.2
co 2.4 6.3 11.3 10.8 11.5 30.4
H2 0.9 33.0 46.1 2.5 50.3 25.6
Paraffins 0 1.2 0 0.4 2.9 2.2
N2 82.6 49.7 37.7 72.4 30.8 31.6
Percent 02

of 07+N»p 15.7 20.2 21.7 21.0 25.0 44.5
C0/CO2 0.49 1.91 5.7 1.66 4.10 6.08
Percent C 7.3 9.6 13.3 17.3 14.3 35.4

47 d%real 4% %ereal I J K St%el

Sand 47 Bentonite 47 Bentonite  0Oil 0il 0il Cavity

Composition 47 Water Dry Drag Check Cope & Sprue
COo2 2.5 2.3 6.4 6.4 6.8 5.0
02 3.0 6.2 4.3 5.5 8.9 9.4
co 30.5 28.7 7.9 11.1 2.5 4.1
Ho 46.0 24,8 2.6 7.5 0.6 0.5
Paraffins 4.6 0.6 0.1 0 0 0.2
N2 _ 13.2 37.4 78.7 69.5 81.2 80.8

Percent 02

of 02+N2 63.0 39.0 15.7 17.4 17.2 16.9
CO/CO2 12.2 12.5 1.23 1.73 .37 0.82
Percent C 33.0 31.0 14.3 17.5 9.3 9.1

Source: 'Nature of Mold Cavity Gases,'" Locke & Ashbrook, AFS Transactions, 1950.



MAGNESIUM TREATMENT SYSTEMS EMISSIONS REPORT FOR
DUCTILE IRON PRODUCTION AND GRAY IRON DESULFURIZATION

Iron Treated - 30 Tons per Hour
Inoculant Added - 20-22 Pounds per Ton Iron
Soda Ash
Inoculants Used - {MgFeSi—(lO% Mg)
_ 75% Fe
Emissions Produced - 100 Pounds per Hour
3.3 Pounds per Ton Iron
Emissions Analysis - 327% MgO
18.7% Fe03
9.5% CO2
4,.2% Si02
2.5% S
1.1% C

0.6% CaO
Balance Na20

Source: Foundry Visitations, Foundry Number 0150.

A. T.KEARNEY & COMPANY. Ixc.



TREATMENT AGENTS FOR PRODUCING DUCTILE IRON

15-20% Mg-Ni-Si

}osg= MASTER ALLOYS = 5-357% Mg-Si-Fe-Ca

~-Cu Ce
-Fe 1 La
Metal}
Pure
Mg Vapor Y,Th,Sc,
Coke with 43% Mg B
Oxides
MgO + Cal
+ A14C3 ' \
| \
| \\
: Ca —— Metal
|
| \
|
Salts t \\\\
Mg + Ca-}Chlorides \ 0z
+ Ce-}{Fluorides Reactive slags Ca Si + 5% Ce
Ca Si + Ca-)chiorides + 3% Mg
i gg: Fluorides

Source: Modl, Comparing Processes for Making Ductile Iron, Foundry, July, 1970.
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RATE OF DUST GENERATION-PERCENT
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EXHIBIT VI-17

RELATIONSHIP BETWEEN RATE OF EMISSIONS
AND HEAT CYCLE FOR ELECTRIC ARC MELTING

.
1
0 10 20 30 40 50 60 70 80 90 100
HEAT TIME - PERCENT
Source: Coulter, 1954, Los Angeles Air Pollution Manual.




EMISSIONS DATA FROM
ELECTRIC ARC MELTING FURNACES

5 Fgﬁniie Furnace#urnace Emissions Emissions Control System
4 e Charge | Cycle Produced
E Per Furmace Gas
2 Diggzger Tons | Hours | Lb/Ton Charge Capacity-CFM | Temp- °F
1 11.0 15 1.15 12.0(Est.) 50,000 250
2 12.0 20 1.5 6.0 65,000 120
3 8.0 5 1.0 20.0 17,000 120
4 12.0 20 2.5 18.3 32,000 250
5 7.0 3 1.75 10.0 26,000 225
6 12.0 25 4.0 4.0 63,000 200
7 8.0 5 1.0 40.0 20,000 150
8 7.0 3 1.75 12,7 10,000 220
9 7.0 2 2.0 10.7 19,000
10 7.0 2 1.3 13.4
11 7.0 3 2.0 5.3
12 9.0 6 2.3 15.3
13 9.0 6 2.0 12.8
14 11.0 18 3.0 6.1
15 9.0 6 1.2 29.4
16 9.0 6 1.75 12.7
17 8.0 4 2.0 11.0 13,000 130
18 11.0 14 1.75 7.5 19,000 190
19 12.0 19 1.7 15.0 42,000 170
Sources; 1- 4 Foundry Visits
5- 9 AFS Foundry Air Pollution Manual
10-19 Los Angeles Air Pollution Manual




CHEMICAL ANALYSIS OF ELECTRIC ARC EMISSIONS

Oxides

Iron
Silicon
Magnesium
Manganese
Lead

Aluminum
Calcium
Zinc
Copper
Lithium

Tin
Nickel
Chromium
Barium

Loss on Ignition
Ash

EXHLB11l Vi-1>

Page 2 of 2

Foundry A Foundry B Foundry C

75%~85%
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A. T.KEARNEY & COMPANY., Inc.
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SIZE DISTRIBUTION FOR THREE ELECTRIC
ARC INSTALLATIONS

Particle Size
Distribution, Microns Foundry A* Foundry B Foundry C

Less than 1 5% 8% 18%
Less thén 2 15 54 61
Less than 5 28 _ 80 84
Less than 10 41 89 91
Less than 15 55 93 94
Less than 20 68 96 96
Less than 50 98 99 99

Note: *Foundry A provided an agglomerated sample and is,
therefore, less representative,

A T.KEARYYY & COMFE..NY.INc.



SURFACE AREA - SQUARE INCHES PER TON
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EFFECT OF TYPE OF SCRAP

ON AMOUNT OF IRON OXIDE PRESENT

EXHIBIT VI-14
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PARTICULATE EMISSIONS-LB./TON MELT
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EFFECT OF SPECIFIC BLAST RATE AND COKE

RATE ON PARTICULATE EMISSIONS FROM UNLINED CUPOLASA
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PARTICULATE EMISSIONS-LBS./TON MELT
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PARTICULATE EMISSIONS
VS. SPECIFIC BLAST RATE
FOR ACID LINED CUPOLAS

X
X

E=,05 + .07B

MULT. R.= 0.6530
F RATIO = 4.46
X
X
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SPECIFIC BLAST RATE - SCFM/SQUARE FEET

¢1-IA LI4IHXdI



EXHIBIT VI-11

LINEAR REGRESSION ANALYSIS OBSERVATIONS

Cupola Particulate Specific Specific
Foundry Classifi- Emissions Melt Rate Blast Rate Metal to Temperature
Number cation Lb. /Ton T/Hr./S.F. SCFM/S.F. Coke Ratio OofF

Acid Lined Cupolas
12

27 9.5 0.56 269 11.5 1,100
5 14 11.4 .73 364 8 70
37 14 . 17.4 .64 317 6 70
26 14 18.3 .63 274 8 70
7 18 19,9 .71 194 9 700
150 24 22.9 .78 231 10.5 750
9 23 36.0 .57 462 10 750

9 14 37.0 .57 462 10

Basic Lined Cupola
18 30 48.5 0.48 357 6 70
Unlined Cu olas

151 10 7.5 0.50 248 9 1,000
45 10 20.4 .52 238 9 1,400
35 4 40.4 .76 324 8 600
125 9 40.4 .55 244 10 1,000
160 2 40.5 .36 317 8 1,000
84 9 45.7 .60 238 7 1,000
29 4 46.6 .31 252 6 750
67 9 66.3 .63 352 6 1,200
67 9 50.0 .70 352 7 1,400



EXHIBIL vi-1iv

MULTIPLE LINEAR REGRESSION CORRELATION MATRICES

CORRELATION MATRIX FOR ACID LINED CUPOLAS

Particulate Specific Specific Blast
Emissions Melt Rate Blast Rate Metal to Temperature
Lb. /Ton T/Hr./S.F. SCFM/S.F, Coke Ratio OF
1.000 -0.330 0.653 0.223 0.294
-0.330 1.000 -0.561 -0.215 -0.473
0.653 -0.561 1.000 0.026 0.268
0.223 -0.215 0.026 1.000 0.874
0.294 -0.473 0.268 0.874 1.000
CORRELATION MATRIX FOR UNLINED CUPOLAS
Particulate Specific Specific Blast
Emissions Melt Rate Blast Rate Metal to Tempgrature
Lb./Ton T/Hr./S.F. SCFM/S.F. Coke Ratio F
1.000 V.226 0.600 -0.703 -0.008
0.226 1.000 0.448 0.022 0.130
0.600 0.448 1.000 ~-0.454 0.131
-0.703 0.022 -0.450 1.000 0.060
-0.008 0.130 0.131 0.060 1.000

A. T. XEARNEY & COMPANY. Inc.



PARAMETERS OF CUPOLA FURNACES ~ LINEAR REGRESSION ANALYSES
OF EMISSIONS AFFECTED BY FURNACE DESIGN FACTORS

Cupola Furnace Parameters

Furnace Charging Oxygen
Foundry Classifi- Lining Blast Blast Top Open Charging Gas After- Door Open Fuel Enrich- Emissions
Number cation Type Design Heating or Closed Top or Side Takeoff burner or Closed Injection ment Lb,/Ton Melt

151 10 4 1 3 1 2 1 0 1 0 0 7.5
12 27 1 1 3 2 2 8 0 1 0 0 9.6
5 14 1 3 1 1 2 1 2 1 0 0 11.4
146 17 1 3 1 1 2 1 0 2 0 1 12,1
12 32 2 1 3 2 2 8 0 1 0 0 12.4
50 16 1 3 1 1 2 1 -1 1 0 0 15.1
37 14 1 3 1 1 2 1 2 1 0 0 17.4
26 14 1 3 1 1 2 1 2 1 0 0 18.3
152 16 1 3 1 1 2 1 -1 1 0 0 19.5
7 18 1 3 1 1 2 2 2 1 0 0 19.9
45 10 4 1 3 1 2 1 0 1 0 0 20.4
-69 29 1 1 3 1 2 2 0 1 0 1 20,6
134 6 4 1 3 1 2 1 -1 1 0 0 20.8
150 24 1 2 2 1 1 2 1 2 0 1 22.9
9 23 1 2 3 1 2 1 2 1 0 0 36.0

9 14 1 3 1 1 2 1 2 1 0 0 37.6
35 4 4 2 3 1 2 1 2 1 0 0 40.4
125 9 4 1 3 1 2 1 2 1 0 ] 40.4
160 2 4 3 1 1 2 1 0 -1 0 0 40.5
-71 11 4 1 3 1 2 2 0 1 (] 0 44,7
84 9 4 1 3 1 2 1 2 1 0 0 45.7
29 4 4 2 3 1 2 1 6 1 0 0 46.6
18 30 2 3 1 2 2 8 -1 1 0 0 48.5
67 9 4 1 3 1 2 1 1 1 0 0 50.0
69 13 1 3 1 2 2 8 0 1 0 0 53.4
67 9 4 1 3 1 2 1 1 1 0 0 66.3

Note: See Appendix B, Exhibit 2 for description of cupola furnace parameter codes.
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COST PER TON OF MELT, $

COMPARISON OF COST PER TON OF MELT
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COST PER TON OF MELT, $

COMPARISON OF COST PER TON OF MELT FOR LOW ENERGY
WET SCRUBBER ON UNLINED CUPOLA AT DIFFERENT
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COMPARISON OF COST PER TON OF
MELT FOR HIGH ENERGY WET
SCRUBBER ON LINED CUPOLA
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COMPARISON OF COST PER TON OF MELT
FOR HIGH ENERGY WET SCRUBBER ON
UNLINED CUPOLA AT DIFFERENT LEVELS
OF OPERATION 5/1 COKE RATIO

10
8
\ e ABOVE CHARGE DOOR GAS TAKE-OFF
1,000-HOUR YEAR

o> == «= == BELOW CHARGE DOOR GAS TAKE- OFF
o 6T
S
45
o
= .
& 4L\ 2,000- HOUR YEAR
o \
& o
i;; \\ - l|§~
Q N
< o, \‘:\s ,000-HOUR YEAR n 4 ,000- HOUR - YEAR

> SR

SN NI ——2 OOO-HOUR YEAR
0 | I | I
0 25 50 75 100 125 150 175

ANNUAL PRODUCTION, TONS x 1,000

200

C7-7TTA T Yrrrer



TOTAL ANNUAL COST
FOR FABRIC FILTERS ON
ELECTRIC ARC
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ANNUAL COST, $ x 1,000
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4 ,000-HOUR
YEAR

2,000-HOUR

YEAR

1,000-HOUR YEAR

20

40 60 80
GAS VOLUME, ACFM x 1,000

100



CHANGE IN TOTAL ANNUAL COST

1.3

1.2

1.1

1.0

RELATIVE CHANGE IN TOTAL
ANNUAL COSTS VS. PRESSURE
DROP FOR WET SCRUBBERS

EXHIBIT VIII-22

4 ,000-HOUR

YEAR

# 500- HOUR

2 ,000-HOUR

|

YEAR
1,000- HOUR
YEAR
30 40 50 60 70

PRESSURE DROP, IN.

80



EXHIBLY Viti-ga

TOTAL ANNUAL COSTS
FOR LOW

ENERGY WET SCRUBBERS
ON CUPOLAS

200

160

120

4 ,000-HOUR
i YEAR

2 ,000- HOUR
 YEAR
=1 ,000: HOUR
EAR
500- HOUR
~YEAKR |

TOTAL ANNUAL COSTS, $ x 1,000
o
o

il
2

LOW ENERGY

I

! J
o 20 40 60 80 100

GAS VOLUME, ACFM x 1,000



_ TOTAL ANNUAL COSTS, $ x 1,000

TOTAL ANNUAL COSTS

EXHIBIT VIII-20

FOR HIGH
ENERGY WET SCRUBBERS
ON CUPOQOLAS
320
4 ,000- HOUR
| YEAR
280
2,000- HOUR
YEAR
240
HIGH ENERGY
200
1,000- HOUR YEAR
160
120
80
40 —
0

0 20 40 60 80
GAS VOLUME, ACFM x 1,000

100



APPROXIMATE INSTALLED COST, $ x 1,000

INSTALLED COST OF
FABRIC FILTER ON
ELECTRIC ARC

250 ‘I!
/
200 /
CANOPY HOOD
150
100 -
’/
o >
| LOCAL HOOD
/”/ — Gm—
50 ;—:::————“"_-—_——
-7
-
0 4 |
6 8 10 12 14 FCE DIA., FT.
1-1.4 2-2.8 4-6 8-12 12-18 MELT RATE, TPH
1100 2000 4000 7500 10000 KvA
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CFM - CANOPY HOOD

150 —1—

125 —1—

100 —4—

75 ——

50 +—

o

CFM - LOCAL HOOD

40

APPROXIMATE
EXHAUST VOLUMES
FOR ELECTRIC ARC

CANOPY HOOD

-~
~
«»~” LOCAL HOOD

8

1

0

ROOF DIAMETER, FT.

14
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OUTLET LOADING, LBS./TON

COMPARISON OF CUPOLA OUTLET
DUST LOADING AND PRESSURE
DROP FOR WET SCRUBBERS

EXHIBIT VIII.17

I
20 40 60 80
PRESSURE DROP (AP), IN. H20

100



CALCULATION OF WET SCRUBBER EFFICIENCY

FOR VARIOUS PRESSURE DROPS

Percent of

Efficiency at Mean Size

Overall Collection Efficiency, Percert

Size of Particles (1) of Particles, Percent(2) Cold Blast Hot Blast
Particles,
Microns ~ | Cold | Hot } sn | 10m| 20" | 30 | 40 | eon | sv | 10" | 20" | 30" | 40" | 60 | s+ | 10m | 20 | 30" | 40" | 60"
Over 200 15% 57, {100% |100% {1007 [1007 {1007 }100% f1s% |1sz |1sz [15% |15z |1s% ]| s% | s 5% 5% 5% 5%
100- 200 10 15 {0 !100 |100 joo {100 |100 J10 10 {10 |10 10 10 f1s |1s 15 15 15 15
50~ 100 15 20 99.9)100 100 (100 |100 100 {14.9 |15 15 |15 15 15 19.9 |20 20 20 20 20
20-50 15 20 99.9] 99.9| 99.9] 99.9 {100 {100 {146.9 114.9 |14.9 {14.9 |15 15 119.9 l19.9 |19.9 {19.9 |20 20
10-20 20 5 99.5 99.9] 99.9{99.9} 99.9{100 {19.9 }19.9 {19.9 |19.9 |19.9 {20 491649169 ]4.914.91%5
5-10 5 5 97.5| 99.4! 99.9199.9| 99.9]100 4.8 1 4.9)4.976.9 6.9} 5 4.8l 4.914.9]14.91] 4.9
2-5 5 10 95 | 98.50 99.7{99.9] 99.9| 99.9}4.7 | 4.9} 4.9|4.9 [ 6.9} 4.9] 9.5} 9.8 }9.9)9.9]9.9]89.9
0-2 15 20 82 | 93 |98.3]199.4 99,71 99.9§12.3 [13.9 {1s.7 {214.9 |14.9 |16.9 }16.4 J18.6 |19.6 [19.8 |19.8 |19.
Total 100% | 100% 96.5%|98.5%]99.3%199.5% | 99.6%|99.8%95.4%}98.1%]99.2%]99.4%199.5% }99.8%
Notes: (1) Engels & Weber, '"Cupola Emission Control"
(2) From Exhibit VII-28.
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TOTAL INVESTM:nT COST, $ x 1,000

TOTAL INVESTMENT COSTS
FOR WET CAPS

100

90+

80

70+

60

501

40

30

#1
32"

#2

ﬁ3 "

#Sﬂ_é” 1é5n %n

CUPOLA SIZE & DIAMETER,

IN.

7
#2"

13,

£,

#10
96"
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TOT&L INVESTMENT COST, $ x 1,000

T
i

LOW ENERGY WET SCRUBBER
TOTAL INVESTMENT COST
VS. MELT RATE FOR UNLINED
CUPOLA 8/1 COKE RATIO

200 {
ABOVE CHARGI" DOOR TAKE-OFF

150

100 |
BELOW CHARGE DNDOOR TAKF-)FF

b

0- t
0 5 10 15 20 25 30 35 40 45

MELT RATE, TPH

TTOTLIVDY

TT =TTTA



TOTAL INVESTMENT COST, $ x 1,000

LOW ENERGY WET SCRUBBER
TOTAL INVESTMENT COST

VS. MELT RATE FOR LINED
CUPOLA 8/1 COKE RATIO

200

s

150

100

50 S —

I

ABOVF CHARGE DOOR TAKE-OFF

BELOW CHARGE HOOR TAKF-OFF

10 15 20 25
MELT RATE, TPH

30

33

40
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500

400

300

200

TOTAL INVESTMENT COST, $ x 1,000

100

_ABOVE CHARGE
Y DOOR TAKF-OFF

HIGH ENERGY WET SCRUBBER
TOTAL INVESTMENT COST

VS. MELT RATE FOR

LINED CUPOLA 8/1 COKE RATIO

-BELOM CHARGF DOOR TAKF-OFF

10

15 20
MELT RATE, TPH

25

30

35

40

—
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TOTAL TNVESTMENT COST, $ x 1,000

500

400

300

200

HIGH ENERGY WET SCRUBBER
TOTAL INVESTMENT COST

VS. MELT RATE 7% UNLINED
CUPOLA 8/1 COK: RATIO

ABOVE CHARGE DOOR TAKE-OFF

BELOW CHARGE DOOR
TAKE~QFF

5 10 15 20 25 30 35 40 45
MELT RATE, TPH



80

&~ ep}
o (]

APPROXIMATE GAS VOLUME, ACFM x 1,000
N
o

COMPARISON OF GAS TAKE-OFF
ABOVE CHARGE DOOR AND BELOW
CHARGE DOOR,LINED CUPOLA

COKE RATIO 8/1

ABOVE

CHARGE DOOR

BELOW

CHARGE DOOR

15 20
MELT RATE, TPH

25 30 35
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TOTAL INVESTMENT COSTS, $ x 1,000

)

XHIBT" VIIL-5

500

50

TOTAL INVESTMENT COST
VS. GAS VOLUME FOR
MECHANICAL COLLECTORS

ON CUPOLAS

400

50

300

50

200

50

100

50

10 20 30 40 50 60 70 80 90 100
GAS VOLUME, ACFM x 1,000



TOTAL INVESTMENT COST, $ x 1,000

EXHIBIT VIII 4

60

TOTAL INVESTMENT COST
VS. GAS VOLUME FOR
FABRIC FILTERS ON CUPOLAS

50

5Q

40

W

w
o

W
S

200

10
754

50

25+

10

20

30 40 50
GAS VOLUME, ACFM x 1,000

60

70

80



EXHIBIT VIII-3
age 2 o

50 | | |
TOTAL INVESTMENT COST
— VS. GAS VOLUME
o  FOR LOW ENERGY WET
S SCRUBBER ON CUPOLAS
i
»
o 50
o
/7]
=]
100
=
= 75 -
(7)]
e 50 J—
=
= 25
< N
o
A 0
0 10 20 30 40 50 60 70 80

GAS VOLUME, ACFM x 1,000



TOTAL INVESTMENT COST, $ x 1,000

EXHIBIT VIII-3
rage 1 ot Z

600

50 4 TOTAL INVESTMENT COST
VS. GAS VOLUME

FOR HIGH ENERGY WET

SCRUBBER ON CUPOLAS

500

50

400

50

300

50

200

50

100

50+—

0 10 20 30 40 50 60 70
GAS VOLUME, ACFM x 1,000

80



INVESTMENT COST EQUATIONS FOR
EQUIPMENT INSTALLED ON CUPOLAS

EQUIPMENT CORREL. REGRESSION PARAMETERS

TYPE INVESTMENT COST EQUATION LIMITS OF OBSERVATION COEF DATA

’ F RATIO STD. ERROR POINTS

High Energy I= 49,519 + 2,84 x Gas Vol, 6,00) = Gas Vor. = 20,00 .82 25 16,0C0
Wet Scrubber I= -43,519 + 8.97 x Gas Vol. 20,000 < Gas Vol. < 92,000 .99 139 29,000 25
Low Energy
Vet Scrubber [I= 38,744 + 2.05 x Gas Vol. 4,500 < Gas Vol. = 67,000 .84 55 22,000 34
Fabric Filter |I= -55,000 + 8.95 x Gas Vol. 10,800 < Gas Vol. = 100,000 .98 321 48,000 19
flechanical
Collector I= 20,192 + 4,07 x Gas Vol. 24,000 < Gas Vol. =< 104,000 .87 16 70,000 15

¢-I1IA LISIHX3



CTEXHIBIT VIII-1
age Z o -

CONDITIONS AFFECTING INSTALLATION COST OF CONTROL DEVICES

Cost Category Low Cost High Cost
Utilities Electricity, water Electrical and waste
waste disposal treatment facilities must
facilities readily be expanded, water supply
available. must be developed or
expanded
Collected waste No sgpecial treatment Special treatment
material handling facilities or han-  facilities and/or
dling required handling required
Labor Low wages in geo- Overtime and/or high
graphical area wages in geographical
area

Source: U. S. Department of Health, Education, and Welfare, National
Air Pollution Control Administration, Control Techniques for
Particulate Air Pollutants, Washington, D, C., 1969,




EXHIBIT VL}L-;
Page 0

CONDITIONS AFFECTING INSTALLATION COST OF CONTROL DEVICES

Cost Category

Equipment Transportation

Plant Age

Available space

Corrosiveness of gas

Complexity of start-up

Instrumentation

Guarantee on
performance

Degree of assembly

Degree of engineering

Low Cost

Minimum distance;
simple loading and
unloading procedure

Hardware designed
as an integral part
of new plant

Vacant area for
location of
control system

Noncorrosive gas

Simple start-up
no extensive

adjustment requir-
ed.

Little required

None needed

Control hardware
shipped complete-
ly assembled

Autonomous ''pack-
age'' control
system

High Cost

Long distance; complex
procedure for loading
and unloading

Hardware installed int:
confines of old plant
requiring structural

or process modificatior
or alternation

Little vacant space
requires extensive stee’
support construction an
site preparation

Acidic emissions requir-
ing high alloy accessory
equipment using special
handling and construction
techniques

Requires extensive
adjustment; testing
considerable downtime

Complex instrumentation
required to assure
reliability of control
or constant monitoring
of gas stream

Required to assure
designed control effi-
ciency

Control hardware to be
assembled and erected
in the field

Control System requiring
extensive integration
into process, insulation
to correct temperature

problem and noise abatement



EXHIBIT VII-29
Page 2 of 2

CATALYTIC AFTERBURNER APPLIED
TO CORE BAKE OVEN PROCESS

| AOS SO OSSOSNSNSSNYENNNNN
C—
b

4 4

2 4

OSSN N NSNS AAAANNANNININSNINNANNDN

LLL Ll Ll

Source: Air Pollution Engineering Manual, U.S. Department
of Health, Education and Welfare, #999-AP-40,



EXHIBIT VII-29

Page 1 of 2

CUPOLA AFTERBURNER

Source: Foundry Air Pollution Control Manual, AFS,.



REMOVAL EFFICIENCY - PERCENT BY WT.

EXHIBIT VII-28

RELATIONSHIP BETWEEN COLLECTION EFFICIENCY,
PARTICLE SIZE AND PRESSURE DROP FOR VENTURI SCRUBBERS

O Vel
(Yl 0
. .

w (e

N
=l
|

\O O\
v W
T

O
o
I

80

70
60

T T T

T 17T 1T TP TThT

| | I I S I O I

50

o
—

Source:

0.2 0.30.4 0.60.81 2 3 4 568 10
PARTICLE SIZE - MICRONS

Air Pollution Manual, American Industrial
Hygiene Association,



EXHIBIT VIT
Page 2 of 2

EFFECT OF PARTICLE SIZE AND LENGTH OF
BAG IN SERVICE ON FABRIC FILTER EFFICIENCY

99.99

99.9
99.8
99.5

99
98

LOADED

FRACTIONAL EFFICIENCY-PERCENT

10

1
0.05 0.1 0.5 1.0 5.0
PARTICLE SIZE - MICRONS

Source; Torit, Dust Collectors, January, 1966.



'OVERALL FILTRATION EFFICIENCY

GRADE EFFICIENCY CURVE
FOR FABRIC FILTER

100

(%)
o

N
o

PERCENT
=
o

0 1 2

PARTICLE SIZE, MICRONS

Source: Design and Performance of Modern Gas Cleaning
Equipment, Journal of the Institute of Fuel,
February, 1956,

EXHIBIT VII-2

Page 1 of 2



CALCULATION OF COLLECTOR EFFICIENCY

Cyclone Electrostatic Precipitator
Efficiency Efficiency
at Mean at Mean
Size of Percent in Size of Overall Size of Percent in Size of Overall
Grade, Grade Grade, Collection, Grade, -Grade - Grade, Collection.
Microns at Inlet Percent Percent ~Microns at Inlet Percent Percent
104-150 3% 100. 0% 3. 0% 104-150 - - -
75-104 7 99.1 6.9 75-104 0.6% 99. 2% 0.6%
60-75 10 98.5 9.9 60-75 0.6 9R.7 0.6
40-60 15 97.3 14.6 40-60 2.5 97.7 2.4
30-40 10 96.0 9.6 30-40 2.5 96.8 2.4
20-30 10 94.3 9.4 20-30 3.8 96.5 3.7
15-20 7 92.0 6.4 15-20 3.8 96.0 3.7
10-15 8 7 89.3 7.1 10-15 5.7 95.5 5.4
7%-10 4 84,2 3.4 7%-10 3.8 95 3.6
5-7% 6 76.7 4.6 5-7% 8.8 94 8.3
23-5 8 64.5 5.2 2%-5 17.6 90.5 16.0
-2 12 33.5 4,0 0-2% 50.3 77.0 38.7
_.Total 84,.1% Total 85,

Source:

Design and Performance of Modern Gas Cleaning Equipment, Journal of the Institute of

Fuel, February, 195f.
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EXHIBIT VII-25

Page 2 of 2
GRADE EFFICIENCY CURVE
HIGH
EFFICIENCY
CYCLONE
100
T T ! i
2 |
3 |
1~
m 80
A |
S‘ |
Z 60 T -
=
O
-
g; 40 —
=z
O
= 20
3
m ]
=
S o
0 20 40 60 80 100

PARTICLE SIZE, MICRONS

Source: Design and Performance of Modern Gas Cleaning
Equipment, Journal of the Institute of Fuel,
February, 1956.



EXHIBIT VII-25

Page 1 of 2
GRADE EFFICIENCY CURVE
DRY
ELECTROSTATIC
PRECIPITATOR
100
T T T T
=
43}
&
= 80
o,
oo
S A0~
=
=t
O
b
e 40
&
Z
o
H —
& 20
=3
A
8 01—
0 5 10 15 20 25

PARTICLE SIZE, MICRONS

Source: Design and Performance of Modern Gas Cleaning

Equipment, Journal of the Institute of Fuel,
February, 1956.



EXHIBIT VII-24

CHEMICAL COMPOSITION OF CUPOLA DUST BY WEIGHT

Mean Range Scatter. Values

§10y 20%- 40% 10%-45%
Ca0 3-6 2-18
A1203 2-4 0.5-25
Mg0 1-3 0.5-5
FeO (Fe203, Fe) 12-16 5-26
Mno 1-2 0.5-9
Ignitién Loss

(C, s, C0p) 20-50 10-64

Source: Cupola Em1331on Control, Gray & Ductlle Iron
Founders' Society, Inc.



EXHIBIT VII-23

OVERALL COLLECTION EFFICIENCY ON TEST DUST

Overall Efficiency Efficiency Efficiency
Efficiency at 5 Microns at 2 Microns at 1 Micron
Apparatus Percent Percent Percent Percent
Medium efficiency 65.3% 27% 147 8%
cyclone
High efficiency 84.2 73 46 27
cyclone
Fabric filter 99.9 >99.9 99.9 99
Spray tower 96.3 94 87 55
Wet impingement 97.9 97 92 80
scrubber
Self-induced 93.5 93 75 40
spray deduster
Venturi scrubber 99.7 99.6 99 97
Electrostatic pre- 94.1 92 85 70

cipitator

Source: Design & Performance of Modern Gas Cleaning Equipment, Journal
of the Institute of Fuel, February, 1956.



GRADING OF TEST DUST

EXHIBIT VII-22

Size of Percentage Percentage by Weight
Grade, by Weight Smaller Than Top
Microns in Grade Size of Grade
104-150 3% 100

75-104 7 97

60-75 10 90

40-60 15 80

30-40 10 65

20-30 10 55

15-20 7 45

10-15 8 38

7%-10 4 30

5-7% 6 26

2%-5 8 20
Under 2% _12 12
Total 100%

Source: Design & Performance of Modern Gas Cleaning
Equipment, Journal of the Institute of Fuel,

February, 1956.



COLLECTION EFFICIENCY OF EMISSION CONTROL EQUiPMENT SYSTEMS -

Typical Typical Outlet Loading Gr/SCF
Inlet . Low
Foundry Particle Loading Wet Wet Scrubber. Efficiency Fabric Electrostati
Application Size Gr /SCF Cap _ _6"-30"  30"-70"  Cyclone Filter Precipitator
Melting h
Gray Iron Cupola Coarse to Fine 1/2-10 0.4 0.3 0.05 0.4 0,01 0.03¢6
Electric Arc Fine 1/2-2 X 0.2 0.02 X 0.01 X
Screens and Transfer Points Medium 1/2-3 X 0.005-0.01 X X 0.01 X
Dry Sand Reclaimer Coarse to Fine 10-40 X 0.1 0.02-0.05 X 0.01 X
Sand Cooler Medium 1-20 X 0.01-0.05 X X X X
Abrasive Cleaning Fine to Coarse 1/2-5 X 0.01-0.05 X X 0.01 X
Grinding Coarse to Medium 1/2-2 X 0.01 X 0.1 0.01 X
Shakeout ‘ Fine to Medium 1/2-1 X 0.01 X X X X

Note: Particle Size

Coarse +20 Microns

Medium 2-20 Microns

Fine -2 Microns

X = Not applicable or rarely used.

Underlined outlet loading is lowest for that application,

Sources: Foundry Air Pollution Control Manual, American Foundrymen's Society;
Air Pollution Engineering Manual, U.S. Department of Health, Education and Welfare, #999-AP-40,
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Source:

EXHIBIT VII-20

DRY-TYPE ELECTROSTATIC PRECIPITATOR
EFFLUENT CLEANING SYSTEM

GAS OUTLET DRIVE FOR GAS INLET

DISCHARGE FRAME RAPPING
RAPPING DEVICE |
COLLECTING ELECTRODE i
¢ DISCHARGE ELE

a.__._...____-_.._— -
T

il - SUPPORTING
FRAME

t- GAS DISTRIBUTION
GRID

_ .t 4 DRIVE FOR

- "tr COLLECTING

\ ELECTRODE

\ "4 RAPPING DEVICE

b d CELL WHEEL

Cupola Emission Control, Gray & Ductile Iron Society.



EXHIBIT VII-19

WET-TYPE ELECTROSTATIC PRECIPITATOR
EFFLUENT CLEANING SYSTEM

)

4
\3
VPR
S | K1
vl

L
ROV

Source: Cupoia Emission Control, Gray & Ductile Iron
Society.



EXHIBIT VII-18

REVERSE JET CONTINUOUS FABRIC FILTER COLLECTOR

External blow-ring carriage drive

Blow-ring carriage counterweights

Reverse-Jet supply hlower?

Felt filter tubes

Heavy-duty, non-lubricated drive chains

Blow-ring carriage

Prefabricated steel frame and panel housing =—————————————;

Welded steel dust hopper\ p

collected
in hopper

Source: Buffalo Forge Company.

Clean
air
discharge



Source:

EXHIBIT VII-17

CONTINUOUS AUTOMATIC FABRIC FILTER COLLECTOR

=

CLEAN AIR

.* —— TO FAN

I

FILTERING

FILTERING:

INCOMING
DUST-LADEN
AIR

CLEAN AIR

*r- TO FAN

SHAKING

Fuller Compa:y.

INCOMING
DUST-LADEN
AIR



Source:

INTERMITTENT FABRIC FILTER COLLECTOR

=
L {
CLEAN AIR ‘A Wﬁ ﬁ H
OUTLET
ﬁ CLEAN AIR
& SIDE
—
FILTER
BAGS
DIRTY AIR
INLET
o R -
i D W 574
e o /| CELLPLATE
YV \ B
COLLECTION
HOPPER

Burlington Glass Fabrics.

EXHIBIT VII-16



APPLICATION OF EMISSION CONTROL EQUIPMENT SYSTFMS TO FOUNDRY PROCESSES
L]

Wet Scrubber

Dry Mechanicasl Hedlun Tnternedlete High
Low Pre re HedT Low Pressure Pressure Pressure Pressure Fabric Filter Electrostat'c

Los Pressure 088 Loss Loe Loas Totton or GrTon or Precinitator Catalycic
Foundry Proceas Cyclone Lops (Wer Cap) f4-8" r9-20" ___"21-80" VYool Dacron Nomex Glasg Bry Jet Coabustion

Rau Materisl Handling

and Prepsratlon No Rere No Rare No Na Rare Ho No No Ro Ro No
Melting Processes

Cupola Rare Frequently Frequentlv Frequently Frequentlyv Frequently No Rare Occasionally Frequently Rare Ko No

Eleceric Arc No No No No Occasionslly Rare Usual Rare No Rare No No

Electric Induction No No No No No o No No No No No in No
fnoculation No No No Rare Rare Rare Occarionally Rare Rare No Ne No No
Mold Pouring & Coollng No No No Rare No No No No No No No No No
Shakeout

Eaciosed Hood Raro Occasionally No Usual Occasionally No Occasionally No No No No to No

Side Hood No Rare No Usual Occasionally No Occasionally No No No No Xo No

d Prep. ion & Handling

Shakeout Molding Sand Rare Occasionally No Ususl Rere No Rare No No No No No

ew Sand Rare Occasionallv No Usual Rare No Occasionally No No No No Ko

Core Sand Rare Occasionally No Ususl Rere No Occaslonslly No No No No No
Coremaking

Mechanical Material Hendling Rare Rare No Frequentlyv No No Frequently No No No No No No

Pneumazic Ne No No Rare No No Usual No No Ro No Xo o

Bake Oven No No No No No No o No No No No No Frequenrlv

Grinding Rare Cccasionally No Frequentlv No No Frequently No No Re No hiad No
Casclog Cleanin,

Afrless Abrasive No Rare No Frequentl: Ne No Us: No No No Ne No o

Slast Roocs to Pare No Cauel ” No Unual No No No Yo la No

Tu~bltng Mille No Rare Ho Csual - No Usual No No Ne %a Ne Ho

Sprue No Occasionallv o Usual ? No Usual No No Ne Hes Xo No
Crindiog

Snagging Frequently Frequently Yo Frequentlv Ko No Frequently No No Ro Ko Ne No

Swing Fraze Rare Frequently No Frequentiy b No Frequently No No No o Ne No

Porcable Rare freqrently Ho Ususl No No tsual No Ne No No No No

\

Soiler Flv Ash L)

Chain Grate No Cccaslonslly  No No No No No Ko No No Ne No

Spreader Stoke: No Usual tio No No ¥o No No Ho Ne Yo No

Pulverlzer No Usual Mo No Xe No No No So Ne Ze Ho
Paint fven Ne No No No No Ne N No Ne Ne Xo Se Frequently
011 Burn-cfi Furnaces b Ko No Rare No ¥o Ko No N te e ta Fraquently
Paztern $hop

“"ood {'rual Rare No Nccasionally Xo o He e Ne

“etal Frequent s Usial No iccasionally o “e e A Xo

S.lrece: Foundey Alr Pellutias Contro) Manusl. American Foundrv-en's Scciety, 1967.
A=¢rlican Mr Filter. Doit Collector Selectlon Guide. Bulletin 2n5-A. Qctober, 1965,
“erecnal aotes of ok Vo,




APPROXIMATE MELTING RATES AND GAS VOLUMES

FOR LINED CUPOLAS

EXHIBIT VIII-6

Lines WEEdt t5 G Rarlo I | ong™ioor | S oooera | oo | M0 | oeetdhee £
bia. 6/1 | 8/1 10/1} 12/1 | (scrw) (Sq. Ft.) (sch) (SCFM) (ACFM) (ACPM)
18 361 1 - - 570 650 2,000
23 1 1-1/2) - - 940 10 3,000 3,960 1,050 7,700 3,000
27 1-3/6 ) 2-1/8) - - 1,290 10 3,000 4,290 1,450 8,500 4,000
32 2-1/72| 3-1/4] 4 - 1,810 10 3,000 4,810 2,000 10,800 5,000
37 3-1/6 | 4-1/4] 5-1/4| - 2,420 11-1/4 3,380 5,800 2,700 13,100 7,000
42 4 5-1/2| 7 - 3,100 16-1/2 4,950 8,050 3,500 18,100 9,000
45 4-1/2| 6-1/4f 8 - 3,600 22 6,600 10,200 4,000 23,000 12,000
48 s-1/2| 7-1/4) 9 10-3/4 4,100 45 13,500 17,600 4,600 34,500 16,000
54 7 a-1/4|11-1/2 | 13-3/4 5,200 50 15,000 20,200 5,800 39,500 18,000
60 9 11-1/4) 14 17 6,400 50 15,000 21,400 7,100 42,500 20,000
66 10-1/2 | 13-3/4) 17 20-1/2 7,700 52 15,600 23,300 8,500 51,000 23,000
72 12-1/6 | 16-1/6] 20-1/4 | 24-1/2 9,200 52 15,600 24,800 10, 500 56,000 28,000
78 15 19 23-3/4 | 28-3/4 10,700 60 18,000 28,700 12,000 65,000 32,000
84 17 22-1/4]27-3/4 | 33-1/4 12,500 63 18,900 31,400 14,000 71,000 37,000

Adapted from Useful Information for Foundrymen published by Whiting Corporation.

Assumptions:

I~ Yo door closure

2. No oxygen enrichment
3. No fuel i{njection

4. Indraft at 300 FPM

A




APPROXIMATE MELTING RATES AND
GAS VOLUMES FOR UNLINED CUPOLAS

EXHIBIT VIII 7

FCE

Melt Rate TPH
Metal to Coke Ratio (1000° F H.ot Blast)

Dia, Bkiic Avbog:g' I?g;:ét Dooﬁbgzi;l Dogilgzgal Aggzﬁ Dooraglggoo F

5/1 v/l 7/1 8/1 9/1 10/1 _(SCFM¥) (Sq. Fr.) (SCFM) (SCFM) (ACFM) (ACFM)
36 4-1/21 4-3/41 5 5-1/2} 5-3/4] 6-1/4 2,300 12 3,600 5,900 2,600 13,300 7,000
42 6-1/4] 6-1/2 6-3/4 7-1/4| 7-3/4| 8-1/4 3,100 16-1/2 4,950 8,050 3,500 18,100 9,000
48 8 8-1/4] 9 9-3/4110-1/2 | 11-1/4 4,100 45 13,500 17,600 4,600 34,500 16,000
54 10 10-1/2 11-1/24 12-1/4|13-1/4 ] 14-1/4 5,200 50 15,000 20,200 5,800 39,500 18,000
60 12-1/2{ 13 13-1/% 15-1/4|16-1/4 1 17-1/4 6,400 50 15,000 21,400 7,100 41,500 20,000
66 15 15-1/21 17 1 18-1/4119-3/4 1 20-3/4 7,700 52 15,600 23,300 8,500 51,000 23,000
72 17-3/4| 18-1/2f 20 22 23-1/4 1 25 9,200 60 18,000 27,200 10,500 59,200 28,000
78 20-3/4{ 21-3/4]| 23-1/4 25-1/2|27-1/4| 29 10,700 60 18,000 28,700 12,000 65,000 32,000
84 26-1/4| 25-1/4| 27-1/4 29-1/4]32 34 12,500 63 18,900 31,400 14,000 71,000 37,000
90 27-3/4| 29 31-1/2 34-1/4]36-1/4 | 39 14,300 95 28,500 42,800 16,000 93,000 42,000
96 31-3/41 33 34-1/2} 39 41-1/2] 44 16,300 110 33,000 49,300 18,000 105,000 48,000
102 36 37-1/4] 40-1/2) 44 47 50 18,400 120 36,000 54,400 21,000 115,000 56,000
108 40 41-1/2| 45 49 52-1/2] 56 20,600 128 38,400 59,000 23,000 128,000 62,000

Adapted from Useful Information for Foundrymen published by Whiting Corporation.

Assumptions:
T. No door closure

No oxygen enrichment
No fuel injection
Indraft at 300 FPM

2.
3.
4,

A




Alternate

Number

1

i~

SUMMARY OF CAPITAL COSTS TO PRODUCE IRON UNDER VARIOUS PRODUCTION AND OPERATING CONDITIONS

Melt Ra Tons /Hour |
Operatinyg Hours/Year

Cupola-Linec Cold Blast
No Holding Furnace

Bui{ldingzs and Melting Department Equipment
ission Control Equipment (Fabric Tilter)

Total
Erission Control as Percent of Total Cost

Cupola-Hot Blast- Induction
Holding Furnace

Buiidings and Meliline Department Equipment
Emission Control Equlprment {(Wet Scrubber)

Total
Emission Control As Perceat of Total Cost

Electric Arc-lnduction
Holding Furnace

Buildings and Melting Department Equipment
Emisston Control Equipment (Fabric Filter)

Tcral
Ezission Concrol as Percent of Total Cost

Coreless Induccion-lNo
Holding Furnace

1dinzs and Meltine Deparcment Fquiprent
ssion Control Equipment (Afterburner)

11t

Total

Erission Cont.sol as Percent of Total Cost

alle;

A

EXHIBIT VI{I-31

15 30
i 503 1,000 7600 % 000 1,000 7,000 7,000 7,000 %000 7000 7,000,
! .
] : |
1§ 395,000 S 395,000 5 497.000 $1,912.000 $1.221.000 $1,221,000 | 52,999,000 $2.049,000 | $2.859,000 $2,869.000
- 40,000 60,000 65,000 , 210,000 220,000 220,000 , %40,000 440,000 690,000 690_000
. i ]
s 455,000 & 455,000 §_ 562,000 | S1,661,000 i 52,539,000 52,539,000 | $3 559,000 83,559,000 i
(et 22 - S ; 209 22l 24222.080
N 13.2% 13.27 11.6% ' 17.2% 15. 3% 15.3% i 17,3% 17.3% 19.6% 19.4% !
: P ’
! $ 507,000 § 507,000 $1.329.000 S1.329,000 ; $2.159.000 $2,159.000 | §3,244.000  $3.244.000 ’
\ 70,000 20,000 | 190,000 190,000 ; 350,000 390,000 630,000 530,000 |
g 5,577,000 S_ 577,000 $1,519.000 51,519,000 | $2,54%,000 52,549,000 | $3,674,000 0 l
!
] 12.1% i 12.5, 12.5% ’ 15.3% 15.3% 16.3% f
| . : l
| | |
i
'S 826,000 § 826,000 § 826,000 $2,352,006  $2,352,000 §2.352,00C | $3.765,000 $3.765.000 | $5,176.000  $5.174.000 |
I __120,000 120,000 120,000 163,000 163,000 163,000 | 245,000 245,000 326,000 326,000 |
i .
. S 946,000 $__946,000 $2,515,000 52,515,000 $2,515,000 ! 52,010,000 $2,010,000 | $5,500,000  $5,500,000
12.7% 12.7% : 6.5% 6.5% 6.57 | 6.1% 5.9% 5.9%
i
!
S §13.000 . $1.670,000 31.670.000 $1,670,000 ls: $53,005 $2.963.000 | $4.039.000 $-.03¢.000
5,000 ; 10,000 10,000 10,000 15,000 15,000 19,000 18,000
S_ 818,000 51,680,000 51,580,000 $1,680,00¢ $2,97§,000 $2,978,000 | 54,058,000  $%,058,000
0.6% 0.6% | 0.5% 0.67 0.6". a.5% 0.5" ! 0.5% 0.5%

Ihe assumptiuns made in the development of these flgures are included in the text discussion,



SUMMARY OF OFERATING COSTS FOR PRODUCING IRON UNDER VARIOUS PRODUCTION AND OPERATING CONDITIONS

Alternate _Nf_lt_&e_rsﬂth_ 15
Nearer Cperating Howrs/Vesr [ W0 L0 L0l hON L I rme I e e wm )
1 Cold Blast, Lined Cupols
Without Holdi Furnace
Using Fabric Fllter
lecto
Costs Per Ton
Direct Material $ 51.09 $ 51.09 $ 51.09 $ 51.09 $ s1.09 $ 51.09 $ 51.09 $ 51.09 $ 51.09 $ 51.09
Conversion Cost 65,84 44,90 35.42 33,22 25,70 19,56 _21.92 _16,20 18,353 14,16
Subrotal $116.93 $.95,99 $.86.56 $-84,.31 $ 16,29 $_10.63 $_23.01 $_67.49 S 69,64 $_63.23
Emiseion Control 19,00 —6,00 —.30 —4.99 —2.31 —1.33 2.3 —Lha3 —1.89 .00
Total $126.92 s10L.93  9.20.06 S.88.1 52202 S20.98 | S 0 S6e.® SILsk 966,25
Emigsion Control as Percent of Total 7.9% 5.9% 3.92 4.5% 2.9% 1.9% 3.1% 1.9% 2.5% 1.5%
2 Hot Blast, Water-Cooled, Unlined
Cupola with Channel Induction Rolding
urnace Ugi, Vet S b
£oats Pex Ton
Direct Material § 47.16 $ 47.146 $ 467.14 $ 47.14 $ 47.14 $ 47.14 $ 47.14 $ 47.14
Convergion Cost 38.04 29,48 26,51 13,22 WY 16,05 _18.83 14,00
Subtotal $_85,18 $_126.62 $_13.65 $.66.36 $_68,85 $_63,19 $_65.97 S 61,14
Emission Centrol —3.30 2,50 2.9 .23 —1.82 17 —b.63 .58
Total $.88.68 §.29,12 $ . 23.63 $.62.61 $_70.68 $.65.36 $.67.62 $.62.12
Emission Control as Percent of Total 3.9% 3.22 2.6% 1.8% 2.62 1.8% 2.4% 1.6
3 Electric Arc Purnace with Channel
Induction Eowll‘;i Furnace Using
3 ect
Coars Pex Jon
Direct Material § 44,69 § 44.69 § 44.69 § 4469 $ 44.69 § 44.69 § 64.69 § 64.69 $ 46.69 $§ 44.69
Conversion Cost 1ed.72 84,95 23,09 14,78 42,94 33,33 YWY . 29,42 .14 26,79
Subtotal §188,41 $129.64 $_99.78 $119.47 $_92.61 $_78.02 5 86,13 $_24.16 $_81,83 $_71.48
Eaisston Control _22,40 12,40 —£.50 3,42 21 2.3 —2.43 —1.€0 —1.96 —a.28
Total SLOBL  S12.00 530638 $)26.96¢  9.35.90  SBDAS | 9B S.23.0¢ S.2228 S.2%76
Emnission Control as Percent of Total 10.6% 8.7% 6.1% 4.,4% 3.4% 2.7% 2.81 2.1% 2.3% 1.8%
4 Coreless laduction Furnace with Charge
Preheater, Without Ho!d(nE Purnace,
Without Exission Control Except on
eheatex
Costs Per Ton
Direct Material $ 47.06 $ 47.06 $ 42.06 $ 47.06 $ 47.06 47.06 . .
e T ont o $ 3 $ 47.06 $ 67.06 5 67.06 $ 67.06
Subtotal $181.20 $127.53 $100.82 $_98.07 $_82.18 $.73.58 $_80.1) $_71,18 5_75.87 $_68,68
Emission Control 246 — 21 —_ll —20 —aals ~—all —d2 —0 —all —Qe
Total $181,66 $122,80 S0, 00 598,22 982,22 5.22,69 $_BD.23 s_2128 $.25.98 $_66.22
Enission Control as Percent of Total .32 2% 2% 2% .2% 23 .22 A% 1% %3

Note: The assumpticne made in the develorment of t.as. flgures a:c incladed in the texet discussion.



MODIFICATIONS TO CUPOLA MELTING
PRACTICES TO REDUCE EMISSIONS

Savings :
Equipment Total Annual
Modification Effect of Modification Decrease in Emissions Percent Operation Percent
Decrease Stack Gas Volume
1. Decrease area of charging door Decrease air infiltration up None 7% - 33%
and use vibrating feeder or to 857%.
chute. Decrease 'volume of gas to be
cleaned up to 60%.
2. Locate gas take-off below top Decrease total gas to be None 30% - 40%
of charge cleaned up to 747%
3. Locate gas take-off at charging Decrease total gas volume 45% None - - 43%
door
Decreagse Coke Charge
4. Hot blast Reduce coke requirement by Moderate - Estimated to be -47% $1.00 per million BTU
heating blast air using for constant melting rate.
natural gas fuel.
5. Oxygen enrichment Add 0, to blast air to in- Moderate - Estimated to be 5% $1.25/ton of metal
crease 02 content of blast to 10% for constant melting melted
from 217 to 257 permitting rate
coke reduction.
6. Natural gas injection Inject natural gas and air in Moderate - 15% $1.22/ton for 30%
. stoichiometric ratio to re- coke replacement
place up to 407 of coke $2.01/con for 407
coke replacement
Preparation of Charge Materijals
7. Screen coke and limestone Remove coke breeze and lime- Depends upon degradation of Nominal Nominal
: stone dust from charge coke and limestone. cost Savings
Estimated range of decrease
5% 207% consisting principally.
of +44 micron particles.
8. Shot blast foundry returns Removes embedded molding and Depends upon amount of sand on
core sand returns. Estimated range of «
decrease 2%-8%.
9. Incineration or detergent wash- Remove oll, grease and other Depends upon amount of combus- - - -
ing broken motor blocks or combustibles tibles 1n scrap. .
shredded automotive steel scrap Estimated range of decrease
2%~ 25%
10. Remove nonferrous contaminants Reduces nonferrous metallic Depends upon amount of non- - - .

oxides in cupola emissions

ferrous material in scrap.
Estimated range of decrease
1%~-27%

Cost of

Modification/Ton

Metal Melted

$2.00-$2.50/cton

$3.50 - $4.00

(pasiady)
1-XI LI9IHXT



COST PER TON, $

EXHIBIT VIII-36

CAPITAL AND OPERATING COSTS PER TON VS. OPERATING
HOURS PER YEAR FOR CORELESS INDUCTION FURNACE

WITH AFTERBURNER ON PREHEATER (ALTERNATE NO. 4)

480

420

- = OPERATING COSTS PER TON OF PRODUCTION

e>e=s«== = CAPITAL COSTS PER TON OF CAPACITY

360

300

240

180

120

60

\
\™~~5 TONS/HR|
So~uls Tons/HR]
\ \15 TONS/HR.
Mo | 30 TONS/HR.
<4 50 TONS/HR.
'\\\\
e
~ TS |15 TONS/HR.
= == = a—o— 30 TONS/HR.
50 TONSA??.
1,000 2,000 3,000 4,000

OPEMATING HGUWS/YEAR



COST PER TON, $

EXHIBIT VITII-35

CAPITAL AND OPERATING COSTS PER TON VS. OPERATING
HOURS PER YEAR FOR ELECTRIC ARC FURNACE WITH
' FABRIC FILTER (ALTERNATE NO. 3)

| 5 TONS/HR
$360 l_
|
|
320 |
|
\
280 \
\ ==——memme= = OPERATING COSTS PER TON OF PRODUCTION
\ @=eme=e= = CAPITAL COSTS PER TON OF CAPACITY
240 \
\
200 —
160
120
5 TONS/HR.
\
\\15 TONS/HR.
80 l\‘\m TONS/HR.
\\\\ 50 TONS/HR.
S ONL
N ~
\\\L\\‘s S/HR
~— —~ 15 TONS/-HR.
40 ~ = ~30 TONS/HR.
==« 50 TONS/HR.
0

1,000 2,000 3,000 4,000
OPERATING HOURS/YEAR



COST PER TON, $

$90

80

70

60

50

40

30

20

10

EXHIBIT VIII-34

CAPITAL AND OPERATING COSTS PER TON VS. OPERATING
HOURS PER YEAR FOR HOT BLAST CUPOLA WITH
WET SCRUBBER (ALTERNATE NO. 2)

—

S5 TONS/HR.

. | 15 TONS/HR.
_ 30 TONS/HR.
| 50 TONS/HR.

SOMT N N5 Tons/nr.

7 /

o\ |15 TONS/HR.

l

~_\, 30 TONS/HR.
S\ 50 TONS/HR.

= OPERATING COSTS PER TON OF PRODUCTION
= CA?ITAL COSTS PER TON OF CAPACITY
| +

)
1,000

! I 1 1
2,000 3,000 4,000

OPERATING HOURS/YEAR



COST PER TON, $

$180

160

140

120

100

80

60

40

20

CAPITAL
HOURS

EXHIBIT VIII-3

AND OPERATING COSTS PER TON VS. OPERATING
PER YEAR FOR COLD BLAST CUPOLA WITH
FABRIC FILTER (ALTERNATE NO. 1)

= OPERATING COSTS PER TON OF PRODUCTION
e—ememe= = CAPITAL COSTS PER TON OF CAPACITY

|
|
|
l
I
|
|
|
|
\
\
A
\

5 TONS/HR.
\15 TONS/HR.
\ \ \30 TONS/HR.
\ \ 50 TONS/HR.
\ —\ '
\ N
5 TONS/HR
N\
AN
N
AN
N3
SN\ N
\\ \\.\\
SN ~
SN S15 TONS/HR.
~30 TONS/HR.
~50 TONS/HR.
1,000 2,000 3,000 4,000

OPERATING HOURS/YEAR



Castings
Product gr

R

!Eﬁsﬂnsllﬂﬂ

ine
New Havpshire
Vermont
Massachusetts
Rhode lsland
Connecticut

HiﬁQhLAsﬁansis
ew Yor

New Jexsey
Pennsylvania

a 8,225,000

Ohio
Indiana
Illinois
Michigan
Wisconsin

West N, Central

Minnesota
Iowa
Missouri
Nebraska
Kansas

N. Dakota
S. Dakota

South Atlantic
ware
Maryland
Virginia
W, Virginia
N. Carolina
S. Carolina
Georgia
Florida

East S tra
Kentucky
Migsissippil
Alabama
Tennessee

West S, Central

Arkansas
Louisiana
Oklahoma
Texas

Mountain
Montana

Colorado
Arizona
Nevada " (2)
Idaho

New Mexico (2)
Wyoming (2)

Pacific
Washington
Oregon
California
Hawaii
Alaska

235,000

3,501,000

607,000

473,0C0

2,300,000

531,000

243,000

499,000

INVENTORY OF
FROM

Molten Iron

Production

362,000

5,143,000

12,613,000

881,000

662,000

2,887,000

748,000

332,000

739,000

IRON FOUNDRY EMISSIONS
RG NS [:)

Total
Particulate
Emissions

Generated,

Carbon

3,800

51,000

126,000

9,100

6,800

27,700

7,700

3,300

7,600

Monoxide
Generxated,

49,000

594,000

1,541,000

115,000

88,000

304,000

100,000

38,000

95,000

Particulate
Emissions
Emitted

) —Tons (&)

2,800

38,000

94,500

6,800

5,100

20,800

5,800

2,500

5,700

Carbon
Monoxide
Emitted

_Tons (%)

24,500

297,000

770,500

57,500

44,000

152,000

50,000

19,000

47,500

Total

Notes: (1)

16,614,000

Castings and molten iron production quantities from cupolas and electric

24,367,000

arc furnaces only.

(2) No iron foundries are located in Nevada, New Mexico, and Wyoming.

243,000

2,924,000

182,000

(3) Particulate emissions and carbon monoxide generated are the estimated
maximum produced.

(4) Particulate emissions emitted are estimated at 752 of maximmm produced,

with an average 25% being collected.

(5) Carbon monoxide emitted is estimated at 50% being burmed and 50% re-
leased to the atmosphere.

1,462,000



RATING CODE
IRON FOUNDRY EMISSION CONTROL

Fapc & wve =

¢ RATING NUMBER

CLASSIFICATION

1-5

6-10

11-15

16-20

Comparison oé emfssion

rates from all sources.

nggsglg Size
Based on particle size

distribution. Maximum
diameter of finest 207
by weight.

Dgggﬁculgi of Capture
Based on degree o
confinewment of emissions
at source.

HQLSSLsnlsx_ag_Esnexasign
Comparison of particle

size distribution and
other characteristics of
emissions affecting
difficulty of separation.

£9§£_¥£_£225:91?§zg;sma
Relative cost o

separation equipment
only, as affected by
type of system and.
pressure drop.

Cost of Auxiliary

Equipment

Based on complexity

of ductwork, cost of
motors, blowers and

other auxiliary equipment.

Availability of Control

Equi pt

Baaes on whether
equipment is standard
and mass-produced,
requires detailed
engineering, or ccmplete
design engineering.

Capability of Control

Equipment _
Ability of existing

control devices to
perform satisfactorily.

Prioxi

iPriorL;x

ting-

Coarse

Easy

Easy

Readily Available

Very Capable

7-80

Moderate

Med{ium

Moderate

Moderate

Medium

Medium

Available

Moderately
Capable

Low

80-110
Med{ium

Righ

Fine

Difficult

Difficult

High

High

Difficult to Find

Capable

Very High

Very Fine

Extremely
Diff{cult

Extremely
Difficult

Extremely High

Extremely High

Experimental or
Pilot Plant
Systems Only

Not Capable

110-160

High




INVENTORY OF IRON FOUNDRY EMISSIONS
FROM NON+MELTING OPERATIONS, 1969_

Total
Particulate Particulate
Castings Molten Iron Emissions Emissions
Production Production Generated Emitted
— Region = _Tons  __Tons __ __Jong Tons

Egﬁ Engiand 239,000 368,000 21,000 1,100
ine

New Hampshire
Vermont
Massachusetts
Connecticut

Middle Atlantic 3,643,000 5,603,000 319,400 16,200
ew Yor

New Jersey
Pennsylvania

East North Central 8,453,000 13,001,000 741,100 37,700
Ohto
Indiana
Illinois
Michigan
Wisconsin

West North Central 677,000 1,041,000 59,300 3,000
Minnesota
Iowa
Missouri
Nebrasks
North Dakota
South Dakota

South Atlantic 485,000 746,000 42,500 2,200

aware

Maryland

Virginia

West Virginia

North Carolina

South Carolina

Georgila

Florida

East South Central 2,327,000 3,579,000 204,000 10,400
Kentucky
Mississippi
Alabama
Tennessee

West South Central 551,000 847,000 48,300 2,500
rkansas .
Louisiana
Oklahoma
Texas

Mountain 249,000 383,000 21,800 1,100
Montana
Colorado
Arizona
Nevada (1)
Idaho
New Mexkcg(l)
Wyoming (1

Pacific 531,000 817,000 46,600 2,400
Washington
Oregon
Caslifornia
Hawail
Alaska

Total 17,155,000 26,385,000 1,504,000 76,600

Note: (1) No iron foundries are located in Nevada, New Mexico, and
Wyoming,




