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ABSTRACT

Investigations of on-land disposal of process and pollution
control residuals from the United States metal smelting and refining
industry were conducted. This volume presents the results of studies of
the U.S. ferrous smelting and refining industry including iron and steel
(SIC 3312), iron and steel foundries (SIC 332), ferroalloys (SIC 3313),
and primary metal products not elsewhere classified (SIC 3399). Volume
IT of this report includes the results of investigations of hazardous
waste generation and treatment and disposal in the primary and secondary
nonferrous smelting and refining industry. Volume I summarizes major
findings in both ferrous and nonferrous categories. Characteristics of
cach industry sector, including plant locations, production capacities,
and smelting and refining processes, have been identified and described.

Land-disposed or stored residuals, including slags, dusts, and
sludges, have been identified and characterized by physical and chemical
properties. State, regional and national estimates have been made of
the total quantities of land-disposed or stored residuals and potentially
hazardous constituents thereof.

Current methods employed by the ferrous metals industry for
the disposal or storage of process and pollution control residuals on
land are described. Principal methods include lagocn storage of sludges,
and open dumping of slags, sludges and dusts. Methods of residual
treatment and disposal considered suitable for adequate health and
environmental protection have been provided. Finally, the costs incurred
by typical plants in each smelting and refining category for current and

environmentally sound residual disposal or storage on land have been
estimated.
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SECTION 1
CONCLUSIONS
o, The ferrous smelting and refining industry disposes or stores

large quantities of process and pollution control residuals on land.

These residuals are predominantly inorganic slags, sludges, and dusts

containing oxides and other compounds of iron, silicates, and trace

metals. The only highly organic sludge encountered is decanter tar

sludge from iron and steel industry byproduct coke plants. In addition

® to slags, sludges and dusts, the iron and steel foundries dispose of
significant quantities of waste sand on land. Significant quantities of
acid waste pickle liquor and waste oil are produced at iron and steel
plants and usually handled by contract disposal services for reclamation
or disposal.

® The principal potentially hazardous constituents found in
ferrous smelting and refining residuals are heavy metals including
chrome, copper, zinc, lead, and nickel, and fluorides. Coke plant
wastes contain phenols, cyanides, ammonia, oils and greases. Phenol and
cyanide appear to a much lesser extent in blast furnace dust and wet
scrubber sludges as well. Foundry sands may contain phenol as a result

® of the use of phenolic binders which are not degraded by process heat.
Some mill scales from steel plant rolling mills contain significant
amounts of oils and grease.

The predominant practice used in the ferroalloy and iron and
steel industries for the disposal of non-recyclable slag and dust resi-
duals is open dumping. Because the iron and steel industry generally
dewaters sludges before disposal, sludges are more often open dumped
rather than contained in lagoons. The foundry industry produces relatively
small quantities of sludge and generally mixes them with waste sands and
dusts before land disposal. The ferroalloy industry is more likely to
employ lagoons for containment of sludges.

The iron and steel industry generally reclaims iron from slags
before land disposal or sale as road ballast or aggregate. A much
higher percentage of blast furnace slag is sold because of lower density
and greater chemical stability than basic oxygen or electric furnace
slag. Approximately 80% of mill scales generated in steel mills is
recycled to recover iron value. Blast furnace dust is normally recycled
to sinter or blast furnaces while basic oxygen furnace dust is occasionally
recycled to sinter. The high zinc content of electric furnace dust and
many basic oxygen furnace (BOF) dusts generally makes it impractical to
recycle these dusts. The industry is attempting to develop technology
for accepting greater quantities of dusts and sludges as sinter or blast
furnace inputs. In a similar manner the ferroalloy industry which
generally cannot accept dusts as furnace inputs because of trace metal
contamination is exploring technology for greater recycling of dusts,



The foundry industry directly recycles significant quantities of
metd sund and reclaims slgnificant quantities of core sand for recycle.

The presence of potentially hazardous constituents in slags,
szudges, sands, and dusts has been shown including heavy metal and fluorides.
Solubility tests described in Appendix B of this report indicates that
some of these hazardous constituents may be leached from some wastes.

I general, slags were found to solubilize tuv a lesscer extent than sludges
< dusts. Process wastes have been categorized as potentially hazardous
cr not hazardous based on the results of the solubility tests and con-
sideration pf physical (i.e. particle size) and chemical properties.

Practices to protect ground and surface waters in the event of
demonstrated significant leaching of potentially hazardous constituents
include the use of lined lagoons for storage or permanent disposal of
sludges. Leachable sludges which are dredged or pumped from lagoons or
settling pits and dumped on land can often be chemically "fixed" so that
leaching of heavy metals is prevented according to fixing chemical manu-
facturers. Alternatively, sealing of soil in disposal areas with bentonite
or other sealants should prevent leachate percolation.

For those slags, dusts, sludges, and or other land-disposed
or stored solid residues shown to, or suspected to solubilize toxic con-
stituents significantly, then soil sealing of disposal or storage areas
would be needed. Collection of runoff from disposal dumps containing slags,
sludges or dusts with leachable heavy metals or other potentially hazardous
constituents may be nceded. Collected runoff woulld regquire treatment
before discharge or retention and evaporation in lapoons.

Costs for present and environmentally adequate potentially
hiazardous waste treatment and disposal are given tov cdach smelting and
refining category.



SECTION II

INTRODUCTION

This report is the result of study commissioned by the U.S.
Environmental Protection Agency to assess "Industrial Hazardous Waste
Practices in the Smelting uand Refining Industry. Concurrently, the
USEPA is pursuing similar studies of other industry categories. This
program is intended to provide the USEPA with as detailed and pertinent
information on the generation, management, treatment, disposal, and
costs related to wastes considered to be "potentially hazardous.'

Such information will be used by the USEPA in developing guidelines or
standards for the management of hazardous wastes.

Throughout this report whenever the terms "hazardous wastes'" or
"potentially hazardous wastes'" are used, it should be kept in mind that
no final judgements are intended as to such classification. It is
recognized and understood that additional information will be required
as to the actual fate of such materials in a given 'disposal' or '"manage-
ment' environment before a final definition of "hazardous waste' evolves
and is used. As an example, for certain of the waste streams identified
in this report, the USEPA is currently supporting other studies designed
to investigate leaching characteristics in various soil and moisture con-
ditions.






SECTION I1iI

FERROUS METAL SMELTING AND REFINING

This section presents the results of investigations and analyses
of on-land disposal or storage of process and pollution control residuals
from the United States ferrous smelting and refining industry including
iron and steel,, iron and steel foundries, ferroalloys and ferrous metals
not elsewhere classified such as metal powders. Characteristics of each
industry sector including plant locations, production capacities and
smelting and refining processes have been identified and described.

Land disposed or stored residuals including slags, dusts, sands
and sludges have been identified and characterized physically and chemically.
state, regional and national estimates have been made of the total quantities
of land disposed or stored residuals and potentially hazardous constituents
thercof for 1974, 1977, and 1983,

Current methods employed by the ferrous metals industry for the
disposal or storage of process and pollution control residuals on land
are described. Principal methods include lagoon storage of sludges and
open dumping of slags, sludges, dusts and sands. Methods of residual treat-
ment and disposal considered suitablzs for adequate health and environmental
protection have been provided. Finally, the costs incurred by typical
plants in each primary smelting and refining industry for current and
environmentally sound residual disposal or storage on land have been esti-
mated,
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Y IRON AND STEEL
ios {NDUSTRY CHARACTERIZATION

The United States steel industry is very large. The industry
ranks third in the pation, behind the autcomotive and petroleum industries,
in the value of its total shipments and, with approximately 487,000
employees, is second only to the automotive industry in the number of
people on the direct payroll. Over the decade since 1962, steel industry
s;les have increased 60%, from sales of $14.0 to over $22.0 billion
{Ref. 1). Steel mills may range from comparatively small plants to
completely integrated steel complexes. Even the smallest of plants will
generally represent a fair sized industrial complex. Because of the
wide product range, the operations will vary with each facility.

Approximately ninety-two per cent of the 1972 total United
States annual steel ingot production was produced by fifteen major steel
corporations. This total also represents 22.5% of the world total of
556,875,000 metric tons (625,000,000 tons). Table 1 presents the pro-
duction breakdown by corporation. Tables 2 and 3 list the number of
sicel plants by state, EPA regional, and national total iron and steel
capacity. The capacity by each of the three major steel producing modes
{(i.e. basic oxygen furnace, open hearth furnace, and electric furnace)
are also given in these tables.

Three basic steps are involved in the production of steel.
First, coal is converted to coke. Second, coke is then combined with
iron ore and limestone and fired in a blast furnace to produce iron.
Third, the iron is purified into steel in either an open hearth or basic
oxygen, or furnaces. Electric furnaces remelt and refine predominantly
scrap iron and steel. Further refinements include degassing by subjecting
the steel to a high vacuum. Molten steel is usually cast into ingot
molds but the use of a process called continous casting is increasing
steadily. These processes are discussed in more detail in Section 1.2.

Coke plants are operated as parts of integrated steel mills to
supply the coke necessary for the production of iron in blast furnaces.
Nearly all coke plants today are byproduct plants, i.e., products such
as coke oven gas, coal tar, crude and refined light oils, ammonium
sulfate, anhydrous ammonia, ammonia liquor, and naphthalene, are produced
in addition to coke. A very small portion of coke is also produced in
the bechive coke process. A byproduct coke plant consists essentially
of the ovens in which bituminous coal is heated, out of contact with
air, to drive off the volatile components. The residue remaining in the
ovens is coke; the volatile components are recovered and processed in
the byproduct plant to produce tar, light oils, and other materials of
potential value, including coke oven gas.



Table 1

MAJOK UNITED STATES STEEL INGOT PRODUCERS, 1872

Metric Tons/Year Tons/Year
United States Steel 31,750,000 35,000,000
Bethlehem Steel 19,960,000 22,000,000
Republic Steel 9,980,000 11,000,000
National Steel 9,520,000 10,500,000
Armco Steel 7,710,000 8,500,000
Jones & Laughlin Steel 7,280,000 8,000,000
Tnland Steel 6,800,000 7,500,000
Youngstown Sheect § Tube 5,440,000 6,000,000
Wheeling Pittsburgh 3,540,000 3,900,000
Kaiser 2,720,000 3,000,000
McLouth 1,819,000 2,000,000
Colorado Fuel § Iron 1,360,000 1,500,000
Sharon 1,360,000 1,500,000
Interlake 907,000 1,000,000
Alan Wood 907,000 1,000,000

Source: Development Document For Proposed Effluent Limitations Guidelines
For the Steel Making Segment of the Iron and Steel Manufacturing
Point Source Category, U.S. Environmental Protection Agency,
February, 1974,



TABLE 2

ESTIMATED STATE DISTRIBUTION OF UNITED STATES IRON AND STEEL PLANTS
AND PRODUCTION CAPACITY, 1974 (METRIC TONS)

Stote No, off Estimated lron LEstimated Steel Capacity Estimacod
Plants] Capacity (Blastl Basic Oxygemn] Open Hearthj Electric] Totsl Steci
o Furnace) Furnace Furnace Furnace Capacit,
Alahana 5 5,208,500 2,656,700§ 1,024,000 601,800] 4,282,5u:
Arizona 1 0 0 0 82,500 82,500
srkinsas 1 0 0 0 57,800 57,800
Celilornia 10 2,194,300 1,600,400 1,904,700 674,400} 4,179,500
Colorado 1 938,800 1,066,900 0 165,000} 1,231,900
Junnecticut 1 0 0 0 234,400 234,400
Delaware 1 0 0 0 524,700 524,700
Florida 2 0 0 0 257,600 257,600
Geavgia 1 0 0 0 302,000 302,000
HE 1 0 0 0 20,600 20,600
Siinuds 16 6,906,700 7,261,500 841,800 | 4,427,000} 12,530,300
Indrana 8 15,977,300 15,239,100 | 5,790,500 { 1,013,200 22,042,800
Kentucky 4 1,039,700 1,717,900 0 790,400f 2,508,300
Maryland 3 5,558,500 2,528,700 § 2,729,800 343,700} 5,602,200
Michigan 5 7,815,600 8,830,800 0 1,382,400§ 10,213,200
Minnesota 1 0 0 0 209,900 209,900
Mississippi 1 0 0 0 72,800 72,800
Missouri 1 0 0 0 961,900 961,900
New Jersey 2 0 0 0 453,000 453,000
New Yotk 7 4,807,600 5,469,200 0 503,900f 5,973,100
North Carolina 2 0 0 0 213,200 213,200
Ohio 20 17,181,100 11,213,800 § 8,881,300 & 4,642,700) 24,737,800
Oklahoma 1 0 0 0 244,800 244,800
Oregon 2 0 0 0 301,300 301,300
Pennsylvania 42 21,179,600 15,224,000 §11,932,400 1 4,500,500f 31,656,900
South Carolinal 1 0 0 0 346,400 346,400
Tennessee 2 0 0 0 122,000 122,000
Texas 9 634,100 0 1,160,000 | 2,832,200 3,992,800
Utah 1 1,779,500 0 2,483,300 0 2,483,300
Virginia 1 0 0 0 71,100 71,100
West Virginia 2 3,106,302 4,062,200 0 106,600 4,168,800
Washington 3 0 0 0 536,600 536,600
Totals 158 94,327,600 76,871,200 136,748,400 {26,996,400}140,616,000
Source; JIron and Steel Works Directory

of the United States and Canada, Iron and

Steel Institute, 1974.



TABLE 3

EPA REGIONAL DISTRIBUTION OF U.S. IRON AND STEEL PLANTS

AND PRODUCTION CAPACITY, 1974 (METRIC TONS)

SPA No. of  Estimated Iron Estimated Steel Capacity Estimated

fegion  Plants Capacity (Blast Basic Oxygen Open Hearth Electric Total Steel

Furnace) Furnace (BOF) Furnace Capacity
I 1 0 0 0 234,400 234,400
1I 10 4,807,600 5,469,200 0 1,481,500 6,950,700
i1 48 29,844,400 21,814,900 14,662,200 5,021,900 41,499,000
1V 18 6,248,200 4,374,700 1,024,000 2,706,200 8,104,900
v 50 47,880,700 42,545,200 15,513,500 11,675,100 69,733,800
VI 11 634,100 0 1,160,600 3,134,800 4,295,400
VII 1 0 0 0 961,900 961,900
VIII 2 2,718,300 1,066,900 2,483,300 165,100 3,715,300
IX 12 2,194,300 1,600,400 1,904,700 777,600 4,282,700
X 5 0 (] 0 837,900 837,908
158 94,327,600 76,871,300 36,748,300 26,996,400 140,616,000



P2 WASTE CHARACTERIZATION

This section contains descriptions of production technology uat
tron ard steel plants and the resultant byproducts or wastes which are
tither recycled, handled by contract disposers, or disposed of on site,
Estimates are given for the quantities of wastes and potentially hazardouns

constituents thereof which are disposed of on land, cither in lagoons or
dumps .
1.2.1 Process Descriptions

Integrated steel mills perform all the operations required to
convert the principal raw materials of iron ore, limestone, and coal
into finished steel products. The principal operations consist of raw
material processing, iron making, steel making, primary rolling or
roughing, and hot and cold finishing. Additional operations might
include forging, annealing, tempering, tin plating and galvanizing. The
interrelationships between the operations carried out in a typical large
integrated steel plant are shown in the flow diagram of Figure 1.
Smaller plants might lack the facilities for some of the operations
shown, such as sintering, continuous casting, tin plating and galvanizing.
The major operations are described in the following paragraphs.

Sintering. The sintering operation takes natural fine iron
ores and metallic fines derived from residues of other steel plant faci-
lities (e.g., flue dust from the blast furnace and scale from hot rolling
mills) and fuses them into pieces large enough to be charged into the
blast furnaces. In a typical sintering machine the fine material is
mixed with coke breeze or powdered coal and spread on a moving bed. The
mixture is ignited as it passes under an intense flame. The reaction is
sustained by the combustion of the coke or coal as air is drawn downward
through the bed. At combustion temperatures, the particles fuse together
into a caked layer which is usually quenched with air and broken into
pieces of the desired size. Particulates collected by onc¢ or more of a
variety of emission control systems are generally recycled back into the
sintering process. Therefore, no significant amounts of wastes are
generated at sintering plants.

Cohe and Byproduct Production. Coke nervves both as a tuel
and as a reducing agent in the making of iron. To produce the required
coke, bituminous coal is heated to drive off the volutile components.
Two methods of producing metallurgical coke are in use today, the byproduct
method and the beehive process, although the beehive process accounts
for less than two percent of all metallurgical coke produced.

In the beehive process, the volatile components are burned
through the addition of controlled amounts of .wir 1nto the coking chambers.
The heat generated by burning of the combustible volatiles provides
energy for maintaining the distillation process.

10
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In the byproduct process, no air is admittea v the coking
charibers, the heat for distillation being provided by the combusticy - *
fue. gas in contact with the walls of the coke ovens. The volatilecs
driven off during distillation are piped from the coke ovens and processed
for recovery of useful byproducts. After coking is completed (16 to 24
rriors), the Lot coke is pushed from the ovens into a waiting car which

transfers it to a quenching tower where it is cooled by water sprays.

Iron and Steel Making. In iron and steel making, fluxes are

mdded which combine with impurities to form slag Fluxes include lime-
stene, lime, dolomite, and fluorspar. Lime is often made onsite at the
steel plant by the calceination of limestono. The dusts penerated in the

required crushing, screening, and handling of the matorials are gencrally
collected and recycled.

! Blast Furnace. Almost all of the basic iron required for
steel making is produced in blast furnaces. Input materials, consisting
of iron ore, sinter, coke, and fluxes (primarily limestone)6 are charged
into_the top of the furnace. Air preheated to 1400 to 2100°F (760 to
1150°C) is forced into the bottom of the furnace. The coke reacts with
the oxygen in the air to produce carbon monoxide which, in turn, reduces
the ore to metallic iron which settles to the bottom. The molten iron
15 tapped off into transfer ladles known as submarine cars for transfer
to the steel making shop. Slag is drawn off at the surface of the
molten metal.

The hot gases leaving the top of the blast furnace have fuel
value and are commonly used in the blast furnace stoves to preheat the
incoming air and for underfiring the coke ovens. Prior to use, the
gases are cleaned by passing them first through a dust catcher to remove
the coarser particulates and then through a wet scrubber. Flectrostatic
precipitators are also used at some plants. The water from the wet
scrubber system is generally piped to a clarifier where the particulates
settle to form a sludge or slurry which is subsequently dewatered, often
by a vacuum filter system. Thus, the wastes derived from blast furnace
operations generally consist of slag, flue dust and sludge.

Steel Making. For making steel, three different furnace
types are in use: the basic oxygen furnace {(BOF), the electric furnace,
and the open hearth furnace. As stated previously, open hearth furnaces
are gradually being phased out and being replaced by BOF's. Electric
furnaces are particularly well suited for making high quality and alloy
steels because of better control on operating conditions such as tempera-
ture and oxygen input,

The metal charge to the basic oxygen furnacc consists of about
70 percent molten iron and 30 percent cold stecl scrap. The open hearth
generally operates with a metal charge of 50 percent molten iron and 50
percent scrap, although it can also accept a metal charge of 100 percent
scrap. The charge to electric furnaces is predominantly cold scrap.
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All three furnaces use limestone and/or fluorspar fluxes tc facilitate
the removal of impurities as slag.

For control of emissions from basic oxygen furnaces, the use
of high energy wet scrubbers appears to be predominant. Of the ten
steel plants visited during this program, seven plants had BOF furnaces;
and of these plants, six were controlled by wet scrubbers. One plant
used a dry electrostatic precipitator preceded by a wet spray system for
gas cooling. '

Five of the plants visited had electric furnaces. Three of
these plants used dry baghouses for dust collection. The other two used
a wet scrubber followed by a clarifier and vacuum filter for handling
the scrubber water.

Four of the plants had open hearth furnaces and, in all cases,
cmission control was handled by dry electrostatic precipitators.

Thus, wastes from stecl making consist of slag for all furnace
types, and dusts and/or sludges, depending on the type of furnace and
the associated emission control system. For BOF furnaces, sludges
appear to be the most common form of pollution control waste, while for
electric furnaces and open hearths dry dust appears to be most common.
In addition to the above wastes, particulates called 'kish'" are released
to the air during the pouring of the molten pig iron. In BOF shops,
this material is commonly collected in baghouses.

Ingot Molding and Rolling. Molten steel is tapped from the
steel making furnaces into teeming ladles and then transferred to a
teeming area or to a continous casting area. In the teeming area, the
molten steel is poured into ingot molds. Upon solidification, the
ingots are placed in soaking pits to bring them to the desired uniform
temperature. They are then rolled into billets, blooms, or slabs which
are blocks having different shapes and weights. Wastes consist of slag
that accumulated at the bottoms of the soaking pits, scale generated in
the rolling operations and sludges from treatment of scale pit water.

Continous Casting. In continous casting, the molten steel in the
teeming ladles is cast directly into billets, blooms, or slabs, thereby
eliminating the nced for ingot molds, soaking pits and primary rolling
described in the next paragraph. As the castings leave the molds, they
arc sprayed with cooling water. As a result of coming in direct contact
with the steel, this water contains fine scale that is removed as sludge
during treatment of the water. Coarser scale accumulates in settling pits.

Rolling. The billets, blooms, and slabs formed in the roughing
mill or in the continous caster are sent to the hot rolling mills where
they are converted into a wide variety of finished or semi-finished products,
including bars, rods, tubes, rails, structured shapes, sheets, and plates.
These hot rolling operations produce scale which is collected in pits.
Sometimes surface defects in billets, blooms and slabs are removed prior
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to rothing by osutomatic or hand scarfing, an operation iv which exyger - - ler
Jrisone g tigected at the surface. Grinding and chipping are also used

for removing surface defects. Thus, scarfing scale and grinding and chipping
»22i-dues are additional wastes generated at the rolling mills,

Hot rolling is often followed Ly voii-rolling and cold-forming
operations. Prior to cold processing, the st is pickled by passing it
through vats of hydrochloric or sulfuric acid s.olution to clean the surface.
«zsie pickle liquor is sometimes disposed o: ..roctly on land and, therefore,
. orotitutes a waste of interest to this progier. Meutvalization of the waste
nickle liquor is sometimes accompanied by the lormation of sludges which are
alsc lana disposed.

In cold rolling, sheet steel becomes h.cdened and usually requires
ennzaling (i.e. softening by heat treatment). (oils of sheet steel are
snnealed by heating them in a controlled atmospi:erc. After cooling, the
annealed steel is then generally passed through : temper mill which gives
it the desired hardness, flatness, and surface quality, No wastes are
generated in the annealing and tempering operations.

Coating and Plating. Further processing of the sheet steel
might include coating the surface with nonferrous metal, paint, or other
coatings. Two common coating operations, tin plating and galvanizing,
are included in the flow diagram of Figure 1. One common method of tin
plating involves electrolytic deposition. The steel is first washed and
scrubbed and then cleaned in a dilute acid solution. It is then passed
through an clectrolytic solution, washed, aud rinsed. The coated sheets
are then heated so the tin flows to form a surface coating of high luster.
Finally, the surface is water quenched, electrochemically treated, and
coated with oil. In galvanizing, the sheet steecl is cleaned, heated,
dipped in molten zinc, cooled, and chemically treated. in galvanizing and
tin plating, sludges are generated containing residuals from the cleaning
lines and from neutralization of the acid rinse water.

Capacity of Typical Plant

For the typical plant an annual capacity of 2,500,000 metric
tons of molten steel was selected. This value is :lightly greater than
the average ingot steel production for 45 of the major steel making plants
in the United States. Facilities at the typical vlant consist of a sinter
plant, blast furnaces, basic oxygen furnaces, elcctric furnaces, coke ovens,
a continuous caster, primary (or roughing) mills, other hot rolling mills
(hot strip, bar, etc.), cold mills, annealing and tempering mills, a tin
plating mill and a galvanizing mill. Table i gives the annual production
figures for each major facility at the typical ptant. The figures are
generally internally consistent, but in any onc pilant the relative amounts
of products of different types will vary us wyil the amount of home scrap
produced. In addition, intermediate produc:: such as blooms, billets or
slabs might be purchased and/or sold in any given year, so that the
ratio of weight of finished products-to-werpht of steel produced will vary.
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TABLE 4 ~ PRODUCTION DATA FOR TYPICAL INTEGRATED STEEL PLANT

Facility Product Annual Amounts (Metric tons)
Coke Ovens Coke 1,120,000
Blast Furnaces Tron 1,600,000
Basic Oxygen Furnaces Stecl 2,000,000
Ilectric Furnaces Steel 500,000
Soaking Pits Steel Ingots 1,560,000
Primary Mills Billets, Blooms, Slabs 1,350,000
Continuous Caster Billets, Blooms, Slabs 790,000
Hot Rolling Mills Sheet Steel, Bars, Rods 1,800,000
Structural Shapes, etc.
Cotd Rolling Mille Sheet Steel 700,000
Tin Plating Mol Tin Plated Sheets 100,000
Galvanizing Mill Zinc Coated Sheets 125,000
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| I Jeseciption of Waste S treams

Thi=< section describes the types of wustes associated with
coct vt the stecl making processes previouslvy described. Generation
factors for each type of wastes are given &s well as an assessment of
their potential environmental hazard.

ke and Byproduct Plants. Wastes gencrated scom coke and byproduct
cuxe plants include waste ammonia liquor, amwonia still lime sludge and
decantar tank tar. The reclative amounts of tirese wastes will vary
considerably from plant to plant depending on the specific design of the
byproduct recovery plant.

Waste Ammonia Liquor. Ammonia is reeovered from coke gas by
one of twe methods, In some plants ammonia is recovered in the form of
ammonium sultfate by passing the coke gas through dilute sulfuric acid.

This produces a waste ammonia liquor gencrated at a rate of 190 kg/MT of
coke produced or 125 kg/MI of steel produced based on the use of 0.66 Ml

ot coke for 1 ton ot steel. Waste ammonia liquor contains significant
cencentrations of phenol and cyanide and is therefore considered potentially
hazardous.

Ammonia Still Lime Sludge. At other plants ammonia is removed
initially from the coke oven gas by spray cooling and scrubbing and sold
as a concentrated ammonia liquor. Concentration of the liquor is achieved
in a ammonia still which produces a waste lime sludge formed as a result
of adding milk of lime to decompose ammonium salts., Ammonia still lime
sludge along with decanter tank tar to be described is generated at a
rate of 0.28 kg/MT of finished steel product (dry weight). This sludge
will contain significant concentrations of cyanide, phenol, and oils and
greases. In solubility tests described in Appendix B ammcnia still lime
sludge was found to leach significant concentrations of phenol and
cyanide (198 ppm Cn, 20 ppm phenol). It is thercfore considered potentially
hazardous.

Decanter Tank Tar. The spray cooling of coke oven gases also
condenses tars which are sent to a decanter tank where lighter recoverable

oil fractions arce decanted of'f.  The heavier tar generated at a rate of
DU3 K /ME steel along with ammonia still lime siudvee 1x sent to open
dumps. In solubility tests described in Appendiy B decanter tank tar

was found to leach significant concentrations of phenol (500 ppm) and
0il and grease (198 ppm) and is therefore considered potentially hazardous.

Wastes generated from iron and steel making include slags,

- sludges and dusts. The quantities and nature ot thesc residuals are
described in the following paragraphs as wcll as an assessment of their
hazardousness or non-hazardousness,

Blast Furnace. Residuals from blast furnice processing of iron ore to
produce molten iron metal include slag, dus:- from dry air emissions
controls or sludge from wet air emissions controls.
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Slag. Blast furnace slag is generated at a rate of 348 kg/MT
of 1ron output from the blast furnace or 250 kg/MT of finished steel.
It is normally granulated by quenching the molten slag with water. This
produces sand size to large chunks of a hard vesicular slag containing
predominantly silica, lime, jron, sulfur and traces ot minor metals
including chromium, mangancse, lcad, copper and zinc. In solubility
tests described in Appendix B blast furnace slag did not leach toxic
constituents in significant concentrations and is therefore not con-
sidered potentially hazardous.

Dust.  Dust from dry emissions controls on blast furnaces
including baghouses and clectrostatic precipitators is predominantly
iron oxide, silica and lime but contains significant concentrations of
chromium, copper, manganesc, nickel, lead and zinc. Concentrations of
these metals is significantly higher in dusts than in slag. It is
generated at a rate of 16.2 kg/MT of blast furnace iron output or 11.7
kg/MT' of steel product. In solubility tests described in Appendix B
blast furnace dust did not lecach toxic heavy metals significantly and is
therefore not considered potentially hazardous at this time.

Sludge. Sludge from wet emissions controls on hlast furnaces
including wet electrostatic precipitators, venturi scrubbers, and spray
towers is also predominantly iron oxide, silica and lime and contains
significant concentrations of the trace metals chromium, copper, manganese,
nickel, lead and zinc. Concentrations of these metals is significantly
hipgher 1n sludges than in slags. Tt is generated at a rate of 24.4 kg
per metric ton of hlast furnace iron output or 17.6 kg/MT of steel (dry
werghts) . In solubility tests described in Appendix B blast furnace
sludge was not found to leach toxic constituents in significant concentrations
and is therefore not considered a potentially hazardous waste.

Basic Oxygen Furnace (BOF). Residuals from BOF processing of iron,
scrap and alloying metals to produce steel while reducing carbon sulfur,
phosphorus and other impurities, include slag, dusts and sludges.

Slag. A dense slag containing large amounts of silica, iron and
Lime, minor amounts of sulfur and phosphorus and significant concentrations
of the trace metals chromium, copper, manganese, nickel, lead and zinc is
generated at a rate of 145 kg/MT of steel output. In solubility tests des-
cribed in Appendix B blast furnace slag was not found to leach significant
concentrations of toxic constituents and is therefore not considered poten-
tially hazardous.

bust.  Fine dust from dry air emissions controls is mainly iron
oxide, silica oxide and lime but also contains significant concentrations
of trace metals including chrome, copper, manganese, nickel, lead and zinc.
hust is generated at a rate of 16 kg/MT of steel product. Data indicates
zinc and lead are more concentrated in dusts and sludges whereas chrome
tends to stay with slag. In solubility tests described in Appendix B
BOF sludge did not leach appreciable concentrations of toxic constituents.
The low solubility of BOF sludge indicates that dust will also not leach
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S1gnLcicant

iv. For this reason BOF dust is not considered potentially
nazarduos at this

time.

Sludge. Sludge from wet control of air emissions from BOF's
is also predominantly iron oxides, silica oxide and lime with small but
significant concentrations of the trace metals chrome, copper, manganese,
adickel, lead and zinc., 1t is generated at a rate of 17.3 kg/MT of steel
sroduct {dry weight). In solubility tests described in Appendix B BOF
sludge did not leach significant concentrations of toxic constituents
and is therefore not considered potentially hazardous at this time,

Jpen Hearth Furnaces. Residuals generated from open hearth furnaces
incliude slag, dusts and sludges.

Slag. A densce, hard slag is generated ut a rate of 243 kg/MT
of steel product. It is mainly iron oxides, silica oxide and lime, with
minor amounts ot sulfur and phosphorus compounds. Trace metals present
in significant concentrations include chromium, copper, manganese,
nickel, lead and zinc. In solubility tests described in Appendix B
tosxlc constituents did not leach to a significant extent. Open hearth
slag 1s therefore not considered hazardous at this time.

Dust. Dust from dry emissions control is generated at a rate
of 13.7 kg/MT of steel product. It is predominantly iron oxides, silica
oxides and lime but contains significant concentrations of chrome,
copper, manganese, nickel, lead and zinc. As with BOF furnaces data
indicates that lead zinc, and to a lesser extent copper concentrate to a
greater extent in dusts whereas chrome stays with the slag. Solubility
tests described in Appendix B showed no appreciable leaching of toxic
constituents. For this reason open hearth dust is not considered potentially
hazardous at this time.

Sludge. None of the plants visited or surveyed during this
study used wet emissions controls on open hearth furnaces. Thus no
generation factors could be developed or chemical analyses made. The
sludge would be similar in composition to dust and would not be expected
to leach significantly so as to be considered hazardous.

Electric Furnaces.  Residuals from electric furnaces include slag, dust
and sludge.

Slag. A dense hard slag is generated at a rate of 120 kg/MT
of steel. It 1s composed principally of iron, silica and calcium compounds
with minor amounts of sulfur and phosphorus compounds. Trace metals
include chromium, copper, manganese, nickel, lead, and zinc. In solubility
tests described in Appendix B toxic constituents did not leach significantly.
Electric furnace slag 1s therefore considered non-hazardous at the

present time.
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Dust, Dust from dry emissions controls is generated at a
rate of 12,8 kg/MU of steel. It is principally iron and silica oxides
and lime with signiticant concentrations of the trace metals chromium,
copper, mangancse, nickel, lead, and zince, Zinc, lead and copper are
much more concentrated in dusts and sludges than in slag. In solubility
tests described in Appendix B lead was found to leach at appreciable
concentrations (150 ppm). Electric furnace dust is therefore considered
potentially hazardous.

Sludge. Sludge from wet emissions controls is generated at a
rate of 8.7 kg/MT of steel product. It is comprised principally of iron
and silica oxides and lime and contains significant concentrations of
the trace metals chromium, copper, manganese, nickel, lead and zinc. In
solubility tests described in Appendix B electric furnace sludge leached
chromium (94 ppm} and lead (2.0 ppm) in significant concentrations.
Flectric furnace sludge is therefore considered potentially hazardous at
this time,

Soaking Pits. Soaking pit slag of gravel to boulder size is generated

at a rate of 35.2 kg/MTI of steel. It is composed principally of iron

and contains significant concentrations of trace metals including
chromium, copper, manganese, nickel, lead and zinc. In solubility tests
described in Appendix B this slag did not leach significant concentrations
of toxic metals. Tt is therefore considered non-hazardous at this time.

Mill Sludges. Mill sludges are produced from a number of steel plant
facilities as a result of water pollution control operations. Generation
factors for various mill sludges are as follows:

Primary Mills (production of ingots, slabs, billets 1.87 kg/MT steel
Continuous Casting Mill - 0.104 kg/MT steel

Hot Rolling Mill - 1.74 kg/MT steel

Cold Rolling Mill - 0.l6 kg/MT steel

Tin Plating Mill - 5.32 kg/MT steel

Galvanizing Mill 10.8 kg/MT steel

Samples of two of the above types of sludges were obtained and
chemically analyzed including hot rolling mill sludge and tin plating
mill sludge. Both of these sludges contained significant concentrations
of trace metals including chromium, copper, manganese, nickel, lead,
zinc and oil and grease,

Solubility tests were not conducted on mill sludges. They are
believed to be susceptible to leaching of o0il and grease and quite
possibly some toxic metals because of the presence of these constituents
and fine size of sludge particulates.
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Mil7 Sootes Mill scales containing over 50% iron are generated frow

the (ollowing mills:

Primary Mills 44.9 kg/MT steel
Continuous Casting Mills 8.7 Lg/MT steel
Hot Rolling Mills 18,3 kg/MI' stecl

Cold Rolling Mills 0.052 kg/Ml stes)

Miil scales contain over 50% iron as weli as small but significant
concentrations of trace metals including chronium, copper, manganese,
nickel, lead and zinc. Mill scales can also contain as much as 0.4% oil
and grease. 0Oil and grease can be leached from mill scale and pose a
threat of ground water contamination. For this reason mill scales are
considered potentially hazardous at this time.

Pickle Ligquors.  Acid pickle liquors (HCI, H,50 ) are used in cold

rollting mills and galvanizing mills to clean Tron and steel metal surfaces.
Spent avid s penerated at a rate of 22.8 kg/MI steel from cold rolling
mills and 5.17 kg/MT steet from galvanizing mills. Waste pickle liquor
contains about 4-6% acidity and large concentrations of dissolved and
suspended iron.  Chromium, copper, nickel, lead and zinc are also present
in minor concentration (less than 20 ppm). The high acidity (pH less

thin 1.0) of waste pickle liquor and resultant solubilization of toxic
metal constituents are reasons why waste pickle liquor is considered
potentially hazardous'

1.2.3 Waste Quantities

During the conduct of this study, intensive sampling and
chemical analyses .of steel plant residuals were carried out. Ten steel
plants located in the North Central and Great Lakes region of the United
States provided personnel to obtain daily samples of steel plant production
and pollution control residuals, including slags, sludges, dusts, scales,
and pickle liquor. These samples were shipped to the Calspan Laboratory
at Buffalo, New York, where the daily samples were composited into
weekly samples and then chemically analyzed. Steel plant residuals were
therefore well characterized as to average chemical content and variability
in composition. Results of chemical analyses from the ten steel plants
are given in Appendix A.

Table 5 gives genecration factors for the various residuals
from iron and steel production as well as concentration factors for
potentlally hazardous constituents. These factors were computed by
averaging all available data collected from the 10 iron and steel plants
visited on generation rates and chemical analyses data from collected
residuals samples of <laes, sludges, dusts and other wastes.

Using the residuals generation factors given in Table 5 the
yearly amount of residuals generated from a typical integrated steel
plant producing 2,500,000 MT of molten steel as described in Table 4
were estimated. Quantities of potentially hazardous constituents were
also calculated for the typical integrated plant. These estimates are
given in Table 6. 20



SNUTW IO snld
Xo3luecap pue adpnis Qwil JTIIS

"$ 03 Z jo 1030BF ® 9q Aew sofessse woxy siue{d [ENPIATPUT I0F UOTIBTIBA

"siuerd [993S JO Joqumu B WwoIJ BIBp 10J SoFRIOAR OIB SINTEA
vluouuwre yo S3STSUOD 33pnis UsA0 30D -uoxt 31d | T 9onpoxd 03 paxtnbax syod jO

*Ie3 yuel

IN 99°0 A193emrxoxddy - (o3exsAe 3yl uo) 1993s Jo JW 1 @dnpoxd o1 paxtnbox woar 31d Jo I z/'0 A1o3rwrxoxddy,
-~ O¥S‘€ET 006L 1Zv | 001 v¢ 0STT 0692 L8 L'8 a8pnys - odeuxang OTILIY |
Jd
-- 01L°S6 02Z°¥2 9¥Z | 019°CY 0v6T 08gT 821 A Isng - 3dBUING ITIINBTY W
H
-- S 08 L°28 6°€S | 085°0S | 0°6L 0z8Yy 0z1 021 3e1s - edwuIng dTIIdATY h
-~ 000°€IT 0S9°T1T v1¢ | 018y 0sT1 89S LST L€1 isng - 9deuIng yaxeoy uedp |
-- 6°LY v LS L°ST | OT1L°CY | 8°6¥ 09¢Z eV % 74 8els - eorwIng yizesy uedo |
-- ¥60° 01 06TV 0$T ] 00201 174 80. £ LT A sdpnyg - adeuwrng uafAxg od1seq
-- 099 LS 9°95 | 0I8E [ L°S¥ 011 v1°0 v1°0 HSTY - ddewIng us3dAxXQ drseq
-- 0S¢g 0S£4 , STT; 00%°IT z0t S1¢ 0°91 0°91 isng - adeurny uadAxQ dTseq
-- [z-or | 021 .2zt 009 I¥ Veore 0621 SP1 SyT 3e1s - 9deuanyg ualdAx( dTseq
. i - w 'ﬂ.rb? =5
-- . 0S9°T11 0121 ! v'8¢ | 0048 | ¥LS 1°9S AR/ «9° LT 23pnig - 9deUINg ISEBIY
N 1 .
-- L 918 z0¢ v 9°LS 0088 - Z°'¢6 v Z6 Z'91 VARG Isng - odrUIny 3SBIY
- 178 Rt §L> 0008 6°1z 6°'9¥ 8ve | +052 Bers - edewIng 3iseiq
e =+ - - _
0L0°S0T |$°96 15708 §'s o1 L0 0'01 S'S | x9'C e8pnis - ueAQ 9Y0)
asealn uz qd IN | UW J%f ny 1D Ind3Ing {passIdord
5 110 . i LatyIoey | 1o 93seM 3o ad{]
N S . ! ~ 3o | padupoxqg
IN/3% 19918 3o
(mdd) sxo3oeg uopierzuadUO) . 1N/

SX0312B{ UOCTIBIBUSY

SINYTId TIILS 8 NOYI - SUOIDVJ NOIIVMANID 11SVM

g H79vVL



® ®
) ) ° ® ® g ..
*1ySt1em AIp 9aB sSA03I0BF I9Y3l0 1TB - Iydiom 1M
H
- [ -- - - -- -- -- L1's L1°S zonb11 S9TYITd
| * 931seEM - TIIW BurzTuEAT®EYy
- -- -- - -- .- - 8°01 8'0T ?3pnis - TITW BurziueATey
. ——— e |
u - 0922 889 0s2 M 0v01 0¢L2 09.2 zg°s AN a3pnls - TITW Burierq ury
M £°09 <8 1°1 261 | 6LI |S£°L Lz «8°72 8¢t aonb1 Y314
q M ” 931seM -~ TITW 3UTTTIOY PIOD
m .
L~ - -- Rl S S - z50°0 zS0°0 2783S - TTTW BUTTIOY PTOD
4 e
- -- -- R 910 910 a3pnIs - TITW BUTTIOY PIOD
IR T4 6792 ¥S1 32 0LIS, vz 80z ¢ 81 £ 81 8T®dS - TTTW BUTTI0Y 304
b +
6T SY 699 | 0S0T £S 08Z¢; Z€T : 86T VLT YLl °3pnIs - TITW SuTITOY 30H
-- - [ - o - - - L8 L'S 91808 - 193SB) Snonuiluo]
y - -~ -- M -- -- -~ - {0 v01°0 23pnIs - I931SB) SNONUTIUO)
= +
08101 S hAY 8 | SBE | OT¥S 6y | 8I¢ 6"ty 6 by aTeds - TITW Arewtly
B _ A
-- -- - - -- i AR 181 e8pn[s - [IIN AXewrig
H RS
-- £°69 094 _ FAS O 08Zs! 8.2 €Lg 1 Z'sg z'sg 3e1s - 314 3uryeog
9SB3IY uz qd ~ ™~ m u “ nn N 5 dy) andang [passsdoxd a31sem Jo adLyp
8 110 ! | £3ti108g | 10
“ B 3o poonpoly
' wdd) sxo3oeq uwor3leIULDIUO IN/3y | 1983S 3O
(mdd) 3084 uol 0] /3
SIO012Ej UOTIBISUDY

SINVTd 1341S 9 NOYI - SYOLIV4 NOILVYINID JISVM
(penut3iu0))

¢ 474Vl

22



- - - - - -- m -- ~ 006°9 , 91BIg - I93ISEB) SNONUTIUC)
i -
-- - .- -- - — - Am z'z8 , 93pnIs - 193SE) SnonuTIUO)
- [ U H = Lﬁ —
| LT19 L6°1 2s°¢ YA 82¢ N.mmw €61 m 009°09 a1ed8 - TITH Axemrtad i
H }
! T i
P -- - 4 - -- -- ., == toozsz 93pnis - TITW Axewtag |
‘ T AL LIy L oTete 062 $°ST: S°0Z ' 006°PS | 3els - 2114 Buryeog
S S - L} . Lo e e o P i : H
: T ; : !
-- _ 6°8S vve M £e'1 8y Z6'% ' L°IT . 0SE°Y xw a8pnIg - odeuwang STIINIY |
+ — —t— t —4
- €19 SST| LS'T €, vTIT|€8'% | 00v°9 1S0g - @d'UING DTAINVIY
. B m kS .
-- ] S8°F 96°1 | s2°¢ S£0¢ 178 682 ; 000°09 2eys - adewang dT1309[F |
7 ¥ ’ 2%
-- j 6v¢ SYTl 05’y 95¢ Z0°9 S'¥Z ' 009°vg ; 93pnis - adrwIng usBAxQ orseg |
— !
Y T 1 . !
-- {S81°0 8800 | 910°0 L0°1 | ¢10°0 !150°0 087 Isng - sdeuanj usBAxp orseg |
L L ]
M k ! ) i I
- s oLy 8v'¢ ; ¥S'€ y90Z1 | 80°6 | biS| 000067 | Bels - soeuing uaddxg oTseq
-~ §Sv A 4 0S°1T PRT 9r°T | 61°C W 000°6¢ ﬁ 33pnyg - adeuIng 3selq
-- S AL €8°L ' 6¥'T 822 w vz | oy | 006°St isng - adeuang 3iselq
T T
-- LS"y 0°21 . T°v>™ 049Y ' TtTIi) 1792 000°LSS Je1s - adeuang 3serq
. -
0S2t ¥65°0  881°0 \M ¥€0'0  829°0 u SZ0'0 [290°0 | 0079 33pn1s - UAQ 30D
T esealn uz ad 1IN uw , R) EER )
% 110 . 23sey jo
; (1) s3usniTisuo) snopiezely AITBIIUS3IO4 Jo L1T3uend »pﬂwwwww

=INVTId THALS ANV NOMT T¥OIdAL 19 STvnaIs3y 40 NOTIVYANTD ATEVIA
9 FTEVL



V4

o ®
. o ® ® ® .
*SU03 A0YS 03 IIXSAuU0D 03 1°'T Aq Ardrirtny
‘sa13tiuEnb A1TEp uUTE3qOo 03 S9¢ Aq IPTAIQ “p 2[9el UT USAIS
saIn813 uorionpoxd [enuue U0 paseq S diqel ur usaiB szoloey
UOT3IBIJUIOUOD PUBR UOT3IBIAUAT wWOIJ PIjBINI[Ed S2TITIUEN),
i ;
i -- -- -- - ! - - -- 99 IonbtT 31YO1T4
21seM - TITW SurztueAlen
-- -~ - - ee e -- 0s€‘T 2fpnys - T1TW 3utzruBAtE)
- o _I = 3 P - .N _ 2 !.i%ii«...!uvﬂM
-- [ 0Z°( " 39¢°0 - S€I'0 . £SS°0 YT, AN z¢s 3Zpnis - TTIW BUTIEY4 url
,,,, R S : S U S SPPYAS Sy
201 | Z€T°0 . 870°0 ' 90¢°0 . 98'T . L1170 €0Z°0 00091 aonb17 91Y21d
| w : a3seM - TTTW SuI(I0¥ PTOD
-- -- - - W - -= -- V9 | 31838 - TITW Buriioy plo)
e -~ - - e -- i1 | 98pnls - TTTW 3UTTTON PIOD
i M : T = -
| ©Z68T 19880 L0"S 0°'81 vOoT! €076 $8°9 006°Z¢ _ 37828 - ITTW 3uriroy 30H
Wt | o1z 62°¢ Z6L°0 £°0T | L2L70 0Z9°0 (N 98pnTs - TTTW Suriioy 3IoH
3sBaIH uz ad ™ uy ny D () 31seM Jo adA]
3 110 91SBM 3O
Lit3uend
(i) sausniTisuo) snopiezey A[TeIUalod Jo L3ITIuEny 1e30}1

INVId TH4IS NV NOMI TVIIdAL A9 STVAAISTS JISVM JO NOILVYANTD ATYVIA

(penuTiuc)) 9 FI9VL

<
~



Using state-by-state production capacities as previously given
and waste generation and hazardous constituent factors per unit of
product as previously given in Table 5 estimates were made of the state,
regional, and national land-disposed wastes and hazardous constituents
from iron and steel production. These estimates are given in Tables 7a
to 71 for 1974, 1977 and 1983. Extrapolations of waste quantities to
1977 and 1983 were based on an annual growth rate of the steel industry
(and accompanying residuals generation) of 2,1% from 1974-1977 and 2.5%
from 1974 to 1977. This compares with annual growth of 2.5% predicted
by the industry over the same period (Reference 9).

Tables 7a to 7¢ contain estimates of the total quantity of
slags from all sources {blast furnace, BOF, open hearth, electric furnaces,
soaking pit) which are or which will be generated in the iron and steel
industry in 1974, 1977, and 1983. Although practices may vary widely
from plant to plant it is estimated that approximately 90% of generated
slag is processed for recovery of contained iron and steel and then sold
for usc as road fill building aggregate and other purposes. It may be
stored for many months before use. The remainder is open dumped.

Tables 7d through 7f gives estimates of sludges generated from
all sources in the iron and steel industry for the years 1974, 1977, and
1983. Approximately 55 percent of the total sludge generation originates
from wet scrubbers of the blast furnace and is considered non-hazardous.
Approximatcly 70% of blast furnace sludge is recycled to the sinter strand
for recovery of iron.

Approximately 20% of the sludge estimated in Tables 7a to 7c
originates from wet emissions controls on BOF furnaces, 10% of which is
rcecycled to sinter strands. In total some 75% of estimated sludge
generated is from blast furnaces plus BOF furnaces and is not considered
potentially hazardous. '

The remaining 25% of the sludge estimates given in Tables 7d
through 7f consists of sludges from electric furnaces, galvanizing mills,
primary and secondary rolling mills, lime pit sludges, and tin mill
sludges. These sludges are considered potentially hazardous.

Tables 7g through 7i contain estimates of the total quantities
of dust gencrated by the iron and steel industry for 1974, 1977 and 1983
through dry emissions controls on blast furnaces. Approximately 57% of
the state, regional and national estimates consists of blast furnace
dust. Approximately 90% of blast furnace dust is reccycled to the sinter
for iron reclamation with the remainder being placed on land dumps.
Blast furnace dust is not considered potentially hazardous.

Approximately 12% of the dust generated in the iron and steel
industry is from electric furnaces and is considered potentially hazard-
ous. Electric furnace dust is not presently recycled. The remaining 31%
ot the dust quantity estimates given in Tables 7g through 7i consist
predominantly of BOF dust with 2 small percentage of open hearth dust.
BOF dust and open hearth dust are not considered potentialty hazardous.
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Tables 7j through 71 contain cstimates of quantities of scaiy
genesated in tae iron and stecl industry trom hot rolling wmill, cold
colaing mills, primary mills, and continuous casting mills., It is osti-
mated that 80% of mill scales are recycled tor reclumation of iron
Cuaent,  The presence of high contents ot oil and grease prevents
compicte recycle, and for the same reason causes mill scales to be a
danger to the environment and be considered potentially hazardous. -

Tables 7m through 70 contain estima:es of the quantities of
speat pickle liquor (dilute solutions of sulfuric or hydrochloric acid
containing iron oxide and iron metal particles and traces of other -
metals) generated in the iron and steel industry. They are normally
disposed of by contract disposal services but may be regenerated for ®
reuse. Pickling liquors are considered potentizl)ly hazardous.

Generation of slags, sludges, and dusts follows production
patterns. The largest producers of total iron and stecl residuals and
potentially hazardous wastes from the iron and steel industry are the
states of Pennsylvania, Ohio, and Indiana followed by Illinois, Michigan o
and New York in that order. Alabama, West Virginia, California, and
Btah also generate signithicant quantities of total and hazardous wastes.

1.3 TREATMENT DISI'OSAL TECHNOLOGY

1.3.1. Current ‘freatment and Disposal Practices ()

This section will describe the prevalent methods used by the
iron and steel industry for the treatment and disposal of all waste
types be they considered hazardous or non-hazardous. Sections 1.3.2
through 1.3.4 will present more detailed discussions of the technologies
used to treat and/or dispose of those waste streams which ure considered ®
to be potentially hazardous. Waste types are discussed with reference
to the plant facilities trom which they originate.

Coke Plant. Land disposed wastes from the cokhe plant of an integrated
steel facility includes waste ammonia liquor, ammonia still lime sludge
and decanter tank tar, All of these wuastes arc considered potentially
hazardous because of the prescnce of phenols, and cyanides which are ®
susceptible to leaching. The ususal treatment of waste ammonia liquor
is input to biological wastewater treatment plants. This is environ-
mentally acceptable since the toxic constituent~ (phenol, cyanide) will
be detoxified in the bhiological treatment. Sometimes this waste is dis-
posed of in deep wells,

Ammonia still Jime < ludge and decanter tank tar are normally
drsposed of by open dumping which is not environmentally acceptable
because of the suspectibility to lteaching of phenol, cyanide and oils.

Blast Furnace. Residuals from blast furnaces include slag, dust from ‘
dry emissions control, or sludge from wet emissions controls. Slag is ®
usually processed for recovery of iron metal before sale as road fill,
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Table 7a

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL INDUSTRY
TOTAL SLAG, 1974 (METRIC TONS)

* 90% OF SLAG I8 PROCESSED FOR AECOVERY OF METALLICE AND THEN SOLD FON USE AL ROAD FILL, ETC
REMAINDER (S LAND DISPOSED, AND/OR USED AS FLUX SLAGSE FROM BLAST FURNACES, OPEN HEARTH
FUKNACFS, BASIC OXYGEN FURNACES, ELECTRIC FURNACES AND SOAKING PITE NOT CONSIDERED
HAZAHNDOUS ON THE BASIS OF CALSPAN SOLUBILITY TE8TS DESCHINED IN APPENDIX B

SOURCE CALSPAN CORPORATION
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{ STATE TOTAL TOTAL TOTAL DISPOSAL® CONSYITUENTS
GENERATED { POTENTIALLY HAZARDOUS METHOD | o= - o e
HAZARDOUS | CONSTITUENTS [ Cu F Mn N [ 2n
ALABAMA 2,066,500 $OLD AS 157162 11096 | 8530043 | 3852148 @29 | 171285 4130
ARIZONA 12,800 ozo:afsf:g TR/ ] 188 201 518.06 on? 240 097
ARKANSAS 6900 Aca ':,5“04"‘ 33.38 056 " ®0.52 om 023 ase
CALIFORNIA 1,870,500 OPEN DUMPED | 1,066.20 29.91 358106 | 36,496.00 3018 | 1485.05 a8
COLORADO 542,800 32682 2515 1268 88 8,837 32 1028 41.07 925
CONNECTICUT 36,000 138 43 443 5737 1464 22 244 (1) 273
DELAWARE 71.800 308 58 744 128 44 32N M (Y] 880 559
FLORIDA 30,900 148 00 244 6308 1563 51 187 1.0t 249
GEORGIA 46 500 176 37 570 7193 1,886 92 314 994 382
HAWAH 2,600 1193 0.20 508 126.26 0.13 0.08 020
ILLINOIS 4,587,700 4,663 28 250680 | 10,158 10 | 88,768 10 mMee | 40181 | 11337
INDIANA 9,931,400 1,260 03 590 | 2256800 178,180 00 18232 | 71197 | 19892
KENTUCKY 782 000 23158 “au 180440 | 1864720 97 7184 L AT
MARY LAND 3 182,900 270825 14229 | 845348 | 5248010 5076 | 22784 08.01
MICHIGAN 4,611,200 2 708 97 20878 | 1043190 | 71637230 %617 | 386 78.86
MINNESOTA 26,200 12191 198 [ ] 127383 138 082 203
MISSISSIPPL 8,700 4208 LY ] 1741 4168 9a7 o2 [R4]
MISSOURI 147,900 564 12 " 2% 47 6,000 06 1001 2048 nn
Niw JFABEY 62,000 264 68 LYY 1o 27913 302 289 40
NEW YOt 218 300 1,407 80 1240 aJps el | 4211140 4900 | 20088 4340
Nt ARDLINA 8 Bot 1232y 12 YR ) 1,203 08 t o4 208
(eI 14 1M 10,448 10 o4 32 2133000 2101300 ™My "3ss 27068
UKL AHOMA 28 400 14164 232 ool 1,486 3 1ue (3] 7
DHELUN 48,300 1res 589 1378 188245 ERE] 992 s
PENNSYLVANIA 14 033 600 1301020 70038 | 2090000 1270448 00 28043 | 1,41.38 | 338.82
S CAROLINA 41,800 20024 3z 8490 2,102 80 24 1.3¢ 3.3
TENNESSEE 14,600 7058 118 20.80 740.90 079 048 118
TEXAS 971,500 2,382.68 8327 1,747.62 | 30,808.40 4238 | 1438 50.88
uTaH 1,308,400 148398 6745 | 248687 | 20.081.30 293 | 11308 39.06
VIRGINIA 10,900 41.97 134 1740 44401 0.74 2.10 083
WASHINGTON 82,500 31890 w0 13136 35233 558 158 s.2e
W VIRGINIA 1,769,700 # 904 53 6732 | 440198 | 28861.20 2.2 883 2458
EPA REGION
1 36,000 138 41 44 67.37 146422 244 a4 2.73
o 2,790,300 1.73256 12883 | 646750 | 4492113 5282 | 20845 48.23
m 19,078,800 16,859 53 01877 | ADDOLI0 |NBAIISE WOAB | 147095 | 43704
w 3816400 3,158 46 oe9 | 758588 | 6119798 473 | 28722 2006
Y 30,179,600 2518815 (146250 | 66535.38 [540,960.23 01831 |2.340.64 | €69.06
144 1,013,800 2537.60 86.14 182172 | 3244527 4433 13878 53.61
w1 147,900 568 12 1816 235 47 6,000.85 1001 2848 1122
ym 1851 200 1,808 67 e260 | 374378 | w862 3948 { 15423 4831
s 4 1,885 800 192591 or8s | 380831t | 3713731 6018 | 150.62 4768
X 120,800 o408 1802 208 11 [¥:7% ] [3]] 24.80 34
NATIONAL TOTALR | 60,520,600 1 1} 5421328 ;;' 0 o 124048 ;:ua‘nz r 1219.68 (4.703.10 |1,300.47
- -1 R (RS S EU .




Table 7b

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL INDUSTRY
TOTAL SLAG, 1977 (METRIC TONS)

f SUATE YOiAL TOTAL TOTAL DISPOSAL® CLUNSTITUENTS
GENERATED] POTENTIALLY HAZARDOUS | METHOD | ~~- - ===y« < =ooops = g =
1 HAZAROOUS | CONSTITUENTS [ Cu ¥ Mn [ Pt Tn
ALABAMA 2,826,500 SOLD AS 1,666 81 11762 | 560166 | 3871250 4801 | 18288 8045
ARIZONA 135620 “0‘3:‘“ 5170 167 2142 54701 0.62 264 102
ARKANSAS 7.350 BUILDING %38 068 1408 37158 040 024 058
CALIFORNIA 1,771,000 “’“';‘,‘,f“‘ 1977 11 @31 | 37591 | 3868687 g1 | 15693 4827
COLORADO 675,400 n?ﬁv”so ;U5 37 2966 | 133228 | 9,15656 wer | 4364 280
CONNECTICUT 28,200 148 72 X 6083 1,662 67 158 738 290
DELAWAPE 76,130 269 749 11014 A2 22 469 ¥ 32 593
PLORIDA 32,1710 157 83 25w 6084 1881 92 17 107 204
GEORGIA 49,230 189 07 606 3 2,000 14 33 0A8 in
HAWAL 2625 1284 on 510 132 78 014 000 021
HLLINGIS 4877500 494108 26563 | 1076565 | 9408147 | 11829 | 42570 | 12018
INDIANA 10,627,300 7.686 64 47361 | 2391169 [188,97080 | 193.26 | 75469 | 20788
KENTUCKY 829 000 27299 4711 | 200806 | 1764603 2084 76 16 03
MARYLAND 3 394,500 | 2,540 03 15082 | 684068 5,586 05 8228 | 24151 7209
MICHIGAN 4781900 | 2.809 39 22132 | 1106787 | 7893554 9028 | 36206 8143
MINNESOTA 26700 ’ 128 59 IEl 6446 | 136026 | 144 oe? 2
MILSINGIPPL 0 240 ’ 44 b 07y ALy Auk 1 J 50 030 are
I MIBNOUNE ILLE T8 602 41 19 24 249 60 a0 4a4 10 81 kRl ] 1189
NEW JF HBE Y LA 200 6¢ (.31 117 29t/ 1t 40 8.06 b6.12
NEW VOUK 2802 bt 1856 96 12876 | 6,5801 | 4466938 193 | 22 @
N CAROLINA JRY ] 13062 214 86 32 13182 V46 089 218
IO 11 /84,000 1107287 68758 | 2473610 (2221978 | 26207 | var3y | 28802
| OKL AHOMA 31,180 160 03 248 8366 1,575 53 188 102 295
OREGON 49,120 188 63 LY 788 1,996 40 IR v48 373
PENNSYLVANIA 14,876,500 13,790 81 74241 | 3178972 {286,674.90 | 31633 [1.20086 | 358.16
RHODE ISLAND NA NA NA NA NA NA NA NA
'S CAROLINA 44,060 21226 348 69 89 2,226 82 238 144 355
TENNESSEE 15,530 7479 13 3167 785 35 684 (11 126
TEXAS 1,036,100 250444 8827 | 185248 | 3244480 449z | 14268 5372
UTAR 1,386,900 157288 7160 | 263608 | 29,766 18 066 | 11984 41.41
VIRGINIA 11,500 4449 1462 1844 470.68 o7e 223 088
WASHINGTON 87,470 336 91 1074 138 23 355347 5 92 1884 663
W VIRGINIA 1,875,900 968 80 7138 | 468810 | 3068227 2768 | 16264 2607
I SR SR SRR PO, WU S
£PA REGION T
1 38,200 146 72 469 6081 1562 07 258 735 290
n 2,967,730 183661 13666 | 686555 | 47,616 39 5698 | 22096 5113
m 20,223,620 17,658 10 97300 | 4345108 37675969 | 41176 156556 | 48412
o 1,833 44 ) 3,347 96 18095 | 804068 | 6486993 92 | mn 84.86
v 31 494 400 2060948 |1658026 | 7062771 |eB2867 80 | @6z 93 |249082 | 696 61
v tor4 610 208888 (1R 193103 | 3439108 4700 | 14392 s 82
14 156,800 602 21 1975 244 60 6170 44 10 61 30 1% 1186
wn Lu6e S0 i 199828 98 (. Yhha 37 1 38U /4 f 4164 163 28 s1 2
X 1787 140 204145 8719 382269 | 39,385 66 4257 150 88 6050
X 136,680 524 b4 1877 MmN 5,648 87 924 2% 436
p— il o -~
Lunmnn TOYALS | 64180880 ) F . ._Ln,uf 03 .3 19903 139,124 84 1.|3:,:u i lv,:asia: :.u:—m:!,anw“~

*DISPOSAL PRACTICE FOR 197718 ¢ XPECTED 10 GE EESENTIALL Y THL SAME AS CURRENT PAACTICE
(SEE 1974 S1TAG TABLE) INCLUDE SSLALS LHOM BEANT FUKNALES OFIN HEARTH FURNACES BASIC
OXYUEN FURNACES, BI ECTRIC » UIINALES AND SOAKING PITS SLAG CONBIDFRED NON HAZARDOUS
ON RARIR OF CALRPAN RO HHIELEY TERTR OFSCALEE O 1IN APPENDIX t

VOB E T AYWPAN TORPONA DION
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Table 7¢

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

FROM IRON AND STEEL INDUSTRY
TOTAL SLAG, 1983 (METRIC TONS)

—
STaTE H TO1AL TOTAL TOTAL DISPOSAL® CONSTITUENTS
GENEAATED| POTENTIALLY HAZARDOUS METHOD
. HAZARDOUS CONSTITUENTS Ce Cu f Min L] [ Zn
ALABAMA 3,279.800 0 o SOLD AS 193297 | 13648 6,604 46 4492108 56 11 21218 68 54
ARIZONA 15 700 NOAg:As‘ 0 99 194 2488 63474 108 3.08 1R}
ARKANSAS 8,500 A'é.‘i'z';z';'fh 4106 087 ”» o 048 (¥ (1]
CALIFORNIA 2 064,700 2279420 11068 | 440480 44,800 20 [T RY) "0 s717
COLOKADY 887,700 OPEN DUMPED] 40578 | 2042 | 184598 | 1082390 120 50.84 N
CONNECTICUT 44 100 17026 544 7087 1,800 99 100 83 %
DELAWARF 88,300 i ow 915 157 08 38746 5.44 1082 (%}
HLORIDA 38,000 18314 300 58 192312 208 124 308
GEOHGIA 97,900 21940 704 90 04 232001 kY 1) 11.00 [¥ 1)
HAWAH 3,000 ey 0.24 02t 164 07 (31 010 [F.]
ILLINDIS % 86b,100 573581 1 30023 | 1249660 | 108,170 00 13728 48397 130 48
INDIANA 12 215,600 891813 | B405A | 2774850 | 2198140 72425 878.73 m 2
KENTUCKY 281,900 1071300 BB 2,330 11 20,476 08 240 837 257
| MARYLAND 1,827,300 247m | 17501 701 84,524 00 1227 %028 8165
MICHIGAN 6,548,800 332067 | 26682 | 12871 24 88,113,889 104 78 420.11 9484
MINNFSOTA 11,000 1o 21 248 319 1566 81 187 101 240
MISSISSIPP) 50 700 8173 O Hh net ©43 23 o068 036 0,86
MISSOUR) 182 000 o8 70 2134 28081 1302 12 21 01 180
NEW 2t HREY 16,300 EPLY Y 166 148 99 143137 am [ XY
NEW YORK 3 360 800 180548 | 1h0 66 7816 63 0182182 60 76 24706 5338
N CAHULINA 31,500 151 67 249 64 20 159100 170 103 282
OHIO 13 670,300 1284270 | 6R1YY | 2870206 | 268,439 00 29318 1.009 23 3294
OKLAHOMA 36,200 174 00 286 7178 1828 21 1985 118 20
OREGON 67,000 21088 100 a0 12 25 a 188 1087 an
FENNDY] VANIA 17 261,200 18.00260 | BB1az | Junsgor | sa2anvou 8707 140390 Qs
i NGO 151 ANEE |
! CUAMINNA N1 { 248 30 a9 104 4 2R 27 1 187 17
[ oromne a6t 181 ne 0 147 [ 911 1 aar (IR tan
| NUKAY 1 202,300 | 290610 | 10744 214067 37 648 33 8212 186 54 833
| uran 1 600 300 ( 1826 4 8297 2,068 85 34 540 OO 3568 139 06 805
1 vinginia 14,400 i 5162 164 2140 946 13 091 259 102
1'wAsm~muN 101 500 ' 389 78 1248 161 96 412337 687 18 54 170
r W VIHGINEA 2176 100 i 111287 8231 6474 44 46 A4H6 96 32 12 118 10 3025
£PA HEGION ’ f N s SR . ’ I A I
1 44 300 17026 544 7087 1,800 90 300 883 336
i 3432.100 213106 [ 16846 7,986 02 65,262 99 8498 258 40 32
m 23,486,900 2049122 (113008 | 5041987 | 4370335 (Y22 1] 1.816.66 63855
v 4,448,100 18849 | 20008 9,330 24 78271367 (1] 64l "was
v 37,120,800 3000142 [1,70887 | 8183876 | 67646100 78113 2,800 08 81084
hrid 1,247,000 312126 | 10698 224071 0.807 84 8483 167.00 6593
prass 182,000 006 70 2234 249 63 1.%2 12 un 207 1290
wn 2217 000 22890 | vniwo 4604 01 46 183 90 a1y e /o 8042
hs 4 2073.400 230888 | 11277 443676 45,819 01 o 195 26 (1]
X 168,600 808 .88 1948 28228 84278 107 3051 12,02
NATIONAL TOTALS | 74 460,100 ] ’ 6668230 [ 367724 |16143744 | 1,390843.48 | 15739¢ 6,906 61 1,720 12

*DISPOSAL PRACTICE FOR 1983 1S EXPECTED TO BE ESSENTIALLY THE SAME AS CURRENT PRACTICE
(SEE 1974 SLAG TABLE) INCLUDES SLAGS FROM BLAST FURNACES, OPEN HEARTH FURNACES, BASIC
OXYGEN FURNACES, FLECTRIC FURNACES AND SOAKING PITS SLAG CONSIDERED NONHAZARDOUS
ON BASIS OF CALSPAN SOLUBILITY TESTS DESCRIBED IN APPENDIX B

SOURCE CALSPAN CORPORATION
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Table 7d

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

FROM THE IRON AND STEEL INDUSTRY

TOTAL SLUDGE, 1974 (METRIC TONS) DRY WEIGHTS

PR o
‘ STATE TOTAL TOTAL TOTAL DISPOSAL® CONSTITUENTS ot PHENOL
GENEAATED POTENTIALLY HAZARDOUS | METHOD [}

l HAZARDOUS | CONSTITUENTS cr Cu Mn Ni LY o ca ¥ GREASE
iuamlx 190,300 9530 182043 OPEN 3413 | 1698 260 38 AER 30907 | 19007 288 | 1mAS 20232 »ne
ARIZONA 02 %5 299 "}',",‘," 0z | 018 347 [ 3] oee 104 NA on 897 NA
ARKANSAS 141 %3 190 RECYCLE a1 | oo 201 0.06 oa9 oM | Na 0.20 w NA

CALIFORNIA 07.740 24 430 996 28 2400 | 158 4158 an wotz | rzeom | 11 | 137 194181 w1z
COLORADO 43.040 10,900 366 ] axn 27884 EY-3 %06 137 cas 873 88 55 a0
| coNNgEeTicuY 1880 a0 (YY) 012§ oay (1Y) on 194 296 NA o8 V788 NA
DELAWARE 1.800 ©o 813 180 | o8 2017 064 a3 ‘e NA 182 p T ] NA
£LOAIDA 850 213 7e8 oes | 033 e [ 31} n e NA om “we NA
GEORGIA 1.400 %0 W06 093 | 059 1280 G 38 250 382 NA 108 e NA
HAWAL 8758 219 117 006 | 004 o84 003 0z (%] NA 007 315 NA
ILLINOIS 321 300 80,330 302206 9782 | 3976 t 788 68 3074 ew9s | 302182 356 | e058 6.008.77 50.73
| INDIANA 736.900 184,000 6,844 98 2123 | 2006 1564 48 6444 | 138819 | 750068 823 | 90254 1349170 117.36
KENTUCKY 80,640 15 180 51274 w17 | 748 346 61 e 120 42 602.54 0.54 na we.r8 784
MARYLAND 108,080 27,270 2.148 59 3871 | 2448 90138 16 20 930 | 242666 2868 | 2387 4567.36 4083
MICHIGAN 348,100 87,280 327500 9218 | 3803 190032 | 3047 68800 | 328247 403 | 47920 [3 7.3 4 s1A0
MINNESOTA s14 129 440 ose { 028 732 017 177 2.68 NA 073 14.08 NA
| MISSISsIPP) a87 122 239 01| ot 254 006 o8 093 NA 0.2 .87 NA
MISSOUR: 3950 1] Jqes 296 | tes 4041 123 796 12.18 NA 3 "z NA
NEW JERSEY 1580 298 1568 130} o 743 047 3z 576 NA 157 31.87 NA
NEW YORK 217,000 64,250 208 5697 | 2162 1,169 47 1842 41047 | 200083 248 | e 402656 ®n
| N CAROULINA 452 13 636 066 | 027 718 01§ 174 268 NA 07 1210 NA
‘ OHID 719,200 179 800 7.208 70 16733 }100.26 2,390 30 8451 | 120003 | 503148 | 835 | B0 A5 10 12618
OKLAHOMA 800 150 804 o8 | o 854 ot9 208 32 NA ues 1840 NA
OREGON 1100 2715 1093 092 | o0&8 1286 038 249 381 NA 106 2181 NA
PENNSYLVANIA 901 300 225,300 9.00013 21848 | 13008 4372 8164 | 166619 (1024210 | 1081 {107362 18,1140 156 56
RMODE 18LAND 204 s10 co3 NEGLIGIBLE 002z ~—  NEGLIGIBLE —— NA NA on NA
S CAROLINA #70 23 war 0ot | 045 11.83 02 284 435 NA 120 19.86 NA
TENNESSEE 600 126 401 032 | 017 426 010 103 156 Na 042 818 NA
U texas 33650 8410 386 4n eo t 88y | 2007 %93 6145 439,43 ll 933 2388 762 00 466
uTan 61,360 16,340 731 38 ses | 910 | 21350 sS4 10684 | 100533 | o0z ‘ §6 03 181050 1307
VIRGINIA 72680 af 0 2nn 0322 014 ! im ooR [ 08 * NA 825 6514 NA
WALHING TON 101 Fre Ty an 106 2764 6B \ O] ‘ L Na ; " R w4 Aot
WOVHRIGENIA LRI TR 1w, nlRG um LRUNI) 4 ! PN l P oA SR Iv LRCY '\ 204 1A JEHLY 27 w2
N ERA REAION ‘ i |
' 1 & 004 [¥3] A 012 nay »on LR 104 { 8 NA an 1788 NA
u 218,080 ey (E7 wrarl aw 1,176 90 e Loara b uon 8 \ 748 | 9610 4 0b8 22 3 31
m 1200820 297 388 1267808 a6 18781 608305 | 11217 | 231281 | 1400040 | 1837 {15160 sI3re 200
g 263,800 46,906 248092 8846 | 2633 1,264 17 2091 440.32 | 251884 a2 31428 32003 &% 90
v 2126 004 531,639 20,366 13 56910 (20630 | 1082101 { 18033 | 332696 |2921213 | M 67 {2844 41,008 62 %147
: heod 34,391 8.596 639 1240 | 1002 mae 817 70 10 5329 033 3093 2.3 408
! pi g 3950 (13 3488 295 | 189 404y 123 798 1218 | WA 3 »ne NA
| hieid 106,300 2320 112603 1796 | 1343 44234 906 18749 | 1,396 70 140 | 1278 230046 19.97
! = 98,130 2 527 100044 2491 | 180 47800 985 19107 | 120204 113 ] 11403 196073 112
I 3,063 78 ’10‘39 o 287 104 892 | 1058 | Na 20 80 65 NA
NATIONAL TOTALS] 4 124,812 1,006,175 ! e 108060 (57636 | 2042020 | 37698 | 7.508 74 |43456.48 }L 4860 |5,03640 | 9083102 [ /7]

*APPROXIMATELY 86 PEACENT OF THE TOTAL SLUDGE I8 FROM THE WET SCRUBBERS ON THE BLAST FURNACES
PRAOBABLY MORE THAN 70 PERCENT OF THIS 1§ RECYCLED VIA $INTERING O OTHER AGGLOMERATING PROCEGSES

ABOUY 20 PERCENT OF THE SLUDQE 18 FROM BASIC OXYGEN FURNACES, ~ 10 PERCENT OF WHICH IS

CUBRENTLY RECYCLED BLAST FURNACE SLUDGE AND BOF SLUDGE ARE NOT CONSIDEAED HAZARDOUS
THE REMAINING SLUDGE (26% OF TOTAL GENERATED! IS LAND DISPOIED AND CONSIDEAED HAZARDOUS
THIS CONSISTS OF SLUDGES FROM ELECTRIC FURNACES GALVANIZING MILLS PRIMARY AND SECONDAHY

MILLS, DECANTER SLUDGE, LIME PIT SLUDGE AND TIN MI{L SLUDGE

NOTE NA DENOTES THAT DATA WERE NOT AVAILABLE

SOURCE CALSPAN COHPORATION
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Table

Te

FROM THE IRON AND STEEL INDUSTRY
TOTAL SLUDGE, 1977 (METRIC TONS) DRY WEIGHTS

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

STATE L TOTAL TOTAL TOTAL DISPOSAL® CONSTITUENTS o PHENOL
ENEAATED POTENTIALLY HAZARDOUS METHOD &
HAZARDOUS | CONSTITUENTS ce [ e " [ 2n cn € GREASE
ALABAMA 210,200 52,550 2p4202 OPEN 3619 1798 91200 | esa 32762 | 291908 | 084 | 24219 445448 058
| AmizonA 120 0 17 °g;" 07| on mn [31] 072 1" NA 0.30 833 NA
ARKANIAS e 38 20 RECYCLE P31 ) 208 114 0.08 081 on NA (33} 40 NA
CALIEGANIA 103810 28,000 1,008 08 2008 | 1084 a9 10.29 20083 ] 327278 § 10} 06 2,080.1% 17.08
COLORADO 48870 11,840 a1 | ase M287 147 L X' arees | 06t 120 .92 1))
CONNECTICUT 1,990 a8 920 o717} owo 1004 033 208 318 | WA nae 1.0 NA
DELAWARE 1,700 ar8 (LR 19| o092 HIF ] 067 Y] 7208 | NA 19 »76 NA
+LORIDA 900 22 814 070| 035 9.20 019 223 344 NA 098 5.0 NA
GEOAGIA 1,490 373 et owd | o063 1348 [ 21} 268 €.08 NA 11 2y NA
HAWAI 93 23 124 007 004 o089 0.03 023 031 NA 0.08 Im NA
ILLINOIS 340,560 85,140 3203 37 9308 | 4108 186411 3258 64858 | 320313 377 | Ass02 642972 8377
INDIANA 780,000 196,000 7.265 67 22391 | 128 22 377835 | 6831 | 14280 | 796390 | 873 | 967.01 14,343 80 12438
KENTUCKY 84,280 18070 84361 08| T8 387 41 840 1278 532.08 087 810 1017.34 308
MAHYLAND 221,600 5,400 2271761 03| 2598 o546 | 1717 37028 | 287214 { 104 | 2809% 443 70 4328
MiHIGAN 370,000 92 800 Jars0 sren | 318 20144 un M08 | 344782 | 4271 50798 a7 0096
WMINNESOTA 548 198 730 ose| o030 1T ow 107 284 | NA 077 1490 NA
MISEISEIPPI [31] we 283 0| o0 260 008 “oes 008 | NA 027 817 NA
MISSOUNI 4190 4,080 .08 313 200 4204 130 043 1208 | NA 354 s NA
NEW JERSEY 1,880 420 1082 130 om0 1840 080 400 610 | Na 147 38 NA
NEW YOHK 2% 600 87 500 2128 13 8931 2282 122904 1983 410 | 212088 | 283 ] 31228 4268 14 1743
N CAROLINA 40 120 e S0 | o2 782 018 185 288 | NA o.m 1282 NA
OHIO 782,300 180,680 764123 17738 | 108.27 369872 | se3s | 136743 | es13ny | e3s | evva2 18,704 00 "
OKLAHOMA 638 19 877 o8| 036 005 020 21 n NA 090 1738 NA
OHEGON 1170 203 1188 088 [ oe 13.42 041 284 404 NA 11y 2312 NA
PENNEYLVANIA 966 400 234 860 0,540 13 23166 | 13707 | 457042 | 9654 | 178610 |1085663 | 1157 [ 124804 19,198 10 184.90
HUGOL (5LAND 718 o4 004 NEGLIGIBLE 002 - NEGLIGIBLE NA NA 032 NA
3 CAHOLINA 1030 s 1100 o o048 1284 o 10 a8 NA 27 083 NA
TENNESSED (T 142 4 [ ] 0w 451 010 oy 1 bh NA 045 a&7 NA
TERAY »or 8920 40857 1230 1019 2127 628 71160 47690 03 3167 80781 404
i AH 46 40 16 260 ne 27 7286 64 2@ N 573 11325 1065 65 09?7 %8 33 1,600 08 138%
VIRGINIA 276 a8 213 622{ o018 316 010 062 098 NA 026 545 NA
WASHINGTON 2,080 520 2063 178 112 2% 072 470 719 | NA 187 4117 NA
W VIRGINIA L 168,700 41,880 1443 88 60380 | 3420 8680 | 1558 31095 | 144614 170 | 21683 281 Ww
b —_— . - P — ~—t—t- —_—t e e -ard
fPA REGION
t 2 208 562 924 077} 080 10.58 oy 208 314 NA oss 1873 NA
n 221,880 87,920 214338 wrwi 2312 124752 | 2003 4%10 | 212608 | >283 | 31308 430171 | ) 43
m 1,345,876 336424 13281 46 33637 | 190900 841622 | 11996 | 245157 (1488292 (31831 (100207 | 2686440 | 223238
w 279 426 0857 282080 6943 | 2792 132842 | 2218 408.7¢ | zoe88 [>341{ 33312 656796 | 4804
v 2,263,408 563368 757907 69284 | 31406 | 1125829 | 20174 | 438160 2332088 (X285 | 280297 | 404868 ; dI2 77
u w456 (X1} M9 1315 ] 1062 22394 883 N 48049 | 503 nn 2929 dam
w 4,190 1,080 3698 33| 200 “2u 13 LY} 1289 | NA 3854 7380 NA
i 1M1 27,500 119264 1908 | 14.23 ass s 980 19873 | 148060 | 148 | 11953 243700 2118
x 104,023 26,003 106047 42| 1708 50488 | 1043 20248 | 127417 {5120 | 12088 208778 | 1708
X 3250 813 22 2n! 1w nxa 113 734 123 | NA 100 4.2 NA
NATIONAL TOTALS| 4,371,922 1,002,992 4238446 111267 {61084 | 2150087 { 2321 | 601226 (4606284 (15153 {53347 K800 ( FTMIS

*DISPOSAL METHODS WHLL PROBABLY FOLLOW PRESENT PRACTICES (SEE 1974 TABLE) WITH GREATER TENDENCY

TOWARD RECYCLE

NOTE NA DENOTES THAT DATA WERE NOT AVAILABLE

SOURCE CALSPAN CORPORATION
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Table 7f

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM THE IRON AND STEEL INDUSTRY
TOTAL SLUDGE, 1983 (METRIC TONS) DRY WEIGHTS

R T Ly . ol
! HAZARDOUS CONSTITUENTS Cr Cu M NI P 2n Cn 14 GREASE
ALABAMA 243,980 00.990 230951 OPEN At | 2007 1,088.26 189 8016 | 2.469.64 33 | 103 s.10088 4705
SRIZONA art 93 Jes Dg:’ on 020 427 [ RX] 084 128 NA 038 738 NA
ARKANSAS 174 o 233 RECYCLE 018 | 010 248 008 o8 08Y | NA (Y] .18 NA
CALIFORANIA 120.200 30,060 122643 3028 | W86 580 06 1M 23345 | 147887 1391 1w 2.08.18 82
COLORADO 64,040 13.610 48419 13.67 533 28147 4 4% 913 18 (1) nn #7118 848
CONNECTICUT 2310 678 068 089 058 1223 039 2y 165 NA 1.00 2159 NA
DELAWARE 1970 483 2230 188 107 2481 067 § 3¢ LR NA 224 97 NA
FLORIDA 1,040 260 LY 983 | Tap 1068 032 289 399 NA 110 1758 NA
GLORGIA 1730 433 1247 114 | 03 1561 047 o1 470 NA 1 w8 NA
HAWAN 108 b4 144 oo 004 103 003 o2 03 NA 0.00 348 NA
LN 308 180 28 790 inrz 10807 | 4767 214307 a8y o2 | 368 4% | s 7.460 90 6240
INDIANA 908,900 228 280 8419327 982 |88 4384 31 7927 | 188863 | 922083 | 012§ 1,11080 16,843 99 144.34
KENTUCKY 74,590 18,850 63087 1300 | 918 42833 183 148 12 613 12 o088 »n 1,190.50 L
MARY | AND 197,140 790 264277 470 [ 30 1108 69 AT} 4964 | 208408 l82 FLAR1Y %806 54 L% -]
Poeschiaan 424 400 107 1ba 402626 1300 | 4431 233 17ar w22n7 | 400084 dve | ses a2 8,002 18 8t
! SHNNEROTA iz ns aar ocse 035 800 n20 Yy NA aea ne NA
. e oRRBIPKI 00 1o Y o on 312 ooy on tw NA LX) .90 NA
LUET IR ) 4 btics yiwe Ao 18y 13 AN A3 %) L2 (L} 3 NA LR " NA
NEW JERBEY 1,980 «an 929 180 | om ] [T aun 107 Na 183 ne NA
NEW YORK 267 000 &.780 24870 - e 1,426 18 26 248008 240005 2068 362.58 408208 Qaa
N CAHOLINA 1Y 19 182 o | 033 (10 vk 74 % NA (Y1) e NA
VMO 284,500 21 180 s 2008 | 12332 417007 T35 | 1506 /4 ) BEISIZ | 1009 | 1034 "222 60 188.22
OKLAROMA 138 188 e89 8o | oat 1050 024 254 184 Na A3 017 NA
OREGON 1.3%6 339 1344 114 [ 073 1557 0471 306 Y NA 1) 2882 NA
PENNSYLVANIA 1,108,800 277,150 11070 18 20870 {15808 §.30341 | 1004 | 204818 | 1250780 | 1342 | 132088 aam.oe 19134
RHODE 1SLAND 31 83 0.04 NEGLIGIBLE 002 NEGLIGIBLE NA NA 0.4 NA
5 CAROLINA 1193 298 1276 t1 ] ose 1456 041 348 537 NA 148 a7 NA
TENNESSEE 814 184 493 40 | 020 524 612 126 18 N 082 10.08 NA
TEXAS 41,90 0,360 2410 1427 | 18z 24008 728 8308 662 20 04¢ k3] 937.37 673
UTAH 75 480 18,870 299 860 842 | 119 26281 665 12111 | 123656 113 87 89 1258 70 1808
VIRGINIA 120 80 317 027 | o 387 on 072 LR1 NA 0.30 433 NA
WASHINGTON 2410 503 2394 202 %] 713 08a | 415 LR NA 220 a7 NA
W VIRGINIA 103460 48370 167310 ‘y 7055 | W68 1,004 88 1808 W82 | 1,678.08 197 mise 173897 28.08
EPA REGION —
1 2661 [ 1072 ose | ose W a1 2 365 Na Y100 273 NA
1 268,960 47,238 248700 7044 | 2782 144760 2324 BONSY | 248772 | 308 364 31 49901 81 >43.43
m 1,581 490 36t 183 41149 Ma9e {2310t T44B 26 | 1IW20 | 784474 [ 1726082 [ U1 | 196504 Mnizey | r2ees:
w 324 243 0non 08104 CYURE S 104283 wn batoa | 208617 | DIes | Jesss 0.449.32 > NAa
v 1014912 wd jin W HID WY ook (36343 Y003 B4 DAYD | 48R [ IRMNN OO M 10N 043004 i -1
W 42 302 1040 [ TEY) me | 1233 109 a8 109 8621 88758 [ >0 36 08 #0230 yan
wi 4860 1020 48 03 | 232 47 161 om [LY7) NA an #6 84 Na
il 120 b0 32 300 1384 19 1208 | Va2 b44 08 14 23060 | 12,708 1221 13870 14821 46 24.56
m 120,678 w18 1,230.60 3066 | w7e by 3 10 Dage ] 147881 | 138 M 2 41 > 1082
x 3,785 942 3718 316 102 41 13 881 1303 NA 188 1458 NA
| NATIONAL TOTALS| 8073322 1263355 wew | vaezzs Troest | 2emase | asean | omras |sansoss (reors Poosese | wasta | w2

*METHODS OF HANDLING SLUDGE WiLL PROBABLY FOLLOW CURRENT PRAGTICE, BUT WITH INCHREASED EMPHASIS ON RECYCLING
NOTE NA DENOTES THAT DATA WERE NOT AVAILABLE

SOURCE CALSPAN CORPORATION
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Table 7g

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID 'WASTE
FROM IRON AND STEEL INDUSTRY
o TOTAL DUST, 1974 (METRIC TONS)

: TOTAL TOTAL TOTAL . CONSTITUENTS
R g €l e ) N T I S T R N )
| #LABAMA 17 200 14 080 an 31':: % Y'Y nn 1,200.29 11.08 42738 1.008.08 o o2
- ' AAITUNA "o 1na Iy oR " " . “©.0 on 3.0 non [] °
| AMKANSAR o " " RECYCLS | e 120 Te n» 0.8 LR} Qe ] °
CALIFORNIA 12400 8,080 40 ”w a.nM » »nra nm» @4 | Jowo3 | 032 9.
o | cotonane 23,200 ) ” [ a2 | asr »u | 204 e | 200 | o4 [y
| conNgCTICUY 2,700 324 86 in .4 49 18.04 0.8 “.» nen ° °
i OELAWARE 8,080 728 122 [} "nn 1454 3754 148 148,40 57849 ° °
FLORIDA 2950 364 [ a0 57 714 12644 073 s 23402 [} [
| GEORGIA 3500 420 7 a%0 s | aw s | ose “zr | e | o 0
1 HAWAN %0 30 5 033 048 057 W01 0.08 578 arn o o
l 1LLINOIS 212,350 26,600 1410 [ 1) 12763 | 13050 386729 | 248 167048 | S00870 | 102 017
| INDIANA 418,400 £0.210 1740 10147 e 208 4,008.7 40.70 100271 | 6.98.98 23 038
KENTUCKY .800 4300 230 AT AY] 2120 2190 “sn o 29837 fase | om | o002
. ‘ MARYLAND 117,000 16,440 s M K b X 120008 1678 o | 3z | om 013
’ MICHIGAN 93,200 2180 200 037 s278 | M0 201 | wor ™62 | 1Lme0s | 116 ] ow
| MINNESOTA 2400 8 o I “n (2 1] 103.02 0.5 “ss 2140 [ [
| MISSISSIPPI 850 102 Y] tis 163 202 »72 0.21 2030 023 [ [
. MISSOUR! 11,100 1330 224 18.28 210 26 65 anzie 273 26840 | 100057 [ [
’ NEW JERSEY 5.200 524 106 720 1013 1256 mu 128 126.39 4943 0 °
MEW VORK 16,100 13810 264 EZY urm 1% (WA T3 94n 9 32 ;mes2 | on 012
N CAROLINA 2480 204 50 Im o 691 104 84 080 849 238.08 o [
oMI0 488,900 58,870 3 060 17208 24288 | Ma2 589578 | eset 182144 [1596000 | 284 041
. OKE AHOMA 2400 138 87 00 847 (343 120 18 LY [ 3] 24008 ° [
OREGON 3400 e 0 4 av (¥} Wz e 0.08 04.07 2.0 [] []
FENNSYL VANIA #08, 900 12.8% 1800 20104 mor m 0807 M 180 343787 1980220 I [ X )]
| oo 18 AND
! S CARDIINA 4 D0 aHo #1 L340 1 3 80 170 D6 o o8 88 38198 0 o
. JENNESSEE 1400 ™ 6 194 n 3 092 036 08 134.56 ° [
ERIRYYS S W0 6600 Bod 5292 no [T 1,536 84 1242 93453 | 448708 008 | o002
" utan 54 750 6570 46 n®» 208 2316 378 33 980 31074 | 294438 026 | 004
| VIRGINIA 800 [ 17 1 18 197 Mun 0.20 128 ™% o [
. WASHINGTON 6,200 748 126 852 1200 1487 263 37 182 149 72 80169 ° [
| W VIKGINIA 74,850 8,990 147 1357 nee 295 758 63 545 2121 22007 | O48 oo7
J £PA REGION
! I 2,700 124 56 In 5.24 649 1504 0.68 [ 3] % [ [
i 4 120,300 14,434 299 12 3488 26 61 1,507 07 w07e s157t [ 19828 | on 012
m 926,600 9,072 e84 258.54 38732 | 29038 9,417.27 | 10886 437823 le0m233 | 442 [32]
’ w 168,160 2079 a7 20 8704 (71 256207 wn 100036 | 432643 | 092 0.14
~ ¥ 1.318,250 167 948 6867 42484 86626 | 48000 14,07398 | 158.36 7213079 (32370 7.00 118
3 o 68,060 104 [T 763 “un a7 ¥ 1 BEEREE1) 10189e | 45307 oo | om
. | w 11100 1330 224 15.28 2nmn 2666 7218 2713 28040 | 100057 [ [
i 77960 9350 519 23.32 38 arr2 66187 3F ) 40632 | 335436 | 04 0.08
x 73 600 2834 564 »nrns 48.08 330 892113 1164 52827 62 032 008
R i x 9,660 1,158 195 (EEL) 1874 nn s 237 9 923.79 [ (]
NATIONAL TOTALS 2,663,750 19,642 15,378 92475 | 120848 |1,000.56 3340124 | 33600 1582023 7536332 | 1396 [ 22
“APPROXIMATELY 57% OF YOTAL GENERATED IS BLAST FURNACE DUST OF WHICH ~90% I8 AECYCLED

APPROXIMATELY 12% OF DUST GENERATED I8 FROM ELECTRIC FURNACE AND LAND DISPOSED
ELECTRIC FURNACE DUST i§ CONSIOERED POTENTIALLY MAZARDOUS REMAINING J1% OF DUST IS
‘ FHOM OPEN HEARTH ANO BOF FURNACES (T IS OPEN DUMPED BUT NOT CONSIDERED HAZARDOUS

“TVALUES FOR CN, F, AND FHENOL ARE TO B& CONSIDERED AS MINIMUM SINCE DATA WERE NOT
AVAILABLE FOR THESE CONSTITUENTS POR ALL TYPES OF DUST INCLUDED IN THE SUMMATIONS

SOURCE CALSPAN CORPORATION
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Table 7h

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL INDUSTRY
TOTAL DUST, 1977 (METRIC TONS)

S
’ STATE TOTAL TOTAL TOTAL DISPOSAL® CONSTITUENTS
GENERATED | POTENTIALLY HAZARDOUS METHOD
l HAZARDOUS | CONSTITUENTS cr Cu (234 Mn L] Po n Ca | PHENOL,
T alasama 124,30 14920 478 OPEN 0 ‘o4 7 133841 1238 <8297 208296 os2 .13
j ARIZONA 1,000 120 20 Dg:' 130 19 242 42 96 025 MA2 A [} ]
} ARKANSAS 200 “ 1 | RECYCLE § om " 19 %W | 017 1708 o | 0 [
i CALIFORNIA 76 700 9,200 572 203 440 883 | 89303 192 82027 3y -5 (1]
§ COLORADO 24,800 2,960 7 e 670 8 300 58 318 100.27 1w [X]] 0.02
! CONNECTICUT 2860 342 [ EY ) 666 686 12184 (3] «.3 7380 ° o
i DELAWAAE $.400 788 130 89) 1244 1841 27299 158 188 19 601320 [} ]
i FLORIDA 3,150 178 o4 434 811 788 13403 677 7819 301.08 0 0
i GEORGIA 3700 a4 75 508 718 5.07 18714 0.91 w13 8297 0 0
| Hawau 240 0 [ 03 o4s (13 1074 081 813 M1 0 [
13 ILLINOIS 226,200 27,140 1500 104 49 13628 | 1383 388733 %08 177060 | 64282 108 0.18
I INDIANA 443,500 §3,220 1,840 10788 14058 3898 4,289 51 4950 1% 2 847110 | 2% o049
: KENTUCKY 37,960 4560 244 18 20 nea an 626 53 459 34 7.9 -8 ) (-7 4]
! MARYLANO 148,200 17,420 ne 3853 54 32 1”07 133663 1776 89277 35U o087 [ 31]
. MICHIGAN 204 800 24 580 o4 6223 5592 4060 250285 1799 33488 108141 123 0.20
. MINNESOTA 2,560 308 62 383 497 618 108.20 063 82.07 M5.28 o °
| mssissipl 900 w08 ® 123 172 214 3786 022 21.62 85,04 0 [
MISSOURI| 11750 1410 37 1820 22 80 2828 800 40 299 284 .51 1.124.20 [] 0
| mewaERrsey 5550 668 n2 763 1074 13.30 235.68 138 13398 1840 ° °
b NEw voax 122,000 14 640 m 2643 262 "0 136141 1006 41200 0.7 ors 0.12
N CAROUINA 1.800 312 3 ise 508 826 11092 o84 £3.08 4318 < [}
OoHIO 618,200 62,180 3240 18248 26248 | 224 824953 8965 300673 | 16907 64 270 0A4
| OXLAHOMA 3.000 380 [ a2 580 718 127 40 a74 1242 28.18 [ o
' OREGON 3,700 “s 74 607 714 8.85 158 77 o9t 89.12 %2.13 0 0
. PENNSYLVANIA 643,300 77,200 3890 0310 30853 | 26008 721578 86 45 364382 | 20872.33 132 054
{ RHODE ISLAND - - - - —_ - - -y o i - —
S CAROLINA 4,250 510 88 543 [F3 0 180 25 106 ' 10245 | 40487 0 s
k TENNESSEE 1500 140 3e 208 189 I 3Inb ! 8351 037 > 3610 142 88 ] -]
| TEXas 58,300 7000 916 6590 82 09 84 64 f 163117 117 | o060 | 476890 010 0.02
P gvan 58 000 6960 3 1843 Moo . 244 | aotus | owese | 32me | 3wige | ezel oo
i VIRGINIA 950 107 8 120 188 I 200 657 f 021 } 2102 €3.06 [} ]
P WASHINGTON 5550 186 132 904 1272 1 w7 ’ 2 | ve I o 827.00 o 0
L W VIRGINIA 79.350 9520 156 1438 1240 J EREN 80203 | 620 ; 224 94 3329 049 0.08
| ePAREGION T B S j : [ [;
! 1 28650 342 58 396 668 a8 ! e oam 6332 | 27190 0 0
i u 127 5%0 15 306 an 3406 s s 0 0 cwarav foyta 246 &b ‘v 127016 o | o2
N m #75,100 HE 9D LR 10} 23404 W9 3 301 % KRR T ST 46378} 1551687 480 n7e
| w 178 350 71 407 i o4 om 2 88 1t I 2on o ! soen b4 aEe ey ! 458599 LE] 0.18
¥ 1390 100 107 420 1218 a3 [T 1} 408 18 Tuas Al | oes | 1.bb8 B4 o 318 162 (¥ 1
w 42,000 1 444 0 8100 ”wn 10183 { 1188 62 ‘ oo ] 1.080 10 512088 LRI 802
! w 11,780 1400 m 120 280 man BOO 49 i 280 | 2481 11430 © [}
g 92,600 8.010 60 mun 40 10 nw l r1es | 1ase aver PP oEY ) 043 0.08
x 77.080 9,350 897 3187 4175 41eB 848 72 l 178 [} ] 134196 | 034 o008
' x 10 250 1270 206 " 18 86 2651 { A on } 2062 74782 L2 ¥ 4 [
F;IT‘ONAL TOTALS 2,822,660 338,830 15.288 980 21 1344 27 ‘t 156 96 l 6,500 74 ] 356 17 J 16 667 02 ™A874 48 148 241

*DISPOSAL PRACTICE FOR 1977 1S EXPECTED TO ESSENTIAL LY BL THE SAME AS THE CURRENT PRACTICE BUT ¥WTH A TREND
TOWARD INCREAKED USE OF SINTERING OR AGGL OMERATING TO ALLOW RECYCLE

*<VALUES FOR CN, F AND PHENOL ARE TO Af CONSIDF AT 1) AS MINIMUM SINCE DATA WERE NOT AVAIL ABLE FOR THs gf

CONSTITUENTS FOR ALL TVYPES OF DUST INGLUDED IN THE SUMMA THUNS

SOURCE CALSPAN CORPORATION
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Table 7i

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM {RON AND STEEL INDUSTRY
TOTAL DUST, 1983 (METRIC TONS)

lr s;_nv; T vona ToTAL [ votaL OISPOSAL® CONSTITUENTS
GENERATED{ POTENTIALLY HAZAROOUS METHOD
HAZARDOUS CONSTITUENTS [+ Cu L3 L] [ 2n CN®* Fee PHENOL**
lr ALABAMA T 200 17,300 554 OPEN 348 s34 | 185018 143 52582 2,4170Y ) 0.98 22 0.9
| AHIZONA 1,160 138 24 Dg::" 161 7 s o %33| 1mss)~0 n ~0
' ARKANSAS B0V 96 v RECYCLE 113 169 3437 020 19.82 7832} ~0 197 ~0
i CALIf ONNIA 89,000 10,6680 584 3481 52857 1.038.26 | 13983 81087| 3,73800 | 040 4482 o.08
| LOLORADO 28 600 3430 90 729 .78 uere| 281 118 35 25828 | 0.17 6.63 0.03
\‘ CONNEC 1CHT 1300 96 67 488 848 w189 082 8043 31782| ~0 799 ~0
" DELAWARE 7450 994 150 1026 1443 N678{ 183 18007 71155 | ~0 17.88 ~0
: FLORIDA 3650 438 4 503 708 155 52 090 8841 34034 | ~0 878 ~0
| GEORGIA 4,300 516 87 580 83 18234 106 10365, 40958 | ~0 10.28 ~0
. HAWAN 300 36 6 040 0.57 1248 0.07 708 2799 | ~0 070 ~0
} ILLINOIS 262,400 31,490 1740 12126 15808 | 4.51077] 3267 206467 748450 | 126 | 180571 0.20
‘ IND{ANA 514,700 61,760 2,140 124 30 16311 497745} 5744 2,082.03 1029382 | 291 100.93 047
v OKENTUCKY 44 000 5 280 283 2112 28.07 79553 533 38454 112242 | 019 2693 0.03
{ MAHYLANO 168,500 20,220 834 42 30 8303 155088 | 20867 68784 | 454266 1.01 Q0 018
{ MICHIGAN 237 7100 28 %20 147 8071 8489 | 290426} 2087 96877 215094 | 142 an 0.23
' OMINNESOTA 2 0m0 e 60 410 5717 128671 07 7203 28462 -0 bAL ~0
e MISSIRRIFPI 1000 126 n 147 100 4293; 0% M7 ne|~0 148 ~0
MIasoUN tiano 1640 78 ALY T man sB0 8| 338 31014 1,30480 | ~0 un ~0
‘ NEw Jt ey 4 ran 130 LX ] 1248 17348 188 106 48 14| ~0 1844 ~0
TONEW YOUK 141 bt 18 nao 0 we? Q44 1080227 1108 aney 0wy | o nar [ A1}
[N AOLUING 1000 no a1 417 (X 1] 7e 074 n w1 ~0 ris ~0
| OMIO 801 300 72 180 3,780 aer J04 49 735181 80.70 108337 18070.24 | 312 200.08 [-X 3]
! OKLAHOMA 3450 414 10 arn 873 14783| oss 8403 3M05| ~0 LR ~0
' OREGON 4250 510 a4 589 °T29 18161 106 10341 40881 { ~ O 1027 -0
| PENNSYLVANIA 745 500 89 680 4510 247 28 368 01 8,373 03 | W00.21 A22821 12398771 | 3R 00 19 e
| S CAROLINA 4,900 588 99 87 853 20918 121 11890] 40081 | ~0 1ns ~0
TENNESSEE 1,780 210 a5 239 336 2310 04 L28 } 18654 | ~0 418 ~0
| TE XAS 87 660 8120 1060 8487 [ % 180277 1628 1.14947 | 553141 ] 0.12 100 82 602
AN a7 Mo H ORN 149 2138 X43 48535 | 1206 man| yenss | 032 848 0.08
VIRGINIA 1 000 120 20 1% 196 4290; 026 UN 9837 | ~0 142 ~0
WASHINGTON 1,600 912 14 10 48 "6 32395 187 184 15 72708 ~0 182 ~0
W VIRGINIA 92 100 11060 11 18 68 1438 83085{ 718 6108 2700 | 0.57 3.63 008
EPAREGION | N T T T
i 3.300 396 b7 458 8.45 14149 082 8043 31782 ~0 799 ~0
a 147,900 17,748 4 38 52 42 %0 186370 | 1324 63433( 147388 | 088 ns 0.14
m 1 015,560 121,864 5,808 3180 451080 [11,21424 13019 538163 (7900898 | 644 | 3713 087
w 108 160 24 Atn 1214 8143 10706 | 313908 24 24 1IN 5321401 114 10308 018
; v 1614 00 184 204 nass 628 a0 28 [wrnio [z n e/7087 (%8222 [ w22 | wrBTe 141
| vi 11w LT [Ty 08 Wes | zusmar] 16t FEV AR INIR NRY] 12018 002
! vt (R 1 6 2 ALY 11} 28 4n [TUREY 1 O] Lt | b0 12 [
i wn 96 00 1610 619 20 68 an net| e 40868 387984 | 04D Mn (Y]
! X 90 450 10 884 694 3882 804t | 108885 | 1419 64808 387704 | 040 4233 008
X 11,860 1422 240 182 22.00 80586 292 28706} 113627 | ~0 2865 ~0
tr J RN QA S Sl AN At T W
NATIONAL TOTALS 76,450 L 393,188 { 18,910 188885 [41,19423]41216 1822397 (92,884 68 [17 19 {1.341.34 276

*DISPOSAL PRACTICE FOR 1983 18 EXPECTED TO ESSENTIALLY BE THE SAME A8 THE CURRENT PRACTICE. BUT WITH A TREND
TOWARD INCREASED USE OF SINTERING OR AGALOMERATING YO ALLOW RECYCLE.

“*VALUES FOR CN, F AND PHENOL AHE TO BE CONSIDERED AS MINIMUM SINCE DATA WERE NOT AVAILABLE FOR THESE
CONSTITUENTS FOR ALL TYPES OF DUST INCLUDED IN THE SUMMATIONS,

SOURCE CALSPAN CORPORATION
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TOTAL SCALE, 1974 (METRIC TONS)

Table 7j

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM THE IRON AND STEEL INDUSTRY

i TOYAL TOTAL YOTAL DISPOSAL * CONSTITUENTS on
i STATE GENERATED | POTENTIALLY | MAZARDOUS | METHOD e sy e [y
L HAZARDOUS | CONSTITUENTS T e Mo N ” n GREASE
3 ALABAMA 186,400 30,280 "9 ut%vﬂcu 56.34 Tede 93747 44 1n.n a0 3,780 08
I anizona 3.780 %8 191 OPEN DUMP 100 161 1806 163 (2] 0.2 1282
| ankansas 1,390 276 1] on 042 | am [¥1] 0.1 004 n.33
;[ CALIFORNIA 185 080 37020 8441 65267 7327 874 86 80.25 14.13 570 3817.61
' COLORADO 56 500 11,300 2862 16.20 2266 269 60 243 am 1.7 1.086.20
‘ CONNECTICUT 10,700 2,40 54.3 308 428 6131 463 092 0.33 20693
‘; DELAWARE 18,300 1,580 100 6 487 871 770 840 128 0.56 401.00
| FLORIDA 3,340 888 E1R o6e 091 1087 1.82 0.61 0.00 141,03
GEORGIA 13,800 2,780 (1] 39 653 6809 596 118 043 20644
HAWAI! 720 14 &7 0.15 020 228 0.39 on 0.02 3042
tLLINOLS 562,200 112440 28551 160 58 22349 | 2,666 40 24291 4849 1.8 10813.10
INDIANA 938,000 187,800 48429 264.45 36735 [4.38272 410 38 8398 .78 18,677.00
KENTUCKY 108,600 21,900 5611 3106 4a3t8 816 51 4783 0.03 337 216488
{ MARYLAND 256,800 61,380 12973 7360 102.62 | 1,226 14 11051 2187 74 4943.73
1 MICHIGAN 468 300 93,660 2366 1 134 34 18708 {2.23640 20147 .87 1448 901300
| MINNESOTA & 000 1,000 e 14 163 1783 258 0.08 2.4 136.88
| MISSISSIPPI 1,730 348 m 039 083 6.18 090 024 0.08 47.03
i MISS0UR) 44,100 3820 227 1288 17 62 210 49 me? ars 1.38 248 60
NEW JERSEY 16,800 3,160 869 422 581 68 98 7.27 1.63 047 4623
| New voRrk 273,900 54,780 13834 7858 10942 | 1,30746 11784 332 847 527181
N CAROLINA 2,760 552 258 06?7 076 874 159 0.43 oor 116.72
oMo 1,160,200 230 040 60328 32483 46132 {538553 502 34 10243 36 30 23,362.40
OKLAHOMA 5.830 1170 372 133 178 2080 30 ‘ 080 018 169.26
OREGON 13,300 2,760 6y 8 39 552 6583 54 | 118 043 265.81
PENNSYLVANIA 1,418,600 283,320 72061 404 18 66241 | 6,71897 61274 ? 12287 4388 27,563 70
1 S CAHOLINA 1440 1290 441 1 23 2687 a2, 109 I an 189 66
TENNESSEE 2910 582 186 086 089 10 47 l 150 | 040 | 0.08 78.90
TEXAS 183 000 36 600 9244 5251 7312 873 74 78 74 15 48 586 352247
UTAN 113,800 22 780 5151 3287 ab 49 £33 54 ‘ 23 99 5 362 219163
VIRGINIA 3260 o0 18h 0983 T a0 1 hh 140 G28 010 6269
WASHINGTON 24,600 4920 1242 l 708 Y43 RN } 10 68 206 076 47335
lvmammm - ,_.JH__?",“_‘,"_"_J»_ ) J!}Yrj o ?gﬂ ?_4 R L s A B0 or AL F-ﬁ 8 3,687 20
EPA NEGION [ —1 )
) 1 10 700 2140 ba 3 308 a2 uy 3 a8y 092 I 20683
a 289.700 57.940 14703 8280 11623 | 1,37644 126 11 24.95 8.04 6,618.04
biid 1,901,160 380,230 96035 642 55 75499 | 801716 82212 18438 86.83 38,057.82
b4 337,880 82,578 17548 85 39 12703 | 158180 147 63 3019 10.37 6,774 74
v 3,123,700 624,740 18,1278 885 35 123077 14868088 | 135°68 7642 96.03 62,101.15
o 180,210 38,048 9704 6415 76.32 | 898.96 8248 18.57 5.58 3,710.06
w 44,100 8,820 227 1265 1762 21048 1897 3.8 1328 848.80
hiisd 170,800 34080 860 3 4397 88 05 813 14 REY ] 14 50 527 3213
x 189,580 37920 8099 5391 7498 895 20 8227 1858 884 372085
X 38,400 7,680 1940 n.e2 1538 183 34 16.62 327 (BT 73.18
NATIONAL TOTALS 6,205,830 1.260,174 322274 -J 1.780.77 2489 18 JN,H! 27 | 211268 55043 | 19382 12308373
b . PSP N

1Y 18 ESTIMATED THAT ~ 80 PERCENT OF THE SCALE 18 RECYCLED DIRECTLY OR SOLD FOR
EVENTUAL RECYCLE THE REMAINDER (8 LAND DISPOSED OiL CONTENT PREVENTS TOTAL RECYCLE

SOURCE CALSPAN CORPORATION
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Tabie 7k

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM THE IRON AND STEEL INDUSTRY

TOTAL SCALE, 1977 (METRIC TONS)

STATE TOTAL TOTAL TOVAL DIBPOSAL * CONSTITUENTS ol
GENERATED | POTENTIALLY HAZARDOUS METHOD &
HAZARDOUS | CONSTITUENTS [+ Cu Mn N L) Zn GREASE
. S— -
ALABAMA 208,200 41 840 10614 RECYCLE 5872 8118 9372 89.56 177 844 4,006.88
ARIZONA 4010 202 0 optnpume | 116 160 1915 173 0.3 012 ”e
‘ AHKANDAY, 1,460 " [} 033 046 620 or [} ] 0.04 »5?
CALINOMNIA 196 J0U 19 240 1008/ bb 83 7188 927 3% 26 08 ARATL 6.04 IANG?
LOLOHADY LUR'THT] 11880 e 1 2392 mh 8 nr 510 186 1,162 11
CONNDE I i) 11,400 {1 YRS 327 4th 64 39 490 097 03§ 293
Of L AWAHE 19,400 1 840 06} [RY 12 84 48 LY:) 19 0.58 426 08
FLORIDA 1b40 08 150 0 097 1120 193 054 o100 149 49
GEORGIA 14,100 2040 IZR ] an 588 7008 LR i 1.26 0.46 202.42
HAWA 1680 162 n 018 o1 242 042 012 0.02 3224
ILLINOIS 595,900 118 180 30264 170 22 23689 | 2.82088 %5149 6140 1839 11,567 88
. INDIANA 994,300 198 860 b143 5 280 31 38939 | 4,64588 435.00 (3 3049 19.797.62
! KeNTUCKY 116 100 23220 594 7 3292 a7 540 44 6048 1021 387 228047
{ MARYLAND 272 300 54 460 13751 ™ 10877 | 1,298 7 1714 23.18 8.42 §,240.35
MICHIGAN 496,400 99 280 258070 14240 198 31 | 2.36862 21358 4226 15 36 9,553 78
MINNESOTA 5 300 1060 338 121 162 1890 274 073 015 14379
MISSISSIPPI 1840 388 17 042 056 655 | 095 0.25 005 49.85
MISSOURI 46 700 9340 2361 1341 18 67 2312 | 20m 398 144 899 52
NEW JERSEY 16.800 3 360 921 447 816 7312 : ™m 172 0950 367 00
‘ NEW YORK 290,300 58 060 14684 83.29 1599 | 138591 12491 .72 898 6588.12
N CAROLINA 2,930 686 273 061 0.80 821 180 046 008 12372
OHIO 1219,200 253 840 63948 344 47840 | 5706.68 63248 108 57 3741 24,784 14
OKLAHOMA 8,180 1.240 35 141 149 2206 319 088 0.17 167 75
OREGON 14 600 2920 18 420 588 6o 88 830 126 0.45 s
PENNSYE VANIA 101,800 300 320 1814 420 44 %8616 | 711999 649 %0 129 92 48 30 m6W
HHODE 185 AND NP
S £ AROUINA 790 1 arn 1. 244 0 48 40n 100 0 20104
FENNERRE S than an "w 00 L) ta v (R n4r v [ >X 4
. 1t HAL V14 (0N n nug LYLR ] ho B8 1o LY. BRI [ XX ¥ 1173 [ J11% ENEEY P
UTAN Vao, 100 24,140 0% 6 83 “wa 661 6193 0.8 3 233297
VIHGINIA 3,400 090 17a 098 138 1848 149 [} [ 23] 6845
WASHINGTON 26,000 5 200 127 748 1042 124 46 na 222 0.8 80176
W VIAGINIA 218,800 s31720 1.043 1 6242 8687 | 2.03762 442 1385 874 3.908.45
€PA REGION
. I 11,400 2,280 518 1 455 54 38 490 097 0.35 21936
o 307,100 61,420 15585 8778 12295 | 146903 132 62 26.04 48 5,965.12
. m 2,015,360 403,070 10,1707 67513 80030 | 955818 87146 174 6215 3856730
o 368,280 71088 1.868 7 10112 14051 | 167870 166.48 N 11.00 7.181.20
v 31311,100 862.220 17,006 6 38 45 130481 (1687237 | 144127 Wioe | 10t78 06.827.2t
o 201,640 40332 10286 6740 . %3 41 a7 41 1787 .21 3914
: wr 486,700 9340 2381 13.4% 1887 22312 201 198 144 $09.62
i 180,800 36 120 [2RR] 5180 7214 86193 700 1538 5.8 3A78.08
x 200,970 40,184 10281 67 14 L2 948 92 8721 1758 (R 3,944 10
X 40,600 8120 206 6 1nes 1827 184 35 1762 347 126 78351
. L NiTENAl TOTALS 6,673,740 1,334,754 341613 1897 17 283852 {31,50235 | 2,806 67 58345 | 20644 | 131083 ;,

STHE AMOUNT OF SCALE HECYCLED IS EXPEC TED TO INCREASE OVER PRESENT AMOUNTS

SOURCE  CALSPAN ( OHPORATION
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Table 71

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM THE IRON AND STEEL INDUSTRY
TOTAL SCALE, 1983 (METRIC TONS)

( STATE ToTAL YoTAL TOTAL DISPOSAL" CONST TUENTS o
GENERATED | POTENTIALLY HAZARDOUS METHOD e D &
HAZARDOUS CONSTITUENTS [ Cu Mn N [ Po n GREASE
ALABAMA 241,800 48,320 1,220 1 RECYCLE €8.30 8650 ) 115308 10383 2057 147 4,049 50
ARIZONA 4,650 930 ns 0,5,? :‘,w 1.34 1.86 2222 200 0.40 014 8957
AHKANSAS 1800 s 108 039 052 604 oe7 0.23 0.06 46.91
CALIFONNIA 227,800 45820 1,961 2 6479 9012 | 1,076 08 98 70 T84 7.01 444008
COLORADO 60,500 13,900 3808 19.82 Fid 33161 29 89 5.91 215 1,338.89
CONNECTICUT 13,200 2,840 668 ar 628 6311 562 113 0.41 25452
DELAWARE 22,500 4,500 1238 599 828 96 03 1033 2.3 087 49323
FLORIDA 4,110 822 383 085 113 1300 224 063 o 17347
GEORGIA 17,000 3,400 860 489 © 80 8129 733 145 053 2172
HAWAII 980 178 83 018 024 2.80 048 014 0.02 3741
ILLINOIS 681,600 138 300 16117 19762 | 2468 ) 128336 188 /8 sh a4 21.33 AN
INDIANA 1,163,800 230 loo LCIUE ] 27 Anlfs 1 6oy In hisd e W37 Jo. 08 29722
MENTUCKY 134,700 2040 000 ) wan B 12 LA R LR 1 un 414 2,06080
MARYL ANDY 316 900 w80 1006 7 90 84 12027 EHOU th tmus LR w2 6.080.79
MECHIGAN 16,000 115,200 290901 165 24 2300 2 14 ng 28} w1y 49 04 17.8% 11,086 .99
MINNESOTA 6,160 1,230 33 140 188 2193 318 084 0.17 168 85
MISSISSIPPI 2,130 426 136 049 0 bb 760 110 028 006 57.86
MISSOUR) 64,200 10,840 2738 15 66 21867 258 91 2333 4.82 168 1,043.78
NEW JEASEY 19,600 3800 106 8 618 71 H484 844 200 0.58 425 8¢
NEW YORK 336,900 67,380 17016 96.66 | 13469 | 160818 144 94 28 68 10.42 8.484.33
N CAROLINA 3,400 680 37 07 093 10.76 185 052 008 143 68
UHIO 1,414,700 202,940 74204 IBHI | 56512 | 8624 20 617 AY 125 98 4341 28,735.7%
OKLAHOMA 7175 143 468 163 214 2 oy 3in 098 020 194,88
OREGON 17 000 3400 L] 487 e a1 19 bRl 145 083 320 04
} PENMHSYI VANIA 1,747 400 4R 400 anez 49718 891 /7 | 828 i/ g AT ] 537 3.802.74
st 1% AN NEG - -
.8 CARLLINA 9,100 1842 bb b 210 283 13 Ut 400 14 (¥ ] e
} TENNESSEF 3,580 7186 228 vl 100 12 16 1an 040 0.0 97.04
| TEARY 226,100 AL 020 11470 84 59 e i tusa o [T ARV 898 4,332.04
b uTAH 140,000 28,000 013 4017 b6 9% B8 Hb 80 25 1192 433 2.606.82
| VIRGINIA 4,000 800 012 116 180 o 172 04 0.12 7.1
WASHINGTON 30,300 8,080 1628 868 1209 144 42 1102 258 094 66223
W VIRGINIA 253,600 50,720 12103 7243 10086 | 1,20382 108.66 2187 782 483528
EPA REGION o ’ T T
1 13,200 2,840 668 379 528 631 568 113 041 264.52
i 366,400 71.280 1,808.5 10184 | 14174 | 1,603.02 153 88 3068 11.00 8,910.19
m 2,338,400 467,880 11,8123 66736 | 82865 [11,09110 | 101120 20218 7201 45,089.15
w 416,680 83136 2,681 1736 16305 | 1.94562 181 58 3704 12.76 833293
v 3,842,150 768,430 19,8373 108896 | 11353 [18,06979 | 3,67241 33875 | 118.10 76,383.90
w 233,965 48,783 1,192.6 66 61 5285 | 1,106.33 101.44 20.38 .1 4573.21
it 54,200 10,840 27138 16 66 2187 258 91 2333 4.82 1.8 1.043.78
i 209,500 41,900 1.058 1 6009 8370 1,000 16 90 14 17.83 848 4,03241
X 233.140 46,828 11930 86 31 9222 | 1,101 10 101 18 20.38 797 4578.64
X 47,300 9,480 2386 1368 18 88 226 52 20 33 4.03 147 900.17
ERW()N;I'{&;[; T 7as383 | vsaser | mesz | Tama la,oi? 87 |356ass |3381 10 | 677.02 R

*THE AMUUNT OF SCALE RECYCLED 18 EXPECTED TO INCREASE OVER PRESENT AMOUNTS

SOURCE CALSPAN CORPORATION
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rond batinst or bullding aggregate. Tt muy be stov:d on the ground f5.
many months or years before use for thewe purposes. Fiie dust contain:
significant co centration of iron and is normally sent to sinter strand
to Le agglomerated prior to reprocessing for iron recovery. Sludge from
wetr emissions control is alse sent to the sinter facility for agglomera-
tio,. pricr to reprocessing for iron recovery.

All of the blast furnace residuals (i.e. slag, dust, sludge) are
considered non-hazardous. Fluorides may leach to the extent of a few parts
ver mitlion from these materials which is not considered sufficient to pose
an environmental threat.

Basic Oxygen Furnace, Residuals from basic oaygen furnaces include slag,
dusts from dry emissions controls, sludges from wet emissions controls and
kish from metal pouring. Basic oxygen furnace slag is usually open dumped
after recovery of metallics. This practice is uadequate since basic oxygen
furnace slag is not considered potentially hazardous at the present

time.

Dusts and sludges from emissions controls are usually open dumped
as is kish. This practice is adequate since none of these wastes are con-
sidered potentially hazardous at the present time.

Open Hearth Furnaces. Slag from open hearth furnaces is usually open
dumped after processing for recovery of metallics. Open hearth dusts from
emissions controls are open dumped and are often wetted down before dis-
posal to prevent blowing. At some steel plants open hearth dusts and BOF
dusts are recycled to the sinter. Disposal practices are adequate since
these wastes are considered non-hazardous at the present time.

Electric Furnaces. Residuals from electric furnaces include slag, dusts
from dry emissions controls and sludge from wet emissions control. Slag
is usually open dumped after recovery of merallics. 2 swmall amount of
slag (approximately 10%) is uscd as road fill or railtruad track ballast.
These methods are adequate since electric furnace slag is not considered
potentially hazardous.

Dusts from dry emissions control and sludge from wet emissions
control can leach potentially hazardous heavy metals as previously dis-
cussed. Open dumping of these wastes as currently practiced is environ-
mentally inadequate.

Soaking Pits. Slag is the only waste generated at the soaking pits.
It is generally broken into chunks and hauled to open dumps. This practice
is adequate since this waste is not considered potentially hazardous.

Mill Sludges. This category of residuals includes sludges from various
mill operations at an integrated steel plant including primary mills
which produce ingots, slabs and other primary steel shapes, continuous
casting mills, hot rolling mills, cold rvolling mitls, galvanizing mills,
and tin plating mills. Sludges from these mills are produced as a result

of water pollution control operations including o1l and grease removal,
flocculation and settling of particulates, and pll adjustment.
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All of the above sludges are considered potentially hazardous
because of possible leaching of hazardous constituents including chro-
mium, copper, nickel, lead, zinc and oil and grease.

Currently the most prevalent management of the above sludges
is open dumping cxcept for tin plating sludges which are put in unlined
lagoons. These practices are inadequate because of the danger of toxic
heavy metal leaching through permeable soils to groundwater.

Mill Scales. Mill scales containing over 50% iron are generated in
primary and hot rolling mills, continuous casting mills, and cold rolling
mills. Scales from primary and hot rolling mills and continous casting
mills are recycled to the sinter or blast furnace for iron recovery.

This practice is environmentally sound since land disposal is precluded.

Scale from cold rolling mills is often highly contaminated
with oil which discourages recycle to the sinter because of hydrocarbon
emissions in the sinter. Normal disposal is by open dumping. This
practice is not environmentally adequate because of the possible movement
of o1l and grease through permeable soils to groundwaters or surface
waters.,

Pickle Liquors. Currently the prevalent practice employed by steel
plants for handling of waste pickle liquor is the service of outside
contract disposal services who generally neutralize the acid before
disposal in unlined lagoons. Disposal in unlined lagoons is inadequate
it heavy metals lecach from the sludge formed from neutralization and
percolate through permcablc soils to groundwater.

1.3.2 Present Treatment and Disposal Technology (Level I)

Coke Plant. Wastes from coking operations and associated byproduct
production which are considered potentially hazardous include waste

ammonia liquor, ammonia still lime sludge and decanter tank tar. Treatment
of ammonia liquor in a biological treatment plant is adequate since des-
truction of potentially hazardous constituents (i.c. phenol, cyanide) is
achicved. Inputs of these wastes to the biological treatment plant must

be sufficiently dilute so as to not interfere with normal biological
activity. Deep well disposal of waste ammonia liquor is adequate only

when done according to EPA guidelines as stated in EPA Administrator's
Decision Statement No. 5 dated February 6, 1973 (Reference 10).

Ammonia still lime sludge and decanter tank tar are presently
open dumped. This practice is environmentally inadequate because of the
danger of toxics including phenol, ammonia, or cyanide leaching and
percolating to ground or surface water.

Electric Furnaces. Residuals from electric furnaces which are con-
sidered potentially hazardous include emission control dusts and sludges.
Present disposal of dusts and sludges is open dumping. This practice is
environmentally inadequate because of the danger of heavy metal leaching
through permecable soils to groundwater or surface water,
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Miil Sluoges.  Potentially hazardous sludges are gencrited from wate,
peltution control operations in primary mills, continuous casting mills,
hot rolling miZls, cold rolling mills, galvanizing mills and tin plating
mil's. Present treatment and disposal is open dumping which is environ-
pen"ally inadequate because of the threat of heavy metal and oil or grease

Tort’

g
-k

Mill Scales. Potentially hazardous mill scalo: aro generated in primary
ard hot rolling mills, continuous casting mills und cold rolling mills,
The scale from aull of these operations excepting cold rolling mills is
neraully recycled to the sinter for iron recovery uand is environmentally
adequate. Highly oil contaminated scale from cold rolling mills is
presently open dumped. This practice is not environmentally adequate.

Pickle Liquor. Present treatment and disposal technology generally
consists of disposal by contract disposal companies who neutralize the

acid pickle liquor and leave the neutralization sludge in unlined lagoons.
Some steel plants dispose of pickle liquor by deep well disposal. The

use of unlined lagoons is not environmentally adequate because of the
danger of toxic heavy metal leaching through permeable soils to groundwater

or surface waters. Deep well disposal is adequate when done in accordance
with EPA puidelines.

1.3.3 Best Technology Currently Employed (Level II)

Coke Plant. Level II technology for treatment and disposal of waste
ammonia liquor, ammonia still lime sludge and decanter tank tar is the
same as Level I and is inadequate except for deep well disposal of
pickle liquors which is adequate.

Electric Furnaces. Level II technology for treatment and disposal of
potentially hazardous electric furnace dusts and sludges is the same as
Level T (i.e. open dumping) and is inadequate.

Mill Sludges. At approximately 5% of the steel plants sludges from
primary and hot rolling mills are recycled through the sinter for iron
recovery. This precludes land disposal and is therefore environmentally
adequate.

Cotd rolling mill and galvanizing mill sludpes are open dumped
which is inadequate for envirommental protection.

At some plants tin plating mill water treatment sludge is
reprocessed for tin recovery. This is environmentally adequate.

Mill Scales. Level 1I trecatment and disposal tcchnoloyy for mill

scales from primary mills , continuous casting wmills, hot rolling mills,
and cold rolling mills is the same as Level 1.
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Pickle Liquors. At a few steel plants spent pickling liquor is processed
for reclamation of sulfuric acid or hydrochloric acid and reuse in the
pickling operations. The iron oxide or iron sulfate residues can be
recycled for recovery of iron. This practice is environmentally adequate.
Deep well disposal of pickle liquors according to EPA guidelines is
adequate.

1.3.4 Technology to Provide Adequate Health and Environmental
Protection (Level III)

Coke Plant. Biological trcatment of waste ammonia liquor from the
byproduct coke plant will detoxify toxic constituents including phenol,
cyanide, and ammonia if present in low concentrations. Solvent recovery
and ammonia stripping will normally precede biological treatment of
ammonia liquor. Deep well disposal of pickle liquors in accordance with
EPA guidelines is adequate for environmental protection.

Sealing of permeable soils at dump sites to prevent leaching
of phenol, cyanide, or ammonia from lime sludge or decanter tank tar, or
collection and treatment of leachate constitutes Level III treatment and
disposal technology.

LElectric Furnaces. Sealing of permeable soils at dump sites for disposal
of sludge or dust from control of emissions from electric furnaces or
collection and treatment of leachate will be necessary for adequate
environmental protection.

Mill Sludges. If primary or hot rolling mill sludges are not recycled
to the sinter, chemical fixation would be required prior to open dumping.
Chemical fixation of cold rolling and galvanizing sludges would be
requirced before open dumping.

Metal reclamation from tin plating sludge would qualify as

Level TID technology. If this sludge is lagoon disposed, the usc of
lined lagoons would be needed for adequate environmental protection.
Mill Scales. If mill scales are recycled to the sinter adequate environ-

mental protection is assured. If mill scales are open dumped the use of
bentonite or other soil sealants would be required to prevent percolation
of toxic heavy metals or oil and grease,or collection and treatment of
leachate would be necessary.

Pickle Liquor. Processing of spent pickle liquor to reclaim hydrochloric
or sulfuric acid and metallic value (i.e. iron),or deep well disposal
according to EPA guidelines is Level III technology.

Tables 8a through 8f summarize features of Levels I, IT and
ITI treatment and disposal technologies for potentially hazardous wastes
from the iron and steel smelting and refining industry.
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In the last section various treatment and dispusal technologiz.
currently employed or considered for adequate health and environmental
protection were described. The costs of implementing this technology for
a typical integrated iron and steel mill complex are estimated in this
section, Costs of land disposal from individual operations such as steel
fur seees und rolling mills are also given. The exemplary plant has an
anhual capacity of 2,500,000 MT of steel and is assumed to operated 350
days per year. Facilities at the plant include the operations given in .®
Table 4 and generate the wastes listed previously in Table 5. All disposal
‘ites are situated on semi-industrial land.

Dust

Dust results from blast furnace, basic oxygen furnace and | J
electric furnace operations. Dust from the blast furnaces is recycled
to the sinter plant, No disposal cost is incurred. The dust, from the
basic oxygen furnace operations amounts to only 288 MT (222 m”)/year.
It is not considered hazardous,

Electric Furnace Dust. Dust from tge electric furnaces considered poten- o
tially hazardous (7,500 MI' or 4165 m”/yr) is hauled to an on-site dump.

This requires 1 hr/day of front loader and truck time plus 40 hrs/yr of

sulldozer time at the dump. The dust is piled to a height of 5 m. The

dump area is sized to hold 20 years of waste and extends over 1.7 ha,

Electric Furnace Dust

o
Capital Cost
Dust Dump
Survey $ 1,065
Land 6,725 Py
Equipment
Truck (12.5%) 3,125
Front Loader (12.5%) 2,500
Bulldozer (2%) 320
Total $15,735 .
—_— o
Annual Cost
Land $ 675
Construction Amortization 125
Equipment Amortization 945 ®
Equipment Repair and Maintenance 298
Operating Personnel 8,045
Energy
Fuel 995
Electricity 100
Taxes 170
Insurance 135 L
Total $11,485
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Sludge

Sludge wastes are generated by all operations except by the
electric furnaces (where a dry control system is assumed) and the soaking

pits.

Coke Oven Sludge. Ammonia still lime sludge (6,160 MT or 5,135 ms/yr) is

produced at the coke ovens.

The sludge is disposed at a dump.

One hr/day

ot frontloader and truck time are needed for loading and transporting the

sludge and 50 hrs/yr of bulldozer time at the dump site,

piled to a height of 5 m.
20 years of waste sludge.

Coke Oven Sludge

Capital Cost
Sludge Dump

The sludge is

The dump occupies 2.1 hectares and accommodates

(ammonia still lime sludge)

Survey $ 1,315
Land 8,305
Equipment

Truck (12.5%) 3,125
Front Loader (12.5%) 2,500
Bulldozer (2.5%) 400
Total $15,645

Annual Cost
Land $§ 830
Construction Amortization 155
Equipment Amortization 960
Equipment Repair § Maintenance 300
Operating Personnel 8,170

Energy
Fuel 1,005
Electricity 100
Taxes 210
Insurance 155
Total $11,885

Primary and Other Hot Rolling Mill Sludge. The primary and other hot

rolling mills produce 5739 MT of sludge per year.

The scale wastes

generated by these operations are recycled to sinter on the blast furnace.
However, about 2 percent of the scale, containing oil contaminants, is
skimmed off and disposed with the sludge.

The total yearly waste disposed is about 7,750 MT or 4840 m3.
Loading and hauling require 1 hr/day of front loader and truck time, and

50 hrs/yr of bulldozer time
occupies 1.9 ha.

is assigned at the dumpe site.
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Primary and Other Hot Rolling Mill Sludge

Capital Cost
Sludge Dump

Survey $ 1,190

Land 7,515
Equipment

Truck (12.5%) 3,125

Front Loader (12.5%) 2,500

Bulldozer (2.5%) 400

Total $14,730

Annual Cost

Land $ 750
Construction Amortization 140
Lquipment Amortization 960
Lquipment Repair § Maintenance 300
Operating Personnel 8,170
Energy

Fuel 1,005

Electricity 100
Taxes 190
Insurance 145

Total $11,760

Cold Rolling Mill Sludge. The cold rolling mills produce only 111 MT of
sludge annually. For the purpose of costing, the disposal cost of this
sludge is combined with that generated by the galvanizing mill.

Tin Plating Mill Sludge. The sludge from the tin plating mill is disposed

in a lagoon, The wet sludge (50% solids) produced annually amounts to

1064 MT. The lagoon is sized to hold 20 years of waste. The lagoon character-
istics are:

Volume 21,300 m Circumference 390 ms
Bottom Width 55 m Dike volume 5,900 m,
Top width 67 m Dike surface 5,540 m
Bottom length 110 m Total width 81 m
Top length 122 m Total length 136 m
Total depth Im Required area 1.1 ha
Depth of Excavation 9 m
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¢
Tin Plating Mill Sludge
Capital Cost
Lagoon
Site Preparation
Q. Survey $ 690
Test Drilling 980
Sample Testing 500
Report Preparation 1,500
’ Construction
Y LExcavation and Forming 7,845
Compacting 10,910
Fine Grade Finishing 2,490
Soil Poisoning 485
Transverse Drain Fields 1,500
Py Land _ 4,550
Total $31,250
Annual Cost
Land $ 435
Y Construction Amortization 2,695
Construction Maintenance § Repair 695
Taxes 110
Insurance 315
Total $ 4,250
®
Galvanizing Mill Sludge. The sludge produced by the galvanizing mill is
combined with that from the cold rolling mill. Also included is the small
amount of scale waste (36 MT/yr) from the cold rolling mill, The total waste
disposed is 1500 MT/yr. Loading, hauling and diposing on land requires
- about .25 hrs/day of front loader and truck time and a .4 ha sludge dump.
|
Galvanizing and Cold Rolling Mill Sludge
- Capital Cost
Sludge Dump
Survey $§ 250
S Land 1,580
Equipment
Truck (5%) 1,250
Front Loader (5%) 1,000
Total $ 4,080
@
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Annual Cost

Ltand $ 160
Construction Amortization 30
Equipment Amortization 360
Equipment Repair § Maintenance 115
Operating Personnel 1,890
Energy

Fuel 240

Electricity 25
Taxes 40
Insurance 40

Total $ 2,900
Scale

Scale is produced by primary and hot roiling mills and the cold
rolling mills. Practically all of the scale of the former is recycled to
sinter or blast furnaces. No disposal costs are incurred. Scale from the
cold rolling mill is land disposed together with the sludge from that opera-
tion. No separate costs are incurred.

Wuste Pickle Liquor

Waste pickle liquor results from cold rolling and galvanizing mill
operutions. The liqugr is treated and disposed of by an outside contractor
at a cost of $10.55/m” ($.04/gal).

No capital costs are ingurred. The annual cost is $149,010.

Waste Ammonia Liquor

Waste ammonia liquor is normally not land disposed. It is normally
detoxified in a biological treatment plant as a minor flow. Occasionally it
is disposed of in deep wells. The associated costs of deep well disposal
were not ascertained since no land disposal is considered as Levels I, II and
III treatment and disposal technology.

1.4.2 Cost of Best Technology Currently Employed (Level II}.

Dust

Dust disposal and associated costs are the samc for Level II as
Level 1.

Sludge
Sludge from the blast furnaces, basic oaypgen furnaces and primary

and hot rolling mills can be recycled to sinter depending on its composition.
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Tin plating mill sludge in some plants has a sufficiently high
metal content so that it can be sold to an outside contractor for metal
reclamation. We were unable to obtain information on prices paid by
reclaimers for the sludge. This treatment method would eliminate the need
for the lagoon specified for Level I and its associated costs. Level II
treatment for the other sludges is the same as for Level I,

Waste Pickle Liquor

Acid regeneration is the lLevel T1 tr¢atment for waste pickle
liquor,  Reference 2 indicates a cost of §13/m” of waste treated. This
cost is included as an annual cost. It includes the amortization of capital
treatment plant investment. Acid regeneration results in an annual cost
of $183,610 which is about a $35,000 increase over the Level I treatment cost.

Incremental changes resulting from the implementation of Level II
technology arc shown below.

Capital Cost Annual Cost
Slag - -
Dust - -
Sludge ($31,250) ($4,250)
Waste Pickle Liquor - 34,600
Total ($31,250) $30,350

( ) = savings engendered by sale of tin plating mill sludge and
resultant elimination of sludge lagoon,

143 Cost of Technology to Provide Adequate Health and Environmental
Protection (Level IT1)

Dust

The soil 1s sealed at the dump used for storing the dust from
the electric furnaces. Collection ditches, pump and piping are provided
at the dump site.

Electric Furnace Dust

Capital Cost

Soil Sealing $34,000
Collection ditches 1,970
Pump 9,100
Piping 2,210

Total $47,280
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Annual Cost

Construction Amortization $ 4,175
Equipment Amortization 1,800
Construction Repair § Maintenance 1,080
Equipment Repair § Maintenance 565
Energy
Fuel
Electricity 95
Insurance ; 475
Total $ 8,190
Sludge

The soil is sealed at the coke oven sludge dump; collection
ditches, pump and piping are installed.

Coke Oven Sludge

Capital Cost

Soil Sealing $ 42,000
Collection Ditches 2,195
Pump 9,300
Piping 2,210

Total $ 55,705

Annual Cost

Construction Amortization $ 5,130
Equipment Amortization 1,835
Construction Repair & Maintenance 1,325
Equipment Repair § Maintenance 575
Energy

Fuel

Electricity 110
Insurance 560

Total $ 9,535

The sludges from the primary and other hot rolling mills as

well as those from the galvanizing and cold rolling mills are chemically
fixed prior to land disposal.

Primary and Other llot Rolling Mill Sludge

Capital Cost Not Applicable
Annual Cost
Chemical Fixatlon $63,930

Total $63,930
64



Galvanizing and Cold Rolling Mill Sludge

Capital Cost Not Applicable
Annual Cost
Chemical Fixation $13,175
Total $13,175

Level 1II for tin plating mill sludge disposal consists either
of the sale of the sludge to a metal reclaimer or installing a lagoon liner
where the sludge is disposed on land. The former entails no cost to the
plant. Costs for the latter are shown below.

Tin Mill Sludge

Capital Cost
Lagoon Liner $38,235
Total $38,235

Annual Cost

Construction Amortization $ 4,440
Construction Repair § Maintenance 1,145
Insurance 380

Total § 5,905

Wasto Plckle Liquor

Level IIl treatment of waste pickle liquor consists either of
acid regeneration or neutralizing the waste by lime treatment, allow for
settling of the sludge in a lined lagoon followed by chemical fixation and
land disposal of the sludge. Acid regeneration involves no additional costs

beyond those listed under Level II treatment. Costs for the other alternative
is shown in Table 9.

The total annual waste liquor. amounts to 15,100 MT. This results
in the formgtion of 6,285 MT or 4,910 m ,of sludge. The selected lagoon size
is 10,000 m and it assumed that 4,910 m” of sludge are dredged annually.

The removed sludge is chemically fixed and hauled to a dump site.

A 130 1/min slurry pump is used for dredging. The pump is operated
350 hres/yr and 400 hours ot’ labor are assigned to its operation. Loading

and hauling ol the sludge to the dump site requires 205 hrs/yr of front

loader and truck time and 50 hrs/yr of bulldozer time at the sludge dump.
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TABLE 9 ..COST OF LEVEL III TREATMENT AND DISPOSAL TECHNOLOGY
INTEGRATED STEEL MILL ~ PICKLE LIQUOR SLUDGE

Capital Cost

Lagoon
Site Preparation
Survey $ 375
Test Drilling 490
Sample Testing 250
Report Preparation 1,200
Construction
Excavation and Forming 4,535
Compacting 6,310
Fine Grade Finishing 1,705
Soil Poisoning 345
Transverse Drain Field 855
Lagoon Liner 20,025
Land ‘ 2,375
Sludge Dump
Survey 625
Land 3,955
Equipment
Slurry Pump 13,730
~ Flexible Pipe (100 m) 440
Front Loader (15%) 3,000
Truck (15%) 3,750
Bulldozer (2.5%) 400

Total $ 64,365
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L
TABLE 9 (Continued)
®. Annual Cost
Land 635
Construction Amortization 4,270
‘ Equipment Amortization 3,405
Construction Repair and 1,015
® Maintenance
Equipment Repair and 1,065
Maintenance
Operating Personnel 10,110
Energy
Fuel 775
® Electricity 90
Chemical Fixation 64,810
Taxes 160
Insurance 645
Total $ 86,980
®
Less Acid Regeneration (183,610)
Total ($96,930)
@
( ) = savings
®
o
L
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The lagoon charucteristics are:

Vo Lume 10,000 m Civeumference 277 g
Bottom width 36 m Dike volume 3,410 m
Top width 48 m Dike surface 3,790 m
Bottom length 72 m Total width 62 m
Top length 84 m Total length 98 m
Total depth 3m Required area 16 ha
Depth of excavation 1,15 m

The dump is sized to hold 20 years of waste piled to a height of
10 m. 1t occupies 1.0 ha. The lime treatment facility used to neutralize
the waste pickle liquor is considered part of the water trcatment system
and its cost is not included.

Summary costs for Level I, II and III waste treatments for an
integrated steel plant are given in Table 10. Annual costs for Levels I
and II disposal of potentially hazardous wastes are estimated as $7,570,000
which represents less than 0.1% of the estimated 1973 sales value.

Annual costs for Level III technology (i.e. adequate for environmental
protection) are estimated as $12,930,000 or 0.15% of estimated 1973 sales
value.
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L0 IRON AND STEEL FOUNDRIES
o INDUSTRY CHARACTERIZATION

The three major groupings of ferrous castings are gray and
Jduciilc ivon castings, malleable iron castings, and steel castings. While
specific procedures might vary from foundry to foundry, the overall opera-
tions for producting castings of all three types are essentially the same
and include metal melting and pouring, casting shakeout and cleaning and
tr1uishing.

There are about 2000 foundries in the U.S. producing ferrous
castings. There is great variability in plant si~e with monthly capacities
ranging from 20 net tons to over 10,000 net tons.™ It is important to note
that only about 60 percent of all castings produced in the United States
arc covered under SIC 332 (Iron and Steel Foundries). The remaining 40
percent are produced under other SIC categories, such as SIC 3714 (Motor
Vehicles), SIC 3541 (Machine Tools), etc.

The production data and waste data presented in this report
represents only those operations covered under SIC 332 which are within
the primary metal smelting and refining industry,

The 1973-74 directory of members of the Gray and Ductile Iron
Founders Society, Inc. lists 186 foundries. The monthly average production
of these foundries was calculated to be about 1125 MT of finished castings
giving an average annual production of 13,500 MT. Using data from "The
Metal Casting Industry Census Guide" (1972 Edition, published by Penton
Publishing Co., Cleveland, Ohio), the average annual production for all
gray and ductile iron foundries (an estimated 1300 to 1500 foundries) was
calculated to be about 9,250 MT. Thus, a reasonable capacity figure for
a typical gray and ductile iron foundry plant would be about 11,000 net
tons per year,

Steel foundries average about 5,440 MT of capacity per year and
malleable iron foundries average about 12,700 MT per year.

Table 11 gives state by state, regional, and national shipments
of the various type of ferrous castings for 1973. These figures are
believed to reflect 1973 capacity. Iron and Steel foundries
are concentrated in states heavy in manufacture of iron and steel and
automobiles and heavy industrial equipment which are principal consumers
of foundry castings.

t

L2 WASTE CHARACTERIZATION

This section contains descriptions of production technology at
ferrous foundries and the resultant byproducts or wastes which are either
recycled directly, reprocessed, or disposed of on land or in lagoons.

* amount of metal smelted for finished castings exceeds net output of
castings products. 70



¢ TABLE 11

STATE, REGIONAL, AND NATIONAL SHIPMENTS OF IRON AND STEEL CASTINGS, 1973*
(METRIC TONS)

State Gray § Ductile Malleable Steel Total Iron &

Iron Castings I'ron Castings Casting Steel Cast.r.
Alabama 1,543,121 17,237 87,090 1,647,448
Arizona 0 0 58,060 58,060
i California 412,769 0 60,781 473,550
Colorado 98,883 0 5,443 104,326
Connecticut 35,380 8,165 0 43,545
Delaware 0 0 6,350 6,350
i Florida 9,072 0 10,886 19,958
fizorgia 10,886 0 6,350 17,236
Illinois 1,364,406 118,841 236,775 1,720,022
Indiana 970,688 35,380 72,575 1,078,643
¢ Iowa 368,317 9,072 23,587 400,976
Kansas 10,886 0 59,874 70,760
Kentucky 291,206 0 0 291,206
Lousiana 9,072 0 12,701 21,773
i Maryland 72,575 0 6,350 78,925
Massachusetts 59,870 1,814 0 61,684
Michigan 2,597,270 395,533 60,781 3,053,584
) Minnesota 170,551 10,886 20,865 202,302
i Missouri 63,503 0 49,895 113,398
. Nebraska 10,886 0 13,608 24,494
New Jersey 347,452 0 6,350 353,802
New York 822,820 16,329 72,575 911,724
i North Carolina 107,048 0 0 107,048
Ohio 2,255,260 128,820 318,422 2,702,502
Oklahoma 34,473 0 10,886 45,359
Oregon 9,979 0 32,659 42,638
® Pennsylvania 1,954,980 111,584 221,353 2,287,917
Rhode Island 28,120 3,629 0 31,749
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TABLE 11 (vCont.)

STATE, REGIONAL, AND NATIONAL SHIPMENTS OF IRON AND STEEL CASTINGS, 1377

Stite Gray & Ductile Malleable Steel Total Iron §
Iron Castings Iron Castings Castings Steel Castings
Scuth Carolina 25,401 0 25,401
South Dakota 0 0 2,722 2,722
Tennessee 378,296 0 37,195 387,368
Texis 495,323 29,030 42,638 566,991
Utah 196,859 Q 9,Q72 205,931
Vermont 9,980 907 0 10, 887
Virginia 162,386 0 5,443 167,829
Washington 9,072 0 26,308 35,380
West Virginia 74,389 1,814 9,979 86,182
Wisconsin 453,592 46,266 130,635 630,493
EPA Region
I 133,350 14,515 0 147,865
1 1,170,272 16,329 78,925 1,265,526
i 2,264,330 113,398 249,475 2,627,203
v 2,365,030 17,237 141,521 2,523,788
' 7,811,767 735,726 840,053 9,387,546
VI 538,868 20,030 66,225 634,123
VII 453,592 9,072 146,964 609,628
VIII 295,742 0 17,237 312,979
IX 412,769 0 118,841 531,610
X 19,051 0 58,967 78,018
U.S. Total 15,464,771 935,307 1,718,208 18,118,286
* Believed to Reflect U.S. Production Capacity in 1973
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[stimates are given for the quantities of wastes and potentially hazardous
constituents thereof which are disposed of on land either in lagoons,
lundfills or open dumps.

2.2.1 Process Descriptions

i

While specific procedures might vary from foundry to foundry,
the overall operations for producing iron castings, malleable iron
castengs, und steel custings are essentially the same and include: sand
preparation, mold and core muking, metal melting and pouring, casting
shakeout, and cleaning and finishing. The interrelationship between
major operations in a typical foundry is shown in Figure 2. Also shown
are the major sources of solid wastes. Although not all foundries
practice sand reclamation, its use has become sufficiently widespread in
the industry to require its inclusion in Figure 2.

Clay bonded molding sands are prepared by mixing silica sand,
organic additives, bentonite clay and water together. Some foundries
use olivine, zircon, chromite, biasill or other aggregates instead of
silica sand. Carbonaceous material in the amount of 2 to 10 percent is
also added to the molding sand as may be required to impart special
properties. Materials in this category include finely ground bituminous
coal, ground corn flower, fuel oil, and finely ground cellulose material.

The molds are made by packing the molding sand around previously
made patterns to form the required shapes. For castings having hollows
or recesses, cores are required to complete the mold. Since the cores
must be removed after the castings have solidified, the core sands have
special properties that facilitate their removal. The desired properties
are achieved through the use of special binders, the most common of
which are: (1) combinations of vegetable, fish and petroleum oils; (2)
phenol formaldehyde resin, (3) sodium silicate; (4) phenolic isocyanate;
(5) alkyd isocyanate; and (6) mixtures of urea and furfural alcohols.

The first item is generally baked to promote hardening, and items 2 and
6 are generally heat-cured. The difference is that baking is done at
the rate of approximately one hour per inch of thickness while curing is
done in a matter of 30 to 60 seconds at approximately the same temperature.
In the case of sodium silicate binders, hardening is achieved by forcing
C02 gas through the sand. For the isocyanate binders setting occurs at
room temperature through the use of special catalysts. For the urea-
furfural alcohol binders, setting is possible at room temperature or
higher depending on the type of catalyst used. With the successful use
of the newer core binders that do not require high temperatures for
setting, it appears that fewer and fewer foundries will continue the
practice of core baking.

In addition to special binders, certain other materials are
frequently used in preparing core sands. These include: iron oxide,
ground corn flour; water soluble compounds of wood sugar; coke pitch;

and ground hardwood cellulose. These materials tacilitate removal of
cores.
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Once the cores are formed and cured, they are integrated with the
final molds which are then transferred to the metal pouring area. Molten
metal of the desired composition is prepared in one of several different
types of commonly used furnaces. Charge materials for the cupola furnace
usually consist of a flux material, coke, and metallics. Electric arc or
induction furnaces do not require coke. Typical fluxes include limestone
(LaCO ), fluorspar (mostly CaF,), and soda ash (Na,C),). The metallic
Lhdrge consists mainly of external scrap and some Intédrnally generated
scrap. For producing gray and ductile iron castings, cupolas and electric
induction furnaces are the most widely used, with cupolas accounting for
an estimated 60 to 65 percent of total production. Reverberatory furnaces
account for one percent or less of gray and ductile iron castings. Most
malleable iron castings are produced in cupolas and electric induction
furnaces, although a number of air furnaces are still in operation. Electric
arc furnaces account for almost all of the steel castings produced with
electric induction furnaces accounting for probably less than 5 percent.

The molten metal is tapped from the furnaces into ladles and
poured into the waiting molds. After the castings have solidified they
are separated from the molds in the shakeout area. The separated castings
are then cooled prior to cleaning and finishing. Cleaning and finishing
operations include shot blasting, chipping and grinding.

Following casting shakeout, the mold and core sands are screened.
Larger remnants of undisintegrated cores (core butts) and larger chunks of
molding sand are transferred to a disposal area. Most of the molding sand,
along with the degraded core sand, proceed directly back to molding sand
preparation without going through sand reclamation (i.e., this sand is
recycled, rather than being reclaimed). In some foundries a portion of
this return sand is bypassed through a roclamation system and then returned
to either the core or molding sund mixing operation. In the case of no-bake
sands, most of the sand from the shakeout may be returned through the sand
reclamation unit before recoating. Excess sand is sent to landfill.

2.2.2 Description of Waste Streams

The major types of solid wastes generated at iron and steel
foundries were indicated in Figure 2. The general types of waste generated
are essentially independent of the type of metal being cast and the type
of furnace in use. On the other hand, metal type and furnace type can
affect the quantities of waste produced. The numbers in parentheses in
Figure 2 indicate the amounts of waste in each category expressed as kilo-
grams of waste per ton of metal melted. The numbers correspond to an
average plant producing iron in a cupola. The values are given on the
basis of a ton of metal melted rather than on the basis of a ton of finished
castings, bocauso yicld factors (weight of finished casting/weight of metal
melted) vary depending on the foundry and the type of metal cast. For
iron (gray, ductile and malleable) the yield factor is generally in the
range of 0.6 to 0.7, while for »teel values of 0.5 are common. For the
purpose of computing total waste quantities for an average iron foundry,
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a yiz!d factor of 0.65 would be reasonable. Thus, a typical iron founc.:
would wmelt abouc 11,000/0.65 = 16,900 tons of metal per year (15,300
metyic tons/vear).

Wivre Sand. As stated previously and shown in Figure 2 there are two
types of waste sand. One type is the clay bonded molding sand used in
interior parts of the mold. Combined producti-~ 3¢ the two types of
vazte sand is 330 kg/MT of cast product. A!lthough these sands have
4:%7erent organic additives as described on zge¢ 72 the organic fractions
arc burned and charred during the pouring of moiten metal leaving principally
sand coated with carbon residues and traces of metal compounds including
copper, lead, chromium and zinc. Solubility tests on spent foundry sand
as described in Appendix B did not show significant leaching of heavy
metals or phenol, For this reason foundry sands are not considered
potentially hazardous at this time,

Core Butts. After the metal pouring process most of the sand is devoid
of hinder and has little aggregation, Quite often portions of the core
sand retain its binder. 1t is removed as large chunks known as core
hutts and brought to dumping areas. Core butts are generated at a rate
of 48.1 kg/MI' of casted metal. Although solubility testing on core
butts was not conducted it is not expected to leach to a greater extent
than spent sand. Core butts are therefore not considered potentially

hazardous at this time,

Dust. Dust is generated at a rate of 31.7 kg/MT of foundry product
from the sand reclamation process and from baghouuses on metal milling
furnaces. Dust will principally be silica oxides and iron oxides with
traces of heavy metals including lead, cadmium, copper chromium, nickel,
and zinc. Solubility tests on foundry dust as described in Appendix B
did not show significant leaching of potentially hazardous metals. For
this reason foundry dust is not considered potentially hazardous at this
time.

Sludges. Wet scrubbers used to scrub emissions from metal pouring
operations produces a wastewater which in turn produces a sludge at a
rate of 18.2 kg/MT cast metal product. This sludge will contain iron
for the most part along with traces of cadmium, copper, chromium, nickel,
lead and zinc. Solubility tests were not conducted on siudges. They
would be expected to be of similar composition and nature as furnace
dusts however which were studied in solubility tests as described in
Appendix B. Since the dusts did not leach significant concentrations of
toxic constituents sludge was assumed to be of a similar solubility and
therefore is considered as not potentially hazardous at this time.

Slag. Slag from iron and scrap steel furnace smelting is produced at a
rate of 56.3 kg/MT of finished iron and steel casting. The gravel size
to sand size pieces of slag contains iron, lime and soda ash principally,
with small traces of heavy metals including cadmium, copper, chromium,
nickel, lead and zinc. Solubility tests as described in Appendix B did
not show significant leaching of potentially toxic constituents. For
this reason furnace slag from iron and steel foundries is not considered
hazardous at this time. 76



Floorsweepings., Cleanap ot floors in core making rooms results in
sandy floor sweeplngs at a rate of 11,8 kg/MI° of product. This is
assumed similar to other waste sands and therefore non-hazardous at this
time, Solubility tests were not conducted on floor sweepings,

melting furnoces are generated at a rate of 10 kg/MT of finished castings.
These bricks are predominantly highly insoluble fired clay ceramic and
are not considered potentially hazardous,

Refractories. Broken and weathered brick refractories from metal

Appendix A gives analyses of iron and steel foundry wastes
including sands, dust and slag.

2.2.3 Waste Quantities

Table 12 gives gencration factors for the various residuals
from iron and steel foundry production as well as concentration factors
for potentially hazardous constituents. The waste residual factors
given in Table 12 are estimated average values for all foundries in each
of the three major foundry categories. In developing the waste factors,

consideration was given to tho different types of turnaces used in each
metal category and to the diftferont types of furnace emission controi
systems,  For example, gray and ductile iron is made in cupola furnaces

and electric induction furnaces in the ratio of about 3 to 2. Control
for cupola furnace emissions is devided about equally between wet and
dry systems, while electric induction furnaces generally require no
emission control.

In generating the overall waste factors, the computation of
sludges, and dusts and slag accounted for the percentage of castings
within a given category made from a specific type of furnace with a
specific type of control by weighing the waste factors for specific
combinations according to the frequency of their occurrence.

Table 13 presents the amounts of wastes and the amounts of
specific potentially hazardous constituents generated annually for an
average plant in each of the three major foundry categories. The amounts
shown were calculated using the waste factors given in Table 12 and
taking the following average annual production figures for finished
castings for each type of foundry: (a) gray and ductile iron foundries -
10,000 metric tons, (b) malleable iron foundries - 12,700 metric tons;
and (c) steel foundries - 5,400 metric tons.

The quantity of waste generated by ferroalloy plants on a state-
by-stote basis are given in Table 14 for 1974, 1977, and 1983. The quantities
of sludges and dusts are based directly on information derived from a solid
witste survey sponsored by the Ferroalloy Association in which the quantities
ot wastes from furnace emission control were tubulated for each state for each
type of ferroalloy. The sludges result from the collection of furnace
emissions using wet scrubbing systems. The dusts represent the furnace
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Table 14a

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
TOTAL SLAG, 1974 (METRIC TONS)

STATE TOTAL TOTAL TOTAL DISPOSAL CONSTITUENTS
DISPOSED | POTENTIALLY HAZARDOUS METYHOD
HAZARDOUS* CONSTITUENTS Cd Cu Cr Mn Ni Pb Zn
ALABAMA 122,400 [ LANDFILE | 0122 3138 580 277 122 0.92 2.2
ARIZONA 7800 Oren pump] 0008 04 17 407 008 | 03 033
CALIFORNIA 37,500 0038 110 230 B840 0.38 0.33 078
COLORADO 1,800 0 008 0.2 037 137 0.08 0.08 0.13
CONNECTICUY 3,040 0003 oo7 012 45 003 0.02 005
DELAWARE 860 0.001 0.04 013 44 0.01 0.01 0.0¢
FLORIDA 2,110 0002 0.09 024 8.5 0.02 0.03 0.07
GEORGIA 1830 9.002 008 0.16 5b .02 0.02 0.06
ILLINQIS 138,500 0137 408 8.87 38 137 1.20 2.90
INDIANA 81,000 0.081 218 409 522 0.8t 0.63 148
1OWA 29900 ou2e 0.78 148 54.6 0.20 0. 053
KANSAS 8,850 0009 0.44 1.24 4431 0.09 0.13 0.*
KENTUCKY 20,680 4020 048 0.78 292 0.20 0.14 0.30
LOUISIANA 2,380 0002 010 0.28 2] 0.02 0.0 0.08
MARYLAND 6,010 0006 0168 032 17 0.06 0.08 0.1
MASSACHUSETTS 4,370 0004 010 0.18 82 0.04 0.03 0.08
MICHIGAN 218,200 0218 532 8.15 3473 218 1.54 349
MINNESOTA 15,600 0016 044 080 328 0.16 0.1 0.31
MISSOURI 11,240 0.0 045 117 413 R3] 0.14 0.3
NEBRASKA 2,600 0.003 on 630 106 0.03 003 008
NEW JERSEY 25,500 0.028 Q61 103 93 0.26 o1t8 0.40
NEW YORK 69,300 ' 0070 188 365 135 2 Q.7¢ .65 1.29
N CAROLINA 1,600 0008 018 0.28 w7 0.08 0.06 0.11
OHIO 211,400 oz 613 12.66 483 7 2mn 181 4.20
OKLAHOMA 3820 0004 013 0 11 0.04 0.04 .10
DRLGON 5110 0006 02 [UrY] 239 005 008 020
PLNNSYLVANIA 175,900 0170 493 “ayy 384/ 176 148 342
| HHOD 19 AND 22 0002 (IRtH BN 3 ) a2 aat 603
S CAROLINA 1800 0002 [$X1%) Gy PRI 002 201 003
S DAKOTA 370 ~0 002 ooy ) 19 ~0 ~0 0.02
TENNESSEE 31,880 0032 088 17 ! 40 032 028 o8
TEXAS 42,800 0043 116 227 a2 043 034 0ore
UTAH 15,200 0015 039 0.2¢ 261 0.18 0.11 0.26
VERMONT 770 0 001 0.02 003 11 o 0.01 0.01
VIRGINIA 12,270 0012 0.30 063 201 0.12 0.0 0.20
WASHINGTON 4,200 0004 020 055 193 0.04 0.08 0.16
W VIRGINIA 6,750 0.007 ¢ 20 6ag ¥4/ .07 406 LRTY
WISCONSIN 52,800 & 0.053 LK) 395 1422 0.63 0.52 1.28
EPA REGION

} 4 10,410 0.010 024 0238 160 0.10 0.07 0.18
o 84,800 0.098 249 4.68 1745 0.96 0.73 1.00
m 201,790 0202 5.83 nas 4146 202 1.68 30N
jrg 188,100 0.188 4.99 904 338 1 1.88 143 32
v 715,500 0.716 18.87 39.42 14544 718 583 1n.n
u 49,080 0049 139 282 1037 0.48 0.41 097
proid 62,500 0062 178 419 1490 6 0.62 0.83 1.32
hreted 21370 Q023 aet AR ¥ a0 (k.1 0.7 Q41
x 45,300 0048 181 147 124/ 048 0.48 n
p 8 | X1 i 0000 | 0.4 124 w2 008 014 0.38
NATIONAL TOTALS 1,390,280 ‘} “ ] 1.390 I 38 w0 1700 28894 _J 13.90 J 11.40 20.90

*FOUNDRY SLAG NOT CONSIDERED HAZARDOUS
ON BAS(S OF CALSPAN SOLUBILITY TESTS
DESCRIBED IN APPENDIX B.

SOURCE: CALSPAN CORPORATION
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Teble 14b

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES

o TOTAL SLAG, 1977 (METRIC TONS)
C T CONSTITUENTS
STATE TOTAL TOTAL TOTAL 0I8P08AL [ Ca | Cu | cCr "o N | P Zn
DISPOSED | POTENTIALLY | MAZARDOUS | METHOD
| HAZARDOUS® | CONSTITUENTS
b
| ALaBama 135,374 0 0 LANDFILL [0.136 | 340 | 641 2408 136 | 1.02 234
] ARIZONA 8.627 g,',‘m pump| 0008 | 045 | 129 as.0 000 | 014 038
®. | CALIFORNIA 41,475 0042 | 1.2 | 254 929 042 | 036 086
COLORADQ 8,627 0.008 02 0.41 152 008 007 014
CONNECTICUT 3,362 0003 | 008 | 013 6.0 663 { 002 0.06
DELAWARE 951 0001 | 004 | 0.4 40 0.01 | 0.01 0.04
i rlomina 234 0002 | 0.0 | 0.78 94 0.02 | 0.03 0.08
- L GEORGHEA 1808 o002z { 007 | oy e 002 | 002 0.08
L HLNO 150,000 012 | a52 | 958 M8 182 | 13 an
® ‘ INDIANA 69,566 0000 | 239 | 452 108.3 090 | 0.0 161
HOWA 33,069 0032 | 085 | 1.81 603 032 | 028 058
. KANSAS 9,788 0.010 0.49 137 417 010 0.14 0.38
| KENTUCKY 22872 0022 | 053 | 0.84 23 022 | 015 0.33
. LOUISIANA 2,610 0002 | 011 | 0.3 108 002 | 0.03 0.0
{ MARYLAND 6,647 0,007 0.18 0.36 128 0.07 0.08 0.12
l MASSACHUSETTS 4,833 0004 oMn 0.18 68 0.04 0.03 0.07
® | micHiGan 241,329 0241 | 588 |[10.42 384.1 241 | w70 188
,’ MINNESOTA 17,254 0.018 0.49 100 364 0.18 0.14 0.34
' MISSOUR! 12,431 0.012 050 1.29 457 012 015 0.39
NEBRASK A 2,876 0.003 0.12 0.33 M7 0.03 0.03 0.10
. NEW JERSEY 28,203 0028 | 067 | 1.14 435 029 | 020 044
NEW YORK 76,646 0.077 2.08 4.04 1495 0.77 081 143
N CAROLINA H.406 0.009 020 o 118 009 006 0.12
ORIO 233,808 0233 6.78 (1400 5128 233 2.00 4.78
® | oxLaHOMA 4338 0004 | 014 [ 034 123 004 | 0,04 o1
' oneaon 6,082 0006 | 028 [ 078 264 0.06 | 0.08 0.22
PENNBYLVANIA 194 646 0.195 545 (1092 4022 198 1.680 .78
HHODL ISt AND 2,486 0002 0.08 0.08 35 002 001 0.03
S CAROLINA 1,901 0002 | 004 | 008 28 002 | 0.0t 0.03
| §.DAKOTA 409 ~0 | 002 | 0.08 21 ~0 | ~0 0.02
| TENNESSEE 35,259 0.03 | 097 | 191 708 035 | 028 0.67
[ J | TEXAS 47,337 0088 | 1.28 | 247 918 048 | 0.38 0.87
UTAH 18811 0017 | 043 | om 289 0.96 | 092 0.29
VERMONT 862 000t | 0.02 | 003 12 0.01 | 0.01 0.01
VIRGINIA 1357 0.013 0.33 0.59 222 0.13 0.10 0.22
WASHINGTON 4,645 0004 | 022 | 0.6 213 0.04 | 007 0.18
W. VIRGINIA 7.468 o008 | 022 | 0.4 162 008 | 0.07 0.15
- WISCONSIN 58,397 ] 0069 | 181 | 4.37 152.3 o059 | 058 1.39
® " EPA REGION
1 11,513 0011 | 026 | 043 16.6 0.1 | o.08 .16
o 104,849 0106 | 276 | 5.18 193.0 108 | 081 187
A nr 223,180 0.223 6.23 |1244 4585 223 1.84 4.32
™ 208,039 0.208 | 641 {10.00 3739 208 | 188 384
v 781,343 0.792 | 2198 {4360 | 10086 192 | 648 | 187
w 64,282 0084 | 154 | 312 a7 054 | 045 107
o w 58,185 oo6s | 197 | a6t 165.3 058 | 059 148
vt ¢ 26847 002 | 067 [ 124 461 025 | ot 045
X 50,102 0060 | 167 | 384 1379 051 | 051 1.23
x 10,297 0010 | 050 | 1.37 478 010 | 015 040
NATIONAL TOTAL 1,537,616 Y 1 154 | 430 [os8 31825 154|128 28
b ot e e —b - ——— e e

“FOUNDRY SLAG NOT CONSIDERED HAZARDOUS ON
PASIS OF CALSPAN SOLURILITY TESTS DESCRIBED
o IN AFPENDIX B

AOURCE  CALSPAN CORPORATION
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Table 14¢

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
TOTAL SLAG, 1983 (METRIC TONS)

STATE TOTAL TOTAL TOTAL DISPOSAL CONSTITUENTS
DISPOSED |POTENTIALLY HAZARODOUS METHOD Cd Cu Cr Mn Ni Pb Zn
HAZAROQUS® | CONSTITUENTS
ALABAMA 168,800 0 0 LANDFiLL [0.1868 wn 190 298.7 1.68 1.28 2.9
ARIZONA 10,600 g:EN DUMP 00 0.58 189 556.8 on 0.18 048
CALIPORNIA 51,100 0.082 1.50 13 1146 0.82 0.48 1.08
COLORADO 10,600 a0 0.30 080 1.7 0.4 0.08 0.18
CONNECTICUY 4,140 0.004 0.0 0.18 61 0.04 0.0 | 007
DELAWARE t.170 0.001 0.08 0.18 8.0 0.01 o.n 0.08
FLORIOA 2,080 0.003 [ R} o 1ns 0.03 0.04 {040
GEORGIA 2,220 0.003 0.08 0.22 75 0.03 0.03 0.07
fLLINOIS 188,100 0.187 5.57 11.82 4308 1.87 1.84 396
INDIANA 110,400 0.110 2.64 5.57 2074 1.10 0.868 190
1OWA 40,800 0.040 1.08 199 743 0.40 0.31 0.72
KANSAS 12,100 0.012 0.60 1.69 58.7 0.12 0.18 048
KENTUCKY 28,190 0.027 0.86 1.64 e 027 .19 | 04t
LOUISIANA 3,220 0.003 0.14 0.38 134 0.03 0.04 on
MARYLAND 8,190 0.008 0.22 0.44 159 0.08 0.07 0.16
MASSACHUSETTS 5,860 0.006 0.14 0.22 8.4 .06 0.04 0.08
MICHIGAN 297,400 0.297 726 1247 4734 297 2.10 4.7¢
MINNESOTA 21,300 0.022 Q.60 123 448 0.22 0.18 042
MISSOURI 16,320 0.015 0.61 169 58.3 0.15 0.19 048
NEBRASKA 3,540 0.004 0.18 041 144 0.04 0.04 | 0.12
NEW JERSEY 34,800 0.038 0.83 140 538 03 0.24 054
NEW YORK 94,500 0.095 266 497 1843 095 0.7% 178
N CAROLINA 10,400 0.011 0.24 0.38 14.0 0.11 0.07 0.16
OHIO 288,100 0.288 8.38 17.28 832.0 288 2.47 6.88
OKLAHOMA 5,340 0.006 0.18 042 161 0.08 0.08 0.14
OREGON 6,970 0.007 0.34 0.94 kX ] 0.07 0.11 0.27
PENNSYLVANIA 238,800 0.240 872 1348 4957 240 198 468
RHODE iISLAND 3,040 0.003 0.07 0.11 44 0.03 0.0t 0.04
S. CAROLINA 2A60 0.003 0.06 0.10 A 0.03 o.n 0.04
S. DAKOTA 6504 ~0 0.03 0.07 28 ~0 ~0 0.03
TENNESSEE 43,480 0.044 1.20 2.36 87.2 0.44 035 | 083
TEXAS 68,300 0.059 158 3.04 1128 0.59 0.46 1.08
UTAH 20,700 0.020 053 096 356 0.20 015 | 0.36
VERMONT 1,060 0.001 0.03 0.04 15 0.01 0.01 | 0.01
VIRGINIA 16,700 0.016 0.41 0.72 274 0.18 0.12 0.27
WASHINGTON 5,730 0.006 0.7 0.76 26.3 0.05 0.08 0.22
W. VIRGINIA 9,200 0.010 0.27 0.54 200 0.10 0.08 0.19
WISCONSIN 72,000 L 0.072 238 5.38 163.8 0.72 ¥4l 172
EPA REGION
I 14,190 0.014 233 053 204 0.4 .10 020
n 129,300 0.131 339 5.38 2378 .31 100 | 230
m 275,060 0.275 7.67 16.33 666.1 275 2.28 8.33
1’4 256,390 0.256 8.66 12.32 4808 258 196 448
b4 875,300 0876 2708 | 6373 1,982.3 9.78 795 {18.70
w 66,860 0.087 1.88 3.8 1413 0.67 0.56 0.32
v 71,760 0.071 243 6.68 2038 on 072 180
brail| 31,004 0.031 783 157 KA B 031 0.23 0.56
1x 81.700 0 083 208 arr 1700 oa 063 | 1.8
X 12,100 0.017 oat 100 [T RY 01 0 | 04
NATHONAT TOTAI 1 1Y (04 ’ 0 - 180 neo [ P4 0 e nh 1067
UV BUCTSUPVE IR .

“FOUNDRY gt AG NOT CONSINFRFD HAZ ARDOUS ON
BASIS OF CALSPAN SOLUBILATY TESTS DESCRIDI D
IN APPENDIX B

SOURCE. CALSPAN CORPORATION
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Table 14d

FROM IRON AND STEEL FOUNDRIES
TOTAL SLUDGE, 1974 (METRIC TONS)

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

r. STATE T6TAL ToTAL YOTAL DISPOSAL CONSTITUENTS
DISPOSED | POTENTIALLY | HAZARDOUS | METHOD
L HAZARDOUS®| CONSTITUENTS cd Cu cr Mn Ni Y 2n
I ALaBAMA 61,260 0 0 OPENDUMP | 0.12 | 8.94 292 4398 | 030 | 818 2528
e l ARIZONA 2,360 ANoFiLL | 001 | 038 0.12 088 | NA | 030 059
- CALIFORNIA 17.760 00a | 28e 086 1354 | oos | 238 7.07
{ L ILORADO 3.000 001 | 087 0.19 311 | 002 | o052 1.80°
L oNNrCTICUT 1,000 [} 0.24 a.08 1. o.00 8.22 o.87
_ > LAWARE 260 o 0.04 0.00 0.10 | NA 0.0) 0.08
i rtompa BoO 0 0.11 0.04 044 | ~0 0.10 0.26
i . EORGIA 860 ° 0.10 0.03 043 [ ~0 0.08 0.23
i HUINOIS 84,460 013 | 944 3.00 w01 | 020 | 8o 847
o i INDIANA 40,150 008 | 587 192 ne | 020 | 538 1644
D iowa 14,900 003 | 218 0.7 187 | 007 | 198 6.13
| W/ NSAS 2,800 001 | o042 0.14 124 | ~0 0.37 0.77
! RENTUCKY 10,800 002 | 187 051 890 | 006 | 144 456
" LOUISIANA 250 o | 013 0.04 047 | ~0 | o 027
| MARYLAND 2,950 co1 | 043 014 232 | 001 | o039 120
| MASSACHUSETTS 2.300 ¢ | 033 .11 188 | 00t [ 031 0.96
L ) | MICHIGAN 113,250 022 | 1852 5.40 9133 | 057 | 15.14 47.03
' MINNESOTA 1,560 002 | 131 0.36 583 | 004 | 100 104
¥+SSOURI 4,350 001 | 064 0.21 270 | 001 | os8 1.50
NFBRASKA 950 ~0 0.74 0.06 0.54 ~0 0.13 o
| NEW JERSEY 13,100 003 | 19 0.62 w2 | 007 | s 550
| NEW vORK 33.900 0.07 4.97 1.82 2671 | 016 | 454 13.88
| N CAROLINA 3,980 001 | ose 020 327 | ooz | o83 168
. OHIO 101,100 0.20 14.79 4.84 773 0.48 1348 40 38
OKLAHOMA 1,700 ~0 0.26 0.08 122 0.01 023 0.66
UREGON 1,700 ~0 | o028 008 080 | ~0 | 022 0.49
PENNSYLVANIA 86,400 0.7 | 1249 4.00 8823 | 040 | 1140 34.45
' RHODE ISLAND 1.200 ~0 | 047 0.08 096 | 0.0v | 0.8 0.49
% § CAROLINA 960 ~0 | 014 0.04 o078 | 001 | o043 0.40
§ DAKOTA 100 ~0 | 002 0.0 004 | NA 0.01 0.03
TENNESSEL 16,600 003 | 227 0.74 213 | oor | 207 8.30
® " 1xas 21,100 004 | 3.00 1.01 1660 | 010 | 282 8.61
UTAH 7,860 002 | 112 0.38 s16 | 008 | 102 317
VERMONT 400 ~0 | 008 0.02 033 | ~0 | o008 0.7
VIRGINIA 8200 001 | om 0.30 505 | 003 | oss 2.60
WASHINGTON " 1400 ~0 | ozv 0.07 068 | ~0 | 018 o
. W VIRGINIA 3200 001 | 047 0.18 248 | 001 | o043 1.29
WISCONSIN 23,800 | v 0.06 | 349 114 171} 00| 218 0.00
® | LPA it GION - -
t 8,600 ~0 | os0 0.27 448 | 003 | 07 ¥
o 47,000 0w | ase 224 Nas | o3| em .38
) m 98,000 020 | 1434 ™ 7618 | 045 | 13.08 2,00
™ 93,900 0.8 | 13N .48 7493 | 048 | 1258 38 70
v 350,300 0.70 | 81.22 18.78 27202 | 188 | 4804 145
o 23,660 004 | 347 1.13 1820 | 011 | 318 253
o w 23,000 008 | 338 [RT] 1636 | o008 [ 307 811
win 11,860 003 | LN 0.58 931 | 008 | 185 480
x 20,100 008 | 294 097 142 | 008 | 268 7.8
b4 3,100 ~0 | 048 0.5 148 [ ~0 [ o040 0.90
[ NATIONAL TOTALS | 676200 | __1;— - Y 140 | 9890 | 3240 | 52490 | 318 | 902 73.00
*FOUNDRY SLUDGE NOT CONSIDERED HAZARDOUS
® ON BASIS OF CALSPAN SOLUBILITY TESTS
DESCRIBED IN APPENDIX B.
SOURCE CALSPAN CORPORATION
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Table 14e

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
TOTAL SLUDGE, 1977 (METRIC TONS)

STATE YOTAL TOTAL TOTAL DISPOSAL CONSYITUENTS
DISPOSED | POYENTIALLY HAZARCOUS METHOOD
HAZARDOUS® CONSTITUENTS Cd Cu Cr WMo Ni [ Zn
ALABAMA 87,740 0 1] OPEN DUMP 0.13 9.89 3.23 654.17 [t %k} 9.08 27.9¢
ARIZONA 2,600 ::’?DFILL 0.8 0.3 01 0.97 NA 0.33 0.88
CALIFORNIA 19,830 004 288 0.84 14.98 D.08 2.41 182
COLORADO 4,316 0.01 083 [t 4] 344 0.02 0.68 n
CONNECTICUT 1,770 ~0 0.27 0.09 145 0.0 0.2¢ 0.7.4
DELAWARE 280 ~0 004 0.0t 0.1 NA 0.03 0.07
FLORIDA 886 ~0 012 0.04 048 ~0 0.11 0.28
GEORGIA 720 ~0 0.7 0.03 048 ~0 0.10 025
ILLINOIS 71,280 0.14 10.44 3.42 $3.7¢ 032 9.50 28.17
INDIANA 44,410 0.00 6.49 212 3513 0.22 6.93 18.18
1ON A 16,480 0.03 241 0.79 1313 0.08 220 6.78
KANSAS 3,100 003 0.46 0.16 1.37 ~0 0.41 0.86
KENTUCKY 11,946 0.02 1.74 0.56 9.84 2.07 158 5.04
LOUISIANA 240 ~0 014 004 0.52 ~0 0.12 0.30
MARY LAND 3,266 0.01 0.48 0.16 267 0.01 0.43 1.33
MASSACHUSETTS 2,546 ~0 0.36 0.12 2.08 0.01 0.34 1.06
MICHIGAN 126,260 0.24 18.27 5,97 101.01 0.63 18.74 52.02
MINNESOTA 8,350 0.02 1.23 040 845 0.04 112 3.36
MISSOURt 4,810 0.01 0.71 0.23 299 0.01 0.64 1.68
NEBRASKA 1,060 ~0 0.16 0.06 0.60 ~0 0.4 0.34
NEW JERSEY 14,490 0.03 211 0.69 11.86 0.08 1.94 s.08
NEW YORK 37 500 0.08 850 1718 2954 0.18 5.02 15.32
N. CAROLINA 4,370 0.01 0.84 0.22 3.82 0.02 0.56 186
oHIG 111,820 0.22 16.36 5.36 86.58 051 “wn 44,06
OKLAHOMA 1,880 ~0 0.28 0.09 135 0.01 025 0.72
OREGON 1.880 ~0 0.28 0.08 088 ~0 0.24 0.54
PENNSYLVANIA 94,450 0.18 1381 452 73.26 0AS 1281 38.10
RHODE ISLAND 1,330 ~0 0.19 0.07 1.08 0.0 0.18 0.54
5. CAROLINA 1,060 ~0 0.1 0.04 0.86 0.01 0.14 0.44
5. CAKOTA 110 ~0 0.02 0.01 0.04 NA 0.01 0.03
TENNESSEE 17.140 0.03 2.53 0.82 1342 0.08 2.29 897
TEXAS 23.340 0.04 342 112 18.38 o0.11 3.12 9.62
UTANH 8,480 0.02 1.24 0.40 8.81 0.04 1.13 361
VERMONT 440 ~0 0.07 0.02 0.38 ~0 0.08 0.19
VIRGINIA 8,860 0.01 1.01 0.33 5.69 0.03 692 288
WASHINGTON 1,550 ~0 0.23 0.08 0.75 ~0 0.20 0.46
W. VIRGINIA 3.540 0.01 0.52 0.17 2.74 0.01 0.48 143
WISCONSIN 28,325 {' 0.08 388 1.26 18 96 0.1% 349 10.06
EPA REGION
I 6,088 ~0 o280 0.30 4.95 0.03 082 283
n se9es 0.1% 78 248 | 4140 | 028 | eve 2140
m 108,308 0.22 18.80 .19 34.28 050 HA7 43,56
v 103,850 020 18.18 ass | 8207 | 081 | 1328 20
v 387,443 on 58.65 18.53 300 85 184 51.00 188.44
w 26,180 0.04 3.84 1.25 2023 0.12 3.49 1054
i g 26440 0.08 3 1.23 18.08 0.09 340 9.63
hratig 12,888 0.03 189 0.62 10.30 0.07 1.71 8.31
X 2.230 0.08 3.25 1.07 1585 0.09 294 8.47
X 3,430 ~0 051 0.17 1.4 ~0 044 1.00
NATIONAL TOTAL 754 875 i v 15 1094 368 5808 s -3 ] 3019

*FOUNDRY SLUDGE NOT CONSIDERED HAZARDOUS
ON BAS!S OF CALSPAN SOLUBILITY TESTS
DESCRIBED !N APPENDIX B.

SOURCE: CALSPAN CORPORATION
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Table 141

FROM IRON AND STEEL FOUNDRIES
TOTAL SLUDGE, 1983 (METRIC TONS)

B S

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

‘ STATE ‘ TOTAL ' TOVAL TOTAL DISPOSAL CONSTITUENTS —]
\ | DISPOSED  POTENTIALLY | HAZARDOUS | METHOD o - - " . 271
_ ) HAZARDOUS* | CONSTITUENTS cd !
| ALABAMA T saas0 0 0 OPENDUMP | 016 | 1249 | 398 | 6878 | 041 | 1106 | M48 i
. ARIZONA 3200 ANDELL | 0o 048 | 016 | 120 | NA 0.4 os0 |
® - CALIFORNIA 2490 | 0.08 3.83 116 | 1848 | O.N 322 9.6¢ f
| COLORABO L san ! 001 | o7 | oz a2 |oss | on | 218
CONNECTICUT i 2180 ' ~0 033 ;o1 179 \oor | 030 091 |
OF LAWARE ! M0 | ~0 006 | 001 | o1a | Na } 0.04 008 |
C rLoRiDA i 100 | i -0 { 0.16 { oos [ os | ~0 | o o8 |
- ; G ORGIA ‘ o | " <o | 0w | om | ose | -0 : o2 ] o1 |
CILLINOIS ; 67.850 | o8 | 1287 an [ 68.26 ;o.to 1n »u.n !
® | INDIANA b4.720 o1 | 8.00 } 202 | 4229 | 07 ’ 13 |
i 1owA 20310 | ‘ 0.04 ( 297 | 087 | 1618 | 090 ) 2n 836 |
| KANSAS 3820 j 0.01 ! 087 | 019 , 189 | ~0 | 050 106
KENTUCKY I o720 003 | 214 | 070 | 1213 ; oo | 198 62z |
LOUISIANA § 1,180 | ~0 018 0.06 ‘ 0.64 ; ~0 | 015 0.37 E
MARY LAND ! 4,020 I i 0.0t 0.59 0.19 | 3.16 1 001 | o083 1.64 l
MASSACHUSETTS 3,136 ~0 Q.45 a.18 | 258 | 001 [ 0.42 11
® MICHIGAN 14,260 | ‘ 030 | 2262 | 738 12448 ;078 | 2084 | s4.10 ;
MINNESOTA wawe \ ! 003 | 151 | o | 78 loos | 138 ata
MISSUUHI | 6930 | I | 00 087 | om , e jom ( o7 2,04 i
NEBRASK A | EL ; | S0 010 | 007 07 | -0 | omw | o4z |
NEW JEHSEY | 17,860 ‘ i r 004 2,60 ! 086 5 14 61 ' 010 } 2% ’ 750 '
| NEW YORK [ 4e210 { | 010 677 | 221, 3841 022 619 - 1888
‘; N.CAROLINA j 5380 ] 001 0.7 E 027 448 | 003 | 072 '; ¥ I
| oMo ¢ 137800 | | | 027 | 2016 | 880 ‘10644 | 063 | 1837 | 5504
L ' OKLAHOMA { 2320 | ‘ -0 034 } 011 1es [0.01 031 ose |
]‘ O GON ‘ 2320 | i o | em | on ,‘ 100 | ~o 0.30 .07 }
} PENNEYIL VANIA ; 116,400 i } 021 { 1702 {‘ o b} [ v 27 ‘obb 1b.04 ‘ 4898 ‘
: HUUDE IS AND ) ) 640 | : (4 [\ P2 ony tar L Doy 022 06/ i
! 8 CAROLINA t 1,206 ‘ ! ~0 | o1 t o,osi 1.06 ‘o.on 0.18 056 '
" § DAKOTA \ 140 | ~0 ! op3 | oo | 005 . Na 001 004
TENNESSFF {21130 | f oos | 300 | 101 ! yusa {0t | 282 | ase (
[ ] " TEXAS I 28780 li ! 006 ! a2 138 © 2263 | 014 e | e
[ utaH | 10430 | i 003 | 153 | 049 | 840 [ 006 | 139 | 432 |
j’ VERMONT i 545 ‘ { -0 008 | 003 ' 045 | ~0 0.07 0.23
x‘ VIRGINIA { 8460 | 0.01 1.24 0.47 [ 688 0.04 1.13 54
| WASHINGTON 1910 ~0 026 | ot0 | 093 | ~0 025 0.56
| W.VIRGINIA | 4,380 0.01 0.64 0.20 .38 0.01 0.89 .78
- | WISCONSIN | m440 L \_V | oo | A 156 | 2335 | 0.14 A3 2.9
o } EPA REGION ' ]
! 1 7.600 1 ~0 100 | 037 | 611 | 004 101 342
| I 4,070 o 938 | 306 5102 | 031 857 | 2037
- ‘ m 133570 027 | 19556 | 638 (10383 | 081 | 1783 | 5397
| v 127,985 026 | 1889 | €11 (10213 | 063 | 1713 | 5278
( Y 477,460 095 | 6081 (2283 37076 | 2.26 | 6371 |19280
, w 32,240 0.06 473 | 156 | 2493 | 015 e31 | 1299
® ] i 31,366 0.07 a8t | 151 | 2229 | o1t 418 | 187
] Vit 15,800 004 233 | o7e | 1208 | 0.08 211 654
x 27,390 0.07 40t | 132 | 1wes | 011 363 | 1044
x 4,230 <o 08y [ o2 | 202 | -0 0.88 1.29
NATIONAL 1OTAL 931,060 Y Y 19 {1388 a4z |[nwa a3 lwze e
SFOUNDRY 3L UDGE NOT CONBIDEHE D HAZARDOUS
QN HASIS OF CALSPAN SOLUBILITY TESTS
® DESCRIBED IN APPENDIX B
SOURCE CALSPAN CORPORATION
85



Table 14g

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
TOTAL DUST, 1974 (METRIC TONS)

CONSTITUENTS
STATE TOTAL TOTAL TOTAL DISPOSAL
DISPOSED | POTENTIALLY HAZARDOUS | METHOD | Ci Cu Cr Ma Ni (o] Zn
. HAZARDOUB* | CONBTITUENTS| s
ALABAMA 133,400 [ 0 OPEN o1 13.64 903 174.50 [¥Y] 184 | 1983
ARIZONA .00 0 iom | 2n | 300 | 100 122 | 1w
CALIFORNIA 43,30 008 534 22 63 01 183 (¥ 6.40
COLORADO 8,480 ©.01 0.85 067 1102 0.28 0.7 126
CONNECTICUTY 3,260 ~0 0.28 220 EY'S 0.08 0.24 0.48
DELAWARE . 1,300 ~0 0.33 014 1.67 (X1} 024 0.21
FLORIDA 2,900 ~0 056 028 102 620 047 045
GEQRGIA 2,100 ~0 036 020 454 013 0.30 032
ILLINOIS 168.800 017 2008 19y 264 98 689 174 | 2364
INDIANA 49,460 009 980 gt 121 98 3w 220 13.12
VWOWA 32800 803 338 224 2188 (R F] 198 490
| KANSAY 13,050 (Y] 268 136 %61 106 236 207
! XENTUCKY 21,660 002 1ty 133 231 0.56 150 an
3 LOUISIANA 3,300 oot 065 032 807 0.24 0.54 0.51
[ MARYLAND 6,700 001 on 047 845 025 o84 | D08
! MASSACHUSETTS 4550 ~0 037 0.28 490 0.12 0.34 0 68
MICHIGAN 234,600 022 | 2100 16 01 27278 8.74 18.65 | 33.50
MINNESOTA 17,760 o002 208 129 20 49 [ 3,] 179 261
MISSOURI 16,000 0.02 2n 1% 3383 0.98 .28 231
NEBRASKA 3,800 0.01 070 035 874 0% oss 038
NEW JERSEY 27,000 003 24 172 nn or 2.14 .92
NEW YORK 27.100 0.08 8.48 542 108.73 284 738 | 1134
N. CAROLINA 7.000 2.01 0.66 640 8.52 0.20 0.68 115
OHIO 242,300 0.26 2934 17.87 373718 10 00 2618 | 36.70
OKLAHOMA 4,800 0.01 071z 0.40 804 0.25 0.80 8.72
OREGON 7500 0.01 160 076 19.69 0.68 1.30 117
PENNSYLVANIA 198,700 o021 288 14.20 20235 113 w3 | 292
RHODE ISLAND 2,350 ~0 0.19 016 252 0.06 0.17 0.34
3. CAROLINA " 1800 ~0 015 012 202 0.06 0 | o0z7
S DAKOTA 850 ~0 0.13 008 158 0.06 010 0.09
TENNESSEE 35,860 004 403 2.54 5162 138 348 5.26
TEXAS 47,850 005 5.7 333 66 35 173 449 8.7
UTAH 16.450 002 1862 110 2091 053 142 2.40
VERMONT 800 ~0 0.07 006 Q86 0.02 006 012
VIRGINIA 13,160 001 124 0.09 1607 0.40 1.00 in
WASHINGTON 6,100 609 178 062 1595 0.47 1.06 0.86
W. VIRGINIA 71.700 009 093 067 1183 032 0.80 114
WISCONSIN 04,000 ] ] oor [RE] 818 116 30 320 7.72 [X7]
“epa HEGION . )
H 10.080 -0 o e D.08 tery om on 1.
u 104, 100 01 10 88 714 140 04 P} 049 ALY ]
m 227,650 024 76 02 1658 233.32 (11 N7 | VM
™ 206,400 620 | 2108 3% m 698 1040 | 3000
b4 806,800 0.83 9112 57.47 1186.16 30.00 19.74 | 118.03
i 88,750 0.67 854 406 83.48 222 5.63 8.20
wr 64,560 0.08 9.67 534 12184 340 8.14 9.74
i 25,460 0.03 2480 173 3361 0.86 2.27 373
X 65,280 0.07 805 450 10161 | 283 879 8.29
x 13,800 0.02 287 1.38 35 84 108 236 2.03
NATIONAL TOTAL | 1,509,400 ' J 17 |oes e [awre | eor | a1 |24

*IRON AND STEEL FOUNDRY DUSTS NOT CONSIDERED HAZARDOUS BASED
ON SOLUBILITY TESTS BY CALSPAN AND DESCRIBED IN APPENDIX B

SOURCE. CALSPAN CORPORATION
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ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

Table 14h

FROM IRON AND STEEL FOUNDRIES
TOTAL DUST, 1977 (METRIC TONS)

STATE TOTAL YOTAL TOTAL DISPOSAL CONSTITUENTS
DISPOSED |POTENTIALLY HAZARDOUS METHOD | o4 Cu o Mn i [ n
HAZARDOUS *| CONSTITUENTS®

ALABAMA 147,600 0 ] LANDFILL | 0.4 14.98 .99 163.00 4.93 13.10 .00
ARIZONA 13,200 gfm pume| 002 3.00 142 $7.1¢ 111 246 2.00
CALIFORNIA 47.900 0.08 59 358 75.22 2.02 8.06 7.08
COLORADO 9,380 0.0 0.94 0.63 1219 0.3 0.a3 137
CONNECTICUT 3,600 ~0 0.29 022 3.82 0.00 0.27 0.51
DELAWARE - 1,450 ~0 0.03 a8 408 012 0.27 0.
FLORIDA 3,200 ~0 062 03t 776 0.2 0.52 4.50
GEORGIA 2,300 ~0 0.40 0.22 602 014 0.33 0.3
ILLINOLS 175,600 018 2w 13.24 6188 7.62 1896 28.04
INDIANA 98,960 010 10.60 8.84 134.92 3.60 9.94 14.81
1OWA 38,300 0.03 37 248 48.29 1.24 [ ¥4 L3}
KANSAS 14,650 002 116 1.50 w2 118 2.80 12
RENTUCKY 21800 0.02 196 147 88 [ 23] 178 .44
LOUISIANA 3.000) 0.0 072 038 LA 027 060 058
MARYLAND 7.400 001 0862 082 10485 029 [ R4S 1.08
MASSACHUSE TS 6.000 ~0 04y o 6.42 013 0.3 0.73
MICHIGAN 269,360 024 2324 16.860 01.87 74% 20.63 37.06
MINNESOTA 19.650 0.02 230 14 29.30 0.7 198 289
MISSOURI) 16,600 0.02 3.00 1.54 3753 1.08 2.49 255
NEBRASKA 4,000 0.01 0.77 0% 9.67 0.28 0.64 0.82
NEW JF RSE Y 29,800 003 287 1.90 3463 0.85 237 434
NEW YOAX 86,200 0.09 9.38 5.99 120 28 kR 8.12 12.54
N CAROLINA 8,750 0.01 072 0.54 9.42 0.22 084 1.21
oHIo 268,000 0.28 3245 19.78 413.38 11.08 2786 ».40
OKLAHOMA 5,300 [:3:}] 0.80 0.44 10.00 028 0.88 0.80
OREGON 8.300 0.01 178 0.84 21.78 0.84 144 1.2
PENNSYLVANIA 210,800 0.23 25231 15.80 323.34 956 ‘212 32.30
RHODE 1SLAND 2,800 ~0 021 0.17 7% 007 0.19 0.38
S CAROLINA 2,100 ~0 017 013 223 0.08 0.15 0.30
S. DAKOTA 600 0 0.14 0.07 176 0.08 on 010
TENNESSEE 39,400 0.04 4,48 284 67.09 150 385 5.82
TEXAS 62,700 006 872 3.68 73.38 1.9 497 m
UTAH 18,200 002 178 122 2313 0.50 1.67 2,85
VERMONT 900 ~0 0.08 0.08 0.96 0.02 0.07 0.13
VIRGINIA 14,550 0.01 1.37 0.10 nn 0.44 1.1 an
WASHINGTON 6,760 0.0 142 0.08 17.64 052 117 0.96
W VIRGINIA 8,600 0.0t 103 063 13.08 0.56 088 12¢
WISCONSIN 10,800 l V 008 10.10 B.70 122.82 354 854 10.67

EPA NEGION i T A S T o
1 (VR -0 0% 1Y 1298 0.3% 0.90 7%
n 116 180 012 1204 190 134 80 pY ) 10.80 1008
m 1,700 0.27 w068 17.21 34.70 .74 4.0 0.0
o 221,200 0.22 n» A7 200,07 00 20.9% o
Y 892,300 092 | 100.78 63.56 1200.67 E- X 8700 130.84
w 61,060 0.08 123 448 2n 240 .3 .07
wm 71400 000 | 070 | 691 | 13478 | 378 900 | w07
i 28,150 0.03 288 191 o7 096 251 412
x 61,700 0.08 8.90 498 11238 13 151 917
X 15,000 0.02 Ry 183 39.42 1.18 281 224

~ NATIONAL TOTAL 1,735,760 | 18 15 123.7 413 7.1 ms 48

*IRON AND STEEL FOUNDRY DUSTS NOT CONSIOERED HAZARDOUS BASED
ON SOLUBILITY TESTS BY CALSPAN AND DESCRIBED IN APPENDIX B

SOURCE. CALSPAN CORPORATION
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[able 1M

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLH) WASTE
FROM IRON AND STEEL FOUNDRIES

TOTAL DUST, 1983 (METRIC TONS)

B " T T o7 | CONSTITUENTS . —T
STATE TOTAL TOTAL TOTAL CISPOSAL Cd Cu Cr Mn N} r% In
DISPOSED | POTENTIALLY HAZARDOUS METHOD
HAZARDOUS* CONSTITUENTS®
ALABAMA 181,800 0 G LANDFILL [0 18 1846 | 1231 237 84 8.08 1614 2882
ARIZONA 16,300 PN pump| 003 369 | 174 4680 | 136 | 3.03 268
CALIFORNIA 58,000 807 728 429 8270 249 623 872
COLORADO 11,600 001 116 078 16 02 038 102 1.69
CONNE LTI UE 4400 N viIs | 027 40 | O 033 063
08 1L AWAKE 1,000 N vod | 0w b0 | D16 032 o»
TIORIOA LG L0 [LIFTY oW ont 027 064 a8
(ll({H(lU\ 2 0 0 049 w2’ 619 018 04y 044
ILINOIS 216,500 023 2744 | 1842 w737 | 839 | 2338 3200
INDIANA 121,900 012 1296 | 842 16627 [ AN | 128 1788
10WA 44,700 004 462 305 58 51 183 403 654
KANSAS 12,900 003 390 186 48 40 143 320 282
KENTUCKY 20,400 003 241 | 1M 3158 | 076 217 424
LOUISIANA 4,500 001 089 | nas 1M00 ) 033 074 o070
MARYLAND 9,100 Got Tt 064 1288 034 o087 134
MASSACHUSETTS 6,200 ~0 050 038 8 68 018 od4de 080
MICHIGAN 319,600 c3o 2864 | 2046 377 1 919 | 2642 45 66
MINNESOTA 24,200 aal 284 ! 178 81t | ggs 244 156
MISSOURI 20,450 003 an 189 48 26 14 307 315
NEBRASKA 4,900 001 095 048 1191 0.34 079 0.76
NEW JERSEY 36,800 004 328 234 4268 105 292 534
NEW YORK 105,100 on 156 739 148 20 387 1002 15.16
N CAROLINA 10,800 001 089 067 1né o027 079 157
OHI0 335,260 035 3999 {2436 650943 | 1363 34.32 48 66
OKLAHOMA 6.560 o0 098 055 1232 034 0.82 098
OREGON 10,200 001 217 | 104 2684 | 079 177 1.59
PENNSYLVANIA 270,800 029 3119 [ 1948 39847 |1054 | 2688 39.80
RHODE ISLAND 3,200 ~0 028 ! 020 343 | 0.08 0.23 046
S CAROLINA 2,600 ~0 020 ! 016 275 | 007 0.19 037
S DAKOTA 750 ~0 018 | oo8 215 | 007 014 012
TENNESSEE 48,600 Q04 549 346 70 36 185 474 717
TEXAS 64,850 007 705 454 80 44 238 612 9.50
UTAH 22,400 0.03 22t 150 2B 50 072 194 32y
VERMONT 1,090 ~0 610 | 007 117 | 003 008 018
VIRGINIA 17,800 0.01 1869 012 2190 055 149 260
WASHINGTON 8,300 001 174 | o085 2174 | 064 144 117
W VIRGINIA 10,600 o0 127 orm 1812 | Das 109 165
WISCONSIN 87,260 ‘ 010 1244 702 15716 | 436 10.62 1303
EPA REGION - A o T
1 14 800 ~0 2 0.93 1598 | 038 110 2.16
bl 141,900 015 14 84 8.73 19088 | 4.92 1293 20 49
m 310,150 033 3519 [ 2121 454 37 §12.01 30.67 45.58
w 279,950 0.27 2870 | 1907 36990 | 047 25.08 4102
)4 1,000,360 113 12420 ;7833 16588 10 |41.83 | 10732 160.88
hrid 76,000 010 891 562 11376 | 3.03 187 11.18
m 88,000 011 1318 728 16607 | 483 | 1108 13.27
m 34,700 004 Ibe 236 45 67 117 3.09 608
x 76,300 010 1087 613 138 50 386 9.26 1130
X 18,560 003 k23] 188 48 58 143 3.22 270
NATIONAL TOTAL 2,139,100 ] 23 |2e47 [1624 3tne je27 {an4 3137

*IRON AND STEEL FOUNDRY DUSTS NOT CONSIDERED HAZARDOUS BASED
ON SOLUBILITY TESTS BY CALSPAN AND DESCRIBED IN APPENDIX B

SOURCE - CALSPAN CORPORATION
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® Table 14j
ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDARIES
TOTAL SAND, 1974 (METRIC TONS)

. . STATE TOTAL TOTAL TOTAL DISPOSAL ConsTl ryems
DISPOSED | POTENTIALLY HAZARDOUS METHC D Cu Cr M Ni Pb In PHENOL
HAZARDOUS® | CONSTITUENTS
ALABAMA 1,131,900 [4 0 ALL OPEN 938 539 59 90 75 60.83 6.73 121
ARIZONA 50,200 Damp 042 | oz24 266 141 269 | 030 0.05
CALIFORNIA 332,000 LANDFiLL 275 1.58 1757 9.3t 17.78 197 035
- COLORADO 71,600 459 034 3.79 2.0 3.84 0.43 0.08
CONNECTICUT 29,700 025 0.14 157 0.83 159 0.18 003
. DELAWARE 5,500 005 003 0.29 015 029 | o003 0.01
FLORIDA 15,500 613 007 0.82 0.44 0.83 0.08 0.02
GEORGIA 12,900 on 006 0.68 0.38 0.60 0.08 0.01
ILLINOIS 1,211,400 i004 §77 64.10 3398 64.89 7.20 1.30
INDIANA 744,500 617 354 39 40 2088 39.88 442 0.80
1OWA 276,000 223 131 1481 7.74 1479 1.64 0.30
KANSAS 59,200 0.49 028 313 1.86 3.7 0.36 0.08
KENTUCKY 197,100 1,63 084 10.43 653 10.66 147 0.21
. LOUISIANA 17,100 0.14 0.08 091 0.48 0.92 0.10 0.02
MARYLAND 54,600 045 026 2.89 153 293 0.32 0.08
MASSACHUSETTS 41,800 0.35 0.20 221 147 2.24 0.26 0.04
MICHIGAN 2,086,900 17.29 993 110.40 5854 | 11180 | 12.40 224
MINNESOTA 141,700 117 067 747 396 156 0.84 0.16
MISSOURI 86,100 0N 0.41 456 242 4.81 0.51 0.00
NEBRASKA 19,100 016 0.08 1.0 0.54 1.03 0.11 0.02
NEW JERSEY 240,700 199 118 12.74 6.75 12.89 143 0.26
. NEW YORK 831,200 5.23 300 3340 1770 33.81 3.75 0.67
N. CAROLINA 72,500 060 035 3.84 2.03 3.88 0.43 008
OHI0 1,892,000 15 68 900 100 10 53.07 | 10130 | 1124 2.02
OKLAHOMA 32,700 027 016 1.73 0.92 1.75 0.19 0.04
OREGON 36,000 0.29 017 185 0.98 188 0.21 0.04
PENNSYLVANIA 1,592,700 13.20 758 8428 44.68 85.32 947 1.70
RHODE ISLAND 21,600 0.18 010 114 061 716 013 0.02
‘ S CAROLINA 17.200 014 008 o091 0.48 0.92 0.10 002
5. DAKOTA 2,400 0.02 0.01 012 0.07 0.13 001 0
TENNESSEE 288,200 239 1.47 w2 8.08 16.44 1.1 0.31
TEXAS 362,400 3.25 1.87 2077 1001 21.62 233 0.42
UTAH 141,100 117 087 7.47 308 156 0.84 015
VERMONT 7,400 0.08 0.04 039 0.21 0.40 0.04 0.0
VIRGINIA 114,600 086 055 6.07 3.22 8.14 0.08 0.12
® WASHINGTON 28,900 0.24 0.34 163 081 156 0.17 0.03
. W. VIRGINIA 60,300 050 0.29 319 1.68 3.23 0.28 0.06
WISCONSIN 462,300 1 375 2.18 2304 12.69 24.23 2.00 0.48
EPA REGION
. 1 100,500 084 048 6.31 282 5.39 0.60 0.10
hs3 871,900 1.22 4.5 46.14 24.45 46.70 618 0.3
m 1,827,700 16.16 8.7 96.72 51.27 97.91 | 10.88 1.96
w 1,736,300 14.38 8.26 91.83 48.68 9296 | 1031 1.86
. Y 6,528,200 64.10 | 31.08 35441 | 18312 | 340.66 | 3870 699
n 442,200 366 .1 3.3 1141 23.69 282 0.48
wr 440,400 359 2.00 an 12.36 23.60 2.61 047
wr 215,100 1.78 1.02 11.38 6.04 1153 1.28 0.23
X 382,200 317 182 20.23 10.72 2047 k& 44 0.40
X 63,900 053 0.31 338 1.79 343 0.38 0.07
NATIONAL TOTAL 12,607,400 { ‘ 104.40 | BO.OO 867.90 | 352.70 | 675.30 | 7480 13.50
. *FOUNDRY SANDS NOT CONSIDERED HAZARDOUS
ON BASIS OF CALSPAN SOLUBILITY TESTS
DESCRIBED IN APPENDIX 8.

SOURCE: CALSPAN CORPORATION
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Table 14k

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
TOTAL SAND, 1977 (METRIC TONS)

STATE [_.TO"‘L TOTAL TOTAL CONSTITUENTS
DISPOSED | POTENTIALLY | WAZARDOUS | DISPOSAL
HAZARDOUS® | CONSTITUENTS | METHOD cs o Mo [ ONi o 2n  |PHENOL
ALABAMA 1,251,800 0 [ LANDFILL | 1037 | 596 |6826 |3532 | 6708 | 744 | 134
ARIZONA 55,520 ggzu pump| 022 | 027 | 294 | 15 208 | 033 | 006
CALIFORNIA 367,200 304 178 ? 19.43 ?m.ao ! 19.68 218 0.3
COLORADO | 79,200 | oes | 038 4 | 222 § 426 | 048 | 000 |
I' connecticur ‘ 32800 | 028 | o1 ' 174 : 092 | 178 | o0 ; 0.03
| DELAWARE : s.\oo! 006 | 003 | 03201 . 032 | 003 oM
* HLORIDA . 17.100 | o | oos ‘ 09t | 040 | 082 L e | 002
GEORGIA ! 14,300; 012 { 007 ‘ 078 ! 040 .‘ 076 0.09 l 0.01
i ILLINOIS 1,399,800 | ' 1110 | 638 | 7089 .3788 | 777 | 7.96 l 144
| INDIANA | ez240 | | 882 | 392 f43ss (2305 | mam | ame | om
. 1oWA | 306.300 247 | va6 [ 168 | 888 1836 | 14 ’ 0.33
\ KANSAS ‘, 65800 | ! 054 ; 0.51 ‘ aas | 18 | 35 | o3 | 007
| KENTUCKY m.oon} ; 180 | 104 | 1164 I 612 nes | 129 l 023
‘ LOUISIANA 19,000 ; o ( 000 { 101 | o83 s w02 | on | om
‘ MARYLAND so,wo‘ I 0.80 [ 0m ! 3.20‘ 109 | 34 | o3 | ooz |
| MASSACHUSETTS | 46.200, ’ 038 | 022 | 24 | 1@ | 248 [ o2 | oo |
; MICHIGAN 2,300,100 | | J1912 [ 1098 (12210 @476 12366 | B3N t 248 I
| MINNESOTA 166,100 ; I I 29 ; 074 } s.zo{ 4.38 836 ' 093 i 037 )
MISSOURI 95200 | ; 0.7 | 045 504 [ 268 | 510 | 056 | o i
NEBRASKA 21,100 | ! 018 { 0.10 { uz‘ o6 . 114 | 0a2 i 0.02 f
NEW JEWSEY 200,200 | 220 1127 a0p ) 747 W2 o1 0@ |
I NEW YORK | 698,100 5.78 ‘ 302 | 3694 (1958 . DI l 415, 04 !
N CAROLINA ! 80,200 | 088 | 039 | 426 245 a2 048 . 000 |
‘ oMIO (l 2,002,500 | ! 1734 | 985 flnom (8870 1208 [ 1243 223 ;
} OKLAHOMA | 36,200 , 030 018 | 191 102 194 | 021 | 004 }
! OREGON ] 3.700 ; i , 832 | 019, 205 108 208 | 023 o064
] PENNSYLVANIA ‘{ 1,731.500; k 14.60 ] 83 ' 832 !4942 | 8438 : 1047 ' 180 i
| RHODE ISLAND j 23,900 ! | 020 | o1 ‘ |zs‘f 0.67 . 128 ! 014 E 0.02 !
& CAROLINA | 19,000 | < ot , 009 | 01| 063 . 102 o ' ooz :
4 DAKOTA L0 ;002 0ol [URR T 014 om 0
‘ TENNLSSEL ' 314,700 ‘ Dzes i oan2 L A | 189 034
I TEXAS ' 434,000 | | ! l 358 | 207 | 2297 10Y . 2326 | 268 | oas l
| UTAH i 11,000 | {129 ; LR PO B30 0w 0w ‘
| VERMONT 6,200 [ 007 i ous gdi w2l 044 | 00 001 !
i virginiA ! 126,800 . ; | 1.06 {060 - 671, 356 . 87 | o l 0.3 .
| WASHINGTON | 32000 | | oz ‘ 016 169 080 | 171 | 018 | 003 |
| W VIRGINIA “ sa,7oog | { 065 | 032 3B3| 187 | 387 | 040 | 007 |
|_WisconsIN | 500200 i{ o ' | a1 L l 2648 l 404 | 2780 | 298 | o83 l
. EPA REGION j : f ! ! I ‘ ‘
' 1 R IRLY | | 093 | 0wz 587 | 312 59 | 086 | O
( a | 98e300 | | 7989 ‘ asa ! 5103]2704 ' 5186 | 573 | 103
i m z.om,soog | 16.78 | 983 ;’wuo 56.70 g 10820 | 1201 | 218
] v'd 1,819,100 {1690 | 914 110156 | 6384 ' 10280 | 1140 | 206
, v 7.220,100 | 59.83 i:u:s l30202 20283 | 3672 | 4200 | .73
w 489,200 ' 406 | 2331 091282 | 2620 | 280 | 083
‘ w 487,100 397 |z | w7 {1087 | 2810 | 209 | o082
wn 237,800 i 197 } 13 | 1z.so§ 688 | 1278 | 142 | o028
x 22720 | st | ozov a2y !‘ 1186 | 2264 | 281 | O
x 70,700 | j bS8 ;03 374 198 37 | 042 | 00e
[—N‘ATIONAL TOTAL | 13,943,720 ! Ins.a 684 | 7378 (301 69 | 828 | 149
jmombom | ™™ ! } ) DS B

*FOUNDRY SANDS NOT CONSIDERED HAZARDOUS
ON BASIS OF CALEPAN SOLUBILITY TERTS
DESCRIBED IN APPENDIX B

SOURCE CALSPAN CORPORATION
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Table 141

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
TOTAL SAND, 1983 (METRIC TONS)

STATE { TOTAL ]r TOYAL T TOTAL OISPOSAL CONSTITUENTS )
| DISPOSED | POTENTIALLY | HAZARDOUS | METHOD

‘ - i | WAZamDOUS® cONSTITUENTS | | Cu o Wn Ni ) Zn  |PHENOL

’ ALABAMA " 1sa2800 | ' {aauonu 1278 | 735 | B1.64 | 4328 | €284 | 0.7 188
ARIZONA ! 68,400 | ! | renDuMp | 05T | 033, 383 192 aer 041 0.07

‘ CALIFORNIA | es2500° ‘ : D37 | 296 | 2396 | 1289 | 2423 269 048

| coLoraoo 97,600 { . X | 060 ! oae | s.7 [ 2n 823 0.58 0.1

L CONNECTICUT w,wo: ‘ 0 ! 019 | 214 | 11 217 | om 0.04

| DtLawAR 1500 , ‘ | 007 ! ora | o040 | 020 G.40 | 0.04 0.0t

[ fLORIDA 21100 | j ! ol o0 | 1f2 | om0 113 | ow 0.03

‘ GEORGIA 17,800 | ; ' a1 | oos | oe [ oa 084 | o1t ot

D ILLINOIS 1,661,100 ! [ 13es | 728 | 8737 D aen | asas l 981 117

© INDIANA 1,014,800 ' : [ a1 | ass { 5370 ! mas | s34 | e 109
1owa 376,200 < C 304 179 [ 1wer | oross 2016 : 224 oat
KANSAS 80,700 . o8 lom | az I o228 | a3 | 048 | o008 |
KENTUCKY 268,600 : 2 7] 128 0 1422 . 754 \ 1438 , 159 i 0.28
LOUISIANA 23,300 ‘ [ uw ; 091 124 ' 066 123 ' 01 0o3
MAKRY LAND 14400 ' ; i 081 ' 03 | 384 | 200 | 388 | 0a4 ' o
MASSACHUSETTS "7 000 ‘ ' 048 027 ' 30t ' 189 ' 308 .34 ! 0.06
MICHIGAN 2,844,400 ! ( 2357 | 1353 15048 79 | 16238 . 1680 3.06

" MINNESOTA 192,300 J 159 ' 091 0.8 540 1030 ' 114 | 020 |

| MISSOURI 117,400 ' , 088 056 , 622 3 628 070 | o012

| NEBRASKA 26,000 ‘ " o2 012" 1 om 140 01 . 003
NEW JERSEY 28 100 - ‘ Loan oist 1 920 1787 ¢ 195 | 035
NEW YOHK 860,300 D 1as 40l ass2 2413 | as0s | st | oo

| N CAROLINA 98,800 | 1 | 082 o048, 523 2 | s | o0se | om

1 OHIO 2578800 | . Darar 1227 '1384a | 723 1807 | 1832 | 27

' OKLAHOMA 44,600 0w 0z 238 | 126 | 2% | o2 ’ 0.06

_ OREGON 47.700 ' " os0 o023 252 , 13 « 25 J 020 | o008
PENNSYLVANIA 2170800 , S e F103 1aE7 | B0s0 RALE } 12.01 % 232
AHODE ISLAND 28,400 | ‘ [ 025 0w 18 | 083 ' 1S 018 | o
S CAROLINA 23400 | ;019 011 124 ' 065 125 | 014 0.03

. 5 DAKOYA 3270 . : | 603, 001 ; 016 | 0w ! o1 | oo "

| TENNFSSEE 392,800 . 326 0 187 2079 | 1102 2104 | 233 o4z |

| s 534,800 | 443 | 256 23 | 1384 | 26 | 27 | 057 |

[ uTan 192,300 {188 | 091 1018 | 540 . 10.30 ‘ 114 : 0.20

| VERMONT 10 100 ) i 008 005 053 028 055 ' 006 , 001
VIRGINIA 156,200 ) ; 129, 075 827 439 8N ! 093 ‘[ 01e
WASHINGTON 39,400 ‘ I& 033 \ 018 209 110 ‘ 211 023 ! 0.04

W VIRGINGA 82,200 ‘ | ves J 0.40 ] 435 230 | 40 ! 049 | oce
WISCONSIN 816,500 511 | 293 | 3263 | 1730 | 33.03 | 387 | 065

" EPA REGION T ’ - ‘T A MW“WL_.—%_ _“J,'* % 1 ; i

1 137,000 : : 114 { 065 , 724 { T ! 7.35 l os2 | o

! i 1,188 400 ' 984 568 6280 . 3338 | 63.65 706 ¢ 127

% ni 2,491,100 ! i 2065 1187 13183 | 6988 | 13345 ‘ 14 80 266 |

| v 7 096 bk ‘ 19.80 1126 12516 | 8635 | 12668 1406 | 254 {

5‘ v 8.89/ 900 ’ 7874 4233 47079 : 24969 “7659 " s287 | sz |

1 v ‘ 602,700; ‘ 490 ; 288 i 319 ‘ 1556 { 2320 ' 387 | oes

: v o s000 ‘ | 48 | 285 3177 | 1685 l 21 | ase i 0.64

‘ v Y 283100 | 200 130 Lasse | gz LsT D iz | o

i X ; 520,900 | | | 432 | 248 ’ 27157 | 1461 | 2790 | 208 085 |

E X | 87.100 | i L | enm °‘2AL,,‘;'LI.M?',‘,‘ 1468 | os2 010 |

ONATIONAL TUTAL . 168150/0 ' T “Twas leis (se3 | as07 04 1021 | 184

L i . AT P ] | ; | |

*} OUNDHY 5ANDS NO T LONSIDE HED HAZARDOUL
ON BASIS OF CALSPAN SOLUBILITY TESTS

OESCRIBED IN APPENDIX B
SOURCE CALSPAN CORPORATION
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Table 14m
ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES @
REFRACTORIES, 1974 (METRIC TONS)
STATE TOTAL TOTAL DISPOSAL
DISPOSED | POTENTIALLY METHOD
HAZARDOUS
ALABAMA 29,320 0 ALL
ARIZONA 3410 ity N
CALIFORNIA 9,980 OPEN DUMP
COLORADO 1,850 S:NDF'LLS
CONNECTICUT 670
DELAWARE 370
FLORIDA 780 .
GEORGIA 540
ILLINOIS 36,910 ®
INDIANA 19870
1OWA 7.240
KANSAS 3,680
KENTUCKY 4,520
LOUISIANA 880
MARYLAND 1,500
MASSACHUSETTS 960 ®
MICHIGAN 49,960
MINNESOTA £,040
MISSOURY 3.920
NEBRASKA 970
NEW JERSEY 5.760
NEW YORK 17,280
N CAROLINA 1,660
OHIO 66,680 L J
OKLAHOMA 1.170
OREGON 2,070
PENNSYLVANIA 45,060
RHODE ISLAND 490
8. CAROLINA 390
8. DAKOTA 180
TENNESSEE 8,080 .
TEXAS 10,040
UTAM 3,500
VERMONT 170
VIRGINIA 2,840
WASHINGTON 1,600
W. VIRGINIA 1,778 } ©
WISCONSIN 18430 - | o o
EPA REGION .
1 2290
n 23,040 ~
m 51,630
w 48,260
v 181,880 [
u 12,100 Qo
wr 15,820 }
i 5,600 I
X 13,190 !
X 3,760
NATIONAL TOTAL 386,270 ] E
SOURCE: CALSPAN CORPORATION ."
|
|
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ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE

Table 14n

FROM IRON AND STEEL FOUNDRIES
REFRACTORIES, 1977 (METRIC TONS)

SOURCE CALSPAN CORPORATION

[ STATE YOTAL TOTAL DISPOSAL
DISPOSED | POTENTIALLY METHOD
HAZARDOUS
ALABAMA 32,428 5 ALL
ARIZONA 3771 ! 3?:’3“"
CALIFORNIA 11,038 ggEN ouMP
COLORADO 2,046 LANDELL
CONNECTICUT 741
DELAWARE 400
FLORIDA 863
GEORGIA 597
ILLINOIS 40,822
INDIANA 21976
1OWA 8,007
KANSAS 4,081
KENTUCKY 4,908
LOUISIANA 984
MARYLAND 1,859
MASSACHUSETTS 1,062
MICHIGAN 85,245
MINNESOTA 4468
MISSOURI 4,338
NEBRASKA 1,073
NEW JERSEY 83N
NEW YORK 19,192
N CAROLINA 1836
OHIO 61,582
OKLAHOMA 1.204
OREGON 2289
PENNSYLVANIA 49,828
AHODE ISLAND 542
8. CAROLINA 4
$. DAKOTA 177
TENNESSEE 8,803
TEXAS 11,768
UTAH 3971
VERMONT 188
VIRGINIA 3181
WASHINGTON 1,860
W VIRGINIA 1,958
WISCONSIN 17,066 1}
EPA REGION
1 2,533
o 26,482
m 66,082
™ 80,068
v 201,159
o 14,046
w 17,487
hriing 6,194
x 14,809
X 4,159
NATIONAL TOTAL 392,920 L ]
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Table 140

ESTIMATED STATE, REGIONAL, AND NATIONAL SOLID WASTE
FROM IRON AND STEEL FOUNDRIES
REFRACTORIES, 1983 (METRIC TONS)

STATE TOTAL TOTAL DISPOSAL
DISPOSED | POTENTIALLY METHOD
HAZARDOUS
ALABAMA 9,963 0 ALL
ARIZONA 4,048 g:,'.',‘,’""
CALIFORNIA 13,803 g""f" oume
COLORADO 2822 LANDFILL
CONNECTICUT 913
DELAWARE 504
FLORIDA 1,063
GEORGIA 738
ILLINOIS 50,308
INDIANA 27,083
0wA 9,868
KANSAS 5,028
KENTUCKY 6,181
LOUISIANA 1213
MARYLAND 2,045
MASSACHUSETTS 1,308
MICHIGAN 68,082
MINNESOTA 5,508
MISSOURI 5,343
NEBRASKA 1322
NEW JERSEY 7,851
NEW YORK 23,863
N.CAROLINA 2.263
OHIO 75,802
OKLAHOMA 9598
OREGON 2821
PENNSYLVANIA 61,402
RHODE ISLAND s88
8. CAROLINA 632
8. DAKOTA 218
TENNESSEE 10,072
TEXAS 14,502
UTAR 4803
VERMONT 232
VIRGINIA 387
WASHINGTON 2,303
W VIRGINIA 2413
WISCONSIN 21,03 Y
— s e+ ey
EPA REQION
$ an
n 31403
o 70235
w 61,689
v 247,902
n 17310
wn 21563
i 1,633
X 18.251
X 5,126
NATIONAL TOTAL 484,233 Y

SOURCE: CALSPAN CORPORATION
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emissions collected by dry control systems. The amounts of individual
constituents were calculated by multiplying the total waste figures by
the concentration values derived from laboratory analyses of waste
samples collected at several plants,

An alternative approach for comniling sludge and dusts values
for each state might be to multiply t*. waste generation factors given
in Table 12 by the production figures vn a state-by-state basis. This
approach was not used since state production figures were not directly
available for each type of ferroalloy and the numbers of plants using
each type (wet/dry) of control system was not known.

The waste slag quantities were calculated by multiplying the
slag generation factors obtained from plant visits {see Table 12) by the
state production figures for each type of ferroalloy as estimated from
the sludge and dust values obtained frum in the ferroalloy survey and
from furnace emission data contained in Reference 7. The sums of the
sludge and dust values werc divided by the furnace emission factors for
cach ferroalloy category for each state to obtain production estimates.
The state production estimates for each ferroalloy were then summed and
compared with published national figures. The individual state figures
were then adjusted as appropriate so that the national figures agreed.
The slag constituent values for each state were obtained by multiplying
the total slag values for each alloy type by the concentration values
determined through the analyses of collected slag samples, and summing
over all alloys.

2.3 TREATMENT AND DISPOSAL TECHNOLOGY

2.3.1 Current Treatment and Disposal Practices

Slag. Slag which originates from the metal smelting furnaces is open
dumped. This practice is considered environmentally adequate at this
time in the absence of significant leaching of toxic constituents as
ascertained in solubility tests as described in Appendix B.

Waste Sand. Waste sand from cores and molds may either be reclaimed
for making new molds or disposed of in open dumps. Open dumping is
considered environmentally acceptable at this time in the absence of
significant leaching of toxic constituents as ascertained in solubility
tests described in Appendix B.

Core Butts.  Core butts containing non-degraded sands and binders are
also open dumped. Although solubility tests were not conducted on core
butts they are not considered potentially hazardous at this time.

Solubility testing on core butts is needed to confirm non-leachability.
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Sludges.  Sludges originating from wet scrubbing of furnace emissions
is generally mixed with dry sands, dusts or other dry wastes and open
dumped along with thesc wastes. This practice is considered environ-
mentally adequate at this time in the absence of significant leaching of
toxic constituents as ascertained in solubility tests described in
Appendix B.

Dusts. Dusts originating trom sand reclaiming or control of emissions
from furnaces are open dumped. This practice is considerad environmentally
acceptable at this time in the absence of significant leaching of toxic
constituents as ascertainced in solubility tests described in Appendix B.

Refractories. The broken, or eroded brick refractories from furnaces
are open dumped and are considered non-hazardous. Open dumping is
considered environmentally acceptable,

Floor Sweepings. Sweepings from the core making room are principally
sand and are not considered potentially hazardous at this time. Solu-
bility tests were not conducted on sweepings but are needed to confirm
designation as non-hazardous.

Since all of the wastes from iron and steel foundries are
considered non-hazardous at this time Levels I, II and III technology
nced not be addressed at this time.

2.4 COST ANALYSIS
Because none of the iron and steel foundry wastes have been

considered potentially hazardous based on available evidence at this
time there are no costs attributable to hazardous waste disposal,
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3.0 PRIMARY SMELTING AND REFINING OF FERROALLOYS (SIC 3313)
3.1 INDUSTRY CHARACTERIZATION

Ferroalloy is the generic term for alloys consisting of iron
and one or more other metals., Ferroalloys are used in steel production
as alloying elements and deoxidants.

The major types of ferroallovs produced are ferromanganese,
silicon manganese, ferrosilicon, ferrochrome and silvery iron. The 1972
production of the ferroalloys and percent of total ferrocalloy production
for that year arc as follows: (Reference 6)

Ferromanganese 726,416 MT 32%
Silicomanganese 139,014 6%
Ferrosilicon 767,305 33%
Ferrochrome 319,611 14%
Silvery Iron 147,940 6%
Other 206,294 9%

Total U.S. ferroalloy production in 1971 and 1972 was 2,114,733
and 2,292,153 MT respectively. Production of the above alloys comprises
over 90% of the industry. Ferroalloys produced in minor quantities
(approximately 9% of total) are ferronickel, ferrophosphorus, ferrotitanium,
ferrocolumbian, ferrotungsten and ferromolybdenum.

U.S. producers of ferroalloys are listed in Table 15. Table
16 gives ferroalloy plants by process by state, EPA region and nationally.
There is insufficient information available to estimate state by state
and regional production capacities. Total value of U.S. ferroalloy
shipments in 1973 was $720,542,000 (Ref. 8).

3.2 WASTE CHARACTERIZATION

This section contains descriptions of production technology at
ferroalloy plants and the resultant byproducts or wastes which are
either recycled directly or disposed of on land. Estimates are given
for the quantities of wastes and potentially hazardous constituents
thereof which are disposed of on land either in lagoons or open dumps.

3.2.1 Process Descriptions

Because of the common coproduction of ferromanganese and
silicomanganese within the same plants and close similarities in pro-
duction technology these ferroalloys will be treated together. Production
of terrosilicon, ferrochrome, and ferronickel will be dealth with separately.

Ferromanganese and Silicomanganese. The assumed plant has a
daily capacity of 236 metric tons (260 short tons) of ferromanganese and
74 metric tons (82 short tons) of silicomanganese. Ferromanganese is
produced in two furnaces. The silicomanganese is produced in a single
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TABLE 15.

PRODUCERS OF FERROALLOYS IN THE

UNITED STATES IN 1972

- n e amas vy e ———

Producer Plant loeation Product ! Type of furnsce
Agrico Chemical Co.ovnronno ... orce, Pla... .. FeP. . ... ... ... Electric.
il Salvert Clty, X Fecr, r-‘.c.-s1
Alreo Alloys &Carbide........ ... Mobile, A‘;. :- FeMn, Ml Do.
Nisgara Falls, N.Y 8iMn
Alabama Metallur, leal Corp. ..... Selma, Ala. ... 1 P Do.
Bethlchem Steel Corp. . ... ... __ Johnatown, Pa...... ... FeMn._.._.. . Btaat.
Chromsum Mining & Smelting Co..  Woodatock, Tenn. ... .. Fopy‘(sn :;}»((‘r;s FaCr, Electne.
i
Climax Molybdenum Co,._....... FeMo............. Aluminothermie.
Duréloed Shamrock Corp. . ;ayn. e ElectSc.
M OrPevcncncne mesmen-ec---- LoOcCBlello, idaho._ .. ... FeP. . _._.__... . . o.
1 FeB, FeCb, FeTi, )
Graham, FeV ' oér,
Foots Minersl Co. . .cvoeooann. . Keokuk, Iowa. .. FeCrS8i, FeSi, Do.
oo, | e e
a other,
Henos Furnace Cofp. ... Buffalo, N X.. Silvery iron Blast.
Hanns Nickel Smelting Co. Riddle, O FeNl ...... Eleetric.
Hooker Chemical Corp._..._ Columbia, Tenn. ... FeP... .0 11117070 0.
Interlake Steel Corp.. ... .. ..... Beverly, Ohio_..... 01! Fo§r, FeCrSt, FeSi, Do.
Kaweeki Chemicut Co....,.... ... Esston,Pa_.._ .. .. _ .. l". ) S Aluminothsrmic.
Mobil Chemteat Co. ... . ..., Nichols, Fla. .. -. .. PeP__ . .. ... _. Electric.
Molybdenum Corp. of Amaeriea... .. Washington, Pa._..._ .. FoMo. FeW, FeCb, Elolctm‘: ung‘ o
sluminothermiec.
. Columbis, Tenn.._.....
Monsanta Chemieal Co_ .. ... o S rnge, Tave. "} FoP .............. Electria.
N L Industries, Inc....... Niagara Falls, N.Y. .. _. FeTi, vther? Do.
New Jersey Zinc Co., Palmerton, Pa. ... ... Spln...... .. ...._ Do.
Brilhant, Ohfo......._. ) FeCr. FeSs, FeB |
Ohio Ferro-Alloys Corp._ ... {pono. O e ------- FeMo §iMn," | Do.
Tacoms, Wash_.__..._. other.
Reading Alloys. .. ............... Robesonia,Pa..__._._.. FeCb, FeV.._ . ... Aluminothermie
Shietdalloy Corp. ... ... eou.... Newfield, NJ_..... ... F'g'ci;ﬂr‘a'x CI';EB, Do.
LD, 0
CrMo, otber.t
“Tarpon Springs, Fla. _ ..
Btauffer Chemieal Co_ .. . .o.... M¢. Plesaant, Tenn.___. FeP.. . ... ... Electric.
Silvor Bow, Mont._ ...
Tennessas Alloys Corp. ... ... dg'ﬁ“—}'.o::"_: : _‘::} FeSl.. ....... ... Do.
Tenneange Valley Authority. .. . . _ Muule hoal.l, Ala.. ... FeP.. .. .. . ..... Do.
Tenn-Tex Alloy Chemical Corp. of Houston, Tex_ ... .._... FeMn, SiMn. .. Do.
Houston. Alloy, W. V. | ,
[ SR, :
‘Ashtabula, Ohio. 1177 | FoB e Cr FeCrst,
Usion Carbide Corp . . . ... {Marieta Oblo; ..o FeMn Foli, | Do
méh..a Oreg...... 00| EFeW.Fev. = |
%‘;:‘ 'ol: 31:‘ o .J SiMa, other.! }
. r [
US Steel Corp . .. _.__..... McKp«pon e FoMn..... . .. Blust,
Woodward Tren Go............... Noodward, Ala. ---- -} Fugl, FeMn, SiMn .. Eloctrig.
1 CrMo, Chromium molybdenum; FeMn, ferr ; Spin, spregei ; SiMn, siicomanganese;
FaS1, ferrosilicon; FeP, ferruphosphorus; Fe('r, ferrochromium; FeMu )vrmmolvbvl«num FeNi, ferronickel,

FeT1, ferrotitanium; l'aW
NICb, nickel ralumbium S1, silicon metal.

1 Includes Aimfer, sim:mi zirconium alloys, {errosilicon borol
ferroalloys.

Source:
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® TARIE 16

STATE, REGIONAL, AND NATIONAL DISTRIBUTION
OF FERROALLOY PLANTS BY PROCESS

Plant Distribution

e No. of By Process
State Plants BF A E
Alabama 6 0 0 6
i Florida 3 0 0 3
Idaho 2 0 0 2
® Iowa 1 0 0 1
Kentucky 1 0 0 1
Montana 1 0 0 1
New Jersey 1 0 1 0
New York 4 1 0 3
Ohio 8 0 0 8
PY Oregon 2 0 0 2
Pennsylvania 8* 3 4 2
South Carolina 1 0 0 1
Tennessee 6 0 0 6
Texas 1 0 0 1
Washington 2 0 0 2
West Virginia 3 0 0 3
®
Plant Distribution
No. of By Process
Region Plants BF A E
1 0 0 0 0
® 2 5 0 1 3
3 11* 3 4 5
4 17 0 0 17
5 8 0 0 8
6 1 0 0 1
- 7 1 0 0 1
Y 8 1 0 0 1
9 0 0 0 0
10 6 O
Nation 50 3 5 42
¢ BF = Blast Furnace
A = Aluminothermic
E = Electric Furnace
*
' ) One plant employs both aluminothermic and electric furnace processes

99



furnace. Annual production is given as 81,100 metric tons (89,400 short
tons) of ferromanganese and 25,400 metric tons (28,000 short tons)} of
silicomanganese on the basis of an 11.3 month operating year for each of
the three furnaces.

Raw materials for the production of standard ferromanganese (80%
Mn and 6.5% C, with the balance mostly ivon) consist of manganese ore, coke,
mill scale and melted ferromanganese. The input materials are sized,
mixed together and introduced into the furnaces directly over the molten
bath. An overall flow sheet is shown in Figure 3. The furnaces are of
the open submerged-arc type having three vertical Soderberg-type electrodes
arranged in a triangle. The ends of the electrodes protrude 5 to 6 feet
below the molten bath material. A paste, consisting of coke and pitch,
1s fed into the electrode shells from the top. As the paste descends,
it is baked into a solid mass by the heat of the furnace.

The molten ferromanganesc collects at the bottom of the furnace
and is tapped into ladles for transfer to a cooling area. Slag is decanted
from the top of the ladles, and the product is poured into a cooling bed
in layers, a process called layer casting. The solidified product is broken
into pieces and sized for sale. The ferromanganese slag is rich in manganese
and most of it is used as charge material for silicomanganese production.

The silicomanganese is also made in an open submerged-arc furnace
whose general operation is similar to that of the ferromanganese furnaces.
The process flow diagram is shown in Figure 3. Input materials for silico-
manganese production consist of coal, coke, manganese ore, ferromanganese
slag, quartz, mill scale, dolomite, and remelt. The molten silicomanganese
is tapped from the furnace into ladles, and the slag is decanted off., The
product is cast into layers prior to final sizing. The slag cannot be
recycled within the plant so most of it is sold to contractors for use as
road fill. Some is sent to an on-site.disposal area.

The air emissions tor alil three furnaces are controlled by wet
scrubber systems. The emissions scrubwater from the ferromanganese furnaces
with solids amounting to 150.6 kg/MT of product is lime treated and.clarified.

Ferrosilicon. There are three major types of ferrosilicon
produced in the United States: 75% FeSi, 50% FeSi, and 16-22% FeSi, where
the percentages indicate the amount of silicon in the product. The 16-22%
FeSi type is commonly called silvery pig iron and accounts for about 20
percent of the total ferrosilicon production.

Most of the ferrosilicon produced in the United States is made in
electric submerged-arc furnaces. An average furnace size might be about
15 megawatts with a daily capacity of 37 MT (4l tons) to 65 MT (72 tonms),
depending on whether the furnace produces 75% FeSi or 50% FeSi. The energy
required for 75% FeSi production is about 75% greater than that required for
50% FeSi production. Specifically, the production of 75% FeSi requires
‘only 5.5 mw-hr per MT. Input materials for ferrosilicon production consist
of quartzite, scrap steel, coal, and coke.
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[ COKE
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] REMELTS
FURNACES
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o
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® MATERIAL
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® Figure 3 FERROMANGANESE AND SILICOMANGANESE PRODUCTION
L
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Ferrochrome Production. Ferrochrome is made in two grades, high

carbon (HC) and lTow carbon (LC). Most of the ferrochrome produced in the
United States is of the high carbon type. Input materials consist of chromium
ore, quartzite, limestone, coal and coke. The electrical energy required

to produce (HC) ferrochrome averages about 4.6 megawatt-hours per metric ton
of product. Furnace emissions average 168 kg of particulates per metric

ton of product (335 1b/ton) for either high or low carbon ferrochrome. An
average ferrochrome furnace might be rated at 20 megawatts. Thus, the

average furnace would produce about 104 metric tons (115 short tons) of
ferrochrome per day.

Ferronickel. There is only one ferronickel produglng plant in
the United States located at Riddle, Oregon. Nickel ore is mined at the
top of a mountain and transported to the plant by tram cars.

The plant operates around-the-clock producing approximately 23,600
metric tons (26,000 short tons) of ferronickel (50% Fe, 50% Ni) annually.
Reduction of the nickel ore is accomplished by mixing the melted nickel ore
with ferrosilicon (48% silicon). The required ferrosilicon is produced in
the same plant at the rate of about 20,620 metric tons (22,730 short tons)
per year.

The sequence of operations for producing ferronickel consists of
ore mining and preparation, melting, reduction, and refining. A flow
diagram is presented in Figure 4. The mined ore is first dried and then
screened into three fractions. The coarser, low grade rock is diverted to
a reject ore pile for possible use in the future if an economical process
for nickel extraction can be developed. The ore fraction in the 5/16" to
3/4'" range is crushed and temporarily stored. The-5/16" fraction is
further screened to remove the fines which are stured separately. The
coarser retained ore fractions arc calcined and the fines are roasted.

The coarse and tine tractions are then transferred to ot ore bins from
which they are gravity ted to the furnaces. Ore melting i~ carried out in
Four 20,000 KVA c¢lectric furnaces.  The molten nickel ore 1. tapped into

ladles and vigorously mixed with ferrosilicon which acts as the reducing
agent, Mixing is accomplished by transferring the molten mixture back and
forth between two ladles. During the reduction process, a f{raction of the
ferronickel is removed from the ladle at regular intervals and introduced
into two small electric furnaces for refining. Other input materials for
the refining operations are limestone, dolomite, fluorspar, iron ore, and
coarse concentrates from the skull plant.

The skull plant processes slag from the refining furnaces, metal
spills and residues from the ladles (called skulls) to produce concentrates
of high metal content that are recycled to the refining furnaces and to the
ferrosilicon furnace. A hammer mill pulverizes the input materials and
the coarser metal-rich fraction is removed magnetically. The finer tailings
are sturriced with water and piped to a tailings ptle.
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Ferrosilicon is produced in a 15,000 KVA electric furnace with
mput moterials consisting of quartz, iron turnings, coke, wood chips, and
shall plant concentrates. All forrosilicon produced is cast, crushed and
used tor reduction of the nickel ore.

The molten slag generated during the reduction of the nickel ore
is granulated by high pressure water sprays and transferred to the slag
pile by conveyor belt. The fines derived from granulation of the slag are
carried in the water stream to settling ponds (or lagoons).

3.2.2 Description of Waste Streams

Ferromangancese and Silicomanganese

Slags. A dense vesicular slag is generated from ferromanganese
production at a rate of 600 kg/MT ferromanganese product. Approximately
360 kg/MT of the 600 kg/MT generated is used as an input to the silica-
manganese furnace. The remaining 240 kg/MT is stored on the ground for
possible future use in silicomanganese production.

In the production of silicomanganese a glassy textured slag is
gencrated at a rate of 1100 kg/MT of silicomanganese product. Of this
amount approximately 785 kg/MT product is sold for road base with 315 kg/MT
product disposed of in open dumps.

Major constituents of ferromanganese and silicomanganese slag
are manganese, manganese oxide, silica, alumina, calcium oxide and magnesium
oxide. Trace metals in these slags include chromium, copper, lead and zinc.

In solubility tests described in Appendix B there was no leaching
of toxic heavy metals at greater than 0.2 ppm from either ferromanganese or
siiicoenanganese slag. For this reason in addition to the dense nature or
the <la;,, ferromanganese and silicomanganese slags are not considered hazardous
at this time.

Dusts and Sludges. Depending on whether wet or dry emissions
controls are used on furnaces, dusts or sludges are produced. Figure 3
illustrates emissions control residuals using wet scrubbers. Emissions
from the ferromanganese furnaces are generated at a rate of 167.4 kg/MI
of product. Ninety percent of these emissions or 150.6 kg/MT product are
captured in wet scrubbing systems. The scrubber water is lime treated and
clurified. Underflow sludge from the clarifier is generated at a dry
werght rate of 164.8 kg/MI' product and settled in a lagoon.

Emissions from the silico-manganese furnace are generated at a
rate of 109 kg/MT silicomanganese product. Ninety percent of the emissions
are captured in wet scrubbers as shown in Figure 3 and sent to a settling
basin at a rate of 98.5 kg/MT product. Solids are collected in the settling
basin, dredged several times per week and trucked to an on-site open dump
at a rate ot 74 kg/MI' product.
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Overflow from the settling basin carries 23 kg of dry solids /MT
product to the lagoon. Solids from the lagoon are periodically dredged and
open dumpod at g rate of 187.8 kg/MT of preduct.

In solubility tests described in Appendix B, dusts and sludges
from silicomanganese emissions control leached lead at approximately 1.3 ppm.
Ferromanganese dusts leached 110 ppm zinc and 560 ppm lead. For these reasons,
along with the fine particulate nature of these wastes,sludges and dust,
residuals from ferromanganese and silicomanganese production are considered
potentially hazardous at this time.

Ferrosilicon

Dust. The production of ferrosilicon generates no slag., Therefore,
control of furnace emissions produces the only significant solid waste. While
dry-and-wet emissions control systems are utilized, dry type systems are more
prevalent. Furnace emissions average about 450 kg/MT (900 1lb/ton) for
75% FeSi and 225 kg/MT (450 1lb/ton) for 50% FeSi. Thus, for furnaces controlled
by baghouse collection systems the average quantity of collected dry dust will
vary between 405 kg/MT product and 202.5 kg/MT product depending on the type
of FeSi being made. An overall hooding and capture efficiency of 90 percent
is assumed. The collected dusts are trucked to a land disposal area for
open dumping.

In solubility tests described in Appendix B there was no leaching
of toxic heuvy metals greater than 0.3 ppm from ferrosilicon baghouse dust.
Sludge would be expected to behave similarly, For this reason dusts and
sludges from ferrosilicon production are not considered potentially hazardous
at this time.

Ferrochrome

Slag. In ferrochrome production the slag-to-product ratio is
estimated to vary from 1.5 to 2.0. Therefore the slag generation factor is
approximately 1750 kg/MT of ferrochrome product. The slag occurs in dense 4
to 6 inch diameter clumps and has a vesicular surface. The slag is either
open dumped or processed to produce two or more fractions and sold for use
in road buillding.

In solubility tests described in Appendix B, there was insignificant
leaching of toxic constituents from ferrochrome slag. This slag is therefore
not considered potentially hazardous at this time. ‘

Dust.  Available data show that both wet and dry emissions controls
systems are used in ferrochrome production. If the furnace emissions are
controlled by a dry system 151 kg of dust per MI of ferrochrome product will
be collected on the assumption that the overall hooding and collection
efficiency is 90%. The collected dust is usually trucked to an on-site

dump for final disposal.
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In solubility tests described in Appendix B it was found that
dusts from ferrochrome producticn leached over 100 ppm chrome and around
1 ppm lead. For this reason dust from ferrochrome emissions control is
considered potentially hazardous at this time.

Sludge. For a wet collection system operating at an overall
capture efficiency of 90%, the same weight of particulates would be contained
in the scrubber water as were captured by the dry system. The scrubber water
would be piped to a settling basin to allow the particulates to settle. An
estimated 97% or 146.5 kg/MT product of the solids would be retained in the
settling basin. Accumulated bottom sediments in the settling basin would be
pumped out or clammed out periodically and dumped on adjacent land areas.

As discussed previously ferrochrome dust released chrome and lead
in solubility tests. Sludge would be expected to behave similarly and is
therefore considered potentially hazardous at this time.

Ferronickel

Slag. Granulated slag from the reduction operation is generated
at a rate of 31 MT/MT production, a very high ratio of waste to product.

Accumulation of this slag since the plant began operation in 1954 has produced'

a huge slag pile covering many acres and extending up to a height of 100 feet

or greater. A very small fraction of the slag is purchased by a local con-
tractor for road base.

Solids are carried from the slag granulation operation into a large
lagoon (approximately 12 acres) at a rate of 697 kg/MT ferronickel product
(see Figure 4). Sludge amounting to 576 kg/MT product is dredged once a year
from the lagoon and open dumped on land adjacent to the lagoon. Overflow
from the settling lagoon is diverted to a second lagoon which is not dredged.

In solubility tests described in Appendix B :inc leached from slag
at 2.0 ppm and lead at 1.0 ppm. The fines from this slag (i.e. sludge) how-
ever, did not leach toxic heavy metal constituents beyond 0.3 ppm in the
solubility tests. For this reason slag and slag fines (sludge) are not con-
sidered hozardous at this time,

Skull Plant Tailipgs. Tailings from the skull plant as shown in
Figure 4 are generated at the high rate of 5.3 MI/MI' product. The tailings
are piped to the tailings pile at the rate of 360 MT (400 short tons) per day.
Water runoff from the tailings pile is diverted to the lagoon which receives
slag granulation water. Since the skull plant began operation the skull
plant tailings pile has grown to an impressive area and height but is dwarfed
by the mountainous slag pile.

In solubility tests described in Appendix B, skull plant tailings
leached copper and zinc at approximately 50 ppm. For this reason skull plant
tailings are considered potentially hazardous at this time.

106



®
busts.  Dusts collected during ore preparation including drying,
crushing, calcining and roasting are fed to the furnaces so no significant
solid waste accumulates from control of emissions from these operations.
Dusts from the electric turnace are captured in baghouses and
o recycled to the furnaces with the eoxception of dust collected from the

ferrosilicon furnace. The ferrosits. on dusts are collected at the rate
of 84 kg/MT product, wetted to praver: hlowing, and disposed of in the
slag pile.

In solubility tests described in Appendix B ferrosilicon furnace
® dust did not leach any toxic heavy metals greater than 0.3 ppm and is
therefore considered non- hazardous.

3.2.3 Waste Quantities

A number of ferroalloy plants were visited and samples of waste

residuals obtained for subsequent chemical analyses. These analyses are

o given in Appendix A. From these analyses and data provided by individual
plants on quantities of wastes, waste generation and constituent concentra-
tion factors were developed. These factors are given in Table 17. Using the
generation and concentration factors in Table 17 the yearly generation of
waste residuals from typical plants have been estimated. These estimates
are given in Table 18 for typical plants producing the various ferroalloys

o (FeMn, SiMn, FeSi, FeCr, FeNi). Based on plant capacities, data supplied
by individual plants, and chemical analyses of collected samples, estimates
of the total quantities of land disposed wastes and potentially hazardous
constituents thereof have been made on state by state, EPA regional, and
national levels. This data is tabulated in Table 19 for 1974, 1977 and
1983. Estimates for growth in ferroalloy capacity by 1983 is approximately

o 4%. Inherent error in estimated waste quantities does not warrant meaningful
increased 1977 and 1983 projections at this growth rate.

Oregon with only two ferroalloy plants generates the greatest
amount of slag and sludge than other states with ferroalloy industries. This
. is a result of the ferronickel plant which generates very large quantities of
® waste per unit of product. Ohio which has 8 ferroalloy plants generates the
second largest quantity of slag and sludge and the greatest quantity of dusts.

- 3.3 TREATMENT AND DISPOSAL TECHNOLOGY
3.3.1 Current Treatment and Disposal Practices
® Ferromanganese and Silicomanganese
Slag. Slag from the ferromanganese furnace which is not used

as charge material in silicomanganese production (approximately 40% of total
slag) is stored on land for possible future use. Approximately 30% of
residual slag from silicomanganese furnaces which is not able to be sold as

® road fill is open dumped. Open dumping or sale as roadfill are environmentally
adequate since ferromanganese and silicomanganese slags are not considered
potentially hazardous at this time.
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Sludges and Dusts. At the present time lime treated scrub-
water from ferromanganese furnace emissions control and wet scrubber
sludge from silicomanganese emissions control is settled in lagoons or
settling basins. Settled sediments are periodically dredged and dumped
on land. Dusts are either directly dumped on land or wetted before
dumping to prevent blowing. The present methods of disposing of sludges
or dusts are considered inadequate because of the danger of leaching of
lead and zinc.

Ferrosilicon

Dusts and Sludges. Collected dust from ferrosilicon furnaces
15 usually trucked to on-site open dump areas. Dust is wetted down to
prevent blowing from the truck while heing transported. If wet emissions
control is used a sludge is generated whaich is open dumped. Open dumping
of dust or sludge is environmentally acceptable since they are not con-
sidered hazardous at this time.

Ferrochrome

Slag. Electric furnace slag is open dumped or sold for use
in road building. These practices are environmentally adequate since
solubility tests indicated that ferrochrome furnace slag is non-hazardous
at this time. :

Dusts and Sludge. Either dusts or scrubber water is generated
from emissions control on ferrochrome electric furnaces depending on the
method of air pollution control practiced. Dusts are open dumped while
scrubber waters are put in unlined lagoons with periodic dredging of
settled sediments. Dredged sediments are open dumped. Current practices
of dust and sludge disposal are considered inadequate because of the
possibility of chrome and lead leaching.

Ferronickel

Slag. Granulated slags from reduction furnaces are presently
open dumped. This practice is adequate since ferronickel slag is not
considered hazardous at this time.

Skull Plant Tailings. Skull plant tailings are currently open
dumped. This practice is not considered adequate because of evidence of
zinc and copper leaching at approximately 50 ppm in solubility tests.

Sludges. Sludges result from settling of slag granulation
water and skull plant tailing water in an unlined lagoon. The sludges
are dredged from the lagoon and open dumped. The sludge from slag granu-
lation is not considered potentially hazardous while that from skull plant
tailings is considered potentially hazardous. Since they accumulate in the
same lagoon, the entire sludge volume must be considered hazardous at this
time and the use of an unlined lagoon as not acceptable.
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bDust.  The only land disposed dust from ferronickel production is
the emission control dust from the associated ferrosilicon furnace. This
dust is open dumped on land, an environmentally acceptable practice since
ferrosilicon dust is not considered potentially hazardous at this time.

Levels of treatment and disposal technology for those ferroalloy
wastes which are considered potentially hazardous arce discussed in the
following sections.

3.3.2 Present Treatment and Disposal Technology (level [)

Ferromanganese and Silicomanganese

Sludges and Dust. Lime treated scrubwater from ferromanganese
furnace emissions controls and wet scrubber sludge from silicomanganese
emissions control is settled in lagoons or settling basins. Settled
sediments are dredged and open dumped. Dusts are either open dumped directly
or wetted before open dumping. These practices are inadequate because of
the possibility of heavy metal leaching and subsequent percolation through
permeable soils to groundwater.

Fe rrochrome

Dusts and Sludges. Dusts are open dumped and scrubber waters arvre
settled 1n unlined lagoons with periodic dredging of settled sediments.
bredged sediments are open dumped. These practices are inadequate because
of the possibility of heavy metal leaching and subsequent percolation

through permeable soils to groundwater.

Ferronickel

Shull Plant Tailings. Skull plant tailings are presently open
dumped. This 1s not adequate since solubility tests indicate leaching of
zinc and copper which could percolate through permeable soils to groundwater.

Sludges.  Sludges from skull plant tailings water accumulates
in a lagoon along with sludge from slag granulation water. Sludge is
periodically dredged and open dumped. The lagoon is unlined. The use of
an unlined lagoon and open dumping of dredged sludge are considered in-
adequate because of the danger of heavy metal leaching through permeable
s0ils to groundwater.

3.3.3 Best Technology Currently Employed (Level II}

Ferromanganese and Silicomaqganese

91&_&9_"and Dusts. Lovel Il technology is the same as Level T
{1.¢c. open dumping of dust and dredged sludpo).
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Ferrochrome

Dusts and Sludges. Level 1T technology is the same as lLevel |
(i.e. open dumping of dust and dredped sludge).

Ferronickel

Skull Plant Tailings. Level II technology is the same as
Level I (i.e. open dumping).

Sludges. Level II technologv is the same as Level I (i.e. lagoon
settling and open dumping of dredged sludge).

5.3.4 Technology To Provide Adequate Health And Environmental
Protection {Level 1I1)

Ferromanganese and Silicomanganese

Sludges and Dust. The use of lined lagoons would be required for
settling of sludges. Dredged sludges would need chemical fixation before
dumping on land to prevent heavy metal leaching. Ground upon which dusts are
disposed would require soil sealing to prevent percolation of potentially
hazardous constituents.

Ferronickel

Skull Plant Tailings. The ground area for disposal of skull
plant tailings would require sealing with bentonite or other sealant to
prevent percolation of leachate. Runoff water would be collected and
diverted to the lagoon.

Sludges. The lagoon receiving sludge from the skull plant
tailings pile and slag granulation would require a lining. Dredged lagoon
sediments would be dried and disposed of in sealed soil areas.

Tables 20a through 20e summarize features of Levels I, II and III
treatment and disposal technology for those wastes from the ferroalloy
industry which are considered potentially hazardous at this time.

3.4 COST ANALYSIS

In the last section, various treatment and disposal technologies
currently employed or considered for adequate health and environment pro-
tection were described. The costs for implementing this technology for
typical plants is considered in this section. Costs are given separately
for plants producing ferromanganese and silicomanganese, ferrosilicon,
ferrochrome, and ferronickel.
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3.4.1 Cost of Present Treatment and Disposal Technology (Level 1)

Ferromanganese and Silicomanganese. The typical plant produces
81,000 Ml of ferromanganese and 25,400 MT of silicomanganese operating
about 345 days/year.

Effluent§ from both operations go to a lagoon. It has a
volume of 10,700 m~ and allows for 4 days of residence. Its design
characteristics are:

Volume 10,700 m3
Bottom width 38 m
Top width 50 m
Bottom length 75 m
Top length 87 m
Total depth 3m
Depth of excavation 1.15m
Circumference 286 mg
Dike volume 3,546 m,
Dike surface 3,921 m
Total width 63 m
Total length 101 m
Required area .65 ha

The dygily inflow into the lagoon contains 40.6 MT of solids which
form about 29 m” of sludge. This requires that the lagoon is dredged about
1.9 times/yr assuming that it is dredged when half filled with sludge. 3
This requires about 380 hours of dragline time based on a capacity of 27 m™/yr
of frontloader and truck time. The lagoon is located on semi-industrial
land.

Scrubber water from the silicomanganese furnuace flows through a
concrete-lined settling pit before entering the lagoon. The pit is sized
to allow a settling time of 30 minutes. About 38.7 M{ of solids are
removed weekly from the pit and trucked to the on-site dump. This operation
is ostimated to require 80 hours of truck and backhoe time/yr.

Capital and annual costs of Level | treatment and disposal
technology are given in Table 21.

Ferrochrome. The selected plant produces 62,790 MI' of ferro-
chrome/year operating 345 days. Two types of wastes are generated. One
is furnace slag (non-hazardous) which is open dumped or sold for use in
road building. The other consists of wastes collected by air emission
control systems considered hazardous. Both dry and wet systems are
employed for handling the latter waste, and costs are developed for both
systems.



TABLE 21

COST OF LEVEL I TREATMENT AND DISPOSAL TECHNOLOGY
FERROALLOYS - FERROMANGANESE AND SILICOMANGANESE

Capital Cost

Sludge
Lagoon
Site Preparation
Survey $ 375
Test Drilling 490
Sample Testing 250
Report Preparation 1,200
Construction
Excavation § Forming 4,715
Compacting 6,560
Fine Grading 1,765
Soil Poisoning 355
Transverse Drain Fields 580
Land 2,570
Sump 3,870
Equipment
Truck (1.1) 8,250
Front Loader (1.1) 6,600
Dragline (20%) 14,000
Bulldozer (30%) 2,305
Dump
Survey 1,350
Land 8,545
TOTAL $63,780
- ]
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TABLE 21 (Cont.)

Annual Cost

Land

Amortization
Construction
Equipment

Operating Personnel

Repair and Maintenance
Construction
Equipmont

Energy
Fuel
Electricity

Taxes

Insurance
(Slag Sale)

TOTAL

Sludge
$ 1,110

2,495
4,955
20,110

535
1,560

2,310
230

280

640

e ——————

$34,225
ST

[N SN



The dry system rgsults in the collection of 15.7 M, .f dust/day
with a density of 500 Kg/m~. The dust is transported to an ¢r-site dump,
which requires 2 hrs/day of frontloader and truck time.

In the wet system, the scrubber water is piped to a lagoon.
The lagoon, like all other waste disposal facilities is assumed located
on semi-industrial land. Inflow into the lagoon is at a rate of 80 1/sec.
The lagoon size allows for 4 days detention. Its characteristics are:

Volume 27 850 m3
Bottom width 63 m
Top width 75 m
Bottom length 126 m
Top length 138 m
Total depth 3Im
Depth of excavation .85 m
Circumference 438 m.
Dike volume 6,872 m,
Dike surface 6,282 m
Total width 90 m
Total length 153 m
Required area 1.4 ha

About 15.2 MT of solids settle in the lagoon daily which form
3 . . .
12.7 m~ of sludge. Dredging is required only once every three years.
On the average, 4,150 m” of sludge are dredged annually which represents
220 hours of frontloader and truck time.

The sludge dump is designed to accommodate lagoon sludge
dredged over a 20-year period.

Capital and annual costs of Level I treatment and disposal
technology are given in Table 22. .

Ferrosilicon. Since there are no hazardous wastes believed
associated with ferrosilicon production at this time, there are no costs
associated with hazardous waste treatment and disposal.

Ferronickel. The model plant produces 23,600 MT of ferronickel
operating 365 days/year. Ferrosilicon required for the reduction of
nickel is produced in the same plant at a rate of about 20,620 MT/yr.

The only wastes associated with ferronickel production which is believed
hazardous is skull plant tailings and associated sludge.

Tailings from the skull plant are piped to a tailings pile.
Solids accumulate at a rate of about 360 MI/day. The water from the
tailings slurry drains into a lagoon which also receives water and
solids frog slag granulation. ghe tailings have an estimated densigy of
1,300 kg/m”. Thus, about 275 m~ of solids form daily and 100,375 m
annually, ghe accumulation over a 20-year period amounts to about
2,000,000 m. This will require a 7 ha area given that the tailings are
built-up to a height of 30 m.
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TABLE 2!
COST OF LEVEL 1 TREATMENT AND DISPOSAL TECHNOLOGY

FERROALLOYS -~ FERROCHROME PLANT - DRY COLLECTION SYSTEM

Capital Cost

Dust

Equipment

Truck (35%) $ 8,750

Front Loader (35%) 7,000

Bulldozer (5%) 1,000
Dump

Survey 1,480

Land 8,710

TOTAL $26,870
Annual Cost
Dust

Land $§ 875
Amortization

Construction fouu

Fguipment PO (T
Operating Personnel lu, 205
Repalr and Maintenance

Construction -

Equipment 8.0
Energy

Fuel 2,000

Electricity 200
Taxes 220
Insurance 270

TOTAL 23=495
130
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TARIL 22 (Lont.)

FERROCHROME PLANT - WET COLLECTION SYSTLM

Capital Cost

Lagoon
Site Preparation
Survey
Test Drilling
Sample Testing
Report Preparation

(‘onstruction
xcavation § Forming
Compacting
Fine Grading
Soil Poisoning
Transverse Drain Fields

Land

LEquipment
Truck (10%)
Front loader (10%)
Bulldozer (1%)
Drag Line (10%)

Dump
Survey
Land
TOTAL

131

Sludgc

$ 875
980

500
1,500

9, 140
12,715
2,825

545

2,070

5,535

2,500
2,000

200
7,000

505
3,230

§52,120



TABLE 22 (Cont.)

Annual Cost
Sludge
Land $ 875
Amortization
Construction 3,670
Equipment 1,860
Operating Personnel 7,145
Repair and Maintenance
Construction 820
Equipment 585
Energy
Fuel 820
Electricity 80
Taxes 220
Insurance 520
TOTAL $16,595
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Solids carried into the settling lagoons accumulate at an esti%atcd
rate of 13,600 MT/yr. The sludge formed has a wet density of 1,260 Kg/m
and a dry density of 1,390 Kg/m~. Most of the solids settle in the first of
two lagoons (Lagoon A). The overflow from Lagoon A goes to the second lagoon
{Lagoon B). The characteristics oi v_ne lagoons are:

rtpool A Lagoon B
Volume 81,000 > 95,000 m°
Bottom width 18 m 152 m
Top width 147 m 160 m
Bottom length 278 m 304 m
Top length 2t om 312 m
Circumference &7¢ m 955 m
Depth 2 2m
Depth of excavation .25 mg .25 me
Dike volume 9,950 m2 10,863 m2
Dike surface 9,893 m 10,758 m
Total width 160 m 173 m
Total length 29% m 325 m
Required area 4.8 ha 5.6 ha

Lagoon A is dredged once per year at which time about 10,800 m3
of sludge is removed. This requires about 400 hours of dragline time. The
sludge is then deposited on adjacent land. The transport is estimated to
require 520 hours of frontloader and truck time annually.

In a dry state, sludge removed amounts to 9,785 ms/yr or 195,700 m3
in 20 years. This will require a 2 ha area if the built-up is to 10 m.

All dust except those from the ferrosilicon furnace are recycled.
The latter are not considered hazardous and therefore have no hazardous
waste disposal costs attributed to their disposal.

Altogether, about 680,000 m3 of solids are deposited on land
each year. This is estimated to require 6,800 hrs of bulldozer time yearly
for spreading, shaping and compacting. Capital and annual costs of Level I
treatment and disposal technology are given in Table 23.

3.4.2 Cost of Best Technology Currently Employed (Level II)

Ferromanganese and Silicomanganese. Technology and costs for
Level II are the same as those for Level I.

Ferrochrome. Technology and costs for Level I1 are the same as
those for Level I.

Ferronickel. Technology and costs for Level II are the same as
those for Level I.
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TABLE 23

COST OF LEVEL I TREATMENT AND DISPOSAL TECHNOLOGY

FERROALLOYS - FERRONICKEL PLANT

Capital Cost

Lagoon A
Site Preparation
Survey
Test Drilling
Sample Testing
Report Preparation
Construction
Excavation & Forming
Compacting
Fine Grading
Soil Poisoning
Transverse Drain Fields
Land

Lagoon B
Site Preparation
Survey
Test Drilling
Sample Testing
Report Preparution
Construction
Excavation § Forming
Compacting
Fine Grading
Soil Poisoning
Transverse Drain Fields
Land

Tailing's Dump
Survey
Land

Sludge Dump
Survey
Land

Equipment
Truck (35%)
frront Loader {357}
Bulldozer (55%
Belt Conveyor
Dragline (20%)

134

Sludgg

Tailingi

$ 3,000
900

250
1,500

13,285
18,480
4,450
1,090
6,625
8,400

3,500
900
250

1,500

14,450
20,095
4,840
1,185
7,960
9,800

1,250
3,500

6,565
BRI

545

14,000

4,375
12,250

7,615

TOTAL $153,390

$24,240




TARLE 23 (Cont.)

i Annual Cost
Sludge Tailings
Land $ 2,170 $ 1,225
®
- Amortization
Construction 12,220 510
Equipment 4,190 1,210
. Operating Personnel 16,920 11,565
o
Repair and Maintenance
Construction 2,775 -
Equipment 1,320 380
Energy
® Fuel 1,945 915
Electricity 195 90
Taxes 545 305
Insurance 1,535 240
e TOTAL $43,815  $16,440
o
o
o
o
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3.4.3 Cost of Technology to Provide Adequate Health and Environmental
Protection (Level I1I1)

Ferromanganese and Silicomanganese. The lagoon is lined and the
accumulated sludge is removed by pumping instead of dredging. The sludge
is chemically fixed prior to being deposited at the slag dump. The slurry
pump is operated about 720 hrs/yr, and 1,000 labor hours are assigned for its
operation. The use of the slurry pump eliminates the use of the dragline.

Capital and annual costs are given in Table 24.

¥errochrome. The lagoon is lined, and the sludge or slurried
dJust is removed by pumping instead of dredging. The sludge is chemically
tfixed prior to being deposited at the dump. The dump surface is sedléd and
collection ditches installed, together with a pump and piping. The slurry
pump is operated about 300 hrs/yr and 450 hrs are assigned for its operation.
The usce of the sturry pump eliminates use of the dragline. Capital and annual
costs are given in Table 25,

Ferronickel. Both lagoons are lined and the accumulated sludge
is removed from Lagoon A by pumping instead of dredging. The slurry pump
used for this purpose is operated about 765 hrs/yr and 1,000 labor hours
are assigned for its operation. The use of the slurry pump eliminates the
need for the dragline.

The pumped sludge is deposited on a sealed .25 hectare area
adjacent to Lagoon A for drying. The runoff is collected in ditches and
then flows by gravity into Lagoon B. The dried sludge is then hauled to
dump where the ground has been sealed.

The tailings from the skuli plant are deposited on sealed ground
and collection ditches are constructed at the dump site. The capital and
annual costs of Level TIT treatment and disposal technology are given in
Table 26.

Tables 27 through 29 summarize the capital and annual costs for
levels 1, 11 and ITI treatment and disposal technologies for hazardous
land disposcd waste from the U.S. ferroalloys industry. Costs arc given per
metric ton of dry and wet wastes (i.e. sludges) and per metric ton of
product. Cumulative total industry costs for each ferroalloy sector to
meet Levels I, 11 and 111 treatment and disposal technology are also given.
Costs for each type of waste and total costs for each ferroalloy sector are
also cxpressed as percentages of product selling prices.

Estimated 1973 annualized industry costs for Levels I and II
treatment and disposal technology of potentially hazardous wastes from
ferromanganese and silicomanganese production are $250,000 or 0.2% of
estimated national sales value. The industry cost of Level III treatment
and disposal technology (adequate for environmental protection) is estimated
as $1,310,000 or 0.8% of estimated national sales value.
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COST UF LivEL 131 TRLATMENT AND [1SPOSAL TECHRG.L..Y

FERRUALLOYS - FLRROMANGANES AND S1LICOMANGANESE PLANT

Capital Cost
Sludgv
Construction
Lagoon Liner $21,440
Equipment
Slurry Pump 13,730
Piping, Flexible 440
(Draglinc) (14,000)
{ors” $21,610
Annual Cost
Sludge
Land -
Amortization
Construction $§ 2,485
Equipment (1) 25
Operating Personnel (1) 4,835
Repair and Maintenance
Construction 645
Equipment (1) 10
Energy
Fuel (1) (435)
Llectricity 15
Taxes -
Insurance (1) 215
Chem. Fixation 134,180
TOTAL $141,975

(1) Costs shown are net costs, i.e. costs of new equipment less
dragline associated costs which are no longer incurred.
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TABLE 25

COST OF LEVEL III TREATMENT AND DISPOSAL TECHNOLOGY

FERROALLOYS - FERROCHROME PLANT

Construction
Lagoon Liner

Equipment
Slurry Pump

Pipe, Flexible
(Dragline)

Land

Amortization
Construction
Lquipment (1)

Operating Personnel (1)

Repair and Maintenance
Construction
Equipment (1)

Energy
Fuel (1)
Electricity

Taxes

Insurances (1)

Chem. Fixation

(1) Costs shown are net

Capital Cost
Sludge

$47,630

13,730
440
(7,000)

TOTAL $54,800

Annual Cost

Sludge

$ 5,525
1,140

2,370

1,430
360

(175)
10

550
54,780

TOTAL $65,990

costs, i.e. costs of new equipment less

dragline associated costs which are no longer incurred.
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TABLE 26

COST OF LEVEL 111 TREATMENT AND DISPOSAL TECHNOLOGY

FERROALLUYS - FERRONICKEL PLANY

Construction
Lagoon (A) Liner
Lagoon (B) Liner

LEquipment
Slurry Pump
Piping, Flexible

Sludge Drying Area
Land Sealing
Collection Ditches
Pipe Rigid

Dunmps
Survey
Land
Land Sealing
Collection Ditches
Pump and Piping

Capital Cost

Sludge Tailings
$180,080
212,655
13,730
440
5,000
760
1,730
40,000 140,000
2,145 - 4,010
11,140 18,210
TOTAL $453 080 $lo2, 220
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TABLE 26 (Cont.)

Annual Cost
Sludge Tailings
Land - -
Amortization
Construction $51,115 $16,705
Equipment 2,075 2,895
Operating Personnel 4,590 -
Repair and Maintenance
Construction 13,220 4,320
Equipment 650 910
Energy
Fuel (455) -
Electricity ’ 95 325
Taxes - -
Insurance 4,535 1,620
TOTAL $75,825 $26,775
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Assuming that wet systems are used for emissions control for
ferrochrome production the industry annualized costs for Levels I and II
treatment and disposal technology are estimated as $110,000 or 0.07% of
estimated national sales. The industry annual cost of Level III technology

using wet emissions controls is estimated as $560,000 or 0.36% of 1973
national sales.

The estimated annual cost for Level I and II treatment and
disposal technology for potentially hazardous waste from the one United
States ferronickel plant is $60,000 or 0.18% of estimated 1973 sales
value. Estimated annual costs for Level III treatment and disposal tech-
nology are $160,000 or 0.48% of estimated national sales.
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4.0 PRIMARY METAL PRODUCTS NOT ELSEWHERE CLASSIFIED (ZIC 3399)

This SIC category includes a number of miscellaneous metal
products and associated manufacturing processes including production of
ferrous and non-ferrous metal powders, metal paste, and ferrous and non-
ferrous nails, brads, wire and stap::s. Table 3G shows the geographic

distribution of industries in ¢iiiv ~-2 satzpory as of 1972,

Brads, nails, tacks, spres o vimilar items are manufactured
from metal by machining, extrw ionr an” ¢uner similar processes. Solid
wastes will consist principally of > :! .uvinings, clippings and other
metal remnants. These wastes are r...vcr:xd for scrap and therefore do
not constitute a sclid or hazardous . s:2 prublem.

Metal powders are produced ty . variety of processes as summarized

in Table 31. The raw materials for piciuction is either solid metal or
chemical compounds of metals - generally ouxides of metals.

The three predominant practices for powder production are
atomization, gaseous reduction and electr~lysis. Atomization is the most
widely employed method for manufacturing o+ -melting metal powders, such
as tin, lead, zinc, cadmium and aluminum. Atomization consists essentially
in forcing a thin stream of molten metal through a small orifice and then
bombarding it with a stream of compressed gas, which causes the metal to
disintegrate and solidify into finely divided particles. Usually the gas
stream is directed through a nozzle, partly submerged in the molten metal,
in such a manner as to draw the metal up through the nozzle to the tip.
Solidification of the metal occurs instantaneousiy upon contact with the
gas stream. The product is then removed by means of a suction system and
collected in baghouses or cyclone dust collectors.

Electrolytic production methods for metal powders consist of
electrolytic deposition from solution and electrolytic deposition from
fused salts. These methods are most suitable for manufacture of extremely
pure powders of a variety of metals including copper, i.on, silver, nickel,
manganese and chromium.

Gaseous reduction is employed for the manufacture of ‘commercial
quantities of iron and copper powders, the most common metal powders, and
less common metal powders including nickel, cobalt, tungsten and molybdenum.
Hydrogen, carbon monoxide or some other reducing gas is used to reduce
metallic compounds, usually oxides, to fine metal powders.

Because either pure metal or metal oxides are used as raw
materials for metal powder production there is little waste. Dust, slag
or sludge residues contain high metallic content and are reprocessed.

Table 32 which summarizes residual disposition for one of the largest metal
powder producers in the United States illustrates the dominant practice of
residual recycle.

145



TABLE 30

GEOGRAPHIC DISTRIBUTION OF MISCELLANEOUS PRIMARY METAL PRODUCT MANUFACTURING
FIRMS, 1972 (SIC 3399)

Geographic Area Total No. of No., with 20+ Value of Ind.
Establishments Employees Shipments
U.S. Total 161 101 $341M
N.E, Region 56 35 153
New England Div, 8 7 25
Connecticut 3 3 9
Middle Atlantic Div. 48 28 128
New York 9 5 9
New Jersey 14 8 63
Pennsylvania 25 15 57
N. Central Region 55 34 91
Ohio 14 9 19
I1linois 10 5 10
S. Region 28 18 64
S. Atlantic Div, 6 3 8
E.S. Central Div, 14 9 37
Tennessee 4 4 17
W.S., Central Div, 8 6 20
W. Region R 14 33
Mountain Div, 5 4 : 9
Pacific Div. 17 10 24

Source: Census of Manufacturing 1972
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TABLE

11

A

PROCUCTION OF METAL POWDERS

Raw
material | Biate o + Prnciple iavolved Produet
Ma -nining Vearing J\:ig
Bess mer o oorn Cu and Al alloys
Screening b w1y Ay, Cy, and alloys
Bran.p il Al, Cu, and alloys
Hutnetag g 2% 1 it Al, Cu, and alloys
Euldy wslly Hovore working ‘0
LT
Holid Ginnding spong:. e
Grinding Fracturing of clua- Bi, Sb, ste,
Clenvable metuls vago planes
Metal Grinding  brittle cjec- Fe
trolytic metals Intercrystalline
. ; —— fracturin -
Grinding brittle metals K Ni-Fe alloys
muda fine by hot wg «
Atonazation by aig Npraying Al
blast or steam I'b
Pb alloya
Molten |[— - - — = Rl Mttt -
Granulation by stir- Graining Al
nong Pb alioys
Vapor Condensation at nor- Condensation Zn, Mg
mal or low pressure
Reduetion by hydro- W, Mo
gen or other gases Ni, Co
Solid At temperatures be- Reduection Fe
low melting point Fe, Ca
B Chenuenl pn-éi}nmﬂ«ﬁ Precipitation g(, Pd
on
Chemieal | Solution | —— .. e — - .
Electrodeposition as a Eleetrolysis Cu, Fe, ete.
powdl'r
’«(T'u;«'* _I:ur-lmnvl prm:-;'a Thermal  decom- Fe
position Ni, Ni- Fe allovs
Source: Treatise on Powder

Metallurgy, Vol. I,
Interscience Publishers,
NY, 1949
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