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EXHIBIT

3-1

HAZARDOUS MINERAL PROCESSING WASTESBY COMMODITY SECTOR

Commodity

Waste Stream

#of
Facilities
with
Process

Disposed (mt/yr)

TC Metals

Characteristics

Minimum

Expected

Maximum

As

Ba

Cd

Cr

Pb

Hg

Ag

Corr | Ignit | Rctv

Waste

EForm?

Alumina and Aluminum

Metallurgical grade aluminais extracted
from bauxiteby the Baye process and
aluminum is obtained from this purifi ed
ore by electrolysis viathe Hall-Heroult
process. The Bayer process consists of
the following five steps: (1) ore
preparation, (2) bauxite digestion, (3)
clarification, (4) aluminumhydroxide
precipitation, and (5) calcination to
anhydrous alumina. 1n the Hall-Heroult
process, aluminum is produced through
the electrolysis of alumina dissdved In a
molten cryolite-based bath, with molten
aluminum being deposited on a carbon
cathode,

Cast house dust

23

9,545

N? N? N?

Electrolysis waste

23

28,750

Y?

N? N? N?

Antimony

Primary antimony is usually produced as
aby-product or co-product of mining,
smelting, and refining of other
antimony-containing ores such as
tetrahedrite or lead ore. Antimony can
be produced using either
ﬁyrometallurglc_ rocesses or a
ydrometdlurgical process. For the
p rometallu&gwal processes, the method
of recovey dependson the antimony
content of the sulfide ore, and will
consist of dther volailization, snelting
in ablast furnace, uation, or iron
precipitation. Antimony dso can be
recovered hydrometallurgically by
leaching and electrowinning.

Autoclavefiltrate

54 8,050

50,960

Y?

Y?

Stripped anolyte
solids

N? N? N?

Slag and furnace
residue

0 16,200

32,400

Y?

N? N? N?

Beryllium

Bertrandite and beryl ores are treated
using two separate processes to produce
beryllium sulfate, BeSO,: acounter-
current extraction process and the
Kjellgren-Sawyer process. The
intermediates from the two ore
extraction processes are combined and
fed to anothe extraction process. This
extraction process removes impurities
solubilized during the pracessing of the
bertrandite and beryl ares and convets
the beryllium sulphateto beryllium
hydroxide, Be(OH),. The beryilium
hydroxideis further canverted to
beryllium fluoride, BeF,, whichisthen
catalytically reduced to form meallic

beryllium.

Spent barrenfiltrate
streams

17,600

44,000

70,400

Bertrandite
thickener slurry

0 185,000

370,000

Y? N? N?

Beryl thickener
slurry

3,000

3,000

3,000

Chip treatment
wastewater

0 25,000

1,600,000

N? N? N?

Filtration discard

0 23,000

90,000

Y?

N? N? N?

Spent raffinae

76,000

190,000

304,000
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EXHIBIT 3-1 (Continued)

# of

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg Ag | Corr | Ignit | Rctv \é\{jﬁ?
Bismuth Alloy residues 1 0 1,500 6,000 Y? N? N? N? 2
Bismuth is recovered mainly during the | Spent caustic soda 1 0 0 6,000 Y? N? | N? | N? 1
sBr_neItlnr? of copper acrjld | : ores.
ismuth-containing d ust from copper i
smelting operations is transfeed to lead Electrolytic dimes 1 0 0 100 Y? N? N? N? 2
smelting operations for recovery. At .
lead smelti r]%operanms bismuith is Lead and zinc 1 0 1,500 6,000 V2 N2 | N2 | N2 2
recovered either by the Betterton-Kroll chlorides
ro«r:]esg or the Beétslllile:trolytlc process. Metal chiorid
n the Betterton-Kroll process, chloride
magnesium and calcium are mixed with | residues 1 0 1,500 3,000 Y? N? N? N? 2
g)o tenr!eag ﬁo Ijorm adross that_cr(])ntains
ismuth. The dross s treated with S 1 0 500 10,000 Y? N? [ N? [ N? 2
chlorine orlead c_hlonccjie and oxidized by i
using air or caustic soda to remove
impuritielse'aénbtq? Bet_tsdEIectr?Iytég Spent eledrolyte 1 0 3,050 12,000 Y? N? N? N? 1
e resuting mpuritics meuding Spent soda solution 1 0 0 6,000 Y2 Y2 [ N? | N2 0
bérsmgéh, are smelted, reduced an Waste acid
refined. e aci
solutions 1 0 3,050 12,000 Y? N? N? 0
Waste acids 1 0 25 160 Y? N? N? 0
Boron
Boron (borax) is either recovered from
ores or from natural mineral-rich lake
brines by two companiesin theU.S.
Recoveryfrom oresinvolvesthe
following steps: (1) oreisdisolvedin Waste liquor 3 0 0 ol v? N? N? N? 1

water; (2) theresulting insoluble
material 1sseparated from the solution;
and (3) crystals of sodium borate are
separated from the weak solution and
dried. Boron isrecovered from brines
involves fractional distillation followed
by evaporation.
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EXHIBIT 3-1 (Continued)

# of

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg Ag | Corr | Ignit | Rctv \é\{?ﬁs
Cadmium Caustic washwater 2 0 0 9,500 Y? Y? N? N? 0
Cadmium is obtained as a by-product of
zinc metal production. C ofum meta &?Fa‘{gfﬁ‘?g L%afa 2 0 0 9,500 Y? Y? N? [ N? | N? 2
is obtained from zinc fumes or
precipitates via a hydrometallurgical or a
pyrometatlurgical process The Copper removal 2 0 0 9,500 Y? N2 | N2 [ N2 2
ydrometal-lurgical process consists of
|the fﬁleldowmr%} StlePSI_ (2) péreczl |t§j&s_ Iron coreining
p?%((::i pitgj\\ltv_eltj vﬂ%hlglz? rﬁ:chﬂét ar(j: ditirg:lL,lm impurities 2 0 950 19,000 Y? N? N? [ N? 2
¥_3) precipitete filtered and pressad into )
f!Iter gkke, (4) im urltlesremO\é?dfrom Spent leach solution 2 0 0 9,500 | Y? Y? Y? Y? N? N? 1
ilter cake to produce sponge, (5) sponge
g;esscgrlg'%vggf Ssgld‘ttllgrc] %Crlé’( é)c admium Lead sulfate waste 2 0 0 9,500 Y? Y? N? | N? [ N? 2
metal melted and cast. ' The Post-leach filter
Pyrometallurgical process consists of the | i 2 0 950 19,000 Y? N? N? N? 2
ollowing steps: (1) cadmium fumes
converted to water- or acid-soluble form, —
(2) leached solution purified, (3 Spent purification 2 0 950 19,000 Y? Y2 N2 | N? 0
galvanic precipitation or electrolysis, solution ’
and (4) metal briquetted or cast.
Sabber 2 0 0 9,500 Y2 Y2 [N? | N2 0
Spent eledrolyte 2 0 950 19,000 Y? Y? N? N? 1
Zinc precipi tates 2 0 0 9,500 Y? N? N? N? 2
Calcium
Calcium metal is produced by the
Aluminothemic method. Inthe
Atl)umn;gtrt;erm ¢ method, é:al g ium oxide,
obtained by quarying and cdcinin ; el
cadum limexond isblended With?inely Dust with quicklime 1 0 0 0 Y? | N? | N? 2
divided aluminum and reduced under a
high temperature vacuum. The pracess
produces 99% pure calcium metal which
can be further purified through
distillation
Coal Gas
Coadl is crg‘shed and gdasified inthe
presence df steam and oxygen, Multiple effects
producing Caron fioxideand carbon | evaporator 1 0 0 52,000 | Y N? [ N2 | N2 1
roduce carban oxides, methane and concentrate
ydrogen. The product gasis separated
from the flue gas, and is processed and
purified to saleable methane.
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EXHIBIT 3-1 (Continued)

311

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum [ Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag [ Corr | Ignit | Rctv \é\{jﬁ?
h Copper Qgig (jvf‘,?]t 9 954,000 | 2,385,000 | 3,816,000 | Y Yy |y |y [y |y |y |Y N? | N? 1
Copper isrecovered from ores using
z either pyrometallurgical or APC dust/sludge 10 0 0 ofv? N? [N? |[N? 2
hydrometdlurgical processes In both
cases, the cqpper-bearing ore is crushed, bleed
m gfound, and coneen-trated (except in t 6 62,400 | 156,000 249,600 | Y Yy |y |Y Yy |y |v N? | N? 1
ump leaching). Pyrometallurgical ectrolyte
E procngcantakegs.many asfive Wast ot
steps: roast-ing, smelting, converting, te contac
fire refining, and electrorefining. cooling water 10 0 0 A N? N? N? 0
Hydrometalurgical processing involves
=' leaching, followed by either precipitation | process wastewaters 10 0 0 o|Yy Y Y |y |v? Y N? | N? 1
or solvent extraction and electrowinning.
O :
Coppe
r
o (contin
uedf)Su
~ rface
a impoun
dment
Waste
m Scrubber blowdown 10 9,800 | 245,000 | 3,920,000 | Y Y Y? | v N? | N? |N? "q”'fg
124,00
0
310,00
0
= 496,00
0
Y2Y?Y
YNN
U‘ 71
m Tankhouse slimes 14 0 1,015 3,248 | Y? Y? Y? | Y? | N? N? N? 2
WWTP sludge 10 0 1,500 4,800 Y? Y? N? N? N? 2
q Elemental Phosphorus Dust 2 0 0 2,200 Y? N? N? N? 2
Phosphate rock or sintered/ AFM rinsate 2 2,000 2,000 2,000 Y Y N? | N? |N? 1
glomerated fines are charged into an
ectric arc furnace with cke and silica. | - \ce offgas
Thisyields calcium silicate slag and solids g 2 0 0 12,000 Y N? N? N? 2
n ferrophosphorus, which aretapped.
D#sts are rgmcr)]ved rf]rom the furnaceg Furnace scrubber
offgases and phosphorusis remov! ? ?
m from the dusts by condensation. blowdown 2 0 0 280,000 Y YS N N 0
m Slag quenchwat er 2 0 0 500,000 Y? Y? N? N? N? 0
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EXHIBIT 3-1 (Continued)

Commodity

Waste Stream

#of
Facilities
with
Pracess

Disposed (mt/yr)

TC Metals

Characteristics

Minimum

Expected

Maximum

As

Ba

Cd

Cr Pb

Hg

Ag

Corr | Ignit | Rctv

Waste
Earm?

Fluorspar and Hydrofluoric Acid

Raw fluorgar oreis crushed, ground,
and concentrated. Acid grade fluarspar
(apure form of concentrate) is mi xed.
with sulfuric acid in a heated retort kiln,
reacting to produce hydrogen fluaride
gas and fluorogypsum. Thegasis
cooled, saubbed, and condensed, and
sold as either hydrofluoric acid solution
or anhydrous hydrogen fluoride.

Off-spec fluosilicic
acid

3,750

36,000

Germanium

Germanium is recovered as a by-product
of other meals, mostly copper, 2nc, and
lead. Germanium-bearing residues from
zinc-ore processing facilities, amain
source of germani um metal, are roasted
and sintered. The sintering fumes,
containing oxidized germanium, are
leached with sulfuric acid to fam a
solution. Germanium is precipitated
from the solution by adding anc dust.
Following precipitation, the germanium
concentrates are refined by adding
hydrochlaic acid or chlorine gasto
produce germanium tetrachloride which
Is hydrolyzed to produce solid
germanium di oxide. Thefinal step
involvesreducing gemanium dioxide
Witrélhydragen to produce germanium
metal.

Waste acid wash
and rinse water

550

3,200

Y?

Y?

Y? | Y?

Y?

Y?

Y? N? N?

Chlorinator wet air
pollution control
sludge

53

320

Y?

Y?

Y? | Y?

Y?

Y?

N? N? N?

Hydrolysisfiltrate

106

400

Y?

Y?

Y? | Y?

Y?

Y?

N? N? N?

Leach residues

10

Y?

N? N? N?

Spent acid/leachate

550

3,200

Waste till liquor

106

400

Y?

Y?

Y? | Y?

Y?

Y?

N? Y? N?

3-12
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EXHIBIT 3-1 (Continued)

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg Ag | Corr | Ignit | Rctv \é\{?ﬁs
Gold and Silver
Gold and silver may be recovered from Refining wastes 16 0 184,000 720,000 Y? | Y? N? N? 2
either ore or the refining of base metals.
Extracted ore is crushed a ground and
then subjected to oxidation by roasting,
autoclaving, bio-oxidation, or )
E:ft:lorlnatlon and then cyia_r%lde Ieglchmg
eap, vat, or agitation).” The metals are 2 2 2 2
recovered b activated) carbon loading or Siag 16 0 92,000 576,000 Y N N N 2
the Merrill Crowe process. Activat
carbon loadinginvolvesbringing
precious metal leach sdutions into
congact_withladivatedbcart_)m byI the
carbon-in-column, carbon-in-pulp, or
carbon-in-leach Process, Gold and silver Spent Furnace Dust 16 0 0 0 Y? N? N? N? 2
are then separated by acid leaching or
electrolysis. The Merrill Croweprocess
consists of filtering and deaerating the
leach solut or;land_ tlt]]en pra:ipi(tjatin rt‘he
precious meals with znc powder. The
Solids ave filterer out, melted, and cast | treament aludge 16 0| 92000 | 576,000 Y2 [N? | N? | N? 2
into bars. Therecovery of predous
metals from lead refinéry slimesisa
normal part of the operation called
"deﬁilveffizéPg._" L_eag fromh previous
stages of refining is braught into contact
With 82inG bath i ch absorbsthe Wastewater 16 0 o| 880000 | Y? v2 [v? |v? v2 N2 [N? | N2 0
precious metals. Base metalsare
Lead Acid plant
blowdown 3 0 0 o|Y Y Y Y? Y N? | N? 0
Lead ores are crushed, ground, and
concentrated. Pelletized concentrates are | Acid plant sludge 3 0 0 7,050 Y? |N? | N? 2
then f% to(asi nterelftnit gvith %ther
materials (e.g., smelter byproducts,
coke). Tho ggmer s materf;‘, i hon Baghouse dust 3 0 0 0 Y Y N? [ N?2 [ N? 2
intrr?ducked inécﬁa blast %}rnaﬂe IaI ong Baghouse
with coke and fluxes. Theresulting ; 3 300 3,000 30,000 Y Y N? N? | N? 2
bullion is drossed to remove lead and incinerator ash
other metal oxides. Thelead bullion
may also bedecopperized beforebeing Process wastewater 4 800,000 | 2,000,000 3,200,000 | Y Y? N? N? N? 0
sent to the refining stages. Refining
operations generally consist of several Slurried APC Dust 3 0 0 0 Y Y N? [ N? [N? 2
steps, including (in'sequence) softening,
desilverizing, dezincing, bismuth Solid residues 3 0 0 195 Y? N? | N? | N? 2
rgno_val algadﬂbnallI refining. eDdurln final
refining, ullion is mixed wi :
various fluxes and reagents to remove Spent furnace brick 3 0 0 0 Y N? N? N? 2
remaining impurities. Stockpiled
miscellaneous plant 4 80 44,000 144,000 Y Y N? N? N? 2
waste
Surface
impoundment waste 1 0| 275,000 880,000 | Y? Y? Y? N? N? | N? 0
liquids
WWTP liquid
effluent 4 0 0 0 Y? Y N? [ N? 0
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EXHIBIT 3-1 (Continued)

Commodity

WWTP
sludges/sdids

# of

4

Disposed (mt/yr)

TC Metals

Characteristics

0

0

0

Y?

Y?

Y

N?

Facilities
Waste Stream Erwolctehs Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag | Corr | Ignit| Rctv WEDast[m§

N?

2

Magnesium and M agnesia from
Brines

Magnes um is recover through two
processes (1) electrolyticand (2)
thermal. In electrolytic production with
hydrous feed, magnesium hydroxideis
precipitat ed from seawater and settled
out. The undeaflow isdewatered,
washed, reslurried with wash water, and
neutralized with Hel and H,SO,. The
brineisfiltered, purified, dried, and fed
into the electrolyti c cells. Alternatively,
surface brine is pumped to solar
evaporatian ponds, where it is dried,
concentrated, and purified. The

Cast house dust

3,800

Y?

N?

N?

N?

electrolytic cells, and then casted. The
two thermal production processes for
m%gneﬂ um are the carbothermic process
and the silicathermic process. Inthe
carbothermic process, magnesium oxide
is reduced with carbon to produce
magnesium in the vapor phase which is
recovered by shock cooling. In the
silicothermic process, silica is reacted
with carbon to give silicon meal which
is subsequently used to produce
magnesium. Magnesia s produced by
calcinin ma%lesne or magnea um
hydroxide or by the them )
decompositi on of magnesium chloride,
magnesium sulfate, magnesium sulfite,
nesquehonite, or the basic carbonate.

314



EXHIBIT 3-1 (Continued)

# of Disposed (mt/yr) TC Metals Characteristics

Facilities
Commodity Waste Stream Erwolctehs Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag | Corr | Ignit| Rctv WEDast[m§

Smut 2 0 0 13,000 Y N? N? N? 2

Mercu
ry

Mercur

y
currentl
yis
Tecover
ed only
from
gold
ores.
Sulfid
e
bearin
gol,
oreis
roasted,
and the
mercur
yis
recover
ed from
the
exhaust

gas.
Oxide-
based

gold
oreis
crushed
‘and
mixed
with
water,
and
sent to
a
classifi

er,
followe
dbya
concent
rator.
The
concent
rateis
sent to
o an
agitator
 where
itis
leached
with
cyar¥ ﬁe
. The
3-15 q urry
is

filtered
and the
filtrate
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EXHIBIT 3-1 (Continued)

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum [ Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag [ Corr | Ignit | Rctv WEDast[m§
m Dust 9 0 2 8 Y? N? N? [ N? 2
Furnace residue 9 0 50 99 Y? N? N? | N? 2
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EXHIBIT 3-1 (Continued)

Commodity

Waste Stream

#of
Facilities
with
Pracess

Disposed (mt/yr)

TC Metals

Characteristics

Minimum

Expected

Maximum

As

Ba

Cd

Cr Pb

Hg

Ag

Corr

Ignit

Rctv

Waste
Earm?

Molybdenum, Ferromolybdenum, and
Ammonium Molybdate

Production of molybdenum and
molybdenum products, including
ammonium molybdate, begns with
roasting. Technical grade molybdic
oxide is made by roasting concentrated
ore. Pure molybdic oxi de is produced
from technical grade mdybdic oxide
either by sublimation and condensing, or
by leaching Ammonium mdybdateis
formed by reacting technical gradeoxide
with ammonium hydroxideand
crystallizing out the puremolybdate.
Molybdenum powder is formed using
hydrogen to reduce ammonium
molybdate or pure molybdic oxide.
Ferromolybdenum is tg{)ical ly produced
by reaction of technical grade molybdic
oxide and iron oxide with a conventional
metallothermic process using silicon
and/or aluminumas the reductant

Flue dust/gases

12

138,000

540,000

N?

N?

Liquid residues

500

1,000

Y?

N?

N?

Molybdic oxide
refining wastes

1,000

2,000

Y?

N?

N?

Platinum Group Metals

Platinum-group metals can be recovered
from avariety of different sources,
including electrolytic slimes from copper
refineries and metal ores. The
roduction of platinum-group metals
rom ore involves mini n?, concentrating,
smelting, end refining. Inthe
concentrating step, platinumoreis
crushed and treated by froth flotation.
The concentrates are diied, roasted, and
fused in a smdter furnace, which results
in the formation of platinum-containing
sulfide matte. Solvent extracti on is used
to separate and purify the six platinum-
group metalsin the sulfide matte.

Slag

225

N?

Spent acids

855

3,000

Y?

Y?

Y?

N?

N?

Spent solvents

855

3,000

Pyrobitumens, Mineral Waxes, and
atural Asphalts

The production process for
pyrobitumens consists of cracking in a
still, recondensation, and grading.
Mineral wax processing consists of
solvent extracti on from lignite or cannel
coal. To produce natural asphalt, oreis
processed through avibrating bed dryer,
and sorted according to particle size.
The material is either loaded directly as
bulk product, fed to a baggi ng machine,
or fed into a pulverizer for further s ze

reduction.

Still bottoms

23,000

90,000

N?

Y?

N?

Waste catalysts

10,000

Y?

Y?

N?

N?

N?

3-17
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EXHIBIT 3-1 (Continued)

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg Ag | Corr | Ignit | Rctv \é\{jﬁ?
RareEarths Spent ammonium
nitrate processing 1 14,000 14,000 14,000 Y N? N? 0
Rare earth elements are produced from solution
m%nﬁzge aﬂ? b_'cstna%itc? ores by sulfuric
and hydrochloric acid digestion. it lead filter
Processing of rare_ear_ths?m,ow% Spen 20 0 2,100 5,000 Y? N2 | N2 | N2 2
fract;qrgglfcry%ﬂlhzaéljog ancf .
precipitation 1ol owerl by Solven Electrolytic cell
extraction to separate individual rare ;
earth elements from one another. lon giu(%g: Wet APC 1 0 0 0 Y? N? | N? 2
exchange or calci um reduction produces
g{,ga?{gtfge,g?;gsg{;ﬁfg nemal e | Processwastewater 1 1,400 3,500 5,600 Y v?2 N2 | N2 0
eartc? chlori deﬁf?l Iov;leld byfcrushing h N bb
roduces a camplex alloy of rare eart Spent scrubber
ﬁwetals known ag mischn¥eta|. liquor 1 20 250,000 800,000 Y N? | N? 0
Solvent extraction 20 o| 11500 72,000 N? | Y? | N? 2
Waste solvent 20 0 0| 1,000,000 N? Y? | N? 0
Wastewater from 1 ol 125000 | 800,000 Y2 | v? Y2 [N? [ N2 0

3-18




EXHIBIT 3-1 (Continued)

# of Disposed (mt/yr) TC Metals Characteristics

Facilities
Commodity Waste Stream Erwolctehs Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag | Corr | Ignit| Rctv WEDast[m§

2
Rheniu
m

In
generd,
rheniu
mis
recover
ed from
the off-
gases
produc
ed

when
molybd
enite, a
byprod
uct of
the
process
ing of
porphyr

y
copper
ores for
molybd
enum,

is
Waste zinc r%a&?r(]jg

contaminated with 20 o| 11500 72,000 Y2 N? | N2 [ N? i
mercury roastin

¢}
process

molybd
enite
concent
rates
are
convert
edto
‘molybd
ic oxide
and
rheniu
mis
convert
ed to
rheniu
h m
eptoxi
de.
The
rheniu
m
oxides

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

3-19




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

EXHIBIT 3-1 (Continued)

Commodity

# of Disposed (mt/yr) TC Metals Characteristics

Facilities
Waste Stream Erwolctehs Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag | Corr | Ignit| Rctv WEDast[m§

Scandium

Scandium is generally produced by small
bench-scalebatch proceses. The
Pl’lnCI pal domestic scandium resource is

luorite taili ggs contaning thortvetite
and associated scandium-enriched
minerals. Scandium can be recovered
from thortveitite using several methods.
Each method involves adistinct initial
step (i.e., acid digestion, grinding, or
chlorination) followed by a set o
common recovery steps, including
leaching, precipitation, filtration,

washing, and ignition at 900 °C to form
Lscandium oxide

Spent rhenium
raffinate 2 0 44,000 88,000 Y? N? N? | N? 2

Spent acids 7 0 1,960 7,000 Y? N? N? 0

solvatﬁtsoel;/ternagifc:r? m 7 0 0 3,500 N? | Y? [N? 0

Selenium

The two principle processes for slenium
recovery are smdting with soda ash and
roasting with soda ash. Other methods
include roading with fluxes, during
which the seleni um is either volatilized
as an oxide andrecovered from theflue
gas, or isincorporated in a soluble
calcine that is subsequently leached for
selenium. In some processes, the
selenium isrecovered both fromthe flue
gas and from the calcine. Tce)(fjurlfy the
crude selenium, it is dissdved in sodium
sulfite and fi ltered to remove unwanted
solids. Theresulting filtrateis acidified
with sulfuric acid to predpitate
selenium. The selenium precipitate is
distilled to drive off inpurities.

Spent filte cake 3 0 0 2,550 Y? N? N? N? 2

Plant process
wastewater 2 13,200 33,000 52,800 Y Y N? | N? 0

Slag 3 0 128 4,080 Y? N? N? N? 2

Tellurium slime
wastes 3 0 128 4,080 Y? N N? N? 2

Waste solids 3 0 255 5,100 Y? N? N? N? 2

Synthetic Rutile

Synthetic rutile is manufactured through
the upgrading of ilmenite ore to remove
impurities (mostly iran) and yield a
feedstock for production of titanium
tetrachloride through thechloride
process. The various processes
developed can be organized in three
categories: (1) processesin which the
ironin the ilmenite ore is completely
reduced to metal and separat ed either
chemically or physi cally; (2) processes
in which iron isreduced to theferrous
state and chemically leached from the
ore; and (3) processes in which selective
chlorination is used to removethe iron.
In addition, aprocess called the Bendite
Cyclic pracess uses hydrochloricacid to
leach iron from reduced ilmenite.

gﬂi’gﬁ""”‘”‘ide 1 o| 11,250 36,000 v? | v? N? | N2 | N2 2

APC dust/sludges 1 0 0 0 Y? | Y? N? N? N? 2

Spent acid solution 1 0 0 0 Y? | Y? Y? N? N? 0
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EXHIBIT 3-1 (Continued)

Commodity

Waste Stream

#of
Facilities
with
Pracess

Disposed (mt/yr)

TC Metals

Characteristics

Minimum | Expected | Maximum

As

Ba

Cd

Cr Pb

Hg

Ag

Corr

Ignit

Rctv

Waste
Earm?

Tantalum, Columbium, and
Ferrocolumbium

Tantalum and columbium ores are
Broc%d, py physically and chemically
reaking down the ore'to form )
columbrum and tantalum salts or oxides,
and separatingthe columbiumand
tantalum saltsor oxidesfrom one
another. These salts or oxides may be
sold, or futher processed to reduce the
salts to the respective metals.
Ferrocdumbium is madeby smelting the
orewith iron, and can be sold asa
product or further processal to produce
fantalum and columbium products,

Digester sludge

1,000 1,000 1,000

N?

Process wastewater

75,000

N?

Spent raffinee
solids

2,000 2,000 2,000

N?

Tellurium

The process flow for the production of
tellurium can be separated into two
stages. Thefirst stageinvolvesthe
removal of copper from the copper
slimes. The second stage involves the
recovety of tellurium metal and
purification of the recovered tellurium.
Copper is generally removed from slimes
by aeration in dilute sulfuric acid,
oxidative pressure-leaching with sulfuric
acid, or digestion with strong acid.
Tellurous acid (in theform o
precipitateg is then recovered by
cementing, leaching the cament mud,
and neutralizing with sulfuric acid.
Telluriumis recovered from the
recipitated tellurousacid by the
ollowing threemethods: (1) direct

reduction; (2) acid precipitation; and (3)
electrolytic purificgion

Slag

0 250 3,600

Y?

N?

N?

N?

Solid waste residues

0 500 4,500

N?

N?

N?

Waste electrolyte

0 500 10,000

N?

N?

N?

Wastewater

Y?

N?

N?
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EXHIBIT 3-1 (Continued)

Fadilities Disposed (mt/yr) TC Metals Char acteristics
Commodity Waste Stream pmm« Minimum [ Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag [ Corr | Ignit | Rctv \é\{?ﬁs
Titanium and Titanium Dioxide \;P'v%(‘l?lvlgeruo' and 3 0 675 2,640 Y2 |y? | v? Y? N? N? 0
Ti(t)e(ajniu_m orefsfare utilized in the based
production of four mgjor titanium- Scrap milli
broducts. titanium dioxide (TiO Smfg’bef W;t% 1 0 1,250 4,800 Y? [vy? | y? Y? N? [ N?2 |N? 0
pigment, titanium teérachlmde iCl,),
titanium sponge and titanium
ingoumetal. The primary titanium ores Scrap detergent 2 72,000 | 230,000 [ 432,000 Y? |2 [v? Y? Y |[N? | N? 0
_flor manufacdture_ ?f thl_e%z products are
ilmenite and iutile. TiQ, pigment is
manufactured through et her the sulfate, | Smut fromMg 2 0 0 23,000 N? [N?2 |Y 2
chloride, or chloride-ilmenite process. recovery
fll'he sulfate progl_e%Z er_nprllosylls dlge?]tl on of Leach liquar and
Iimeniteaeor TiQ-ric Wit 2 2 2 2
sulfuric acid o produce a c&ke, which is | sponge wash water 2 76,000 240,000 464,000 Y? Y Y N? N? 0
purified and calcined to produce TiO
pigment. In the chloride process, rut_ﬁe,_ Spent surface
Sﬁnth_etlc tile, or h1|gl- urity ilmeniteis | impoundment 7 0 0 3,360 Y? | Y? N? | N? [ N? 2
chlorinated to form TiCl,, which is liquids
purified to form TiO, pigment. In the
chloride-ilmenite pracess, a low-purity Spent surface
ilmenite isconvertedto TiCl, inatwo- | impoundments 7 0 17,850 35,700 Y2 | v? N? [ N? | N? 2
stage chlorination process. Titanium solids ’ ’
spongeis Broduced by purifying Tid,
enerated by the chl_lprid_eor chloride- Waste acids
IImenite process. Titanium sponge is A 7 9,800 24,500 39,200 Y? | Y? Y? Y N N 0
cast into _?ngcts for further procesing (Chloride process)
into titanium metal. id r
oo acids (Sulfate 2 200 | 40,000 78,000 | Y % Yy |y [y [N |N 0
Waste feric 7 0 0 0 y |y |v Yy |y2 [ N2 | N2 0
chloride ’ ’ ’
‘S’JVL}’(‘{J;SO" ds 7| 420000 | 420000 | 420,000 Y NO[N[N 2
Tungsten
Tungsten production consists of four
distinct stages: (1) orepreparation, (2)
leaching, (ag) purificationto APT, and idand ri
(4) reducing APT to metal. Ore Spent acid and rinse 6 0 0 16,800 Y? | N? [ N? 0
Prepa_ratlon involves gavity and water
lotation methods. Concentration is
usually accomplished by froth flaation,
supplemented %Ieachl ng, roasting, or
magnetic or high tension separation.

APT viaeither sodium tungstate or
tungstic acid (which was digested with
agueous ammoria) to solubilize the
tungsten as ammonia tungstate. Further
purification and processing yields APT.
APT is converted to tungsten oxide by
calcining i n arotary furnace. Tungsten
oxides arereduced to meal powderin
high temperat ure furnaces. Tungsten
carbide is formed by reducing APT or
tungsten oxides in the presence of
carbon.
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EXHIBIT 3-1 (Continued)

# of Disposed (mt/yr) TC Metals Characteristics

Facilities
Commodity Waste Stream Erwolctehs Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag | Corr | Ignit| Rctv WEDast[m§

0
Uraniu
m

Uraniu
more
is
recover
ed

using
either
convent
ional
milling
or
solutio
mining
(insitu
leachin

Q).
Bene)ic
iation
of
convent
ionally
mined
~ores
involve
s
crushin
g and
grindin
gthe
extracte
d ores
followe

Iga%i?l
g

circuit.
In situ
operati
ons use
aleach
solutio
nto
dissolv

e
desirabl
e
uranifer
_ ous
mineral
sfrom
deposit
sin-
place.
Uraniu
min
either
caseis

Process wastewater 5 0 925 6,000 Y? N? N?
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EXHIBIT 3-1 (Continued)

# of i -
Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream with Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag | Corr | Ignit | Rctv Wastg
\ aporizer
m condensate 17 0 4,675 17,000 Y2 |N? N2 0
Superheater
o condensate 17 0 4,675 17,000 Y? N? N? 0
l I Slag 17 0 0 0 N? Y? |N? 2
Uranium chips from
ﬂ ingot production 17 0 0 1,700 N? [Y? | N? 2
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EXHIBIT 3-1 (Continued)

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum [ Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg | Se | Ag [ Corr | Ignit | Rctv \é\{jﬁ?
Zinc Acid plant
blowdown 1 0 0 olYy Y Y Y? | Y?2 |Y Y Y N N 0
Zi r&c-beafrli ngores arecrLéshed and
undergo flotation to produce (i 2 2 2 2
concentrates of 50 to 60% znc. Zincis Waste ferrosilicon ! 0 0 8,500 Y N N N 2
then processed through either of two
primary processing methods: Process wastewater 4 0 0| 3,400,000 |Y Y Y Y Y Y Y N? N? 0
ellectrolytl_ c or pyrometallurgical.
Electrolytic processing involves ;
digestion with sulfuric add and Discarded refractory 1 0 500 1,000 | Y? v2 | y? |v? N? N2 | N2 2
dectrolyticrefining. In o
pyrometallurgical processing, cdcineis
sintered and smelted in batch horizontal Spent cloths, bags, 4 0 0 0 Y? vy2 ly?2 |y?2 |vy? | N? N? N? 2
retorts, externally-heated continuous and filters
¥ert|ca| retlorfasd é)_r_electrpthermmel odi Soent goettite and
urnaces. In addition, zinc is smelted in pent goethite an
blast furnaces through the Imperial leach cake residues 3 0 0 oY Y Y Y2 ve |y Y N? N? N? 2
Smelting Furnace process, which is
capable of recoveringboth zinc and lead | Spent surface
from mixed zinc-lead cancentrates. i_mppémdment 4 504,000 | 1,260,000 | 2,016,000 Y? Y N? | N? 0
iquids
2Zinc
(contin
ued)Sp
ent
syntheti
. c
Spent surface gypsum
impoundment sdids 4 0 500 1,000 | Y? Y? Y? [ Y? | Y? | Y? |N? N? | N? 4
21,200
21,200
21,200
Y?YY?
N?N?N
2
TCA tower
blowdown (ZCA
Bartlesville, 1 0 63 200 Y? Y? | Y? | Y? Y? N? | N? 0
OK-Eledrolytic
plant)
Wastewater
treatment plant 4 0| 880,000 2,816,000 Y? N? N? [ N? 0
liquid effluent
Zinc-lean slag 1 0 0 8,500 Y? N? N? | N? 2
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EXHIBIT 3-1 (Continued)

Fadilities Disposed (mt/yr) TC Metals Characteristics
Commodity Waste Stream pmm« Minimum | Expected | Maximum | As | Ba | Cd | Cr | Pb | Hg Ag | Corr | Ignit | Rctv \é\{jﬁ?
Zirconium and Hafnium Spent acid leachate
) from zircanium 2 0 0 860,000 Y? N? N? 0
The production processes used at alloy production
prlme}ry 2|rpon|u|m ang hafrgulm o
manufacturing plants egen argely on ent acid leachate
the raw mataid used. dx besic Hom areeniam 2 0 0| 1,600,000 Y2 |N? | N2 0
Oﬁeratlor]s mey be performed: (1)sand | metgl production B
chlorination, (2) separation, (3)
calcining, (4) c?ure chlorination, (5) Leaching ri
reduction, and (6) purification. Plants €ac |fng rinse
that produce zrconium and hafrium water from Ll 2 0 10,500 41,600 Y? | N? | N? 0
from zircon sand use all $x of these 2 rcgmum oy
process stePs. Plants which praduce production
zirconium from zirconiumdioxide .
en|1p| oy reduction and purification stegs Leat?Ch:‘ng rinse
only. water from
y zirconium metal 2 0| 250,000 | 1,600,000 Y? N? | N? 0
production
Key: . . - g
Y EPA has actual analytical data demanstrating that the waste exhibits oneor more of the RCRA hazardous characterisitcs.
Y? EPA, based on professional judgement, believes that thewaste may exhibit one a more of the RCRA hazardous characteristics.
N The waste probably does not exhibit one or more of the RCRA hazardous characteristics. . o o
\l)lv’;st Insufficient data are available to analyze. Based an general knowledge of the industry, however, EPA believes that the waste probably does not exhibit one or more of the RCRA hazardous characteristics.
e
Form: 0 = Waste with < 1% Tota Suspended Solids (TSS) (Wastewater); 1= Wastewith 1-10% (TSS) (Liquid Wastewater); 2 = Waste with > 10% (TSS) Nonwastewater.

3-26




