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NOTICE

This réport has been reviewed by the Hazardous Waste

Management Division of the Office of Solid Waste,
E.P.A.  The contents do not necessarily reflect the
views and policies of the E,P.A., nor does the
mention of trade names, companies, products or
processes constitute endorsement or recommendation
for use.
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ABSTRACT

This study assesses the alternatives to landfill disposal of
potentially hazardous industrial wastes generated by the metals cmeltin
and refining industries, identified by EPA Contract No. 68-01-2604 ("As
of Industrial Hazardous Waste Practices in the Metal Smelting and Refin
Industry'). The alternatives analyzed are the physical, chemical and b
processes identified by EPA Contract No. 68-01-2288 ("Physical, Chemica
Biological Treatment Techniques for Industrial Wastes'). The processes
analyzed identify feasible alternatives that enable materials or energy
recovery, waste detoxification or immobilization, and volume reduction
comparison with landfill disposal. Incineration was not a viable optic
this industry's wastes and was, therefore, not examined in this study.
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EXECUTIVE SUMMARY

Several categories of metals smelting and refining industries, whose
wastes were classificed as potentially hazardous were examined by EPA Contract
No. 68-01-2604, "Asscssment of Industrial Hazardous Waste Practices in the
Metal Smelting and Refining Industry.' Alternatives to landfill disposal
were evaluated.

1.

Iron and steel coke production waste streams 1 and 2,
ammonia still sludge and decanter tank tars, generally
were found to have no recovered material value,

Alternative treatment of iron and steel manufacturing
wastes were found to be in several general categories.
None of the alternative treatments offered definite
recovered matcrial values in excess of the treatment
costs. The iron and steel air emission control dusts
and sludges, waste streams 3, 4, and 5 as well as
rolling mill sludge, waste sLream 6, were wastes with
potential, but not definite, recovered material values
in excess of alternative treatment costs. The spent
pickle liquor, waste stream 8, alternative processes,
while recovering useful materials, did not provide
recovery values exceeding alternative treatment costs.

The farrnuliay inductyy had ane waete ctream, ferrachrome
glaa, (wacte ctveam 17A), with notantial recoverad material
value exceeding aliernative treaiment costs. The
remaining wastes contalned recoverabie materiails

whose value did not exceed alternative treatment costs.
These were ferro and silicomanganese slags, waste

streams 13 and 14. Waste stream 11, ferrosilicon dusts,

did not have any recoverable materials.

Generally, only the primary nonferrous smelting and
retining industry, as oppused to the secondary, had
potentially hazardous wastes with definite recovery

value exceeding alternative treatment costs. The

major exception was the primary antimony, electrolytic
and pyrometallurgical, waste streams 23 and 24, which did
not have recovery value.

All of the sccondary nonforrous smelting and refining
industries generated wastes without recovered material
values. These were waste stream 27, copper refining
blast furnace slag; 28, lecad refining S0; scrubwater
sludge; and 29, aluminum refining scrubber sludge.

The one exception was waste 30, secondary aluminum high
salt slag, which offered potential recovered matorial
value exceoding alternative treatmont costs,

I
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Alternative Waste Treatment and Material Recovery Costs. Capital
and annual costs for alternative waste treatment and material recovery in the
mctal ganufacturing opcrations considered in this study are based on a
typical plant and are expressed in 1976 dollars,

The information concerning alternative waste treatment costs for
the industries considered are summarized in Table 1, Implementation of the
alternative processes results in net gains for six of the waste streams;
i.e., the value assigned to the recovered material exceeds the cost of
installing and operating the alternative waste treatment system. These
waste streams are:

1. Primary lead =melting sludge, waste stream 17,

2. Primary electrolytic zinc sludge, waste stream 18,

3. Primary pyrometallurgical zinc sludge, waste stream 19,

4. Primary aluminum scrubber sludges, spent pot liners
and skimmings, waste streams 20 and 21.

5. Primary titanium chlorinator condenser sludge, waste stream 25,

Twenty-one waste streams have alternative treatment costs (net costs
where applicable) that were less than $5 per metric ton ($4.50/short ton) of
product. (Alternative treatment costs in $ per metric ton of waste are also
shown in Table 1.) These are:

i. Sulfuric acid wasie pickic ligquor, washc strcam 24 $4.97

2. Secondary aluminum scrubwater sludge, waste stream 29 - $4.15

3. Secondary lead scrubwater sludge, waste stream 28 - $3.84

4. Ferrochrome dust, waste stream 12 - $2.85

5. Copper smelting, acid plant blowdown sludge,
waste stream 15 - $2.85

6. Electrolytic copper mixed sludge, waste stream 16 - $2,48
7. Hydrochloric acid waste pickle liquor, waste stream 8B - $£1.33

8. Primary aluminum shot blast and cast house dusts,
waste stream 22 - $0.54

9. Primary zinc pyrometallurgical dust, waste stream 19 - $0.31

10. Primary zinc electrolytic sludge, waste stream 18 - $0.29
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Table 1 Summary of Alternative Waste Trzatment Costs

$§/Mz2tric Ton of Waste $/Metric Ton of
Wet Dry Product
Waste Stream Number To:al Net Total Net Total N2t

Iron and Steel Coke 1 § 78.89 $ NRV $ 259.21 §$ NRV $0.07 $§ NRV
Production - Ammcnia
Still Lime Sludge

Iron and Steel Coke 2 34,58 NRV 324.09 NRV 0.71 NRV
Production - Decanter

Tank Tar from Coke

Production

Iron and Steel Prod. - 3 12.66 7.36 29.90 17..i0 0.48 0.28
Basic Oxygen Furnace -
Wet Emission Control

« Unit Sludge

Iron and Steel Prod.- 4 12.66 7.36
Open Hearth Furnace -

29.90 17.40 0.48 0.28
Emission Control Dust )

Iron and Steel Prod.- S 12.66 7.36 29.90 17.40 0.458 0.28
Electric Furnace - Wet

Emission Control Sludge

Iron and Steel Prod.- 6 6.46 1.45 16.25 3.65 0.03 0.006
Rolling Mill Sludge

Iron and Steel Prod.- 7A 6.85 NRV 27.40 NR' 0.004 MRV
Cold Rolling Mill -

Acid Rinsewater Neu-
tralization Sludge
(sto_g‘)

See page 7 for legend.
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CORRECTION

The preceding document(s) has been refilmed
to assure legibility and its image appears
immediately hereafter.
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Table 1 Summary of Alteimative Waste Treatment Costs

$/Metric Ton of Waste

Wet Dry

$/Metric Ton of

Product

Waste Stream ' Number Tctal Net Total

Net

Total

Net

Iron and Steel Coke 1 $ 73.89 $ NRV $ 259.21
Production - Ammonia
Still Lime Sludge

Iron and Steel Coke 2 6:..58 NRV 324.09
Production - Decanter

Tank Tar from Coke

Production

Iron and Steel Prod. - 3 1:.66 7.36 29.90
Basic Oxygen Furnace -

Wet Emission Control

Unit Sludge

Iron and Steel Prod.- 4 12.66
Open Hearth Furnace -
Emission Control Dust

7.36 29.90

Iron and Steel Prod.- S 12.66 7.36 29.90
Electric Furnace - Wet
Emission Control Sludge

Iron and Steel Prod.- 6 6. 16 1.45 16.25
Rolling Mill Sludge

Iron and Steel Prod.- 7A 6.35 NRV 27.40
Cold Polling Mill -

Acid Rinsewater Neu-

iralization Sludge

(1i2594)

See page 7 for legend.

$ NRV

NRV
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0.03

0.004

NRV

NRV

0.28
J.28

0.€06
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Table 1 (Cont.) Summary of Alternative Wiste Treatment Costs

S/Mctrié Ton of waste $/Metric Ten of
et Dry Product

Number . 0t:al Net Total Not Total Vot

waste Stream

Iron and Steel Prod.- 7B $ 6.77 $ NRvV 3 67.67 $ NRv $0.003 $ NRV
Cold Rolling Mill -

Acid Rinsewater Neu-

tralization Sludge

(ncLy

Iron and Steel Prod.- 8A £5.54 43.31 1,365.82 1,065.24 6.24 4.87
Cold Rolling Mill -

Waste Pickle Liquor -

Sulfuric Acid (HZSO4)

Iron and Steel Prod.- 88 18.38 24.80 449.78 290.63 2.06 1.33
Cold Rolling Mill -

Waste Pickle Liquor -

Hydrochloric Acid (HC1)

Iron and Steel Prod.- 9A 0.39 NRV 3.19 NRV 0.04 NR/
Galvanizing Mill - Acid

Rinsewater Neutralization

Sludge (H;504)

Iron and Steel Prod.- 9B 3.74 NRV 12.47 NRV 0.03 NRV
Galvanizing Mill - Acid

Rinsewater Neutralization

Sludgze (XC1)

Ferroalloys - Ferro- 11 AT N.A. 15.88 NRV 5.36 NRV
silicon Manufacture

Miscellaneous Dusts

See page 7 for legend.
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Table 1 (Cont.) Summary of Alteraztive Waste Treatment Costs

$/Mctric Ton of Waste $/1 s e Ton of

Wet Dry o ijduct_
ivaste Stream Number Total Net Total Net Total het

Ferroailoys - Ferro- 12A $ N.A. & N.A, 3 3.91 $2.91 $6.8 $5.10
silicon Manufacture -
Slag

Ferroalloys - Fexrro- 128 N.A. N.A. 18.82 NRV 2.85 NRV
silicon Manufacture -
Dust

Ferroalloys - Ferro- 12C 13.88 NRV 34.56 NRV 5.23 NRV
silicon Manufacture -
Siudge

«n Ferroalloys - Silico- 13 20.36 18.79 50.80 46.38 15.07 13.91
manganese Manufacture. -
Slag and Scrubber Sludge

Ferroalloys - Ferro- 14 20.36 18.79 50. &0 16.58 15.07 13.491
manganese Manufacture -
Slag and Sludge

Copper Smelting - 15 579.27 NRV 884.97 NRV 2.65 NRV
Acid Plant Blowdown
Sludge

Electrolytic Copper 16 351.40  NRV 991.13 NRV 2.48  NRV
Refining - Mixed
Sludge

Lead Smelting - 17 6.80 1.01* 22.61 3.36* 1.34  0.20%
Slucge

See page 7 for legend.
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Table 1 (Cont.) Summary of Alternative Waste Treatment Costs

$/Mctrié Ton of Wastc $/Metric ton of
Wet Dry _ I">oduct

Waste Stream Number  Tctal Net Total Net Total Net
Electrolytic Zinc 18 $15.81 $3.50* §$56.25 § 11.20* $ 1.46 $ 0.20+
Manufacture
Pyrometallurgical Zinac 19A 3.50 15.44* 11.78 51.08* 1.43 6.21*
Manufacture - Sludges -
Primary Gas Cleaning and

o Acid Plant Blowdown
Pyromatal]_urgical Zinc 19B 15.30 NRV 30.59 NRV 0.31 NRV
Manufacture - Sludges -
Retort Gas Scrubber
Blesd
Aluminum Manufacture- 20 35.00 18.35* 27.63 40.59* 13.65 7.14*
Scrubber Sludges
Aluminum Manufacture - 21 35,09 18.35* 27.63 40.59* 13.45 7.14*
Spent Potliners and
Skimmings
Aluminum Manufacture -~ 22 M.A. N.A. 75.33 NRY 0.54 NRV

Shot Blast and Cast
lHouse Dusts

See page 7 for legend.
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Table 1 (Cont.) Summary of Altern:tive Waste Treatment Costs

$/tetric Ton of Waste §/H-irie Ton of
____We: Dry :"f'.;l [
¥aste Stream Number Tot.i Net _iotal N2t Tet:i: s
Pyrometallurgical 23 $ N.A. $ N.A. $18.40 $ NRV $ 52.48 $ NRV
Antimony Manufacture-
Blast Furnace Slag
Electrolytic Antimony 24 55.¢(5 NRV 165.1S NRV 36.70 NRV
Manufacture - Spent
Anolyte Sludge
Titanium Manufacture- 25 12.53 14.85* 31.59 37.41 10.39  12.31*
~ Chlorinator Condenser
Sludge
Copper Refining - 27 N.E. N.A. 37.86 NRV 13.25  NRV
Blast Furnace Slag
Lead Refining - S0, 28 25.€1 NRV 85.36 NRV 3.84  NRV
Scrubwater Sludge
Alupinum “efining - 29 16.59 NRV 55.29 NRV 4.15  NRV
Scrubber Sludge
Aluminum Refining - 30 N.A. N.A. 47.89 26.02 67.04 36.43

High Salt Slag

N.A. = Not applicable
* = Net gain, i.e., value of recov:red material exceeds cost of alternative treatment
NRV = No recovery value
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11, Steel mill air emissjon,waste strcams 3, 4, and 5 - $0,28
12. Primary lead smelting sludge, waste strcam 17 - $0.20

13. Galvanizing mill acid rinsewater neutralizing sludge,
waste stream SA - 0.04

14. Galvanizing mill acid rinsewater neutralizing sludge,
waste stream 9B - §$0.03

15. Iron and steel rolling mill sludge, waste stream 6 - $0.006

16. Cold rolling mill acid rinsewater neutralization sludge,
waste stream 7A - $0.004

17. Cold rolling mill acid rinsewater neutralization sludge,
waste stream 7B - $0.003

18. Ammonia still sludge, waste stream 1

19. Decanter tank tar, waste stream 2

Nine waste streams show alternative treatment costs (net costs
where applicable) of more than $5 per metric ton ($4.50/short ton) of product.

These are:

1. Primary pyrometallurgical antimony siag, weste
stream <9 - $52.48

2. Primary electrolytic antimony sludge, waste
stream 24 - $36.70

3. Secondary aluminum refining high salt slag,
waste stream 30 - $36.43

4. Silico and f{erromanganese slag and sludge,
waste streams 13 and 14 - $13.91

5. Secondary copper refining slag, waste stream 27 - $13.25
6. Ferrosilicon dust, waste stream 11 - $5.36
7. Ferrochrome sludge, wastc stream 12C - $5.23

8. Ferruchrome slag, waste strcam 12A - $5.10
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Value of Recovered Materials Versus Alternative Treatment Costs

{Break-even Analysis). In summary, six alternative treatment processes

yicld recovered materials whose value exceeds the alternative treatment costs
of operation; 18 processes do not providc materials with discernible market
values. Of the remaining seven alternative processes, four can be expected
to rcach a break-even point and three cannot.

Wastes with definite recovered material value excceding alternative
treatment costs:

1.

2.

5.

Primary lecad smclting sludge, waste stream 17
Primary electrolytic zinc sludge, waste stream 18
Primary pyrometallurgical zinc sludge, waste stream 19A

Primary aluminum scrubber sludge, potliners and
skimmings, waste streams 20 and 21

Primary titanium chlorinator condenser sludge, waste strcam 25

Wastes with potential recovered material value exceeding alternative
treatment costs:

1.

2.
3.

4.

Steel mill emission control sludge and dusts,
waste streams 3, 4, and S

Rolling mill sludge, waste stream 6
Slag from ferrochrome manufacture, waste stream 12A

Secondary aluminum high salt slag, waste stream 30

Wastes with recovered materials whose value does not exceed
alternative treatment costs:

1.

2.

3.

Silico and ferromanganese slag and sludge, waste
streams 13 and 14

Spent sulfuric acid pickle liquor, waste stream 8A

Spent hydrochloric acid pickle liquor, waste stream 8B

Wastes whose alternative treatments do not provide recovered

materials:

1,

2.

Ammonia still sludge, waste stream 1

Decantor tank tar, waste stream 2
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9.
10.
11.
12.

13,

14,
15.
16,
17.

18.

Sulfuric acid rinsewater neutralization sludge,
waste stream 7A

Hydrochloric acid rinsewater neutralization sludge,
waste stream 7B

Sulfuric acid spent pickle liquor, waste stream 9A
Hydrochloric acid spent pickle liquor, waste stream 9B
Ferrosilicon - misc. dusts, waste stream 11

Dust from ferrochrome manufacturing, waste stream 128
Sludge from ferrochrome manufacturing, waste stream 12C
Copper smelting acid plant blowdown, waste stream 15
Electrolytic copper refining - mixed sludge, waste stream 16
Pyrometallurgical zinc sludge (primary), waste stream 19B

Primary aluminum shot blast and cast house dust,
waste stream 22

Primary antimony blast furnace slag, waste stream 23
Primary antimony spent anolyte sludge, waste stream <4
Secondary copper blast furnace slag, waste stream 27
Secondary lead 502 scrubwater sludge, waste stream 28

Secondary aluminum scrubber sludge, waste stream 29

The total annual costs and the break-even analyses of the alternative
treatment processes by comparison to the value of recoverable materials are
summarized in Table 2 . The percent of market valuec assigned to each recoverable
material is also shown in Table 2.

Benefits Derived from Alternative Trecatment Systems. The major

processes used by the alternative treatment systems and the benefits therefrom
are summarized in Tablc 3 .
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Table 2 Break-Even Analysis Between Alternative lTreatment Cost and Recoverable Resource Value

Annual Percent of
Total Value of Market Net Required
Annual Recovered Price Annual Perceat Increase in
Naste Stream Number Cost Material Assigned Cost Recovered Material Value
Iron and Steel Coke Prod. - 1 $ 181,45) $ NRV N.A. 3 N.A. N.A.
Ammonia Still Lime Sludge
Iron and Steel Coke Prod. - 2 1,882,41) NRV N.A. N.A. N.A.
Decanter Tank Tar from
Coke Production
Iron and Steel Production - 3 1,195,95) 500,000 1002 695,950 139
— Basic Oxygen Furnace - Wet
Emission Control Unit Sludge
Iron and Steel Production - 4 1,195,95) 500,000 1002 695,950 139
Open Hearth Furnace - Emission
Control Dust
Iron and Steel Production - S 1,195,95) 500,000 1002 695,950 139
Electric Furnace - Wet Emission
Control Sludge
Iron and Steel Production - 6 50,37) ‘39,060 1002 11,310 29
Rolling Mill Sludge
See page 16 for legend.
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Table 2 (Cont.) Break-Even Analysis Betwee: Alternative Treatment Cost and Recoverable Resource Value

Annual Percent of
Total value of Market Net Required
' Annual lecovered Price Annual . Percent Increase in
Waste Stream Number Cost daterial Assipned Cost Recovered Material Value
Iron and Steel Production - 7A $ 2,740 NRV $ N.A. $ N.A. N.A.
Cold Rolling Mill - xcid
Rinsewater Neutralization
Sludge (H2504)
Iron and Steel Production - 78 2,740 NRV N.A. N.A. N.A.
Cold Rolling Mill - Acid
Rinsewater Neutralization
Sludge (HC1)
~

Iron and Steel Production - 8A 4,370,620 961,840 100b 3,408,780 354
Cold Rolling Mill - Waste
Pickle Liquor - Sulfuric
Acid (H,S04)
Iron and Steel Production - 3B 1,439,280 509,280 70%,100° 930,000 183
Cold Rolling Mill - Waste
Pickle Liquor - Hydrochloric
Acid (HC1)
Iron and Steel Production - 9A 4,470 NRV NL.A. N.A. N-A.

Galvanizing Mill - Acid
Rinsewater Neutralization
Sludge (HZSO4)

See page 16 for legend.
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Table 2 (Cont.) Break-Even Analysis Between Alternative Treatment Cost and Recoverable Resource Value

Annual Percent of
Total Value of Market Net Required
Annual Recovered Price Annual - Percent Increase in
Waste Stream Number Cost Material Assigned Cost Recovered Material Value
Iron and Steel Production - 98 $ 3,740 § NRV N.A. $ N.A. N.A.
Calvanizing Mill - Acid
Rinsewater Neutralization
Sludge (HCl)
Ferroalloys - Ferrosilicon 11 214,400 NRV N.A. N.A. N.A.
Manufacture - Miscellaneous
Dusts
o Ferroalloys - Ferrosilicon 12A 239,690 61,300 100d 178,390 291

Manufacture - Slag ’
Ferroalloys - Ferrosilicon 128 99,750 NRV N.A. N.A. N.A.
Manufacture - Dust
Ferroalloys - Ferrosilicon 12C 183,150 NRV N.A. N.A. N.A.
Manufacture - Sludge
Ferroalloys - Silicomanganese 13 452,090 34,880 ZSe 417,210 1,196

Manufacture - Slag and
Scrubber Sludge

See page 16 for legend.
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Table 2 {Cont.) Break-Even Analysis Between Alternative Treatment Cost and Recoverable Resource Value

Annual Percent of
Total Value of Market Net Required
Annual Recovered Price Annual . Percent Increase in
Waste Stream Number Cost Material Assigned Cost Recovered Material Value

Ferroalloys - Ferromanganese 14 $ 452,040 § 34,880 25 $ 417,210 1,196
Manufacture - Slag and Sludge
Copper Smelting - Acid Plant 15 265,490 NRV N.A. N.A. N.A.
Blowdown Sludge
Electrolytic Copper Refining - 16 396,450 NRV N.A. N.A. N.A.
Mixed Sludge

)

#  Lead Smelting - Sludge 17 146,970 168,780 2‘5f 21,810+ N.A.
Electrolytic Zinc 18 146,210 117,100 258 29,140* N.A
Manufacture
Pyrometallurgical Zinc 19A 153,130 817,220  100% (664,040) N.A.
Manufacture - Sludges -

Primary Gas Cleaning and
Acid Plant Blowdown
Pyrometallurgical Zinc 198 33,620 NRV N.A. N.A. N.A.

Manufacture - Sludges -

Retort Gas Scrubber Bleed

See page 16 for legend.
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Table 2 (Cont.) Break-Even Analysis Between Alteriative Treatment Cost and Recoverable Resource Value

Annual Perceat of
Total Value of Market Net Required
Annual Recov?red Price Annual . Percent Increas: in
Waste Stream Number Cost: Material Assigned Cost Recovered Material Value
Aluminum Manufacture - 20 $2,099,140 $3,180,000 100h $1,091,860 N.A.
Scrubber Sludges
Aluminum Manufacture - 21 2,099,140 3,180,000 100h 1,091,860 N.A.
Spent Potliners and
Skimmings
Aluminum Manufacture - 22 82,360 NRV N.A. N.A. N.A.
Shot Blast and Cast House
= Dusts
o
Pyrometallurgical Antimony 23 141,70) NRV N.A. N.A. N.A.
Manufacture - Blast Furnace
Slag
Elzctrolytic Antimony 24 . 33,039 NRV N.A. N.A. N.A.
Maaufacture - Spent Anolyte
Sludge
Tizanium Manufacture - 25 78,970 172,500 100" 93,530* N.A.
Chlorinator Condenser Sludge
Copper Refining - Blast 27 132,510 NRV N.A. N.A. N.A.

Furnace Slag

See page 16 for legend.
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Table 2 (Cont.) Break-Even Analysis Between Al-ernative Treatment Cost and Recoverable Resource Value

Annual Percent of
Total Value of Market Net Required
Annua’. Recovered Price Annual . Percent Increase in
Waste Stream Number Cost Material Assigned Cost Recovered Material Value

Lead Refining - SO 28 $ 38,410 $ NRV N.A. $ N.A. N.A.
Scrubwater Sludge
Aluminum Refining - 29 82,33 NRV N.A. N.A. N.A.
Scrubber Sludge
Aluminum Refining - 30 670, 390 306,050 25j 364,340 119

High Salt Slag

91

t 4

Net gain, i.e., value of recovered mite:'ial exceeds cost of alternative waste treatment

N.A. = Not applicable
NRV = No recovery value
a : . d . s 8 _ for zinc
- for iron peilets - for roadfill h
- for ferric chloride € _ sor zinc oxide - for cryolite
€. for hydrochloric acid £ for lead . for rutile
J

for potassium'chloride

1

e % zvo-ra |
- WaWN2Ip oy} Jo AYjen
! 'ulllmgk z vo l‘ 0 | 9y3 03 enp 8| 3f ‘edj30u



Table 5 Susmary Table of \lt¢ mate Treatment Systems,
Benefits, Stage of Development, and Costs

Alternative Treatment S/Metric Ton of Waste $/Metric Ton of
Process Deve lopment Net Ory Product

VWaste Stremm Nusber Process Category Stage Berefi s Derived Total Net Total Net Tozal Moty
lyon aad Steel Coke 1 Disposal 4 v De-oxi ‘ied, inert solics $ 78.89 S NRV $ 259.21 § NRV $ 0.07 $ SRV
Production - Ammonia su.tad.e for chemical
Still Lime Sludge . la:dfill
lron aad Steel Coke 2 Disposal L4 v De cxified, inert solids 64.58 NRV 32409 MRV 0.71 NRV
Productiom - Decanter su tatle for chemical
Tank Tar from Coke laefill
Productiom
Iron asd Steel Prod. - 3 Reduction [+ v Fe-ric oxide recovery 12.66 7.36 29.90 17.30 0.438 .28
Basic Oxygen Fumnace - Roasting for mcycle, Lead and
Wet Exission Control ziic «xide recovery for
Unit Slodge sale.
{rom saé Steel Prod.- 1 Reduction c v Ferric oxide recovery for §$ i2.66 § 7.36 $ 29.9, % 17.40 § 0.48 § 0.28
Open Hearth Furnace - Roasting recycie. Lead and zinc
Ewission Control Dust ozide recovery for sale.
Irom aod Steel Prod.- 5 Reduction c v Ferric oxide recovery for 12,66 7.36 29.90 17.40 D.48 0.28
Electric Furnace - Wet Raasting recyc ¢. 'ead and zinc
Emissios Coatrol Sludge o:lde recovery for sale.
Irom sad Steel Prod.- 6 Sintering P v lion ‘ecovery for recycle 6.36 1.45 16.25 3.65 6.03 ©.00¢
Rollisg MLl Sludge

—

~ Irow xxd Steel Prod.- TA Dissolution < v Foerri: oxide recovery 6.85 NRV 22.40 NRV 0.004 NRY
Cold Bolling Mill -
Acid Rimsewater Neu-
tralizstion Sludge
¥,50¢)
1roa aad Steel Prod.- b Dissolution C v Fe:rri: chloride recovery 6.77 NRV 67.67 SRV 0.003 NRV
Cold Rolling Mil} -
Acid Rimtewvater Neu-
tralization Sludge
()
irom aad Steel Prod.- 8A Precipitation C 111 F:rric chloride for sale, 55.54 33.31 1,365.82 1,065.24 5.24 487
Cold Dolling Mill - Crlcium sulfate (gypsum) for
Vaste Pickle Liquor - cremical landfill
Sulfaric Acld (13504)
{rom maé Steel Prod.- 88 Volatilization P 1w 1.4dx. chloric acid recovered 38.38 24.80 449,78 290.63 - 2.06 1.33
Cold Bolling Mill - 1ar secycle
Waste Pickle Liquor - feduction < iv ferr: ¢ oxide recovered for
Hydrochloric Acid (HCl) Roasting leuse
Irom aad Steel Prod. - 3A Dissolution 4 v “ert1ic oxide recovered $ 0.99 § NRV H 3.19 $ NRV $ 0.08 $ NRV

Galwamizing Mill - Acid
Rissesater Neutrslication

Studge (H350,)
Irom aad Steel Prod.- 98 Dissolution C v Fer -ic chioride 3.74 \RY 12.47 NRY U.03 NRY
Calvamiziag Mill - icid - rec very

Rimsewater NeutTali:atiom

Sludge (HC1)

— - |
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Table 3 Summary Table of Alternate Trea:mon! Systems, Benefits, Stage of Development, and Costs {Cont.)

Alternative Treatment S/ Metric Tom of Yasts $/Meeric Tom of
Process Developr ent Yet Ory Product

Yaste Streax Nusbsr Process  Category Stage  Bencfit: Merived Toral _ L3 Total Nat Yotal T
Fertoslloys, -~ Forro- 11 Disposal P - Chemical landfill LA N.AL 15.88 NRY S. 36 KRV
silicon Manufacture -
Miscetlaneous Dusts
Ferroallcys - ferro- 120 Precipitation C v Detoxification NOAL N.AL 3.91 2.91 6.83 5.10
silicon Manufacture -
Slag
Ferroalloys - Ferro- 128 Precipitation C ' Detoxification L N.AL 1s.82 NRV 2.85 NRV
silicon Manufzcture -
Dust
Ferroalloys - ferro- 12 Frecipitation € v Detoxification 15.83 NRY 34,55 NRY 5.23 NRV
silicon Manufscture -
Sludge
Ferroalloys - filico- 13 Reduction C v Ferro and silicomanganese 20.36 18.79 50.80 46.83 15.07 23.91
sanganese Menufacture - Roasting for recycle
Slag aad Scrubter Sludge
ferronlloys - Terro- 14 keduction [ v Lead and zinc oxide 2).36 1E.719 50.80 26.88 15.07 13.91
sanganese Mapufacture - Roasting for sale
Slag mnd Sludge
Copper Smelting - 15 Precipitation C v Detoxification $373.27 § NRV $ 884.97 $ SRV S5 2.65 § NRV
Acid Plant Blowdown
Sludge

[

(=] Electrolytic Cepper 6 Precipitation C v Detoxification 36).49 ARV 991.13 NRU .18 AYRY
Refining - Mixed -
Sludge
Lead Seelting - 17 Sintering P v Lead recycled for 5.80 1.01° 22.61 5.36" .34 g. 20"
Sludge reprucessing
Electrolytic Zinc 18 Precipitation C v Zinc recycled for 15.81 3.50° 56.28 1t.20* 1.46 0.29*
Manufacture reprocessing
Pyrometallurgical Ziac 194 Sintering 14 v Zinc recycled for 3.56 15.44" 11.78 51.08« 1.43 6.21"
sanufacture - Sludges - reuse
Primary Gas Cleaning and
Acid Plant Blowdown
Pyrosetsl lurgical Zinc 158 Centrifuge 4 v Zine recycled faor 15.30 NRV 30.59 SRV .31 Ny
Manufacture - Sludges - reuse
Retort Gas Scribber
Bleed 7
Aluainum Mamufactice- 20 Prezipitation p ¢ v Cryolite recovered 35,09  13.35° 21.63 40.59° 13,65  T.l4°
Scrubber Sludges E“?"‘F“’“ for reuse

Dea,term;

Aluminus Maaufacture - 21 Jrying p,C v Cryolite recovered for 35.09 18.35* 27.63 10,59 13,65 T 14
Spent Potliners aad Disposal TELe
Skismings
Aluminum Manufacture - 2 Precipitazion C v Detoxification oA NoAL 75.33 NRV 0.54 MRV
Shot B3last and Cas:
House Dusts
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Table 3 Summary Table of Alternate Treatmei: Syitems, Benefits, Stage of Developrent, and Costs (Cont.)

Attsraative Trestaeat $etric Ton of Waste $/Metric Tom of
. Pro:css Development Yet Dry Product
Numder Process Cateory Stage fonztizs Derived Total Net Yotal Net Total Net
Pyrometallurgical 23 Precipitation C v letocification $ N.AL $ N.AL $ 18.40 $ N’V $ 52.48 § \RV
Antisomy Mamufacture- :
Blast Fumnace Slag
Electrolytic Antimomy 2 Disposal P - terccification 55.05 NRV 165.15 NRV 36.70 NRV
- Spent
Anolyte Sludge
Titanios Manufacture- 25 Centrifuge P 1t “itarium dioxide (rutile) 12,53 13.85 31.59 37.41° 10.39 12. 3t~
Chlorisator Condenser Dewatering .nd :arbon recovered for
Sludge Recycling eus
Copper Refining - 27 Precipitation C v Jetodfication N.AL N.AL 37.56 NRV 13.25 SRV
Plast Forsace Slag
Lead Refining - SO 28 Precipitatica C v ter-cification 5.61 NRV 85.36 NRV 3.83 RV
Scrubmater Sludge
Aluminos Refining - 29 Centrifuge P v ‘oluse reduction 16.59 NRY 55.29 NRV 3.15 NRV
Scrubber Sludge Dewatering
A!n-f.n Refining - 30 Crushing § P iv s.Jum . num oxide recovered N.A. N.AL 47.89 26.02 67.04 36.43
Hizh Salt Slag Screening, Jor -euse
Dewatering §
— Drying
w0 .
Dissolun'.:n p.C v flux salts, sodium and
Evaporaticn fota.sium chloride
Dewatering
Drying

Alternative Ireatment Unit Process Category:
P. - Physical
C. - Chemical
Alternative Treatment Stage of Development:
i Process is not applicable for this waste
11 ®rocess needs research effort, might word in 5-10 years
1334 Process appears useful for hazardous wastes but needs developrent -ork
1v Process is developed but not commonly used for hazardous vastes
v Process common to most industrial waste processors
N.A. - Not applicable
« . Net gaim, i.e., valur of recovered material exceeds cost of alterntive treatment

XRY - No recovery value

|

S n

. powyyy bujeq

z vo_ l- G l juswnoop ayy jo Ajend
ay3 o3 enp €| 3| ‘8dj3ou

81U UBY} JB3|O 888| 8)




Cost Comparison of Alternative Treatment Processes and Landfills,

The costs for alternative treatment processes and landfill are shown in Table 4.

The costs are relative and are expressed as ratios with the cost of sanitary
landfill without containerization used as the denominator. The comparison is
made in terms of cost per metric ton of product. The lowest cost alternative
is designated for each waste.

As would be expected, the costs of sanitary landfill with container-
lzation and chemical landfill are always higher than sanitary landfill without
containerization costs. In two cases, Waste Nos. 1 and 7, the sanitary landfill
cost with containerization is the same as the chemical landfill cost. These
cases are characterized by large annual productions and relatively small
quantities of wastes. Containerization represents the duminant cost.

Sanitary landfill is the least cost alternative for 15 wastes when
liquids are not containerized.

Chemical landfilling because of the requirement to containerize
liquid wastes and its inherent higher costs does not provide any least cost
waste candidates.

Alternative treatment processes,excluding recovery values (total),
offer least costs for six of the wastes with one of these, pyrometallurgical
zinc retort gas scrubber bleed, waste stream 19, at par with sanitary land-
filling without containerization.

ALTETNATIVC TrCATMENT processes, where recovery values were included
{neid.offer lcust cost possibilities for eieht of the wastes.

20
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Table 4 Relative Costs for Landrill and Alternative Treatment Process (Per Unit of Product)

Sanitary Sanitary Alternative Treatment
Landfill Landfill Chemical Process
Waste Stream Nuinber W/0 Ccnt:in. With Contain. Landfill Total Net
Iron and Steel Coke Production - 1 1 3.50 3.50 3.5 NRV
Anmonia Still Lime Sludge
Iron and Steel Coke Production - 2 1 5.75 5.92 35.5 NRV
Decanter Tank Tar from Coke
Production
Iron and Steel Production - 3 1 3.83 4.35 0.74 0.43
o Basic Oxygen Furnace - Wet
- Enission Control Unit Sludge
Iron and Steel Production - 4 1 3.83 4.35 0.74 0.43
Open Hearth Furnace - Emission
Control Dust
Iron and Steel Production - S 1 3.83 4.35 0.74 0.43
Electric Furnace - Wet Emission
Control Sludge
Iron and Steel Production - 6 1 4.40 4.80 0.60 0.12
Rolling Mill Sludge
ITon and Steel Production - 7A 1 4.00 4.00 0.40 NRV

Cold Rolling Mill - Acid
Rinsewater Neutralization
Sludge (H2504)

See page 25 for legend.
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Table 4 Relative.Costs for Landfill and Alternative Treatment Frocess (Per Unit of Product) (Cont.)

Sanitary Sanitary
Lanifill Landfill Chemical

Waste Stream Number /0 Contain. With Contain., Landfill
Tron and Steel Production - Cold 78 1 4.00 4.00
Rolling Mill - Acid Rinsewater
Neutralization Sludge (HC1)
Iron and Steel Production - 8A 1 5.98 6.19
Cold Rolling Mill - Waste
Pickle Liquor - Sulfuric Acid
(H;S0,)
Iron and Steel Production -~ 8B 1 5.97 6.16
Cold Rolling Mill - Waste Pickl'e
Liquor - Hydrochloric Acid (HCl)
Iron and Steel Production -~ 9A 1 3.59 3.85
Galvanizing Mill - Acid Rinsewater
Neutralization Sludge (H,SO4)
Iron and Steel Production - 9B 1 3.25 3.55
Galvanizing Mill - Acid Rinsewater
Neutralization Sludge (HCl1)
Ferroalloys - Ferrosilicon 11 1 N.A. 1.20
Manufacture - Miscellaneous Dusts
Ferroalloys - Ferrosilicon 12A 1 N.A. 1.20

Manufacture - Slag

Alternative Treatment

Process
Total Net
0.30 NRV
4.88 3.80
3.38 2.18
0.07 NRV
0.15 NRV
1.91 NRV
0.53 0.40

See page 25 for legend.
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Table 4 Relative Costs for Landfill and Alternative Treatment Process (Per Unit of Product) (Cont.)

Sanitary Sanitary Alternative Treatment
landfill Landfill Chemical frocess
Waste Stream Number h/0 Contain. With Contain. Landfill Total Yet

Ferroalloys - Ferrosilicon 128 1 N.A. 1.20 2,28 NRV
Manufacture - Dust
Ferroalloys - Ferrosilicon 12C 1 €.00 6.20 1.33 NRV
Manufacture - Sludge
Ferroalloys - Silicomanganese 13 1 2.70 3.45 1.02 0.95
Manufacture - Slag and Scrubber
Sludge
Ferroalloys - Ferromanganess 14 1 2.70 3.45 1.02 0.95
Manufacture - Slag and Sludge

N

o Copper Smelting - Acid Plant 15 1 3.18 3.47 15.59 NRV
Blowdown Sludge -
Electrolytic Copper Refining - 16 1 3.33 3.58 20.67 NRV
Mixed Sludge
Lead Smelting - Sludge 17 1 5.99 6.19 0.65 *
Electrolytic Zinc Manufacture 18 1 5.03 5.22 1.40 *
Pyrometallurgical Zinc Manufacture - 19A 1 5.99 6.19 0.40 *

Sludges - Primary Gas Cleaning and
Acid Plant Blowdown

See page 25 for legend.
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Table 4 Relative Costs for Landfill and A.ternative Treatment Process (Per Unit of Product) (Cont.)

$anitary Sanitary Alternative Treatment
lanc fill Landfill Chemical Process

Waste Stream Number /O Contain. NWith Contain. Landfill Total Net
Pyrometallurgical Zinc 198 1 3.26 3.55 1.00 NRV
Manufacture - Sludges - Retort
Gas Scrubber Bleed
Aluminum Manufacture - 20 1 5.20 5.54 3.49 *
Scrubber Sludges
Aluminum Manufacture - Spent 21 1 5.20 5.54 3.49 *
Potliners and Skimmings
Aluminum Manufacture - Shot 22 1 N.A. 1.33 3.00 NRV
Blast and Cast House Dusts
Pyrometallurgical Antimony 23 1 N.A. 1.25 1.70 NRV
Manufacture - Blast Furnace Slag
Electrolytic Antimony Manufacture- 24 1 3.23 3.52 2.62 NRV
Spent Anolyte Sludge
Titanium Manufacture - 25 1 4.29 4.53 0.80 *
Chlorinator Condenser Sludge
Copper Refining - Blast 27 1 N.A. 1.26 2.78 NRV
Furnace Slag -
Lead Refining - SO, : 28 1 3.27 3.54 1.12 NRV

Scrubwater Siudge

See page 25 for legend.
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Table 4 Relative Costs for Landfill and Alternative Treatment Process (Per tmit of Product) (Cont.)

Altemative Treatment

Sanitary Sanitary
Landfill Landfil}l Chemical ’rocess
Waste Stream Number ¥/0 (ontain. With Contain. Landfill Total Net
Alusinunm Refining - 29 i 5.56 3.84 1.36 NRV
Scrubber Sludge
30 . N.A. 1.20 6.38 3.47

Aluminum Refiping - o
High Salt Slag

L]

is used to denote that the zlternati

ive traat i i
least cost altematia ment process results in a net gain.
Not applicable
No recovery value

NA.
NRV
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INTRODUCTION

A study for the U.S. EPA under Contract No. 68-01-2604 has been
completed to assess the waste generation, treatment and disposal practices in the

primary and secondary metals smelting and refining industries. Potentially
hazardous wastes generated by these industries have been identified by that report.

This study assesses alternatives to sanitary landfill disposal of
these potentially hazardous wastes. The processes analyzed identify feasible
alternatives that cnable materials or energy recovery, waste detoxification
or immobilization and volume reduction for comparison with landfill

disposal,

The alternatives analyzed which have potential for treating hazardous
wastes are the physical, chemical, and biological processes which have been
identified under EPA Contract No. 68-01-2288.

The potentially hazardous waste streams considered in this study

were:
Waste
Stream
Number
Ferrous Metal Smelting and Retining Potentiaily Hazardous Wastes
A. lron and Steel Loke pProduction
1. Ammonia Still Lime Sludge ........cevvvuiennrnneen 1
2. Decanter Tank Tar from Coke Production ........... 2
B. Iron and Steel Production
1. Basic Oxygen Furnace - Wet Emission Control
Unit Sludge ..uvuvniiinririnnninranesncnssnsnsnnns 3
2. Open Hearth Furnace - Emission Control Dust .,.... 4
3. Electric Furnace - Wet Emission Control Sludge ... S
4, Rolling Mill Sludge «..cvvvvenrnsncecinncenrannnss 6
S. Cold Rolling Mill - Acid PRinsewater
Neutralization Sludge ...ivivevinirercnnsennnecnnns 7
6. Cold Rolling Mill - Waste Pickle Liquor ,,........ 8
7. Galvanizing Mill - Acid Rinsewater
Neutralization Sludge .....coiiivierenivecarenanas 9
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Ferroalloys
1. Ferrosilicon Manufacture - Misceilancous

DUSES it eveiniinoenesosessrnsansornorassssossenansan
2. Ferrochrome Manufacture - Slag, Dust,

and Sludge ......... Ceaneas Chrecietiactascsatnanans
3. Silicomanganese Manufacture - Slag and

Scrubber Sludge .....vcevirionsrerriiiiiiiiiierienas

4, Ferromanganese Manufacture - Slag and Sludge ......

waste
Stream
Number

11
12

13
14

Primary Nonferrous Smelting and Refining Potentially Hazardous Wastes

A,
B.

Copper Smelting-Acid Plant Blowdown Sludge .....cocauns
Electrolytic Copper Refining - Mixed Sludge ...........
Lead Smelting - Sludge ....c.i.ivtiieiiniineninciani,
Electrolytic Zinc Manufacture - Sludge.........co0nees
Pyrometallurgical Zinc Manufacture - Sludges ......ven.

Aluminum Manufacture

15
16
17
18

1y

1. Scrubber SI1udges .....cooveevreeereneancrnsanresress 20
2. Spent Potliners and Skimmings .........ccvieeesnees 21

3. Shot Blast and Cast House DUSES .....ivesvvensassrs

Pyrometallurgical Antimony Manufacture -
Blast Furnace S18g ....ivvvetrcsenrennssnrsnsarsnrsanans

Electrolytic Antimony Manufacture -
Spent Anolyte Sludge ..iivvvarenianininitiiiitissniiiass

Titanium Manufacture - Chlorinator
Condenser Sludge ... cveenvartrtvnierininsssiiraranvane

Secondary Nonferrous Refining Potentially Hazardous Wastes

A,

Lopper Refining - Blast Furnace S18g ..cviescinnecnsenns

27
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Note:

Waste
Stream

Number

Lead Refining - SO, Scrubwater Sludge ................ 28
Aluminum Refining

1. Scrubber Sludge «...cveiviirienrncecererenvesnass 29
2. High Salt SIag «vviviiiaiaiirsaiinsssesssnsseassss 30

Waste stream number 10 was omitted from this study because
it is normally recycled. Waste stream number 26, smelter
slag from primary tin manufacture, was deleted from this
study because of insufficient information.

28
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DISCUSSION

The purpose of this study was to assess the alternatives to sanitary
landfill disposal (regardless of current practices) of potentially hazardous
industrial wastes generated by the metals smelting and refining industries.
Processes were identified that lead to materials or energy recovery, waste
detoxification, immobilization, and volume reduction. Costs were compared
with those for sanitary landfill disposal.

Types of waste processing involved in industrial waste reclamation
and recovery may be differentiated as follows:

Regeneration is a process which recovers the waste material in the
same form and composition as the original raw material. For cxample,
reyeneration of hydrochloric acid from spent steel pickiing liquor is accomplished
by spraying it into a high temperature chamber in which hydrochloric acid is
distilled and subsequently recovered, lecaving a solid residue of ferric oxide
which is recycled for steel making.

Recovery and reclamation involves extracting ono or more components
from a waste material leaving the remainder for disposal. As an example, one
or more metals may be recovered from a waste material but at the end of the
process, remaining residues require treatment and/or disposal.

Recycling implies that the waste material is returned to an industrial

L madioy wrasascin~ Taw asvvamata Eavrave and nanfarwone coran

piotess without majer prosescin 5. For onampls, ferrouc

iz rcoycled to the smelting industry with nominal sorting cperations but ac
.. . an - - =%

IllﬂJUL y;vuc:a&n;.

Reuse is similar to recycling except that the waste material is
utillzed by a consumer different from the waste originator.

The feasibility to regenerate, recover, or reuse waste materials is
dependent on many factors, some of which are:

1. Value of recovered materisal.

2. location of processing plant.

3. Concentration of recoverable component.

4, Quantity of waste,

5. Availability of a suitable treatment technique to
produce a recovered product of sufficient purity

for recycle.

6. Recovered material specifications.

29
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7. Where the costs for reclamation are economical by
comparison with the purchase of new raw materizals
or to the costs of alternative treatment and disposal
procedures.

The major driving force for waste recovery and utilization has been
the profit motive. Unless a waste material can be treated to yield a product
of sufficient value to cover the costs to produce it, there is no profit
motivation and up to the present time the greatest inhibition to rccovery has
been the economic factor.

The profit motive has persisted for many years and has dictated
the manner of industrial waste disposal and whether or not resource recovery
is practiced. These attitudes, however, are changing due to changing economic
conditions, resource depletion and most significantly to increasing awareness
of potentially hazardous waste disposal practices. These practices and the
need to conserve natural resourccs will inevitably incrcase waste disposal
costs.

The Resource Conservation and Recovery Act of 1976 expands the

Federal role in both the solid waste and resource recovery fields. Regulations

and other endcavors required by this act, will have a serious impact on solid
waste disposal techniques.

Waste disposa) practices have affected the safety and availability
of water supplies as attested by numerous reported incidents. Surface water
supplies generally receive attention and are regulated by existing federal
and state pollution control programs. Groundwater ruppliec, on the other
hand, are not as rclacely resulated or protected as surface supplies even
though quailty standards tor drinking and other purposes are the same for
surface and groundwater supplies. Approximately one half of the U.S.
pepulation is served by groundwater and its use is increasing at the rate
of 25% per decade.

The wastes of concern in this project generally contain significant
leachable concentrations of toxic elements and are, therefore, considered
potentially hazardous if handled and disposed haphazardly on land. Disposal
methods, whercby wastc matorials aie exposed to rainwater, surface runoffl or
groundwater, are environmentally unacceptable because toxic clements can be
leached into surface or groundwater supplies.

Toxic materials of concern in this study are:

arsonic nickel mercury
cadmium lead manganese
chromium antimony phenols
copper zinc selenium
cyanides
30
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Consequently, disposal of wastes containing toxic materials in
unlined pits, ponds, and lagoons or in open dumps is a practice that bears
close study, examination, and scrutiny.

Since most of the potential toxic elements of concern are heavy
metals, the detoxification method used most commonly in this study relies
on reaction of the heavy metals with hydroxides. The detoxification reaction
forms precipitates of low solubility metal hydroxides which are not readily
leached from the waste material. In many instances, wc have recommended
disposal of the metal hydroxide in a chemical or secure landfill to preclude
the mobility of residual soluble fractions remaining in the detoxified waste
material, The hydroxide chemicals most commonly used are lime, caustic, and
soda ash.

Sulfide precipitation of heavy metals has also been used to achieve
lower concentrations, than from hydreoxide precipitation, in the soluble fraction
of a waste. Sludge disposal of sulfide heavy metal precipitates, however,
may result in sulfide oxidation, generation of sulfuric acid and resolubilization
of the metals. Sulfide precipitation has been used in conjunction with lime to

reduce cadmium levels in those wastes containing cadmium.

In those cases where the filtrates can be recycled, the final
concentration of contaminants is not critical, but when the effluents from
a treatment operation are discharged from the plant, then the system must be
designed to use all practical chemical and physical treatments to meet
effluent standards. i

Custs were developed for alternative treatment of 33 potentiuily
hazardous wastes generated frum smeials smeiiing wnd relining iudusirlies.
The alternative treatments were chosen for minimal impact on the environment,
for materials or energy recovery, waste detoxification or immobilization and
volume reduction. Each waste treatment scheme chosen and described in this
report was an alternative to a sanitary landfill as a minimum and to a secure
or chemical landfill to preserve and safeguard environmental conditions.

Cost comparisons were then made for the alternative treatment scheme,
and for sanitary and chemical landfilling the potentially hazardous wastes.
When material recovery was technically feasible, their value was included in
the treatment alternative costs. Further examination of these treatment and
disposal costs was made by a break-even analyses.

Waste stream number 10, Furnace Emission Sludge from Ferronickel
Manufacture, was doleted from the study because it is presently recycled to
process and is not disposed. Waste stream number 26, Smelter Slag from Primary
Tin Manufacturc was also deleted from the study because insufficient information
was available on its characteristics.

Production lovels, and the quantities and gross physical
characteristics of generated wnstes are summarized in Table 5 for

typlcal plants.
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Table 5 Summary Table of Waste Quantities, Production
Values and Gross Physical Characteristics

I Quantity Generated
: l;i’:ﬁ:" Bulk From Typical Plant
3 3 &
Production Physical Percent Dens:.:t”y Weight MI/yr Volume m®/yr
Waste Stream No. MI'/yr State Solids MI/m Dry Wet Dry Wet
Ammonia Still Lime Sludge 1 2,500,000 Sludge 30 1.2 700 2,300 - 1,900
Decanter Tank Tar from Coke 2 2,500,000 Sludge 15-30 1.2 5,500 27,600 - 23,000
Production
Basic Oxygen Furnace - Yet 3 2,000,000 Sludge 40 2.0 34,600 86,500 - 43,300
Emission Control Unit :
[ Sludge
~N
Open Hearth Furnace - Emission 4 560,000 Dust - 1.5 6,900 - 4,600 -
Control Dust (4)
Electric Furnace - Wet 5 . 560,000 Sludge 40 2.0 4,400 10,900 - 5,400
Emission Control Sludge
Rolling Mill Sludge 6 1,8¢0,000 Sludge 40 1.6 3,100 7,300 - 4,900
Cold Rolling Mill - Acid 7A 70,000 Sludge 30 1.2 100 400 - 300
Rinsewater Neutralization
Sludge (H2S504)
(HC1) 78 700,000 Sludge 10 1.1 30 300 - 300
Cold Rolling Mill - Waste 8A 700,000 Liquid 20 1.1 3,200 78,700 - 71,500
Pickle Liquor - Sulfuric
Acid (HS04)
! f d { { » ! ry i ¥y ") y T 1 | [ ] | .
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Table 5 (Cor.t.) Summary Table of Waste Quantities,
Proeduction Values and Gross Physical Characteristics

Waste Stream No.

Cold Rolling Mill - Waste 8B
Pickle Liquor -
Hydrochloric Acid (HC1)

Galvanizing Mill - Acid 9A
Rinsewater Neutralization
Sludge (H2504)
(HC1) 98B
o Ferrosilicon Manufacture - 11
w Miscellaneous Dusts
Ferrochrome Manufacture - 12A
Slag
Ferrochrome Manufacture - 128
Dust
Ferrochrome Manufacture - 12C
Sludge
Silicomanganese Manufacture - 13

Slag and Scrubber Sludge

Ferromanganese Manufacture - 14
Slag and Sludge

Copper Smelting - Acid Plant 15
Blowdown Sludge

Typical Quantity Generated
e Bulk From Typical Plant
Production Physical Percent Den51§y keight MI/yr Volume m”/yz
MT/yr State Solids MI/m Dry Wet Dry Wez
700,00¢ Liquid 20 1.1 3,200 37,500 - 34,000
125,000 Sludge 30 1.6 1,400 4,500 - 2,800
125,000 Sludge 30 1.1 300 1,000 - 920
40,00: Dust - 1.5 13,500 - 9,000 -
35,00 Slag - 1.7 61,300 - 36,000 -
35,000 Dust - 1.5 5,300 - 3,500 -
35,000 Sludge 40 1.2 5,300 13,200 - 11,0900
40,000 Slag - 1.7 44,000 - 25,00 -
30,000 Sludge 49 1.4~ 8,900 22,200 - 15,900
100,000 Siudge 40 1.2 300 700 - €00
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Table 5 (Cont., Summary Table of Waste Quantities, Production
Values and Gross Physical Characteristics

. \ Quantity Generated
Tg;ﬁ:l Bulk From Typical Plant
i Wei 1
. Production Physical Percent Dens1§y eight MI/yr Volume or/yr
¥aste Stream No. ML/y= State Solids MT/m Dry Wet Dry Wet
Electrolytic Copper Refining- 16 160,C10 Sludge 40 1.3 400 1,100 - 700
Mixed Sludge
Lead Smelting - Sludge 17 110,090 Sludge 30 1.2 6,500 21,600 - 18,000
Electrolytic Zinc Manufacture 18 100,020 Sludge 30 1.3 2,600 8,700 - 6,700
Sludge
Pyrometallurgical Zinc 19A 107,620 Sludge 30 1.3 13,000 43,000 - 33,100
Manufacture - Sludges
g  Pyro. Zinc Mfg. - Retort 198 107,000  Sludge 30 1.8 1,100 2,200 - 1,200
Gas Scrubber Bleed
Aluminum Manufacture - 20 153,000 Sludge 30 1.4 17,900 59,500 - 41,400
Scrubber Sludges ‘
Aluminum Manufacture - 21 153,000 Solid - 2.4 9,000 - 3,700 -
Spent Potliners and :
Skimmings
Aluminum Manufacture - 22 153,000 Dusts - 1.2 1,100 - 1,000 -
Shot Blast and Cast
House Dusts
Pyrometallurgical Antimony 23 2,700 Slag - 2.0, 7,700 - 3,800 -
Manufacture - Blast
Furnace Slag
Electrolytic Antimony 24 900 Sludge 30 1.4 200 600 - 450
Manufacture - Spent Anolyte
Sludge
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Table S (Cont.) S.mmary Table of Waste Quantities, Production
Values and Gross Physical Characteristics

. Quantity Generated
T{g;ﬁil Bulk From Typical Plant
i i S
Production Physical Percent Den51§y Weight MI/yr Volume m”/yr
Waste Stream No. MI/vr State Solids MT/m Dry Wet Dry Wet
Titanium Manufacture - 25 7,600 Sludge 40 1.2 Z,SOO 6,300 - 5,200
Chlorinator Condensexr
Sludge
Copper Refining - Blast 27 10,000 Slag - 2.0 3,500 - 1,800 -
Fumace Slag
& Lead Refining - 50, 28 10,000 Sludge 30 1.2 450 1,500 - 1,250
Scrubwater Sludge
Aluminum Refining - 29 20,000 Sludge 30 1.2 1,500 5,000 - 2,50C
Scrubber Sludge
Aluminum Refining - 30 10,000 Slag - 2.0 14,000 - 7,000 -

High Salt Slag
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PART I

ALTERNATIVE TREATMENT OF HAZARDOUS WASTES
FROM THE METALS SMELTING AND REFINING INDUSTRIES

NOTE:

The costs, cost factors, and methods used to calculate capital and annual
costs are presented in Appendix A, "Cost Data Base."
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SECTION I

FERROUS METAL SMELTING AND REFINING HATARCOUS WASTES

A. Iron and Steel Coke Production

1. Ammonia Still Lime Sludge
(Waste Stream Number 1)

Waste Description. Ammonia is removed from coke oven gas by spray
cooling and scrubbing and then sold as ammonium sulfate or anhydrous ammonia.
Concentration of the liquor is achieved in an amnonia still which produces a
waste lime sludge formed as a result of adding milk of lime to decompose ammonium
salts. JAmmonia still lime sludge is generated at the rate of 676 MT/vr (dry
weight) for a typical plant producing 2,500,000 MT of steel per year.

Pertinent analyses of the sludge is as follows:

- Ammonia Still Lime Sludge Analyses (ppm)1
Chromi um S5 Lead 36
Copper 27 Zinc 673
Manganese 550 Cyaniac 2
Nickeld i Fhenol 6.0

Oil & Grease 31,250

Analyses of the filtrate from solubility tests on ammonia still
sludge ylelded 20 mg/l phenol, 198 mg/l cyanide and pH 11.5. The solubility
tests indicate that significant concentrations of cyanide and phenol can leach
into ground or surface waters. This waste may therefore be considered

potentially hazardous.

Present Method for Waste Disposal. These sludges arc normally
disposed in open dumps and may pose potential hazards to the environment if
the cyanides and phenols reach ground or surface waters. Heavy metals
precipitated in the sludge as hydroxides if acidified may also reach surface
or ground waters posing additional threats to the envirounment.

Recommended Alternative Treatment Method. Disposal of ammonia still
lime sludge in a secure chemical landfill is an environmentally sound procedure,
This is the preferred method of disposal for several very valid reasons. The
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lime content is utilized to detoxify the hazardous constituents, such as - So
the heavy metals which are maintained as insoluble hydroxides, The 23
sludge is containerized for chemical landfilling. 3 g
- =2 o

Cost of Alternative Method of Waste Handling. A schematic diagram of -
the flow scheme for the alternative method of disposal is shown in Figure 1. '
A summary of capital and operating costs is shown in Table 6.

Treatment consists of sludge storage in an existing 7.6 m3 (2,000 T —
gal.) tank from which the sludge is containerized and disposed in a chemical '
landfill, i
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AMMONIA
STILL 76 3 | TRUCK - CHEMICAL
SLUDGE - -om > LANDFILL
676 MT/year i
SLUDGE i
STORAGE

Fioure 1. SCHEMATIC DIAGRAM QF AMMONIA STILL SLUDGE
ALTERNATIVE IREATMENT (WASTE STREAM NUMBER 1) j-
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TABLE 6

Capital and Annual Operating Costs for Ammonia Still Lime Sludge -

) "Alternative Treatment Method (Waste Stream Number 1)

ANNU AL PRODUCTION (METRIC TONSI: 2,500,000

ANNUAL WASTE (METRIC TONS): DRY WEIGH) 700 werweigHt _2,300

CAPISAL COST
FACILITIES

EQUIPMENT

Transportation equipment costs are included in land disposal costs.

CONTINGENCY
TOTAL CAPITAL INVESTMENT
ANNUAL COST

L e mome o ame e
MIVILITY 1L Y 1NN

OPERATING PERSONNEL

EQUIPMENT REPAIR AND MAINTENANCE
MATERIALS

WASTE DISPOSAL

TAXES AND INSURANCE

ENERGY
TOTAL ANNUAL COST
RECOVERY VALUE
NET ANNUAL COST
COS1,METRIC TON OF WASTE NET TOTAL
WET BASIS - $78.89
DRY BASIS - 259.21
- 0.07

COST/METRIC TON OF PRODUCY

S8HORT TONS = 0.9 x METRIC TON

40

$181,450
$181.450
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A, lron and Steei Coke Production

Decanter Tank Tar
(Waste Stream Number 2)

[ 3]

Waste Description. Coke oven gases are cooled with water sprays
which condense tars. The condensed tars are sent to a separation or decanter
tank where dense materials settle to the bottom and are removed as decanter
tank tars. The lighter, less dense materials such.as oils are decanted for
by-product recovery. A iypical steel mill producing 2,500,000 MT/yr will
generate 5,524 MI/yr of decanter tank tar.

These tars contain high concentrations of phenol, cyanide and heavy

metals and are therefore, considered potentially hazardous. Tar analyses and
solubility test (iltrate anaiyses are as follows:

Analysis of Tar (ppm)1

Oil and Grease 15-30% Nickel <10

Phenol 0.2% Lead 30
Chromium 4 Zinc 20
Copper 1 Cyanide 6
Manganese 44 Water 70-85%

Thermal Content 2,700-5,400 Btu's/1lb

Snfubiiity Test Fiitrate Analvses (mg/si)’
Manganese <0,01 Phenol  Approx. 500
Chromium < 0.01 Cyanide 0.59
Copper <0.03 0il and Grease 198
Lead <0.2 pi 8.9
Nickel <0.08

Zinc <0.01

Present Waste Disposal Mcthods. Some steel mills sell thesec tars as
pitch for asphaltic types of use or dispose them in open dumps. These practices
arc environmentally inadequate because the toxic constituents can leach into
ground or to surface waters.

Recommended Alternative Trcatment Method. The recommended alternative
trcatment method is containerization and chemical landfill disposal. This
manner of disposal would prevent the phenols, cyanides and vil 'md grease from
entering the environment.
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Cost for Alternative Method of Waste Handling. A schematic
diagram of the alternative waste handling process is shown in Figure 2.
A summary of capital and opcrating costs is shown in Table 7 .

The waste tars are stored in an existing 19 m3 (5,000 gal.) holding
tank for containerization and disposal in a chemical or secure landfill.
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DECANTER
TANK TAR =—9»{ 18m3 }—p TRUCK —*fﬂﬁ"é"ﬁ.ﬁt
5524 MT/year

TAR STORAGE

Figure 2. SCHEMATIC DIAGRAM OF DECANTER TANK TAR
ALTERNATIVE TREATMENT (WASTE STREAM
NUIMRFR 2)

43

powjyy Bujeq

juswino0p eyl 4o Ayjend

8y3 03 enp 8{ 3 ‘92{30u

(Y} UBY} JEO|D 889 8}



TABLE 7

Capital and Annual Operating Costs For Decanter Tank Tar -
Alternative Treatment (Waste Stream Number 2)

ANNUAL PRODUCTION (METRIC TONS): 2,500,000
ANNUAL WASTE (METRIC TONS):: DRY WEIGHT ___>:500 WET WEIGHT __27,600

CAPITAL COST
FACILITIES

EQUIPMENT

Transportation equipment costs are included in land disposal costs.

CONTINGENCY
TOTAL CAPITAL INVESTMENT e ———

ANNUAL COST
AMNRTIZATION
OPERATIONS AND MAINTENARNCE (O&M)
OPERATING PERSONNEL
EQUIPMENT REPAIR AND MAINTENANCE
MATERIALS
$1,782,410

WASTE DISPOSAL
TAXES AND INSURANCE

ENERGY
TOTAL ANNUAL COST $1,782,410
RECOVERY VALUE
NET ANNUAL COST o ———

COST/METRIC TON OF WASTE NET TOTAL
WET BASIS - $ 64.58
DAY BASIS - 324.09
- 0.71

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.8 x METRIC TON
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B. Iron and Steel Production

1. -Basic Oxygen Furnace - Wet Emission Control Unit Sludge
(Waste Strcam Number 3)

2. Open llearth Furnace - Emission Control [Dust
{Waste Strcam Number 4}

3. Elecctric Furnace - Wet Emission Control Sludge
(Waste Strcam Number §)

Waste Description. The sludges and dusts are generated in wet and/or
dry air cleaning systems, and may contain significant quantities of leachable
fluorides, lecad, zinc and possibly copper and chromium as well. The latter
two heavy metals occur primarily in electric furnace wet emission control
sludge. The iron content of these dusts and sludges is very high and varies
from 29 to 55% of the total weight. Analyses and solubility test data which
indicate the potentially hazardous nature of these wastes are summarized as

follows:

Analyses of Dry Emission
Control Particulates!

Basic Oxygen Open Hearth Electric
Furnace Furnace Furnace
Emission Emiccinn Fmiscion !
(lontrol control controi 5
Sludge Dust Sludge
Iron % 54 58 29 U
Zinc % 3 5 16 b
Manganese % 1 0.5 4 :
Lead % 0.4 0.8 2 '
Cyanide ppm 500 - - ' o
Chromium ppm 120 600 1,300 h
Copper ppm 210 1,000 2,700
Nickel ppm 65 240 300 N
Fluorine ppm - - 2,400
s
45 Il
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Analyses of Filtrate from Solubility Tests
on Emission Control Particulates! (mg/1)

Manganese
Chromium
Copper
Lead
Nickel
Zinc
Fluorine

pH

Basic Oxygen Open Hearth Electric
Furnace Furnace Furnace
Emission Emission Emission
Control Control Control
Sludge Dust Sludge
0.5 12 0.03
0.09 0.03 94
0.09 0.06 0.17
< 0.2 0.4 2.0
< 0.5 0.4 <0.05
0.13 0.1 0.06
14 19 11
10.4 8.9 11.5

Total amounts of waste generuted from typical mills are summarized

as shown following:

Emission Control
Particulate
Generation
(kg/MT steel)

Total Generation
(Mt/year)

Basic Oxygen Open Hearth Electric
Furnace Furnace Furnace
Emission Emission Emission
Control Control Control
Sludge Sludge Sludge
2.0 v nb n.s x 106 6.5 x 106
17.3 13.7 8.7
34,0600 6,850 4,350

Present Waste Disposal Methods.

low in lead and zinc, they are recycled to the sintering plant.

When these wastes are sufficiently
When the

contaminant concentrations arc too high and cannot be diluted with other low
lead and zinc waste materiuls such as rolling mill sludge, they are disposed

in open dumps.

waste materials into tne environment.

4G

Surface or groundwater may leach toxic elements from these
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- Recommended Alternative Treatment Method. ‘The proposed alternative
treatment process is one that removes the lcad and zinc contaminants from the
high iron content waste materials, in a central recovery facility. The
lead and zinc recoverced as oxides may be sold to lead and zinc smelters. The
residue, high in iron oxide, is then recycled to the blast furnace.

The alternative treatment is known as the Kawasaki Process and was
developed by Kawasaki Stecl Corporation (Japan). Figure 3 presents a schematic
flow diagram of the process. The process recovers most of the lead and 95%
of the zinc content of the feed in dust form and produces prereduced pellets
that can be fed to the blast furnace.

Iron oxide fines from emission control particulates arc dewatered
if necessary and analyzed., They arc mixed and the water and carbon content
is adjusted. The mixture is pelletized on disc pelletizers without addition
of any bentounite, a5 DOT dust is claimed to have a goecd binding effect. The
green pellets are charged onto the grate prehcater. ‘the hematite bonded
pellets enter the kiln where coke serves as a fuel and to generate a reducing
atmosphere,  lead and zinc are precipitated from the kiln's off-gases and sent
to zinc smelters. The prereduced pellets pass through a rotating
cooler prior to being discharged. The amount of zinc acceptable in
the charge is limited to roughly 5%,

The process was developed in the mid sixties. The first commercial
plant was put onstream at the Kawasaki Chiba Works in December 1968, A
240,000 tons per year plant was commissioned for the Kawasaki Mizushima Works
In 1077 A< nf raday. this is the most advanced and commercially proven
process far zine coantaining dusts to nradnce zine-free prereduced iron pellets
for recycle to the btast furnace.

Cost of Alternative Treatment Mcthod. Each steel mill combines the
open hearth dust or electric furnace siudge with the BOF sludge. This sludge
is then centrifuged. Approximately 50,000 metric tons (55,000 s. tons) of
centri fuge discharge (dry weight) is produced ammually, Eight man-hours per
day arc assigned to the operation. Costs are shown in Table 8.

The centrifuge discharge is shipped to a centrally located processing
plant sized to accept wastes from cight or nine mills. The waste is combined
with coke breeze, pelletized and processed in a Kawasaki kiln,

Costs for a contral Kawasaki process facility serving eight mills
arc presented in Table 9 . The costs shown are developed from cost estimates.

About 70,000 metric tons (77,000 s. tons) of coke breeze are required
cach year. Fuel for the dricr opcration totais 138 x 109 kg cal (248 x 107 Btu's)
per year; average electrical energy consumption is equivalent to 1,000 hp, It is
assumcd that each of the mills generates 70,000 metric tons (77,000 s. tons) of
centrlfuge discharge (wet welght) which is transported 40 km (25 miles) to
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IN-PLANT
(8 MILLS.}
BASIC OXYGIN
FURNACE SLUDGE A e
34,600 MT/year
ELECTRIC FUANACE
3LUDGE - PUMP |  CENTRIFUGE
4,380 MT/ysar
OR
OPEN HEARTH
TRANSPORTATION
FURNACE DUST CONVEYOR >
6,850 MT/yesr 50,000 MT/year
CENTRAL PLANT
Y
COMBINED
SLUGGES #~{  CONVEVOR - CLoseD > onany PELLETIZER
360,000 MT/yesr —
'
COKE RECUCTANT _
70.000 MT/year - CONVEYOR CONVEYOR
srack
1
. BAN ___J
AIR
y y
FLUE GASES KAWASAK!
BAGHOUSE (@ COGLER WAL
y
PELLET
COOLER
y
LEAD & ZINC TRANSPORT YO BLAST PELLETY
OXIDE STORAGE =¥ 1 e e TER TOMLART vt ms;&naezw

Figure 3. SCHEMATIC DIAGRAM OF ALTERNATIVE PROCESS FOR MATERIAL
RECOVERY FROM STEEL MILL EMISSION CONTROL WASTES
(WASTE STREAMS 3, 4 AND 5)
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TABLE $ ag®
| 12z
In-Plant Capital and Annual Operating Costs for Each of Eight Mills Using : °© :
a Central Processing Tacility (Wastc Strcams Numbers 3, 4, and 5) : e
, ! 2z
ANNUAL PRODUCTION (METRIC TONS): 2,500,000 a°
ANNUAL WASTE (METRIC TONS): DRY WEIGHT ___ 40,000 WeETWEIGHT __ 94,500
CAPITAL COST
FACILITIES ' I P
Sludge Sump $ 6,600
EQUIPMENT
Centrifuge $28,000
Sludge Conveyor 20,000
Pump 1,700
Piping ' 4,900
Installation 42,700 97,300
CONTINGENCY 20,800
TOTAL CAPITAL INVESTMENT 124,700
ANNUAL COST
AMORTIZATION 20, 300
OPERATIONS AND MAINTENANCE {O&R) ;
OPERATING PERSONNEL $47,250 —
EQUIPMENT REPAIR AND MAINTENANCE 4,990 ~
MATERIALS U _
WASTE DISPOSAL
TAXES AND INSURANCE 4,990 57,230 TS
ENERGY 6,120 R |
TOTAL ANNUAL COST b 83,680 s o
RECOVERY VALUE : 5
NET ANNUAL COST P ' N
TN
COST/METRIC TON OF WASTE NET TOTAL ;
WET BASIS - $0.89 :
DRY BASIS -- 2.09 !
COST/METRIC TON OF PRODUCT - 0.03
SHORTY TONS = 0.9 x METRIC TON
49

Asss e n3aIA @aal Qt



TABLE

9

i i Facility
Capital and Annual Operating Costs for Central Trcatment
(ngasaki Process) Serving Eight Mills (Waste Streams Numbers 3, 4, and 5)

ANNUAL PRODUCTION (METRIC TONS):

20,000,000 ( 8 plants)

ANNUAL WASTE (METRIC TONS):: DRY WEIGHT

CAPITAL COSY
FACILITIES

EQUIPMENT

Installed Equipment

CONTINGENCY
TOTAL CAPITAL INVESTMENT
ANNUAL COST
AMORTIZATION

OPERATIONS AND MAINTENANCE (ORM)
CPLRATING PCISUNNEL

iea snn
53,600

EQUIPMENT REPAIR AND MAINTENANCE 569,000
MATERIALS 3,500,888
WASTE DISPOSAL * 735,
TAXES AND INSURANCE 569,280
ENERGY
TOTAL ANNUAL COST
RECOVERY VALUE
NET ANNUAL COST
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS $9.80 $17.80
DRY BASIS 13.99 25.42
0.24 0.44

COST/METRIC TON OF PRODUCT

*Waste Transport

SHORT TONS = 0.9 x METRIC TON

-
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350,000  wer WEIGHT _500,000

$5,930,000

5,930,000

2,372,000

;14.232|g00

$ 2,319,820

5,827,160
781,200

=dnfafi08, 150

$ 4,000,000
41898i180
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the central processing plant at a cost of $0.06/ton mile. Four

shift are estimated to be required for operating the process facility.

The major product generated in the process is iron pellets. About
200,000 metric tons (220,000 s. tons) of iron pellets are recovered annually.
A value of $20 per metric ton ($18 s. ton), the approximate price of iron :
pellets, is assigned to the material. No value was assigned for the recovered !

lead and zinc oxides,

Assuming eight mills share the costs of the centralized processing

plant, each mill has the following individual costs:

Capital Cost

In-plant $ 124,700
Process Plant (Pro-rated shure) 1,779,000
TOTAL $1,903!700
Annual Cost
In-plant $§ 83,680
Process Plant (I'ro-rated share) 1,112,270

TOTAL

Recovered Material Value
Net Annual lLost
Cost/Metric Ton of Waste slet
Wet Basis $ 7.36
Dry Basis 17.40
0.28

Cost/Metric Ton of Product

51

$ 500,000 , U
f 'y
$ 695!950 i '
: D
Total !
N
$12.66 !
29.90 ‘
0.48

powyy bujaq

JuaWNo0p 9y3 Jo Kjenb

men per

8y} o1 enp 8! 3| ‘edj3jou

— = gﬁt




B. lron and Steel Production

4, Rolling Mill Sludge
(Waste Stream Number 6)

Waste Description. In the production of finished steel, the rough
billets, blooms and slabs from continuous casting mills and primary rolling
mills are sent to hot rolling mills where they are converted into a wide
variety of finished or semi-finished products including bars, rods, tubes,
rails, and plates. These hot rolling operations producc scale which is collected
in pits. The coarse scale is removed from the pits and recycled to the sinter
plant to reclaim iron value. The finer materials settling to the bottom of
the pit constitute the hot rolling mill sludge. The typical large integrated
steel plant processing 1,800,000 MT of steel through the hot rolling mill per
year produces 3,130 MT/yr of hot rolling mill sludge solids. The sludge
solids generation rate is 1,74 kg/MT of rolled steel.!

The principal component of mill scale is iron and iron oxide which
comprise 85-95% of the dry weight. O0il and grease content of the scale ranges
from 5-15% dry weight. The estimated trace metal composition of the hot rolling
mill sludge solids is shown as follows:

Analysis of Solids in Sludgel (%)

Chromium 0.03 Nickel 0.025
Copper 0.025 Lead 0.05
Manganese 0,35 Zinc 0.004

Uil-Greuse 5-16

The oil and grease and perhaps trace metal content of this sludge
could present an environmental problem if lcached into ground or surface
wvaters. An indication of the low magnitude of this possibility is shown
by the following data:

Solubility Test Filtrate Analyses (mg/1)!

Manganese < 0.01 Nickel <0.05
Chromium 0.05 Zinc 0.03
Copper 0.03 Oil & Grease 0.5
Lead <0.2 pH 9.6

Present Waste Disposal Methods. At the present time, sludges
removed from hot rollirg mills are open dumped on land. This practice could
produce ground or surface water contamination from contained oil and greasc

and possibly from heavy metals.
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Recommended Alternative Method for Waste Treatment. Because of
the very high iron and iron oxide content of hot relling mill sludge solids
(85-95%), it should be possible to recycle these solids to the sinter plant
for agglomeration and reclamation of iron values. A system for processing and
reclamation of this sludge is shown in Figure 4. In this system, the scale
pit sludge amounting to 14 m3/day at 40% solids is centrifuged to a solids
concentration of 80%. These solids, amounting to 11 MT per day would be sent
to the sinter plant and processed for iron recovery. The filtrate from the
centrifuge amounting to 14 m3 would be sent to the mill wastewater treatment
plant where it would comprise less than 1% of total plant wastewater flow.

The above system will eliminate land disposal of hot rolling mill
sludge and thus obviate any associated ground or surface water pollution
potential. The oil and grease content of the sludge solids which are recycled
to the sinter may result in increased nydrocarbon emissions from the sinter
operation. All of the iron values are recovered.

Alternative Waste Treatment Costs. The underfleow from the existing
scale pit is pumped to a 25 hp centrifuge. The centrifuge is operated 8 hours per
day. The centrifuge discharge is put in receiving bins and transported to a
sinter plant for recycling. The transport charge is estimated at $1/metric
ton ($0.90/s. ton). Four man-hours of labor per day are assigned to the
operation, excluding transport.

The centrifuge discharge is estimated to contain 1,953 metric tons
{2,142 =, teonz) of iven onoan annuel hacis. A rocovery vrlue of $20 nor

melric tun ($18/s. ton) is assigned to this waste. This walve is based on
the approximate value of iron pellets.

A block diagram of the recycle process is shown in Figure 4 and
the cost development for the process is summarized in Table 10.
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Figure 4. SCHEMATIC DIAGRAM OF ROLLING MILL SLUDGE ALTERNATIVE TREATMENT. -
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Capital and Annual Operating Costs for Rolling Mill Sludge - as > -
Alternative Treatment (Wastc Stream Number 6) 3 o3
i = .
| 238
ANNUAL PRODUCTION [METRIC TONS): 1,800,000 3%
. ! c
ANNUAL WASTE (METRIC TONS): DRYWEIGHT 3,100  WETWECIGHT ___7,800
CAPITAL COST
FACILITIES .
Sump $ 3,100
EQUIPMENT
Centrifuge $45,000
Sludge Bin 2,700
Pump 1,000
Piping 400
Installation 34,800 83,900
CONTINGENCY 17,400
TOTAL CAMTAL INVESTMENT $,104,400
ANNUAL COST

AMUH 1IZA1IUN
OPERATIONS ARDY MAINTENANCE (NRM)

OPERATING PERSONNEL $18,900
EQUIPMENT REPAIR AND MAINTENANCE 4,180
MATERIALS
WASTE DISPOSAL 3,920
TAXES AND INSURANCE 4,180 31,180
ENERGY 2,170
TOTAL ANNUAL COST $ 50,370
RECOVERY VALUE 39,060
NET ANNUAL COST $ 11310
COST/METRIC TON OF WASTE NET TOTAL :
WET BASIS $1.45 $6.46 i
URY BASIS 3.65 16.25

COST/METRIC TON OF PRODUCT 0.006 0.03

SHORT TONS = 0.8 x METRIC TON
55
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5. Cold Rplling Mill - Acid Rinsewater Neutralization Sludge
(Waste Stream Number 7A and 7B) -

Waste Description. In cold rolling mills, previously hot rolled
steel is further processed to improve surface qualitics and workability.
Before further treatment in the cold rolling mill, the steel products are -
dipped in vats of hydrochloric or sulfuric acid (i.o. pickle liquor) to _—
clean surfaces. After removal from the pickling vats, the steel forms '
(bars, plates, etc.) are rinsed with water. The rinsewater is neutralized -
with lime resulting in lime sludge. When sulfuric acid is used for pickling,
the sludge solids generation rate is 0.16 kg/MT of stocl. When hydrochloric
acid is used, the sludge solids generation rate is 0.04 kg/MT steel. A
typical plant which processes 700,000 MT of stecl annually in the cold rolling -
mill will produce 112 MT of dry sludge solids (373 MT wet) if sulfuric acid
is used for pickling or 28 M of dry solids (93 MI wet) if hydrochloric acid
1s used. Cold rolling mill sludges will be composed principally of calcium
sulfate, iron, iron sultfate, iron chloride, and iron oxides. They will also
contain oil and grease and hydroxides of hcavy metals including chromium,
nickel, copper, and zinc. They arc considered potentially hazardous because -
toxic heavy metals and oil and grease may solubilize and enter the environment.

A sample sludge analysis is as follows:

Sample Acid Rinsewater Sludge Analysis (ppm)1

a1 =
4 ————

35,900 N

Cheomt un 1.612 Zinc
Copper 403 Cyanide
Manganese 658 0il and Greas
Nickel 2,035 Phenol

Lead 191

~ D W N

.8

Present Wastc Disposal Methods. At the present time, sludges from
the cold rolling mill are open dumped on land., This practice could pose a
potential threat to groundwater and surface water quality if oil and grease =
and solubilized metals in leachatc cither percolate through permeable soils -
to groundwater or are carried in runoff to surface waters. .

Recommended Alternative Treatment Mecthod. The disposal of acid rinse
neutralization sludges on land may be rcadily eliminated by combining them with
spent pickle liquor for rccovery of iron and acid. The volume of clarifier -
underflow sludges from neutralization of acid rinsewater will be less than one
cublc meter/day. This volume is insignificant comparcd to the daily volume of

spent pickle liquor amounting to 200 m3/day. The next section of this report
on waste stream number 8, describes processcs for iron and acid recovery from

spent pickle liquor. The elimination of land disposal of acid rinse neutralization
sludges obviates any chance of ground or surface water contamination from their

disposal.

S6




- There arc no known plants now using the proposed method of handling
acid rinse neutralization sludges.

Costs for Alternative Trcatment Method of Waste. A diagram showing
the recycle of acid rinsewater neutralization sludge is shown in Figure S.
The costs for the alternative disposal of sulfuric und hydrochloric acid
rinsewater ncutralization sludge are summarized in Tables 11 and 12,

The sludge is pumped periodically to a storage tank where it is
mixed with spent pickle liquor. Either two or three man-hours per week are
assigned to the opcration, depending on volume of acid neutralized sludge.
The sludge has no recovery value because of its relatively low volume but
will add to overall recovery of iron from spent pickle liquors.
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0.32 MT/day — SULFURIC ACID OR
0.08 MT/day — HYDROCHLORIC ACID

ACID RINSEWATER
NEUTRALIZATION SLUDGE

PUMP

:

EXISTING SPENT PICKLE LIQUOR
STORAGE TANK

Figure 5. SCHEMATIC DIAGRAM OF ACID RINSEWATER
NEUTRALIZATION SLUDGE RECYCLE.
{WASTE STREAM NUMBER 7A & B)
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TABLE 11

Capital and Annual Operatinyg Costs for Alternative Treatment of Sulfuric

Acid Rinse Water Neutralization Sludge

700,000

(Waste Stream Number 7A)

ANNUAL PRODUCTION (METRIC TONS):
ANNUAL WASTE (METRIC TONS):
CAPITAL COST

DRY WEIGHT 100 WET WEIGHT _400

FACILITIES
EQUIPMENT
Pump $800
Piping 600
Installation 800 $2,200
CONTINGENCY 400
TOTAL CAPITAL INVESTMENT 2,600 _
ANNUAL COST
AMCRTIZATION $ 420
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL $2,110
EQUIPMENT REPAIR AND MAINTENANCE 100
MATERIALS
WASTE DISPOSAL
TAXES AND INSURANCE 100 2,310
ENERGY 10
TOTAL ANNUAL COST 32,7240
RECOVERY VALUE
NET ANNUAL COST ——c—————
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS $ 6,85
DRY BASIS 27.40
0.004

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.9 x METRIC TON
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TABLE

12

Capital and Annual Operating Costs for Alternative Treatment of Hydrochloric

Acid Rinse Water Neutralization Sludge

(waste Stream Number 7B)

700,000

ANNUAL PRODUCTION {METRIC TONS):

ANNUAL WASTE (METRIC TONS):: DRY WEIGHT 30

CAPITAL COST

WET WEIGHT 300

FACILITIES
EQUIPMENT
Pump $800
Piping 600
Installation 800 $2,200
CONTINGENCY 400
TOTAL CAPITAL INVESTMENT 2,600
Atneay ooey
AMORTIZATION
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL $1,400
EQUIPMENT REPAIR AND MAINTENANCE 100
MATERIALS
WASTE DISPOSAL
TAXES AND INSURANCE 100 . $1,600
ENERGY 10
TOTAL ANNUAL COST I YK
RECOVERY VALUE
NET ANNUAL COST S e——
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS $ 6.77
DRY BASIS 67.67
COST/METRIC TON OF PRODUCT 0.003
SHORT TONS = 0.3 x METRIC TON
60
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k. Iron and Steel fU'roduction
6. Cold Rolling Mill - Waste Pickle Liquor

a. Sulfuric Acid
(Waste Strcam Number 8A)

Waste Description. Iron oxides, oil, orease and dirt must be
removed from metal surfaces before subsequent steel finishing operations
such as cold rolling, arnealing, galvanizing and tin plating. This is often
done by dipping the metal in 20% sulfuric acid followed by water rinsing to
remove the acid (hydrochloric acid is also used for pickling).

The quantity of wastc acid generated from a typical plant which
pickles 700,000 MT of steel per vear is 79,000 MT. The generaticn rate of
waste sulfuric acld pickle liquor is 115 kg/Ml of stecl processed.

Waste sulfurlc acid pickle liquor contains 13-15% iron principally
as iron sulfate from the reaction of sulfuric uacid on iron oxide scale. In
addition, dissolved or particulate trace metals,including chromium, copper,
nicke!, lead, zinc, oil, and grease will be present. The highly acid nature
of pickle liquor, toxic heavy metals, oil and grease make this waste a
potential environmental hazard. A sample analysis is as follows:

Sample Analysis of Waste

W Merie Aeid PiebTe Lionoel Gua/N)
kerrous Sultaron 12 188

Frece Sulfuric Acid 2-7%

Chromium 13

Copper 10

Manganese 230

Nickel 14

Lead 2.2

Zinc 12

Present Waste Disposal Methods. At the present time, waste sulfuric
acid pickle liquor is generally handled by contract disposal service companies
who neutralize it and leave residual solids in sludge lagoons. These solids
will be primarily calcium sulfate, iron sulfates, and heavy metals. Impoundment
in unlined lagoons with permcable soils could create groundwater pollution
problems if sulfite or other reduced forms of sulfur or toxic heavy metals
percolate to groundwater. Hence, these wastes are potentially hazardous.
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Recommended Alternative Treatment Method. Figure 6 presents a
system for recovery of iron from spent sulfuric acid pickling liquor as
ferric chloride. The typical steel plant which pickles 2,000 MT/day of
steel produces 190 m3 of spent sulfuric acid pickle liquor. By the use
of the conceptual system shown, an estimated 63 MI of ferric chloride can
be recovered per day. This ferric chloride can find use in municipal
wastewater treatment as a primary coagulant and for phosphorus removal.

In the system, 190 m3/day of spent sulfuric acid pickle liquor is
first blended with 77 m3 cf 40% calcium chloride solution. The resulting
slurry is centrifuged for solids concentration. Approximately 36 m3 of
gypsum (i.e. CaSO4) cake weighing 67 MT is produced per day. This cake would
be disposed in a chemical landfill.

reduction tanks where scrap iron is added to increase conversion of iron to
ferrous chloride to deplete hydrochloric acid in the filtrate., The reduced
filtrate is then sent to chlorinators where ferrous chloride (FeClj) is
converted to ferric chloride solution (FcCl3). Evaporators are then used to
concentrate the ferric chloride to 110 m3 of 42-45% FeClz per day which would
be markcted. Evaporated water amounting to 127 m3/day can be recycled for
process use where high quality water is needed.

The environmental advantages associated with the ferric chloride
recovery process include substantial reduction of waste volume for disposal
(190 m3 reduced to 30 m3) as well as resource recovery. An effluent discharge
Lrom p=otratization of pickic liquor would be eliminared cince a partion is
recoverad as sviparater copdenzats ard a partinn ie racyeled ne the 47.45%

FeCl3 product.

The gypsum cake residue containing the potentially hazardous
constituents, amounting to 67 MT/day, is disposed in an environmentally
sound chemical landfill.

The above system is conceptual and is not being used by the industry.

Costs for Alternative Treatment Process. A schematic diagram of
the alternative recovery process for waste sulfuric acid pickle liquor is
shown in Figure 6. The costs for the process are described and summarized

in Table 13 .

The pickle liquor is mixed with calcium chloride in a centrifugal
blender and centrifuged. The centrifuge discharge is chemically landfiiled.
About 67 metric tons (74 s. tons) are disposed daily.
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STORAGE
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PUMP DUPLICATE
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77m3day | _fro0m3eny

Y

CENTRIFUGAL
BLENDER

CENTRIFUGE(S) ______,f‘,’g'g:;’m'.';‘,,“:‘
8 HOURS LANDFILL

3 36m3/day

f FILTRATE 240m3/dsy 67 MT/day

STAINLESS

SCRAP IRON PLASTIC OR
it TION
9 MT/day RE-‘?::KSO RUBBER LINED

v

DUPLICATE
PUMPS STEAM

Y

I a=b
CHLORINATORS CHLORINE '
1HR. RETENTION ["#—] EVAPORATOR !
13.6 MT/dsy o
. DUPLICATE , N
PUMPS v
EVAPORATOR FERRIC CHLORIDE '
RECYCLE WATER g TRIPLE — roTin
127n3/dsy EFFECT VAC. STORAGE TANKS
110m3Idav
63 MY/day ™4

Figure 6. SCHEMATIC DIAGRAM OF FERRIC CHLORIDE RECOVERY FROM SPENT
SULFURIC ACID PICKLE LIQUOP (WASTE STREAM NUMBER BA)
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TABLE 13 - 13a~2.
o —
LI
®a.
" Capital and Annual Operating Costs for Alternative Treatment of Waste - oo 4
Sulfuric Acid Pickle Liquor (Waste Stream Number 8A) ' eg
o | 38
ANNUAL PRODUCTION (METRIC TONS): 700,000 _ 38°®
AMNUAL WASTE (METRIC TONS):: DRYWEIGHT ___3,200  WETWEIGHT ___ 78,700 .
CAPITAL COST
e ——— >~
FACILITIES $3,038,400 _
EQUIPMENT -
Storage Tanks $ 875,000 e
Reduction Tanks 240,000 . '
Pipeline Mixer 5,500 . -
Centrifuge 120,000 .
Chlorine Evaporator 12,400
Chlorinator 18,000 -
Evaporator 280,000 :
Pumps 7,400 e
Piping 29,400 .
Installation 1,450,700 3,038,400 -
CONTINGENCY 1,215,400 P
TOTAL CAPITAL INVESTMENT il 22924000, Ll
ANNUAL COSY b
AMORTIZATION $1,188,630 r
OPERATIONS AND MAINTENANCE (0&M)
OPERATING PERSONNEL $ 302,400
EQUIPMENT REPAIR AND MAINTENANCE 291,690
MATERIALS =
WASTE DISPOSAL 2, 126 ’220 -
TAXES AND INSURANCE 2351":698 5 145,870
Y ? 3 t] -
ENERG 36,120 y
TOTAL ANNUAL COST -
i RECOVERY VALUE 961,840
NET ANNUAL COST 3,408.7 -
COST/METRIC TON OF WASTE NET TOTAL -
WET BASIS § 43.31 __$ 5554 -~
DRY BASIS 1,065.24 1,365.82 ..
COST/METRIC TON OF PRODUCT 4.87 6.24 ' -
SHORT TONS = 0.8 x METRIC TON -
64




The centrifuge filtrate flows to reduction tanks where nine metric
tons (10 s. tons) of scrap iron arc added daily. Chlorine. at a rate of 13.6
metric tons (1S s. tons) per day, is then added to the wastewater which is then
pumped to a multiplec-effect cvaporator. The condensate flows to storage tanks
and the water is recycled. Sixty-four man-hours per day are assigned to the
operation.

The recovered material, 40% ferric chloride, is valued at $17.60 per
metric ton ($16/s. ton). A recovery valuc was not assigned to the gypsum
centrifuge cake.
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B. fron and Stecl Production
6. Cold Rolling - Waste Pickle Liquor

b. Hydrochloric Acid
(Waste Stream Number 8B)

Waste Description. Inorganic acids are used to chemically remove
oxides and scale from metal surfaces before further metal processing. The
pickling process is used most widely in the manufacture of sheet and tin mill
products because of relatively low operating costs and ease of production.

The spent hydrochloric acid pickle liquor contains free hydrochloric
acid, metal chlorides, oil, inhibitors, and is potentially hazardous.

Analyses of Spent Hydrcchloric Acid
Picklc Liquor (Liquid Phase) (mg/1)1

Free Hydrochloric Acid 0.5-1.5%
Ferrous Chloride 20-30%

Chiromium 7.5
Copper 6.4
Manganese 213

Nickel 11.8
Lead 0.75
Zinc 7.3

0il and Grease 55

The +vniral nlant v\v-r\rinnin: IND ONN matvics tane A" -
vinical nlant nrocucing 700 000 metric tone of ¢
3 metvic tons {wat) af wasta hydracklasis anil

~~~~~~ ton 37000 t
Present Waste Disposal Methods. These wastes may be discharged to

a receiving strecam after dilution with rinsewaters, may be discharged onto

open dumps, or may be neutralized with lime before disposal as ahove. These

practices are hazardous to the environment and are receiving the necessary
attention for improved disposal procedures.

Recommended Alternative Trcatment Method. The trend in the industry
has been from sulturic acid pickle solutions to hydrochloric acid solutions.
Hydrochloric acid offers several economic advantages over sulfuric-acid
pickle solutions. Spent hydrochloric acid is more suitable for rcgeneration
and recycling than is spent sulfuric acid because of its greater volatility.
In addition, regeneration and recycling spent hydrochloric offers a solution
to a difficult disposal problem, rclating to the high solubility of its lime
neutralization salts. The regencration process for spent hydrochloric acid
is generally used on continuous pickling lines.
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The spent pickle liquor containing ferrous chloride is sprayed into
a reaction chamber that may be either a spray or fluidized bed roaster. Most
of the iron oxide formed in the roaster is recovered as pellets in the case
of the fluidized bed and as a powdery rouge in the casec of the spray roaster.
The rccovered iron oxide rouges may be sold as a by-product or,if pellets,
returned to the steel manufacturing process. Ferric oxide in the roaster
off gases is removed in a cyclone. llydrochloric acid is recovercd from the
gases in an absorber and returned to the pickling line.

The spent hydrochloric acid regeneration process is being used
successfully in full-scale plants throughout the United States, Canada,
Europe, and Japan. These vary in size from as little as 3 GPM to 60 GPM.

The process offers many advantages and benefits in that it enables
the conversion of a hazardous waste to recycled hydrochloric acid and recovery
of iron oxide, The disadvantage of the process is its relatively high capital
and opcrating costs.

The process described in this report is the fluidized bed reactor
gencrating ferric oxide pellets. In the pickle bath, the scale is dissolved
with hydrochloric acid to form ferrous chloride and water. The hydrochloric
acld concentration decreases as thc dissolved ferrous chloride increases.

The spent pickle liquor is pumped through a venturi scrubber where

it is concentrated by hot gases coming from the reactor. The concentrated
Tiauay iz thom aumand €0 the voactor ar Flunidisad hed raactnr Tn the rnnctar
ke ,

PO RORPIe DU b es i e e e W meisy e e m e e AR

or 1600°F) to ferric oxide and free hydrochloric acid gas. The ferric oxide
pellets, which also constitute the fluidizcd bed, are removed from the reactor
at the same rate as they are formed to maintain a constant bed level. The
reactor may be heated by gas or oil with air as the fluidizing agent.

The hot gases leaving the rcactor contain hydrochloric acid gas,
water vapor, fuel combustion products and small amounts of ferric oxide dust.
The dust is separated from the off-guses in a cyclone and recycled to the
fluidized bed for pellet growth.

In the aforementioned venturi scrubber, the hot roaster gases are
cooled by exchanging hecat to the waste pickle liquor as it is pumped into the
system. Ferric oxide particles present in the off-gases are also washed out
in the venturi scrubber and returned to the reactor.

The coolcd hydrochloric acid gases leaving the venturi scrubber are
passed into an absorber which is charged with fresh water or pickle rinscwater.
The feed rates to the ubsorber are controlled to yicld 18 to 20% hydrochloric
acid for recycle to the pickle bath.
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Cost for Alternative Treatment Process. A schematic diagram of
the alternative waste treatment process is shown in Figure 7. A summary
of capital and opcrating costs are shown in Table 14.

The costs presented are for a Dravo-Lurgi HC1 Regeneration Plant,
Capital costs were provided by Dravo Corporation. Plant operations require
320 man-hours per week, 52 weeks per yvear. Annual material requirements
consist of 67,200 m3 (17.8 x 105 gallons) of process water and annual energy
requirements consist of 69 x 109 kg cal (124.3 x 109 Btu's) of fuel (natural
gas) and about 300 kw (400 hp) electricity.

The recovered material consists of 18% hydrochloric acid which is
priced at $15 per metric ton ($13.60/s. ton) which represents about 70% of
value. The other recovered material (’Fe203 pellets) is valped at $20 per
metric ton ($18/s. ton) of contained iron.
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STACK

y .4

r 48MT/HR [~

WATER 2.TANKS,
NEW WATER DUPLICATE WET BLOWER 75.060 L/EACH
1,900 LITERS PUMPS « SSIUBBER 7832 WASTE
L PICKLE-LIQUOR
— 1/sec
AM.T.JHR
\ 3.36 m3/HR
DUPLICATE A8M.T./MA WASTE DUPLICATE
PUMPS GASES PUMPS
) ¢ SCRUBBER
32M.T./HR ABIORBER  bg HCt + GASES X
0.642M.T. SEPARATOR
RECYCLED TO | HCI/HR
PICKLE LINE - | HOT
REGENERATED PICKLE
NeY . ‘ Y LIQUOR
o 2 TANKS PRODUCT
@ 75000 LITERS | o STORAGE DUPLICATE +OT. PICKLE DUPLICATE
EACH 3200 L/HA FUMPS LIQUOR PUMPS
18% HO 36M.T./HR 4M.T./HR
HOT
GAS
AIR BLOWER FLUIDIZED
OWE — BED CYCLONE
1416 1/sec REACTOR ea—— HOT GAS
‘DUST 5504 l/zec
{ RETURN @ 870°C
NATURAL GAS
7.1m3mN CONVEYOR
3.78 x 10° kgcal/HR
Fe,0, PELLETS
571 Kg/HR

RECYCLED TO
PROCESS

Figure 7. SCHEMATIC DIAGRAM (OF HYDROCHLORIC ACID REGENERATION
PROCESS (WASTE ST 1E/AM NUMBER 88B)
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TABLE 14

Capital and Annual Opcrating Costs for Waste Hydrochloric Acid Pickle Liquor

Regeneration (Wastc Stream Number 38B)

ANNUAL PRODUCTION {(METRIC TONS): 700,000
ANNUAL WASTE (METRIC TONS): DRY WEIGHT _3,200 WET WEIGHT __37,500
CAPITAL COSY

.FACILITIES

Total $2,940,000
EQUIPMENT
CONTINGENCY 588,000
TOTAL CAPITAL INVESTMENT 3,528,00

ANNIUIAL COST

AMURTIZATION
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL $224,640
EQUIPMENT REPAIR AND MAINTENANCE 141,120
MATERIALS 5,330
WASTE DISPOSAL
TAXES AND INSURANCE 141,120
ENERGY
TOTAL ANNUAL COST
RECOVERY VALUE
NET ANNUAL COST
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS ~ $ 24,80 $ _38.38
DRY BASIS ——290.63 _449.78
COST/METRIC TON OF PRODUCT 1.33 2.06

SHORT TONS = 0.9 x METRIC TON
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B. 1lron and Stecl Production

~4

Galvanizing Mill - Acid Rinsewater Neutralization Sludge
(Waste Strecum Number 9)

Waste Description. In the steel galvanizing process sheet steel
from rolling mills is cleaned, heated and dipped into molten zinc. Prior
to galvanizing, surfaces are cicaned with either sulfuric acid or hydrochloric
acid. After removal of the metal from the acid pickling tanks, it is rinsed
with water and then galvanized. The acid rinsewater is neutralized with lime
resulting in dilute lime slurries which upon settling produce lime sludges.

The dry solids generated from neutralization of acid rinsewater
amounts to 10.8 kg/MT of stcel when sulfuric acid is used for pickling or
2.7 kg/MT of steel when hydrochloric acid is used. The typical steel plant
producing 125,000 MT of galvanized steel per year generates 1,350 MT/yr of
sludge dry solids (4,500 MT wet) per ycar when sulfuric acid is used for
pickling or 338 MI/yr (1,125 MT wet) when hydrochloric acid is used for

pickling.

Sludge from neutralization of acid rinsewater is composed principally
of iron metal, iron sulfate, oxides or chlorides and calcium sulfate if
sulfuric acid is used. Other sludge constituents are oil and grease and
trace amounts of heavy metals, chromium, nickel, copper and lead. Analytical
results arc similar to those of Waste Streams 7A and 78B.

Present Waste Disposal Method. At the present time, sludges from

the ncutralrzation of acid rinsewater are open dumped on tand. Ihls practice

can pose a threat to ground or surtace water quallty 1t o1l and grease or
leached heavy metals percolate through permeable soils or are carried to

surface waters by runoff. Soil and runoff conditions at the individual plant
disposal sites would determine the degree of potential hazard to the environment.

Recommended Alternative Treatment Method. When hydrochloric acid
pickling is used, the volume of sludge produced is much smaller than when
sulfuric acid is used because the calcium chloride generated is water soluble,
whereas calcium sulfatc from sulfuric acid rinsewater neutralization is
relatively insoluble, Each of the sludges will consist chiefly of iron
hydrates and may be mixed with the spent mother pickle liquor in which they
arc soluble. O0il and grease and trace metal content will be similar to that

of the mother pickle liquor.

The disposal of acid rinsc neutralization sludges on land may be
rcadily climinatcd by combining them with spent pickle liquor for recovery of
iron and acid. The volume of clarifier underflow sludges from necutralization
of acid rinsewater will be 11.5 m3/day for sulfuric acid rinsewater and 4.5
m3/day for hydrochloric acid rinscwater. These voluucs comwprisc only a small
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portion of the daily volume of total spent pickle liquor amounting to about
200 m3/day. The previous part of this report described processes for iron
and acid recovery from spent pickle liquors. Eliminating land disposal of
acid rinse neutralization sludges associated with galvanizing obviates any
chance of ground or surface water contamination.

Costs for Alternative Trcatment Process. The sludge from sulfuric
acid rinsewater neutralization is pumped to a tank where it is mixed with
spent pickle liquor for treatment. Thc operation is estimated to require five
man-hours each week. The sludge has no recovery value. The flow scheme used
for cost development is shown in Figure 8 and “ts costs are summarized in
Table 15,

The sludge from hydrochloric acid rinsewater neutralization is
pumped to a tank where it is mixed with spent pickle liquor for treatment.
Four man-hours per week arc assigned to the operation. The sludge has no
recovery value. The flow scheme (or cost development is the samc as for
sulfuric acid rinsewater neutralization sludge and is shown in Figure 8.

The costs which reflect one less man-hour per week are summarized in Table 16.
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1,350 MT/year SULFURIC ACID OR
338 MT/year HYDROCHLORIC ACID

ACID RINSEWATER
NEUTRALIZATION SLUDGE

rea

PRV

PUMP
EXISTING SPENT PICKLE LIQUOR
STORAGE TANK

Figure 8. SCt MATIC DIAGRAM OF ACID RINSEWATER NEUTRALIZATION
SLUDGE RECYCLE (WASTE STREAMS NUMBER 9A, 9B)
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TABLE 15 82
Capital and ; . = Faweg
pital and Annual Uperating Costs for Altarnative Treatment of Sulfuric Acid St
Rinse Water Neutralization Sludge (Waste Stream Number 9A) < aa &
- 2 H g
: -
ANNUAL PRODUCTION (METRIC TONS): 125,000 ' § Sa
- [ad
ANNUAL WASTE (METRIC TONS):  DRY WEIGHT __1,400 WET WEIGHT 4,500 - § 2o
CAPITAL COST v
FACILITIES -
EQUIPMENT -_—
-
Pump $ 1,200
Piping 700 '
Installation 1,200 : $3,100 "
CONTINGENCY 600
TOTAL CAPITAL INVESTMENT $3.700
ANNUAL COST
AMORTIZATION $ 600 '
OPERATIONS AND MAINTENANCE (O&M) -
OPENATING PERSCMMEL £€3.510 1
EQUIPMENT REPAIR AND MAINTENANCE 150 : ‘ _
MATERIALS —_—
WASTE DISPOSAL - )
TAXES AND INSURANCE 150 $3,810 9 w)
ENERGY 60 -
TOTAL ANNUAL COST $4,470 ™o I
RECOVERY VALUE - o
NET ANNUAL COST i ’ Y
COST/METRIC TON OF WASTE NET T07AL N
WET BASIS : $0.99 '
-t
DRY BASIS 3.19
COST/METRIC TON OF PRODUCT 0.04 ’ ﬁ
!
SHORT TONS = 0.8 x METRIC TON '
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TABLE 16 ER-Nad
Capital and Annual Operating Costs for Alternative Treatment of Hydrochlori . ? f’ i
Acid Rinse Watcr Neutralization Sludge (Waste Stream Number 9 B) orie g e -4
]
g
ANNUAL PRODUCTION (METRIC TONS): 125,000 g "g’ ’;’—
ANNUAL WASTE (METRIC TONS):  DRY WEIGHY 300 WETWEIGHT __1,000 -
CAPITAL COST .
FACILITIES : }
EQUIPMENT ;
. i
Pump $1,200 |
Piping 700 ’
Installation . 1,200 $3,100
. :
CONTINGENCY 600 .
TOTAL CAPITAL INVESTMENT $3.,200 ?
ANNUAL COST
AMORTIZATION $ 600
OPERATIONS AND MAINTENANCE (O8N} A
' UPEHKA | ING PERSONNEL $2,810 o :
EQUIPMENT REPAIR AND MAINTENANCE 150 N
MATERIALS : .
WASTE DISPOSAL B - )
TAXES AND INSURANCE 150 $3,110 ;
’ B
ENERGY 30 co -
TOTAL ANNUAL COST $3,740 1 I
RECOVERY VALUE : o
NET ANNUAL COST e —— -h
N
COST/METRIC TON OF WASTE NET TOTAL :
WET BASIS . $ 3.74 '
DRY BASIS 12.47
COST/METRIC TON OF PRODUCT 0.03 .
SHORT TONS = 0.9 x METRIC TON
75
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C. Ferroalloxs

1. Ferrosilicon Manufacture - Miscellaneous Dusts
(Waste Stream Number 11)

8[Y1 UBYl JRa|d $89| 8|
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Waste Description. Ferrosilicon is produced in electric submerged-
arc furnaces. Emissions are usually controlled by dry-type systems, primarily
baghouses. The captured dust is fine and of low density. The quantity of
dust generated depends, in part, on the type of alloy being produced. For -
75% FeSi, the amount of furnace dust gcnerated averages about 450 kg per metric .
ton of product, whereas, for 50% FeSi, dust generation averages about 225 kg
per metric ton. However, for any given facility, the amounts of dust
generated might vary from these average values by a factor of two or more.
An average dust generation factor of 338 kg/MT has been assumed for all
ferrosilicon production. A typical plant would accumulate about 13,500 MT of -

furnace dust annually.

The dust is mainly silica, iron oxide, ferrosilicon and iime, with -
chromium, “copper, zinc, manganese, nickel and cobalt combined amounting to
less than one percent. Some of these constituents, such as copper, nickel
and chromium are leachable but with very low concentrations of less than 0.5
mg/l. Dusts from ferrosilicon production should not be considered
potentially hazardous. Dust analyscs are shown as follows:! -

Ferrosilicon Solubility Test
Dust Analysis {ppm) Filtrate Analysis (mg/1)

Chromium 160

Cupper 2180

Zine 1300 <
Manganese 1500

Nickel 3250

Lead - <
Cobalt 82 - -

ptl -

Cooococ
OO O W
NO G- &
1
H

Present Disposal Methods. The furnace dusts generated in the | KN
production of ferrosilicon are generally disposed of on land in open piles .
or in landfill operations. Sometimes the dust js wetted for transport and N
disposal to minimize dusting. Tests indicate that minimal concentrations of .

mctal constituents may leach into surface or groundwaters. -
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Recommended Alternative Treatment Method. One method of handling

the furnace dust from ferrosilicon production Lo minimize the potentially
adverse leaching effects, should this waste Le considered hazardous, involves
mixing hydrated lime with the dusts at a dosc level of approximately S percent
by weight., The lime is stored and mixed with the furnacc dust when the latter
is being transferred to trucks for subsequent disposal. A screw-type conveyor
would provide a convenient and efficient means for moving the dusts from a
storage bin to waiting trucks. A second screw conveyor could transfer stored
lime to the dust conveyor for mixing. A water spray would wet the mixture of
dust and lime as it leaves the first conveyor. The wetted mixture would be

trucked to a chemical landfill.

Equipment for carrying out liming operations such as those described

above is normally availablc and is used on a routine basis in similar applications
in many industries. The action of the lime and water will serve to detoxify
the potentially hazardous constituents of the dust.

Cost of Alternative Method of Waste Disposal. A schematic diagram

of the alternative method of disposal is shown in Figure 9 and a summary of
capital and operating costs is shown in Table 17

The dust is mixed with hydrated lime, sprayed with water and hauled
to a chemical landfill. The major treatment system equipment components
include a 52 m3 (13,700 gal) dust storage tank, an 18 m3 (4,800 gal) lime
storage tank, a ¢ cm (2 in.) screw conveyor for feeding the lime and 2 3 m
(10 ft.) long, 23 em (9 in.) diameter D section conveyor to load the dust/lime

mivenra intn a dumm truck.

About 1.9 metric tons (1.7 s. tons} of lime are used daily. The
waste sent to the chemical landfill totals 10,160 mnd (13,200 yd3) annually.
The operation is conducted 3 hours per day and 3 man-hours of labor are

assigned. The waste transport cost is included as part of the chemical

landfill operation.

The waste has no recovery value.
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-
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~
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-
TRUCK -
i - |
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CHEMICAL LANDFILL
40.5 MT/day —

Figure 9. SCHEMATIC DIAGRAM FOR ALTERNATIVE DISPOSAL OF MISCELLANEOUS DUSTS ',
FROM FERROSILICON MANUFACTURE (WASTE STREAM NUMBER 11) S

f
¢r0-10a |

78




TABLE 17

Capital and Annual Operating Costs for Alternative Disposal of Miscellaneous

Dusts from Ferrosilicon Manufacture

40,000

(Waste Stream Number 11)

ANNUAL PRODUCTION (METRIC TONS):

ANNUAL WASTE (METRIC TONS):  DRY WEIGHT 13,500 WET WEIGHT

CAP{TAL COST
FACILITIES

EQUIPMENT

Dust Storage Bin $11,800
Lime Storage Bin 3,200
Lime Feeder 2,100
D Section Conveyor 900
Piping 300
Installation 18,000
CONTINGENCY
TOTAL CAPITAL INVESTMENT
ANNUAL €OST
AMORTIZATION
UFLRAIICNS AND MAINTONANCE (Saavi)
OPERATING FERSONNEL $ 13,180
EQUIPMENT REPAIR AND MAINTENANCE 1,740
MATERIALS 37,180
WASTE DISPOSAL 152,400
TAXES AND INSURANCE 1,740
ENERGY
TOTAL ANNUAL COST
HECOVERY VALUE
NET ANNUAL COST
COST/METYRIC TON OF WASTE NET TOTAL
WET BASIS —
DRY BASIS $15.88
5.36

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.9 x METRIC TON
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C. Ferroalloys

2. Terrochromc Manufacture - Slag, Dust, and Sludge
(Waste Stream Number 12)

Waste Description. Ferrochrome is produced in electric arc furnaces.
The major wastes are furnace slag and captured particulates from control of
furnace emissions. The particulates end up as cither dust or sludge depending
on whether a dry-type or wet-type collection system is used. In some cases
both wet and dry systems are used in series, producing both sludge and dust

as wastes,

The amount of slag generated in ferrochrome production varies from
1.5 to 2.0 metric tons per metric ton of ferrochrome produced. Captured
particulate emissions average about 150 kg per metric ton of ferrochrome
production. A typical ferrochrome furnace slag contains about 4% free chromium,
3% chromic oxide (Cry03), 22% silica (Si0z), 30% alumina (A1,03), 34% magnesium
oxide (Mg0). with the remainder consisting primarily of calcium oxide (Ca0),
ferrous oxide (FeO), and carbon. 4

The particulate emissions from ferrochrome furnaces contain essentially

the same constituents found in the furnace slag, but in somewhat different
proportions. Chromic oxide content can exceed 20% with free chrome in the
range of 1 to 2%. Magnesium oxide is the most abundant single constituent
with concentrations of more than 30% possible. Annually, a typical plant

generates about 61,000 metric tons of slag and about 5,300 metric tons of

sludge and/or dust from control of furnace emissions.

Analytical data are summarized as follows:

Solubility Test Filtrate (mg/1)!

Typical Analysis(ppm)1

Furnace Final . Furnace

Slag Slag Scrubber E.P. Lagoon Slag Slag Scrubber E.P.

Coarse Fine Sludge Dust Sludge Coarse Fine Sludge Dust
Chromium 4540 3210 1610 3390 1790 0.02 * 190 710
Copper 23 14 ki L 45 n.02 * 0.44 0.20
Lead <10 20 70 300 100 0.4 * 1.5 0.7
Zinc 25 70 650 14,000 2500 0.2 * 0.3 0.09
Manganese 500 300 800 7200 2000 9.9 * 8.8 12.3

i *Same as slag
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Present Methods For Waste Disposal. It is common practice to -
Process ferrochrome slag for recovery of metal values and to sell much of the S8
residual slag for use in road construction. The dusts derived from furnace £ Ef:
emission control are generally disposed of on land and covered. while the -
In some cases, the chromium-rich sludge =R

sludges are accumulated in lagoons.
from scrubbers is stored separately in anticipation of future technology that

would allow economical processing to recover the metal values. Solubility
tests suggest that leaching of chromium and lead from land-disposed furnace
emission wastes can pose a potential hazard.
In order to reduce the

[}

Recommended Alternative Treatment Method.
possibility of leaching potentially hazardous constituents from the residuals
that remain after the ferrochrome slag is processed for metal recovery, it
is proposed that these residuals be blended with lime. Conveyors would
transfer the lime and the residual slag to a rotary blender. The mixture
would be loaded on trucks and hauled for use as rcad building material or

hauled to a suitable disposal site.

The dusts and sludge wastes recovered from furnace emission contain
significant concentrations of chromium and magnesium with potential for
rcecovery of these metal values. At the present time, the technology for
recovery of these metal valucs is not developed. If one were to detoxify the
chromium by conventional reduction precipitation techniques and then chemically
landfill the detoxified material, the rccovery potential of the chromium would
be destroyed. lence, the alternative disposal process suggested is a secure
chemical landfill for storage of the dusts and sludges until technology
permits recovery. The sludges will be dewatered in a filter before landfilling.

The proposed processes for treating the wastes generated in ferrochrome
prodaction can be expested Lo greatly reduce the nossibiliiy ol lcechidag
potentially hazardous constituents when the slag is mixed with lime and used in
road construction. The sludges and dusts will be stored in a chemical landfill
until technology is developed for recovery of the relatively high metal values.

Alternative Waste Trcatment Costs. The slag is_mixed with_hydrated b
lime in a 1.5 m3 (2 ydd) mixer and transported to a 142 m (5,000 ft3) loading I

bin with a bucket elevator. About 8.75 metric tons (9.6 s. tons) of lime are
used daily., A small amount of water is added in the process. The operation is

conducted $ hours/day and 4 man-hours are assigned.

The slag can be used for road building. It is valued nominally at

$1/metric ton ($0.90/s. ton).
The slag disposal process is described schematically in Figure 10 ;
and disposal costs are summarized in Table 18 ]

The dust is sent directly to a chemical landfill. It has no
recovery value at present but may in the future with the development of
chromium extraction technology. Costs arc summarized in Table 19 .
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FERROCHROME LIME STORAGE
SLAG s
175 MT/dsy
LIME FEEDER
8.7 MT/day
y y
y
CONVEYOR
4
WATER MIXER
SPRAY 1.5en>
y
BUCKET
ELEVATOR
LOADING BIN
142m3
HOUAD Fitl
FERROCHROME FERROCHROME
DusT OR SLUDGE
15 MT/day 15 MT/day
FILTRATE AECYCLED
FILTER p——"p= FOR AIR EMISSION
SCRUBBING

80% SOLIDS

CHEMICAL LANDFILL
16m3/day

Figure 10, SCHEMATIC DIAGRAM OF ALTERNATIVE TREATMENT FOR DUST,
SLUDGE, AND SLAG FROM FERROCHROME MANUFACTURE.

(WASTE STREAMS NUMBERS 12A, 128B, 12C)
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TABLE 18

Capital and Annual Operating Costs for Alternative Treatment of Slag From
Ferrochrome Manufacture (Waste Stream Number 12A)

35,000

3y} 03 8np 8| 3 ‘8330u
SIY3 UBY3 Jue|d 893) §)

ANNUAL PRODUCTION (METRIC TONS):

ANNUAL WASTE (METRIC TONS): DRY WEIGHT 61,300 WET WEIGHT _-
CAPITAL COST

FACILITIES
EQUIPMENT
Lime Storage Bin $ 5,600
Lime Feeder 2,100
Apron Conveyor 20,000
Mixer 29,000
Bucket Elevator 7,000
Loading Bin 26,000
Piping 400
Installation 83,200 $173,300
CONTINGENCY 34,700
TOTAL CAPITAL INVESTMENT 208,000
ANNUAL COST
AMORTIZATION ¢ 2 900
OPENATIONS AND MAINTENANCE (ORM)
OPERATING PERSONNEL $ 18,900
EQUIPMENT REPAIR AND MAINTENANCE 8,320
MATERIALS 168,440
WASTE DISPOSAL
TAXES AND INSURANCE 8,320 203,980
ENERGY 1,810
TOTAL ALNUAL COST £ 239 69
RECOVERY VALUE %1, 300
NET ANNUAL COST B A .
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS = -
DRY BAS!S — $2.91 - _8$3.91___
£.10 6.85

COST/METRIC TON OF PROOUCT

SHORT TONS = 0.9 x METRIC TON
83
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TABLE 19 —_ -_g_-_ o &
- . : . Sz
Capital and Annual Operating Costs for Alternative Disposal of Dusts 7 a
from Ferrochrome Manufacture (Waste Stream Number 12B) - asS
. 8 "‘
35,000 = °
ANNMUAL PRODUCTION (METRIC TOMS): g g_
- e a
ANNUAL WASTE (METRIC TONS): DRY WEIGHT 5,300 WET WEIGHT -
CAPITAL COST
FACILITIES
EQUIPMENT -

CONTINGENCY
TOTAL CAPITAL INVESTMENT o ————————

ANNUAL COST

AMORTIZATION
OPERATIONS ANN MAINTENANCE (NRM) i
CPEMATING PERSOMMEL o
EQUIPMENT REPAIR AND MAINTENANCE -

MATERIALS
$99,750

WASTE DISPOSAL (Chemical Landfill) $99,750
TAXES AND INSURANCE

2v0-10 |

ENERGY
TOTAL ANNUAL COST 399,750, -
RECOVERY VALUE
NET ANNUAL COST = s
COST/METRIC TON OF WASTE NET TOTAL -
WET BASIS - -
DRY BASIS $18.82 N
COST/METRIC TON OF PRODUCT 2.85 -
SHORT TONS = 0.9 x METRIC TON _
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The sludge is filtered and the filter cake is put in a chemical
landfill. The filtrate is recvcled to air emicsion serthhing. The filter

is operated 12 hours/day. The sludge sump is sized to hold a 5-day supply
of sludge. Approximately 5,520 m3 (4,250 yd3) of sludge are landfilled each

year. Six man-hours/day are assigned to the operation.

The rccovered material has no value at present but may in the
future with the development of chromium extraction technology.

The dust and sludge storage in a chemical landfill is also described
schematically in Figure 10, Costs are summarized in Table 20.
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TABLE 20

Capital and Annual Operating Costs for Alternative Treatment
of Sludge from Ferrochrome Manufacture (Waste Stream Number 12)

35,000

ANNUAL PRODUCTION (METRIC TONS):

ANNUAL WASTE (METRIC TONS): DRY WEIGHT __5,300 WET WEIGHT 13,200

CAPITAL COST

FACILITIES :
Sump $ 4,200
Sludge pit 7,900 $ 12,100
EQUIPMENT
Filter 50,000
Pump 1,000
Piping 1,000
Installation 38,500 90,500
CONTINGENCY 20,500
TOTAL CAPITAL INVESTMENT $123,100
ANNUAL COST
AMORTIZATION $ 20,070
OPERATIONS AND MAINTENANCE (O&M)
CPONATING PERSONNEL ¥ 28.350
EQUIPMENT REPAIR AND MAINTENANCE 4,920
MATERIALS . .
WASTE DIsPOsAL (Chemical Landfill) 121,440
TAXES AND INSURANCE 4,920 $159,630
ENERGY 3,450
TOTAL ANNUAL COST 183,150
RECOVERY VALUE
NET ANNUAL COST e
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS $13.88
DRY BASIS 34.56
5.23

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.9 x METRIC TON
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C. Ferroalloys

3. Silicomanganese Manufacture - Slag and Scrubber Sludge
(Waste Stream Number 13)

Waste Description. Silicomanganese is produced in submerged-arc
electric furnaces. A greenish, glassy-textured slag is gencrated at the rate
of approximately 600 kg per metric ton of silicomanganese produced. Control
of furnace fumes is accomplished by either wet or dry systems with collection
of particulates at the rate of 95 to 100 kg per metric ton of product., In
some cases, the dusts collected by the dry systems are slurried with water
for ease of handling and transport. A typical plant might generate 24,000 MT
of slag annually and collect 3,900 MT of particulates as dust or sludge from
control of furnace emission.

The major constituents of silicomanganese slag are silica (Si0,) and
alumina (Al;03), each at a concentration of about 30 percent by weight. Calcium
oxide (Ca0), magnesium oxide (MgO), manganese oxide (Mn0)} and manganese account
for most of thec remaining 40 percent. Chromium, copper, lead and zinc are
found in approximately equal amounts varying from 20 to 30 ppm .

Silicomanganese slag is essentially an aluminum silicate containing
about 5-7% manganese. Solubility tests on filtrates show almost complete

insolubility as follows:

Solubility Tests on Filtrates (mg/1)>

Chromium < 0.01 Nickel <0.0S
Copper n.17 laad en.?
Zinc U.Us pH 0.8

Manganese  U.1

Resource recovery is not indicated for this waste. Because of its extensive
use in road building, this waste is a useful material for construction.

-

Furnace particulate sludges consist mainly of silica (25%) and
manganese oxide (21%) with potassium oxide sometimes cxceeding 15%. Lead and
zinc are present in concentrations of about 2.5% and 1.0%, re:pectivelv.
Chromium and copper concentrations arc considerably lower at about «3 and

82 ppm, respectively. These analyses are shown as follows:

Silicomanganese Sludge
Dry Basis (ppm)

Chromium 45
Copper 82
Lead 25,000
Zinc 10,000
Manganese 300,000
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The analyses of the filtrates from solubility tests on silicomanganese 3-5'-" g
sludge arc shown following: - ® e
\ : $=3
Solubility Tcst Filtrate Analyses | 285,
Silicomanganesc : 2°
Sludge
o
Chromium 0.55 .
Copper 0.14 : '
Zinc 0.03 - —
Manganese <0.02
Nickel <0.05 v
Lead 1.3
pH 11.0 -
Present Waste llandling Mcthods. The furnace slag derived from
silicomangancsc preduction is freqnently sold to local contractors for usc -
as fill, Slag that is not sold is stored or deposited in open piles. The
sludges resulting from the capture of furnace emissions are generally accumulated v
in lagoons or settling basins. The sludges are periodically removed from the -
settling areas and dumped on land.
...
Solubility tests indicate that silicomanganesc slag is virtually
insoluble. Therefore, leaching is not expected to present adverse environmental -
effects. On the other hand, tests on dusts and sludges from furnace emission -
control have shown that leaching of lead might present a problem and it is
suggested that alternative methods of disposing of these wastes might be -
requiscu to prevent o potentially hazardone environmental condition.

Zvo-14a

Recommended Altcrndiive Tivaimeni Mcihicd., In tho caece of cilirnmang nese
slag, the present methods for disposal are considered adequate. Much, if not
most, of the slag ends up as fill for road construction. -

Resource recovery by reduction roasting is proposed for dusts and
sludges from furnace emission control. The treatment process is -
based on the Waelz kiln, a process which was originally developed by Krupp '
Grusonwerke in Germany in 1925. The same system is recommended for handling .-
scrubber sludges generated in the production of ferromanganese. TFurromangancse
and silicomanganese are commonly produced at the same plant since the slag from
ferromanganese production is used as raw material for silicomanganese production.
Thus, it is desirable to have a system that can handle sludges and dusts from

both types of ferroalloy furnaces. -

A flowsheet for the system is shown in Figure 11. Thickened -
sludges from the ferromanganese and silicomanganese furnaces are filtered for
dewatering. The combined sludges are then mixed with a reductant, such as coke
breeze or a mixture of coke breeze and iron powder, and peclletized. The pellets
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Figure 11, SCHEMATIC DIAGRAM OF ALTERNATIVE TREATMENT FOR
SLUDGES FROM SILICO AND FERRO-MANGANESE MANUFACTURE,
(WASTE STREAM NUMBERS 13 AND 14)
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arc then roasted in a Waelz kiln which is a rotating furnace that resembles a
cement kiln. The unit is fired by a burner at the lower end. The temmerature
of the bed exceeds 1100°C. Fumes from the kiln, which contain lead and zinc
oxides are collected in a baghouse. The clinker from the kiln is rich in
manganese and might be suitable for feed material for the ferromanganese or
silicomanganese furnace.

The first Waeclz kiln was installed by Krupp Grusonwerke at Magdeburg
(Germany) in 1925 in order to distill zinc oxide from various zinc bearing
oxide ores and residues. A number of additional kilns have been installed
and are operated by zinc producers. It has been reported that New Jersey Zinc
Company has abandoned its usc of a Waelz kiln for processing complex zinc-
manganese iron orc containing relatively high zinc concentrations.

In 1974, Sotetsu Metal was founded in Japan as a joint venture of
Nisso Kinzoku and 23 stecl mills. Sotctsu has agreed to collect dusts
containing more than 20% zinc and to treat them in a Waelz kiln having a
nominal capacity of 60,000 tons per year. The residual clinker may still
contain too much zinc to be recycled to the steel plant and this is onc of
the reported operating difficulties.

In 1974 and 75, two industrial Waelz kilns with approximately
10,000 tons of zinc-ferrous in-plant fines were installed at the Waclz plant
of Berzelius Metallhutten GmbH, a sister company of Lurgi in the
Metallgesellschaft group. Lurgi claims 90% In rcmoval.

The alternative system for handling sludges would climinate

the Matantial thyaat af laaching lead and sine and 2t the came ¢ime youlld 2llzu

recovery of thece marketahle constituents. However, further investigation is
required to determine the feasibility of processing residues that contain zinc
and lead concentrations less than 5 percent. The process has usually been
applied to materials having zinc concentration greater than 20 percent. Also,
further study is necessary to evaluate the practicality of recycling the
manganese-rich residues to the silicomanganese furnace.

Cost of Alternative Method of Waste Disposal. These costs are
developed from Figure 11 on sludges from silico and ferromangane.e
manufacture plus wastes from other industries generating similar wastes that
can be processed in the Waelz kiln. The costs are summarized in Tables 21
and 22.

Table 21 summarizes the costs for waste preparation at cach
individual plant and Table 22 summarizes the costs for a central processing
plant serving 22 individual mills, Approximately seven of these mills are
ferroalloy plants witin the remainder beinp other industries having similar
wastes containing lcad and/or zinc., The waste treatment/recovery operations
involves two operations at different locations.
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TABLE 21 | s,
Individual Plant Capital and Annual Operating Costs for Alternative Treatment -
of Silico and Ferromangancse Sludges (Waste Stream Numbers 13 and 14) : 3 et
: ® T;
3 ¢®
ANNUAL PRODUCTION (METRIC TONS): 30,000 -~
ANNUAL WASTE (METRIC TONS): DRYWEIGHY __ 8,900 WETWEIGHT __22,200
CAPITAL COST
FACILITIES P —
Sludge Pits $ 7,200 \
EQUIPMENT .
Filter $79,000
Pumps 1,800
Piping 1,300
Installation 61,100 143,200
CONTINGENCY 30,100
TOTAL CAPITAL INVESTMENT 5180 500
ANNUAL COST
AMORTIZATION € 20,420
OPERATIONS AM > MAINTENANCE (O&M)
OPERATING PERSONNEL $28,350
EQUIPMENT REPAIR AND MAINTENANCE 7,220
MATERIALS
WASTE DISPOSAL
TAXES AND INSURANCE 7,220 42,790
ENERGY 4,080
TOTAL ANNUAL COST 76,290
RECOVERY VALUE j
NET ANNUAL COST e
i
COST/METRIC TON OF WASTE NET TOTAL ;
WET BASIS : §3.44 !
DRY BASIS 8.57 :
2.54
COST/METRIC TON OF PRODUCT
SHORT TONS = 0.8 x METRIC TON
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TABLE 22 a5
- >
Central Plant Capital and Annual Operating Costs for 3~
Alternative Treatment (Waelz Kiln) of Silico and ag®
Ferromanganese Sludges (Waste Strecam Numbers 13 & 14) - : g‘
[~
ANNUAL PRODUCTION (METRIC TONS): 660,000 (22 plunts) : e s
- S
ANNUAL WASTE (METRIC TONS): DRY WEIGHT _198,000 WETWEIGHT ___ 495,000 . - Sa
o d
CAPITAL COST )
FACILITIES $8,432,100 _
EQUIPMENT —_—
Sludge Conveyors $ 40,000 ;
Coke Breeze Conveyors 10,200 T
Mixer 27,200
Granular Pelletizer 100,000 -
Waelz Kiln 2,750,000
Bag House 560,000
Flue Gas Cooler 12,500 —_—
Air Fan 35,300 "
Installation 4,896,500 8,432,100 '
CONTINGENCY 1,686,400 k
TOTAL CAPITAL INVESTMENT 318,550,750
ANNUAL COST
AMORTIZATION $ 3,023,750
OPERATIONS AND MAINTEMANCE (Of:M) -
OPERATING PERSONNEL » 433,000 -
FOUIPMENT REPAIR AND MAINTENANCE 742,00 ]
paTEniaLs . 2,000,000 -
WASTE DISPOSAL 1,200 ’098 .
TAXES AND INSURANCE 742)0 5,137,640 - U
ENERGY 106,290 _
TOTAL ANNUAL COST )
RECOVERY VALUE 767,450 - | o
NET ANNUAL COST 37,500,230
~ N
COST/METRIC TON OF WASTE NET TOTAL N
WET BASIS —_$15.15 —$16.70 .
DRY BASIS —_37.88 —_41.76 ___
COST/METRIC TON OF PRODUCT 11.36 12.53
*Waste transport to processing facllity -
SHORT TONS = 0.9 x METRIC TON
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The first operation is conducted at cach mill. It consists of
filtering the silico- and ferromanganese sludges. The fiiter i» operated
12 hours cach day and is assigned 6 man-hours per dav. Cnsts for this
operation are shown in Table 21.

The filter cake discharge is then shipped to a centrally located
waste treatment/recovery plant. This plant is sized to accept the dewatered
sludges from about 22 mills. The central plant has an annual capacity to
process about 200,000 metric tons (220,000 s. tons) (dry weight) of sludge.
The sludge is mixed with coke breeze in a mixer with a 3,400 kg (7,500 1b)
capacity, pelletized in a 2.4 m (8 ft) diamcter granular pelletizer and then
roasted in a Waelz kiln. The contained coke breeze serves as fuel. The
operation is estimated to require 96 man-hours per day.

Costs for this operation are shown in Table 22 , Facility costs
for this operation are estimated to be equal to the installed equipment costs.

Cootn cf +hin mamitude are gstimatod cincea thie je a2 naw Anavatinn rather
LCOUn OO Taln magnitugde zre estimated since th H ' :

than an add-on to an cxisting plant.

The major metal recovered is zine, It is assumed that the
silico- and ferromanganese sludges contain 3.5% and 1% zinc, respectively
and that the process results in 90% recovery. The recovered zinc oxide is
valued at $204 per metric ton ($185/s. ton) which is 25% of the metal value.

The plant also generates about 185,000 metric tons (203,500 s. tons)
of clinker each year, This material contains manganese and with the removal
of zinc and lead may be suitable for reprocessing. No value has been assigned
to thiz material nor are cocts inclnded for its disposal as landfill.

Tihe capiial and amtual costs for each of the <42 mills, assumng a
pro-rated share of the centralized waste treatment/recovery plant are:

Capital Costs

In-plant $180,500
Processing Plant 843,200

(Pro-rated share)

TOTAL $1,023,700

Annual Costs

In-plant $375,800
Processing Plant 76,290
(Pro-rated share)
TOTAL $452,090
Recovered Material 34,880

Value

Net Annual Cost  $417,210
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Cost/Metric Ton of Waste Net Total

Wet Basis $18.79 $20.36
Dry Basis 46.88 50.80
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C. Ferroalloys

4, Ferromanganese Manufacture - Slag and Sludge
(Waste Stream Number 14)

Waste Description. The production of ferromanganese generates slag
at the rate of about 600 kg per metric ton of alloy produced. The major
constituents of the slag are manganese (either as free metal or the oxide)
at greater than S0 percent concentration, and silica (Si02) and alumina
(A120,), cach at concentrations of 17 to 21 percent. Minor constituents
incluge cogper at 310 ppm, chromium at 100 ppm, lead at 10 ppm, and zinc
at 20 ppm.

Analyses of filtrates from solubility tests of ferromanganese
slag are as follows (mg/1)1:

Chromium 0.02 Nickel <0.05
Copper 0.04 Lead <0.02
Zinc 0.03 pH 5.9
Manganese 2.1

Significant concentrations of toxic heavy metals did not leach and
this slag is not considered hazardous at this time.

The control of furnace emissions with wet scrubber systems produces
a sludge which contains about 3.5 percent zinc, 0.5 Yercent lead, 2.0 percent
manganese, 50 ppm of copper, and 18 ppm of chromium.
clad
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In some plants, the scrubber liquor is simply diverted to a 1ngonn-
or settling basin where particulatc mattcr scttles out in am9unt§ corresponding
to 150 kg/MT of ferromanganese produced. In other plants, lime is add?d to
the scrubber liquor and a clarifier is used to promote settling of sol?ds.

The underflow from the clarifier is piped to lagoons where the sludge is
accumulated in amounts of about 165 kg/MI' of product.

A plant producing 30,000 MT of ferromanganese per year would
generate about 18,000 MT of slag and 5,000 MI of limed sludge annually.

Present Waste Disposal Methods. As noted under the discussion of
silicomanganese wastes, it is common practice to produce both silicomanganese
and ferromanganese at the same plant. Slag from the production of
ferromanganese is used as feed material for silicomanganese production or as
feedstock for electrolytic manganese. Thus, in general, ferromanganese slag
is not considered a waste because of its high manganese content and is. in
fact, recycled. Tusls indicate that leachate from slag storage piles would
probably be environmentally acceptable.

The sludge derived from the control of furnace emissions in
ferromanganese production is accumulated in lagoons, sold as a fertilizer
additive, or recycled. In some cases, the bottom deposits of the lagoons
are dredged occasionally and deposited in an open dump arca. Solubility
tests performed on furnace emission particulates indicate a significant
potential for leaching of lead and zinc.

Recommended Alternative Treatment Method. It is proposed that the
sludges resulting fram tha control ©f Ffurhawe emissivhs in siiicomanganese and
ferromangancce production plus similar wastes from other indnstriac he handled
by & singic processing system as described in the previous section on
silicomanganese wastes. The sludges would be pelletized and reduction roasted
to vaporize lead and zinc for recovery as the oxides. This approach would
eliminate the problems of lead and zinc leaching and at the same time allow
recovery of these metals for reuse. As noted, however, further study is
required to establish the practicality of this system.

Cost for Alternative Methed of Waste Disposal. The process scheme
for the alternativc trcatment shown in Figure 11 is summarized for costs in
Tables 21 and 22.
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SECTION II

PRIMARY NON-FERROUS SMELTING AND REFINING HAZARDOUS WASTES

A. Copper Smelting-Acid Plant Blowdown Sludge
(Waste Stream Number 15)

Waste Description. Large amounts of sulfur dioxide (SO;) gas are
generated from roasting sulfide copper ore concentrates. Most copper smelters
have a sulfuric acid by-product plant to recover S0, as sulfuric acid. The
sulfuric acid recovery process generates a waste blowdown slurry. The typical
smelter operation producing 285 MT of blister copper per day will generate
2270 m3/day of blowdown slurry from the sulfuric acid recovery plant. This
slurry will contain about 2% solids. The pH of the blowdown can be as low
as 3.0. The settleable solids generation rate is 3 kg/MT of blister copper
produced. The typical copper smelter producing 100,000 MI/yr of copper metal
will generate 270 MT/yr of blowdown settleable solids.

Blowdown sludges contain the following concentrations of clements 1

Sludge Analyses  Solubility Test Filtrate

- Dry Bases (ppm) Analyses (mg/1)
Arsenic - 0.805
Cadmium 520 8.4
Silicon 500 0.5
Copper 279,400 850
Mercury 0.8 -
Manganese 89 1.0
Nicke! 110 0 &4
Lead 8,000 7.8
Antimony 500 0.2
Selenium 30 -
Zinc 27,900 300
pH - 3.0

Major constituents of the slurry solids are metallic oxides, and
sulfates. Copper is present in high concentrations and may approach 25-30%
of the solids content. Zinc and lead are also present in appreci.ole
concentration, Other mctals present in trace amounts include cadmium, nickel,
antimony, and selenium.

Major metal components of dissolved solids include iron, copper,
and zinc. These will be present as sulfates and sulfites. The presence of
a number of toxic heavy metals in significant concentrations (i.e., copper,
zinc, cadmium, lead, and sclenium), and soluble salts, imposc a potential
hazard from land disposal of copper smelter acid plant blowdown.
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Present Methods for Waste llandling. Typically, smelter acid plant
blowdown ctffluent is sent to a thickener where thickened solids are recovered
and recycled to the smelter for copper values. Overflow from the thickener
containing suspended solids and dissolved solids is discharged to tailing
ponds associated with the mining and milling complex. Recycle of thickener
underflow is a desirable resource recovery operation, that is generally
carried out.

The thickener overflow contains appreciable concentrations of
dissolved solids and an estimated 0.77 MI/day of residual suspended solids.
These dissolved and suspended solids include the toxic heavy metals copper,
lead, cadmium, and arsenic, which posec potential ground and surface water
environmental hazards if these percolate through unlined tailings ponds
where they are being discharged.

Recommended Alternative Treatment Method. The present method for
wast~ handling would bc improved by further trcatment and clarification of
thickener overflow to rcmove residual suspended solids leaving the existing
thickener and to precipitate the toxic components of the dissolved solids.

The alternative suggested is shown schematically in Figure 12.
The thickener overflow is treated with precipitating and flocculating
chemicals such as lime in a clari-flocculator, The clari-flocculator overflow
may be discharged to the tailings pond. The precipitated solids in the
clarifier underflow are centrifuged for a chemical landfill and the centrifugate
is recycled to the clarifier.

The proposed alternative process precludes potential environmental
hazarde hv remaving racidnal roanper hearing cncppndod enlide and hazardone

dissnived entyide hefare diccharging rickenmre averfiow 0 the tnﬂings pond.

Cost of Alternative Treatment. The costs for the process scheme
described in Figurc 12 are summarized in Table 23 and are based on the
following assumptions.

The major treatment system components are a 1.89 m3 (500 gal)
flocculant feed system, a 23 m3 (800 ft3) lime silo and automatic feeder,
a 200 m3 (30" x 10') clarifier, a centrifuge, storage tanks and pumps.
Hydrated lime is added at the clarifier at a rate of 3.3 metric tons (3.6 s.
tons) per day. Flocculant addition to the wastewater flow is at a rate of

S ppm.

The overflow from the clarifier is discharged. The underflow %s
centrifuged and generates about 9.8 m3 (2,600 gal) of cake daily, which is
then sent to a chemical landfill. The filtrate is recycled to the clarifier.

Six man-hours are assigned to the operation per day. No material
value is recovered.
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ACID PLANT FLOCCULANT LIME STORAGE
BLOWDOWN SOLUTION 9 MY CAPACITY
2270m3/day 1.89m3 TANK 23m3
UNDERFLOW SOLIDS THICKENER FEEDER FEEDER
RETURNED TO (EXISTING} AUTOMATIC
PROCESS
3 T
82m/day OVERFLOW
2.200m3/dey DRY LIME
0.77M.T. 3.3 MT/dsy

SUSPENDED SOLIDS

[ ;

CLARI-FLOCCULATOR
8m OtA

RETURN
TO CLARIFIER

, PUMP ,
| IS

mwitt ceblies {

1
| SO

T

STORAGE
TANK

28m3

31.8m3/8 HRS

UNDERFLOW 10,900 GAL/DAY

STORAGE
TANK

18.9m3

-

PUMP

8.00m31min

I FEED 41.3m3/8 KRS

CENTRIFUGE
TO OPERATE
8 HR/DAY

4 9.8m3/ds

STORAGE
BIN

Y

CHEMICAL
LAND FiLL

800 FT3(23m3)

OVERFLOW TO

TAILINGS POND

Figure 12, FLOW DIAGRAM FOR ALTERNATIVE TREATMENT OF PRIMARY COPPER
SMELTING - ACID PLANT BLOWDOWN (WASTE STREAM NUMBER 15)
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TABLE

23

Capital and Annual Operating Costs for Alternative Treatment of Acid Plant

Blowdown Sludge - Primary Copper Smelting

(Waste Stream Number 15)

ANNUAL PRODUCTION (METRIC TONS): 100,000
ANNUAL WASTE (METRIC TONS):  DRY WEIGHT 300 WET WEIGHT 700
CAPITAL COST
+ACILITIES
Sump $ 5,300
EQUIPMENT
Lime Precipitation System $ 26,100
Flocculant Feed System 3,500
. Clarificr 42,000
Tanks 4,300
Centrifuge 28,000
Pumps 1,900
Piping 10, 300
Installation 121,300 267,400
CONTINGENCY 53,500
326,200
TOTAL CAPITAL INVESTMENT A,
ANNUAL COST
ABIANTIZATION 4 53,170
OPEBATIONS AND MAINTENANCF (D&M
OPERATING PERSONNEL $28,350
EQUIPMENT REPAIR AND MAINTENANCE 13,050
MATERIALS 71,080
WASTE DISPOSAL 82,320 207, 850
TAXES AND INSURANCE 13,050 ’
ENERGY 4,470
TOTAL ANNUAL COST 283,490
RECOVERY VALUE
NET ANNUAL COST —_—
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS 379.27
DRY BASIS 884.97

2.65

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.8 x METRIC TON
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B. Electrolytic Copper Refining - Mixed Sludge
{(Waste Stream Number 16)

Waste Description. In the electrolytic refining of copper, relatively
pure copper anodes (99.5% copper) are dissolved in sulfuric acid and copper is
clectrolytically deposited to produce higher purity cathode copper (99.9%). A
number of dilute miscellaneous effluents are wasted in the electrolysis process.
These include contact cooling water from quenching hot anode or cathode copper,
spent anode washings, spent electrolyte and plant washdown. The flow of dilute
acid slurry from a typlcal electrolytic refinery producing 460 MT of refined
copper per day is 6,800 m- 3/day. Suspended solids content is 210 kg/day and
dissolved solids content 870 kg/day. Total dissolved and suspended solids in
the miscellaneous effluents amount to 2.4 kg/MT of copper produced or 384 MI/yr.

-

The settled sludge solids contain 2% copper, 1% lead, and significant
concentrations of cadmium, mercury, antimony, sclcnium and zinc. This waste
is considered potentially hazardous because of the possibility that these toxic
constituents may leach in concentrations sufficient to pose a threat to ground

water quality.

Analysis of The Dredged Solids1 (ppm)

Cadmium 180 Nickel 10
Chromium 25 Lead 12,000
Copper 22,000 Antimony 800
Mercury S Selenium 550
Manaanece 8 Zinc 190

Present Method for Waste Handling. Wastewaters from electrolytic
copper refining are currently clarified in unlined lagoons or tailings ponds
and the settled solids are dredged and deposited on land. These practices
are environmentally inadequate because significant concentrations of toxic
heavy metals as described above may leach and percolate through permeable
soils or rock strata to ground water.

Recommended Alternative Treatment Method. The major portion of
potentially hazardous pollutants from electrolytic refining slud-as are contained
in the dissolved salts. Lime treatment of the wastcwaters will remove the
heavy metal pollutants from the water phase. It is uneconomical to recycle
the settled solids for the recovery of copper and/or lead value. The sludge
solids are then dcposited in a secure chemical landfill.

Figure 13 presents a lime treatment process for removal of suspended.
and dissolved solids from copper electrolytic refining wastewaters and
subsequent sludge disposal in a chemical landfill. Wastewaters are limed and
clarified in a clari-floccular. The settled sludge amounting to 0.9 MT/day
(8,000 gal/day) is pumped to a centrifuge for dewater1ng. The filtrate from
the centrifuge amounting to approximately 22 m 3/day (5,800 gal/day) is recycled
to the clari-flocculator. After centrifuge dewatering, 9 MT/day of sludge
containing 0.9 MI/day solids will be put into metal drums and transported to a
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AGITATOR LIME SLURRY WASTE STREAM POLVMER
TANK TANK
0.37 kW 3 6,813m/day 3
1.89m 1.89m
METERING METERING
PUMP PUMP
1.18m%/day 1.18m>/day 5% CalOH) 1.36m3/day
590 ko/day 1% POLYMER
4 y 13.8 kg/day
CLARIFLOCCULATOR
15.2m DIA x 3m DEEP
8m MIXING WELL

3
0.045m>/min
PUMP 3.04 atm
TANK
2.78m3 FILTRATE
21.8m3

30.3m3/day

30 MT/day
3% SOLIDS
y C.8 MT/day

RECEIVER
TANK

3.78m3

Y

PUMP
CENTRIFUGAL
3.04 atm

‘ 30.3m3/8 HRS

CENTRIFUGE
8 HRS

DISCHARGE

9 MT/day
8.49m3

CHEMICAL
LANOFILL

UNDERFLOW

0.06m3/min

AGITATOR
0.37 kW

OVERFLOW TO
TAILINGS POND

6,813m3/day

Figure 13. FLOW DIAGRAM OF ALTERNATIVE TREATMENT PROCESS FOR MIXED
SLUDGES FROM ELECTROLYTIC COPPER REFINING (WASTE STREAM

NUMBER 16}
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chemical landfill. It is estimated that forty-three 55-gallon drums would be
chemically landfilled each day.

Potential leaching of toxic metal constituents is precluded by
treating electrolytic sludge slurry with lime followed by disposal in a
chemical landfill. Neither of these practices is being used by the industry
at the present time.

Cost for Alternative Method of Waste Disposal. Waste treatment
costs are shown in Table 24, A relatively small amount of hydrated lime
580 kg (1,300 1b) and floc~ulant 13.6 kg (30 1b) per day are added to the
wastewater. Following settling in a S60 m3 (50' x 10') clarifier, the
underflow is collected in a receiving tank and then pumped to a centrifuge.
The daily centrifuge discharge amounts to about 8.5 m3 (2,244 gal) which is
containerized and sent to a chemical landfill., The centrifuge filtrate is
recycled to the clarifier.

Eight hours of labor are assigned to the operation daily. The
recovered material has no value,
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TABLE 24 - i59 E g_
agesg
Capital and Annual Operating Costs for Alternative Treatment of Mixed Sludge L g-;;
From Primary Clectrolytic Copper Refining (Waste Stream Number 16) _ S om
eg>
ANNUAL PRODUCTION (METRIC TONS): 160,000 332
-
ANNUAL WASTE (METRIC TONS):: DRYWEIGHY __400 _  WETWEIGHT __1,100 - =
CAPITAL COST
FACILITIES —
EQUIPMENT
Lime Precipitation System $11,400
Flocculant Feed System 3,500
Clarifier 60,000 —
Holding Tanks . 2,400
Cerntrifuge 42,000
Pumps 2,100
Piping 13,400 -
Tnstallation 110,900 $245,700
CONTINGENCY 49,100
TOTAL CAPITAL INVESTMENT —3294,800
ANNUAL, COST -
AMORTIZATION § 48,050 -
OPERATIONS AND MAINTENANCE (O&M) - -
OPERATING PERSONNEL $ 37,800
EQUIPMENT RCPAIR AND MAINTENANCE 11,790 _—
MATERIALS 20,880 \
WASTE DISPOSAL 263,290 U
TAXES AND INSURANCE 11,790 $345,550
ENERGY 2,850 wmb
TOTAL ANNUAL COST a3396,450 - I
RECOVERY VALUE - o
NET ANNUAL COST . m— -b
COST/METRIC TON OF WASTE NET TOTAL )
WET BASIS _$360.40_
DRY BASIS 991.13 -
COST/METRIC TON OF PRODUCT 2.48
SHORT TONS = 0.9 x METRIC TON v
.t
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C. Lead Smelting - Siudges
(Waste Stream Number 17)

Waste Descriptions.

1. Acid Plant Blowdown and Miscellancous Slurries. Before lead ore
concentrates are reduction roasted to metal in a blast furnace, the fine particles
of the charge arc agglomcrated in a sintering machine. The sinter machine fuses
the lead concentrates and other lecad bearing residues with lime and silica.

Sulfur contained in the lead ore concentrate is driven off as SO
gas at the sinter machine. Since copious amounts of SO, are generated, acfd
plants are built to recover SO, as sulfuric acid where possible. In the
production of the sulfuric acig, a blowdown slurry is wasted. This slurry is
called acid plant blowdown. Tt is treated with lime and resuits in 230 m3/day
containing 6.3 MT of solids for a typical plant producing 314 MT/day of lead
metal.

Miscellaneous dusts such as sweepings are slurried and combined with
cleanup water and cadmium plant effluent in secondary operations. These wastes
are lime treated in conjunction with acid plant blowdown. Approximately 230 n3
of misccllancous slurries containing 6.3 MT of solids are produced each day at
the typical plant. The solids generation rate for combined acid plant blowdown
and miscellancous slurrics is 40 kg/MT of lcad metal produced.

Sludges resulting from the acid plant blowdown and miscellaneous
slurries contain recoverable amounts ot lcad and zinc and signiticant concen-
trations of cadmium, copper and mercury and are considered potentially hazardous.!
These are summarized in the following table :

Solubility Test
Filtrate Analyses mg/l

bried Sludges Sinter Scrubber Acid Plant

Analyses ppm Sludge Lagoon Dredging
Arsenic - - 0.231

“ Cadmium 6,900 9.1 11

Chromium 27 <0.01 <0.01
Copper 5,820 2.6 0.53
Mercury 180 <0.02 < 0,02
Manganese 925 1.3 27
Nickel - < 0.05 0.08
Lead 113,500 5.5 4.5
Antimony 924 <0.2 <0.2
Zinc 79,900 7.5 9.5
Sclenium - 0.17 <0.0S
pH - 6.8 6.7
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2. FEmissions Control Sludges. Sintcr gascs laden with SO, are S ,,f
partially scrubbed of particulates before entering the acid plant. Gases from g © .
other primary operaticns such as sinter crushing and blast furnacing are also @ ':;'i
cleaned in dry or wet scrubbers. The bulk of the dry dusts or wet slurries - a°
from gas clcaning operagions arc recycled to the sinter for lead recovery but
a waste stream of 175 m~/day containing 6 MT of solids is bled off. The solids
generation rate from the gas clecaning bleed-off is 19 kg/MT of lead metal. -~
Sludges resulting from scrubbing of emissions from sintering and !———-—-
blast furnaces contain recoverable amounts of lead and zinc and significant _
concentrations of cadmium. copper and mercury. This waste stream is considered
potentially hazardous.
Present Individual Waste Handling Methods. ' -
1. Acid Plant Blowdown and Miscellaneous Slurrics. At the present )

time, blowdown slurries from the acid plant are treated with lime and sent to {
lagoons for settling. The miscellaneous slurries from plant washdown, the
cadmium plant and other sources are sent to the same lagoon as the lime trcatcd
acid plant blowdown. The lagoon is dredged periodically and the sludge is .
piled on the ground to dry. At some plants this sludge is eventually recycled

to the sinter whilc other plants may permanently dispose of the sludge on the

ground. Long term storage on the ground or permanent land disposal may produce

ground or surface water pollution either through percolation of leached toxic ‘
metals through permeable soils to ground water, or transport of toxic metal

laden particulates by surface runoff. Soil and runoff conditions at individual

smelters would determine the degree of potential haczard.

2. Imission Control Sludees. Dilute slurvies resultine fruom controi -
of emissions from sinters and blast furnaces are settled in unlined pits. The
pits are dredged pe.iiodically and the sludge stored on land generally for ="

months before recycle to the sinter plant for recovery. At some plants the
sludge may not be rccycled and is, therefore,permanently disposed of on land
usually in the slag dump. Long term on-land storage or permanent on-land
disposal of emission control sludges can present the same environmental threat

as the acid plant blowdown sludge. -
- Recommended Alternative Treatment Method for Combined Wastes. The

sludges resulting from the (1) acid plant blowdown and miscellaneous slurries and —

(2) emission control sludges all contain recoverable amounts of lead and zinc.

It is estimated that a typical plant producing 315 MT of lead per day will >

generate 3 MT of lead and 1.5 MT of zinc that is available for recovery. —

A system enalling recovery and recycle of solids from the various \

sources is shown in Fiyurc 14. Slurries from the acid plant and emission

control would be lime treated and clarified in lined or impermeable lagoons. -

The settled solids would then be pumped to a storage tank. At this point, the solids

content of the sludge will be 30%. From the storage tank, the sludge will be t
”
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LIME
1.13 MT/day

NaoS

=

1.8 kg/day

Y

1. ACID PLANT & 2. EMISSION CONTROL
MISC. SLURRIES LINED LINED SLUDGES
12.6 MT/day 8 MT/day

FLOATING FLOATING
SLUDGE SLUDGE
PUMP PUMP
SLUDGE ]
STORAGE
TANK I
53m> i
i
PUMP
' |
: 22 MT CENTRIFUGE FILTRATE
@ 85% SOLIDS 6 HRS/day RETURNED TO L
RETURNED TO LAGOONS
PROCESS

Figure 14. SCHEMATIC DIAGRAM FOR RECOVERY AND RECYCLE OF SLUDGE
SOLIDS FROM PRIMARY LEAD SMELTER (WASTE STREAM NUMBER 17)
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centrifuged to increase solids content to 85%. The solids amounting to - :_2 S
22 MT ?gr day‘are recycled to the sinter. Filtrate from the centrifuge amounting . 2 -
to 53 m?/day is scnt back to the lagoons. i g -
-~ =
. . . @ =a

In order to insure complete precipitation of the heavy mectals from - =°

the wastewaters, treatment with sodium sulfide in addition to the lime treatment

is recommended. It is estimated that only 4 to 5 pounds (1.8 kg) of sodium sulfide
per day would be sufficient to precipitate residual dissolved heavy metals as highly -
insoluble metallic sulfides. With proper retention in lagoons or scttling

basins, the combined lime-sodium sulfide treatment of acid plant blowdown, —_—
primary emission scrubwater, and misccllaneous slurries should result in highly

purified effluent discharges to receiving waters.

The advantages to be derived from the proposed process are avoidance
of potential contamination of ground and surface water with toxic heavy metals. -
In addition, resource recovery of up to 3 MI' of lead and 1.5 MT of zinc per
day is possible at the typical plant.

Cost of Alternative Method for Waste Handling. The cost for the
flow scheme described in Figure 14 is summarized in Tagle 25.

A liner is installed in the acid plant blowdown lagoon. The lagoon
inflow is treated with hydrated lime and sodium sulfide. Daily material
usage consists of 1.13 metric tons (1.24 s. tons) of lime and 1.8 kg (4 1bs.)
of sodium sulfide.

After scttling, the sludge from the lagoon is pumped into a 53 m3 .
(14 000 gal.) storage tank and then sent through a centrifuge. Twelve man-hours
per day are assiynvd S the cporation., Flectrical energy use is bascd on an
average consumption of U5 hp. B

The centrifuge cake is returned to process; the filtrate flows to an

existing lagoon. The centrifuge cake contains several metals, i.e., lead, -
cadmium, copper, antimony, and zine. Its recovery value is based only on

lead, which is present in the largest quantity. The value used is $154/metric -
ton ($140/s. ton) of contained lead. This cost represents about 25% of lead

value.

Zro-1a |
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Table 25
Capital and Annual Operating Costs for Alternative Treatment of Primary Lead
Smelting Sludge (Waste Stream Number 17)

ANNUAL PRODUCTION (METRIC TONS): 110,000

ANNUAL WASTE (METRIC TONS): DRY WEIGHT 6,500 WET WEIGHT __ 21,600
CAPITAL COST

FACILITIES
Lagoon Liners $ 26,200
EQUIPMENT

Lime Neutralization System $32,000
Sodium Sulfidc Feed System 2,000

Storage Tank 5,900
Centrifuge 56,000
Pumns 3,100
Piping 2,200
Installation 85,000 $186,200
CONTINGENCY 42,500
TOTAL CAPITAL INVESTMENT 254,900
ANNUAL COST $ 41,550
AMORTIZATION
CPERATIONS AMD paA MY SIAMCE (N9 P)
OPERATING PERSONNEL $56,700
EQUIPMENT REPAIR AND MAINTENANCE 10,200
MATERIALS 21,940
_ WASTE DISPOSAL
TAXES AND INSURANCE 10,200 $ 99,040
ENERGY 6,380
TOTAL ANNUAL COST i__l_ 46 N 970
RECOVERY VALUE $168,780
NET ANNUAL COST g 21,810*
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS 1.01* $ 6.80
DRY BASIS 3.36" 22.61
COST/METRIC TON OF PRODUCT 0.20" 1.34

* = Net gain from alternative treatment

SHORT TONS = 0.9 x METRIC TON
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D. Electrolytic Zinc Manufacture - Sludge
(Waste Stream Number 18)

Waste Description. In the production of zinc by the electrolytic
process, zinc sulfide ore concentrates arc first roasted to drive of f sulfur
as SO and then leached with sulfuric acid to solubilize zinc. Impurities
are precipitated from the zinc solution. The zinc is then plated electrolytically
from the purified solution onto a cathode as pure :zinc.

1. Miscellancous Slurries. There are a number of misccllancous
acidic slurries associated with the electrolytic zinc purification process
including scrubber blceds, acid leach bleeds, anode washings, and spent
electrolyte. A typ1c11 egcctrolytic zine plant producing 285 MT of zinc per
day will generate 1,500 m°/day of miscellaneous wastewaters containing 2.6 MT
per day of solids. The solids generation rate from the miscellaneous wastewaters
is 9 kg/MT of zinc product.

2. Acid Plant Blowdown. Because a large volume of SO, is driven
off by roasting the zinc sulfide ores, iecovery of the S0, as sulfuric acid
is practiced. The sulfuric acid in turn, is used to leach zinc from the
roasted ore, The by-product qulfurxc acid plant itself generates an acid
blowdown slurry amounting to 1,380 m /day for the typical plant., The solids
content of the blowdown slurry is S5 MI'/day. The solids generation rate in the
acid plant blowdown is 17 kg/MT of zinc metal produced.

The sludges which result from clarification of the (1) miscellaneous
slurries and (2) acid plant wastewaters contain zinc and significant concentrations
of cadmium, copper, and mercury. These sludges are considered potentially
hazardous due to possible lcaching of toxic neavy metal constituents. Analyses
of the combined sludges are shown as follows

. . .
Combined Siudges Analyses {ppmj:

Cadmium 820 Manganese 8,740
- Chromium 44 Lead 15,300
Copper 2,510 Selenium 66
Mercury 22 Zinc 220,000

Present Waste Handling Method. 1. The miscellaneous wa-“ewaters
discussed previously are presently discharged to unlined lagoons for solids
settling. Settled solids are dredged from the lagoon and dried on land
prior to shipment to a lead smelter for reccvery of zinc and lead value. The
amount of wet sludge dredged per day amounts to 23 MI' and contains 2.6 MT

of solids.

2. Acid plant blowdown slurry is treated with lime for pH adjustment
and hcavy metal precipitation and then routed to an unlined lagoon for solids
settling. The wet sludge is dredged from the lagoons and dried on land prior
to shipment to a lead smelter for zinc and lead recovery. Approximately 5 MT
of solids arc contained in the wet sludges dredged each day.
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Because the combined sludges are acidic, the leachate will contain
soluble hazardous metals. The sludges are now settled in unlined lagoons.
The settled solids are stored for some time before shipment to a lead smelter
for recovery.

The use of unlined lagoons for settling and unprotected storage areas
for these sludges present environmental pollution hazards if toxic heavy metal
constituents of these sludges leach to the groundwater or arc carried into
surface waters. Soil and runoff conditions at individual plants would determine
the degree of hazard.

Recommended Alternative Treatment Method. Recycle of acid plant
sludge and the other miscellaneous sludges for metal recovery is practiced
to a large extent by the industry. However, there are safeguards which can
be incorporated into existing procedures to eliminate the potential for ground
and surface water contaminatiocn, so thuat coxisting recycle practices can become
environmentally sound. These include liming the entire wastewater discharge
to effect maximum mctal precipitation; the use of lined lagoons; and substituting
a centrifuge for land storage to dewater sludges. ‘These additional measures
will eliminate ground and surface water pollution.

Figure 15 illustrates a modified electrolytic zinc plant sludge
handling and processing system for climinating potentxal water pollution.
In this system, combined daily flow of 2,860 m /day from the acid plant blowdown
and miscellaneous wastewaters are lime treated and clarified in a lined lagoon.
An estimated 3 m3/day of settled sludge will be pumped to a storage tank for
dewaterlng in a centrifuge. Twenty pcrcent solids sludgc will, bc centrlfuged
1o 85% selidy, "."-'!;:,‘. valume e vedined 1YOm 50 MU day T 3w /nn\ The
centnruge cake contalnxng U.1 Mi lead and 1.5 M1 zx.m./ud.y wouid be stored in
lined pits prior to shipment for_lead and zinc recovery. The filtrate from
the centrifuge amounting to 29 ms/day would be recycled tc the lagoon.

Cost_for Alternative Treatment. The costs for the process scheme
described in the block diagram of Figure 15 are summarized in Table 26 .

Plastic lagoon liners are installed in the two existing lagoons.
The lagoon inflow is trcatcd with hydrated lime at the ratc of 1.4 metric
tons (2.1 s. tons) per day. The scttled sludge is pumped into an 18 m> (5,000
gal.) sump and then centrifuged.

Ten man-hours per day are assigned to the operation. Electrical
energy use is based on an average consumption of 25 hp.

The centrifuge cake is stored for reprocessing and the filtrate
returned to the existing lagoon. The centrifuge cake contains more zinc
than any other precipitated heavy metal. Its value of $204/mctric ton
($185/s. ton) of contained zinc represents 25% of zinc value.
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Figure 15. SCHEMATIC DIAGRAM FOR RECOVERY AND RECYCLE OF ACID PLANT AND .
MISCELLANEOUS SLUDGES FROM ELECTROLYTIC ZINC PRODUCTION
S

(WASTE STREAM NUMBER 18)
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Table 26

Capital and Annual Operating Costs for Alternative Treatment of Sludge

From Primary Electrolytic Zinc Manufacture (Waste Stream Number 18)

ANNUAL PRODUCTION {METRIC TONS): 100,000
ANNUAL WASTE (METRIC TONS):  DRY WEIGHT
CAPITAL COST

"——-—-—————
FACILITIES
Lagoon Liners
EOUIPMENS13 T
Lime Neutralization System  $33,000
Centrifuge 48,000
Pumps 3,600
Piping 600
Installation 72,600
CONTINGENCY
TOTAL CAPITAL INVESTMENT
ANNUAL COST
AMGRTIZATION
OPERATIONS AND MAINTENANCE (O&M)
OPERAT!NG PERSONNEL $47,250
EQUIPMENT REPAIR AND MAINTENANCE 9,220
MATERIALS 36,580
WASTE DISPOSAL
TAXES AND INSURANCE 9,220
ENERGY
TOTAL ANNUAL COST
RECOVERY VALUE
NET ANNUAL COST
COST/METRIC TON OF WASTE NET TOTAL
* .81
WET BASIS §3.50 $16
DRY BASIS 11.20 ¥ 56.25
0.29 * 1.46

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.9 x METRIC TON
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2,600 weT welgHT 8,700

$ 31,300
3,100

157,800

$ 38,400

2305600

$102,270
6,380

T L SZ T N—

$117,100
29,140*

* = Net gain from alternative treatment
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E. Pyrometallurgical Zinc Manufacture - Sludges
(Waste Stream Number 19)

Kaste Description.  In the production of zinc mctal by the
bPyrometallurgical process, zinc sulfide ore concentrates are roasted to drive
off sulfur as SO gas and to volatilizc metal impurities such as cadmium and
lead. The roasted material is then agglomerated in a sintering operation and
fed to heated retorts where the addition of coke reduces zinc oxides and
other zinc compounds to volatilized zinc metal. The volatilized zinc is then
condensed as zinc metal. The condensed zinc metal may be redistilled for
further purification or oxidized to produce zinc oxide by the French process.

) Secondary operations include rccovery of cadmium from sintcr and
roasting fumes, production of lead oxide by the American process, and production
of sulfuric acid from the SO, contained in the roaster gases.

i 1. Slurries from Primary Gas Cleaning and Acid Plant Blowdown.
Particulates are removed from SO2 laden gases in baghouses and wet or dry
electrostatic precipitators before cntering the acid plant. Gascs from
Other primary operations such as sintering and crushing are similarly cleaned.
¥OSt of the dusts and slurries resulting from gas cleaning are recycled
Lmmediately but a portion of the slurries amounting to 93 kg/MT zinc is bled
off! limed and thickened in conjunction with acid plant blowdown. For the
typical plant _producing 310 MT of zinc per day, gas cleaning slurries may
total 1,090 m°/day and contain 29 MT of solids.

The typical plant generating sulfuric acid from 50, roaster gases,
generates 1,310 m3 of blowdown per day containing 9 MT of solids. The solids
generation rate is 90 kg/MT of zinc product. Both the acid plant blowdown
°nd the oas cleaning elurriae are comhined and procecsed in o lime treatment
system.  the sludpe resuiting from ihe combined treatment of acid plant h1nwdnwn
and primary cas scrubbing contain recoverable amounts of zinc and significant

concentrations of cadmium, copper, lead, and mercury which are considered
potentially hazardous.

2. Retort Gas Scrubber Bleed (""Blue Powder").
the volatilized zinc laden gases produced in the retorting operations passes
through the zinc condensers and is recovered as "blue powder' from wet scrubber
bleeds. The daily volume of wet scrubber bleed is 5§ m° and contains 3 MT of
solids. Solids generation rate of blue powder is 10 kg/MT of zinc product.!

A small portion of

Sludge analyses are shown as follows:

Analysis of Gas Cleaning and Acid Plant
Blowdown Sludges (ppm):

Cadmium 822 Selenium 46
Chromium 31 Zince 306,900
Copper 540 Mercury 9
Lead 2,920
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Present Waste Handling Methods.

1. Primary Cas Clcaning and Acid Plant Blowdown Sludges. At the
present time, dilute slurries from the primary gas cleaning operations and
from the acid plant blowdown are jointly treated in a lime treatment system
and sent to unlined lageons for settling. The settled lime sludges containing
122 kg of dry solids per metric ton of zinc are periodically dredged from
lagoons and either stored on land for several months before recycling or
permanently deposited on land.

The use of unlined lagoons for clarification and open dumps for
sludge storage or disposal may pose an environmental threat if potentially
hazardous metal constituents including cadmium, mercury, zinc, and lead
percolate through permeable soils to groundwater or are carried into surface
streams with runoff.

2. Retort Gas Scrubber Blced (''Blue Powder'). At the present time,
scrubber bleed water from retort emissions control is clarified in a lagoon
which is periodically dredged. The dredged material (10 kg/MI zinc, dry
weight) is also often recycled after sevcral months storage on land or may
be permancntly disposed of on land.

Storage or permanent disposal of retort scrubber sludge poses a
threat to groundwater or surface water quality under the conditions described
for gas cleaning and blowdown sludges.

Recommended Alternative Treatment Method.

i. Trimary Gas Cleaniiiy and Acid Piani Blowdown 3ludges. Tie
3ludges resulling fvoim lime trcatment of gos cicaning scrubwaler and ucid
plant blowdown contain an estimated 30% zinc by dry weight and can be recycled
for zinc recovery. Approximately 11 MT of zinc per day is available for
recovery from these sludges.

Figure 16 depicts an environmentally sound system for effecting
immediate recycle of sludge solids to the process rather than short term or
permanent storage on the ground.

In this system, combined wastcwater flow fsom the acid plant blowdown
and emissions scrubber water totalling about 2,396 m°/day is sent to a thickener,
Underflow from the thickencr amounting to 83 ms/day is centrifuged for dewatering.
Overflow from the thickener amounting to 2,313 m3/day is sent to a polishing
clarifier and its underflow amounting to 71 m3/day is also centrifuged.

Qverflow from the clarifier and filtrate from the centrifuge amounting

to 2,360 m3/day would Le stored in a lagoon and should be suitable for reuse
in the emissions control systems for the roaster, sinter, and retort.
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1. ACID PLANT &
GAS CLEANING

Figure 16.
SLUDGES (WASTE STREAM NUMBER 19)
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2. Retort Gas Scrubber Blecd Sludge (''Blue Powder'). The sludge
solids from the retort scrubber bleed water i< very high in zinc content which
should be reclaimed. An environmentally sound systcm for immediate recycle
of retort scrubber sludge rather than long term storage or disposal of this
sludge on thc ground is shown in Figure 17.

In this system, the § m3 of retort scrubber bleed is processed
through a centrifuge for concentration of_solids to 95%. These solids
amount to 3.2 MT per day and occupy 0.5 m>. The retort scrubber bleed solids
would either be recycled immediately to the process or temporarily stored in a
concrete pit prior to recycle.

Filtrate from the centrifuge amounting to 4.5 m> per day will be
recycled as scrubwater.

Cost of Recommended Alternative Treatment. The costs for the
alternative treatment system described in anurc 16 on primary gas cleaning
and acid plant blowdown siudges is summarized in Tuble 27

The overflow from an existing thickener is directed to a 240 m3
(30 ft diameter) clgrificr. The underflow from the thickener and the clarifier
is pumped to a 75 m° (20,000 gal) sump and then centrifuged. Eight man-hours
per day are assigned to the opcration.

The centrifuge cake is put into bins and reprocessed in the zinc
smeI'ter. The cost of transporting this waste is included at §1/metric ton
($0.90/s. ton). The filtrate is returned to an existing lagoon.

The value of the recovered material is computed on the basis of
containcd Iinc at soua/motric ton ($i%50w. rend,

The costs for the improved method of handling sludges from retort
gas scrubber blecd schematically described in Figure 17 are summarized in
Table 28

The sludge is pumped to a sump and then centrifuged. The system
is operatcd 8 hours/day and 4 man-hours are estimated to be required.

The inclusion of a centrifuge is the only difference hretween the

proposed treatment system and cxisting operations. The zinc dust (bluc
powder) is presently heing recycled; therefore, no value is assigned to
the recovered material.
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2. RETORY GAS SCRUBBER

BLEED SLUDGE
{"BLUE POWDER"))
3 MT/day
0.5m3/day
3 MT 95% SOLIDS
P e >
sma CENTRIFUGE CAKE. RETURN TO
m-/day PROCESS OR SOLD
SLUDGE 4.5m3/day
STORAGE
(EXISTING) RETURN TO
SUMP FILTRATE SCRUBBERS
- SR PUMP STORAGE |—— PUMP | NN~
SUMP 4.5m3/day

Figure 17. SCHEMATIC FLOW FOR RECYCLE OF SLUDGE FROM RETORT
SCRUBBER BLEED. PRIMARY PYROMETALLURGICAL ZINC.
(WASTE STREAM NUMBER 19)
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TABLE 27

Capita} and Annual Operating Costs for Alternative Trcatment of Sludge from
(1) Primary Gas Cleaning and Acid Plant Blowdown in Pyrometallurgical Zinc
Manufacture (Waste Stream Number 19)

ANNUAL PRODUCTION (METRIC TONS}): 107,000
ANNUAL WASTE (METRIC TONS): DRY WEIGHT 13,000 WET WEIGHT 43,000

CAPITAL COST

FACILITIES

Sump $ 7,700
EQUIPMENT

Clarifier $ 45,000

Centrifuge 100,000

Sludge Bins (2) 10,000

Pumps 1,700

Piping 1,300

Installation 144,200 302,200

CONTINGENCY 62,000
TOTAL CAPITAL INVESTMENT =t371.900
ANNUAL COST
AMORTIZATION $ 60,520
OPERATIONS AND MAINTENANCE (O&aM)
OPERATING PERSONNEL $37,800
EQUIPMENT REPAIR AND MAINTENANCE 14,880
MAerRl"!rLRsi\NSPOR 20,300
WASTE T
TAXES AND INSURANCE 14,3880 $ 87,860
ENERGY 4,700
TOTAL ANNUAL COST 3
RECOVERY VALUE s 817,220
664,040
NET ANNUAL COST
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS $ 15.44" $§ 3.56
DRY BASIS 581,08~ 11.78
6.21" 1.43

COST/METRIC TON OF PRODUCT
* = Net gain from alternative treatment

SHORT TONS = 0.9 x METRIC TON
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TABLE 28

Cgpital and“Annual Opcrating Costs for Alternative Treatment of Sindge From
(2) Retort Gas Scrubber Bleed in Pyrometallurgical Zinc Mznufacture
(Waste Stream Number 19)

ANNUAL PRODUCTION (METRIC TONs): _ 297,000
ANNUAL WASTE (METRIC TONS):  DRY weiGHT _ 12100 WET WEIGHT ___ 2,200
CAPITAL COST
FACILITIES
Sump $ 300
EQUIPMENT
Centrifuge $25,000
Valves 100
Pumps 1,400
Piping 400
Installation 20, 300 $47,200
CONTINGENCY 9,500
TOTAL CAPITAL INVESTMENT 57,000
ANNUAL COST
AMORTIZATION $ 9,290
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL $18,00C
EOLIPMENT REPAIR AND MAINTENANCE 2 RN
MATERIALS
WASTE DISPOSAL
TAXES AND INSURANCE 2,280 $23,460
ENERGY 900
TOTAL ANNUAL COST 33,650
RECOVERY VALUE
NET ANNUAL COST e
COST/METRIC TON Ot WASTE NET TOTAL
15.
WET BASIS §15.30
30.
DRY BASIS 0.59
0.31

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.8 x METRIC TON
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F. Aluminum Manufacture

1. Spent Potliners and Skimmings
(Waste Stream Number 21)

Waste Description. Metallic aluminum is produced by the electrolytic
dissociation of alumina (Al,03) dissolved in a molten bath of cryolyte (NazAlF),
aluminum fluoride (AlF3), and calcium fluoride (CaF,). The bath, or electrolyee,
is contained in a carbon-lined shell which serves as the cathode. The free
molten metallic aluminum collects at the bottom of the cathode or pot and is
tapped off periodically as required. During operation of the cells, bath
materials gradually adhere onto the cathode liners and the weight of the
liners may nearly double before replacement. These "spent potliners" are a
major source of waste material in primary aluminum plants. Another source of
waste from cell operations is the "pot skimmings'" derived from the removal of
crust buildup on the surfuace of the molten bath.

Since now potliners arc made of carbon, and since the weight of a
potliner approximately doubles over its lifetime resulting from accumulated
bath materials, the composition of the spent potliners is S0 percent carbon
or more. The remainder is mostly aluminum, fluorine, and sodium. Traces of

cyanide are also present,

Typical analyses and solubility test filtrate analysesl’7 are
shown as follows:

Typical Analyses (%):

Fluorine 12.8
Aluminum 13.9
Carbon 23.5 13-60
Sodium 14.3

Solubility Test Filtrate Analyses (ppm):

Fluorine 10,400
Cyanide 5,460
pll 12.6

Currently these wastes are stored on land, some of which is sold
for cryolite recovery. Some plants recover their own cryolite.

The major ronstituents of pot skimmings are aluminum (17-20%),
fluorine (34-38%), carhon (11-14%), and sodium (19-20%).5-6»7

The amounts of spent potliners and pot skimmings generated per unit
of aluminum produced vary from plant to plant. The generation factor can
range from 38 to 60 kg/MT aluminum produced with a typical value of approximately
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O3 Rg/MP for spent potlincrs. The average peneration factor for pot skimmings
is about 5.5 kg/MT of aluminum. A typical primary aluminum plant with an
annual production of 153,000 metric tons of aluminum would generate 7,344 M
of spent potliners and 842 Ml of pot skimmings.

Present Methods for Handling Waste. Spent potliners and pot skimmings
contain valuable materials and, thercfore, are either stored, sold or processed
for recovery of cryolite. Some of the larger primary aluminum plants have
cryolite recovery facilities that handle spent potliners and pot skimmings
from other plants as well as their own. Plants that do not have a reprocessing
operation store the wastes on site for periods ranging from wecks to yecars
depending, in part, on the proximity of a reprocessing plant. Different
cryolite recovery systems produce different grades of crvolite and not all
primary aluminum plants will accept the lower grades of cryolite. Somec of the
cryolite recycle systems process scrubber water from potline emissions control
systems, in addition to spent potliners and pot skimmings.

Currently, the trend in the industry is toward dry systems for
controlling potliine emissions. Scme of these systems use alumina as 2 medium
for adsorbing fluorides contained in thc cell emissions. The spent alumina,
along with the adsorbed fluorides is introduced into the cells as feed
material. Plants using dry cmission controls require a higher ratio of
aluminum fluoride to cryolite cell feed than those using wet controls. The
"dry-plants' can use only 40 to 50 percent of the cryolite that can be
recovered from their own spent potliners. The technology for recovering
aluminum fluoride from spent potliners, when developed, would achieve a recovery
ratio of aluminum fluoride to cryolite more favorable to the material
requirements of these plants and would make reprocessing of all spent potliners
feasible. Thus, plants using dry potline cmission control systems do not need
all of the recoverable crvolite and cannot process all the spent natlinare The
scd potiiners are <rnred in anticipation ot tuture technology that will

recevery of alomines Dloaridea acanamically feoanible.

Some aluminum plants that store spent potliners, either temporarily
before shipping to another plant for cryolite recovery, or for longer periods,
do not control precipitation runoff from the storage piles. In other plants,
the storage area is lined and trenched. The water collected in the trenches is
treated with other plant wastewaters such as potline scrubber water.

Reference 1 describes the potential hazards to the environment resulting from
present methods for handling and dicposal of these wastes.

Solubility tests on spent potliner samples indicate that fluorides
and cyanide can be leached from these wastes quite readily.l Thercfore, long
term storage of spent potliners in large open piles presents a potential hazard
unless adequate control of precipitation runoff is provided., If the potliners
are processed for cryolite recovery, then only small storage piles are required
and control of runoff water is easier to implement.
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Recommended Alternative Trcatment Method. In existing systems for
processing spent potliners to rccover standard grade cryolite, the potliners
arc crushed and reacted with caustic to groduce soluble codium aluminate
(NagAlauyg) and sodium fluoride {NaF).® The resulting slurry is washed in @
mud wash thickener to rccover entrained fluoride. Sodium fluoride derived
from treatment of the potline scrubber water is added to the liquor from the
thickener to providc a stoichiometric ratio of sodium and fluor
to that found in thc cryolite. The liquor is then acidified by reacting with
carbon dioxide causing the cryclite to precipitate from a sodium carbonate
solution. The cryolite is separated from the sodium carbonatc spent liquor
by a filter and dried. The cryolite obtained by this process is 90 percent
pure. This grade of cryolitc can be used in most primary aluminum plants.
Its use is limited only when very high grade aluminum is being produced. The

process is described schematically in Figure 18.

The value of the materials contained in the spent potliners and pot
skimmings and the large volumes of these residuals that are generated, make
rooyeling of these wastes highly desirable. lowever, the economics are not
always favorable depending on the grade and type of recovered material required
and the size of the plant.

Of the morc than 30 aluminum smelting plants opcrating in the United
States, probably no more than 20 percent have on-site facilities for processing
spent potliners for material recovery.

At least two plants operate systems for recovering standard grade
cryolite from spent potliners and other fluoride-bearing materials that are
a by-product of primary aluminum production. Two plants, located at Longview,

washington and Sheffieid, Alabama, are owned by Reynulds Mot
noynelds! plants, as well

Vabnrt e MNammaner
MO Ll ey e

Thece twn plants process spent poiiiners froi other

ue thaelr awn.

The benefits derived from processing spent potliners and other
materials generated by primary aluminum smelters include a major reduction
in the volume of fluoride-bearing materials that require storage and/or
disposal and a reduction in the amounts of virgin raw materials required.
In addition, some energy reccovery might be possible in low grade cryolite
recovery systems during the roasting operation.

Cost for Cryolitc Recovery System. The costs for a cryolite
recovery system as described by Figure 18 are summarized in Table 29.

The spent potliners and skimmings discussed in this part of the report will

be treated in the same cryolite rccovery plant as the scrubber sludges to

be discussed in the rollowing part of this report.
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Figure 18. FLOW DIAGRAM FOR STANDARD GRADE CYROLITE RECOVERY FROM
SPENT POTLINERS, POT SKIMMINGS, AND POTLINE SCRUBBER SLUDGES

(WASTE STREAMS NUMBERS 20 AND 21)

124

-~ _3

-y ]

) ]

1.3

&;, . s gz

8

N4 |

powyy} bujeq

JUBWNI0P BY1 Jo ANjend
Aif1 01 anb 81 1 ‘@airou

Zv0-1a |

Y

(e

L N




TABLE 29

Capital.and Annual Operating Costs for Cryolite Recovery Alternative Treatment
of Potliners, Pot Skimmings and Potline Scrubber Sludges in Primary Aluminum
Manufacture ( Waste Strcam Numbers 20 and 21)

ANNUAL PRODUCTION (METRIC TONS): 153,000
ANNUAL WASTE (METRIC TONS):  DRY WEIGHT __26,900 WET WEIGKT _59,500
CAPITAL COST
FACILITIES $1,790,000
EQUIPMENT
Installed Equipment 1,790,000
CONTINGENCY 716,000
TOTAL CAPITAL INVESTMENT $4,296,000
ANNUAL COST
AmnRTIZATION $ 700,250
SEERATIONS ANP MAINTENANCE (O&M)
OPERATING PERSONNEL $453,600
EQUIPMENT REPAIR AND MAINTENANCE g% s 3‘;8
MATERIALS 253780
WASTE DISPOSAL s $1,254,970
TAXES AND INSURANCE 171,840 , ,
ENERGY 132,920
TOTAL ANNUAL COST .. =$2.088,140
RECOVERY VALUE 3, 180 ,000'
NET ANNUAL COST $ 1,091,860
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS $§18.35* $35.09
DRY BASIS ___840.59* §77.63
7.14* 13.65

COST/METRIC TON OF PRODUCT
* = Net gain from alternative treatment

SHORT TONS = 0.9 x METRIC TON
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The cryolite recovery process is designed to recover 5,300 metric
tons (5,830 s. tons) of cryolite from the waste potliners, pot skimmings and
potline scrubber sludges. Implementation of the process requires the
construction of a separate faciiity.

The capital costs shown in Table 29 are based on estimates of
the personnel, material, energy and waste disposal requirements from which the
annual costs are computed.

This represents a new facility and a high degree of uncertainty
is associated with the capital cost cstimate. It is assumed here that
facility costs will equal the cost of installed equipment.

Operating labor consists of four men per shift, i.e., 96 man-hours
per day. Annual material requirements are 806 metric tons (887 s. tons) gf
caustic soda, 2257 metric tons (2783 s. tons) of pebble lime and 22,647 m
(6 x 106)of process water,

Annual energy requirements include fuel for the dryer and car?ogator
(46.8 x 109 Btu's), steam for the digester (6.6 x 106 Btu's) and clectricity

(50 hp) for other opcrating equipment.

Approximately 11,600 m> (15,000 yds) of waste are sent to a chemical
landfill annually.

The process results in an annual recovery of 5,300 metri; tons
(5,830 s. tons) of standard grade cryolite valued at $600 per metric ton

($545/s. ton).
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F. Aluminum Manufacture

2. Scrubber Sludges
(Waste Stream Number 20)

Waste Description. Many primary aluminum plants use wet scrubber
systems for controlling emissions from the electrolytic cells. 1In a number
of plants the scrubber liquor is trcated with lime and passed through a
clarirficr. The underflow from the clarifier is then discharged to a sludge
lagoon. In some instances, the clarifier is eliminated and the lime-treated
liquor is piped directly to a lagoon where the solids settle as a sludge.
The average amount of sludge accumulated on a dry-weight basis is 113 kg/MT
of aluminum produced. For a typical plant, this amounts to approximately
17,000 MT/yr. The scrubber water used to control emissions from anode bake
plants is usnally treated together with the potline scrubber water. The
anode bake plant and potline scrubber systcm generates 3.7 kg of sludge per
metric ton of aluminum produced. The total weight of sludge generated
depends to a significant degree on the amount of lime added to the scrubber
water. The values given correspond to lime addition in amounts from 1 to 2
times the stoichiometric requirement; higher treatment ratios are sometimes used,

The sludge from the potline and bake plant scrubbers contains fluorine,
aluminum, carbon and sodium as major constituents, w%th fluorine accounting for
up to about 20 percent of the average sludge weight.

Typical analyses of scrubber sludges and solubility test filtrate
analyses are summarized as follows:

Typical AnalysesS (%)

Fluorine 23.7
Aluminum 13.8
Carbon 31.7
Sodium 12.5

Solubiiity Test Filtrate Analyses1 (ppm)
Fluorine 8.0

In some primary aluminum plants, the scrubber liquor is processed
to recover the fluoride values as a low-grade cryolite. In some instances,
this is done in conjunction with the processing of spent potliners for
cryolite recovery.

Present Methods for Handling Waste. The sludges generated by lime
treatment of the scrubber liquor from potlines and anode bake plants accumulate
in lagoons as noted previously. Usually, the lagoons are dredged periodically
at a frequency that depends on the size of the plant, the level of treatment,
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and the volume of the lagoon. The dredged material is commonly deposited on
open land near the luagoons. Alternatively, a new lagoon might be constructed
and the old lagoon pha<ed out as the volume of accumulated sludge becomes
excessive. Successful methods have not been developed for recovering useful
materials from the sludges gencrated by lime treatment of potline emissions
scrubber water.

About half of the plants that have wet-type scrubbers for control of
potline emissions have some provision for recovering cryolite from the scrubber
liquor. In some cases, the recovery system is capable of processing spent
potliners, as well as scrubber liquor. A brief description of the method for
recovering cryolite from fluoride-bearing residues was given in the previous
section on spent potliners.

Recommended Alternative Treatment Method. Recovery of cryolite
from scrubber liquor, as an altcrnative to lime treatment and settling,
25 the advantage of allowina weennree recovery and reducing waste volumes.
However, cryolite rccovery becomes advantageous, for appropriate production
capacities and the purity of aluminum being produced.

A system commonly used for processing potline scrubber liquor and
spent potliners for the recovery of standard grade cryolite is described in
the previous section covering spent potliners and is shown schematically in
Figure 18,

At least two plants operate systems for recovering standard grade
cryolite as noted in the discussion for spent potliner wastes. The two
plants, located at Longview, Washington and Sheffield, Alabama, are owned by
Reynolds Mectals Companvy,

The advantage of processing potline scrubber water for recovery of
cryolite, as opposed to adding lime to precipitate solids in a clarifier and/or
lagoon is that it allows a valuable material to be recovered, thercby reducing
virgin raw material requirements, and at the same time reduces the amount of
fluoride-bcaring waste material destined for land disposal.

Cryolite recovery from potline emission scrubber liquor reduces the
amounts of potentially hazardous wastcs that must be land disposed, thereby
reducing the probability of adverse environmental effects caused by lsaching.

In addition, because cryolite recovery reduces the amounts of virgin raw
materials required, the environmental impacts resulting from raw materials
acquisition, processing and transport are reduced accordingly and significantly,
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F. Aluminum Manufacturc

3. Shot Blast and Cast Housc Dusts
(Waste Stream Number 22)

Waste lLescription. ‘The prebaked carbon anodes used in aluminum
reduction cells must be replaced periodically. A metal rod extending from
the center of the carbon anodes serves to connect the anode electrically to
the anode bus. When the spent anodes are removed from service, the carbon
is broken off and the metal rods are saved for reuse. The rods which are
copper with steel cnds arc cleaned by shot blasting and then reused. The
dust collected in the shot blast cleaning of the anode rods is a dust residue

that must be disposed of.

Molten aluminum tapped from the reduction cells is transferred to
the cast house where it is alloyed with other metals and cast into ingots.
The skim removed from the molten metal amounts to about two percent of the
total metal paured and contains about 50 percent aluminum and 50 percent
oxidcs. The skim is processed to recover 15 to 40 percent of the aluminum.
The residual material is frequently sold to secondary aluminum smelters for
further reclamation of aluminum values. One type of skim processing consists
of a rotating barrel which may be heated to prevent the skim from freezing.
The rotation causes the motal to coagulate. Periodically, the rotation is
stopped and the metal is drained from the bottom through a tap hole. The
dust emitted in the skim processing operating is sometimes collected in a
cyclone-type system for land disposal.

The shot blast dusts which are mostly iron and carbon also contain
2-3% fluorine and 1-2% copper concentrations. The cast house dust is primarily
aluminum and oxides with small amounts of other metals such as copper and lead,
depending on the type of alloy cast. Analytical data are shown as follows:

Typical Analyses (ppm)I

Shot Blast Dust Cast ilouse Dust
Fluorine 28,000 -
Copper 15,000 6,200
Lead - 4,600

Solubility Test Filtratc Analyses (mg/l)l
Shot Blast lust

Copper 0.14 Manganese 20
Zinc 0.2 Nickel 0.13
Lead <0.02 pH 7.4

Chromium < 0.02
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The dry dusts from shot blasting anode rods and the processing of - aa
cast house skim total approximately 7.5 kg/MT of aluminum produced. Shot as s
blast dust accounts for two-thirds of the total amount or 3 kg/MT. A typical ‘ S g
plant prpducing 153,000 MT of aluminum annually would generate 765 MT of shot S © .
blast dust and 383 MT of cast house dust per year. - a ;:7-'7;"
. -
Present Methods for Waste Disposal. The shot blasting and skim
processing dusts are commonly disposed of on land, in open piles or in a -
landfill. It is believed that all such wastes are handled in this manner
and that special methods are not used for resource recovery or for treatment e
prior to disposal. —_—
o
Tests performed on shot blast dust and cast house dust indicate a !
potential for leaching fluorine, copper, lead, zinc, nickel, and manganese
from these wastes if they are dumped on land without precautionary treatment, ! -
Analytical data arc shown above.
Recommended Altornative Treatment Method, The quantity and concentration .-
of recoverable materials arc relatively low and do not presently offer recovery
potential. In order to prevent leaching of potentially hazardous constituents '
from shot blast and cast house dnsts, an alternative to simple land dumping
or landfill is the treatment of these wastes with hydrated lime prior to -
disposal in a chemical landfill. One means of providing such trcatment is to
transfer the two waste materials to a storage bin and feed them at a fixed
rate to a screw conveyor. Just downstream of where the dusts are added, -
hydrated lime and water would also be added. The wetted mixture leaving the
screw conveyor would then be transferred to a chemical landfill. v
This method of handling shot blast dusts and cast house dusts is not
commonly practiced hut i decigned to minimize the leaching and subsequent : I
movement of potentially hazardous constituents intu ground water or nearby |
watercourses. - I—
Recommended Cost for Alternative Treatment Method. The dust is ' N U
mixed with hydrated lime, wetted with water and hauled Lo a chemical landfill, — -
The major equipment components include a 17 m3 (600 £t3) dust bin, a 2.3 m3
(80 ft3) lime storage tank, a 5 em (2 in) screw conveyor for feedmg the lime - |
and a 5 m (15 ft) long D section conveyor to load the mixture into - dump °
truck. o
- N
Two man-hours per day are assigned to the operation. Lime use for _ N
a ycar is 64 metric tons (70 s. tons). The waste has no recovery value, "y
The cost for the proposed altcrnative method of waste disposal ns -
shown in figure 19 is summarized in Table 30 . 0
=4
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L]
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Figure 19,
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CAST HOUSE DUST

3.28 MT/day

4

DUST
STORAGE
BIN

17m3

HYDRATED
LiME
STORAGE

N

/15 MT/day

WATER
SPRAY
0.28 MT/day

UHIVE

D SECTION CONVEYOR

5. 7m3

'

TO CHEMICAL
LANDFILL
3.71 MT/day

SCHEMATIC FLOW DIAGRAM OF ALTERNATIVE PROCECS FOR PRIMARY

ALUMINUM CHOT BLAST

CTOIC AM AN INADEN N
- ::‘_-'ﬂ.".‘; ."-".,':-'H.';-I) '9\

ARIFY AAC
[a L ISR VT oY)

131

HCUST DUST DiSFOGAL (WASTE

|

pawyiy bujeg

Wwawnoap ayy jo Ayjjend

emmes A

3y} 03 oNp 8} } ‘69304

81y} UBY} JBS|D 89| 8}



—'
i
g23s
TABLE 30 - ez
, eFse
ETP‘_WI 82d Annual! Operating Costs for Alternative Dispusal of Primary = =c
uminum Shot Blast and Cast House Dust (Waste Stream Number 22) - i:;:
v | 4 o .
ANNUAL PRODUCTION (METRIC TONS): 153,000 : S*8
- . O ~-
ANNUAL WASTE (METRIC TONS):  DRY WEIGHT ___ 1,100 WET WEIGHT - - §5¢
S @3
CAPITAL COST -: 3@ ¢
FACILITIES -
sy -
EQUIPMENT -
Dust Storage Bin $5,600 -
Lime Storage Bin 1,100
Lime Feeder 2,100 -
D Section Conveyor 900 .
Piping 300
Installation 9,700 $19,700 -
CONTINGENCY 3,900 . —
TOTAL CAPITAL INVESTMENT 323,600 -
ANNUAL COST
AMORTIZATION $ 3,850 _
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL $9,450 -
FOLIIPMFNT REPAIR AND MAINTENANGF E‘}‘g i
MATCRIALS -
WASTE DISPOSAL 64,120
TAXES AND INSURANCE 940 $78,980
ENERGY 30 o
TOTAL ANNUAL COST 82,860 o
RECOVERY VALUE :
NET ANNUAL COST S——————— =
-
COST/METRIC TON OF WASTE NET TOTAL el
WET BASIS - o
DRY BASIS - §75.33 .
COST/METRIC TON OF PRODUCT 0.54 N
a0
SHORT TONS = 0.9 x METRIC TON -
132 ]|
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G. Pyromectallurgical Antimony Manufacture - Blast Furnace Slag
(Waste Stream Number 23)

Waste Description. There are only two locations in the United States
producing blast furnace slag from primary antimony production. One location
is in Laredo, Texas and the other is in Montana. In 1974, 97% of the antimony
metal produced in the United States was from the Laredo, Texas smelter.l Blast
furnace slag is produced as a waste product from the blast furnace smelting of
oxide and sulfide ores of antimony to recover pure antimony metal.

Blast furnace slag is produced at a rate of 2,800 kg/MT of antimony
metal. The slag is glassy and hard and produced in large chunks. The typical
plant producing 2,700 MT/yr of antimony metal generates 7,560 MT of blast
furnace slag. Principal constituents of slag are silicon dioxide, ferrous oxide,
calcium oxide, aluminum oxide, and antimony oxide. Other elements known to be
contained in slag in low concentrations include lead, copper, zinc, arsenic,
cadmium, chromium, nickel, and sclenium. These are shown as follows:

Slag Analysis (ppm)l

Lead 66
Copper 50
Zinc 500

Antimony 18,000

Calihs e Tocte Filetvrata Ana)

PRI RS to PP

Arsenic 3 Lead <0.2
Cadmium 0.09 Antimony 100
Chromium < 0.01 Zinc 1.7
Copper 5 Selenium <0.05
Manganese 0.01 pH 9.2

Nickel <0.05

Potentially hazardous constituents of blast furnace slag which may
leach into groundwaters include antimony, copper, zinc, and arsenic.

Present Methods for Waste Disposal. At the present time, blast
furnace slag 1s open dumped on lend disposal arcas. The permeability of the
s0ils at the land disposal areas is not known. There would be a danger of
ground or surface water contamination if potentially hazardous metal constituents
leached through permeable soils to groundwater or were carried in surface runoff.

Recommended Alternative Treatment Method. The antimony content of
discarded blast furnace slag is from 1 to 2% and processing this slag for further
recovery of antimony is not considered cconomical. Disposal of the lime treated
slag in a chemical landfill would be an alternative method for protection of
ground and/or surface water from heavy metal leaching. Maintenance of elevated
pli'e in the land disposal environment will detoxify the hcavy mctals as
insolublo hydroxide precipitates,
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The chemical landfill procedure alternates layers of slag with
hydrated lime. Thus, a one meter layer of slag underlain by 0.1 meter of
hydrated lime would bc covered by 0.1 meter of hydrated lime. This layered
arrangement is used unti) the site is filled and then covered by 0.3 m of clay.

The volume occupied by 21.6 MI' of blast furnace sl}ag generated in one
day is estimated as 14 m3 (500 ft3). The area occupied by one day generation
of slag piled to a depth of 1.2 m will be 11.1 m2. Approximately 490 me area
will be required to deposit a one year accumulation of alternating layers of
slag and lime to a 10 meter depth.

At the present time, producers of primary antimony metal are not
using the described alternative method. The benefits to be derived from use
of this method are the immobilization of any leachable toxic heavy metals as
the metal hydroxides in the lime layers thereby precluding possible movement
to ground or surface waters. There will be a 10% volume increase of waste
in the landfill due to the use of lime.

Cost for Alternative Method of Waste Disposal. The treatment process
1s essentially a chemical landfill operation augmented by the addition of
hydrated limc between layers of slag. A lime storage shed is provided at the
disposal site. Approximately 223 metric tons (245 s. tons) of lime are used
each year. The incremental labor, beyond operation of the landfill is estimated
to be two hours daily. The waste has no recovery value.

The disposal system flow scheme is shown in Figure 20 and the associated

costs are summarized in Table 31.
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ANTIMONY

BLAST FURNACE HYDRATED
TFuR LIME

21.6 MT/day 0.7% MT/day

t 4

CHEMICAL LANDFILL
22.4 MT/day

Figure 20. DIAGRAM OF ALTERNATIVE DISPOSAL FOR BLAST FURNACE SLAG
FROM PYROMETALLURGICAL ANTIMONY MANUFACTURE,
(WASTE STREAM NUMBER 23) ’

135

pawyy Bujeq

JUSWN00P 9y} 0 Ajend
943 03 enp 8{ 3| ‘93j30u

8143 UBY} JBS|d 889



| g23°%
- |TE2Z3
. |AZ=8
FaA7Eg
TABLE 31 - 2x58
. LI} o 2- -t
Capital and Annual Operatine Costs for Alternative Disposal of Blast Furnace ' ase 3
Slag from Primary Antimony Pyrometallurgical Manufacture (Waste Stream Number 23) - § o=
. = §
ANNUAL PRODUCTION (METRIC TONS): 2,700 ' Sa°
-r
ANNUAL WASTE (METRIC TONS): DRYWEIGHT _2,700 __ WETWEIGHT ______ -
CAPITAL COST T
FACILITIES -
Lime Storage Shed $3,600 co
EQUIPMENT :
CONTINGENCY 700
TOTAL CAPITAL INVESTMENT —_t,300 _
NUAL COST ’
AMCRTIZATION 700
OPERATIONS AND MAINTENANCE (CaM)
OPERATING PERSONNEL $ 9,450 -
EQUIPMENT REPAIR AND MAINTENANCE 170
MATERIALS 12,270 .
WASTE DISPOSAL 118,940
TAXES AND INSURANCE 170 141,000 .
ENERGY
TOTAL ANNUAL COST §141,700 '
RECOVERY VALUE -
NET ANNUAL COST S e—— -
COST/METRIC TON OF WASTE NET TOTAL ‘
WET BASIS = -
DRY BASIS $18.40
52.48 -
COST/METRIC TON OF PRODUCT
- L)
SHORT TONS = 0.0 x METRIC TON -
]
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. Electrolytic Antimony Manufacturc - Spent Anolytce Sludge
(Waste Stream Number 24)

Waste Description. Electrolytic antimony metal is produced by a
leaching-electrolysis process. In this process, a complex copper-antimony
sulfide ore concentrate is leached with sodium sulfide to dissolve the
antimony. The leach solution containing solubilized antimony as sodium
thioantimonate (Na3SbhS,) is electrolyzed in diaphragm cells to yield antimony
mctal. Although clectrolyte is recirculated, the gradual buildup of impurities
requires that spent anolyte solution be discharged. Approximately 13 m3 of
spent anolyte solution containing 540 kg of solids is discharged per day. The
solids generation rate is 210 kg/MT of antimony metal produced. For the typical
plant producing 900 MI/yr of antimony by the electrolytic process, 190 MT dry
weight of spent anolyte sludge is generated.

Spent anolyte sludge is composed primarily of metal sulfides. The
major metallic constituent is iron. Antimony will be present in the sludge
in the order of 2-3% dry weight but is not present in sufficient concentration
for economical reprocessing. Other metals present in trace amounts include
arsenic, lead, copper, zinc, nickel and cadmium which can pose a hazard to
ground or surface water if leached from the sludge. These concentrations are

shown following:

Analysis of the Dried Anolyte Solids in ppm:’

Arsenic 16 Nickel S
-~-d (o4 Avi &3 mAanr 24 vy
CaG o Aningh; S

Cuppet 5G Chaumi wn 3¢

Zinc 2 Cadmium 1

. 1
Solubility Test Filtrate Analysis mg/1:

Cadmium 0.22 Lead 0.3
Chromium < 0,01 Antimony 1.6
Copper 0.27 Zinc 0.5
Manganese  0.03 pH 11.0

Nickel <0.05

Prescnt Methods for Waste Disposal. At the present time, spent
anolyte solution containing solids is sent to an unlined mine-mill tailings
pond. The 13 m> daily discharge rcprescents less than 1% of the waste flow
from the minc-mill complex. This discharge could contribute to contamination
of gréundwater if percolation of leached toxic constituents occurs.
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Recommended Alternative Treatment Method. At 2% antimony content -
and 90% recovery efficiency, only 10 kg of antimony metal per day could be
extracted from the spent anolyte sludge. Thus resource recovery is not a
viable alternative for waste disposal. -
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Solids contained in the spent anolyte may be isolatcd from the
groundwater environment by a simple process as shown in Figure 21. In this
process, the 13 m3/day of spent anolyte are clarified for solids removal.
Solids settled in_the clarifier would accupy 1.4 m3, and clarifier overflow
amounting to 12 m°/day would be discharged to the mine-mill tailings pond.
The clarifier sludge would be put into 55-gallon drums and trucked to a chemical —
landfill. It is estimated that five S55-gallon drums would be required for
disposal of the sludge generated in one day.

By using the procedure previously described, it is possible to
isolate the settled anolyte solids for environmentally sound disposal in a
chemical landfill. The clarifier overflow, however, is not isolated from
the environment., This overflow will have high concentrations ¢f nonivxic
dissolved solids such as sodium sulfate, sodium thiosulfate and sodium hydroxide. '
Dissolved heavy metals will be present in the clarifier overflow at very low h
concentrations. The 12 m3 clurifier overflow will be less than 1% of total —
discharge to the tailings pond as previously discussed and the nontoxic '
dissolved solids will be diluted to relatively low concentrations.

The proposed alternative method of sludge disposal is not commonly
practiced by the industry.

Cost for Alternative Method of Waste Disposal. The flow scheme for -

the Jisposal of thcic wastcs by the described sltermatlve meiliod Is shows :
in Figwee 21 oand the cost is summarized tn Tabie 32, !
S

A settling tank, sized for 24 hour retention (1.5 m3 - 400 gal) is
provided. The underflow is containerized and sent to a chemical landfill. — ‘:,
About 326 m3 (425 yd3) of waste are disposed annually. The waste has no value. -
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SPENT ANOLYTE SLUDGE

13m3/day
540 kg SOLIDS

CLARIFIER
1.5m3

:

SETILED SOLIDS
TO CHEMICAL

LANDFILL 1m3/day

OVERFLOW 12m%/day

TO TAILINGS POND

Figure 21. FLOW DIAGRAM SHOWING CHEMICAL LANDFILL OF SPENT ANOLYTE SLUDGE
SOLIDS (WASTE STREAM NUMBER 24)
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TABLE 32

Capital and Annual Operating Costs for Alternative Disposal of Spent Anolytc
Sludge from Primary Antimony Electrolytic Munufacture (Waste Stream Number 24)

ANNUAL PRODUCTION (METRIC TONS): |00
ANNUAL WASTE (METRIC TONS): DRY WEIGHT __2C0 WET WEIGHT 600
CAPITAL COST
FACILITIES
EQUIPMENT
Clarifier $1,500
Valve and Piping 100
Installation 1,600 $3,200
CONTINGENCY 600
TOTAL CAPITAL INVESTMENT N X 1o B
ANNUAL COST
AMORTIZATION $620
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL (Included in Waste D1sposa1 Cost)
.'l‘lll'\.l'llv ﬂ'ﬂhl“ A B B8AIA 'T"‘OAII""
MAIEKIALS
WASTE DISPOSAL 32,110
TAXES AND INSURANCE 150 32,410
ENERGY
TOTAL ANNUAL COST 33,030
RECOVERY VALUE
NET ANNUAL COST SOEEE.  SUGECTESEE
COST/METR|C TON OF WASTE NET TOTAL
WET BASIS $55.05
DRY BASIS 165.15
36.70

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.9 x METRIC TON
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I. Titanium Manufacture - Chlorinator Condenser Sludge
{Waste Stream Number 25)

Waste Description. In the production of titanium sponge metal, rutile
(Ti02) concentrates are treated with chlorine gas to convert the rutile to TiCly
gas which is then condensed, reduced, and purified to produce titanium sponge.
The chlorinator-condenser sludge contains impurities in the rutile plus some
carbon, chlorine, and titanium.

Chlorination sludge is generated at a rate of 330 kg/MT of titanium
metal product. The typi-al plant producing 7,600 MT/yr of titanium sponge
generates 2,500 MT/yr of siudge. The sludge contains approximately 23%
solids and 77% moisture.

Sludge from the chlorination and condensation processes has been
found to be about 40% water soluble.! The water soluble portion contains
c¢hloride and chloride-oxide complexcs of chromium, titanium, vanadium and
other heavy metals. These are shown as follows:

Sludge Analyscs2 (ppm)

Vanadium 25,780
Chromium 11,630
Zinc 34,770

Titanium 104,400
Chlorine 187,000

Because the high solubility of heavy metals in this sludge and the

k AP ST TE VUL FYQUGS Ik JV S S .3 s eveme . 1 cn o
ang’-‘l of liydrochioric aoid fumes omene vee Brenm o g [P SYRIRTITT TRPPTTS |
AR, ! SoTrem M i e,

titanium chlorinator condenser siudges are considered potentiaily hazardous
if disposed on land.

Present Methods for Waste Disposal. At the present time, the two
plants producing titanium sponge metal employ contract disposal services for
sludge disposal. One of these firms uses a landfill while the second disposes
its sludge in lagoons constructed in highly impermeable glacial till and clay
underlain by shale. The type and permeability of soils at the andfill site
of a typical plant are not known. Since toxic heavy metal and chloride
consgituents are easily solubilized from this sludge, contamination of
groundwater or surface water is a potential environmental hazard.

Pecommended Alternative Treatment Method. On a dry basis, chlorination
sludge contains 52% rarbon and 38% rutile (TiO;). The U.S. Bureau of Mines has
found in laboratory pilot studies that rutile and carbon can be recovered from
the sludge and recycted back to the process for rccovery of titanium.2 The
carbon is useful as a reductant in thc process.

Figure 22 illustrates the schematic flow for this full scale resource
recovery process. The sludge from the chlorinator and condenser totals
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Figure 22, SCHEMATIC FLOW DIAGRAM FOR RECOVERY OF RUTILE AND CARBON (-
FROM CHLORINATOR CONDENSER SLUDGE (WASTE STREAM NUMBER 25)
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27.5 m3/day, is settled in a pit and then transferred to a plastic holding
tank. From the holding tank, the sludge is transfcrrcd by a screw conveyor

to a centrifuge for dewatering. The sludge cake from the centrifuge containing
70% solids is then further dried in a steam dryer. From the steam dryer, 7 MT
of dry solids per day can be recycled to the chlorinator for rccovery of
titanium. The dry solids will contain 2.7 MT of rutile (TiOz) or 1.7 MT of
clemental titanium. Approximately 3.7 MI of carbon is recovered per day.

The waste filtrate from the centrifuge amounting to 17 ms/day is
mixed with lime, thickened, and centrifuged. The precipitated solids are
chemically landfilled. The filtrates are recycled to the (existing) settling
pit.

The benefits attributable to rutile and carbon recovery from
chlorination sludge are resource recovery, waste volume reduction, and
elimination of potential ground and surface water contamination which
could result when the slndge is depesited in landfills or lagoons.

Cost for Alternative Method of Waste Disposal. A summary of the costs
shown in Table 33 wos developed bascd on the Ilow schémé outlined in
Figure 22.

The major system components include a 30 m3 (7,900 gal) holding tank,
a screw conveyor, centrifuge and steam dryer. The screw conveyor is mounted
under the holding tank and feeds the sludge to the centrifuge. The centrifuge
discharge is directed to z steam dryer and then recycled. The centrifuge
filtrate flows to a 19 m3 (5,000 gal) holding tank from which it is pumped
to an existing settling pit.

Uperations are conducted 8 hours per day and assigned 4 man-hours
of labor. The steam dryer is estimated to use 12.7 x 109 joules (12 x 106 Btu's)
per day.

The recovered product contains 30% rutile. Rutile has a value of

about $230 per metric ton ($210/s. ton) which price is used to compute the
value of the recovered material.

-
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TABLE 33

E?El,tal un::l‘Ar}nua} Ope?ating Costs for Alternative Treatment of Chlorinator
Cendenser Siudge in Primary Titanium Manufacturing (Waste Stream Number 25)
cam Number 25)

7,600

ANNUAL PRODUCTION (METRIC TONS):
ANNUAL WASTE (METRIC TONS): DRY WEIGHY __2,500 _  WET WEIGHT ___ 6,300

CAPITAL COST

FACILITIES
EQUIPMENT
Holding Tanks $ 7,000
Screw Conveyor 2,800
Centrifuge 46,000
Steam Dryer 54,000
Pump 900
Piping 1,800
Installation 85,700 $198,200
CONTINGENCY 39,600
TOTAL CAPITAL INVESTMENT =3237.,800
ANNUAL COST
AMORTIZATION $ 38,760
OPERATIONS AND MAINTENANCE (0&M)
OPERATING PERSONNEL $18,900
eAIPMENT RFPAIR AND MAINTENANCE 9,510
[Py Y TN
WASTE DISPOSAL
TAXES AND INSURANCE 9,510 $ 37,920
ENERGY 2,290
TOTAL ANNUAL COST 78,970
. RECOVERY VALUE 172,500

NET ANNUAL COST ——d3a8302,

COST/METRIC TON OF WASTE NET TOTAL
WET BASIS » § 14.85 $12.53

DRY BASIS 37.41 31.59

12, 31" 10.39

COST/METRIC TON OF PRODUCT
* = Net gain from alternative treatment

SHORT TONS = 0.9 x METRIC TON
144
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SECTTION 1III

SECONDARY NON-FERROUS REFINING HAZARDOUS WASTES

A. Copper Refining - Blast Furnace Slag
(Waste Stream Number 27)

Waste Description. Copper recovered from high grade scrap (i.e.
predcminantly copper metal scrap) is refined in rcverbatory furnaces. Slag
from reverbatory furnace: containing rccoverable amounts of copper along with
low grade scrap, drosses and skimmings are smelted in blast furnaces. The
slag from the blast furnace is too low in copper content for further copper
extraction and is, therefore, discarded. Approximately 350 kg of discarded
slag is generated for every metric ton of copper metal produced. For a typical
piant producing 10,000 M[/yr of secondary copper, 3,500 MT of discarded slag
is generated per year. It is estimatced thact the typical scviondary smelter
will operate its blast furnacc about 100 days per year generating 35 MT of
slag per day.

Although this material is dense and hard, solubility tests showed
significant concentrations of soluble zinc¢, cadmium, coupper and lead and this
waste slag is, therefore, considered potentially hazardous. !

Solubility Tests Filtrate Data in mg/ll:

Zinc 55 Lead 6

Cadmium 1.0 Antimony <0.2
Chromium 0.03 Tin <02
Copper 170 pii y.4

Manganese 0.3

Present Waste Disposal Methods. At the present time, blast furnmace
slag is open dumped on land. This practice is cnvironmentally unsound if
heavy metals (including zinc, copper, lead, and cadmium) leach and percolate
through permeable soils to contaminate groundwater. Soil conditions at individual
slag disposal sites would determine the degrec of potential hazord.

Recommended Alternative Method Trcatment. Since the industry
already recovers the maximum amount of copper from slags, further attempts at
copper recovery is not considered practical nor technically and econOMIC?]ly
feasible. The concentrations of tin, lead, and zinc are also too low (1% or
less) for economical recovery. Other mctals such as iron, silicon or aluminum
are not valuable cnough to warrant recovery.

Detoxification with lime to precipitate soluble heavy metals as low
solubility metal hydroxides is a rccommended alternative to prevent groundwater
contamination which could result from land disposal of blast furnace slag.

145

peu} bujaq

usuIN0p Y} ;0 AYjenb
843 03 9Np 3| 3 ‘921300




- oo 25
(-]
. |5823s
SEea
- =2 s
3%
358
A system for lime treatment of blast furnace slag is given in _ *® g'g
Figure 23. In this system, generated slag is layered with hydrated lime i 3
and wetted in a2 chemical landfill. The hydrated lime requirement (Ca(0l)2) b4 S'r1
is estimated at 100 kg (<15 lbs) per day. 3 3
- gg'u
Cost for Altcrnativc Mcthod of Disposal. A schematic diagram of .. -
the flow scheme for detoxification of sccondary copper refining blast furnace _
slag is shown in Figure 23. The costs arc summarized in Table 34, -
The trcatment process is a chemical landfill operation augmented ) ¢
by the addition of lime between layers of slag. The lime may be wetted following

its application. Approximately 100 kg of hydrated lime are used daily.

A small storage shed is provided at the landfill. The incremental
labor beyond operation of the landfill is estimated to be 1 hour daily. -
The waste has no rccovery value.

1

Zv0-1d |

146




pewyyy Bujeq

uewnaop ayy jo Ajenb
22U 7Y AL R8QA1 S

9y} 03 anp 8] 3} ‘99)30U

BLAST FURNACE HYDRATED
SLAG LIME
10 MT/day 100 kg/day

|

CHEMICAL LANDFILL

Figure 23. DIAGRAM OF ALTERNATIVE DISPOSAL FOR BLAST FURNACE SLAG
FROM SECONDARY COPPER REFINING (WASTE STREAM NUMBER 27)
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TABLE 34 5873
age ]
Capital and Annual Operating Costs for Alternative Treatment of Blast — * et
Furnace Slag from Secondary Copper Refining (Waste Stream Number 27) g:g
. :: o .
ANNUAL PRODUCTION (METRIC TONS): 10,000 : 2 §§
o— P~ 1
ANNUAL WASTE (METRIC TONS): DRY WEIGHY ___3,500 WET WEIGHT S : -
CAPITAL COST :

FACILITIES -

Lime storage shed $ 1,100 $ | —

EQUIPMENT -

t-

CONTINGENCY 200 ,

TOTAL CAPITAL INVESTMENT 1,300 -
ANNUAL COST -

AMORTIZATION $ 210 -

OPEHA FIUNS AND MAINTENANCE (Caiis !
OPERATING PERSONNEL 3 4,722 T
EQUIPMENT REPAIR AND MAINTENANCE 50
MATERIALS 1,910 - .
WASTE DISPOSAL 125,560 U
TAXES AND INSURANCE $132,300 -

ENERGY 210 - | b

TOTAL ANNUAL COST 322510 - l

RECOVERY VALUE : O

NET ANNUAL COST [ R - §
COST/METRIC TON OF WASTE NET TOTAL -

WET BASIS - == (RN

DRY BASIS - 837.88 .

13.25 e
COST/METRIC TON OF PRODUCT -
LX)
SHORT TONS = 0.9 x METRIC TON »
¢)
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B. Lead Refining - SC, Scrubwatcr Sludge
(Waste Stream Number 28)

Waste Description. In the secondary lead smelting process, lead
scrap materials such as used lcad batteries are smelted in blast or cupola
furnaces. Scrap iron is used as the reducing agent to convert lead compounds
to metallic lead. During the smelting process, sulfur compounds, such as lead
sulfate present in lead battery paste and residual sulfuric acid in scrap
batteries are reduced to sulfur dioxide (SO;) and discharged in air emissions.
Scrubbing SO, from air emissions with lime solutions produces a predominantly
calcium sulfate-calcium sulfite sludge.

The solids content of the settled sludge amounts to 45 kg/MI of

lead metal recovered from scrap. A typical plant producing 10,000 MT/year
of lcad product generates dry sludge solids from SO, emission control
cstimated at 450 metric tons. Daily sludge production totals 3.6 m3 containing

1.3 MI of solids and 3 MT of water.

The sludge solids resulting from settling of lime scrubwater contain
as much as 5% lead and trace concentrations of cadmium, antimony, and other
heavy metals in addition to CaSO4 and CaSO3.1 This sludge is considered
potentially hazardous because of the possible solubilization of toxic constituents
including lead and cadmium in a land disposal environment.

- Analytical data on dried sludge and filtrates from solubility tests
are shown following:

Analysis of bried Sludge (ppm)l;

Cadmium 340 Nickel 5
Chromium 30 Lead 53,000
Copper 20 Antimony 1,000
Manganese 120 Zinc 25

Solubility Test Filtrate Analyses (mg/l)l:

Zinc 1.3 Lead 2.5
Cadmium 5 Antimony <0.2
Chromium 0.0S Tin 1.6
Copper 0.5 pH 8.4
Manganese 0.21

Present Waste llandling Method. At thc present time, SO, emissions
from sccondary lead smelting arc scrubbed with lime at only onc location. It
is expected that scrubbing SO» from sccondary lead smelting at other locations
will become much more prevalent in the future. The lime scrubber solids are
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presently settled out in an unlined lagoon. Leaching toxic metal constituents
including lead and cadmium with subsequent percolation to groundwater could
pose a threat to groundwater quality if soils are sufficiently permecable and
have low attenuation of metals from leachate. Soil conditions and permeability
at the one site are not known, and these would determirc the degree of hazard.

Recommended Alternative Treatment Method. Figure 24 illustrates a
system for treatment of SO; scrubwater sludge which will eliminate the threat
of groundwater pollution. In this system, the scttled solids from the SO;
lime scrubber are detoxified with additional lime and sodium sulfide to
precipitate soluble toxic metals as insoluble hydroxides and sulfides. The
daily lime requirement beyond that which is presently used in the lime
scrubber is estimated as 4.5 kilograms (10 1bs) for the typical plant producing
30 MT lead per day. The daily sodium sulfide requirement is estimated as 0.5
kilograms (0.1 1b). A concrete sump should be used to hold sludge prior to
treatment.

The lime-sulfide sludge containing 30% solids would then be centrifuged

to increase solids to 85%. The centrifuge cake amounting to 1.4 MT/day would
be put in 55 gallon drums and hauled to a chemical landfill. Recycle for lead
recovery is not practical since lead content of sludge solids will be less than
0.1 Mi/day. [t is estimated that daily volume of centrifuged material is

0.7 m3/day and would therefore require four 55 gallon drums.

Filtrate from the centrifuge amounting to 3 m3/day would be recycled
as scrubber water.
Coct €for Altnwnatrive Methoad of Disnosa Cocte for the £l

DR SN Y oYt e Las LI . R NS IR TE)
descrived in lyUle e ale smmalYilceu 1 1ante

1,
L4
o

The sludge is pumped from a concrete-lined sump into a 3.8 m3
(1,000 gal) mixing tank where hydrated lime and sodium sulfide are added.
The sludge is then centrifuged. The centrifuge discharge is put into a
chemical landfill and the filtrate returned to an existing pond.

The equipment is operated 4 hours per day with 2 man-hours of
labor. About 1.6 metric tons (1.8 s. tons) of lime and 16 kg (35 1b) of
sodium sulfide are used annually. The ycarly waste sent to landfill totals
256 m3 (335 s. tons). The waste has no recovery value.
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DREDGE
(EXISTING)

4286 MT/day (357 m])
1,286 MT SOLIDS

3,000 MT WATER

MIX
TANK

3sm3

3.72kw AGITATOR

‘ 3.57 m3 (943 GALLONS)

SLUDGE
POND
(EXISTING)
FILTRATE
RETURN TO 45kgCa (OH), peg
SLUDGE POND 0.05 k
284 m3 . 9 Na,S day
CENTRIFUGE |
[ 143MT/day 1 RUN
SPGR1.%  4HRS
073 m3
TO CHEM. LANDFILL
Cigurs 24, TLOW DIACRAM FON ALTERNAT!
SLUDGE FROM SECONDARY LEAD
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TABLE 35

Capital and Annual Operating Costs for Alternative Treatment of
502 Scrubwater Sludge - Secondary Lead Refining (Waste Stream Number 28)

ANNUAL PRODUCTION (METRIC TONS): __ 02000
ANNUAL WASTE (METRIC TONS): DRY WEIGH) 450 WETWEIGHT _1,500
CAPITAL COST
FACILITIES
Concrete Sump $11,600
EQUIPMENT
Mix Tank $ 3,000
Centri fuge 25,000
Pgmps 1,500
Piping 1,100
Installation 23,300 $53,900
CONTINGENCY 13,100
TOTAL CAPITAL INVESTMENT $78,600
ANNUAL COST
AMORTIZATION $12,810
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSONNEL $9,450
SQUIPMEMT REPAIR AND MAINTINANCE £, 140
MATERIALS 166
WASTE DISPOSAL 9,220
TAXES AND INSURANCE 3,140 $25,050
ENERGY 550
TOTAL ANNUAL COST ata8, 410 o
RECOVERY VALUE
NET ANNUAL COST [ ——
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS __S.Z.S.LQL
DRY BASIS 85. 36
3.84

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.8 x METRIC TON

152

pawjy bujeq

juswnoop 8y jo Aypendb

ay3 03 enp 8| 3| ‘9dj30u

8|y} uBYY JB3|D §89| 8|




€. Secondary Aluminum Refining

1, Scrubber Sludge
(Waste Stream Number 29)

Waste Description. High grade aluminum scrap is reclaimed by remelting

in pot or rotary furnaces. The smelting of low grade scraps and drosses is
performed in reverberatory or rotary furnaces. Common salt and potash mixtures

are normally used as fluxing agents to scparate impurities from the aluminum
metal.

One of the major contaminants in aluminum scrap which must be removed
is magnesium metal. In order to rcmove magnesium (demagging), chlorine gas or
aluminum fluoride is injected into the furnace. The chemical reaction which
¢nsues produces acidic gaseous emissions including IIC1 and HF. These emissions
must_be scrubbed with a lime slurry to necutralize acidity. Upon settling, the
lime slurry produces a sludge. The daily volume of lime sludge gencrated at
a typical secondary aluminum smelter producing 20,000 MT/yr of aluminum
(57 MT/day) is 30 m3. The solids content of the sludge is 4.3 MI/day. Solids
sereration rate from the lime scrubbing of demagging water is 75 kg/WT of
aluminum metal produced.

The scrubber sludge contains a high concentration of fluoride,
chloride, and sodium. Trace metals present in significant concentration
include copper, lead, and zinc.l This waste is considered potentially
hazardous because of the possible leaching of fluoride and heavy metals.

LDried Sludee Analvscs (opm 1 :

Chromium 20
Copper 1,250
Lead 140
Zinc 6,500

Present Wastc Handling Mcthods. At the present time most secondary
aluminum smelters discharge scrubber sludge to unlined lagoons. A few smelters
use lined lagoons. The use of unlined lagoons in soils which arc permeable
could lead to contamination of groundwater by fluoride or heavy metals.

Recommended Alternative Treatment Method. An alternative method
for treating scrubber sludge which eliminates lagoons is presented in Figure 25.
In this system, dilute lime slurry from emissions scrubbing is first directed
to a thickener for initial solids concentration. Overflow from the thickener
amounting to 14 m2/day is rccycled to the scrubber.

Further solids concentration to reduce the volume of sludge for final
disposal is carricd out in a centrifuge., The resultant volume of sludge to be

chemically landfilled will be 2.4 m3 weighing 5 MI. Filtrate from the centrifuge

amounting to 10 m3 per day would be recycled as scrubwater.
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DISPOSAL FROM SECONDARY ALUMINUM REFINING (WASTE STREAM T
NUMBER 29) -
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By using the above system, fluorides and heavy metals are not
lcached from sludge solids in unlined lagoons., A reduced volume of solids
would be safely deposited in a chemical landfill.

Cost for Alternative Method of Disposal. The costs for the flow
scheme described in Figure 25 are summarized in Table 36.

The scrubber wastewater flows into a 26 m> (7,000 gal) thickener.
The overflow is returned to the scrubber. The underflow goes to a 19 m3
(5,000 gal) storage tank und is then centrifuged, The filtrate discharge
from the centrifuge is temporarily stored in a 11.4 ns (3,000 gal) storage
tank and is pumped to the scrubber. The centrifuge solids are sent to a
chemical landfill.

The system is operated 4 hours per day using 2 man-hours, The

ycarly amount of waste sent to landfill is 840 metric tons (925 s. tons}. The
waste has no recovery value.
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TABLE 36 - Fa~2

., |&g%8g

Capital and Annual Operating Costs for Alternative lreatment of Scrubber ® 2’;

Sludge from Secondary Aluminum Refining (Waste Stream Number 29) . S &

-

oo

' =2

ANNUAL PRODUCTION (METRIC TONS): 20,000 & 53
— Cad

ANNUAL WASTE (METRIC TONS):  ORY WEIGHT __1,500  WETWEIGHT __ 5,000

CAPITAL COST
FACILITIES -

EQUIPMENT
- Ll
Storage Tanks $ 6,000 V.
Filtrate Storage Tank 2,100
Centrifuge 30,000 -
Thickener 18,000 .
Pumps 2,600
Piping 1,200 -
Installation 51,200 $111,100
-
CONTINGENCY 22,200 I
TOTAL CAPITAL INVESTMENT 133,3 —

ANNUAL COST -
AMORTIZATION $ 21,730 . )
OPERATIONS AND MAINTENANCE (O&M) |

OPERATING PERSONNEL $18.90C -
EQUIPMENT REPAIR AND MAINTENANCE 5,330
MATERIALS o N
WASTE DISPOSAL 30,240 U
TAXES AND INSURANCE 5,330 $ 59,800 -~
ENERGY 1,400 .. T
TOTAL ANNUAL COST 82350
RECOVERY VALUE ’ " ?
NET ANNUAL COST S =i
COST/METRIC TON OF WASTE NET TOTAL ..
WET BASIS $16.59 -
DRY BASIS 55.29 .
COST/METRIC TON OF PRODUCT 4.13 -
SHORT TONS = 0.9 x METRIC TON _
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C. Secondary Aluminum Refining

2. High Salt Slag
(Waste Stream Number 30)

Waste Description. The secondary aluminum refining industry processes
a wide range of aluminum-bearing wastes for metal recovery. About 10 to 15% of
the total secondary aluminum metal recovered is derived from aluminum dross.
The recovery of aluminum metal from highly oxidized dross generates large
quantities of salt slag which contains fluxing salts (50 to 65%), aluminum
metal (S to 15%), and aluminum oxide (25 to 35%) as major constituents. Minor
constituents of interest include chromium (60 ppm), copper (310 ppm), manganese
(100 ppm), nickel (10 ppm), lead (300 ppm), and zinc (240 ppm).

For each metric ton of aluminum metal recovered from dross, about
1,400 kg of salt slag is generated. Thus, about 14,000 MT of high salt slag
would be produced by a typ1ca1 secondary aluminum smelter that recovers
10,000 MT of aluminum per year from dross.

Present Disposal Methods. At the present time, nearly all the high
salt slag residue from dross processing is disposed of in open dumps.
Potassium and sodium chlorides present at high concentrations in high salt
slag are relatively nontoxic when compared to heavy metals. However, the
high concentration of tiese constituents and their high solubility presents a
potential hazard to groundwater quality. Therefore, open dumping of high salt
slag in areas having permeable soils is environmentally unacceptable.

UnaramaanAnA AiTernative Trvastmont Metbhod A nrnnn\wu e b o For
processing high sait slag to aiiow resource recovery is summarized in rigure 20.
This system is based on a process investigated by the Burcau of Mines.3 The
slag is first crushed and then leached with water and a dilute brine. The
larger insoluble fractions containing metal are removed by a 16 mesh screen
and dried. The 16 mesh fractions and the soluble material .are then vacuum
filtered. The oxide-containing solids removed in filtering are dried. The
ftltrate, containing the dissolved salts, is evaporated and the residue is
centrifuged. The residual salts are then dried and mixed with .ryolite or
potassium aluminum fluoride to produce a saleable flux. '

The metal-bearing fraction removed by the 16 mesh screen contains
about 70% metal and is generated at the rate of 70 kg/MT of slag processed.
The oxide fraction removed in vacuum filtering contains 10-12% metallics
and is produced at the rate of 330 kg/MT of slag processed The salt fraction
amounts to about 600 kg/MT of slag processed.
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FLUX 33.6 MT/day
RETURN TO PROCESS
Figure 26. FLOW DIAGRAM FOR SALT RECOVERY FROM HIGH SALT FURNACE SLAG

IN SECONDARY ALUMINUM REFINING IWASTE STREAM NUMBER 30)
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The proposed system would greatly reduce the amount of waste
material requiring land disposal, Most of the by-products can be sold.
The only significant amount of waste might be the oxidec-containing fraction
since local market conditions might not be favorable for this material.
Even so, it amounts to only one-third the total weight oi the initial slag.

The Burcau of Mines is continuing its research on the process and
is presently working on 100 pound batches of high salt slag.

Cost for Alternitive Treatment. The alternative process is described
in Figure 26 and the costs arc summarized in Table 37.

The capital costs and process factors from which the annual costs
are derived for this alternative process arc based on the Bureau of Mines
estimates.” The process is operated 8 hours per day with four workers.

Three materials are recovered in the process. Aluminum in the form
in which it comes out of the process contains about 70% metal. About 0.7
metric tons (0.8 s. tons) of this concentrate is produced per metric ton of
slag processed. A value of $264 per metric ton ($290/s. ton) contained
aluminum is assigned to this product.

Approximately 60% of the slag input is recovered as a salt-potash
mixture. The mixture is approximately a 1:1 ratio of sodium und potassium
chloride. The mixture is valued at $16 per metric ton ($17.60/s. ton),
based on 25% of the commercial value of potassium chloride,

The remzining waete, about 1% of the clag inpur, consictes of
alumina which can be used in cement plants. Its value depends on the location
of the salt recovery plant in relation to cement plants and their need for
this material. Thc alumina is given a value of $12.50 per metric ton ($13.75/
s, ton) which is about 25% the value of alumina,
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TABLE 37

Capital and Annual Operating Costs for Alternative Treatment of High Salt
Slag from Secondary Aluminum Refining (Waste Stream Number 30)

ANNUAL PRODUCTION (METRIC TONS): 10,000
ANNUAL WASTE (METRIC TONS): DRYWEIGHT _ 14,000 WE T WEIGHT

CAPITAL COST

FACILITIES $ 150,000
EQUIPMENT
Installed Equipment $1,081,000
CONTINGENCY 246,200
TOTAL CAPITAL INVESTMENT 310 472,200
ANNUAL COST
AMORTIZATION 240,780
OPERATIONS AND MAINTENANCE (O&M)
OPERATING PERSOmAEL SIRE,
EQUIPMENT REPAIR AND MAINTENANCE 59,090
MATERIALS 3,220
WASTE DISPOSAL
TAXES AND INSURANCE 59,090 $ 272,600
ENERGY 157,010
TOTAL ANNUAL COST 670,390
RECOVERY VALUE $ 306,050
NET ANNUAL COST =3 364,340
COST/METRIC TON OF WASTE NET TOTAL
WET BASIS z -
DRY BASIS $26.02 $47.89
36.43 67.04

COST/METRIC TON OF PRODUCT

SHORT TONS = 0.9 x METRIC TON
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SECTION 1V (ad
ALTERNATIVE TREATMENT COST ANALYSES

A. Summary of Waste Trcatment and Material Rccovery Costs

Capital and annual costs for waste treatment and material recovery
for the metal manufacturing operations considered in this study are presented
in this section. The costs are based on a typical plant and are expressed in
1976 dollars.

The costs, cost factors and costing methodoloryv need to doriyve

capital and annual costs uic documented in Appendix A.  Sanitary and chemical
landfill costs incurred as part of the alternative waste treatment and material

recovery operations are based on the costs developed in Part II.

The alternative treatment and material recovery processes do not
necessarily represent optimum systems, with respect to economic eff1c1en§y:.
Rather, the processes are representative of the types of systems and activities

which appear applicable for material recovery and waste Jdetoxification and
immobilization.

Total annual costs and unit costs per metric ton of waste and product l
are computed on a total and next basic.  The 1atiii cusi inciudes the estimated

H ————
vaiue of the recaverad matawial  The wmuslel values used tor the recovered : .
materials are included in the brief descriptions of each waste material. A

The alternative waste treatment costs for the indpstries considered :
are summarized in Table 38. Implementation of the alternative processes o ';‘
results in net gains for five of the waste streams; i.e., the value assigned

to the recovered material exceeds the cost of installing and operating the
alternative waste treatment system. These waste streams are:

1. Primary lead smelting sludge, waste stream 17.
2. Primary electrolytic zinc sludge, waste stream 18.
3. Primary pyromctallurgical :cinc sludge, waste stream 19.

4. Primary aluminum scrubber sludges, spent pot liners
and skimmings, wastc strcams 20 and 21.

- ) R
5. Titanium chleorinator coadenser sludge, waste stream 25,
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" Table 38 Summary of Alternative Waste Treatment Costs

$/Mctric Ton of Wastc $/Mctric Toa of
Wet Dry Product .
Waste Stream . Number Total let Total Net Totaul nct

Iron and Steel Coke 1 $ 78.89 $ NRV  § 259.21 § NRV $0.07 § NRV
Production - Ammonia
Still Lime Sludge

Iron and Steel Coke 2 64.58  NRV 324.09 NRV 0.71 NRV
Froduction - Decanter

Tank Tar from Ccke

Production

Iron and 3teel Prod. - 3 12.66 7.36 29.90 17.40 0.48 0.23
3asic Jxyucn Furnice -

wat Bmission Control

Unit Sludge

91

Iron and Steel Prod.- 4 2
Open Hearth Furnace - 12.66 7.36
Emission Control Dust

29.90 17.40 0.48 .28

Iron and Steel Prod.- S 12.66 |
Electric Furnace - Wet .36 29.90 1740 043 02

Emission Control Sludge

Iron and Steel Prod.- 6 6.46 1.45
Rolling Mill Sludge . 16.25 3.065 0.03 0.006

Iron and Steel "rod.- . 7A 6. 85 NRV . ,
Cold Rolling Mill - 27.40 NR' 0.004 MRV

Acid Rinsewater Neu-
tralization Sludge
(H5504)

Sce page 166 for legend.
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Table 38 Summary of Alternative Waste Treatment Costs (Cont.)

$/hbtrié Ton of Waste $/Metric Ton of
' Wet. Dry Product
Waste Stream Number Jotal Net Total Net Total Net
Iron and Steel Prod.- 78 § 6.77 $ NRV $ 67.67 $ NRv $0.003 $ NRY

Cold Rolling Mill -
Acid Rinsewater Neu-
tralization Sludge
(t1C1)

Iron and Steel Prod.- .. 8A 55.54 43.31 1,365.82
Cold Rolling Mill -

Waste Pickle Liquor - :

Sulfuric Acid (H,504)

1,065.24 6.24 4.87

Iron and Steel Prod.- 8B 38.38 24.80 449,78
Cold Rolling Mill -

Waste Pickle Liquor -

Hydrochloric Acid (HC1)

290.63 2.06 1.33

£91

Iron and Steel Prod. - 9A 0.99 NRV 3.19 NRV 0.04 NR7/
Galvanizing Mill - Acid

Rinsewater Neutralization

Sludge (HZSO4)

Iron and Steel Prod.- 9B 3.74 NRV 12.47 NRV 0.03 NRV
Galvanizing Mill -~ Acid

Rinsevater Neutralizatio-

Sludge (HC1)

Ferroalloys - Ferro- 11 N.A. N.A.
silicon Manufacture -
Miscellaneous Dists

15.88 NRV 5.306 NRV

See page 166 for legend.
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Table 38 Summary of Alternative Waste Treatment Costs (Cont.)

S/Mctrié Ton of Waste $/Metric Ton of
Product
\ Wet Dry

Kaste Stream Number Total Nct Total Nct ~ Total Net

Ferroalloys - Ferro- 12A 5 N.A,  $ NA, $ 3.91 $2.91 $6.85 $5.10
silicon Manufacture -

Slag

Ferroalloys - Ferro- 128 N.A. N.A. 18.82 NRV 2.85 NRV
silicon Manufacture -

Dust

Ferroalloys - Ferro- 12C 13.88 NRV 34.56 NRV 5.23 NRV
silicon Manufacture -

Sludge

122

Ferroalloys - Silico- 13 20.36 18.79 50.80 46,88 15,07 13.91
manganese Manufacture -
Slag and Scrubber Sludge

Ferroalloys - Ferro- 14 20.36 18.79 50.80 46.88 15.07 13.91
manganese Manufacture -

Slag and Sludge

ccpper Smelting - 1S 379.27 NRV 884.97 NRV 2.65 NRY
Acid Plant Blowdewn
Slucdge

Electrolytic Copper 16 360.40  NRV 991.13 NRV 2.48 NRV
Pefining - Mixed
Sludge

Lead Smelting - 17 6.80 1.01* 22.61 3.36* 1.34 0.20*
Sludge

See page 166 for legend.
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Table 38 Summary of Alternative Waste Treatment Cos:s (Cont.)

L]

$/hbtrié Ton of Wastc

$/Metric Ton of

liet Dry Product
Waste Stream Number Totn. Nct Total Net Total Net
Electrolytic Zinc 18 $16.81 § 3.50* $56.25 $1t.20* 3 1.46 0.20¢
Manufacture
“yrowetalliurgical Ziac 19A 3.5¢  15.44* 11.78 51.08~ 1.43 6.21*
tanufrcture - Sludges -
Orizary Gas Cleauing and
Acid Piant Blowdown
o
th Pyromctalliurgical Zine 198 15.30 NRV 30.59 NRV 0.31 NRV
" Manufacture - Sludges -
Retort Gas Scrubber
Bleed
Aluminum Manufacture- 20 35.00  18.35* 27.63 40.59* 13.65 7.14*
Scrubber Sludges
Aluminum Manufacture - 21 35.09 18.35* 27.63 40.59* 13.65 7.14*
Spent Potliners and
Skimmings
Aluminum Manufacture - ‘ 22 N.A. N.A. 75.33 NRV 0.54 NRV

Shot Blast and Cast
House Dusts

See page 166 for legend.
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Table 38 Summary of Altecnative Waste Treatment Costs (Cont.)

$/Mctric Ton or Waste $/Metric Ton of
- Wet Dry Product

Naste Strcam Number T:ial Net ~ _lotal Net Total Net
Pyrometallurgical 23 $ N.A. $ N.A. $ 18.40 $ NRV $ 52.48 § NRV
Antimony Manufacture-
Blast Furnace Slag
Electrolytic Antimony 24 £5.05 NRV 165.15 NRV 36.70 NRV
Manufacture - Spent
Anolyte Sludge
Titanium Manufacture- 25 12,53 14.85* 31.59 37.41* 10.39  12.31*
Chlorinator Condenser

— Sludge

[

[
Copper Refining - 27 N.A. N.A. 37.86 NRV 13.25  NRV
Blast Furnace Slag
Lead Refining - 50, 28 25.61 NRV 85.36 NRV 3.84 NRV
Scrubwater Sludge
Aluminum Refining - 29 16.59 NRV 55.29 NRV 4.15 NRV
Scrubber Sludge
Aluninum Refining - 30 N.A. N.A. 47.89 26.02 67.04 26.43
High 3alt Slag
N.A. = Not applicable

* = Net gain, i.e., value of recovered material exceeds cost of alternative treatment
NRV = No recovery va lue ‘
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product.

Nineteen waste strcams have alternative treatment costs (net costs
where applicable) that werc less than $5 per metric ton ($4.50/s. ton) cf

These arc:
1. Sulfuric acid waste pickle liquor, waste stream 8A-34.87
2, Secondary aluminum scrubwater sludge, waste stream 29 - §4,1S
3. Secondary lead scrubvater sludge, waste strecam 28 - $3.84
4. Ferrochrome dust, wastc stream 12 - $2.85
S. Copper smelting, acid plant blowdown sludge,
wastce stream 15 - $2.&5
6. Electrolytic copper mixed sludge, waste stream 16 - $2.43
7. Hydrochloric acid waste pickle liquor, waste stream 8B - $1,33
8. Ammonia still sludge, waste stream 1 - $0.07
g. Primary aluminum shot blast and cast house dusts,
waste stream 22 - S0.54
10. Primary zinc pyrometa!lurgical dust, waste stream 19 - 50.31
11, Primarv zinc electrolvtic sludee, waste stream 128 - §C.29
12. Stecl miil air emission, waste streams 3, 4, and 5 - $0.28
13. Primary lead smelting sludge, waste stream 17 - $0.20
14. Decanter tank tar, waste stream 2 - $0.71
15. Calvanizing mill acid rinsewate. neutralizing sludge,
waste stream 9A - 0.04
16. Galvanizing mill acid rinsewater neutralizing sludge,
waste stream 98 - $0.03
17. Iron and Steel rplling mill sludge, waste stream 6 - $0.006
18. Cold rolling mill acid rinsewater neutralization sludge,
wastc strcam 7A - $0.004
19. Cold rolling mill acid rinsewater neutralization sludge,

waste stream 7B - $0.003

167

pawyy bujaq

WawWNoop 8yl Jo Ayend

ay3 03 anp s} 3 ‘830U
@119 ANY VoA 00Nl a)

|




Eight waste streams show alterrative treatment costs (net costs
where applicable) of more than $5 per metric ton ($4.50/s. ton) of product.
These are:

1. Primary pyrometallurgical antimony slag, waste
stream 23 - $52.48

2. Primary electrolytic antimony sludge, waste
stream 24 - $36.70

3. Sccondary aluminum refining high salt slag,
waste stream 30 - $36.43

4, Silico and ferrcmanganese slag and sludge,
waste streams 13 and 14 - §13.91

5. Sccondary copper refining slag, waste stream 27 - §13.25
6. Ferrosilicon dust, waste stream 11 - $5.36
7. Terrochromc sludge, waste stream 12 - $5.23

8. Ferrochrome slag, waste stream 12 - §5.10

The determination of the significance of the above costs requires
consideration of the value of the product, the industry pricing structure and
the overall economic condition of the industries. Such analysis is beyond the
scope of this study.

B. Break-Even Analysis

The total annual costs resulting from the alternative treatment
processes are compared to the values assigned to the recovered materials in
Table 39.

The actual value of the recovered products is largely a furction of
demand. For the most part, the demand for the recovered product must be
geographically near its point of origin. In recognition of these factors, a
relatively low value, i,e, a fraction of the reported market value, was
assigned to the recovered material, In fact, higher prices than those assumed
may be obtainable in the market place. The product values assigned to each
of the affected industries and the likelihood of achieving a higher return
are breifly discussed below.
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Table 39 Break-Even Analysis Between Alt2rnative Treatment Cost and Recoverable Resource Valuc

Annual Percent of
Total Value of Market Net Required
Annual Recovered Price Annual Percent Incrense ip
Waste St:eam Number Cost Material Assipgned Cost Recovered HMatcwial Value
Iron and Steel Coke Prod. - 1 $ 181,450 3§ NRV N.A. $ N.A. N.A.
Ammonia Still Lime Sludge
Iron and Steel Coke Prod. - 2 1,882,410 NRV N.A. N.A. N.A.
Decanter Tank Tar from
Coke Production
Iren and Steel Production - k) 1,195,950 500,000 1003 695,950 139
~ Basoc Oxygen Furnacc - Wet
& Enission Control Unit Sludge
Iror and Steel Producticn - 4 1,195,956 500,000 100% 655,950 139
Orer. Hearth Furaace - Cmissicn
Control Dust
Iror. znd Steel Production - 5 1,195,950 500,000 1002 695,950 139
Electric Furnace - Wet Emission
Control Sludge
Iror and Steel Production - 6 50,370 39,060 100? 11,310 29

Rolling Mill Sludge

See page 174 for legend.
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Table 39

Break-Even Analysis Bezween Alternative Treatment

Cost and Recoverable gcsouxcc Value

{Cont.)
Annual Percent of
Total Value of Market Net Pequired
Annual Recovered Price Annual - Percent Increase in
Waste Stcrcam Number Cost Material Assigned Cost Reccvered Material Vabie
Iron and Steel Production - 7A $ 2,740 NRV $ MN.A. $ N.A. N.X.
Cold Rolling Mill - Acid
Rinsewater Neutralization
Sludge (H2504)
Iron and Stecl Production - 7B 2,749 NRV N.A. N.A. N.A.
Cold Rolling Mill - Acid
Rinsewater Neutralization
Sludge (HC1)
Iron and Stcel Production - 8A  4,370,62) 961,840  100° 3,408,780 354
Cold Rolling Mill - Waste
Pickie Liquor - Sulfuric
Acid (H,504)
Iron and Steel Production - 88 1,439,280 509,280 70%,100° 930,000 183
Cold Rolling Mill - Waste
Pickle Liquor - Hydrochloric
Acid (HC1)
Iron and Steel Production - 9A 4,479 NRV N.A. N.A. N-.A.
Galvanizing Mill - Acid
Rinsewater Neutralization
Sludge (HZSOA)
See page 174 for legend.
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Table 39 Break-Even Analysis Between Alternative Treatment Cost and Recoverable Resource Value (Cont.)
A}

Annual Percent of
Total Value of Market Net Required
Annual Recovered Price Annual - Percent Incccas2 in
Waste St_-ecam Number Cost Material Assigned Cost Recovered Material Value
Iron and Steel Production - 9B $ 3,740 $§ NRV N.A. $ N.A. N.A.
Galvanizing Mill - Acid
Rinsewater Neutralization
Sludge (HC1)
Ferroalloys - Ferrosilicon 11 214,420) NRV MN.A. N.A. N.A.
Manufacture - Miscellancous
Dusts
3 Ferroalloys - Ferrosilicon 12A 239,89) €1,200 IOOd 178,320 291
=  Manufacture - 3iz;
Ferroalloys - Ferrosilicon 128 99,73) NRV N.A. N.A. N.A
‘anurfacture - Dust
Ferroalloys - Ferrosilicon 12C 183,:5) NRV N.A. N.A. N.A.
Manufacture - Sludge
Ferroalloys - Silicomanganese 13 452,092 34,880 2s°® 417,210 1,196
Manufacture - Slag and

Scrubber Sludge

See page 174 for legend.

..‘: | . B 3 e ed i e e __J

pawyyy bujeq

’ | Ajenb
¢vo-La fearr wi o o

@isen tmmcia (RAIA AAAT AS




Table 39 Break-Even Analysis Between Alternativé Treatment Cost and Recoverable Resource Value (Cont.)

Annual Percent of
Total Value of Market Net Required
Annual Recovered Price Annual . Percent Incrcasc in
Waste Stiream Number Cost Material Assipgned Cost Recovered Material Value

Ferroalloys - Ferromanganese 14 $ 452,090 $ 34,880 25 417,210 1,196
Manufacture - Slag and Sludge :
Copper Smelting - Acid Plant 15 265,490 NRV N.A. N.A. N. A,
Blowdown Sludge
Electrolytic Copper Refining - 16 396,450 NRV N.A. N.A. N.A
Mixed Sludge

3 lead Smelting - Sludge 17 146,970 168,780 ZSf 21,810* N.A

~N
Electrolytic Zinc 18 146,240 117,100 258 29,140* N.A.
Manufacture
dyrometallurgical Zinc 19A 153,180 817,220  100% (664 ,040) N.A
Manufacture - Sludges -
?rimary Gas Cleaning and
Acid Plant Blowdown
Pyrometallurgical Zinc 198 33,650 NRV N.A. N.A. N.A.
Manufacture - Sludges -
Retort Gas Scrubber Bleed

See page 174 for legend.
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Table 39 Break-Even Analysis Between Alternative Treatment Cost and Recoverable Resource Value (Cont.)

Annual Percent of

Total Value of Market Net Required
Anncal Recov?red Price Anaual - Percent Increase in
Waste Stceam Number Coct Material Assipned Cost Recovered Material Value
Alurinum Manufacture - 20 $2,0¢¢,140 $3,180,000 IGOh $1,051,8¢0 N.A,
Scrubber Sludges :
Aluminunm Manufacture - 21 2,0¢%,140 3,280,0C0 1och 1,021,8¢cC NGAL
Spent Potlirers and
Skimmings
Aluninum Manufacture - 22 £2,860 NRV N.A. N.A. N.A.
Lt =~
3 Shot Blast and Cast House
Dusts
Pyrometallurgical Antimony 23 141,700 NRV N. A N.A. N.A.
Manufacture - Blcost Furnace
Slag
Electrolytic Antimony 24 33,030 NRV N.A. N.A. N.A.
Manufacture - Spent Anolyte .
Sludge
Titanium Manufacture - 25 78,970 172,500 100t 93,530* N.A.
Chlorinator Condenser Sludge ’
Copper Refiring - Blast 27 132,510 NRV N.2A. N.A. N.A.

Furnace Slag

See page 174 for legend.
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Table 39 Break-Even Analysis Between Alternative Treatment Cost and Recoverable Resource Value {Cont.)

Annual Percent of
Total Value of Market Net Required
Anrual Recovered Price Annual . Percent Increase in
Waste Streanm Number Ccst Material Assigned Cost Rccovered Material Value

Lead Refining - SO 28 $ 538,410 $ NRV N.A. $ N.A. N.A.
Scrubwater Sludge
Aluminum Refining - 29 82,930 NRV N.A. N.A. N.A.
Scrubber Sludge
Aluminum Refining - 30 €70,390 30€,0590 253 364,340 119

High Salt Slag

(739

*

Net gain, i.e., value of recovered material exceeds cost of alternative waste treatment

N.A. = Not applicable
NRV = No rccovery value
3 _ for iron pellets d _ for roadfill 8 _ for zinc
- for ferric chloride € _ for zinc oxide ? - for cryolite
€ . for hydrochloric acid £ _ for lead % - for rutile
J

for potassium chloride
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Waste Streams No. 3, 4, 5, and 6 - Emission Control Sludges and Dusts

in Steel Manufacture. The initial valuc assigned to the contained iron was
based on the price of iron pellets, $20/per metric ton ($18/s. ton). This
represents about 20% of the value of steel scrap. If, in fact, the recovered
material is found to be similar to scrap, a valuation sufficient to achieve
the break-even point appears reasonable. The required price would be $48/
metric ton ($44/s. ton) which represents 80% of the price of low grade scrap.

Waste Stream No. 8A - Sulfuric Acid Waste Pickle Liquor. The
product recovered is ferriz chloride. Llts assigned value is 50% of the
product price. Full value pricing would still leave a large gap between
alternative process costs and potential revenues generated.

Waste Stream No. 8B - Hydrochloric Acid Waste Pickle Liquor. The
recovered materials are hydrochloric acid and iron pellets. The value of the
former is computed at 70% of market valuc; the latter at $20/melric ton
($18/s. ton) contained iron is the fall market value. Most of the assigned
recovery value obtains from the hydrochloric acid. Break-even operation is
not achievahle.

Waste Stream No. 12 - Slag from Ferrochrome Manufacture. The
recovered material can be used for road construction. Break-even operation
requires an increase in the assumed material price of $1/metric ton ($0.90/s.
ton) to $2.90/metric ton ($2.65/s. ton). A reasonable level of demand would
justify the higher value.

Sludge from Silico and Ferromanganese.
.. Tl assighoe vdiUe looco0i melric lon

Waste Streams No. 13, 14 -

Thf‘ maliaw wmatql e Y
.. v PR Y H R R ] 1 =

(8185/5. ton) which roprescnts about 253% of warhel value. Assiguing
full value to the recovered zinc and other metals would not result in a
break-even operation,

Waste Stream No. 30 - High Salt Slag from Secondary Aluminum
Refining. ~The recovered materials consist of aluminum, potassium chloride
and alumina. These materials were priced at 25% of their market values.
sreak-even operations require that they be priced at ahout 55% market value.
This appears achievable.

In summary, five alternative trcatment processes yield recovered
materials whose value exceeds the alternative treatment costs of operation;
18 processes do not provide materials with discernible market values. Of the
remaining seven alternative processes, four can be expected to reach a break-
even point and three cannot.
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Waztes with detfinite rccovered matcrial value exceeding alternative g o
treatment costs: = @ >
: 3 ®
-‘ "
1, Primary lead smelting sludge, waste stream 17 !
2. Primary electrolytic zinc sludge, waste stream 18 -
&1
3. Primary pyrometallurgical zinc sludge, waste stream 19A S
L .3
4. Primary aluwminum scrubber sludge, potliners and et
skimmings, waste streams 20 and 21 _
-'
S. Primary titanium chlorinator condenser, waste stream 25 L
.
Wastes with potential recovered material value exceeding alternative -
treatment costs: .
Mo

1. Steel mill emission control sludge and dusts,
wasle sitcams 3, 4, and 5 =

2, Rolling mill sludgc, waste stream 6

[ cal
3. Slag from ferrochrome manufacture, waste stream 12 ,
.
4. Secondary aluminum high salt slag, waste stream 30 o
i

Wactee with rosovared materiale whose value dnec nat evcoed - !

alrornative rroavoont Josis: :
”
1. Silico and ferromanganese slag and sludge, waste -

streams 13 and 14
. . s s "
2. Spent sulfuric acid pickle liquor, waste stream 8A '
. | 4
3. Spent hydrochloric acid pickle liquor, waste stream $B
Wastes whose alternative troatments do not provide recovercd -
materials:
.(!
1. Ammonia stiil sludge, wasty stream 1 ~
2. Decanter tari: tar, waste stream 2 .
-
1
L _J
"
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3. Sulfuric acid rinsewater neutralization sludge,
waste stream 7A

4. Hydrochloric acid rinsewater neutralization sludge,
waste strcam 7B

5. Sulfuric acid spent pickle liquor, waste stream 9
6. Hydrochloric acjd spent pickle liquer, wastc stream §
csilicon - misc. Justs, waste stream 11

8. Dust from ferrochrome manufacturing, waste stream 12

9., Sludge from ferrochorme manufacturing, waste stream 12
10. Copper smelting acid plant blowdown, waste stream 15
11. Electrélyric copper rcfining - mixed sludge, waste stream 16

12, Pyrometallurgical zinc sludge (primary), waste strcam 19B

5 Pwimare ztiuniine . duss
[ TIMAY aitunlioan ]

pwl Ligsc und cust nousc dust
waste stream 22

14. Primary antimony blast furnace slag, waste stream 23
15. Primary antimony spent anolyte sludge, waste stream 24
16. Secondary copper blast furnace slag, waste stream 27

17. Sccondary lead SO, scrubwater sludge, waste stream 2§

evo-1a |

18. Seccondary aluminum scrubber sludge, waste stream 29

The total annual costs and the break-even analyses of the alternative
treatment proccsses hy comparison to the value of recoverable matcrials are
summarized in Table 39. The percent of market valuc assigncd to cach recoverable
material is also shown in Table 39.
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The major processes used by the alternative treatment systems, the
process category, stage of development and the benefits therefrom are
summarized in Table 40.
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Table 40  Summary Ta.le of Altermate Treatment Systess,
Benefits. Stage of Development, and Costs

Alternitive Treatment $/Metric Ton of Waste $/Metric Ton of
Process Develogm:t ¥et Dry Product

Waste Streas Number Process Category Sta, Benefits Derived Total Net Total Net Total Net
= - =men e —
1ron end Steel Col? 1 Dispose) 4 v Detoxified, inert solids $ 73.89 § NRV $ 259.21 § NRV $ 0.07 $ NRV
Production - Asmonia suitable for chemical ’
Still Liee Sludge landfill
l;m and Steel Cote 2 Dispossl 4 v Detoxified, inert solids 61.58 NRV 324.09 NRV 0.71 NRV
Production - Decanter suitable for chemicsl
Tank Tar from Cole landfill
Production
1ron and Steel Prod. - 3 Reduction c v Ferric oxide recovery 12.66 1.3 23.90 . 17.40 0.48 J.28
Basic Oxygen Furmace - Roasting for recycle, Lead and
et E-tssion Corntrol zinc oxide recovery for
Unit Studpe sale.
lron and Steel Prod.- 4 Peduczion c v Ferric oxide recovery for $ 12,66 § 7.36 § 29.90 § 17.40 § 0.48 § 0.28
Oen lcarth Furnace -

Roasting recycle. Llead and zine

. P - N
txi~ston Lonzrol Dus: oxide recovery far sale.

Tton il Steel Prod.- S Reauctior C v Ferric oxide recovery for 12.66 7.36 29.90 17.40 0.43 0.28
tlectric Furnace - Wet Rqasting recycle. Lead and zinc
frission Control Sludpe oxide recovery for sale.
— Tren and Stael Prosd, - 6 sintering P v Iron recovery for recycis .36 1.43 16,25 3.65 c.03 0.CC6
3 Rolling Mill Sludzc
1ron and St2cl Prod.- TA Dissolution [o v Ferric oxide recovery 0. 85 NRV 27.40 NRY C.00¢ NRY
Ca1d Felling Ml -
Actd winseater Cleu-
tralization Sludge
(H;50¢)
lron and Steel Prod.- 78 Dissolu’ion [ v Ferric chloride recovery 6.77 NRV 67.67 NRV 0.003 NRY
Coid Rolling ¥ill -
Acid Rinsewater Neu-
tralization Sludge
()
lron and Steel Prod.. 86 Precipi-ation C B 311 Ferric chloride for sale, 55.5¢4 43.31  1,365.82 1,065.24 6.24 4.87
Cold Rolling Mill - Calcium sulfate {gypsum) for
Naste Pickle Liquor - chemical landfill
Sulfuric Acid (":SO‘)
iron and Steel Prod.- 88  Volatiliiation P v Hydrochloric acid recovered 38.38 24,80 449.78 292.63 - 2.06 1.33
Cold Rolling Mi1} - for recycle
Naste Pictle Liquor - Reduction C 1v Ferric oxide recovered for
Hydrochloric Acid (§IC1) Roastin, reuse
1ron and Steel Prod.- 9A Dissolition [o v Ferric oxide recovered $ C.99 § NRY s 3.19 § NRY $ 0.04 S NRY
Celvaniting Mill - Acid
Rinsewater Nevtralizastion
Sludge (1,;50,)
Iron and Stec} Prod.- 9 Dissolition C v Ferric chloride 3.74 NRY 12.47 NRV 0.¢3 NRV
Galvanizing Mill - Acid : . recovery

Rinscwater Neutralization
Sludge (C1)
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ladle 40 Susmars Table of Alternate Treitment Systems, Bemefits, Stage of Developsest, and Costs (Comt.)

Alternitive Treatment - $/Metric Ton of Waste $/Metric on of
Process Develojaent Yet Dry Product
Xaste Strcam Nusber Process Category Stage _ Benefity Nerived Toral Net Totsl Net Yotal Net
Ferroalloys - Ferro- 11 Disposal 4 - Chemical Jundfitl M.A. N.A, 15.88 NRY 5.36 NRY
silicon Manufacture - N
Miscellaneous Dusts
Ferroalloys - Ferro- (A Precipitation C k) Detoxificstion H.A. N.A, 3.9 2.91 6.85 S.10
silicon Manufacture -
Slag
Ferrvalloys - Ferro- 128 Precipitation C v Detoxification NoAL N.A. 18.82 NRV 2.85 NRY
stlicon Manufacture -
Duste
terroalloys - Ferio- 13 Precipitation C v Detoxification 13.88 NRY 34.56 NRY 5.23 NRY
silicon Manufacture -
Sludge
Foerroalloys - Silico- 13 Reduction [ v Ferro and silicomangarese 21,36 18.79 50.80 46.88 15.07 13.91
sangancse Manufacture - Roasting for recycle
Slag 4nd Scrubber Sludge
terroalloys - fFerru- 14 Red'iction [ 1v Lead and zinc oxide 2).36 18.79 $0.80 46.88 1£.07 13.91
mwnganese Manufacture - Roasting for sale
Slay and Sludge
—  Copper Saclting - 1S Precipitation C v Detoxification $371.27 § NRY $ 882,97 $ SRV $ 2.65 § NRV
fod Acad Plant Blowdown
S Sluge
tlcctrulytic Copper 16 Precipitation C v Detoxification 361.40 NRV 99:.13 KRV 2.48 NRY
Retining - Mixed
Sludge
Lcad Seciting - 17 Sintering [ 4 v Lead recycled for 9.80 1.01° 22.61 3.36* 1.4 0.20°
Sludpe reprocessing
Electrolytic 2inc 13 Precipitation C v Zinc recycled for 15.81 3.50° $6.25 11.20°* 1.46 0.29°
Manufacture reprocessing
Pyroactallurgical Zinc 19A Sintcring P v Zinc recycled for 3.56 15.44" 11.78 51.08° 1.43 6.21*
\anufacture - Sludges - Teuse
Prisary tas Clcaning and
Acid Plant Blowdown
Pyrosctallurgical Zinc 198 Centrifuge [ 4 v Tinc recycled for 15.30 NRV 30.59 NRV 0.31 NRYV
Wanufacture - Sludges - reuse
Retort Gas Scrubber |
Bleed
Alusinun Manufacture- 20 Precipization p ¢ v Cryolite recovery. 35.09 18.35° 27.63 40.59° 13.68 7.14
Scrubber Sludges Lvapcration
Uewatering
Murinun Manufacture - 21 bryirg P.C v Cryolite recovered for 33.09 18.35° 27.63 40.59°¢ 13.6S 7.14¢
Spent Potliners and hispesal reuse
Skieemings
Aluzinus Manufacture - 22 Precipitation C v Detoxi fication N.A. N.A. 75.33 KRV 0.54 NRV

Shot Blast and Cast
House lusts
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Table 30 Summary Table of Alternate Treitaeat Systems, Beasfits, Stage ,of Development, amd Costs (Cont.)

Alternative Treataent §/Metric Tom of Waste $/Meric Ton of
. Proccss  Development Vet Ovy Product
Teste Streaw Sumber Process  Category _ Stage Benefits Derived Total Net Total Net Total Net
Pyrometallurgical 23 Precipitation C v Detoxification $N.A. S$NA $1540 $ NRV $ 52.48 §$ v
Antisony Manufacture-
Blast Furnace Slag
Electrolytic Antimony 24 Disposal [ 4 - Detoxification $5.03 NRV 165.15 NRY 36.70 NRY
Manufacture - Spent :
Anolyte Sludge
Titaniua Manufacture~ 25 Centri fuge [ 4 1844 Titanium ¢ioxide (rutile) 12.53 14,35 31.59 37.41° 10.39 12.31*
Chlorinator Condenser Devaterirg and carbon recovered for
Slwlge Recycling reusse
Copper Refining - 27 Precipitstion C v Detoxification N.A. N.A. 37.88 NV 13.25 KRV
8laat Furnace Slag
Lead Refining - SO, 28 Precipitstion C v Detoxification 25.61 MRV 15,36 NRV 3.8 My
Scrutwater Slwige
Muvinen Refimng - 22 Centri fuze r v Yoluwe reduction and 16.59 NRY 55.20 NRY £.18 NRV
Scruhher Sludge Dewaterirg chemical landfill
- Aluninua Refining - 30 Crushing & P v Aluminum oxide recovered NoAL N.A. 27.%9 26.02 67.0¢  36.43
2 Migh Salt Sluz Screenirg, for reuse
Desazerivg &
Drying
Dissolution p.C iV Flux s3lts, sodium and
Evaporation potassium chloride
Dewaterirg
Dryiag

Alternative Treatment Unlt Process Categery:

P. - Physical
C. - Chenical

Alteraative Treatssnt Stage of Developwert:

] Process ts not applicable for thi‘ waste
1 Process mceds rescarch effort, might work ia S-10 years
1 Process appears useful for hatardous wrstes but aseds devilopment work
v Process is developed but not comaonly used for Mazardous ates
v Process common to most industrial waste processors

N.A. - Not applicsble

- Nct gain, i{.e., value of recovered material exceeds cost of alternative treatment

NRY - Ko recovery value

o | e e e e e e e e e _I
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PART II

COST DEVRLOPMENT FOR
SANITARY AND CHEMICAL LANDFILL DISPOSAL
OF HAZARDOUS WASTES

FROM THE METALS SMELTING AND REFINING INDUSTRIES
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SECTION I

CHEMTCAL TLANDFTLI, COST DEVELOPMENT

Disposal of hazardous wastes in chemical or secure lundfills is an
appropriate disposal process for certain waste materials or for recovery of
process waste residues. The approach and method used to derive costs for
secure or chemical landfill disposal of wastes is described below. The cost
model incorporates major assumptions, costs and cost factors specified by
EPA. A chemical landfill cosg curve (Figure 1) was developed from landfill
designs for 1,000 and 6,000 m° of waste as shown following. This range of
waste volumes was used because a preliminary review of waste quantities gener-
ated by p number of typical plants fell within these values.

Landfill Design No. 1 (1,000 m> of waste)

U 3 .
The initial trench excavated has a volume of 1,250 m~. Covering for
the disposcd material is estimated to occupy 25 percent of the disposed waste
volume. Thus, 1,000 m” of waste can be placed in the trench.

The trench is formed with sloping sides (2:1). The dimensions of the
trench are:

Width: Bottom 11m Top 15 m
Length: Bottom 22 m Top 26 m
Depth: 4 m

A toechute collieetion system is installed in the trench, Polyvinyd
chloride 10.2 cm (4") drain pipe is installed at 2 m intervals running the
length of the trench., These pipes are connected to a transverse drain pipe at
one end of the trench.

2The trench is lined with bentonite applied at a rate of 9.8 kg/m2
(18 1b/yd"). A 30 mil hypalon liner is installed over the bentonite. The

lining is placed at the bottom and sides of the trench.

Il al
The trench area lined is 700 m“ (840 yd“). Local on-site clay is
placed at one end and bottom of the trench to a depth of 0.6 m (2 ft) for
protection of the liner during vehicle operation. Local clay is alxo used
for cover of the disposed material. At completion, the surface of the trench
is segled with a bentonite liner. The total area occupied by the treuch is

600 m“ (0.15 acres).

184
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VOLUME OF WASTE LANDFILLED ANNUALLY

(1,000 m3)

Figure 27. CHEMICAL LANDFILL COSTS
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Operations, It is assumed that the annual amount of waste disposed
is 1,000 m3 (1,300 yd3) and that the cover material equals 25 percent of the
waste, i.e. 250 md (325 yd>). Thus, one trench is filled each year.

The total space required for 20 years of operations is 1.2 ha
(3 acres).

A concrete sump is installed at each trench operation for leachate
collection. A pump is provided to remove rain water from the trench during
its operational life. The collected leachate is pumped from the simp to a
trench currently in use.

Operations are conducted at the site 250 days per year. Three man-
hours/day are allocated for the purpose of covering the dumped wastes, inspec-
tion and related activities.

Costs.

Land - The land acquisition cost is $12,355/ha ($5,000/acre).
The cost of land needed for 20 yecars of operation is $15,000. It is assumed
that the land is purchased on the basis of a 20 year, 10 percent mortgage with
no down payment. The annual payment then amounts to $1,755. A total of
$35,000 is paid over the 20 year period. It is assumed that the initial land
cost is recovered at the end of this period. The amount of interest paid is
$20,100. The average amount of interest paid per year is $1,005 which value
is used in the subsequent cost computations.

Trench Construction - Since it is assumed Lhat vne Lrench is
filled each year, its cost is considered a3 an annual cost. Constructicn costs

are computed as follows:

2

1. Excavation 1,250 m> at 52.80/m3, $2,500
2. Grading 700 mz at $0.4/m2, 300
3. Survey, test boring, reports 20% of41 & 2,3 600
4., Bentonite liner 700 m2 at $1.80 mz, iy 1,300
5. lypalon liner 700 m? at $4.40/m%, " 3,100
6. Leachatc collection drains 150 m at 35.7S/mS 900
7. Clay protective liner 360 mz at $l/m2, 4 400
8. Finish bentonite liner 390 me at Sl.80/m2, 700
9, Concrete sump 1 x 1 x 1 m 3 250
Total 10,050

Contingency 20% 2,000

Total Construction Cost $12,050

*Escalated from $ 1974 to $ 2nd Qtr. 1976 using
M & S Equipment
Cost Index $1974 = 398.4; 2nd Qtr. 1976 = 478.5)
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Facilitics - A temporary, rcusable fence, similar to a snow fence,
is erected around each active disposal site. _The site perimeter is about
110 m. The fence cost is §7.20/lincal meter.

Equipment - A crawler dozer is used for spreading and compacting the
waste and cover material. Its estimated cost is 520,000.3 A 1 hp sump pump
is installed at an estimated cost of $1,600.2

Operations and Maintenance

Capital Recovery - Facilities and equipment are amortized over a
10 year period. A 10 percent interest rate is assumed.

Operating Personnel - Personnel costs, including supervision and
overhead are computed at $13.50/hr.

Maintenance - Maintenance costs of facilities and equipment are
computed as 4 percent of capital cost,

Waste Transport - The loading, transport and dumping of the waste
at the disposal site is estimated at $5/m° of waste.

Taxes and Insurance - These costs are included as 4 percent of land,
facility and equipment costs.

Energy - The crawler dozer is operated on the average of two hours
per day and consumes 15 liters (4 gal.) of diesel fuel/hr. The cost of fuel
is calculated as $0.12/1 ($0.50/gal.). Ulectrical power cast for miscceliancous

lighting is assumed to be 15 percent of the fuel cost.

Chemical Landfill Costs, Capital and annual costs for the operation,
based on the aforementioned factors, are as follows:

Capital Cost

Land $15,000
Facilities 800
Equipment
Dozer $20,000
Pump Installed 1 hp 1,600 21,600
Total $37,400
Contingency (Equipment 4,500
and Facilities)
Total Capital Investment $41,902
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Anaual Cust

Land $ 1,010

Capital Recovery 4,380

Operations and Maintenance

Trench construction $12,050

Operating personnel 10,130

Maintenance 900

Waste Transport 5,000

Taxes and Insurance 1,680 29,760

Energy

Fuel 1,000

Electricity 150 1,150
Total Annual Cost $36,300

The annual cost ot $36,300 represents a unit cost of about $36/m3
of waste disposed. The specific gravity of the waste is estimated to range
from 0.8 to 0.2. Disposal costs expressed in terms of unit weight are:

Specific Gravity Disposal Cost/Metric Ton
0.8 $45
. 36
1.2 30

Landfill Design No. 2 (6,000 m° of waste)

This landfill is designed to accommodate 6,000 m3 of waste, The
initial trench excavation totals 7,500 m3. Except where specifically noted,
the cost factors and methodology employed are the same as in the previous

computation,
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Pertinent parameters for this landfill are: s ::!
@ i
2 ®
Width:  Bottom 22.7 m Top 23.7 m -
Length: Bottom 45.7 m Top 51.4 m
Depth: é6m

2 _—

Surface Area: 2,380 m
Arca Occupied/trench: 2,000 mz
Area required for 20 years: 4 ha (9.9 acres)

Trench Construction Cost

Excavation $15,000
Grading 1,000
Survey, test boring, reports 3,200
Bentonite liner 4,300
Hypalon liner 10,500
Leachate collection drain 3,100
Clay protective liner 1,200
Finish bentonite liner 2,660
Concrete sump 2 x 1 x 1 m 400 i
Total $41,360
Contingency 8,270
Total Construction Cost $49,630

Capital and annual cost factors which differ from the previous
calculations are as follows:

2v0-10 |

Dozer cost $30,000

Pump 2,400

Fencing 190 m

Dozer fuel consumption 19 1 (5 gal)/kr.
Operating personnel 8 hr/day
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Capital Cost L ;g %
: 3
Land $49,500 e § 'f:g
Facilities 1,400 , $S3®
Equipment L1
Dozer $30,000 , -
Pump Installed 2% hp 2,400 32,400 el
Total $83,300 :
Contingency (Equipment and _6,800 =
Facilities) "é
Total Capital Investment $90, 100 :'
Annual Cost = |
Land : $3,320 iz
Capital Recovery 6,600 -
Operations and Maintenance i ;
Trench construction $49,630 -
Operating personnel 27,000 .
Maintenance 1,350
Waste transport 30,000 -
Taxes and ifasugrance 3,600 111,360 i ;
Energy "~
Fuel 5,000 -
Electricity __70 _ 5,750 ' -

Total Annual Cost $127,250

L
2v0-10 |

This annual cost results in a cost/metric ton of waste of about $21.

Disposal costs as a function of weight are: &
Specific Gravity Disposal Cost/Metric_Ton -
0.8 $§26 o
1.0 21 b
1.2 18 s
L ]
[N
190




Disposal costs are scnsitive to the size of the operation and the
specific gravity of the material being landfilled. The chemical landfill
costs are based on the volume of waste landfilled as presented in Figure 27.
The disgosal cost for plants with an annual volume of waste of less than
1,000 m3 are based on a 1,000 m3 landfill operation; costs for plants generating
more than 8,000 m3 of waste annually are based on an 8,000 m3 landfill operation.

191
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SECTION 1I - &3
= 3o
SANITARY LANDFTLI. COST DEVELOPMENT " S
25
- | 3z
Costs are based on the same parameters, cost factors, and methodology ' 22
that are used for estimating the chemical or secure landfill costs except that
liner, leachate collection system, sump and pump costs arc declcted. A sani- -
tary landfill cost curve (Figure 28) was developed from landfill designs for .
1,000 and 6,000 m3 of waste disposed annually as shown following.
3 =
Landfill Design No. I (1,000 m~ of waste) ..
The following costs are based on a landfill volume of 1,000 nS of -
waste. .
A\ .
Trench Construction Cost -
1. Excavation 1,250 m3 at $2.00/m3 $2,500 '
2
2. Grading 709 2 ot $0.4/m” 300 -
3, Survey, test boring, reports 20% of 1 § 2 600 -
Total $3,400 .
Contingency 700 -
Total Construction Costs $4,100 P
Capital and Annual costs are as follows: - i
Capital Cost P .
Land $15,000 U
Facilities 800 . w—h
- :
Equipment 20,000 I
Total $35,800 - o
Contingency (Equipment 4,200 i 'h'
& Facilities) - N
$40,000 -

Total Capital Investment
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Annual Cost V g g:
S : 3 e
Land $1,010 Sa¢
~-r
Capital Recovery 4,080 ﬂ
Operations and Maintenance N
Trench Construction $4,100 :
Operating Personnel 10,130 ,1 3
Maintenance 830 :
4
Waste Transport 5,000 n
Taxes and Insurance 1,600 21,660
Energy . "
-t "
Fuel 1,000 T
Electricity 100 1,100 -
Total Annual Cost $27,850 e
- .
The annual cost of $27,850 represents a unit cost of about $28/m3 of -
waste disposed. The specific gravity of the waste is estimated to range from
0.8 to 1.2. Disposal costs expressed in terms of unit weight a-e: s
Specific Gravity Disposal Cost/Metric Ton -
e.9 tze » -
1.0 28 (-
1.2 23 -
Landfill Design No. 2 (6,000 m of waste) ~
These costs are based on a landfill volume of 6,00C m3 of waste. -
L
Trench Construction Cost -
1. Excavation $15,000 ~
2. OGrading 1,000 i
3. Survey, test boring, reports 3,200 e
Total $19,200
ot
Contingency __ 3,800
Total Construction Cost $23,000 .
L]
194 -
L]




Capital and annual costs are as follows:

Capital Cost

Land

Facilities

Equipment
Total
Contingency

Total Capital Investment

Annual Cost

Land

Capital Recovery

Operations and Maintenance
Trench Construction
Operating Personnel
Maintenance
Waste Transport
Taxes and Insurance

Energy
Fuel
Electricity

$49,500
1,400
30,000
$80,900
6,200
$87,200

$23,000
27,000
1,260
30,000
3,490

5,000
—200

Total Annual Cost

This annual cost results in a cost/metric ton of waste of about £17,

Disposal costs as a function of weight are:

Specific Gravity

$3,320
6,150

84,750

5,500
$99,720

Disposal Cost/Metric Ton

0.8
1.0
1.2
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Disposal costs are sensitive to the size of the operation and the
specific gravity cf the material being landfilled. The sanitary landfill
costs are bascd on the volume of waste deposited as presented in Figure 28.
The disgosal cost for plants, with an annual volume of waste of lcss than
1,000 m> are based on an 1,000 m3 landfill operation; costs for plants
generating more than 8,000 m3S of waste annually are based on an 8,000 m3

landfill operation.

Waste Containerization. Liquid and semi-liquid wastes are
containerized in 0.2 m® (S5 gal,) drums for either chemical or sanitury
landfills. The added cost of containerization is estimated to be $12.50
per drum. This cost includes the container and the labor for filling the
container. Containerization costs are included in subsequent tables as

noted.
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SANITARY AND CHEMICAL LANDFILL COSTS

Costs are presented for the sanitary and chemical landfill disposal
of wastes. The costs are shown for sanitary landfill without containerization
of liquid wastes in Table 4l; sanitary landfill with containerization of liquid ¢ | ——
wastes in Table 42; and for chemical landfill with containerization of liquid ;

wastes in Table 43.
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Table 41 Summary «f Costs for Sanitary Landfill
Dispos:1 Without Sludge Containerizaticn

Sanitary Landfill

Without Containerization /M .
$/Metric Ton of Waste etric
Ton of

Waste Stream Number Wet Basis Dry Basis Product

Iron and Steel Coke 1 $ 1.48 $ 70.57
Production - Ammonia
Stiil Lime Sludge

$ 0.02

Iron and Steel Coke 2 10.42 52.27
Production - Decanter

Tank Tar from Coke

Production

0.12

Iron and Steel Prod. - 3 6.26 15.64
Basic Oxygen Furnace -

Wet Emission Control

Unit Sludge

861

Iron and Steel Prod. - 4 -- 13.33
Open Hearth Furnace -
Emission Control Dust

0.18

Iron and Steel Prod. - S ©.17 22.70
Electric Furnace - Wet
Emission Control Sludge

Iron and Steel Prod. - 6 12.25 30.82

0.05
Roliing Mill Sludge

Iron and Steel Prod. - 7A 21.00 84.00
Cold Rolling Mill -

Acid Rinsewater Neu-

traiization Sludge

(H2504)

0.01
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Table 41 Summary of Costs for Sanitary Landfill Disposal Wihout Sludge Containerization {Cont.)

Sanitary Landfill
Without Containerization
$/Metric Ton of Waste $/Metric

Ton of
haste Stream Number Wet Basis Dry Basis Product

Iron and Steel Prod. - 7B $ 28.00 $ 280.00 $ 0.01
Cold Rolling Mill -

Acid Rinsewater Neu-

tralization Sludge

(HC1)

Iron and Steel Prod. - 8A 11.36 27¢€.30 1.28
Cold Rolling Mill -

Waste Pickle Liquor -

Sulfuric Acid (HZSO4)

Iron and Steel Prod. - 88 11.33 13z.81 0.61
Cold Rolling Mill -

Waste Pickle Liquor -

Hydrochloric Acid (HC1)

661

Iron and Steel Prod. - 9A 14.93 48.00 0.54
Galvanizing Mill - Acid

Rinsewater Neutralization

Sludge (H2804)

Iron and Steel Prod. - 9B 25.20 £4.00 0.20
Galvanizing Mill - Acid

Rinsewater Neutralization

Sludge (HC1)

Ferroalloys - Ferro- 11 . -- 8.33 2.81
silicon Manufacture -
Miscellaneous Dusts

Ferroalloys - Ferro- 12A -- 7.34 12.86
silicon Manufacture -
Slag
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Table 41 Summary of Costs for Sanitary Liadfill Disposal Without Sludge Containerization (Cont.)

Sanitary Landfill
Without Containerization $/Metriz
$/Metric Ton of Waste Ton of
Waste Stream Number Wet Basis Dry Basis Product

Ferroalloys - Ferro- 128 s -- $ 8.25 $ 1.25
silicon Manufacture -
Dust

Ferroalloys - Ferro- 12C 10.42 25.94 3.93
silicon Manufacture -
Sludge .

Ferroalloys - Silico- 13 -- 7.36 8.09
nmanganese Manufacture -
Slag and Scrubber Sludge

Ferroalloys - Ferro- 14 8.95 22.33 6.63
nanganese Manufacture -
Slag and Sludge

00¢

Copper Smelting - 15 24.00 56.00 0.17
Acid Plant Blowdown
Sludge

Electrolytic Copper 16 17.82 49.00 0.12
Refining - Mixed
Sludge

Lead Smelting - 17 10.42 34.62 2.05
Sludge

Electrolytic Zinc 18° 11.94 39.94 1.04
Manufacture

Pyrometallurgical Zinc 19A 9.62 31.83 3.87
Manufacture - Sludges -

Primary Gas Cleaning and

hcid Plant Blowdown
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Table 41 Summary of Costs for Sanitary landfill Disposal Without Sludge Containerization (Cont.)

Sanitary Landfill
Without Containerization

$/Metric Ton of Waste $/Metric
Ton of
waste Stream Number Wet Basis Dry Basis Product
Pyrometallurgical Zinc 19B $ 15.00 $ 30.00 $ 0.31
Manufacture - Sludges -
Retort Gas Scrubber
Bleed
Aluminum Manufacture - 20 R.70 28,91 3.38
Scrubber Sludges
Aluminum Manufacture - 21 -- 9.04 0.53
Spent Potliners and
Skimmings
[ 3]
S Aluminum Manufacture - 22 - 25.45 0.18
Shot Blast and Cast
House Dusts
Pyrometallurgical 23 -- 19,86 30.96
Antimony Manufacture-
Blast Furnace Slag
Electrolytic Antimony 24 21.00 63.00 14,00
Manufacture - Spent
Anolyte Sludge
Titanium Manufacture- 25 15.68 39.52 13.00
Chlorinator Condenser
Sludge
Copper Refining 27 - 13.63 4.77
Blast Furnace Slag
Lead Refining -~ SO2 28 22.92 76.39 3.4%

Scrubwater Sludge
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Table 41 Summary of Costs for Sanitarv Landfill Disposal Without Sludge Containerization (Cont.)

Sanitary Landfill
Without Containerization
$/Metric Ton of Waste

$/Metric
Ton of

Waste Stream ' Number Wet Basis Dry Basis Product
Aluminum Refining - 29 $ 12.25 $ 40.83 $ 3.06
Scrubber Sludge
Aluminum Refining - 30 -- 7.50 10.50
High Salt Slag
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Table 42 Suwmary of Costs fc: Sanitary Landfill Dispcsal with Sludge Containerization

Waste Stream

Number

Sanitary Landfill
With Containerization
$/Metric Ton of Waste

Wet Basis Dry Basis

$/Metric
Ton of
Product

Iron and Steel Coke Producticn -
Ammonia Still Lime Sludge

Iron and Steel Coke Producticn -

Decanter Tank Tar from Coke Fi-od.

Iron ard Ste<l Production -
Basic Oxygen Furrace - Wet
Emission Control Unit Sludge

Iren and Steel Production -
Open Hearth Furnace - Emission
Control Dust

Iron and Steel Production -
Electric Furnace - Wet
Emission Control Sludge

Iron and Steel Production -
Rolling Mill Sludge

Iron and Steel Production -
Cold Rolling Mill - Acid Rinse-
water Neutralization Sludge
("2504)

ta

7A

$ 73.11 $ 240.21

62.50 313.64
37.54 93.85

-- . 13.33*
40.13 99.41
51.51 129.61
67.88 271.50

$ 0.07

0.69

1.62

0.18

0.87

"Same cost as without containcrization because waste is dry. (See Tabledl)
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Table 42 Summary of Costs for Sanitary Landfill Disposal with Sludge Containerization (Cont.)

Sanitary Landfill
With Containerization

' $/Metric Ton of Waste $/Metric
Ton of
Waste Stream Number Wet Basis Dry Basis Product
Iron and Steel Production - 78 $ 90.50 $ 905.00 $ 0.04
Cold Rolling Mill - Acid Rince-
water Neutralization Sludge (HC1)
Iron and Steel Production - SA 68.14 1,675.7¢ 7.66
Cold Polling Mill - Wwaste Pickle
Liquor - Sulfuric Acid (”250:)
Iron and Steel Production - 8B 68.30 796.88 3.64
Cold Rolling Mill - Waste Pickle
Liquor - Hyvdrcchloric Acid (kCl)
[
S
& Iron and Steel Production - 9A 53.32 173.00 1.94
Galvanizing Mill - Acid Rinsewater
Neutr2lization Sludge (H2504)
Iron and Steel Production - 9B 81.45 271.50 0.65
Salvanizing Mill - Acid Rinsewater
Neutralization Sludge (HCl)
Ferroalloys - Ferrosilicon 11 - 8.33* 2.81
Manufacture - Miscellaneous [usts
Ferroalloys - Ferrosilicon 12A -- 7.34* 12.86
Manufacture - Slag
*Same cost as without contairerization because waste is dry. (See Table 41)
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Table 42 Summary of Costs for Sanitary Landfill Disposal with Sludge Containerization (Cont.)

\ Sanitary Landfill
With Containerization $/Metric
$/Metric Ton of Waste

Ton of
Waste Stream Number Wet Basis Dry Basis Product

Ferroalloys - Ferrosilicon 12B $ - $ 8.25¢* $1.25
Manufacture - Dust
Ferroalloys - Ferrosilicon 12C 62.50 155.66 23.57
Manufacture - Sludge
Ferroalloys - Silicomanganese 13 -- 7.36* 8.09
Manufacture - Slag and Scrubber
Sludge
Ferroalloys - Ferromanganese 14 53.72 133.99 39.75
Manufacture - Slag and Sludge

(4

=

v Copper Smelting - Acid Plant 15 77.57 181.00 0.54
Blowdown Sludge
Electrolytic Copper Refining - 16 §7.59 158. 38 0.40
Mixed Sludge
Lead Smelting - Sludge 17 62.50 207.69 12.27
Electrolytic Zirc Manufacture 18 60.07 201.00 5.23
Pyrometallurgicel Zinc Manufacture - 19A 57.73 190.96 23.20

Sludges - Primary Gas Cleaning ard
Acid Plant Blowcown

*Same cost as without containerizition because waste is dry. (See Table 41)

iR cvo-ta N

ey3 03 anp ol 3 ‘9930




Table 42 Summary of Costs for !

rxiitary Landfill Disposal with Sludge Containerization {Cont.)

Sanitary landfill
With Containerization $/Metri
. $/Metric Ton of Waste etric

Ton of
Number Wet Basis

Waste Stream [Lry Basis Product

Pyrometallurgical Zinc Manufacture 198 $

- 49.09 $ 98.18 $1.01
Sludges - Retort Gas Scrubber

Bleed

Aluminum Manufacture - 20 52.18 173.46 20.29
Scrubber Sludges
Aluminum Manufacture - Spent 21 -- 9.04* 0.53
Potliners and Skimmings
Aluminum Monufacture - Shot Blast 22 -- 25.45" 0.18
and Cast House Dusts

[+

& Pyrometallurgical Antimony Maru- 23 -- 10. 86" 30.96
facture - Blast Furnace Slag
Electrolytic Antimony Manufactire- 24 67.88 203.63 45.25
Spent Anolyte Sludge
Titanium Manufacture - Chlorirztor 25 67.27 169.52 §5.76
Condenser Sludge
Copper Réfining - Blast 27 -- 13.63 4.77
Furnace Slag
Lead Refining - SO2 Scrubwater 28 75.00 250.00 11.25
Sludge
*Same cost as without containerization because waste is dry. (See Table 41)
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Table 42 Summary of Costs for Sani:-ary Landfill DispoSal with Sludge Containerization (

Sanitary Landfill
With Containerization

. $/Metric
*
$/Metric Ton of Waste Ton of
Waste Stream Number Wet Basis Drv Basis Product
Aluminum Refining - Scrubber 29 $ 43.50 $ 145.00 $10.88
Sludge ’
Aluminum Refining - High 30 -- 7.50* 10.50
Salt Slag

L0¢

*Same cost as without containerization because waste is dry. (See Table 41)
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Table 43 Summary of Costs for Chemical Landfill Disposal With 5ludge Containerization

Chemical Laml/ill
y With Containcri:zation*

$/Metric Ton of Waste S{Mctric

Ton of
Waste Strecam tumber Wet Basis Dry Rasis Product
Iron and Steel Coke Production - 1 $78.89 $ 259.21 $ 0.07
Ammonia Still Lime Sludge
Iron and Steel Coke Production - 2 64.58 324.09 0.71
Decantar Tank Tar from Coke Prod.
iren and Steel Production - 3 38.79 95.99 1.68
Basic Oxygen Furnace - Wet
Emission Control Unit Sludge
Iron and Steel Production - 4 -- 16.67 0.23
] Open llcarth Furnace - Emission
L Control Dust
Iror and Steel Production - S 42.11 104.32 0.92
Electric Furnace - ¥Wet
Euission Control Sludge
Iron ond Stcel froduction - € 54.34 136.73 0.24
Rolling 91! Sludge
(rcn epa Duon )l lowiues e - TA 73.88 295.00 0.04
oid Rolling Milit - Acicd iinse-
water seutralizetiin Sludie
(xzscﬁ;
* Only for liquid and semi-liquid wastes.
': . <« . - . . .
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Table 43 Summary of Costs for Chemical Lanc’ill Dispo%al with Sludge Containerization (Cont.)

Chemical Landfill
With Containcriczation*

$/Metric Ton »f Waste $KMctric
fon of
Waste Stream Number Wet Basis Ury Basis Product
Iron and Stcel Production - 7B $98.50 $ 985.00 $ 0.04
Cold Rolling Mill - Acid Rinse-
water Neutralization Sludge (HC1)
Iron and Stcel Production - 8A 70.41 1,731.64 7.92
Cold Rolling Mill - Waste Pickle
Liquor - Sulfuric Acid (H2804)
~ Iron and Steel Production - 8B 70.27 823.44 3.76
g Cold Rolling Mill - Waste Pickle
Liquor - Hydrochloric Acid (HCI)
Iron and Steel Production - 9A 57.87 186.00 2.08
Galvanizing Mill - Acid Rinsewater
Neutralization Sludge (HZSO4)
Iron and Steel Production - 98 88.65 295.50 0.7
Calvanizing Mill - Acid Rinsecwatex
Neutrazlization Sludge (HTL)
Ferroulloys - Ferrosilicon 11 -- 19.00 3.38
vanufzcture - Miscollaneous Dusts
Fferrcalloys - Fercosilicen 12A " 5.81 15.42

tznufacture - Slag

* Only for liquid and semi-liquid vastes.
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Table 43 Summary of Costs for (:emical Landfill Disposal with Sludge Containerization (Cont.)

Chemical Landftll
#ith Containerization*

$/Metric Ton of Waste s/MCtrlt
Ton of
Waste Strecam Number Wet Basis Dry Basis Product
Ferroalloys - Ferrosilicon 128 $ -- $ 9.91 $ 1.50
Manufacture - Dust
Ferroalloys - Ferrosilicon 12C 64.58 160. 85 24.36
Manufacture - Sludge
Ferroalloys - Silicomanganese 13 -- 8.83 9.71
Manufacture - Slag and Scrubbec:
Sludge
ot Ferroalloys - Ferromanganese 14 55.51 138.46 41.01
i Manufacture - Slag and Sludge ‘
Copper Smelting - Acid Plant 1S 84.43 197.00 0.59
Blcowdown Sludge :
Electrolytic Cipper Refining - 16 62.68 172.38 0.43
Mixed Sludge
foza Srmelning - Sluiags 17 64.58 214.62 12.68
Eicctrolytic Zinc Manufacture 18 62.38 208.73 5.43
Pyrometallurgical "Zinc Manufactare - 19A 59.66 197.33 23.97
Sludges - Primary Gas Cleaning ind
Acid Flant Blowdown
* Only for liquid and semi-liquid wastes.
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Table 45 Summary of Costs for Chemical Lancfill Disposal with Sludge Containerization (Cont.)
L]

Chemical FLandfill
With Containecrization*

$/Metric Ton of Waste S!MCtrlc
Ton of
Waste Stream _ Number Wet Basis Dry Basis Product
Pyrometallurgical Zinc Manufacture 198 $53.45 $ 106.91 $1.10
Sludges - Retort Gas Scrubber
Bleed
Aluminum Manufacture - 20 53.93 179.25 20.97
Scrubber Sludges
Aluminum Manufacture - Spent 21 -- 11.51 0.68
Potliners and Skimmings
n
- Aluminum Manufacture - Shot Blast 22 -- 32.73 0.24
and Cast louse Dusts
Pyrometallurgical Antimony Manu- 23 -- 13.57 38.70
facture - Blast Furnace Slag
Electrolytic Antimony Manufactwre- 24 73.88 221.63 49.25
Spent Anolyte Sludge
Titanium Manufacturc - Chlorinator 25 70.98 178.88 58.84
Condenser Sludge
Copper Redining - Blast 27 -- 17.23 6.03
Furnace Slag '
Lesd 2efining - 30. Scrubwater 28 81.25 270.83 12.19
Siudge -

* Only for liquid and semi-liquid wastes.
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Table 43 Summary of Costs for Chemical Landfill Disposal with Sludge Containerization (Cont.)

\
Chemical Landili
With Containcrization* $/M .
$/Metric Ton of Waste ctric

Ton of
Waste Stream Number Wet Basis Drv Pasis Product
Aluminum Refining - Scrubber 29 $§ 47.00 $ 156.67 $11.75
Sludge ’
Aluminum Refining - High 30 -- 9.00 12.60
Salt Slag

zie

* Only for liquid and semi-liquid wastes.
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A. Comparison of Landfill and Alternative Treatment Costs

The costs for alternative treatment proccsses and landfill are
shown in Table 44, The costs are relative and are expressed as ratios with
the cost of sanitary landfill without containerization usad as the denominator,
The comparison is made in terms of cost permetric ton of product, The lowest
cost alternative is designated for each waste.

As would be cxpected, the costs of sanitary landfill with container-
lzation and chemical lundfill are always higher than sanitary landfill without
contaiperization costs. In two cases, Waste Nos. 1 and 7, the sanitary landfill
cost with containerization is the same as the chemical landfill cost. These
cases are characterized by large annual productions and relatively small
quantitics of wastes. Containcrization represents the dominant cost.

Sanitary landfiii is ihe leasi vust altern
liquids are not containerized.

Chcmical landfilling because of the requirement to containerize
liquid wastes and its inherent higher costs does not provide any least cost
waste candidates.

Alternative treatment processes excluding rccovery values (total)},
offer least costs for six of the wastes with one of these, pyrometallurgical
zinc retort gas scrubber bleed, waste stream 19, at par with sanitary land-
filling without containerization.

Alternntive treatment processes. whefe Xedovory valuos we
(net) offer lcast cost possibilities for eight of the wastes.

Table 45 is a tabulation of the actual costs that were used to
calculate the relative costs shown in Table 44.
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Table 44 Relative Costs for Landfill anc Alternative Treatment Process (Per Unit of Product)

Sanitary Sanitary 5
Lzrdfill Landfili Chemical Alterng§:ZiﬁZreatment

_ Muste Snvion . lomer /¢ Contoin. ¥ith Contuin. Lzadfill Totel = Net
Iron and Stee! Coke Productiocn - 1 Y 5.50 3.50 3.5 NRY
Jpmania Stitl Liue Fiadoe ) !
Iron and Steel toke Prcducticn - 2 1 5.75 5.92 35.5 NRY
Decanter Tank Tar from Coke :
Production
Iron and Steel Prcduction - 3 1 3.83 4.35 0.74 0.43
Basic Oxygen Furnace - Wet ‘ -
Emission Control Unit Sludge

N

o Iron and Steel Production - 4 1 3.83 4.35 0.74 0.43
Open llearth Furnace - Emission : -
Control Dust
1ron and Stecl Production - S 1 3.83 4.35 0.74 0.43
Electric Furnace - Wet Emission -
Control Sludge
Tron and Steel Production - € 1 4.40 4.80 0.60 |
Rolling Mill Sludge ' €.12
Iron and Steel Production - 7A 1 4.00 4.00
Cold Rolling Mill - Acid ¥ 0.40 NRV

Rinsewater Ncutralization
Sludge (M ,,504)

.See page 220 for legend.
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Table 44 Relative Costs for Landfill and Alternative Treatment Process (Per Unit of Product) (Cont.)

Sfanitary Sanitary Alternative Treatment
Landfill Landfill Chemical Process
Waste Stream Number ¥/O Contain. With Contain. Landfill Total _Net
Iron and Steel Production - Cold 7B 1 4.00 4,00 0.30 NRV
Rolling Mill - Acid Rinsewater .
Neutralization Sludge (HC)
Iron and Steel Production - 8A 1 5.98 6.19 4.88 3.80
Cold Kolling Mill - Waste
Pickle Liquor - Sulfuric Acid
(11,50,)
Iron and Stcel Production - 8B 1 5.97 6.16 3.33 2.18
Cold Rolling Mill - Waste Pickle
s Liquor - !lydrochloric Acii (HC1)
~3
Iron and Steel Production - 9A 1 3.59 3.85 0.07 NRV
Galvanizing Mill - Acid Rinsewater
Neutralization Sludge (H2504)
Iron and Steel Production - 98 1 3.25 3.55 0.15 NRV
Galvani:ing Mi111 - Acid Rinsewater
Neutralization Sludge (HCL)
Farroalloys - Ferrosilicen 11 1 N.A 1.20 1.91 NRV
Manufacture - Miscellaaccus Dusts
Ferroulloys - Ferrosilicen 12A 1 N.A. 1.20 0.353 0.40

tManufacture - Slag ’

See page 220 for legend.
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Table 44 Relative Costs for Landfill and Alternative Treatment Process (Per Unit of Product) (Cont.)

Sanitary Sanitary Alternative Trcatnent
landfill Landfill Chemical Process
Waste Stream Number H/0 Contain. With Contain. Landfill Total Net

Ferroalloys - Ferrosilicon 128 1 N.A. 1.20 2.28 NRV
Manufacture - Dust
Ferroalloys - Ferrosilicon 12C 1 6.00 6.20 1.33 NRV
Manufacture - Sludge
Ferroalloys - Silicomanganese 13 1 2.70 3.45 1.02 0.95
Manufacture - Slag and Scrubber
Sludge
Ferroalloys - Ferromanganese 14 1 2.70 3.45 1.02 0.95
Manufacture - Slag and Sludge :

N

@  Lopper Smelting - Acid Plant 15 1 3.18 3.47 15.59 NRV

Blowdown Sludge

Electrolytic Copper Refining - 16

1 3.33 3.58 20.67 SRV
Mixed Sludge
Lead Smclting - Sludge 17 1 5.99 6.19 0.65 *
Electrolytic Zinc Manufacture 18 1 5.03 5.22 1.40 *
Pvromeviiiuoeionl Al Yery Tnemure - I0A 1 .0 6.3% g.ef v
sludges - Priwary Ges Clediung g

Acid Plant Blowdown

See page 220 for legend.
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Table 44 Relative Costs for Landfill and Altemative Treatment Process (Per Unit of Product) {Cont.)

Sanitary Sanitary Alternative Treatment
Landfill Landfill Chemical Process
Waste Stream Numbe:: W/O Contain. With Contain. Landfill Total Net

Pyrometallurgical Zinc 198 1 3.26 3.55 1.00 NRV
Manufacture - Sludges - Retort
Gas Scrubber Bl:oed
Aluninum Manuficture - 20 1 5.20 5.54 3.49 *
Scrubber Sludges
Aluminum Manufacture - Spent 21 1 5.20 5.54 3.49 *
Potliners and Skimmings
Aluminum Manufacture - Shot . 22 1 N.A. 1.33 3.00 NRV
Blast and Cast llousc Dusts

N

© Pyrometallurgical Antimony 23 1 N.A 1.25 1.70 NRV
Manufacture - Blast Furnace Slag
Electrolytic Antimony Manufacture- 24 1 3.23 3.52 2.62 NV
Spent Anolyte Sludge
Titanium ‘fanufacture - 25 1 4.29 4.53 c.80 *
Chiorinator Condenscr Sludge
Copper Refining - Blast 27 1 N.A. 1.26 2.78 NRV
furnace Slag -
tea? iefining - 309 23 2 3.27 5.54 1012 Ny
Sevehwis ot G 0oe -

.
.

See page 220 for legend.
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Table 44 Relztive Costs for Lanifill and Alternative Treatmeat Process (Per Usit of Prcduci) (Ceat.)
\

Sanitary Saritary Alternative Treatient
Landfill Landfill romical ’rocess
Kaste Stream Number W/0 Contain. With Contain. Landfill Total Net
Aluminun Refiniag - 29 1 3.56 3.84 1.36 NRV
Scrubber Sludge
Aluminum Refining - 30 1 N.A. 1.20 6.38 3.47

tligh Salt Slag

0zz

* Ts Used .0 denote that the alternative treatment process results in a net gain

=

= least cost alternative
N.A. = Not applicable
NRV = No recovery value
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Table 45

COST SUMMARY FOR LANDFIL.L. AND ALTERNATIVE TR EATMENT PROCESSES?
‘$/METRIC TON)

SANITARY LANDFILI. CHEMICAL LAIDFILL

mTHOUT TATH WITH SLUJGE ALTERNATIVE TREATMENT
ATAINERIZAY COMT Al JERIZATION CONTAINERIZATION

WASTE PRODUCT WAS "I: [PROOUCT WASTE PRODUCT WASTE PRODUCT

Gid GAY
WAST DRY wET DAY wEY WET DRY L
WASTE STREAM NO. * BASIS | BASIS RASIS | uSIS sasis | sasis YOTAL| NET | TOTAL wer ] Toral® neTs

==

MON AND STEEL COKE A 148 roxr (X -] nn nn 0.07 0 .20 0.0?7 7089} WRV 252 NRY 007 NAY
PROOUCTION - AMMONIA
STILL LIME SLUDGE

AROM ANO STEEL COKE | 2 1042 | 5227 012 |aa®m FIEY 1) o.» | sass 32400 (X1} cass | nrv 32400 | RV on
PROOUCTION - OE-

CANTER TANK TAR )
$ROM COXE !
PRODUCTION

IRON ANDSTEEL PRO- 3 e2¢ 15.64 oy [37se 1388 12 | W (LY ] 1.8 1268 738 29580 17.40 048
oucT! SASIC

o
OM -
OXYGEN FURNACE -

WEY
TROL UMT SLUDGE !

. MON ANDSTELL PRO- P NAY 133 0.8 | wav 1 018 | nRv 1.6 023 2st| 138 280 17.0 (X oz

OUCTION - OPEN

- HEARTH FURNACE -
EMISHION CONTROL

ousT

MON ANO STEEL PRO- L] 9.7 22.70 0 |41 (3 X3 o a.n 1043 0e2 12.56 1.8 %390 17.40 048 on

SROM AND STEEL PRO- ] 1228 0N 008 | S181 AR X)) 022 | A4 138.73 024 48 145 165 Is8 003 0neé

RON AND {“7:% PRO- TA 200 84.00 00y |67 150 004 | T30 29550 0.04 ! 635 | NRV N4 NRY 0004 NRYV

OUCTION -

ROLLING MILL - ACID
RINSEWATER NEU-
TRALIZATION SLUDGE

m:m‘i

1RON AND STEEL PRO- kL 200 | 28000 o0 | 9058 "800 004 | 9850 2950 0.04 6.77 | NRV €).67 NRYV 0003
DUCTION - COLD

RON AND STEEL PRO- 3 136 | 77990 128 |, 167378 708 | Y0M 173188 7.92
DUCTION - COLD

MOLLING MBLL - WASTE
PICKLE LIOUOR - SUL-
wmcnmm'w‘)

5554| 42M 130582 1005 24 24 (2 o

a = FOR A TYPICAL PLANT. NA = NOTAPPLHAB.E

» = TOTAL DOES NOT INCLUDE RECOVEARY V.ALUE. d « NEY GAIN F RO A ALTEANATIVE TREATMENT PR OCESS
e = NETINCLUDES RECOVERY VALUE. NRV = NO RECOVI Y VALUE
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Table 45

COST SUMMARY FOR LANDFILL AND ALTERNATIVE TREATMENT PROCESSES?
($/METRIC TON) (Cont.)

SANITARY LEACFILL CHEMICAL LANDFILL

WITHOUT wITH WITH SLUDGE ANATIVE TR
CONTAINERIZATION 2 INTAINERIZATION CONTAINERIZAT ON ALTEANATIVE TREATMENT

WASTE PROOWCT WASTE PRODUCT WASTE P O0UCT WASTE PROD.CT

WASTE DRY

wer wer WEY ' DRY wEY [ onvy
WASTE STREAM NO. BASIS | BASIS

SASIS BASIS  BASIS TOTAL | NET [tonu. NET Tovar® | wert

IRON AND STEEL PRO- L] 133 ”man o0&
OUCTION - COLD
ROLLING MILL - WASTE
PICKLE LIQUOR -
HYDROCKHLOKRIC ACID
ey

796 83 364 nmo 92344 3% B38| 2480 a7 30863 2.06 133

HRON AND SIEEL FRO- A 1493 48.00 054 H3Ar 17300 194 ST 87 186.00 208 099 | NRV
OUCTION - GALVANE
WG MILL - ACID RINSE
WATER NEUTRALIZA
TIOM SLUDGE (N,SO‘)

319 NRV 04 NRV

IRON AND STEEL PRO- ” 2520 84.00 020 n1.8% 271.50 X7 [ X ] 295 .50 orn 374 NRV
OUCTION - GALVANI-
NG MILL - ACIO RINSE
WATER NEUTRALIZA-
TI0% SLUOGE (HCH)

1247 NRV 03 MRV

t

|

i

i

[

1

]

FERROALLOYS - “ NRV 833 E2 )} R 233 281 | NAV 1000 338 | NA NA I
FERROSILICON

MANUFACTURE - \

1

!

}

i

1

!

!

1

1588 MRV 5.36 NRV

ezt

€
WMICELLANECUS DUSTS

FERROALLOYS - 124 NRY 134 1206 v 134 1286 NRV L ¥ 1) 15 62 N.A. NA
FERROSILICON

MANUFACTURE - SLAG

391 a9 85 510

FERROALLOYS - 28 NRY 825 125 Ry [ &3 125 NRV : 991 150 NA. NA.
FERROSILICON
MANUFACTURE - DUST

1882 NRY .55 NRV

FERROALLOYS - 12c 1042 594 393 28) 155 68 2357 6458 . 16085 4% 1388 MRV
FERROSILICON

MAMUFACTURE - :
SLUDGE !

S MRV 523 NRV

;CHN“LLOVS~ 173 NRY . .03 EUAY 7.3 .0 NRYV I 8 L RA S0 30 ans 1507 139
NE! H

| .
FERROALLOYS - 14 395 n33 [ X&) 372 1339 »7s 5381 1846 4101 2036| 1879 ' <090 a0
FERROMANGANESE

MANUFACTURE - SLAG
AND SLUDGE

s 07 1391

COPPER SME LTING - 195 2400 |1 5800 [ A} 787 181.00 0S54 443

197.00 959 37927 NRV 5349? NRY 265 NARYV

ELECTROLYTIC 1. 1782 4200 032 BRAT) 15338 0.40 6268
COPPER REFINING -

MMXED SLUOGE

17238 [ X5 ) 040! NRV

2
!
3
r
[
8

|
|
|

s = FOR A TYPICAL PLANT. NA. = NCTAPLICABLE
® « TOTAL DOES NOT INCLUDE RECOVERY VALUE. . a NET GAIM FRAOM ALTEANATIVE TREATMENT PROCESS
e = NET INCLUDES AECOVERY VALUE. MRV « NC-FECOVERY VALUE
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Table 45
COST SUMMARY FOR LANDFILL AND ALTERNATIVE TREATMENT PROCESSES?

($/METRIC TON) (Cont.)
N SANMITARY LANOFILL CMEMICAL LANDFILL
WITHOUT vinw WITH SLUDGE
CONTAINE RIZATION CONTAINE UZATION CONTAINERIZATION ALTERNATIVE TREATMENT
WASTE PRODUCT WASTE PROOUCT WASTE PRODUCT WASTE PROOUCT
WASTE oRY WET [\ neE” WEY DAY wWET DRY .

WASTE STREAM NO. sASIS | BASIS sAsS | w8 S sasis | sass TOTAL] NET | TOTAL ner | voral® | wer®
LEAD SMELTING - 2 1042 | Ma 208 |@s0 | 2:763) 1227 | ease | 2mam2| w2 es0| 10| 2281 33e| 134 0.20°
SLUOGE
ELECTAOLYTIC ZINC " e | se 10¢ (o007 | 20100 523 | 238 | 20873 sas | 1em| 3s0°]| sexs o] 148 oze
MANUFACTURE SLUDGE
PYROMETALLURGICAL {184 2 | 2183 3w |s223 | voss| 2320 | sess | w133 M 156 | 15.44° nrs s108°| 143 €21°
INC MANUFACTURE -

SLUDGES - PRIMARY
GAS CLEANING AND
ACID PLANT
SLOWDOWN
PYROMETALLURGICAL 198 1500 | 3000 031 |won 98 101 | s34s | 10891 Lo | 1530 eAv 0 | nav 031 NRY
ZINC MANUFACTURE -
SLUDGES - RETORT
GAS SCRUBSER BLEED
ALUMINUM MANUFAC- |20 sr0 | 2z 338 |s218 | 1va.s| 2020 | s392 | 12| 2097 | 3508 18260 ne 05y | 1368 7080
TURE SCRUSDER
£ SLUOGES
N
ol ALUMINUM MANUFAC | 2t NRYV 904 083 [ mmv €14 053 | MRV 15 oss 300 | 1838 7.6 40858 | 1188 7.14°
TURE - SPENT POT-
LINERS AND
$K
ALUMINUM MANUFAC- |22 NV 3548 oas |wav 6.8 018 | NAv 21 02e | nA. | Na. 7533 | AV ose NRYV
TURE - SHOT BLAST ANO
CAST HOUSE DUSTS
PYROMETALLURGICAL k-] NAY 1008 096 NAY "0 096 MRV 1387 ».70 NA. NA. 1940 NRV S22 48 NRV
ANTIMONY MANIFAC
TURE - BLAST FURNACE
SLAG
ELECTROLYTIC 2 2100 | e300 oo |6788 | 1033| es2s | 7388 | 63| e85 | 5505 ] MRV 10815 | MRV 3870 NRY
ANTIMONY MANUFAC-
TURE - P ENT
ANOLYTE SLUDCE
TITANIUM MANUFAC- 125 1588 | WS2 oo |z | wmi2] ssye |7oss | wsss| sess | 1253 1436 ] Nm nar| 0w 1230
TURE - CHLORINATOR
CONCENSER SLUDGE
COPPER REFWNNG - o nNav 1383 an |wmv AR ¥ ) a7 | Nav 1723 603 | ua. | NA. 3786 | NARV 1328 NRY
SLAST FURNACE SLAG
LEAD REFINING -0, {28 ne | 1@ 244 17800 | :tan0] 1as |sizs | 27083 299 | 2581 WAV 36 | MRV 384 NAv
SCRUBWATER SLUDGE .
ALUMINUM REFINING - |29 1225 | 4083 106 laaso | 60| 1wss |ar00 | 15667 175 | 1630 ] wRY 5829 | NRV s NRV
SCRUSBER SLUOGE
ALUMINUM REF NING - » NRY 750 1050 MRV 130 1050 NRV 9.00 1200 HA. NA 4789 202 T4 43
MIGH SALT SLAG
a = FOR A TYPICAL PLANT. NA. = NOTAPPLICAL.E
» * TOTAL DOES NOT INCLUDE RECOVERY VALUE. e« METGAIN FROW ALTERNATIVE TREATMENT PROCESS
© = NET INCLUDES RECOVERY VALUE. NAV = MO RECOVER ¢ VALUE
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Cost Data Basc. The costs, cost factors and costing methodclogy o c o,
used to derive the capital and annual costs are documented in this section. v e
All costs are expressed in 1976 dollars. 2° ¢
(]
The following categorization is used to present the costs: .
. ”~
Capital Cost » —_—
AN
Facilities
-
Equipment by
Installation Lt
N [ ]
Contingency and Contractor's Fee
| o)
Annual Cost :
frital LoSst "
Amortization
”
Operations and Maintenance L
Operating Personnel o)
» 3 'v‘.
Repair and Maintenance '
e s ==
maleryars
T

Waste Disposal
Taxes and Insurance -
Energy »

Capital Cost. The requirements for the alternative treatment
processes cover a broad range of facilities, cquipment and activities. In
many instances, the alternative process entail the installation of a small
or moderate amount of equipment, which, it is assumed, can be incorporated
into existing plant operations. Some processes, however, require extensive
facilities and equipment equivalent to an entirely new plant. s

?
2v0-10 |

The capital cost of a new plant is based on gross equipment or
total facility costs provided by A.N. Little and firms which have constructed
similar operating facilities in recent years. An example is the Dravo-Lurgi ’
HC1 Regeneration Plant, for which the capital cost and operating requirements
were provided by the Dravo Corporation. In the cases where only gross,

>
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installed equipment cost were avaiiable, the facility costs were estimated
to be equal to the cost of the installed equipment. Such costs can vary
considerably depending on the availability of suitable buildings, access
roads, railway sidings and utilities.

Itemized costs are presented for the small and moderate-size opera-
tions. Parametric costs were developed for items which are common to many
of the alternative processes; e.g. tanks, pumps and centrifuges. These and
other equipment costs are based on vendor quotations. The parametric and
other cost-estimating relationships employed are discussed below.

Sumps. Concrete pits sized to contain a 24-hour flow of wastewater
are included with some treatment processes. In addition, concrete sludge-

holding pits are provided, generally designed to hold a 7-day supply of sludge.

The pils are constructed ot 20-centimeter (8 inch) reinforced base
slabs and 40 centimeter (16 inch) walls. A genernl cost-estimating relation-
ship was developed from a base slab cost of $20/square meter ($2/square foot)
and a wall cost of $300/cubic meter ($8/cubic foot) of concrete in place.

The costs include setup and layout, excavation, concrete, backfill and
cleanup.1

For example, the cost of a 6 cubic meter (212 square foot) pit,
measuring 3m x 2 mx I m (9.8 ft x 6.6 ft x 3.3 ft) is computer as follows:
(3 x2x $20) + (2 x3x1« 0.4 x $300) + (2x2x1x 0.4 x $300) = $1,320

Centrifugee. C(ncte, as a function of weicht of <ludcr aenarated
per day, arc chown in Uigure A-). Fuwer requirements for the size of centri-
fuges shown range from 10 to 40.0 hp. The curve given in Figure A-1 should
not be extended beyond the lowest point shown, since this point represents
the smallest sized centrifuge manufactured. Costs are based on equipment-
manufacturer quotations. Centrifuges are selected for operating 12 hours or

less per day.

Holding Tanks. Costs, based on vendor quotations, are shown in
Figure A-2, as a function of capacity for stcel and fiberglass polyester
tanks.

-

Mixing Tanks. Mixing tank costs are shown in Figure A-3. The tanks
are of steel construction and include agitators and motors. Costs are based

on a vendor quotation.

Pumps. Pump costs, including motors, are shown in Figures A-4 and
A-5 as a function of capacity expressed in liters (0.264 gal) per minute.
The types and sizes of pumps required for a particular activity can vary
widely, depending on the characteristics of the material being pumped and the
height and distance of transport. The curves in Figures A-4 and A-5 represent
costs for centrifugal and slurry pumps.
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Piping. Instalied costs of two types of pipes are shown in Table
A-1. The basic costs are incrensed by 20% to account for ancillary fittings,
such as conncctors, Ts, and valves.

Installation. Many factors can affect the cost of installing equip-
ment. These include wage rates, whether the job is performed by outside con-
tractors or regular employees, and site-dependent conditions (e.g. availability
of sufficient electrical service).

Varying installation cost factors are used, ranging from 75 to 200%
of equipment costs. For example, equipment which is delivered fully assembled,
such as centrifuges is assigned a 75% installation cost. A higher percentage
isdagplied for equipment which must be erected on-site, such as thickeners
an ilns.

Table A-1 Installad Pipe Costs

Diameter Cost/Meter

Type
Aype em

Plastic, Fiberglass Reinforced S $24
7.5 32

10 38

12 66

20 110

Steel, Black, Schedule 40, 2.5 13
Threaded S 21
7.5 36

10 48

15 98

Contingency and Contractor's Fee. This cost is computed as 20% of
the sum of the costs for facilities and equipment including installation.
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Annual Costs
Amortization

Annual depreciation and capital costs are
B(r) (1 +1)"

“A (1+1)" -1
where CA = Annual cost
B = Tnitial amount invested
T = Annual interest rate
n = Useful life in years

The computed cost is often referrcd to as the capital recovery factor. It
essentially represents the sum of the interest cost and depreciation,

An interest rate of 10% is used. The expected useful life of

facilities and equipment is 10 years.4 No residual or salvage value is assumed.

Operations and Maintenance

General. Plant operations are based on an assumed 350 days
per year,

rate of $13.50. This includes fringe benefits, overhead and supervision.
Personnel are assigned for specific activities as required.

Unerating Personnei. FPersunnel costs are based on an hourly

Repair and Maintenance. The cost of these activities is
calculated as 4% of capital costs.®

Materials. The materials employed in the pretreatment
processes and their costs are shown below. Tye costs include the basic
material price plus estimated delivery costs.<

Coke breeze * $ S0/metric ton ($ 45/s. ton)
Calcium chloride 105/metric ton ( 95/s. ton)
Chloriue 150/metric ton ( 136/s. ton)
Scrap iron 76/metric ton  { 68/s. ton)
Hydrated lime 55/metric ton ( S0/s. ton)

* Calspan estimate

A-10
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Caustic soda 210/metric ton ( 191/s. ton
Pebble lime 50/metric ton { 45/s. ton)
Sodium Sulfide 300/metric ton ( 273/s. ton)
Process water 0.08/m3 (0.30/1,000 gal)

Polyelectrolyte* $2/kg (0.90/1b)

The foll.wing material costs are used to compute the value
of recovered material. The costs exclude transportation costs.<:»

Potassium chloride $ 64/metric ton (s S8/s. ton)
Scrap copper 1,120/metric ton ( 1,020/s. ton)
Copper 1,500/metric ton ( 1,360/s. ton)
Aluminum 1,056/metric ton ( 960/s. ton)
Lead 616/metric ton { 560/s. ton)
Zinc 8l14/metric ton ( 740/s. ton)
Iron Pellets** 20/metric ton ( 18/s. ton)
Rutile** 230/metric ton ( 210/s. ton)

Waste Disposal. The sanitary and chemical landfill costs
described in Part II are used as applicable. A charge of $1/metric ton
($0.90) is used for short-haul intra-plant transport of waste that is recycled.

Taxes and Insurance. These costs are included as $5 of the

capital cost.

Energy. Electrical-costs are based on the cost per horse-
power-year computed as follows:

*

Calspan estimate
*w

Calspan estimate based on communications with operating plants.
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Where Cy = Cost - 3o ¢
HP = Total horsepower rating of motors (1 hp = 0.7457 kW) ; :
] ¢
E = Efficiency factor (0.9) ;
N
P = Pawer factor (0.9) U
A
J
. = Annuai operating hours (as applicable) n:
Ckw = Cost per kilowatt-hour of electricity ($0.03) "i
1.1 = factor used for miscellaneous heating and lighting. |}§
af
6 Steam cost is calculated at $4 per 106 Btu's: fuel cost at $Z per !
10° Btu's.? »
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ALTERNATIVES FOR HAZARDOUS WASTE MANAGEMENT
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National Technical Information Service
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