
United States Solid Waste and EPA530-R-97-036 
Environmental Protection Emergency Response NTIS: PB97-177 000 
Agency (5305W) April 1997 

&EPA Regulatory Impact 
Analysis: Application of 
Phase IV Land Disposal 
Restrictions to Newly 
Identified Mineral 
Processing Wastes 

Printed on paper that contains at lest 20 percent postconsumer fiber 



APPLICATION OF PHASE IV 

LAND DISPOSAL RESTRICTIONS 

TO NEWLY IDENTIFIED 

MINERAL PROCESSING WASTES 

REGULATORY IMPACT ANALYSIS 

OFFICE OF SOLID WASTE 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

AP~lS,1997 



50272-101 

REPORT IX>CUMENT ATION 
PAGE 

11. Report No. 
I 
I EPA530-R-97-036 

12. 
I 
I 

I' 
I 
I 

4. Title and Subtitle 

REGULATORY IMPACT ANALYSIS: APPLICATION OF THE PHASE IV LAND DISPOSAL RESTRICTIONS TO 
NEWLY IDENTIFIED MINERAL PROCESSING WASTES 

I5. Report Date 
I April 15, 1997 
16, 

I 
I 

7. Author( s) I8. Performing Organization Rcpt. No. 

I 
I 

9. Performing Organization Name and Address I 10. Project/fask/Work Unit No. 

U.S. EPA 
OFFICE OF SOLID WASTE 
401 M STREET, SW 
W ASJIINGTON, OC 20460 

12. Sponsoring Organization Name and Address 

I I 1. Contract © or Grant (G) No. 
I© 
I 
I(G) 
I 
I 
113. Type of Report & Period Covered 

I 
I TECHNICAL REPORT 

114. 

I 

15. Supplementary Notes 

16. Abstract (Limit: 200 words) 

ESTIMATES THE COSTS, ECONOMIC IMPACTS, AND BENEFITS OF THE SUPPLEMENT AL PROPOSED RULE APPL YING PHASE IV LAND DISPOSAL 
RESTRICTIONS (LOR) TO NEWLY IDENTIFIED HAZARDOUS MINERAL PROCESSING WASTES. DISCUSSES THE PROPOSED REGULATORY OPTIONS FOR 
MINERAL PROCESSING WASTES NO LONGER EXEMPT FROM SUBTITLE C REQUIREMENTS UNDER THE BEVILL EXEMPTION. ADDRESSES UNIVERSAL 
TREATMENT STANDARDS (lITS). INCLUDES METHODOLOGIES USED. 

17. Document Analysis a. Descriptors 

b. Identifiers/Open-Ended Tenns 

c. COSATl Field Group 

18. Availability Statement 

RELEASE UNLIMITED 

119. Security Class (This Report) 121. No. of Pages 
IUNCLASSIFIED I 

325
I I 
120. Security Class (This Page) I22. Price 
IUNCLASSIFIED I 

(Sec ANSl-239.18) OPTIONAL FORM 272 (4-77) 
(Formerly NTIS-35) 

http:ANSl-239.18


TABLE OF CONTENTS 

MINERAL PROCESSING WASTES FORMERLY EXEMPT . 
UNDER THE BEVILL AMENDMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Background .......................................................... , . . . . . . . 1 

1. REGULA TORY OPTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

1.1 Specific Options ....... -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

. 1.2 Discussion of Options and hnplications for the Regulatory Impact Analysis . . . 7 

2. DEFINING THE VNNERSE AND ESTIMATING WASTE VOLUMES . . . . . . . . . . 9 

3. COST AND ECONOMIC IMPACTS OF THE RULE . . . . . . . . . . . . . . . . . . . . . . . . . 10 

3.1 Methods ....................·............ _....................... 10. 

3.1.1 Waste Management Assumptions .....•...................... 12 

3.1.2 Cost Modeling Assumptions : ............................... 15 

3.1.3 Economic Impact Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

3.2 Results ............_.............._.............................. 21 

3.2.1 Cost Analysis Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

3.2.2 Economic Impact Analysis Results ........................... 28 

4. BENEFITS ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

4.1 Risk and Benefits Assessments Methodologies ......... '. . . . . . . . . . . . . . . . 43. 

4.1.1 Overview of Risk and Benefits Assessment Activities . . . • . . . . . . . . . 43 

4.1.2 Risk and Benefits Assessment Methods for Nonrecycled Materials . . 45 

4.1.3 Risk and Benefits Assessment Methods for the Storage of Recycled 
Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

4.2 Risk and Benefits Assessment Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

4.2.1 Risks and Benefits Associated With the Disposal of Mineral Processing 
Wastes ........ ~ ......................................... 49. 

April 15, 1997 



11 

TABLE OF CONTENTS (continued) 

4.2.2 Risk Assessment Results for Recycled Materials Storage: Groundwater 
Pathway ..... •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

4.2.3 Potential Benefits From Control of Stored Materials: Groundwater 
Pathway ................................................ 55 

4.2.4 Risk Assessment Results for Storage of Recycled Materials: Non-
Groundwater Pathways ................. ; . . . . . . . . . . . . . . . . . . . 60 

4.2.5 Potential Health Benefits from Regulation of Storage of Recycled 
Materials: Non-Groundwater Pathways ......... : . . . . . . . . . . . . . . 64 

4.3 Uncertainties and Limitations in the Risk and Benefits Assessment for the 
Modified Prior Treatment Baseline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

5. Other Administrative Requirements ........................................ 68 

6. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

6.1 The Affected Universe ................. '. . . . . . . . . . . . . . . . . . . . . . . . . . 69 

6.2 Cost and Economic Impacts of the Rule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 · 

6.3 Health Benefits of the P-roposed LDR ................................. 71 

APPENDIX A: ANALYSIS OF OPTIONS UNDER ALTERNATIVE BASELINES 

APPENDIXB: SUMMARY OF MINERAL PROCESSING FACILITIES PRODUCING 
HAZARDOUS WASTE STREAMS 

APPENDIXC: MINERAL PROCESSING WASTE TREATMENT AND DISPOSAL COSTS: 
LOW-COST ANALYSIS 

APPENDIXD: DEVELOPMENT OF COSTING FUNCTIONS 

APPENDIXE: TYPE OF UNIT RECEIVING RECYCLED MATERIAL 

APPENDIXF: EXPLANATION OF COST MODELING CALCULATIONS 

APPENDIXG: MINERAL PROCESSING COST MODEL EXAMPLE CALCULATION: 
TITANIUM AND TITANIUM DIOXIDE SECTOR 

APPENDIXH: RISK AND BENEFITS ASSESSMENT FOR THE STORAGE OF RECYCLED 
MATERIALS 

. April 15, 1997 



iii 

TABLE OF CONTENTS (continued) 

APPENDIX I: METHODOLOGY 

APPENDIXJ: CONSTITUENT CONCENTRATION DATA FOR RECYCLED MATERIALS 

April 15, 1997 



MINERAL PROCESSING WASTES FORMERLY EXEMPT 
UNDER THE BEVILL AMENDMENT 

This regulatory impact analysis (RIA) estimates the costs, economic impacts, and benefits of the 
supplemental proposed rule applying Phase IV Land Disposal Restrictions (LDRs) to newly identified 
hazardous mineral processing wastes. Today's proposal modifies potential waste management 
requirements that were originally proposed on January 25, 1996 (61 FR 2338). 

In today's notice, EPA is proposing standards"for mineral processing wastes no longer exempt 
from Subtitle C requirements under the Bevill exemption. Under the provisions of today's proposal, 
previously exempt Bevill mineral processing wastes destined for disposal would need to be treated to meet 
RCRA Universal Treatment Standards (UTS) before management or disposal in a land-based U}lit. At the 
same time, however, operators could reclaim hazardous mineral processing residues and store them in 
non-land based units prior to reclamation without complying with full Subtitle C requirements, under 
certain specified conditions. · 

Background 

This component of the Phase IV Land Disposal Restrictions rule is one in a series ofregulations 
that restricts the continued land disposal of hazardous wastes under the 1984 Hazardous and Solid Waste 
Amendments (HSW A) to the Resource Conservation and Recovery Act (RCRA)a At the time HSW A was 
enacted, EPA was required to promulgate treatment and disposal standards by May 8, 1990 for wastes 
already identified or listed as hazardous. EPA completed development of treatment standards and waste 
management practices for these wastes in 1990. EPA also is required to develop treatment standards for 
wastes subsequently identified or listed as hazardous. EPA is addressing these "newly identified" wastes 
in several "phases." EPA has finalized rules for three phases and proposed the Phase IV rule in two parts 
in August 1995 and January 1996. 

Under the provisions of the Mining Waste Exclusion of RCRA, solid waste from the extraction, 
beneficiation, and processing of ores and minerals is exempt from regulation as hazardous waste under 
Subtitle C of RCRA, as amended. The Mining Waste Exclusion was established in response to the so
called "Bevill Amendment," which was added in the 1980 Solid Waste Disposal· Act Amendments. The 
Bevill Amendment precluded EPA from regulating these wastes until the Agency performed a study and 
submitted a Report to Congress. Following a process of litigation and rulemakings that took place over 
several years, the Agency promulgated final rules on September 1, 1989 (54 FR 36592) and January 23, 
1990 (55 FR 2322) establishing that only 20 specific mineral processing wastes fulfilled the newly 
promulgated special wastes criteria; all other mineral processing wastes were removed from the Mining 
Waste Exclusion. 

These newly identified non-exempt wastes have the same regulatory status as any other industrial 
solid waste. Thus, if they exhibit characteristics of hazardous waste or are listed as hazardous wastes, they 
must be managed in accordance with RCRA Subtitle C or equivalent state standards. Existing waste 
characterization data suggest that many of these wastes may exhibit the characteristic of toxicity for metals 
(waste codes D004-D0I 1), corrosivity (D002), and/or reactivity (D003). 

April 15; 1997 

\ 



- 2 -

EPA considers these wastes to be "newly identified" because they were brought into the RCRA 
Subtitle C system after the date of enactment of the HSW A on November 8, 1984. EPA did not include 
the newly identified wastes within the scope of the LDRs for Subtitle C characteristic hazardous wastes 
published in June 1990, deciding instead to promulgate additional treatment standards (Best Demonstrated 
Available Technology, or BDAT) in several phases. At the time, EPA had not performed the technical 
analyses necessary to determine whether the treatment standards being promulgated for characteristic 
hazardous wastes were feasible for the newly non-exempt mineral processing wastes. In addition, the list 
of non-exempt wastes was not yet final, because the regulatory determination for the 20 wastes studied in 
the 1990 Report to Congress had not yet been promulgated. The boundaries of the Exclusion have now 
been firmly established, and the Agency is ready to characterize and establish treatment standards for all 
newly identified hazardous mineral processing wastes. 

Today's rule contains elements that are related to non-HSWA provisions of the statute (e.g., the 
conditional exclusion from the definition of solid waste for s_torage of mineral processing residues). as well 
as elements that are related to HSW A provisions (the proposed universal treatment standards for land 
disposed mineral processing wastes). The definition of solid waste provisions of this rule are not being 
promulgated pursuant to HSW A. Thus, these federal requirements will take effect only in states that do 
not have final RCRA authorization. In contrast, the universal treatment standards for land disposed 
mineral processing wastes are being promulgated pursuant to HSW A. Therefore, these treatment standard 
provisions will take effect in all states upon the effective date of the rule regardless of final authorization 
status. 

1. REGULATORY OPTIONS 

- This section presents the options that EPA is considering for applying LDR standards to newly 
identified hazardous mineral processing wastes. All of these options are examined in depth in this 
Regulatory Impact Analysis, and have been selected for analysis because they reflect the views of various 
interested parties and will enable EPA to effectively solicit public comment on appropriate management 
standards for the subject wastes. Section 1.1 summarizes the key features of each option. Section 1.2 
discusses their implications for the RIA. 

1.1 · Specific Options 

Summarized below are the four options that are the focus of analysis in this RIA. In addition to 
. the option-specific details outlined below, several of the options share the following common features: 

• · In all four options, mineral processing wastes being disposed must be treated to 
UTS levels prior to disposal in Subtitle D disposal units; 

• Operators of facilities that generate and manage hazardous mineral processing 
wastes must comply with simplified recordkeeping and reporting requirements 
under all four options; 

• Secondary mineral processing materials destined for recycling may be stored for 
up to one year under all four options; and 

• Recycling of non-mineral processing materials outside of RCRA Subtitle C 
jurisdiction is prohibited, i.e., the conditional exclusions for certain activities 
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provided in Options 2, 3, and 4 (as described below) are available only for 
mineral processing residues. 

Option 1 •· Subtitle C Jurisdiction 

Option 1 represents a comprehensive approach for ensuring that land storage of secondary 
materials destined for reprocessing does not contribute to the "waste management problem" and that 
recycling claims by the mineral processing industry ate legitimate and not simply a mechanism for 
disposal of mineral processing wastes outside RCRA Subtitle C jurisdiction. This option is similar to the 
first option in the January 1996 supplemental proposal, though it now restricts reintroduction of mineral 
processing secondary materials into beneficiation or Bevill process units. The option consists of the 
following features: 

1. Subtitle C jurisdiction would be extended to cover characteristic sludges and by
products, even w_he_n these materials are reclaimed; i.e., these materials would be 
considered solid wastes and thus subject to RCRA jurisdiction in the same 
manner that spent materials are currently classified. 

2. Storage on land of secondary materials destined for recycling or reprocessing 
would not be permitted for materials generated a rates of less than 45,000 metric 
tons of solids or one million metric tons of liquids per year. 

3. If materials are stored on land, the land-based storage units must not contribute to 
significant groundwater contamination through discard. This condition might be 
met in _one of three ways: 1 

• The facility operator demonstrates that he/she is not polluting 
groundwater at levels exceeding the Maximum Contaminant Level 
(MCL) for any hazardous constituent likely to be in the secondary 
materials stored (i.e., the toxic metals listed in Appendix Vill of Part 261 
and cyanide). The demonstration would be made by means of 
groundwater monitoring. If a release were detected that exceeded MCLs, 
unit-specific corrective action would be required. 

• The unit storing the materials is designed in a manner that obviates the 
need for a demonstration that MCLs are not being exceeded. 
Specifically, surface impoundment units would need to be constructed to 
have the transmissivity equivalent of a 40 mil geomembrane liner on a 
surface of 12 inches of 10·5 cm/sec hydraulic conductivity soil. Storage 
of solids in piles located on concrete, asphalt, or soil with ·the 

1 Note that for the purposes of this RIA, EPA has modeled only the cost ·of complying with the second 
of the three alternative conditions (i.e., installation of liners). Throughout the RIA, the Agency has 
assumed that operators will choose the least-cost option for compliance, and upon consideration, has 
determined that installing liners in previously unlined land-based units is likely to be the least-cost means 
for most operators to continue storing secondary materials on land. Installing liners obviates the need to 
implement groundwater monitoring and allows the operator to avoid triggering corrective action 
requirements. 
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transmissivity equivalent of three feet of clay with 10·7 cm/sec hydraulic 
conductivity also would be pennitted. · 

• The facility obtains a detennination from an authorized state or (in 
unauthorized states) from the Regional Administrator, that a management 
practice or alternative design provides adequate assurance that the unit 
provides effective containment and will not become part of the waste 
disposal problem through discard. 

4. All non-land based storage units (i.e., tanks, containers, and containment 
buildings (TCBs)) must meet applicable 40 CFR Part 265 standards (standards for 
interim status facilities). 

5. Facility owners and operators would have to demonstrate that legitimate recycling 
is occurring at the facility in the following two ways: 

• Demonstrate that the recycled secondary material complies with a 
. quantitative minimum material content standard; or 

• Demonstrate that hazardous constituents different from those nonnally 
found in customarily used raw materials are not present in secondary 
materials, thereby precluding the presence of "toxics along for the ride" 
or"TAR." 

Facilities that fail to meet conditions for legitimate recycling would be subject to 
Subtitle C treatment and storage permitting, along with associated financial 
responsibility and facility-wide corrective action requirements. 

6. Hazardous mineral processing residues could not be recycled to primary 
beneficiation operations/units or Bevill process units without loss of the Bevill 
exempt status of any beneficiation or other special wastes generated by such units. 
That is, these operations would become regulated Subtitle C units and resulting 
wastes from these units would lose their Bevill status when mineral processing 
residues were mixed. with ores, minerals, or beneficiated ores or minerals. 

Option 2 -- Conditional Exemption from RCRA Jurisdiction (But Including Bevill Unit 
Recycling Prohibition) 

Option 2 represents an attempt to both (1) stimulate greater resource recovery in the minerals 
industry by not classifying recoverable mineral processing residuals as wastes if they are recovered in 
process units, and (2) ensure that appropriate waste treatment standards and technologies are applied to 
hazardous mineral processing wastes destined for land disposal, thereby protecting human health and the 
environment. This option is new (i.e., it was not included in the January 1996 proposed rule). It differs 
from Option 1 in two ways: Option 2 does not include a legitimacy test for recycled materials, and it 
allows storage in tanks, containers, and buildings that do not meet RCRA part 265 subpart I, J, and DD 
standards. The option consists of the following features: 

1. A conditional exclusion from the definition of solid waste would apply to non
exempt mineral processing residues stored in tanks, containers, or buildings 
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(TCBs) prior to reinsertion into a mineral processing production unit. TCBs 
would not be required to meet any additional design requirements to be eligible 
for the conditional exclusion. 

2. Storage on land of secondary materials destined for recycling or reprocessing 
would not be permitted for materials generated at rates less than 45,000 metric 
tons of solids or one million metric tons of liquids per year. 

3. If materials are stored on land, the land-based storage units must not contribute to 
significant groundwater contamination through discard. This condition might be 
met in one of three ways:2 

• The facility operator demonstrates that he/she is not polluting 
groundwater at levels exceeding the Maximum Contaminant Level 
(MCL) for any hazardous constituent likely to be in the secondary 
materials stored (i.e., the toxic metals listed in Appendix VIII of Part 261 
and cyanide). The demonstration would be made by means of 
groundwater monitoring. If a release were detected that exceeded MCLs, 
unit-specific corrective action would be required. 

• The unit storing the materials is designed in a manner thatobviates the 
need for a demonstration that MCLs are not being exceeded. 
Specifically, surface impoundment units would need to be constructed to 
have the transmissivity equivalent of a 40 mil geomembrane liner on a 
surface of 12 inches of 10·5 cm/sec hydraulic conductivity soil. Storage 
of solids in piles located on concrete, asphalt, or soil with the 
transmissivity equivalent of three feet of clay with 10·7 cm/sec hydraulic 
conductivity also wo.uld be permitted. 

• The facility obtains a determination from an authorized state or (in 
unauthorized states) from the Regional Administrator, that a management 
practice or alternative design provides adequate assurance that the unit 
provides effective containment and will not become part of the waste 
disposal problem through discard. 

4. Hazardous mineral processing residues could not be recycled to primary 
beneficiation operations/units or Bevill process units without loss of the Bevill 
status of any beneficiation or other special wastes generated by such units. That 
is, these operations would become regulated Subtitle G qnits and resulting wastes 
from these units would lose their Bevill status when mine~ processing residues 
were mixed with ores, minerals, or beneficiated ores or minerals. 

2 See previous footnote. 
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Option 3 -- Conditional Exclusion from RCRA Jurisdiction (Excluding Bevill Unit 
Recycling Prohibition) 

Option 3 includes all of the Option 2 provisions, with one significant exception. The prohibition 
on recycling hazardous mineral processing residues through beneficiation or Bevill process units (the last 
feature listed in Option 2) would not apply. This option includes the following features: 

1. · A conditional exclusic;m from the definition of solid waste would apply to non-
exempt mineral processing residues stored in tanks, containers, or buildings 
(TCBs) prior to reinsertion into a mineral processing production unit. TCBs 
would not be required to meet any additional design requirements to be eligible 
for the conditional exclusion. 

2. Storage on land of secondary materials destined for recycling or reprocessing 
would not be permitted for materials generated at rates less than 45,000 metric 
tons of solids or one million metric tons of liquids per year. 

3. If materials are stored on land, the land-based storage units must not contribute to 
significant groundwater contamination through discard. This condition might be 
met in one of three ways:3 

• The facility operator demonstrates that he/she is not polluting 
groundwater at levels exceeding the Maximum Contaminant Level 
(MCL) for any hazardous cons~tµent likely to be in the secondary 
materials stored (i.e., the toxic tne1als listed in Appendix VIII of Part 261 
and cyanide). The demonstration would be made by means of 
groundwater monitoring. If a release were detected that exceeded MCLs, 
unit-specific corrective action would be required. 

• The unit storing the materials is designed in a manner that obviates the 
need for a demonstration that MCLs are not being exceeded. 
Specifically, surface impoundment units woul4 need to be constructed to 
have the transmissivity equivalent of a 40 mil geomembrane liner on a 
surface of 12 inches of 10·5 cm/sec hydraulic conductivity soil. Storage 
of solids in piles located on concrete, asphalt, or soil with the 
transmissivity equivalent of three feet of clay with 10·7 cm/sec hydraulic 
conductivity also would be permitted. 

• The facility obtains a determination from an authorized state or (in 
unauthorized states) from the Regional Administrator, that a management 
practice or alternative design provides adequate assurance that the unit 
provides effective containment and will not become part of the waste 
disposal problem through discard. 

3 See footnote 1. 

April 15, 1997 



- 7 -

Option 4 •· Unconditional Exclusion from RCRA Jurisdiction 

This option is based on approaches advanced by the mineral processing industry and would 
maximize the ability of industry to recycle secondary materials without triggering any additional 
requirements. This option was included as Option 3 in the January 1996 proposal. This option includes 
the following features: · 

I. All outputs from mineral processing facilities would be unconditionally excluded 
from RCRA jurisdiction regardless of how the materials are stored. 
Consequently, there would be no special requirements for any type of unit storing 
secondary materials. 

2. Facility operators would not be required to comply with a legitimacy test for 
mineral processing residues being recycled. 

3. Hazardous mineral processing residues could be recycled to primary beneficiation 
operations/units without risk to the Bevill status of any beneficiation wastes 
generated by such units. These residues would not be required to meet a 
"significantly affected" test. 

1.2 Discussion of Options and Implications for the Regulatory Impact Analysis 

The Agency has performed a detailed analysis of each of the four options described above, 
assuming each of three alternative baselines. The baseline discussed in the remainder of this RIA is the 
one the Agency believes best reflects actual operator behavior. EPA refers to this baseline as the 
"modified prior treatment" baseline (because it is a variation on the "prior treatment baseline", one of the 
two baselines modeled in the December 1995 RIA). A description of the assumptions underlying the 
alternative baselines (prior treatment and no prior treatment), and the resulting costs and impacts can be 
found in Appendix A. 

The modified prior treatment baseline assumes that all generators of hazardous mineral processing 
wastes currently dispose those wastes in compliance with Subtitle C treatment standards (except for 
LDRs). The least-cost method for attaining compliance for most operators would be to lime neutralize 
and/or cement-stabilize. their waste(s) to remove the hazardous characteristic(s).4 Because this method also 
would be used to achieve UTS, there would be essentially no new treatment required upon promulgation 
of the LDRs, and hence, no costs or benefits associated with the LDR portion of the rule. The baseline 
also allows for consideration of apparent confusion within the regulated community as to requirements 
that currently apply to their mineral processing operations. Operators are assumed to temporarily store· 
characteristic spent materials in unlined land-based units prior to reinsertion into a mineral processing 
production unit. This alternative reflects the Agency's belief that some operators do not clearly understand 
the Subtitle C regulations that apply to their secondary materials, i.e., that spent materials intended for 
recycling are not currently excluded from Subtitle C regulation. 

4 As discussed in Section 2 below, the vast majority of hazardous mineral processing wastes exhibit the· 
characteristics of corrosivity and/or toxicity. EPA has shown that cement stabilization (in some cases 

· preceded by neutralization), which is the basis for the UTS standards, is an effective treatment technology . 
for removing ·these hazardous waste characteristics. 
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Generally, the Agency believes that the four options described above characterize the range of 
alternatives available for addressing storage of secondary materials intended for reinsertion into mineral 
production processes, in terms of the trade-offs among costs, economic impacts, and benefits. Costs to 
industry would be highest under Option 1, which would impose a number of additional requirements on 
facilities recycling secondary materials, while potential benefits in terms of environmental protection could 
be greater under Option 1 than under the other three options. At the same tiine, the restriction against 
recycling secondary material through beneficiation or Bevill units, legitimacy tests,.and storage unit 
standards may serve as a disincentive to recycling, thus discouraging the reuse of these materials at 
mineral processing facilities. -

Option 2 would impose costs similar to Option 1, driven primarily by the prohibition against 
recycling secondary materials to beneficiation or Bevill process units. Two factors make this option 
slightly less expensive than Option 1: the absence of a legitimacy test for recycling materials through 
mineral processing units; and the provision allowing storage of secondary materials in non-RCRA tanks~ 
containers, and buildings prior to recycling. As a result of these two factors, Option 2 may be seen as 
slightly less protective of the environment (i.e., because the possibility of "sham recycling" exists and 
because storage units, though generally assumed to be sturdy, would not have secondary containment). 
This option would create a mild disincentive for recycling material through non-Bevill units. 

One additional feature of Options 1 and 2 is worthy of more extensive discussion. Either of these. 
options, if promulgated, would not only prohibit the reintroduction of hazardous mineral processing 
wastes into production units that generate Bevill wastes, they also would remove the special waste status 
of all extraction, beneficiation, and processing wastes that are generated by units that receive any other 
non-Bevill waste streams, irrespective of their hazard characteristics. EPA believes that the effect of this 
new, broad-spectrum regulatory control would be that facility operators would cease the practice of 
reinserting secondary materials, of any kind, into Bevill production units. Given the substantial degree of 
material recycling and resource recovery conducted within the primary minerals industry, adopti~n of 
Options 1 or 2 might therefore impose profounq effects on the materials handling and production 
processes in use within this industry. Indeed, one result might be that resource recovery would decline in 
parallel with a significant increase in the quantities of solid and hazardous wastes generated at mineral 
production facilities. · 

In addition, several other industries that send secondary materials to Bevill production units could 
also be affected under Options 1 and 2. Prominent examples of non-mineral processing secondary 
materials that are recovered in Bevill units by mineral processors include F006 (wastewater treatment 
sludge from electroplating operations), foundry sands, cathode ray tubes, and circuit boards. EPA has not 
attempted to quantify the magnitude or distribution·of any potential operational, financial, or 
environmental impacts associated with the prohibition against recycling any non-Bevill waste stream 
through Bevill production units, due to a lack of sufficient data. Nonetheless, the Agency believes that the 
logistical and financial impacts on the facility operator associated with enactment of either of these options 
might be severe in spme cases . 

. Option 3 is the ieast expensive non-land based storage option considered. As stated earlier, the 
only difference between Option 3 and Option 2 is that Option 3 does not prohibit recycling through 
beneficiation or Bevill process units. As a result, although it may impose a slight disincentive to 
recycling, Option 3 is protective of the environment. without interfering excessively with resource 
recovery. 

. , 
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Option 4 would impose no additional requirements for management of secondary materials to be 
recycled, regardless of where they are stored. Consequently, this option represents the least cost approach 
for industry and may provide greater incentives for materials reuse than the other three options. At the 
same time, this option does little to ensure that recycling is legitimate and also does not impose any 
standard to ensure that land-based storage of materials prior to reinsertion into the process does not result 
in releases that contribute to the "waste management problem." This option, therefore, could be expected 
to result in greater releases of hazardous constituents to the environment and greater human exposure to 
those constituents. 

2. DEFINING THE UNIVERSE AND ESTIMATING WASTE VOLUMES 

EPA developed a step-wise methodology for both defining the universe of mineral processing 
sectors, facilities, and waste streams potentially affected by the Phase IV Land Disposal Restrictions and 
estimating the volumes of wastes potentially affected under the various implementation options being 
considered by the Agency. The Agency's methodology began with the broadest possible scope of inquiry 
in order to ensure that EPA captured all of the potentially affected mineral commodity sectors and waste 
streams.5 The Agency then narrowed the focus of its data gathering and analysis as it completed each 
subsequent step. This Six-step methodology is described in detail in the Appendix I. 

The Agency's data sets and underlying mineral commodity sector reports were made available to 
the regulated community during the comment period following the January 1996 proposal. In some cases, 
reviewers supplied the Agency with additional or more current information about a particular commodity 
sector. Where appropriate, EPA has revised the sector reports and incorporated new information irito its 
analysis. In addition, since the rule was proposed·in January 1996, EPA has obtained other information 
that it has used t<;> update some of the sector reports. This information also has been incorporated into the 
analysis presented in this RIA. 

EPA has developed a bounded cost analysis, providing an expected cost (expected value case), as 
well as a lower bound cost (minimum value case), and an upper bound cqst (maximum value case) for 
each of the options considered. EPA used two factors, uncertainty about generation rate and uncertainty 
about hazardous characteristics, to develop these three cost cases. All other steps in the cost modeling 
process are applied consistently across the three cost cases. 

As in the December 1995 RIA, EPA began with the three estimates of generation rates potentially 
· affected by this rulemaking for every waste stream: a minimum generation rate, an expected generation 
rate, and a maximum generation rate. In some cases, there is no variation iffthe three estimates because 

· the generation rate of the stream was known (e.g., it was reported in literature). For a number of these 
waste streams EPA also lacked data about hazardous characteristics. To address these uncertainties, EPA 
weighted the volume.estimates for each waste stream to account for the degree of certainty that the 
particular waste stream exhibited one or more of the RCRA hazardous waste characteristics. As shown in 
Exhibit 2-1, 100 percent of each waste stream known to be hazardous was included in the minimum, 
expected, and maximum value scenarios. For streams that were only suspected of being hazardous, 
however, none, 50 percent and 100 percent of the generation rate is included in the minimum, expected,, 
and maximum value case. That is, the generation rate in each of the cost scenarios was multiplied by a 
percentage considered to be hazardous in this analysis, based on the certainty that the wastestream is 
hazardous. The remaining "nonhazardous" portion drops out of the analysis. Exhibit 2-2 presents the 

5 Appendix B lists the mineral processing facilities affected by this rulemaking. 
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average facility levels of waste assumed to be "hazardous" in each sector, for the minimum, expected, and 
maximum value cases. 

Exhibit2-1 

Portion of Waste Stream Considered to Be Hazardous 
(in Percent) 

Hazard Characteristic(s) 

Costing Scenario y Y? 

Minimum 100 0 

Expected 100 50 

Maximum 100 100 

Notes: 
y means that EPA has actual analytical data demonstrating that the waste exhibits one or 

more of the RCRA hazardous waste characteristics. · 

Y? means that EPA, based on professional judgment, believes that the waste may exhibit 
one or more of the RCRA hazardous waste characteristics. 

3. COST AND ECONOMIC IMPACTS OF THE RULE 

This section presents the methodology and results of EPA's analysis of the cost and economic 
impacts arising from today's proposed rule. Section 3.1 begins by describing the methods employed to 
determine the costs of complying with the four options described above and to compute the screening-level 
economic impact measures employed in this analysis. Section 3.2 presents and describes the results of the 
analysis. 

3.1 Methods 

This section describes the methodology used to·calculate the costs and impacts of managing the 
affected mineral processing wastes under each of the four regulatory options. The basic analytical 
construct used throughout this analysis is that facility operators will choose the least-cost option that 
complies with the law. For today's proposal the Agency has conducted a dynamic analysis of shifts in 
recycling that models shifts in types or quantities of mineral processing residues between 
treatment/disposal and storage/recycling/reclamation.6 For Options 1, 2, and 3 the analysis examines 
various shifts that may diminish recycling, while for Option 4 the analysis assumes no change in recycling. 

To analyz.e each option, EPA employed a number of steps and assumptions, some of which exert a 
major influence on the results obtained. The following sub-sections discuss these major analytical steps. 

6 In contrast, data limitations did not allow the Agency to COl)duct analysis of potential shifts in 
recycling for the RIA that accompanied the January 1996 proposal . 
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Exhibit 2-2 

Average Facility Waste Type Input Data 

,!JI-· -\0 
\0 
,-.J 

Commodity 

Alumina and Aluminum 

Antimonv 

Bervlllum 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Cnnner 

Elemental Phosohorus 

Fluorsoar and Hvdrolluorlc Acid 

Gennanlum 

Lead· 

Maoneslum and Maanesla from Brines 

Mercurv 

Motutvtenum Ferromolulvlenum and Ammonium Molvbdate 

Platinum Grouo Metals 

Pvmhitumens Mineral Waxes and Natural Asohalls 

Rare Earths 

Rhenium 

Scandium 

Selenlum 

Svnthetic Rutile 

Tantalum Columblum and Ferrocolumblum 

Tellurium 

Titanium and Titanium Dioxide 

Tunasten 

Uranium 

Zinc 

Zirconium and Hafnium 

Minimum Cost Scenario Expected Cost Scenario Maximum Cost Scenario 

Number Waste 1 • 10o/o Number Waste 1-10% Number Waste 1-10% 

of Water Sollds Sollds of Water ·sollds Solids of Water Solids Solids 

Facllltles (ml/vr) (ml/vr) iml/vr) Facllltles (mt/vr) (mt/vr) (mt/vr) Facllltles (ml/vr) (ml/vrl (ml/vrl 

23.0 . . 3330 23.0 . . 3330 23.0 .. . 3330 

6.0 53 . 3532 6.0 4500 . 3532 6.0 9000 . 3532 

2.0 100 . 100 2.0 50000 . 23000 2.0 000000 .. 45000 

1.0 200 200 3300 1.0 12300 12 200 10020 1.0 · 24 200 24000 25200 

2.0 285 190 570 2.0 2850 . - 1900 5700 2:0 28500 19000 57000 

1.0 . . 40 1.0 . . 40 1.0 . . 40 
. . . . . . . . 1.0 . 65000 . 

10.0 . 530000 600 10.0 . 530000 600 10.0 . 530000 600 

2.0 560000 2000 230 2.0 560000 2000 230 2:0 560000 2000 230 
. . . . 3.0 5000 . . 3.0 15000 . . -. 4.0 200 . 10 4.0 1100 . 161 4.0 2000 . 302 ..... 

4.0 880000 . 100770 4.0 880000 . 123 345 4.0 880000 . 53095 

2.0 . . 13 038 2.0 . . 13380 2.0 . . 16800 

7.0 9000 . 12 7.0 11 000 . 12 7.0 60000 . 12 

11.0 91 . 100 11.0 91 . 23000 11.0 91 . 45000 

3.0 200 . 2 3.0 1140 . 15 3.0 2000 . · 150 

2.0 1 . 1 2.0 5000 . 23000 2.0 10000 . 45000 

1.0 21 200 . 170 1.0 021 000 . 3000 1.0 021000 . 11 500 

2.0 . . 44000 2.0 50 . 44000 2.0 100 . 44000 

7.0 200 . . 7.0 1120 . . 7.0 2000 . . 
"3.0 22000 . 68 3.0 22000 . 680 3.0 22000 . 6800 

1.0 30000 . 75000 1.0 30000 . 75000 1.0 30000 . 75000 

2:0 . 75000 1500 2.0 . 75000 1 500 2.0 . 75000 1500 

2.0 200 . 200 2.0 11000 . 2000 2.0 30000 . 9000 

7.0 55289 . 65114 7.0 75876 . 68243 7.0 96289 . 71 671 

6.0 370 . .. 6.0 730 . . 6.0 5000 . . 
17.0 300 . 100 17.0 1 250 . 650 17.0 2200 . 1 200 
3.0 3 243 417 . 16600 3.0 ~.243417 . 16600 3.0 1.243417 . 16600 
2.0 17100 . . 2.0 521 000 . . 2.0 b 256000 . . 
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3.1.1 Waste Management Assumptions 

The costs imposed by a particular regulatory option are measured as the difference in cost between 
the current, or baseline, management practices and the lowest-cost alternative practice allowed under the 
option. In this analysis, therefore, EPA identified what it believes to be the current management practices 
that are applied to the waste streams of interest and then determined the costs of these practices. These 
baseline costs are then subtracted from the costs of complying with the least-cost management practice 
allowed under each of the four options. Exhibit 3-1 summarizes the pre- and post-rule behavior that is 
discussed in more detail below: 

Exhibit 3-1 

Assumed Management Practices 

Baseline or Secondary Materials Recycled Secondary Materials Recycled 
Wasted Portion 

Option · through Bevill Units through Processing units 

Baseline Treated to TC levels, Stored in unlined land-based units Stored in unlined land-based units 
disposed 

Option 1 Treated to UTS levels, No longer recycled, now treated to Stored in RCRA tanks, containers, 
disposed UTS levels and disposed and buildings (must pass 

legitimacy test) 

Option 2 Treated to UTS levels, No longer recycled, now treated to Stored in tanks, containers, and 
disposed UTS levels and disposed buildings 

Option 3 Treated to UTS levels, Stored in tanks, containers, and Stored in tanks, containers, and 
disposed buildings buildings 

Option 4 Treated to UTS levels, Stored in unlined units Stored in unlined units 
disposed -· 

Pre-LDR Behavior (Baseline) 

In the baseline, operators are assumed to be in full compliance with RCRA Subtitle C 
requirements (but not LDRs) for managing waste materials. The baseline assumes that the operator has 

· chosen the least-cost option for compliance with these requirements: corrosive and/or TC toxic 
wastewaters and slurries are treated (generally with lime) in tanks; and TC toxic solids, sludges, and other 
materials are cement stabilized within 90 days of being generated, and disposed (generally on site) in a 
Subtitle D unit.7 Fundamentally, these assumptions are based upon the feasibility of mineral processing 
residue treatment by lime neutralization for wastewaters and slurries and cement stabilization for sludges · 
and solids. These methods, along with high temperature· metals recovery (HTMR), are part of the basis for 
the UTS standards. · 

7 To comply with current regulations, facility operators also could dispose of these wastes in aSubtitle 
C permitted landfill. Appendix C presents a break-even analysis showing that treatment and Subtitle D 
disposal is les·s expensive than Subtitle C disposal without treatment, in most cases. 
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A point of further interest and critical importance to the analysis presented below is the fact that 
the very same technologies can be used to treat wastes to the point of removing the hazardous 
characteristic(s) and to meet the UTS standards; the difference between achieving removal of the 
hazardous characteristic and the UTS standards is simply one of degree. Since the January 1996 
supplemental proposed rule, EPA received numerous comments on the use of existing UTS levels for 
mineral processing wastes. These comments suggested that some of the existing UTS levels were 
inappropriate for mineral processing wastes. In response to these comments, the Agency analyzed 
additional stabilization data provided by the commenters and, in light of this new information, is proposing 
revised UTS levels for mineral processing wastes. Exhibit 3-2 presents the TC levels, existing UTS levels, 
and revised UTS levels. Based on the revised levels, EPA believes that mineral processing facilities 
treating wastes using cement stabilization will not incur any additional costs in order to achieve UTS 
levels. 

Exhibit 3-2 
~xisting and Revised UTS Levels 

(Nonwastewater Metals) 

Waste Code Constituent TC Existing Proposed 
Level UTS UTS 
(mg/I) level Level 

(me/l TCLP) (Revised) 

D004 Arsenic 5.0 5.0 5.0 

D005 Barium 100. 7.6 21 

.. 
D006 Cadmium 1.0 0.19 0.20 

D007 Chromium 5.0 0.86 0.85 

D008 Lead 5.0 0.37 0.75 

D009 Mercury- 0.20 0.20 0.20 
Retort residue 

D009 Mercury- .2 0.025 .025 
all others 

D010 Selenium 1.0 0.16 5.7 

D011 Silver 5.0 0.30 0.11 

--- Antimony --- 2.1 0.07 
l 

---- Beryllium - 0.014 0.02 

------ Nickel -- 5.0 13.6 

----·- Thallium - 0.D78 0.20 

----- Vanadium -- 0.23 1.6 

---·- Zinc -- 5.3 4.3 

In the baseline, all secondary.materials destined for recycling, including spent materials, are 
assumed to be stored in unlined, land~based units for some period of time prior to reinsertion into the 

April 15, 1997 
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process. This assumption reflects apparent confusion in the regulated community concerning the status of 
spent materials, and the proper methods for storing them prior to disposal or reuse.8 (Because sludges and 
by-products that are reclaimed are not solid wastes, and hence, not hazardous wastes, there are currently 
no standards regulating storage units for sludges and by-products.) 

Post-Rule Compliance Behavior 

To determine the incremental impact of the Phase N LDR standards, EPA first predicted cost
minimizing behavior by affected facility operators that would be in compliance with the provisions of each 
option analyzed. 

Under Option 1, facility operators are expected to move material destined for recycling from 
unlined land-based storage units to TCBs that meet Subtitle C standards,9 provided these materials are not 
recycled through a beneficiation or other Bevill process unit. These materials could be stored in TCBs for 
up to one year in the absence of a RCRA Subtitle C permit. 10 EPA assumes facility operators will stop 
recycling materials through beneficfation or Bevill process units rather than lose the Bevill exempt or 
special waste status of the wastes generated by those beneficiation or Bevill process units. Material 
formerly recycled through beneficiation or Bevill process units would then be treated and disposed. 
Facility operators would continue treating the wasted portion using cement stabilization or neutralization 
and dewatering. In addition, facility operators might stop recycling other materials rather than risk failing 
a legitimacy test, because facilities that fail to meet conditions for legitimate recycling would be subject to 
Subtitle C treatment and storage permitting; along with associated financial responsibility and facility
wide corrective action requirements. 

Under Option 2, facility operators are expected to move material destined for recycling from 
unlined land-based storage units to non-RCRA TCBs, provided these materials are not recycled through a 
beneficiation or Bevill process unit. These materials could be stored in TCBs for up to one year in the 
absence of a RCRA Subtitle C permit. 11 EPA assumes that facility operators would stop recycling 
materials through beneficiation or Bevill process units, rather than lose the Bevill exempt or special waste 
status of the wastes generated by those beneficiation or Bevill process units. Material formerly recycled · 
through beneficiation or other Bevill process units would be treated and disposed. Facility operators 
would continue treating the wasted portion using cement stabilization or neutralization and dewatering. 

Under Option 3, facility operators are expected to move material destined for recycling from 
unlined land-based storage units to non-RCRA TCBs. These materials could be stored in TCBs for up to 

8 Spent materials destined for recycling, if stored, must be stored in tanks, containers, or buildings for 
less than 90 days prior to recycling, unless they are stored at a RCRA permitted treatment, storage, or 
disposal facility. 

9 These standards can be found in 40 CFR 265 subparts I, J, and DD. 

10 Note that for purposes of the cost model, although storage for up to one year is possible under this 
option, the Agency assumed that facilities only have capacity to store solids for 90 days and liquids for 30 

, days. 

11 See 'footnote 10. 
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one year in the absence of a RCRA Subtitle C permit.12 Facility operators would continue treating the 
wasted portion using cement stabilization or neutralization and dewatering. 

Under Option 4, facility operators are expected to continue storing material destined for recycling 
in unlined land-based storage units. These materials could be stored for up to one year in the absence of a 
RCRA Subtitle C permit. 13 Facility operators would continue treating the wasted portion using cement 
stabilization or neutralization and dewatering. 

Dyn~c Shifts 

As a refinement to the analysis originally prepared for the December 1995 RIA, the Agency has 
used a dynamic analysis to model changes in the management of newly-identified mineral processing 
wastes that might be induced by the new LDR requirements. Specifically, the dynamic analysis accounts 
for shifts in the amount of material that is recycled rather than being treated and disposed . 

. For Options 1 and 2, the analysis assumes that rather than lose the Bevill exclusion for wastes 
generated in beneficiation units and process units, facility operators would stop recycling all mineral 
processing secondary materials through these units. Option 1 also might create a moderate disincentive 
for recycling newly-identified mineral processing wastes through processing units, due to the imposition 
of a legitimacy test and more stringent storage unit standards. Option 2 might impose a mild disincentive 
for recycling newly-identified mineral processing wastes through proce~sing units due to more stringent 
storage unit standards. Option 3 could cause a similar minor disincentive for all recycled wastes, 
regardless of the point of reintroduction to the manufacturing process because of the additional storage 
unit requirements. Option 4, which does not impose any new storage requirements, would neither increase 
nor decrease the amount of materials recycled (which are assumed to be stored in land based units without 
restriction in the-baseline). 

3.1.2 Cost Modeling Assumptions 

EPA estimated the implementation costs of the options for hazardous waste streams from mineral 
processing by calculating the difference between the estimated pre- and post-LDR costs. Because of data 
limitations, EPA used sector-wide averages and totals for estimating the impacts of the rule.. Sector-wide 
estimates were developed on an average facility basis, however, so as to correctly address facility-level 
economies of scale. Detailed cost model calculations and results are bound in a separate document. 

Cost Functions 

To calculate the costs of managing the affected wastes under the baseline and the four options, 
EPA developed and applied cost-estimating functions for treatment and disposal, as well as storage prior 
to recycling. Appendix D provides a detailed discussion of these cost functions. The cost functions 
address the capital and O&M costs associated with each technology, as well as decommissioning costs for 
on-site tank treatment and stabilizatiori. These costing equations are expressed as a function of the waste 
generation rate (in metric tons/year). In addition, the costing functions provide a means of estimating the 
break-even point between off-site and on-site land disposal costs. · 

12 See Footnote 10. 

13 See Footnote 10. 
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The application of new technologies for treating wastes often involves the procurement and 
installation of new capital equipment, as well as changes ,in periodic operating costs. Because this new 
equipment is used over an extended period of time (i.e., not consumed), it is necessary to allocate its 
procurement and installation costs over its useful operating life. EPA addressed this issue by annualizing 
the initial capital costs over the operating life of the durable equipment, and then adding the discounted 
value of the annualized initial capital costs to the annual (recurring) capital, operating, and maintenance 
costs associated with the technology, in order to obtain a total annualized co.st. This yields a measure of 
cost impact that can be compared directly with data reflecting the ability of the affected firms to bear this 
incremental cost (e.g., earnings, value of product shipments). 

The costing functions incorporate the following general assumptions: 

• Operating Life. The analysis assumes a 20-year operating life for waste 
management units and facilities. With a positive and even moderately significant 
discount rate, extending the operating life beyond this period adds complexity but 
little tangible difference in estimated costs. 

• Tax Rate. Costs are estimated on a before-tax basis to facilitate comparisons with 
available data related to predicting ultimate economic impacts. 

• Discount Rate. The analysis uses a discount rate of seven percent, in keeping 
with current Office of Management and Budget (0MB) guidance.14 

• Inflation Rate. The analysis is conducted in real terms and, consequently, 
assumes an inflation rate of zero. 

General Approach to Developing Waste Management Costs 

Based on the assumed incentives and/or disincentives for increase recycling, as well as each 
stream's certainty of recycling, EPA estimated the percentage of hazardous material sent to treatment and 
disposed for each baseline and option .. The remaining hazardous material is considered to be recycled. 15 

The dynamic analysis results from the shifts in management in each baseline-option combination. Exhibit 
3-3 presents the percentages of hazardous mineral processing waste streams that are sent to treatment and 
· disposal, in both the baseline and post-rule options. Exhibit 3-4 presents the percentages of hazardous 
mineral processing wastes that are recycled. In response to public comment suggesting that several 
mineral· processing facilities currently recycle material to beneficiation units, EPA attempted to determine 
the point in the production process where each recycled material is reintroduced. Appendix E lists this 
information. 

EPA then aggregated the non-reclaimed hazardous streams by solids content, based ori the 
assumption that a facility would not build a separate stabilization facility and on-site landfill for each 

14 0MB, 1992. Circular A-94. 

15 EPA developed the recycling assumptions (percentages) using limited empirical data on the recycling 
of two listed wastes, K061 (emission control dust from electric arc steel furnaces) and F006 (wastewater 
treatment sludge from electroplating operations). More infonnation .on the derivation of the percentages in 
the tables can be found in Appendix A. 
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individual waste stream but would instead handle all wastes requiring neutralization, dewatering, 
stabilization, and disposal in common treatment and disposal units. That is, the facility operator would 
take advantage of scale economies and co-manage similar waste types. Therefore, EPA calculated the 
"model facility" generation rate by mineral processing sector (e.g., lead, copper) for hazardous waste 
streams containing 1 to 10 percent solids (i.e., slurries), hazardous waste streams having greater than 10 
percent solids, and hazardous wastewaters. 16 

In contrast, quantities of residues destined for recycling were assumed to require segregation, so as 
to promote efficient resource recovery. EPA made the conservative assumption that each material to be 
recovered would require storage prior to reclamation and, therefore, that each would require its own 
storage unit. Consequently, for each recycled stream, EPA divided the total sector quantity stored prior to· 
recycling by the number of facilities generating that waste stream to determine the "average facility" 
quantity recycled. The significant difference in the calculation of the "model facility" totals for treatment 
and disposal and "average facility" quantities of materials stored prior to recycling are due to the 
difference in management assumption, i.e., streams to be treated are co-mingled while streams to be 
recycled are not. 

Exhibit3-3 

Proportions of Waste Streams Sent to Treatment and Disposal (in percent) 

Percent Disposed 
Affected

Baseline or Option Certainty of Recycling
Material 

y- Y? YS YS? N 

Baseline All 0 15 25 80 100 

Bevill 100 100 100 100 100 
Option 1 

Non-Bevill 30 65 100 100 100 

Bevill 100 100 100 100 100 
Option 2 

Non-Bevill 0 25 35 85 100 

Option 3 All 0 25 . 35 85 100 

Option 4 All 0 15 25 80 100 

16 EPA added the total sector generation rate of each type of waste and divided these totals by the 
maximum number of facilities in the sector producing waste requiring treatment. More information on this 
totaling proce.ss can be found in Appendix F. An example of the cost model calculations for a single secto~ 
can be found in Appendix G. 
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Exhibit 3-4 

Proportions of Waste Streams Stored Prior to Recycling (in percent) 

Percent Recycled 
Affected

Baseline or Option Certainty of Recycling
Material 

y Y? YS YS? N 

Baseline All 100 85 75 20 0 

Bevill 0 0 0 0 0
Option 1 

Non-Bevill 70 35 0 0 0 

Bevill 0 0 0 0 0 
Option 2 

Non-Bevill 100 75 65 15 0 

Option3 All 100 75 65 15 0 

Option 4 All 100 85 75 20 0 

Notes for Exhibits 3~3 and 3-4: 

Y means that EPA has information indicating that the was.te stream is fully recycled. 

Y? means that EPA, based on professional judgment, believes that the waste stream could be fully 
recycled. 

YS means that EPA has information indicating that a portion of the waste stream is fully recycled. 

YS? means that EPA, based on professional judgment, believes that a portion of the waste stream 
could be fully recycled. 

Bevill means that secondary materials m:~ recycled through beneficiation or Bevill process units. 

Non-Bevill means that secondary materials are not recycled through beneficiation or Bevill process units. 

Having derived the "model facility" quantity of each type of waste (wastewaters, 1-10 percent 
solids, and more than 10 percent solids) going to treatment and disposal, and the "average facility" 
quantities of individual streams going to storage prior to recycling in each sector, EPA calculated the cost 
associated with each of these activities. 

Development of Treatment Costs . 

In the analysis, the Agency made the following assumptions about waste treatment and disposal 
practices: 

• Management of hazardous mineral processing wastes containing more than 10 
percent solids involves non-permitted treatment followed by disposal of the 
stabilized mass in a Subtitle D unit. Treatment consists of cement stabilization, 
which increases the mass of waste destined for disposal to 175 percent of the mass 
entering stabilization. 
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• Management of hazardous mineral processing wastewaters and wastes containing 
1 to 10 percent solids involves non-permitted treatment followed by disposal of 
the stabilized mass in a Subtitle D unit. Treatment consists of neutralization, 
followed by dewatering of the precipitated solids, and cement stabilization of the 
dewatered sludge. The precipitated mass from neutralization is 15 percent of the 
original waste stream, while the dewate_red mass is 15 percent of the precipitated 
mass ( or 2.25 percent of the original waste stream). Stabilization increases the 
mass of the dewatered sludge by 55 percent (or 155 percent of the mass entering 
stabilizatio~)-

These assumptions and their factual basis are documented in Appendix D and Appendix F. 

The Agency has assumed that both pre- and post-LDR management of treated residues would , 
occur in (primarily) on-site Subtitle D waste disposal piles, because under the baseline, affected operators 
would have constructed such units to be in compliance with (i.e., avoid) pre-LDR Subtitle C waste 
management requirements. For low volume wastes (less than or equal to 879 metric tons solids/year or 
350 metric tons liquids/year), EPA has assumed that the operator would send the waste to an off-site 
Subtitle C facility for treatment (stabilization) and ultimate disposal in a Subtitle D unit. The Agency did 
not include non-hazardous w~te streams in the analysis because the treatment standards in the 
supplemental proposed Phase N LDR rule will not affect those wastes. 

The first step in determining the cost of treatment was to compute the quantity of waste requiring 
each type of treatment at a "model facility" in each sector, because each treatment technology generates a 
residue which must either be further treated or disposed. For example, both wastewaters and wastes with a 
1 to 10 percent solids content are assumed to be neutralized and dewatered in the same units, while the 
sludge (residue) generated from dewatering is mixed with waste with more than 10 percent solids, 
stabilized in a single stabilization unit, and disposed in a single Subtitle D waste pile. Once EPA 

. determined the quantities of waste going to each-treatment unit (accounting for volume changes brought 
about by each treatment step), the Agency used costing equations (described in detail in Appendix D) to 
determine the capital, ope~ting and maintenance, and closure costs of each of the treatment and disposal 
units. These costs were then annualized and totaled. In some sectors, there was not enough waste to 
justify on-site treatment and disposal, so the Agency used a unit cost to reflect shipping the waste off-site 
for treatment and disposal. The "model facility" treatment cost was multiplied by the number of facilities 
treating and disposing waste to get the total sector treatment cost. 

Development of Storage Costs 

To determine the costs associated with storing wastes prior to recycling, EPA assumed that wastes 
to be recycled are stored for 30 days or less in drums or tanks if they are liquid and for less than 90 days in 
drums, roll-off containers, or buildings if they have a solids content of more than 10 percent. 17 To estimate 
the impacts of the material reclamation practices outlined above, the Agency used unit cost functions 
(described in detail in Appendix D) to calculate the costs associated with storing wastes in piles, surface 
impoundments, RCRA TCBs, and non-RCRA TCBs. Again, and in contrast to waste treatment 
operations, EPA determined recycling costs on a per waste stream basis, rather than a per facility basis, 

17 Some of the options allow a longer period of storage: because, however, facility operators would 
have to·buildlarger ~ more expensive storage units to take advantage of these longer periods of storage, 
EPA has ~sumed that they would attempt to minimize storage time . 
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because it is important in many cases that the wastes to be recycled not be commingled. To determine the 
total sector storage cost, EPA multiplied the cost of storage for each stream by the number of facilities 
generating that stream and summed these total sector stream costs. 

Development of Total Costs 

EPA then calculated incremental treatment and disposal costs by subtracting total sector pre-LOR 
treatment and disposal costs from total sector post-LOR treatment and disposal costs. EPA calculated total 
sector incremental storage costs in a similar manner. EPA calculated the total sector costs by adding the 
total sector incremental treatment costs to the total sector incremental storage costs. EPA divided this total 
sector cost by the nu~ber of facilities in the sector to determine the average facility costs. 

3.1.3 Economic Impact Analysis 

To evaluate the significance of increased waste management costs on affected facilities and. 
industry sectors, EPA employed simple ratio analyses to yield first-order economic impact estimates. The 
Agency compared sector-wide estimated regulatory compliance costs with three different measures of 
economic activity.18 

First, EPA compared regulatory costs for each sector to the estimated value ofshipments from the 
plants in that sector. This provides a rough measure of the extent to which gross margins would be 
reduced by the increased waste management costs, or alternatively, the amount by which the affected 
commodity price would need to increase to maintain existing margins. The Agency recognizes that this 
approach produces only a very crude and preliminary estimate of ultimate economic impact on affected 
facilities. Unfortunately, however, this is the only ratio analysis for which the needed data were available 
for all of the industry sectors. EPA calculated the ratio of annualized incremental cost to the value of 
shipments for all four options, has defined the screening level threshold for significant impact as three 
percent. 

Second, for 16 industry sectors where data were available, EPA compared estimated regulatory 
costs for each sector to the estimated value added by that sector. A ratio of regulatory costs to value added 
may be more useful in assessing regulatory impacts than a ratio of regulatory costs to shipments. In 
particular, a mineral processing sector (such as the primary copper industry) generally incurs substantial 
costs to purchase or produce the raw materials (such as copper concentrate) used in mineral processing 
activities. The total dollar value of shipments for a mineral processing industry thus includes not only the 
costs of production and profit, but also the costs of raw materials. In contrast, the value added in 
manufacturing measures the sales revenue minus the cost of raw materials. Thus, it presents. a clearer 
picture of the extent of economic activity at the regulated operation, and the basis on which the firm may 
make profits attributable to that operation. EPA obtained value added data for copper and aluminum from 

18 EPA did not consider the extent to which industry sectors may be able to pass on to their customers 
the costs of regulation. An industry sector's ability to pass on costs depends on two factors: (1) the 
elasticity of demand (if demand changes little with a change in price, industry has a greater opportunity to 
pass on most of the costs), and (2) the exten~ of the world market represented by U.S. suppliers (if U.S. 
suppliers represent a small portion of the world market, most of the market is unaffected by U.S. 
regulations and U.S. suppliers cannot pass through the. costs). 
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a Census Bureau publication. 19 The Agency obtained value added data for 14 industry sectors categorized 
as "primary nonferrous metals, not elsewhere classified" from the same publication, and apportioned the 
total value added to each of the 14 sectors according to that sector's proportion of the .total value of 
shipments for the 14 sectors.2° For this analysis, EPA used a screening level of 10 percent for significant 
impact. 

Third, for five industry sectors where data were available, EPA compared estimated regulatory 
costs for each sector to the estimated profits of that sector. This ratio analysis permits a direct comparison 
of regulatory costs to profits, and indicates the maximum extent to which the regulation will reduce 
industry profits if industry cannot pass on any of the regulatory costs to customers. To conduct this 
analysis, EPA obtained profits data for firms known to be engaged primarily or exolusively in processing a 
single type of mineral. The Agency obtained these data from the Disclosure on-line commercial database, 
for the most recent year available in the database. (The Disclosure database, in turn, contains data taken 
from lOK forms that publicly-held firms must file with the Securities and Exchange Commission.) EPA 
based its estimate of profitability for each of the five industry sectors on the weighted average profitability 
of the firms in each sector for which data were available.21 For this analysis, EPA selected a screening level 
threshold for severe impacts of 100 percent. 

3.2 Results 

This section presents EPA's estimates of the cost and screening-level economic impacts of Options 
1, 2, 3, and 4. These estimates are provided in-turn by option, followed by some brief comparisons 
between options. Please note that the detailed discussion of cost and economic results presented in 
Sections 3.2.1 and 3.2.2 focuses on the expected value case. Exhibit 3-5 high_lights the differences 
between the minimum, expected, and maximum value cases. 

Exhibit3-5 

Summary of Cost Results 

Minimum Expected Maximum 

Option 1 $46,000,000 $58,000,000 $75,000,000 

Option 2 $37,000,000 $45,000,000 $55,000,000 

Option 3 $5,200,000 $8,400,000 $13,000,000 

Option4 $71,000 $190,000 $190,000 

19 Bureau of the Census, U.S. Department of C~mmerce, 1992 Gensus ofManufactures, Industry 
Series, Smelting and Refining ofNonferrous Metals and Alloys, Indus'tries 3331, 3334, 3339, and 3341 
(Washington, DC: U.S. Department of Commerce), p. 33C-9. 

20 The Agency's background calculations are provided in Appendix G of the Regulatory Impact 
Analysis of the Supplemental Proposed Rule Applying Phase IV Land Disposal Restrictions to Newly 
Identified Mineral Processing Wastes, December 1995. 

21 See previous footnote. 

April 15, 1997 

http:available.21
http:publication.19


- 22 -

EPA's use of the dynamic analysis contributes to some counter-intuitive results such as savings in 
some sectors where costs are expected. The unexpected consequences result from relative economies of 
scale and a low-volume wastewater treatment unit cost gap. Both are discussed further. 

• The dynamic shift and relative economies ofscale. The overall-cost for an option will depend on 
the amount and type of material moving from treatment and disposal to recycling, the storage 
requirements, and the relative unit costs. For most options, at any given generation rate storage 
prior to recycling is less expensive than treatment and disposal. Because quantities to be treated 
and disposed are aggregated, while quantities to be recycled need to be stored in dedicated units, 
moving small quantities of materials from treatment and disposal to recycling may not produce a 
cost savings due to relative scale economies. For example, if a facility were treating and 
disposing two wastewater streams in the baseline, one generated at 100,000 mt/yr and one at 150 
mt/yr, these two streams would be commingled and the unit cost of treatment in the baseline 
would be based on treating 100,150 mt/yr. If after the rule went into effect the smaller stream 
was then fully recycled, the unit cost of storing 150 mt/yr in a dedicated unit might be higher than 
the unit cost of treating those 150 mt/yr in the baseline (when the unit cost was based on treating 
100,150 mt/yr). 

• Low-volume wastewater treatment unit cost gap. In addition to the problem of relative scale 
economies, there is a low volume wastewater treatment unit cost gap. That is, using available 
information on perti,nent treatment technologies, the smallest treatment system that can reasonably 
be built on•site has a capacity of 350 mt/yr, resulting in an annualized cost of about $100 per 
metric ton, while off-site treatment and disposal costs $175 per metric ton. Therefore, for 
facilities treating and disposing small quantities of wastewater in the baseline, a slight increase in 
the quantity treated and disposed (and, therefore, a slight decrease in the quantity recycled) may 

. shift treatment from off-site to on-site. Because off-site treatment is significantly more expensive, 
the result of this shift is a decreased cost, rather than an increase (as would be expected). 

3.2.1 Cost Analysis Results 

Cost impact results are presented in Exhibits 3-6 through 3-9. The options are discussed in order 
from the most to the least costly. 

Option 1 

Under Option 1, EPA anticipates that the total expected incremental cost will be $58,000,000, as 
seen in Exhibit 3:-6. Twenty-six of the 29 industry sectors (90 percent) are projected to experience 
increased costs, one (three percent) is expected to have no additional costs, and two (seven percent) are 
anticipated to have cost savings. On a sector basis, the cost changes range from an expected savings of 
$43,000 (tungsten) to a cost increase of $27,000,000 (lead). Note that the cost impacts of this option fall 
disproportionately on the lead sector, the cost impacts estimated for the lead sector account for more than 
46 percent of the total cost impacts estimated under this option.22 EPA expects five of the sectors (17 
percent) to have total incremental costs greater than $1,000,000 (alumina and aluminum, copper, 
elemental phosphorus, lead, and zinc). Three sectors (10 percent) are expected to have total costs 
between $500,000 and $1,000,000 (mercury, synthetic rutile, and titanium and titanium dioxide). Only 

22 EPA is cu~~tly conducting additional analyses to determine whether costs to the lead sector may be 
overstated by the cost model. · 
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Exhibit3-6 

Option 1 Incremental Costs 

Minimum Value Case Expected Value case Maximum Value Case 

Total Avg. Fae. Total Avg. Fae. Total Avg. Fae. 

Incremental Incremental Incremental Incremental Incremental Incremental 

Commodity Cost (Styr) Cost(Styr) Cost ($/yr) Cost ($/yr) Cost ($/yr) Cost ($/yr) 

Alumina and Aluminum 1,400,000 62,000 2,400,000 100,000 2,900,000 130,000 

Antimony . . 55,000 9,200 81,000 14,000 

Beryllium . . 40,000 20,000 800,000 400,000 

Bismuth . . 39,000 39,000 72,000 72,000 

Cadmium . . 63,000 31,000 2,500,000 1,200,000 

Calcium . . 4,300 4,300 7,300 7,300' 
Coal Gas . . . . 220,000 220,000 

Copper 10,000,000 1,000,000 10,000,000 1,000,000 10,000,000 1,000,000 

Elemental Phosphorus 3,400,000 1,700,000 3,400,000 1,700,000 3,400,000 1,700,000 

Fluorspar and Hydrofluoric Acid . - 190,000 63,000 330,000 110,000 

Germanium . - 39,000 9,700 45,000 11,000 

Lead 21,000,000 5,200,000 27,000,000 6,700,000 32,000,000 8,100,000 

Magnesium and Magnesia from Brines 2,800 1,400 3,100 1,500' 240,000 120,000 

Mercury . - 680,000 97,000 1,800,000 260,000 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate . . 16,000 1,400 16,000 1,400 

Platinum Group Metals . - 5,900 2,000 38,000 13,000 
Pyrobitumens, Mineral Wax.es, and 
Natural Asphalts . . 140,000 68,000 170,000 83,000 

Rare Earths 9,800 9,800 200,000 200,000 1,100,000 1,100,000 

Rhenium . . 9,500 4,700 31,000 15,000 

Scandium . . (22,000) (3,100) 170,000 25,000 

Selenium 81,000 40,000 140,000 46,000 300,000 100,000 

Synthetic Rutile - 560,000 560,000 1,000,000 1,000,000~ 

Tantalum, Columbium, and 
Ferrocolumbium 540,000 270,000 390,000 200,000 390,000 200,000 

Tellurium . . 150,000 75,000 180,000 90,000 

Titanium and Titanium Dioxide 170,000 83,000 °920,000 130,000 1,400,000 200,000 

Tungsten . . (43,000) (7,200) 73,000 12,000 

Uranium . . 220,000 13,000 1,100,000 63,000 

Zinc 9,700,000 3,200,000 11,000,000 3,700,000 13,000,000 4,200,000 

Zirconium and Hafnium . . 210,000 110,000 1,200,000 610,000 

' Total 46,000,000 58,000,000 75,000,000 
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Exhibit 3-7 

Option 2 Incremental Costs 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 
Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobilumens, Mineral Waxes, and 
Natural Asphalts 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value case Maximum Value case 
Total Avg. Fae. 

Incremental Incremental 

Cost($1yr) Cost ($/yr) 

1,500,000 64,000 

38,000 6,400 

350,000 180,000 

22,000 22,000 

570,000 280,000 

7,300 7,300 

220,000 220.000 

10,000,000 1,000,000 

3,400,000 1,700,000 

· 84,000 28,000 

17,000 4,300 

32,000,000 8,100,000 

- 49,000 25,000 

1,800,000 260,000 

16,000 1,400 

11,000 3,700 

57,000 28,000 

980,000 980,000 

31,000 15,000 

44,000 6,300 

160,000 54,000 

150,000 150,000 

130,000 67,000 

40,000 20,000 

380,000 55,000 

73,000 12,000 

100,000 6,200 

2,700,000 890,000 

320,000 160,000 

, 55,000,000 

Total 

Incremental 

Cost($1yr) 

310,000 

. 
-
-
-
-
-

10,000,000 

3,400,000 

-
-

21,000,000 

2,800 

-

. -

-
9,800 

-
. 

81,000 

-

170,000 

-
76,000 

-
-

1,500,000 

-
37,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

14,000 

-
-
-
-
-
-

1,000,000 

1,700,000 

-
-

5,200,000 

1,400 

-
-
-

-
9,800 

-
-

40,000 

-

86,000 

-
38,000 

-
-

490,000 

-

Total 

Incremental 

Cost($1yr) 

sfo,ooo 
24,000 

19,000 

10,000 

53,000 

4,300 

-
10,000,000 

3,400,000 

52,000 

15,000 

27,000,000 

3,900 

680,000 

16,000 

4,600 

46,000 

200,000 

9,500 

(94,000) 

100,000 

80,000 

130,000 

12,000 

240,000 

(43,000) 

47,000 

2,400,000 

100,000 

45,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

35,000 

4,000 

9,300 

10,000 

27,000 

4,300 

-
1,000,000 

1,700,000 

17,000 

3;800 

6,700,000 

2,000 

97,000 

1,400 

1,500 

23,000 

200,000 

4,700 

(13,000) 

34,000 

80,000 

67,000 

5,800 

34,000 

(7,200) 

2,700 

790,000 

50,000 
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Exhibit3-8 

Option 3 Incremental Costs 

Minimum Value case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Gennanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 
Natural Asphalts 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value case Maximum Value case 
Total Avg. Fae. 

Incremental Incremental 

Cost ($/yr) Cost ($/yr) 

1,500,000 64,000 

38,000 6,400 

350,000 180,000 

22,000 22,000 

490,000 2so;ooo 

1,400 1,400 

68,000 68,000 

2,600,000 260,000 

480,000 240,000 

84,000 28,000 

17,000 4,300 

2,100,000 510,000 

49,000 25,000 

520,000 74,000 

16,000 1,400 

1,1,000 3,700 

57,000 28,000 

320,000 320,000 

6,200 3,100 

44,000 6,300 

130,000 44,000 

150,000 150,000 

130,000 67,000 

40,000 20,000 

380,000 55,000 

36,000 6,100 

100,000 6,200 

2,700,000 890,000 

320,000 160,000 

13,000,000 

Total 

Incremental 

Cost(S/yr) 

310,000 

. 

. 

. 

. 

. 

. 
2,600,000 

480,000 

. 

. 

59,000 

2,800 

. 

. 

. 

. 
5,200 

. 

. 

30,000 

. 

170,000 

.. 
76,000 

. 

. 

1,500,000 

. 
5,200,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

14,000 

. 

. 

. 

. 

. 

. 

260,000 

240,000 

. 

. 

15,000 

1,400 

. 

.-

. 

. 

5,200 

. 

. 
15,000 

. 

86,000 

. 
38,000 

. 

. 
490,000 

. 

Total 

Incremental 

Cost(S/yr) 

810,000 

24,000 

19,000 

10,000 

24,000 

1,400 

. 

2,500,000 

480,000 

52,000 

15,000 

1,100,000 

3,900 

190,000 

16,000 

4,600 

46,000 

94,000 

3,700 

(94,000) 

44,000 

80,000 

130,000 

12,000 

240,000 

27,000 

47,000 

2,400,000 

100,000 

8,400,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

35,000 

4,000 

9,300 

10,000 

12,000 

1,400 

. 

250,000 

240,000 

17,000 

3,800 

280,000 

2,000 

27,000 

1,400 

1,500 

23,000 

94,000 

1,800 

(13,000) 

15,000 

80,000 

67,000 

5,800 

34,000 

4,400 

2,700 

790,000 

50,000 
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Exhibit 3-9 

~ption 4 Incremental Costs 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismu1h 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 
Natural Asphalts 

Rare Earths . 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value case Maximum Value Case 

Total Avg. Fae. 

Incremental Incremental 

Cost(Slyr) Cost (Slyr) 

32,000 1,400 

8,500 1,400 

2,800 1,400 

1,400 1,400 

2,800 1,400 

1,400 1,400 

1,400 1,400 

14,000 1,400 

2,800 1,400 

4,200 1,400 

5,600 1,400 

5,600 1,400 

2,800 1,400 

9,900 1,400 

16,000 1,400 

4,200 1,400 

2,800 1,400 

1,400 1,400 

2,800 1,400 

9,900 1,400 

4,200 1,400 

1,400 1,400 

2,800 1,400 

2,800 1,400 

9,900 1,400 

8,500 1,400 

24,000 1,400 

4,200 1,400 

2,800 1,400 

190,000 

Total 

Incremental 

Cost -($/yr) 

_32,000 

-
-
-
-
-
-

14,000 

2,800 

-
-

5,600 

2,800 

-
-
-
-

1,400 

-
-

2,800 

-
2,800 

-
2,800 

-
-

4,200 

-
71,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

1,400 

-
-
-
-
-
-

1,400 

1,400 

-
-

1,400 

1,400 

-

-
--
-

1,400 

-
-

1,400 

-
1,400 

-
1,400 

-
-

1,400 

-

Total 

Incremental 

Cost ($/yr) 

32,000 

8,500 

2,800 

1,400 

2,800 

1,400 

-
14,000 

· 2,800 

4,200 

5,600 

5,600 

2,800 

9,900 

16,000 

4,200 

2,800 

1,400 

2,800 

9,900 

4,200 

1,400 

2,800 

2,800 

9,900 

8,500 

24,000 

4,200 

2,800 

190,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

-
1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1,400 

1;400 

1,400 

1,400 

1,400 

1,400 

1,400 
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one sector, coal gas, is expected to experience no cost changes. Finally, EPA projects that the scandium 
and tungsten sectors will experience cost savings of $22,000 and $43,000, respectively. 

On a per facility basis, average expected incremental costs range from a savings of $7,300 
(tungsten) to an increase of $6,700,000 (lead). EPA ·projects that facilities in four sectors (14 p~rcent) 
will incur impacts in excess of $1,000,000 (copper, elemental phosphorus, lead, and zinc). Facilities in 
only one other sector (three percent) are expected to have average impacts between $500,000 and 
$600,000 (synthetic rutile), while facilities in another five sectors (17 percent) are projected to have 
average impacts between $100,000 and $200,000 (alumina and alumi,num; rare earths; tantalum 
columbium·and ferrocolumbium; titanium and titanium dioxide; tellurium, and zirconium and hafnium). 
The average expected savings for facilities in the scandium and tungsten sectors are $3, I 00 and $7,200, 
respectively. 

Option 2 

Under Option 2, EPA expects the total incremental cost to be $45,000,000, as shown in 
Exhibit 3-7. Twenty-six of the industry sectors (90 percent) are projected to experience increased costs, 
one (three percent) is expected to have no additional costs, and two (seven percent) are anticipated to see 
cost savings.· On a sector basis, incremental costs range from an expected savings of $94,000 (scandium) 
to a cost increase of $27,000,000 (lead). Again, as was the case for Option 1, cost impacts fall 
disproportionately on the lead sector; lead sector cost impacts account for sixty percent of total industry 
impacts under this option.23 EPA expects four sectors (14 percent) to have total incremental costs greater. 
than $1,000,000 (copper, elemental phosphorus, lead, and zinc) and two (seven percent) to have total 
costs between $500,000 and $800,000 (alumina and aluminum, and mercury). As with Optiqlu, only 
one sector, coal gas, is expected to experience no cost changes. Finally, EPA expects that tlRi ~dium 
and tungsten sectors will incur cost savings of $94,000 and $43,000, respectively. · 

On a per facility basis, average incremental costs range from a savings of $13,000 (scandium) to a 
cost increase of $6,700,000 (lead). EPA expects facilities in three sectors (10 percent) to incur impacts in 
excess of $1,000,000 (copper, elemental phosphorus, and lead) and facilities in one other sector (three 
percent) to have cost increases of more than $700,000 (zinc). Facilities in one sector (rare earths) are 
expected to incur average impacts of $200,000. Facilities in the remainder of the sectors (83 percent) are 
expected to have average cost increases of less than $100,000, except for those in coal gas (no impacts), 
scandium (savings of $13,000), and tungsten (savings of $7,200). 

Option 3 

Under Option 3, the total expected incremental cost is $8,400,000; these impacts are shown in 
Exhibit 3-8. Twenty-seven of the industry sectors (93 percent) are projected to experience increased 
costs, one sector (three percent) is expected to have no additional costs, and one (three percent) is 
anticipated to realize cost savings. On a sector basis, incremental costs range from an expected savings of 
$94,000 (scandium) to an increase of $2,500,000 (copper). EPA expects three sectors (10 percent) to_ 
experience total incremental costs greater than $1,000,000 (copper, lead, and zinc) and one (three percent) 
to have total costs of more than $800,000 (alumina and aluminum). The one sector with no expected 
costs is coal gas. Finally, EPA expects that the only sector to experience cost savings will be the 
scandium sector ($94,000). 

23 See previous footnote. 
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On a per facility basis, average incremental expected costs range from a savings of$13,000 
(scandium) to an increase of $790,000 (zinc). Facilities in three other industry sectors (10 percent) are 
expected to have cost increases between $100,000 and $500,000 (copper, elemental phosphorus, and 
lead). Facilities in the remainder of the sectors (83 pe_rcent) are.expected to have cost increases of less 
than $100,000, except for coal gas (no impacts) and scandium (savings of $13,000). 

Option 4 

Under Option 4, the total expected incremental cost to industry is $190,000, significantly lower 
than for the other options. These impacts are shown in Exhibit 3-9. Twenty-eight sectors are projected to 
experience increased costs, with one sector experiencing no change in costs. Expected incremental costs 
range from zero (coal gas) to $32,000 (alumina and aluminum). Four sectors under this option ate 
expected to experience costs of more than $10,000 ( alumina and aluminum; copper; molybdenum, 
ferromolybdenum, and ammonium molybdate; and uranium). 

On a per facility basis, average incremental expected costs range from zero (coal gas) to $1,400 
for all other sectors. The reason for the uniformity in per facility costs is that the only costs that the 
Agency estimates will be incurred by industry under this option are recordkeeping and reporting 
requirements. No other cost impacts are estimated for any of the sectors because the Agency expects that 
under this option, management practices will not change, relative to the baseline. For example, facility 
operators will continue to store materials to be recycled in unlined land-based units, so no new costs 
attribu_table to storage are expected. 

3.2.2 Economic Impact Analysis Results 

As described above, EPA conducted three ratio analyses comparing regulatory costs to the 
following three financial indicators: (1) value of shipments, (2) value added, and (3) gross profits. Data 
were available to determine the ratio of regula~ry costs to value of shipments for all 29 industry sectors 
affected. However, data were available for only 16 industry sectors to determine the ratio using value 
added and for only six industry sectors to cletermine the ratio using gross profits. This section presents the 
results of the three analyses. 

Ratio of Regulatory Costs to Value of Shipments 

Exhibits 3-10 through 3-13 ~resent the results of the value of shipments analysis. 

Economic impacts expressed as a ratio of regulatory costs to the value of shipments suggest that 
Options 1 and 2 impose the most significant impact on affected industries and Option 4 imposes the least 
impact. Option 1 imposes significant cost impacts ( defined as 3 percent of the value of shipments for the 
sake of this analysis) on five of the 29 industrial sectors ( seventeen percent of the affected sectors) in the 
expected value case. EPA projects significantly affected sectors to include cadmium (6 percent impact), 
lead (13 percent), mercury (176 percent), pyrobitumens, mineral waxes, and natural asphalt (56 percent), 

• and selenium (5 percent). The remaining 24 sectors (83 percent of all affected sectors) are expected to 
experience economic impacts of three percent or less. 

Option 2 would impose burdens very similar to those estimated for Option 1. Like Option 1, 
Option 2 imposes significant cost impacts on five of the 29 industrial sectors in the expected value case. 
As was the case for Option 1 as well, EPA expects significantly affected sectors to include cadmium (5 
percent), lead (13 percent), mercury (176 percent), pyrobitumens, mineral waxes, and natural asphcµt (18 

April 15, 1997 



Exhibit 3-10 

Option 1 Impacts 

Sector 

Alumlria and Aluminum 

Antimonv 

Bervtllum 

Bismuth 

Cadmium 

Calcium 

Coat Gas 

Coooer 

Bemental Phosohorus 

Auorsoar and Hvdrofluoric Acid 

Gennanlum 

Lead ...... 
\0 Maoneslum and Maonesla from Brines 
\0 
--.J ' Mercurv 

Moiuhrlenum Ferromoluhrlenum and Ammonium Molvbdate 

Platinum Grouo Metals 

Pumbltumens Mineral Waxes and Natural Asohalt 

Rare Earths 

Rhenium 

Scandium 

Selenlum 

Svnthetlc Rutlle 

Tantalum Columbium and Ferrocolumblum 

Tellurium 

Titanium and.Tltanium Dioxide 

Tunosten 

Uranium 

Zinc 

Zirconium arid Hafnium 

Total 

Production 

MT 

3 700 000 

18000 

159 

1100 

1050 

1200 

1 noooo 
311 000 

60000 

10 

290000 

145000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Incremental 
Value ol Sector Cost Economic Impact 

Price Shipments s {oercent of Value of Shipments) 

$/MT s Minimum Expected Maximum Minimum Expected Maximum 

1168 4321600000 1400000 2400000 2 900000 0.03 0.06 0.07 

1764 31752000 - 55000 81000 0,00 0.17 0.2E 

352640 56069760 - 40000 800000 o.oo 0.07 1.4~ 

7 824 8606400 - 39000 72000 0.00 0.45 0.84 

992 1041600 - 63000 2 500000 o.nr 6.05 240.02 

4605 5526000 - 4300 7300 o.nr 0.08 0.1 

170000000 - - 220000 o.nr OJ)( 0.1:: 

2029 3591330000 10000000 10000000 ·10000000 0.2f 0.28 0.2E 

1 833 , 570063000 3400000 3400000 3400000 0.6( 0.6( 0.60 

193 11580000 - 190000 330000 0.()( 1.64 2.85 

1 060000 10600000 - 39000 45000 0.()( 0.37 0.42 N 

706 204 740000 21 000000 27000000 32000000 10.2E 13.19 15.63 
\0 

. I 

3 219 466 755000 2800 3100 240000 0.lll' 0.00 O.OE 

5 512 385840 - 680000 1800000 o.or 176.24 466.51 

239 864 579 - 16000 16000 o.nr 0.01 0.01 

53203 971 - 5900 38000 Q.(ll 0.01 0.01 

25 250000 - 140000 170000 o.nr 56.00 68,lll' 

57 372 120 9800 200000 1 100 000 0.02 0.35 1.92 

1 200000 6000000 - 9500 31 000 0.0/' 0.16 0.52 

1 500000 37.500000 (22000 170000 0,()( -0.06 0.4E 

11 246 2 811 500 81000 140 000 300000 2.AA 4.98 10.6'J 

345 48300000 - 560000 1 000000 0.00 1.16 2.07 

60897400 540000 390000 390000 0.89 0.64 0.64 

59508 3570480 - 150000 180000 o.nr 4.2C 5.04 

2 516 300000 170000 920000 1400000 0.01 0.04 0.flfl 

40 376240 - 143000 73000 o.nr -11.43 19.40 

40734000 - 220000 1100000 o.nr 0.54 2.7( .. 
1 014 512070000 9700000 1f 000000 13000000 1.8~ 2.15 . 2.54 

379899000 - 210000 . 1 200000 0.00 0.06 0.32 

46,000,000 58,000,000 75,000,000 



Exhibit 3-11 

Option 2 Impacts 

Value of 
Production Price Shipments 

Sector MT $/MT $ Minimum 

Alumina and Aluminum 3 700 000 1168 4321600000 310000 

Antimonv 18000 1 764 31752000 . 
Bervtllum 159 352640 56069760 . 

Bismuth 1100 7824 8606400 . 
Cadmium 1 050 992 1041600 . 
Calcium 1 200 4605 5526000 . 

Coal Gas 170000000 . 
Coooar 1770000 2029 3591330000 10000000 

Elemental Phosohorus 311 000 1833 570063000 3400000 

-::I. Auoronar and Hvdroffuoric Acid 60000 193 11580000 . 
Germanium 10 1060000 10600000 . 
Lead 290000 706 204 740000 21000000 

Maaneslum and Maonesla from Brines 145000 3219 466755000 2800 

Mercurv -70 5 512 385840 . 
MnMvfenum FerromnMvfenum and Ammonium Mohihrlate 239864579 . 
Platinum Groiio Metals 53203 971 

,6" 

. 
l>vmhltumens Mineral Waxes and Natural Asohalt 10000 25 250000 . 
Rare Earths 57 372120 9800 

Rhenium 5 1 200000 6000000 ·-
Scandlum- 25 1500000 37:500000 . 
Selenium 250 11 246 2811500 81 000 

Svnthetic Rutlle 140000 345 48300000 . 
Tantalum Columblum and Ferrocolumbium 60897400 170000 

Tellurium 60 59508 3.570480 . 
Titanium and Titanium Dioxide 2 516300000 76000 

Tunosten 9406 40 376240 . 

Uranium 40734000 . 
Zinc 505000 1014 512070000 1500000 

Zirconium and Hafnium 379899000 . 
Total 37,000,000 

Incremental 
Sector Coat Economic Impact 

$ -lDercent of Value of Shlpinenta) 
Expected Maximum Minimum Expected Maximum 

810000 1 500000 0.01 0.02 o.o:; 
24000 38000 o.nr 0.08 0.12 

19000 350000 o.nr 0.03 0.62 

10000 22000 0.'11 0.12 0.2E 

53000 570000 o.cx 5.09 54.72 

4300 7300 o.1:i1 0.08 0.13 
. 220000 o.nr o.nr 0.13 

10000000 10000000 0.2E 0.28 0.21 

3400000 3400000 0.RI 0.6( 0.6( 

52000 84000 0.IV 0.45 0.7' 

15000 17000 0.IV 0.14 0.1f w 
27000000 32000000 10.2E 13.19 15.6< 

0 

3900 49000 0.00 0.00 0.01 

680000 1800000 o.nn 176.24 466.51 

16000 16000 o.nn 0.01 0.01 

4600 11000 O.nt 0.01 0.02 

46000 57000 o.cx 18.40 22.80 

200000 980000 0.0~ 0.35 1.71 

9500 31000 o.cx 0.16 0.52 

1940001 44000 o.cx ·0.25 0.12 

100000 160000 2.8S 3.56 5.69 

80000 150000 o.nr 0.17 0.31 

130000 130000 0.28 0.21 0.21 

12000 40000 o.nr 0.34 1.U 

240000 380000 o.nr 0.01 0.0: 

(43000 · 73000 o.nr -11.43 19.40 

47000 100000 o.nr 0.12 0.2! 

2400000 2700000 0.2~ 0.47 OR 
100000 320000 o.nr 0.03 0.08 

45,000,000 55,000,000 



Sector 

Alumina end Aluminum 

Antlmonv 

Beiylllum 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

C<iooAr 

Elemental Phosohorus 

Auorsoer end Hvdrolluoric Acid 

Gennenlum 
tit - Leed 

Miloneslum end Meanesle from Brines 

MercuN 

MoMYfenum FerromoMYfenum and Ammonium Molutvlate 

Platinum Grouo Metals 

:Purnbitumens Mineral Waxes and Natural Asohall 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Svnthetlc Rutile 

Tantalum Columblum end Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide ' 

Tunasten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Production 

MT 

3700000 

18000 

159 

1100 

1050 

1200 

1 noooo 
311000 

60000 

10 

290000 

145000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Exhibit 3-12 

Option 3 Impacts 

' 

Value of 
Price Shipments 

$/MT $ Minimum 

1168 4 321600000 310000 

1764 31752000 . 
352 640 56069760 . 

7824 8606400 . 
· 992 1041600 . 
4605 5526000 . 

170000000 . 

2029 3591330000 2600000 

1833 570063000 480000 

193 11580000 . 
1060000 10600000 . 

706 204 740000 59000 

3219 466755000 2800 

5512 385840 . 
239864 579 . 

53 203971 . 
25 250000 . 

57 372 120 5200 

1200000 6000000 . 
1 500000 37.500000 . 

11 246 2811500 30000 

345 48300000 . 
60897400 170000 

59508 3570480 . 
2 516300000 76000 

40 376240 . 
40734000 . 

1 014 512070000 1 500000 

379899000 . 
5,200,000 

Incremental 
Sector Cost 

$ 
Expected 

810000 

24000 

19000 

10000 

24000 

1400 
. 

2 500000 

480000 

52000 

15000 

1100000 

3900 

190000 

16000 

4600 

46000 

94000 

3700 

(94000 

44000 

80000 

130000 

12000 

240000 

27000 

47000 

2400000 

100000 

8,400,000 

Maximum 

1 500000 

38000 

350000 

22000 

490000 

1400 

68000 

2600000 

480000 

84000 

17000 

2100000 

49000 

520000 

16000 

11 000 

57000 

320000 

6200 

44000 

130 000 

150000 

130000 

40000 

380000 

36000 

100000 

2700.000 

320000 

13,000,000 

Economic Impact 
(percent of Value of Shipments} 

Minimum Expected Maximum 

0.01 0.02 o.o• 
0.0< 0.08 0.12 

0.0< 0.03 0.62 

0.Cll 0.12 . 0.21 

o.or 2.3( 47.04 

o.nr 0.03 o.m 
o.nr o.oc 0.04 

0.O'l 0.07 0.07 

0.0f 0.08 0.0! 

o.oc 0.45 0.7' 

o.or 0.14 0.1E 

0.03 0.54 1.0:; 

o.or 0.00 0.01 

0.00 49.24 134.77 

o.nr 0.01 0.01 

o.nr 0.01 0.02 

0.IV 18.40 22.8( 

0.01 0.16 0.5! 

0.IV 0.06 0.10 

o.or -0.25 0.12 

1.0'l 1.57 4.62 

o.nn 0.17 0.31 

0.2E 0.21 0.21 

o.or 0.34 1.12 

0.00 0.01 om 
o.cic 7.18 9.57 

o.oc 0.12 0.2f 

0.2S 0.47 0.5' 

..o.or 0.03 0.08 



Exhibit 3-13 

Option 4 Impacts 

Sector 

Alumlna and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosohorus 

Fluorsoar and HvdroHuoric Acid 

Gennanlum 

Lead 

Maoneslum and Maonesla from Brines 

MercuN 

· MoMvfenum FerromoMxlenum and Ammonium Molubdate 

Platinum Grouo Metals 

Pvrobltumens Mlneral Waxes and Natural Asohalt 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Svnthetlc Rutlle 

Tantalum Columblum and Ferrocolumblum 

Tellurium 

Titanium and Titanium Dioxide 

Tunosten 

Uranium 

Zinc 

Zlrconlurn and Hafnium 

Total 

Production 
MT 

3700000 

18000 

159 

1100 

1 050 

1200 

1770000 

311 000 

60000 

10 

290000 

145 000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Price 
$/MT 

1168 

1764 

352 640 

7 824 

992 

4605 

2029 

1 833 

193 

1 060000 

706 

3219 

5512 

25 

1200000 

1 500000 

11 246 

345 

59508 

40 

1 014 

Value of 
Shipments 

$ 

4321600000 

31752000 

56069760 

8606400 

1041600 

5526000 

170000000 

3591330000 

570063000 

11580000 

10600000 

204 740000 

466 755000 

385840 

239864 579 

53203971 

250000 

57 372120 

6000000 

37500000 

2811500 

48300000 

60897400 

3570480 

2 516 300 000 

376240 

40734000 

512070000 

379899000 

Minimum 

32000 

-
-
-
-
-
-

14000 

2 800 

-
-

5600 

2800 

-
-
-
-

1400 

-
-

2 800 

-
2800 

-
2800 

-
-

4200 

-
71,000 

Incremental 
Sector Cost 

$ 

Expected 

32000 

8500 

2800 

1400 

2800 

1400 

-
14000 

2800 

4200 

5600 

5600 

2800 

9900 

16000 

4200 

2800 

1400 

2800 

9900 

4200 

1400 

2800 

2800 

9900 

8500 

24000 

4200 

2800 

190,000 

Maximum 

32000 

8500 

2800 

1400 

2800 

1400 

1400 

14 000 

2800 

4200 

5600 

5600 

2800 

9900 

- 16000 

4200 

2800 

1400 

2800 

9900 

4200 

1400 

2800 

2800 

9900 

8500 

24000 

4200 

2800 

190,000 

Economic Impact 
Coercent of Value of Shlomentsl 

Minimum Expected Maximum 

o.nn 0.00 0.0< 

o.nn 0.03 0.0< 

o.nn 0.00 0.0< 

0.00 0.02 0.02 

0.0< 0.27 0.27 

o.or 0.03 o.m 
o.or 0.00 o.cx 
o.nr o.oc 0.0< 

o.cx 0.00 o.nn 
OJX 0.04 0.04 

o.or 0.05 0.0! 

o.or 0.00 0.0< 

o.nr 0.00 0.0< 

o.oc 2.57 . 2.57 

o.or 0.01 0.01 

o.nn 0.01 0.01 

O.M 1.12 1.1 

O.IV 0.00 o.or 
o.nn 0.0! o.o• 
0.00 0.03 o.o:; 
O.H 0.15 0.1! 

OJK o.nr o.oc 
o.oc 0.00 o.cx 
o.nr 0.08 O.OE 

o.or 0.00 0.0< 

o.oc 2.26 2.2{ 

o.nr 0.06 O.Of 
o.or 0.00 . 0.()(] 

o:or 0.00 0.0< 
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percent), and selenium (3.5 percent). The remaining 24 sectors (83 percent) are expected to experience 
economic impacts between zero and three percent. Note that the impact of Option 2, expressed as a 
percentage of the value of shipments, is nearly the same under Options 1 and 2. 

Option 3 imposes significantly smaller impacts across all sectors. Significant impacts are 
expected for only three sectors (ten percent of the affected sectors) in the expected value case. These 
sectors are: mercury (49 percent), pyrobitumens, mineral waxes, and natural asphalt (18 percent), and 
tungsten (7 percent): In addition, fourteen sectors are expected to realize negative impacts of less than 
one tenth of a percent under this option. The remaining 12 sectors ( 41 percent of the affected sectors) are 
expected to experience economic impacts between one tenth of a percent and three percent 

Finally, Option 4 is projected to impose the lowest cost burden on affected industrial sectors of 
any of the options. EPA estimates that no sectors would experience significant impacts under Option 4. 
The most heavily affected sector under this option would be the mercury sector (approximately 2.5 
percent), and the second most aff~ted sector would be the tungsten sector (approximately 2 percent). 
Impacts would be negligible for most other sectors; 24 of the 29 sectors would experience an impact of 
less than one tenth of a percent. 

.The severity of predicted economic impacts does not in all cases reflect the magnitude of 
increased waste treatment costs estimated in this analysis. Facilities in several sectors are projected to 
experience significant cost increases but are not expected to suffer serious economic impact, because of 
high production rates and/or because the commodities that they produce have a high unit market price. 
Examples include alumina and aluminum, copper, magnesium, molybdenum, titanium, and zinc. Plants 
in other sectors (e.g., calcium, platinum group metals) are projected to experience low impacts because 
estimated incremental waste treatment costs are relatively modest. 

In contrast, the sectors that are projected to experience the most significant impacts have both 
moderate to high incremental waste manageme_,!lt costs and low commodity production rates, a low 
commodity price, or both. Prominent examples in this category include cadmium, selenium, and 
particularly, pyrobitumens, mineral waxes, and natural asphalt. It is worthy of note, however, that several 
of these commodities are co-products. That is, their principal or sole source of production is another, 
generally much larger mineral production operation. Consequently, while new waste management 
controls (and their costs) might threaten the economic viability of production of these commodities, they 
would generally not threaten the viability of the larger operation. This phenomenon is critically important 
to evaluating potential impacts on a number of sectors projected to experience significant cost/economic 
impacts in this analysis. Exhibit 3-14 displays the relationships between some of these sectors and their 
larger associated commodity production operation(s). 

Ratio of Regulatory Costs to V aloe Added 

Because value added is less than value of shipments, the ratio of regulatory costs to value added 
will be higher than the ratio of regulatory costs to shipments. EPA obtained data on value added for 16 
mineral industry sectors. Detailed results of the value-added impact analysis are presented in Exhibits 3-

.15 through 3-.18. 

April 15, 1997 
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Exhibit 3-14 

Relationships Among Mineral Commodity Production Operations 

Affected Commodity Sector Primary Associated Commodity 

Cadmium Zinc 

Mercury Gold 

Selenium Copper 

Antimony Lead, silver/copper. 

Bismuth Lead, copper/lead 

Rhenium Molybdenum 

Tellurium Copper 

Analysis of costs as a percentage of value added indicates that as with cost impacts and other 
economic impacts, Option 1 is the most burdensome and Option 4 is the least burdensome. For the sake 
of this analysis, EPA defined significant economic impacts as greater than · 10 percent For Option .1, EPA 
anticipates that five of the 16 industry sectors (31 percent of the sectors included in this analysis) will be 
significantly affected (lead, cadmium, selenium, tellurium, and zinc). Under Option 2, three of the 16 
sectors (19 percent of the sectors analyzed) are expected to be significantly affected (lead, cadmium and 
selenium). EPA estimates that Option 3 will significantly impact the cadmium and selenium sectors (13 
percent of the sectors analyzed). Finally, EPA expects Option 4 would result in no economic impacts for 
any of the 16 sectors examined. 

Ratio of Regulatory Costs to Profits 

Comparing regulatory costs to profits allows one to estimate how the costs of regulations will 
affect an industry's bottom line .. Incremental costs that exceed a_company's or industry's profits over an 
extended period generally will result in facility closures and exit from the industry in question. EPA 
obtained limited data on profits for five industry sectors. 

Results of the screening level economic impact analysis ~sing profits data are presented in 
Exhibits 3-19 through 3-22. None of the five industry sectors for which data were available are projected 
to have severe cost impacts (defined as costs that were greater than estimated industry profits) under any 
option. In fact, impacts exceed one percent in the expected value case only for the copper sector and only 
under Options 1 and 2. Even under the maximum value case, impacts exceed five percent only for the 
beryllium sector under Option 1 .. The Agency recognizes the limitations inherent in this approach, 
principally the likelihood that the reported gross income (before tax) for the companies comprising the 
five sector sample includes earnings from activities that may be unaffected by today's proposal, and 
therefore, may be overestimated for purposes of analyzing economic impacts. 

April 15, 1997 



Exhibit 3-15 
Option 1 Impacts (Value Added Analysis) 

. Incremental Sector Cost Economic Impact · 

$ (Percent of Value Added) 

Sector Estimated Value Added Minimum Exoected Maximum Minimum Exoected Maximum 

Alumina and Aluminum 1,609,800,000 1,400,000 2,400,000 2,900,000 0.1% 0.1% 0.2% 

Antimonv 3,381,146 - 55,000 81,000 0.0% 1.6% 2.4% 

Bervllium 5,970,650 - 40,000 800,000 0.0% 0.7% 13.4% 

Bismuth 916,462 - 39,000 72,000 0.0% 4.3% 7.9% 

Cadmium 110,916 - 63,000 2,500,000 0.0% 56.8% 2254.0% 

Conner 947,900,000 10,000,000 10,000,000 10,000,000 1.1% 1.1% 1.1% 

Germanium 1,128,753 - 39,000 45,000 0.0% 3.5% 4.0% 
~ 
::J,- Lead 21,801,962 121,000,000 27,000,000 32,000,000 96.3% 123.8% 146.8% 

- Magnesium and Magnesia from Brines 49,702,916 2,800 3,100 240,000 0.0% 0.0% -0.5% 
Vt Platinum Grouo Metals 5,665,483 - 5,900 38,000 0.0% 0.1% 0.7% 

Rhenium 638,917 - 9,500 31,000 0.0% 1.5% 4.9% 

Selenium 299,386 81,000 140,000 300,000 27.1% 46.8% 100.2% 

Tellurium 380,206 - 150,000 180,000 0.0% 39.5% 47.3% 
Titanium and Titanium Dioxide 267,950,952 170,000 920,000 1,400,000 0.1% 0.3% 0.5% 

Zinc 54,528,333 9,700,000 11,000,000 13,000,000 17.8% 20.2% 23.8% 

Zirconium and Hafnium 40453.960 - 210000 1200000 0.0% 0.5% 3.0% 



Exhibit 3-16 
Option 2 Impacts (Value Added Analysis) 

. Incremental Sector Cost Economic Impact 
$ (Percent of Value Added) 

Sector Estimated Value Added Minimum Exnected Maximum Minimum Exnected Maximum 

Alumina and Aluminum 1,609,800,000 310,000 810,000 1,500,000 0.0% 0.1% 0.1% 

Antimony 3,381,146 - 24,000 38,000 0.0% 0.7% 1.1% 

Beryllium 5,970,650 - 19,000 350,000 0.0% 0.3% 5.9% 

Bismuth 916,462 - 10,000 22,000 -0.0% 1.1% 2.4% 

Cadmium 110,916 - 53,000 570,000 0.0% 47.8% 513.9% 

Coooer 947,900,000 10,000,000 10,000,000 ' 10,000,000 1.1% I.I% I.I% 

Germanium 1,128,753 - 15,000 17,000 0.0% 1.3% 1.5% 

~ 
::i.--

Lead 

Magnesium and Magnesia from Brines 

21,801,962 

49,702,916 

I 2 i,000,000 

2,800 

27,000,000 

3,900 

32,000,000 

49,000 

96.3% 

0.0% 

123.8% 

0.0% 

146.8% 

0.1%' 
VI Platinum Group Metals 5,665,483 - 4,600 l l,000 0.0% 0.1% 0.2% 

Rhenium 638,917 - 9,500 31,000 0.0% 1.5% 4.9% 

Selenium 299,386 81,000 t00,000 160,000 27.1% 33.4% 53.4% 

Tellurium 380,206 - 12,000 40,000 0.0% 3.2% 10.5% 
Titanium and Titanium Dioxide 267,950,952 · 76,000 240,000 380,000 0.0% 0.1% 0.1% 

Zinc 54,528,333 1,500,000 2,400,000 2,700,000 2.8% 4.4% 5.0% 
Zirconium and Hafnium 40453 960 - 100000 320.000 0.0% 0.2% 0.8% 



Exhibit 3-17 
Option 3 Impacts (Value Added Analysis) 

Sector 
Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Copper 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Platinum Group Metals 

Rhenium 

Selenium 

Tellurium 

Titanium and Titanium Dioxide 

Zinc 

Zirconium and Hafnium 

Estimated Value Added 
1,609,800,000 

3,381,146 

5,970,650 

916,462 

110,916 

947,900,000 

1,128,753 

21,801,962 
49,702,916 

5,665,483 

638,917 

299,386 
380,206 

267,950,952 
54,528,333 

40.453 960 

Economic Impact 

(Percent of Value Added) 

Minimum Exoected Maximum 

0.0% 0.1% 0.1% 

0.0% 0.7% I.I% 

0.0% 0.3% 5.9% 

0.0% I.I% 2.4% 

0.0% 21.6% 441.8% 

0.3% 0.3% 0.3% 

0.0% 1.3% 1.5% 

0.3% 5.0%' 9.6% 
0.0% 0.0% 0.1% 
0.0% 0.1% 0.2% 
0.0% 0.6% 1.0% 

10.0% 14.7% 43.4% 
0.0% 3.2% 10.5% 
0.0% 0.1% 0.1% 
2.8% 4.4% 5.0% 
0.0% 0.2% 0.8% 

Minimum 

310,000 
. 
. 
. 

. 

2,600,000 
. 

59,000' 
2,800 

-
-

30,000 

-
76,000 

1,500,000 
. 

Incremental Sector Cost 

$ 

Exoected Maximum 

810,000 

24,000 

19,000 

10,000 

24,000 

2,500,000 

15,000 

1,100,000 
3,900 
4,600 

3,700 

44,000 
12,000 

240,000 

2,400,000 

100000 

1,500,000 

38,000 

350,000 

22,000 

490,000 

2,600,000 

17,000 

2,100,000 
49,000 
11,000 
6,200 

130,000 

40,000 

380,000 
2,700,000 

320.000 



Exhibit 3-18 
Option 4 Impacts (Value Added Analysis) 

Incremental Sector Cost Econon,ic Impact 

$ (Percent of Value Added) 

Sector Estiniated Value Added Minimum · Exoected Maximum Minimum Exoected Maximum 
Alumina and Aluminum 1,609,800,000 32,000 32,000 32,000 0.0% 0.0% 0.0% 
Antimony 3,381,146 - 8,500 8,500 0.0% 0.3% 0.3% 
Beryllium 5,970,650 - 2,800 2,800 0.0% 0.0% 0.0% 
Bismuth · 916,462 - 1,400 1,400 0.0% 0.2% · 0.2% 
Cadmium 110,916 - 2,800 2,800 0.0% 2.5% 2.5% 
Copper 947,900,000 14,000• 14,000 14,000 0.0% 0.0% 0.0% 
Germanium 1,128,753 - 5,600 5,600 0.0% 0.5% 0.5% 

Lead 21,801,962 5,600 5,600 5,600 0.0% 0.0% 0.0% 
Magnesium and Magnesia from Brines 49,702,916 2,800 2,800 2,800 0.0% 0.0% 0.0% I 

w
Platinum Group Metals 5,665,483 - 4,200 4,200 0.0% 0.1% 0.1% . 00 

Rhenium 638,917 - 2,800 2,800 0.0% 0.4% 0.4% 
Selenium 299,386 2,800 4,200 4,200 0.9% 1.4% 1.4% 
Tellurium 380,206 - 2,800 2,800 0.0% 0.7% 0.7% 
Titanium and Titanium Dioxide 267,950,952 2,800 9,900 9,900 0.0% 0.0% 0.0% 
Zinc 54,528,333 4,200 4,200 4,200 0.0% 0.0% 0.0% 
Zirconium and Hafnium 40453.960 - 2 800 2 800 0.0% 0.0% 0.0% 
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Exhibit 3-19 
Option 1 Impacts (Profits Analysis) 

Incremental 

Estimated 
Profits 

Sector Cost 
$ 

Economic Impact 
(Percent of Profits) 

Sector $ Minimum Expected Maximum Minimum Expected Maximu 
Alumina and Aluminum 720,221,231 1,400,000 2,400,000 2,900,000 0.19 0.33 0.40 

Beryllium 14,904,254 0 40,000 800,000 0.00 0.27 5.37 

Copper 956,454,882 10,000,000 10,000,000 10,000,000 1.05 1.05 1.05 

Platinum Group Metals 8,229,711 - 5,900 38,000 0.00 0.07 0.46 

Trtanium and Trtanium Dioxide 1480901274 170000 !:/2nl'VVI 1400 000 0.01 0.06 0.09 

Exhibit 3-20 
Option 2 Impacts (Profits Analysis)· 

Incremental 
Sector Cost Economic ImpactEstimated 

$ (Percent of Profits)Profits 
Sector $ Minimum Expected ,Maximum Minimum Expected Maximu 

Alumina and Aluminum 720,221,231 310,000 810,000 1,500,000 0.04 0.11 0.21 

Beryllium 14,904,254 0 19,000 350,000 0.00 0.13 2.35 

Copper 956,454,882 10,000,000 10,000,000 10,000,000 1.05 1.05 1.05 

Platinum Group Metals 8,229,711 - 4,600 11,000 0.00 0.06 0.13 

Titanium and Trtanium Dioxide 1480901274 7p,nnn 240000 380000 0.01 0.02 0.03 

Exhibit 3-21 
Option 3 Impacts (Profits Analysis) 

Sector Cost Economic ImpactEstimated 
$ (Percent of Profits)Profits 

Sector $ Minimum Expected Maximum Minimum Expected Maximum 

Alumina and Aluminum 720,221.231 310,000 810,000 1,500,000 0.04 0.11 0.21 

Beryllium 14,904,254 0 19,000 350,000 0.00 0.13 2.35 

Copper 956,454,882 2,600,000 2,500,000 2,600,000 0.27 0.26, 0.27 

Platinum Group Metals 8,229,711 - 4,600 11,000 0.00 0.06 0.13 

Trtanium ann Trtani11m Dioxide 1480901 274 7"'- ntll'I 240000 =ooo 0.01 0.02 0.03 

3.3 Regulatory Flexibility Analysis 

This section describes EPA's initial assessment of the small business impacts expected to be 
incurred by mineral processing firms as a result of the Phase IV Land Disposal Restrictions (LDRs ). 
Approximately 22 small businesses owning approximately 24 facilities may be affected by the rule. The 
first subsection describes the methodology EPA med in conducting the analysis. The second subsection 
presents the results of the analysis. In brief, the analysis concludes that no significant small business 
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Exhibit 3-22 
Option 4 Impacts (Profits Analysis) 

Estimated 
·Profits 

Sector Cost 
$ 

Economic Impact 
(Percent of Profits) 

Sector s Minimum Expected Maximum Minimum Expected Maximum 

Alumina and Aluminum 720.221,231 32,000 32,000 32,000 0.00 0.00 0.00 

Beryllium 14,904,254 0 2,800 2,800 0.00 0.02 0.02 

Copper 956,454,882 14,000 14,000 14,000. 0.00 0.00 0.00 

Platinum Group Metals 8,229,711 - 4,200 4,200 0.00 0.05 0.05 

Titanium and Trtanium Dioxide 1480901274 2800 9 anti 9900 0.00 0.00 0.00 

impacts are anticipated as a result of the rule and, therefore, preparation of a formal Regulatory Flexibility 
Analysis is unnecessary. 

3.3.1 Methodology 

An initial assessment of small business impacts involves four major tasks: (1) defining "small 
entities" for the rule being analyzed, (2) determining what number constitutes a "substantial number" of 
these entities, (3) determining how "significant impacts" will be measured, and (4) completing a 
screening analysis. If the initial assessment determines that a substantial number of small entities may 
face significant impacts as a result of the rule being analyzed, then a formal Regulatory Flexibility 
Analysis may be required. 

Defining "Small Entities" Affected by the Rule 

The Phase IV LDRs will affect those mineral processing entities that currently (i.e., prior to the 
rule) _generate hazardous waste. For purposes of this analysis, "small entity" refers to any such mineral 
processing business concern that has 750 or fewer employees including itself and all of its domestic and 
foreign affiliates (1000 or fewer employees for entities in the copper and aluminum sectors). This 
definition is consistent with the size standards established by the Small Business Administration (SBA) in 
13 CFR Sections 121.103 and 121.201 on January 31, 1996. EPA does not believe that other types of 
small entities, such as non-profit organiza~ons or local governments, will be affected by the application of 
Phase IV LDRs to mineral processing activities. 

Determining What Number Constitutes a Substantial Number 

This initial assessment applies a figure corresponding to 20 percent of small entities in 
determining whether a "substantial number" of small entities are likely to be impacted by the rule. For 
sensitivity analysis purposes, EPA has also applied an alternate figure corresponding to five percent of 
small entities. 

Measuring "Significant Impacts" 

To evaluate the impact that a small entity is expected to incur as a result of the rule, this analysis 
calculates the entity's ratio of annualized compliance costs as a percentage of sales. Entities are classified· 
as facing potentially "significant" impacts if this ratio exceeds three pefeent. For sensitivity analysis 
purposes, EPA has also applied an alternate figure of one percent. 
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Conducting the Screening Analysis 

The final task of the initial assessment is to conduct the screening analysis and determine 
whether, using the criteria established above, the rule is expected to result in significant impacts on a 
substantial number of small entities. The screening analysis involves four steps: 

(1) Identify Facilities Generating Hazardous Mineral Processing Waste. EPA compiled a list 
of the facilities generating hazardous mineral processing waste based on information 
contained in the technical background document Identification and Description of 
Mineral Processing Sectors and Waste Streams, U.S. EPA Office of Solid Waste, 
December 1995, and on information obtained from public comments on the proposed 
rule. Where uncertainty existed regarding whether certain facilities currentlr generate 
hazardous mineral processing waste, EPA included the facility in this analysis to avoid 
understating impacts ( even if doing so meant exceeding the number of facilities estimated 
in the cost model). Approximately 22 small businesses owning approximately 24 
facilities may be affected by the rulemaking. 

(2) Obtain Employee And Sales Data For The Business Concerns Owning Each Facility. · 
Using the list of facilities developed in the preceding step, EPA researched the number of 
employees and total sales for each business concern owning one or more facility. (As 
noted earlier, a .. business concern" includes not only the company owning a given 
facility, but all of its domestic and foreign affiliates.) EPA obtained data from a variety 
of public and commercial sources. 

(3) Obtain Compliance Cost Data For Each Small Business Concern. For each facility 
owned by a small business concern, EPA applied its most current estimate for the 
"average" sector-specific facility cost, in the expected value case, of complying with 
Option 2 under the assumed ba_§eline. In the few cases where a small business concern 
owns multiple facilities, EPA added the compliance costs for the individual facilities to 
obtain a total compliance cost for the small business owner. For example1 if one 
company owns two facilities, the costs of these facilities are added together to determine 
the total compliance cost to the company. 

(4) Compute Small Business Impacts. Finally, using the data obtained in the preceding 
steps, EPA calculated each small business concern's ratio oftotal annualized compliance 
costs as a percentage of sales. EPA then compared the ratios to the threshold value for 
significant impacts of three percent, and to the sensitivity threshold of one percent 

3.3.2 Results 

As described above, EPA examined the potential for small business impacts by comparing, for 
each small business, the total annualized compliance costs as a percentage of sales and comparing the 
ratio to a threshold of three percent. Approximately 22 small businesses owning approximately 24 
facilities may be affected by the rule. These facilities fall into the following sectors: alumina/aluminum, 

· antimony, cadmium, coal gas, germanium, fluorspar/hydrofluoric acid, molybdenum/ferromolybdenum/ 
ammonium molybdate, platinum group metals, pyrobitumens/mineral waxes/natural asphalts, scandium, 
tungsten, and/or zinc. EPA's analysis finds that the proposed rule would not result in a significant impact 
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on a substantial number of small mineral processing entities. 24 
.In fact the proposed rule is unlikely to 

result in a significant impact on any small mineral processing entities, and some small business owners 
would incur cost savings under the option. Two possible - but unlikely - exceptions to this finding arise 
as a result of data limitations. Because this analysis was unable to obtain sales data for certain small 
businesses, the analysis could not directly estimate impacts on these companies. Nevertheless, significant 
impacts on these businesses are unlikely, as discussed below: 

I 

• One company processing hydrofluoric acid is expected to incur annual costs of only $17,000 . 
Therefore, this company will not incur significant impacts unless it has sales of less than 
$566,667 (i.e., $17,000/0.03) or, using the alternate threshold of one percent, less than 
$1,700,000 (i.e., $17,000/0.01). Because higher sales can be expected for a sustained 
business venture conducting mineral processing,25 EPA believes that this small business will 
not incur significant impacts. 

·• Similarly, the analysis does not address small business concerns that may own one or more of 
the 17 facilities in the uranium sector. The average annual cost to such facilities is $2,700. 
Thus, if any of the 17 facilities are owned by small business concerns, significant small 
business impacts would arise only for those concerns with sales of less than $90,000 (i.e., 
$2,700/0.03) or, using the alternate threshold of one percent, less than $270,000 (i.e., 
$2,700/0.01).26 Assuming the total sales of a small business owning a uranium processing 
facility are at least as great as the lowest confirmed sales figure ($2,100,000) among all other 
small businesses in the analysis, then no impacts arise in the uranium sector under either 
threshold. 

Even in the unlikely event that any company incurs significant impacts under the scenarios 
described above, the rule would not generate significant impacts on a substantial number of small 
businesses unless 20 percent or more of small mineral processing firms (five percent or more under the 
alternative threshold for "substantial number")jncur significant impacts. This corresponds to five entities 
(two under the alternative threshold), and seems highly unlikely.27 

It is worth noting that actual impacts may be even less than estimated above because the facilities 
owned by small business concerns may incur smaller than average compliance costs. This could 
reasonably occur if small business concerns tend to own smaller than average facilities. 

24 This analysis was conducted based on the average costs to facilities in a given Sector under Option 2. 
The findings, however, also apply to the less costly options (option 3 and option 4): 

25 For example, the lowest confirmed sales figure among all other small businesses in the analysis 
exceeds $2 million · 

26 This assumes that only one uranium processing facility is owned per small business concern. 

27 Even if this had occurred, however, it would not necessarily constitute a substantial number of 
entities. Such a determination might also require consideration of other factors, such as the sectors in 
which the'entities operate and the absolute number of facilities affected. 
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4. BENEFITS ASSESSMENT 

The potential human health and ecological benefits of the proposed LDRs for mineral processing 
arise from reduced releases of toxic waste constituents to the environment as a result of regulatory controls. 
These reductions in release translate into reduced human exposures and reduced risks to human health. 
This section describes the approaches that have been taken to evaluating risks to human health associated 
with waste disposal and with storage of recycled materials. Risks have been assessed under the modified 
prior treatment baseline, and reductions in risks that may be associated with the various regulatory options 
are also identified. 

4.1 Risk and Benefits Assessments Methodologies 

4.1.1 Overview of Risk and Benefits Assessment Activities 

In developing this RIA, a number of efforts have been undertaken to evaluate the risks associated 
with mineral processing wastes disposal and storage and to assess the health benefits associated with 
changes in management practices under the proposed LDRs. These efforts have evolved in parallel with 
changes in the definitions of the baseline assumptions and with changes in the regulatory options that have 
occurred during the regulatory development process. Much of the work done early in the development of 
the rule analyzes baseline assumptions and regulatory options that are to some degree different from those 
currently being considered. Most significantly, the modified prior treatment baseline has only quite. 
recently become the focus of risk assessment efforts while the initial focus of the risk and benefit 
assessment was the no prior treatment baseline. 

In evaluating the results of these analyses, it is important to understand that all of the risk 
assessment activities described below employ screening methodologies, and do not provide definitive 
information about health risks or risk reduction benefits for actual exposed populations. The screening 
level methodologies are not site-specific, and they employ generic assumptions about facility 
characteristics, exposure pathways, receptors, and receptor behavior. Exposed populations living near. 
actual mineral processing facilities have not been identified or enumerated, and the applicability of the 
various exposure pathways that are evaluated to these populations has not been verified. Cancer risks and 
noncancer hazards me calculated for hypothetical individuals under the generic exposure conditions. The 
assumptions used in the risk assessment have been derived by EPA in the course of numerous regulatory 
analyses under RCRA, and they are generally considered to provide conservative, but plausible estimates 
of individual exposures and risks. 

A brief summary of the risk and benefits assessment efforts is provided below to show the 
relationships between the risk assessments for the various activities, baselines, and regulatory options. The 
major risk assessment efforts have included (in chronological order): 

Risk and Benefits Assessment for the Waste Disposal Using Non-Constituent Specific DAFs 

This effort involved the development of risk and risk reduction estimates for the wasted 
(unrecycled) portions of the mineral proces.sing waste streams. Data regarding constituent concentration~ 
were available for 38 waste streams, and the risk and benefits assessment were limited to those streams. 
The 28 streams comprised approximately 80 percent, by volume, of the total wastes generated by the 
mineral processing industry. The assessment was also limited only to health risks arising from 
groundwater exposures. Risks were estimated for the no prior treatment baseline (which was then 
considered to be a prudently conservative assumption, reasonable representative of current practice), and 
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risk reductions were estimated for all three of the regulatory options that were then being considered. 
Since under all three options (and under all four current options), treatment to UTS levels would be 
required prior to disposal of any of the waste streams, the benefit calculations for all three options were the 
same. 

In this initial analysis, groundwater exposure concentrations were calculated using dilution- · 
attenuation factor values (DAFs) derived by EPA for use in previous regulatory analyses. The DAFs were 
based solely on unit characteristics, and did not take into account the geochemical properties of the waste 
constituents. Risks were calculated using mean constituent concentrations estimated for each waste · 
stream, and benefits were estimated in terms of "facility-waste stream combinations," which are the 
estimated numbers of facilities at which given risk reduction would be achieved. Through imposition of 
the LDRs. The results of this assessment are summarized in the October 1995 Draft Mineral Processing 
LDRsRIA. 

Waste Disposal Risk and Benefits Assessment Using Sample-Specific Concentration 
Estimates 

Subsequent to the October 1995 RIA, EPA conducted sensitivity analyses to better evaluate 
potential sources of uncertainty in the risk and benefits assessment for the RIA. These analyses indicated 
the use of mean constituent concentration values obscured important variations in constituent 
concentrations within some of the waste streams, as well as variations in the risks that might be associated 
with the management of these streams. As a result of this finding, the risk and benefits assessment were 
revised, using constituent concentrations from individual waste samples, instead of mean values, to 
calculate risks. As in the previous effort, the benefi~ were calculated relative to the no prior treatment 
baseline. Thus, risk reduction benefits were again the same under all three options, except that one option 
would have excluded two spent materials streams from ~gulation under the no prior treatment baseline. 
This analysis was presented in the December 1995 RIA. 

Waste Disposal Risk and Benefits Assessment Using Constituent-Specific DAFs 

For this analysis, EPA employed DAF values that were derived specifically for waste management 
units from the mineral processing industry and which took into account differences in geochemical 
properties of the waste constituents. Except for this, this assessment was identical to that described in the 
previous paragraph, and evaluated benefits from changes in waste disposal relative to the no prior 
treatment baseline. · The methods used and results ate also described in more detail in Appendix A ofthis 
RIA. 

Risk Asses.sment for the Storage of Recycled Streams 

The latest risk assessment effort, discussed in this document, is the first which has focused on the 
recycled streams, and on the risks associated with storage, rather than only with the disposal of the wasted 
portions of the streams .. In this effort, EPA has assessed health risks both for groundwater exposure, as in 
the previous analysis, and for non-groundwater direct and indirect exposure pathways. 

Risks are assessed for 14 waste streams that EPA has identified as being recycled and for which 
constituent concentration data were available. These 14 streams account for 40 percent of the total mineral· 
processing waste generation, and for about 65 percent of the recycled voluI?J,e. Analogous to the methods 
used in the August RIA, EPA derived groundwater DAF values specifically for land-based recycling units, 
and specifically for each waste constituent: EPA assessed non.:groundwater risks associated with the 
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storage of recycled materials using methods generally similar to those used to derive the proposed Exit 
Concentrations under the Hazardous Waste Identification Rule. These methods are described in detail in 
Appendix H. 

No quantitative benefits assessment has been performed for the stored materials. This is .because, 
under three of the four regulatory options currently being considered, recycled materials would be stored in 
tanks, containers, or buildings (TCBs), and no data or satisfactory models are available which would allow 
the estimation of risks associated with these management units. Under Option 4, it is again assumed that 
recycled materials would be stored in land-based units, and no health benefits from improved storage 
would be realized relative to the baseline. 

Thus, for recycled materials management, EPA has estimated only baseline risks. These risks 
represent upper-bound estimates of the achievable health benefits if releases to the environment are 
completely abolished under the regulatory options under the modified prior treatment baseline. The degree 
of potential risk reduction associated with the various options differs only in that recycling of secondary 
materials through Bevill units would not be allowed under Options 1 and 2. 

In the discussion that follows, the primary focus will be an risks relative to the modified prior 
treatment baseline, but the risk and benefits assessment for waste disposal, relative to no prior treatment is 
also discussed, as it provides information useful in the estimation of disposal risks and risk reductions 
under the modified prior treatment baseline. 

4.1.2 Risk and Benefits Assesmient Methods for Nonrecycled Materials 

As noted in the previous section, all of the quantitative risk and benefits assessment work 
performed by EPA for the non-recycled portion of the mineral processing waste streams has focused on the 
management of these wastes under the no prior treatment baseline. Thus, the baseline risks have been 
assessed for final disposal of untreated material_$ in unlined units, and regulatory benefits have been 
evaluated in terms of the risk reduction achievable by initial treatment of all streams to UTS levels prior to 
disposal. · 

Under the modified prior treatment baseline, however, which EPA has recently identified as being 
most representative of current practice, it is assumed that all wastes would be stabilized to comply with TC 
regulatory levels prior to disposal, even in the absence of LDRs. Thus, potential baseline risks would be 
lower than when no prior treatment is assume. Also, the regulatory benefits, which under this baseline 

· would represent the difference between waste treatment to TC levels and waste treated to UTS levels, 
would be considerably lower than the benefits estimated relative to the no prior treatment baseline. 

_EPA has not quantitatively evaluated the risks associated with the disposal of waste at the TC 
levels, and thus has not developed quantitative estimates of benefits associated with changes in waste 
disposal practices in relation to the modified prior treatment baseline. The baseline health risks and risk 
reduction benefits calculated for the alternative baselines (no prior treatment, prior treatment) are discussed 
in detail in Appendix A.2. However, as will be discussed in Section 4.2.1, these estimates provide a useful 
basis for evaluating the modified prior treatment baseline. 

4.1.3 Risk and Benefits ~ent Methods for the Storage of Recycled Materials 

As discussed in Section 4.1.1, a quantitative risk assessment has been performed for the storage of 
recycled materials under the modified prior treatment baseline. Under this baseline, (as under the no prior 
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treatment baseline), all recycled streams are assumed to be stored in unlined land storage units prior to 
recycling. Streams were included in the analysis if EPA identified them as having non-zero recycled 
volumes under the "expected" cost scenario. Waste streams were also eliminated from the risk assessment 
if the estimated annual recycled volume was so low (less than 500 tons per year) that storage in land units 
would not be cost-effective. Based on these criteria, 14 streams were included in the risk assessment for 
stored materials, as shown in Exhibit 4-1. 

Exhibit 4-1 

.Recycled Streams Included in the Storage Risk Analysis 

Commodity Recycled Stream 

Aluminum and Alumina Cast House Dust 

Beryllium Chip Treatment Wastewater 

Copper Acid Plant Blowdown 

Elemental Phosphorus AFM Rinsate 

Elemental Phosphorus Furnace Scrubber Blowdown 

Rare Earths Process Wastewater 

Selenium Plant Process Wastewater 

Tantalum, Columbium, and Ferrocolumbium Process Wastewater 

Titanium and Titanium Oxide Leach Liquor and Sponge Wastewater 

Titanium and Titanium Oxide Scrap Milling Scrubber Water 

Zinc - Waste Ferrosilicon 

Zinc Spent Surface Impoundment Liquids 

Zinc Waste Water Treatment Plant Liquid Effluent 

Zinc Process Wastewater 

All but two of these streams are wastewaters (WW) or liquid nonwastewaters (LNWW), for which 
the least-cost management unit is a surface impoundment. The remaining two streams (aluminum cast 
house dust and zinc waste ferrosilicon) are nonwastewaters (NWW), for which the least-cost management 
unit is a waste pile. 

Constituent concentration data were available from,a total of 187 samples from the recycled 
materials, only three of which are of the two NWW streams, with the remainder representing WW and 
LNWW streams. Among these, 145 were bulk analytical results, and 42 were EP extraction analysis. Of 
the available sarriples, 135 had concentration data for constituents having toxicity criteria values that could 
be used in quantitative risk assessment. Again, three of the samples were from NWW streams. The data 
used to derive DAFs are summarized in Appendix J. 

Although storage risks were calculated for, only 14 of the 118 total mineral processing waste 
streams; these streams represent substantial proportions of the total generated wastes.and an even higher 
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proportion of the recycled wastes. Depending on which estimate of waste generation is used (minimum, 
expected, or maximum), the 14 recycled streams included in the risk analysis represent between 32 and 42 
percent of the total waste generation, and account for between 57 and 68 percent of the total recycled 
volume. This is because constituent concentration data are available for a substantial proportion of the 
high-volume waste streams. The extent of coverage of the storage risk assessment for the various 
commodity sectors is discussed in Appendix H. 

To estimate groundwater exposure concentrations, bulk concentrations or adjusted EP constituent 
concentrations from each waste sample were _divided by central tendency (CT) and high-end (HE) OAF 
values. The OAF values were derived specifically for the size and configuration of units (waste piles and 
surface impoundments) estimated in the cost and economic analysis as being necessary to contain ·recycled 
materials at representative size facilities in each commodity sector. OAF derivations were performed 
employing regionally representative ground-water transport parameters and climatological data for those 
facilities where these data were not available, or whose location was not known. · 

In evaluating risks, the 75th percentile constituent-specific DAFs were used to estimate central 
tendency (CT) groundwater concentrations. The rationale for using the 75th percentile DAFs rather than, 
for example, the 50~ percentile value was that the EPACMTP model used to derive DAFs does not 
consider fractured or channeled flow or other facilitated transport mechanisms which may occur at some 
sites, resulting in higher groundwater concentrations than those predicted for homogeneous flow processes 
modeled by EPACMTP. The 95th percentile constituent-specific OAF values were used to estimate high
end (HE) groundwater concentrations, in keeping with the definition of a high-end receptor as someone 

. exposed at levels between the 90th and 99th percentiles of all exposed individuals. 

Risks for groundwater exposures were calculated assuming groundwater would be used as a 
drinking water supply by residents living near the management units for substantial proportions of their 
lives. Cancer risks were calculated for exposures to inorganic arsenic28 using the Cancer Slope Factor 
(CSF) value from EPA's IRIS data base. For all other constituents, noncancer hazard quotients were 
calculated using EPA's ingestion pathway Reference Doses (RfDs). The.OAF values derived for mineral 
processing storage units, along with the exposure factor values and equations used to estimate groundwater 
pathway risks, are provided in Appendix H.1. 

Non-groundwater pathway risks for land storage of recycled materials were estimated using a 
variety of models, most of which generally follow the methods described in EPA's Technical Support 
Document for the proposed "HWIR-Waste" exit level derivation.29 Exhibit 4-2 identifies the non
groundwater release events and exposure pathways for which risks were evaluated, and provides brief 

. descriptions of the methods used to estimate exposures and risks. The release events that were evaluated 
for waste piles include air particulate generation by wind disturbance and materials handling, and surface 

28 Consistent with previous risk assessment efforts for mineral processing wastes, EPA chose not to 
model the potential ingestion pathway cancer risks associated with exposure to beryllium because, 
although beryllium has an approved Cancer Slope Factor in the IRIS data base, the value is currently under 
review, and there is a substantial degree of uncertainty surrounding the activity of beryllium as an ingestion 
pathway carcinogen. · · · 

29 U.S. EPA, Technical Support Document for the Hazardous Waste Identification Rule: Risk 
· Assessmentfor Human and Ecological Receptors, Office of Solid W~te, August 1995. 
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EXHIBIT 4-2. RELEASE AND EXPOSURE PATHWAY MODELING SUMMARY FOR MINERAL PROCESSING STORAGE RISK 

UNIT TYPE RELEASE 
EVENT/ 

MEDIUM 

Waste Pile Particulate 
Generation by 
Wind, Materials 
Handlino 

Waste Pile Runoff 

Surface Control/Berm 
lmpoundment Failure 

ASSESSMENT 

TRANSPORT TRANSPORT TRANSPORT 
MEDIUM I MEDIUM II MEDIUM Ill_ 

Air -- --

Air Soil --
(deposition) 

Air Soil Crops 
(deposition) 

j 

Air Soil/Water Surface 
Water/Fish 

Soil -- --

Soil -- --

Soil Crops --

Soil - -- Surface 
Water/Fish 

Surf ace Water -- --

Surface Water Fish --

EXPOSURE 
PATHWAY 

Inhalation · 

Ingestion 

Dermal 
Ingestion 

Ingestion 

Ingestion 

Dermal 

Ingestion 

Ingestion 

Ingestion 

Ingestion 

RECEPTORS 

Adult Resident 

Child/Adult 
Resident 
Child Resident 
Subsistence 
Farmer 

Subsistence 
Fisher 

Child Resident 

.,, 

Child Resident 

Subsistence 
Farmer 
Subsistence 
Fisher 

Adult Resident 

Subsistence 
Fisher 

. 
MODELING 

APPROACHES 

SCREEN3 (Emissions) 
ISCST3 (Deposition) HWIR 
(Exposure/Risk) 

HWIR-Waste 
(Exposure/Risk) 
HWIR-Waste 
HWIR-Waste, modified for 
non-steady-state conditions 
(concentration in crops, 
vegetable intake, risk) 

Bounding analysis (100 
percent deposition in water 
body) 
Bounding analysis; 100 
percent runoff to adjacent 
garden/yard, HWIR-Waste 
(exposure and risk) 
Bounding analysis; 1 oo 
percent runoff to adjacent 
garden/yard, HWIR-Waste 
(exposure and risk) 
Bounding Analysis; HWIR-
Waste 
Bounding analysis (100 
percent deposition in water 
bodv) 
HWIR-Waste (Release 
algorithms, exposure, 
drinking water ingestion) 
HWIR-Waste (R~leases, 
dilution fish inciestion risk) 



-49 -

run-off caused by rainfall. For surface impoundments, releases due to run-on and inlet/outlet control 
failure events were evaluated. Owing to the nature of the constituents being evaluated (all inorganics), 
volatilization release events were not considered. · 

The transport and exposure media which were evaluated included air, soils, home:-grown 
vegetables, surface water, and game fish. Exposure pathways and exposure factor values were generally 
consistent with the child/adult resident, subsistence farmer, and subsistence fisher receptors used in the · 
HWIR Waste exit level determination. Cancer risks and_noncancer hazard quotients were calculated for all 
pathways using standard pathway models and ingestion and inhalation pathway toxicological parameters 
from IRIS. The methods used to estimate exposures and to evaluate risks from the storage of recycled 
materials through non-groundwater pathways are described in detail in Appendix H.2. · 

4.2 Risk and Benefits Assessment Results 

4.2.1 Risks and Benefits Associated With the Disposal of Mineral Processing Wastes 

As noted previously, the estimated benefits associated with the proposed LDRs under the no prior 
treatment baseline are substantial, in terms of the numbers of facility-waste stream combinations that move 
from high-risk categories under baseline assumptions to lower risk categories under that requirement 
wastes be treated to UTS levels prior to disposal. ·These benefits, which would be realized under all four 
regulatory options, are summarized in Exhibits 4-3 and 4-4, and are discussed in detail in Appendix A.2. 
It can be seen from these exhibits that there are substantial numbers of waste stream-facility combinations 
for which estimated individual cancer risks through groundwater exposures exceed 10·5 and for which the 
estimated noncancer hazard quotient values exceed 1.0 under the no prior treatment baseline. This is true 
both under central tendency (CT) and high-end (HE) exposure assumptions. In contrast, post-LOR (where 
treatment to UTS levels would be required for all wastes), there are no waste stream-facility combinations 
for which these risk or hazard quotient levels are exceeded under either CT or HE assumptions. · 

-
Under the modified prior treatment baseline (and under the prior treatment baseline), the baseline 

risks and risk reduction associated with the first three regulatory options would be considerably lower than 
those derived assuming no treatment. This is because treatment to the TC regulatory levels prior to 
disposal, as assumed for modified prior treatment, in and of itself is sufficient to reduce the risks for most 
of the risk-driving constituents to below levels of concern for groundwater ingestion. In addition, the TC 
regulatory level and the UTS leachate level for arsenic, the sole ingestion pathway carcinogen among the 
constituents and a frequent risk driver, are the same. Thus, going from treatment to TC levels under 
modified prior treatment to UTS levels under the regulatory Options 1 through 4, will yield few benefits, 
in terms· of reduced groundwater risks. · 

This is illustrated in Exhibit 4-3 where, post-LOR, cancer risks for all waste stream-facility 
combinations (which are all due to arsenic exposures) are below 10·5_ Thus, there are no baseline cancer 
risks above levels of concern under the modified prior treatment baseline even withou.t LDRs. This, along 
with the equality of the TC and UTS treatment levels, means that no reduction in cancer risks would occur 
through the LORs under the assumptions used to define the modified prior treatment baseline and the 
regulatory options. 

Aprif 15, 1997 



EXHIBIT 4-3 RISK AND BENEFITS SUMMARY FOR MINERAL PROCESSING WASTE DISPOSAL 

-- ------- - - f Waste Stream-Facility Combinations by Groundwater Risk Cate2orv: C 
Numbtrof 
W• sle ~tre•m-
F•clllty 

Prt-LDR 

Central Tendency 

Post-LOR Prt-LDR 

High End 

Post-I.DK 
Combinations•# ' 10-5 10-4 10·3 10-2 10-5 10-4 10-3 10-2 10-5 UM 10-3 10-2 10-5 10-4 10-3 10-2 
Ctnlr• I Hl&h lo lo lo to to lo lo to lo lo 19 to lo to lo lo 

Commodity Wute Strt• iw TtndencJ End <10-5 10-4 10-3 10-2 10-1 >10-1 <10-5 10-4 10-3 10-2 10-1 >10-1 <10-5 10-4 10-3 10-2 10-1 >10-1 <10-5 10-4 10-3 10-2 10-1 
Al •nd_Alurrin• Cast house dust 23 23 23 0 0 0 0 0 23 0 0 0 0 0 23 0 0 0 0 0 23 0 0 0 0 
Sb 

Be 

Aulocl•w, fihr•le 

Spene barren fihnle II.ams 

4 

I 

1 

I 

0 

I 

0 

0 

0 

I 

2 

0 

2 

0 

0 

0 

4 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

I 

4 

0 

4 

0 

7 

I 

0 

0 

0 

0 

0 

0 

0 

0 
Be Chip !raiment WW I 2 I 0 0 0 0 0 I 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 
Ca Acid plant blowdown 7 7 2 0 2 I 0 I 1 0 0 0 0 0 0 I 0 2 I I 7 0 0 0 0 
Cu Scrubber blowdown 10 10 3 0 7 0 0 0 10 0 0 0 0 0 0 3 0 1 0 0 10 0 0 0 0 
Elemental Phosphorus AFM rinsalC 2 2 I I 0 0 0 0 2 0 0 0 0 0 0 I I 0 0 0 2 0 0 0 0 
Element1I Phosphorus Furnace offgas solids 2 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 
Elemental Phosphorus Furnace scrubber blowdown 2 2 I I 0 0 0 0 2 0 0 0 0 0 0 I I 0 0 0 2 0 0 0 0 
Element1I Phosphorus Slag quenchwa1cr 2 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 
Ge Wasle acid wash/rinse waler 2 4 2 0 0 0 0 0 2 0 0 0 0 0 0 4 0 0 0 0 4 0 0 0 0 
Ge Chlorin•lor wei 1ir poll. clrl. sludge 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 
Ge Hydrolysis fihr11e 2 4 2 0 o, 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 
Gt W•sle llill liquor 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 
Mg ind Magncsi1 (brint) S11'111 2 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 
Mo, FeMo, Amn. Mo Liquid residues I 2 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 
RateBanhs Spene 1mmon. nilnlc proc. sol. I I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 
Rine l!•nhs PWW I I 0 I 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 
Se Plant PWW 2 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 2 .o 0 0 ·o 
Ta, Coluni>ium, and PeCol. PWW 
Tilanium 1111d Ti02 Pickle liquor & wash waler 

Tilanium •nd Ti02 Leach liquor & sponge wash waler 

2 

2 

I 

2 

3 

2 

I 

I 

I 

0 

I 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

2 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

I 

2 

I 

0 

2 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
Ti11nium 1111d Ti02 

Titanium Ind Ti02 

Ti11nlum and Ti02 

Titanium 1nd Ti02 

Ti11nium and Ti02 

Scrap milling acrubbcr waler 
Spent s.i. liquids 

Spene 1.i. 101id1 

Wu1e 1cids (Sulfa1c process) 

WWTP sludge/solids 

I 

4 

4 

I 

7 

I 

7 

7 

2 

. 7 

0 

0 

0 

0 

0 

I 

0 

0 

I 

0 

0 

0 

0 

0 

0 

.o 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

I 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
w 
7.n 

Spent acid & rinse waler 
Was1e (ctTosilicon 

3 

I 

6 

I 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

3 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 
Zn Spcnl s.i. liquids 3 3 0 0 0 3 0 0 3 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 0 
Zn WWTP solids 3 3 3 o· 0 0 0 0 3 0 0 0 0 0 0 3 0 0 0 0 3 0 0 0 0 
Zn 

Zn 
Zn 

TOTALS• 

Spcnl syn1hc1ic gypsum 

WWTP liquid emucnl 

Zinc l<1n slag 

3 

3 

I 

108 

3 

3 

I 

133 

3 

0 

I 

56 

0 

0 

0 

II 

0 

0 

0 

II 

0 

0 

0 

8 

0 

0 

0 

2 

0 

0 

0 

I 

3 

0 

I 

89 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

I 

46 

0 

0 

0 

20 

2 

0 

0 

14 

0 

0 

0 

13 

0 

0 

0 

10 

0 

0 

0 

5 

3 

0 

I 

I08 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• Sums by risk catcgoiy may not add to lhc number o(Ccnlral or high-end 
w111e 1tream'f1cili1y combina1lon1 due 10 rounding. 

>10-1 

I 

I 

I 

I 

I 

I 

I 

I 

I bi 
' 0 

' 
' 
' 

' 

I 

I 

{ 

( 

I 

( 

I 

( 

( 

I 

I 

I 

I 

I 

I 

I 

I 



EXHIBIT 4-4 RISK AND BENEFITS SUMMARY FOR MINERAL PROCESSING WASTE DISPOSAL 
Distribution of Waste Stream-Facility Combinations bv Groundwater Hazard Cateeorv: Non-Cancer Hazard 

Commodity Waste Stream Number of Waste Central Tendency lll~hEnd 
Stream• 
Faclllty 

Pre•LDR Post-LDR Pre-LDR Post•LDR 

Combinations• l 10 100 lk l 10 100 lk l 10 100 lk l JO JOO Jk 

Central High lo lo to to to lo lo lo to to to to lo to to to 
Tendencv End <I 10 100 lk IOk >lOk <I JO 100 Jk IOk >IOk <I 10 100 lk lOk >lOk <I 10 100 lk IOk >lOk 

Al and Alumi~a Cast house dust 23 23 23 0 0 0 0 0 23 0 0 0 0 0 23 0 0 0 0 0 23 0 0 0 0 0 
Sb Autoclave filtrate 4 7 0 0 0 3 I 0 4 0 0 D 0 0 0 0 0 2 2 2 7 0 0 0 0 0 
Be Spent barren fillrate slreams I I 0 0 I 0 0 0 I 0 0 0 0 0 0 0 0 I 0 0 . I 0 0 0 0 0 
Be Chip lrealmenl WW I 2 0 0 0 0 I 0 I 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 
Cu Acid plant blowdown 7 7 I 2 2 I I 0 7 0 0 0 0 0 0 I I 2 I I 7 0 0 0 0 0 
Cu Scrubber blowdown IO IO 0 3 7 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 

. 

Elemental Phosphorus AFM rinsate 2 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 
Elemental Phosphorus Furnace off gas solids · 2 2 2 0 0 0 0 0 2 0 0 0 0 0 . 2 0 0 0 0 0 2 0 0 0 0 0 
Elemental Phosphorus Furnace scrubber blowdown 2 2 I, I 0 0 0 0 2 0 0 0 0 0 0 0 I I 0 0 2 0 0 0 0 0 
Elemental Phosphorus Slag quenchwater 2 2 2 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 
Ge Waste acid wash/rinse waler 2 4 2 0 0 0 0 0 2 0 0 0 0 0 0 o· 4 0 0 0 4 0 0 0 0 0 
Oe Chlorinator wet air poll. clrl. 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0 

Oe 
sludge 

Hydrolysis filtrate 2 4 2 0 0 I 0 0 0 . 2 0 0 0 0 0 4 0 0 0 0 0 4 ·o 0 0 0 0 
CA.-Oe Waste still liquor 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 .o 0 0 0 0 4 0 0 0 0 0 

Mg and Magnesia (brine) Smut 2 2 2 0 0 0 0 0 2 0 o· 0 0 0 I I 0 0 0 0 2 0 0 0 0 0 
Mo, FeMo, Amm. Mo Liquid residues I 2 0 0 I 0 0 0 I 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 
Rare Earths Spent ammon. nilrate proc. sol. I I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 ·o I 0 0 0 0 0 
Rare Earths PWW I I I 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
Se PlanlPWW 2 2 I I 0 0 0 0 2 0 0 0 0 0 0 0 I I 0 0 2 0 0 0 0 0 
Ta, Columbium, and FeCol. PWW 2 2 I 0 0 0 0 0 2 0 0 0 0 0 I 0 0 0 0 0 2 0 0 0 0 0 
Titanium and Ti02 

Titanium and Ti02 

Pickle liquor &. wash water 

Leach liquor &. sponge wash 

2 

I 

3 

2 

0 

0 

2 

I 

0 

I 

0 

0 

0 

0 

0 

0 

2 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
, 3 

2 

0 

0 

0 

0 

0 

0 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
water 

Titanium and Ti02 Scrap milling scrubber waler I I 0 I 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 
Titanium and Ti02 Spent s.i. liquids 4 7 4 0 0 0 0 0 4 0 0 0 0 0 7 0 0 0 0 0 7 0 0 0 0 0 
Tiianium and Ti02 Spent s.i. solids 4 7 4 0 0 0 0 0 4 0 0 0 0 0 5 2 0 0 0 0 7 0 0 0 0 0 
Tilanium and Ti02 Waste acids (Sulfale process) I 2 0 0 I 0 0 0 I 0 0 0 0 .o 0 0 I I 0 0 2 0 0 0 0 0 
Titanium and Ti02 WWTP sludge/solids 7 7 7 0 0 0 0 0 7 0 0 0 0 0 4 4 0 0 0 0 7 0 0 0 0 0 
w Spent acid &. rinse water 3 6 2 I 0 0 0 O· 3 0 0 0 0 0 3 2 0 2 0 0 6 0 0 0 0 0 
Zn Waste fcrrosilicon I I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 
Zn Spenl s.i. liquids 3 3 0 I I 0 . I 0 3 0 0 0 0 0 0 I 0 I 0 I 3 0 0 0 0 0 
7.n WWTP solids 3 3 3 0 0 0 0 0 3 0 0 0 0 0 I I I 0 0 0 3 0 0 0 0 0 
Zn Spent syn1he1ic gypsum 3 3 3 0 0 0 0 0 3 0 0 0 0 0 2 2 0 0 0 0 3 0 0 0 0 0 
7.n WWTP liquid effluent 3 3 0 I I 0 0 I 3 0 0 0 0 0 0 0 2 0 0 I 3 0 0 0 0 0 
Zn Zinc lean slag I I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 
TOTALS• IOS 133 68 16 14 4 4 I IOS 0 0 0 0 0 63 15 19 24 4 8 133 0 0 0 0 0. 
• Sums by hazard category may not add to the number of central or high. 
end waste stream/facility combinations due to rounding. 
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In the case of noncarcinogenic constituents, the situation is very similar. Again (see Exhibit 4-4), 
treatment of all of the waste streams to UTS levels prior to disposal (post-LOR) results in all waste stream
facility combinations having noncancer hazard quotients less than 1.0. Unlike the case for arsenic, 
however, the UTS concentrations for many of the constituents are lower than the TC concentrations. Even 
in these cases, however, screening calculations indicate that, with one possible exception, treatment to the 
TC level, as required under the modified prior treatment baseline, would results in hazard quotient values 
less than 1.0 for all of the waste samples. The basis for this argument is shown in Exhibit 4-5. 

It can be seen from this exhibit that the estimated exposure concentrations in groundwater, 
calculated using HE constituent-specific DAF values for surface impoundments30, are all below levels 
corresponding to noncancer hazard quotient values of 1.0, with the exception of barium, for which the 
exposure concentration corresponding to the TC leachate regulatory leveljust exceeds the health-based 
level. Barium is rarely a risk-driving constituent in the waste disposal risk assessment, and review of the 
data base of constituent concentrations indicates that no EP leachate sample from any waste stream has a 
barium concentration exceeding the TC level, even prior to treatment, and most of the EP extraction 
analytical results are many orders of magnitude below the TC level. Further, only five bulk samples from 
any of the waste streams have barium concentrations exceeding 100 mg/kg, and four of these samples are 
from nonwastewater streams that would be managed in waste piles rather than in surface impoundments. · 
The HE DAF for barium release from waste piles is many orders of magnitude lower than the value for 
surface impoundments, and thus the calculated groundwater exposure concentrations would also be much 
lower for these samples. 

The findings presented above provide a high degree of assurance that the groundwater pathway 
risks associated with the presence of TC analytes in the disposed mineral processing wastes would pose 
low risks under the modified prior treatment baseline. Consequently, the health benefits of the regulatory 
options relative to this baseline from reduced groundwater exposures _would be minimal for most 
constituents, and would be zero for arsenic, for which the TC and the UTS levels are the same. 

Exhibit4-5 

Groundwater Concentrations Resulting from Releases of Noncarcinogenic Constituents at TC 
Concentrations Compared to Health-Based Levels 

Health-Based Level HE Groundwater 
(Groundwater Concentration 
Concentration Corresponding to Release 

corresponding to HQ= 1) TC Regulatory Level at TC Regulatory Level 
Constituent (m!!/1) . (m!!/1) (m!!/1) 2 

Barium 2.5 100 6.8 
Cadmium 0.035 1 0.00031 
Chromium (VD 0.18 5 0.031 
Lead 0.015 1 5 6x10·9 

Mercurv 0.011 0.025 6X10-6 
Selenium 0.18 1 0.0023 
Silver 0.18 5 0.010 
1 The HBL for lead is the Safe Drinking Water Act MCL. 
2 Calculates using the constituent-specific HE DAF value for surface impoundments 

30 This·is the lowest D~ value used in the analysis, and gives the highest risks. 

April 15, 1997 
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A similar blanket statement cannot be made for the other constituents (antimony, beryllium, 
cyanide, nickel, thallium, vanadium, and zinc) for which TC regulatory levels have not been set, but which 
have UTS levels: In these cases, the benefits associated with going from the modified prior treatment 
baseline to regulatory options 1-4 could be higher. In the extreme case, (where treatment to reduce the 
mobility of the TC analytes does not reduce the mobility of the other UTS constituents), the baseline risks 
and regulatory benefits could be almost as high as those shown in Exhibit 4-4. It is likely, however, that 
under the modified prior treatment baseline, treatment to reduce leaching of the TC analytes would also 
reduce the mobility of the other UTS analytes to a substantial degree. Thus, the baseline groundwater , 
pathway risks, and the risk reduction benefits under this baseline are likely to be much lower than those 
indicated in Exhibit 4-4. 

Finally, the risk assessment for mineral processing waste disposal has not addressed non- -
groundwater pathway risks. It is not known to what extent these risks would be reduced by LDRs 
compared to the modified prior treatment baseline. 

4.2.2 Risk Assessment Results for Recycled Materials Storage: Groundwater Pathway 

Exhibit 4-6 summarizes the carcinogenic groundwater risk results for the 75 samples identified as 
containing arsenic, the sole ingestion pathway carcinogen among the waste constituents. Using the CT 
DAF values, the calculated cancer risks for 49 of these samples were less than 10·5, the level of regulatory 
concern, and the risks for 26 of the samples· exceeded this value. Cancer risks exceeded 10·5 for one or 
more samples from only fo1,1r waste streams; copper acid plant blowdown, elemental phosphorus furnace 
scrubber blowdown, tantalum, columbium, and ferrocolumbium process wastewater, and zinc spent 
surface impoundment liquids. The highest cancer risks were associated with•three samples of copper acid' 
plant blow down ( 10·3 to 10·2). This waste stream accounted for 14 of the 16 samples with the highest CT 
cancer risks. The next highest risks (in the 104 to 10·3 range) were associated with one sampl~ each from 
tantalum process wastewater and zinc spent surface impoundment liquids. 

Using the high-end (HE) DAF values, cancer risks calculated for the groundwater pathway exceeded 10·5 

for 50 of.the 75 samples. Under this set of assumptions, risks for at least one sample exceeded 10·5 for 10 
of the 14 waste streams evaluated. The highest risks (25 of 30· samples > 10-5

, highest risk category >l0·1) 

were again associated with copper acid plant blowdown, with the next highest risk 00·2 to 10·1
) being 

associated with the single sample of zinc spent surface impoundment liquids. Of the wastes whose CT 
cancer risks were below 10·5 for all samples, six (elemental phosphorus AFM rinsate, rare earths process 
:wastewater, selenium plant wastewater, titanium/fiO2 leach liquor and sponge wash water and scrap 
milling scrubber water, and zinc process wastewaters), had at least one sample with HE cancer risks above 
this level. 

Cancer risks for most of the samples increased about two orders of magnitude from the CT to HE 
case. This is consistent with the difference between the CT and HE DAF values for arsenic managed iri 
surface impoundments. In the case of the NWW waste streams managed in piles, both the CT and HE 
cancer risks for all samples were below 10·5_ For aluminum/alumina cast house dust, this reflected the 
much higher CT and HE DAF values for arsenic managed in waste piles, compared to surface 
impoundments. Arsenic was not detected in the single sample of waste ferrosilicon from zinc productioi:i. 
Thus, no carcinogenic risks were calculated for this waste. The two other streams for which all HE 
sample-specific cancer risks were below 10·5 were beryllium chip treatment wastewater and zinc 
wastewater treatment plant liquid effluent. 

April 15, 1997 



EXHIBIT 4-6 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 

Distribution of Samples by Groundwater Risk Category: Cancer Risks 

Commodltv Waste Stream 

Number 
of Samples 

with. 
Cancer 

Risk <10-5 

Central Tendency 

10-5 10-4 10-3 10-2 

to to to to 

10-4 10-3 10-2 10-1 >10-1 <10-5 

10-5 

to 

10-4 

Hieb End 

10-4 10-3 

to to 

10-3 10-2 

10-2 

to 

10-1 >10-1 

~ 
2:-VI 
~-\0 
\0 
--.J 

Aluminum, Alumina - Cast house dust 

Beryllium Chip treatment WW 

Copper Acid plant blowdown 

Elemental Phosphorus AFM rinsate 

Elemental Phosphorus Furnace scrubber blowdown 

Rare Earths PWW 

Selenium PlantPWW 

Tantalum, etc. 1 PWW 

Titanium and Ti02 Leach liquor & sponge wash water 

Titanium and Ti02 Scrap milling scrubber water 

Zinc Waste ferrosilicon 

2 

1 

30 

2/ 
8 

2 

2 

13 

2 

1 

0 

2 

1 
9 

2 

7 

2 

2 

10 

2 

1 

0 

0 
.Q 

7 

0 

1 

0 

'O 
2 

0 

0 

0 

0 

0 

8 

0 

0 
0 

0 

1 

0 
0 

0 

0 
0 

3 

0 

0 
0 

0 
0 

0 
0 

0 

0 
0 

3 

0 

0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

2 

l 

5 

0 

3 

0 

0 

7 

0 
0 

0 

0 
0 

3 

1 

3 

2 

1 

3 
l 

l 

0 

0 

0 

5 

I 
2 

0 

l 

0 
1 

0 

0 

0 
0 

8 

0 

0 

0 

0 

3 
0 

0 

0 

0 
0 

5 

0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

VI 
+>-

Zinc 

Zinc 

Zinc 

Spent s.i. liquids 

WWTP liquid effluent 

Process wastewater 

1 
0 

11 

0 
0 

11 

0 

0 

0 

I 

O· 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

1 

0 

0 

3 

0 

0 

0 

l 

0 

0 

0 

0 

0 

' 

Total 75 49 10 10 3 3 0 25 16 13 11 6 4 

1. Tantalum, Columbium, and Ferrocolumbium 



- 55 -

Noncancer hazard quotient values for the groundwater pathway for the individual samples of 
recycled materials are summarized in Exhibit 4-7. Using the CT DAF values, hazard quotients exceeding 
1.0 were calculated for 43 of 135 total samples from the 14 waste streams. As was the case for cancer 
risks, copper acid plant blowdown had the highest number of samples with noncancer hazard quotients 
above 1.0 (18 of 35 samples), and had the highest number of samples (4) in the highest-risk category (HQ 
= 100 to 1000). Samples from zinc production (11 of 22 for spent surface impoundment liquids and 8 of 
16 for process wastewater) account .for the bulk of the remaining hazard quotients above 1.0. The only 
other waste streams with CT hazard quotients above 1.0 included beryllium chip treatment wastewater ( one 
sample), elemental phosphorus furnace scrubber blowdown (one sample), tantalum, process waste water 
(three samples), and zinc wastewater treatment plant liquid effluent (one sample). 

When the HE DAF values are used to calculate exposures, hazard quotients exceed 1.0 for 100 of 
the 135 samples. As was the case for cancer risks, most of the hazard quotient values for in~ividual 
samples are increased one to two orders of magnitude in the HE case compared to the CT case, reflecting 
the higher HE DAF values for the risk-driving constituents managed in surface impoundments. As for 
cancer risks, both the CT and HE DAF values for waste piles for all of the constituents are so high that no 
samples of either of the two streams stored in waste piles have hazard quotients exceeding 1.0 in either the 
CT or HE ·case. Hazard quotient values for one or more samples from five waste streams ( elemental 
phosphorus AFM rinsate, rare earths process wastewater, selenium process wastewater, and -titanium/Ti02 
leach liquor and sponge wash water and scrap milling scrubber sludge) which were all below 1.0 in the CT 
case exceeded 1.0 in the HE case. 

4.2.3 Potential Benefits From Control of Stored Materials: Groundwater Pathway 

The cancer risk results for the individual samples, distributed across the numbers of facilities 
generating and storing the wastes, are summarized in Exhibit 4-8. Using the methods described in Section 
1.1.2, EPA has estimated that CT groundwater pathway cancer risks-would exceed 10·5 at approximately 
10 of the 57 facility-waste stream facilities. 31 AJl of these facility-waste stream combinations were 
managing either copper acid plant blowdown (7 facility-waste stream combinations) or zinc spent surface 
impoundment liquids (3 combinations). These results, of course generally reflect the pattern of sample
specific risk results for the various commodity sectors. It should be noted, however, that for two waste 
streams, findings of one or more sample with greater than 10·5 risks did not translate into any facility-waste 
combinations above 10-5 risks. In the case of elemental phosphorus furnace scrubber blowdown, only one 
of seven samples had a cancer risk of just above 10·5_ Distributed across only two facilities estimated to be 
storing this waste, this result ( one-seventh of the samples having risks above 10"5

) was rounded down to 
· zero. Similarly, in the case of tantalum process wastewater, three of thirteen samples with risks above 10-5 

were again rounded downward to zero of two facility-waste stream combinations. This occurrence is the· 
almost inevitable result of having so few facilities in some of the commodity sectors, and the fact that non
integral numbe~ of waste-stream facility combinations are meaningless as risk or benefit indicators. It 
would be reasonable to interpret these results as indicating that either zero or one facility in these industries 
might have a CT cancer risk above 10-5

• 

31 Note that the totals in the risk categories do not sumexactly due to rounding. This is true 
for the following exhibit as well. 
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EXHIBIT 4-7 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 
Distribution of Samples by Groundwater Hazard Category: Non-Cancer Hazards 

Central Tendency 
Number of 1 10 100 lk
.Samples 

with to to to to 
Non-cancer 

<1 10 100 lk 10k >lOk <1Commodity Waste Stream Hazard 

Aluminum, Alumina Cast house dust 2 2 0 0 0 0 0 2~ II 

-~ Beryllium Chip treatment WW -0 0 I 0 0 0 0 

VI Copper Acid plant blowdown 35 17 10 4 4 0 0 3 

Elemental Phosphorus AFM rinsate 2 2 0 0 0 0 0 0 
\0 - 1 .\0 Elemental Phosphorus Furnace scrubber blowdown 14 13 0 0 0 0 4
-...J 

Rare Earths PWW 4 4 0 0 0 0 0 2 

Selenium PlantPWW 2 2 0 0 0 0 0 0 

Tantalum, etc. 1 PWW 21 18 3 0 0 0 0 13 

Titanium and Ti02 Leach liquor & sponge wash water 2 2 0 0 0 0 0 0 

Titanium and Ti02 Scrap milling scrubber water I 1 0 0 0 0 0 0 

Zinc Waste ferrosilicon I 1 0 0 0 0 0 I 

Zinc Spent s.i. liquids 22 11 5 4 2 0 0 4 

Zinc WWTP liquid effluent 3 2 0 0 I 0 0 0' 

Zinc Process wastewater 24 16 7 I 0 0 0 5 . 

Totals I 134 I 91 26 10 7 0 0 34 

1 

High End 

10 100 lk 

to to to to 

10 100 lk ·10k >lOk 

0 

0 

7 

0 

4 
2 

2 

3 

I 

I 
0 

3 

I 

4 

0 

0 

12 

2 

5 

0 

0 

0 

1 

0 

0 

2 

I 

5 

0 

0 

7 

0 

I 

0 

0 

5 

0 

0 

0 

7 

0 

8 

0 

I 

4 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

2 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

4 

I 

0 

VI 
0\ 

28 28 28 9 7 

1. Tantalum, Columbium, and Ferrocolumbium 



EXHIBIT 4-8 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 
Distribution of Waste Stream/Facility Combinations by Groundwater Risk Category: 

Cancer Risks 

-- Number of Central Tendency High End 

Waste Stream-

Facility 

Combinations 10-5 10-4 10-3 10-2 10-5 10-4 10-3 10-2 

Central High to to to to to to to to 

Commoditv Waste Stream Tendencv End <10-5 10-4 10-3 10~2 10-1 >10-1 <10-5. 10-4 10-3 10-2 10-1 >10-1 

Aluminum, Alumina Cast house dust 23 23 23 0 0 0 0 0 23 0 0 0 0 0 

~ Beryllium Chip treatment WW 2 I 2 2 0 0 0 0 0 2 0 0 0 0 0 
::i.--VI 

Copper Acid plant blowdown 

Elemental Phosphorus AFM rinsate 

10 

2 
~o 
2 

3 

2 

2 

0 

3 

0 

1 

0 

l 

0 

0 

0 

2 

0 

1 

1 

2 

l 

2 

0 

2 

0 

2 

0 VI 
-..J -'° Elemental Phosphorus Furnace scrubber blowdown 2 2 2 0 0 0 0 0 I 1 1 0 0 0 

-..J '° Rare Earths PWW I 1 1 0 0 0 0 0 0 l 0 0 0 0 

Selenium PlantPWW 2 2 2 0 0 0 0 0 0 1 1 0 0 0 

Tantalum, etc. 1 PWW 2 2 2 0 0 0 0 0 I 1 0 0 0 0 

Titanium and TiO2 Leach liquor & sponge wash water 2 2 2 0 0 0 0 0 0 1 I 0 0 0 

Titanium and TiO2 Scrap milling scrubber water 1 1 l 0 0 0 0 0 0 1 0 0 0 0 

Zinc Waste ferrosilicon 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

Zinc Spent s.i. liquids 3 3 0 0 3- 0 0 0 0 0 0 0 3 0 

Zinc WWTP liquid effluent 3 3 0 0 0 0 0 0 0 0 0 0 0 0 

Zinc Process wastewater 3 3 3 0 0 0 0 0 2 0 1 0 0 0 

TOTAL2 57 57 42 3 6 1 1 0 30 8 6 3 5_ 2 

1. Tantalum, Columbium, arid Ferrocolumbium 
2. Sums by risk category may not add to the number of central or high-end waste stream/facility combinations due to rounding. 
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When. HE DAF values are used, the number of facility-waste stream combinations with cancer 
risks above 10·5 increases to 24 of 57 facilities. Under HE assumptions, most of the waste streams show 
one or more facilities at risk levels above 10·5• The exceptions include both the two NWW streams that 
would be stored in waste piles, as well as beryllium chip treatment wastewater and zinc wastewater 
tr~tment plant liquid effluent. As noted previously, arsenic is not reported as a constituent of the latter 
waste. 

The distribution of facility-waste stream combinations by noncancer risk category is summarized 
in Exhibit 4-9. Using the CT DAF values, 12 facility-waste stream combinations are identified as having 
noncancer hazard quotients greater than 1.0. Five of these facilities are managing copper acid plant · 
blowdown, two are managing beryllium chip treatment wastewater, and two of the facility-waste stream 
combinations are associated with the management of zinc spent surface impoundment liquids. 

Using HE DAF values, 28 facility-waste stream combinations are identified as being associated 
with noncancer hazard quotients above 1.0. Again, four waste streams have no facility- waste stream 
combinations with hazard quotients above levels of concern: aluminum/alumina cast house dust, rare earth 
chip treatment wastewater, tantalum process wastewater, and zinc spent waste ferrosilicon. 

As discussed previously, if regulatory options completely abolish releases from the mineral 
processing storage units, post-LDR risks for all of the waste stream-facility combinations would drop 
below levels of concern. Thus, the numbers of facilities above levels of concern in Exhibits 4-7 and 4-8 . 
provide an upper-bound estimate of the regulatory benefits, in terms of groundwater risk reduction, that 
might be achieved by Option 3, under which all recycled materials would be stored in tanks, containers, 
and buildings. Under Options I and 2, the recycling of secondary materials in Bevill units would be 
prohibited. The risks associated with the storage of these wastes (copper acid plant blowdown, and 
elemental phosphorus AFM rinsate and furnace scrubber blowdown) would definitely be reduced to below 
levels of concern, since these streams would need to be managed in Subtitle C units. 

The extent to which these benefits might actually be realized is difficult to predict without explicit 
modeling of releases from the tanks, containers, and buildings. These technologies would probably 
provide substantial risk reduction for most wastes, but EPA does not have sufficient data to estimate the 
level of riskreduction. Probably those streams with storage risks which just exceed levels of concern 
would be more likely to fall below levels ofconcern if managed in TCBs than those streams for which 
risks exceed levels of concern by many orders of magnitude, because a lower degree of control would be 
necessary to control these risks. EPA also believes that it will be easier to manage the low-volume 
recycled streams to achieve high levels of control than it will be to manage the higher volume streams. 
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EXHIBIT 4-9 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 
Distribution of Waste Stream/Facility Combinations by Groundwater Hazard Category: 

Non~Cancer Hazards 

Number of 

Waste Stream- Central Tendencv Hi2h End 

Facility 

Combinations 1 10 100 lk 1 10 100 lk 

Central High to to to to to to to to 
Commoditv Waste Stream Tendencv End <l 10 100 lk 10k >lOk <1 10 100 lk 10k >lOk 

Aluminum, Alumina Cast house dust. 23 23 23 0 0 0 0 0 23 0 0 0 0 0 

Beryllium Chip treatment WW 2 2 0 0 2 0 0 0 0 0 0 0 2 0 
>

"Cj' Copper Acid plant blowdown 10 10 4 3 1 1 0 0 1 2 3 2 1 1 
::i. 

Elemental Phosphorus AFM rinsate 2 2 2 0 0 0 0 0 0 0 2 0 0 0-.... UI 
UI \0Elemental Phosphorus Furnace scrubber blowdown 2 2 2 0 0 0 0 0 1 1 1 0 0 0~ .... 
\0 Rare Earths PWW I 1 1 0 0 0 0 0 1 0 0 0 0 0 
\0 
-..I Selenium PlantPWW 2 2 2 0 0 0 0 0 0 2 0 0 0 0 

Tantalum, etc. 1 PWW 2 2 2 0 0 0 0 0 1 0 0 0 0 0 

Titanium and Ti02 Leach liquor & sponge wash water 2. 2 2 0 0 0 0 0 0 1 1 0 0 0 

Titanium and Ti02 Scrap milling scrubber water 1 1 1 0 0 0 0 0 0 1 0 0 0 0 

Zinc Waste ferrosilicon 1 1 1 0 0 0 0 0. 1 0 0 0 0 0 

Zinc Spent s.i. liquids 3 3 2 0 I 1 0 0 0 0 0 1 0 1 

Zinc WWTP liquid effluent 3 3 2 0 0 1 0 0 0 1 1 0 0 I 

Zinc Process wastewater 3 3 2 1 0 0 0 0 1 1 1 1 0 0 

TOTAL2 57 57 45 5 4 3 0 0 29 9 9 4 4 2 

. 1. Tantalum, Columbium, and Ferrocolumbium 
2. Sums by hazard category may not add to the number of central or high-end waste stream/facility combinations due to rounding . 
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4.2.4 Risk Assessment Results for Storage of Recycled Materials: Non-Groundwater Pathways 

The health risks associated with recycled materials sto,.-age that were calculated for most of the 
non-groundwater release events and exposure pathways under the modified prior treatment baseline were 
below levels of concern (lifetime cancer risk less than 10-5

, hazard quotients less than 1.0). All risks under 
HE and CT assumptions were below these levels for the following release events/exposure pathway 
combinations: 

• Inhalation of airborne particulate; 

• Ingestion and dermal contact with soil contaminated by airborne particulate; 

• Ingestion of crops grown in soil contaminated by airborne particulate; 

• Ingestion and dermal contact with soil contaminated by surface run-off; 

• Ingestion of crops grown on soil contaminated by surface run-off; 

• Ingestion of surface water contaminated by airborne particulate and surface. run
off and; 

• Ingestion of game fish harvested from surface water contaminated by airborne 
particulate and surface run-off. 

All of the pathways identified are complete only for waste piles. Thus, these findings indicate, as 
was the case for the groundwater pathway, that all non-groundwater risks for the two recycled streains. 
stored in waste piles are less than levels of concern. In almost all cases, estimated cancer risks and 
noncancer hazard quotients were far (greater than one order of magnitude, and sometimes many more) 
below the defined levels of concern. The only exception among all of these pathways was the HE 
inhalation pathway hazard quotient for barium inhalation from aluminum cast house dust, which was 0.19, 
or five times below the level of concern. Detailed risk results for these pathways are given in Appendix 
H.2. . 

The only pathways for which some risks exceeded levels of concern were ingestion of surface 
water contaminated by surface impoundment failure, and ingestion of fish harvested from waters 

· contaminated by surface impoundment failures. Exhibit 4-10 summarizes the results of the comparison of 
surface water concentrations from impoundment releases to HBLs for the water ingestion pathway. 

Because there are multiple samples available for most of the waste streams managed in surface 
impoundments, the results of the comparison to HBLs are reported in terms of the numbers of samples arid 
recycled streams for which the HE and CT surface water concentrations from impoundment releases 
exceed the HBLs, presented in order-of-magnitude categories. 

April 15, 1997 



EXHIBIT 4-10 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 
COMPARISON OF SURFACE WATER CONCENTRATIONS DUE TO SURFACE IMPOUNDMENT RELEASES 

TO HEALTH-BASED LEVELS 1 

DRINKING WATER PATHWAY 

High-End High-End Surface Water Central Tendency Central Tendency 
Surface Water Concentration from EP · Surface Water Surface Water 
Concentration Extraction Samples Concentration Concentration from 

from Bulk from Bulk EP Extraction 
Samples Samples Samples

? t Samples Samples Exceeding UBL Samples Samples Exceeding ::i.- Exceeding UBL by: Exceeding UBL HBLby: 
0\ -VI by: by: ..... 

~ 

Constituent Commoditv Wastestream Total Samoles 1-l0x 10-lO0x 1-l0x 10-100x 100-lO00x 1-l0x 10-lO0x 1-lOx 10-IO0x -'° ~ Arsenic Coooer Acid Plant blowdown 40 3 1 I 1 

Cadmium Zinc Spent Surface 24 I 
Imooundment Liauids 

Lead Conner Acid Plant Blowdown 40 1 

Zinc Spent Surface 24 1 1 
lmooundment Liauids 

I. The HBL for Arsenic corresponds to a I 0-5 lifetime cancer risk .. The HBL for cadmium corresponds to a noncancer hazard quotient of 1.0, and the HBL for lead 
is the MCL. 
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Releases from surface impoundment failures were modeled as resulting in potential exceedances of 
HBLs for water ingestion for three constituents: arsenic, cadmium, and lead. Under high-end dilution 
assumptions, the arsenic concentrations in five samples (four bulk samples, one EP extraction) would 
exceed the drinking water HBL by up to one thousand-fold. (This is equivalent, in this case, to saying that 
the estimated cancer risks under HE assumptions would exceed the 10·5 level of concern by up to a factor 
of 1000.) All of these samples came from the copper acid plant blowdown stream, and under CT dilution 
assumptions the surface water concentration for arsenic exceeds the HBL for only one of the 40 total 
samples of this stream. 

The concentration of cadmium in one of 24 samples from the zinc spent surface impoundment 
liquid stream results in surface water concentrations exceeding the drinking water HBL under HE 
assumptions. The HBL is exceeded by a factor of ten or less. Under CT assumptions, there are no surface 
water exceedances for cadmium. For cadmium, an HBL excedence corresponds to a hazard quotient value 
exceeding 1.0 for its critical toxic effect on kidney function. The lead concentrations in bulk samples 
from two waste streams result in estimated surface _water conc:entrations exceeding the drinking water 
HBL. One sample of copper acid plant blowdown shows a concentration of lead such that the HE 
concentrations exceeds the HBL by a factor of less than ten. Under CT assumptions, this sample no longer 
exceeds the HBL. Two bulk samples of zinc spent surface impoundment liquids result in HE lead 
concentrations in surface water that exceed the HBL by a factor of up to 100. Again, under the CT 
dilution assumptions, the predicted lead concentrations in surface water are reduced to below the drinking 
water HBL. As noted previously, the HBL for lead is simply the Drinking Water MCL of 15 ug/1. . 

As shown in Exhibit 4-11, the predicted surface water concentrations of six contaminants released 
from surface impoundments also were such ~at HBLs derived for the ingestion of fish by subsistence 
fishers were exceeded. Six arsenic samples (again all from copper acid plant blowdown) resulted HE 
surface water concentrations exceeding the fish consumption HBLs by up to a factor of 1000. Four of 
these were bulk samples, and the remainder were EP extraction samples. Under CT assumptions, only one 
sample exceeded the arsenic fish ingestion HBL:.. 

A total of 20 samples ( one EP extraction, the rest bulk) contained cadmium concentrations which 
resulted in HE surface water concentrations exceeding the fish ingestion HBL by up to 1000-fold. These 
samples came from zinc spent surface impoundment liquids (10), zinc process wastewater (6), copper acid 
plant blowdown (2 samples), and one sample each from rare earths process wastewater and zinc 
wastewater treatment plant liquid effl~ent. Under CT dilution assumptions, the number of samples. 
exceeding the HBL is reduced to 3 samples, and the maximum level of exceedance is reduce to less than 
100-fold. 

Under HE assumptions, five samples give mercury concentrations in surface water exceeding the 
fish ingestion HBL. These samples come from copper acid plant blowdown (3) and zinc spent surface 
impoundment liquids (2), and under CT assumptions, none of these samples exceeds the fish HBL. In the 
case of mercury, an HBL exceedance is equivalent to a hazard quotient greater than 1.0 for reproductive 
effects. 

A single sample result for selenium in copper acid plant blowdown results in surface water 
concentrations above the HBL, as do two thallium results ( one each from titanhnnffiO2 leach liquor and 
sponge wash water and from copper acid plant blowdown). For all of these sarµples, no excedences occur 
under CT dilution assumptions. The same is true for the six analytical results for zinc (all from zinc 
·commodity streams). All six of the samples exceed the fish ingestion HBL under HE but not under CT 
dilution as~umptions'. 
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EXHIBIT 4-11 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 

COMPARISON OF SURFACE WATER CONCENTRATIONS FROM SURFACE IMPOUNDMENT RELEASES TO HEALTH-BASED LEVELS 1 

FISH INGESTION PATHWAY 

High-End Surrace Water High-End Surface Water Central Tendency Central Tendency 
Concentration from Bulk Concentration from EP Surface Water Surface Water 

Samples Extraction Samples Concentration from Concentration from EP 
Bulk Samples Extraction Samples 

Samples Exceeding HBL Samples Exceeding HBL Samples Exceeding Samples Exceeding 
bv: bv: HBLbv: HBLbv: 

Constituent Commodity Wastestream Total No. 1-l0x 10-lO0x 100-l000x 1-tox 10-lO0x 100-lO00x 1-tox 10-lO0x 1-lOx 10-lO0x 
Samoles 

Arsenic Conner Acid Plant Blowdown 40 2 2 I I I 

Cadmium Conner Acid Plant Blowdown 40 2 

"Cl.> Rare Earths Process Wastewater 8 I 
::i. Zinc Process Wastewater 40 6- 0\
V\ Zinc Spent Surface 24 6 3 I I I I.>) -

lmooundment Liauids - Zinc WWfP Liauid Effluent 5 I I'° --.J '° Mercury Cooner Acid Plant Blowdown 40 2 I 

Zinc Spent Surface 24 I I 
lmooundment Liauids 

Selenium Conner Acid Plant Blowdown 40 I 

Thallium Titani}lm and Leach liquid & sponge 8 I 
TiO, wash water 

Conner Acid Plant Blowdown 40 I 

Zinc Zinc Spent Surface 24 5 
lmooundment Liauids 

Zinc WWfP Liquid Effluent 5 I 

1. The HBL for Arsenic corresponds to a 10-5 lifetime cancer risk .. The HBL for the other constituents correspond to a noncancer hazard quotient of 1.0. 
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4.2.5 Potential Health Benefits from Regulation of Storage of Recycled Materials: Non
Groundwater Pathways 

Exhibit 4-12 summarizes the estimated numbers of facility-waste stream combinations which 
exceed HBLs for both surface water pathways under the modified prior treatment baseline. Under the 
ingestion pathway, the three facilities with HBL exceedances under HE assumptions drops to zero under 
CT assumptions, as do the two facilities storing zinc spent surface impoundment liquids.- Similarly, when 
the fish ingestion pathway is considered, a large number of facilities storing six different waste streams 
show exceedances of the HBLs under HE assumptions, but only one facility (storing zinc spent surface 
impoundment liquids) exceeds an HBL under CT assumptions. 

As was the case with the groundwater pathway, effective management of the recycled materials 
could reduce all of the estimated risks to below levels of concern. Again, however, there is no way to 
estimate how much ris~ reduction would be achieved without explicit modeling of the non-groundwater 
pathway releases from TCBs. Under Options 1 and 2, copper acid plant blowdown could no longer be 
recycled through a Bevill unit, and treatment of this stream as a Subtitle C waste would undoubtedly result 
in a high degree of risk reduction. Under Option 3, all of the streams could be managed in TCBs, and the 
degree of risk reduction and the magnitude of health benefits for storage are harder to estimate. Since the 
magnitude of exceedances of the HBLs for most waste stream-facility combinations are rather low for the 
surface water pathways, it is possible that most of these risks would, in fact, be reduced below levels of 
concern under Option 3. In terms of reduced risks from the storage of recycled materials, Option 4 
provides no benefits over the modified prior treatment baseline. 

4.3 Uncertainties and Limitations in the Risk and Benefits Assessment for the Modified Prior 
Treatment Baseline 

As noted in section4. l .1, the multipathway risk assessment for the storage of mineral processing 
recycled materials relies on relatively simple, generic models of contaminant releases, transport, exposures, 
and risks. Therefore, the risk assessment results cannot be used to estimate risk reduction benefits for 
actual exposed populations residing near the mineral processing facilities. Instead, they only provide 
plausible estimates of the potential health risks faced by hypothetical individuals under the defined 
exposure conditions. 

The screening level analysis also shares the general limitations of all generic analyses in that high 
levels of uncertainty and variability may not be adequately treated, since only a limited number of 
generally applicable models and generally representative data are used to model risks from a wide range of 
units, wastes, and constituents. Many of these generic sources of uncertainty have been addressed in our 
previous work on mineral processing wastes, and the following discussion is focused on limitations 
specific to the multipathway analysis. 

As noted previously, constituent concentration data are available for only 14 recycled waste 
streams, and for some wastes only small numbers of samples are available. It is interesting to note that two 
of the wastes for which estimated risks are the highest (copper acid plant blowdown and zinc spent surface 
iinpoundment liquids) also are those for which the largest number of samples are available. It is not 
possible to estimate which of the other wastes might also show risks above levels of concern if more data 
were available.· As noted previously, the storage risk assessment covers waste streams representing about 

·40 percent of the total waste generated and about 65 percent of the recycled volume. 
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EXHIBIT 4-12 RISK SUMMARY FOR STORAGE OF RECYCLED MATERIALS 
DISTRIBUTION OF WASTE-STREAM FACILITY COMBINATIONS BY DEGREE OF HBL EXCEEDENCE UNDER THE MODIFIED 

PRIOR TREATMENT BASELINE 

Number of Waste Stream-Facility Waste Stream-Facilty 
Combinations with High-End Combinations with 

Exceedences of HSLs by: Central Tendency 
Exceedences of HBLs bv: 

Commodity Waste Stream Sector Total 1-1ox 10-100X 100-1000X 1-10X 10-100X 
Waste Stream->

"O 1 Facility 
~ Combinations · 

0\
Ul - l I Drinking Water Ul 
~-\0 
\0 
-...J Conner Acid Blowdown 10 1 

Zinc Soent Surface lmooundment Liauids 3 

2. Fish Ingestion -

Cooner Acid Blowdown 10 2 1 

Rare Earths Process Wastewater 1 

Titanium TIO., Leach Liauor and Soonae Wash Water 2 

Zinc Process Wastewater 3 
Zinc Scent Surface lmooundment Liauids 3 1 1 
Zinc WWTP Liauid Effluent 3 1 1 

... 
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Limited data also are available concerning waste characteristics, including constituent speciation, 
solubility, and bioavailability. Throughout this analysis, we have assumed that all constituents would 
behave in such a manner as to maximize exposure potential. For example, we have assumed that none of 
the constituents would leach from soils after their initial deposition, and that all of the constituents would 
be bioavailable in the water column. Generally these assumptions increase the level of conservatism of the 
risk assessment. 

In evaluating potential risks to human health, exposure through multiple release pathways 
, (leaching to groundwater, particulate suspension, surface runoff, inlet/outlet failure for surface 
impoundments ) were considered. In this analysis, it was assumed that all of the constituent mass placed in 
the management units was available for release through all release pathways. This assumption may have 
resulted in the overestimation of risks for some pathways due to double counting of constituent mass. For 
example, if constituent mass is depleted over time due to leaching, then the mass of constituent available 
for release through other pathways (e.g. particulate suspension) is reduced. 

Mass balance calculations were performed for the non-groundwater release pathways (see 
Appendix H.2.2.1 ), and it was found that the proportion of constituent mass released by all of these 
pathways was below one percent of the total mass present in the management units. Thus, the neglect of 
mass balance considerations for these pathways resulted in negligible bias in the risk assessment results. 
The mass balance calculations did not include the groundwater pathway, however, because the 
methodology used did not allow release masses (only release concentrations) to be calculated. It is 
therefore possible that substantial depletion of some soluble and mobile constituents could occur through 
groundwater leaching, and these constituents would not be available for release by other pathways. This 
possibility has little or no impact on the findings of the risk assessment for waste piles, since, even if it is 
assumed that all of the constituents are released through every pathway, all calculated risks are below 
levels of concern. While it is not possible to estimate the magnitude of the potential bias in the risk results 
for surface impoundments, it is likely to be low, because of the relatively high through-put which is· 
assumed for the impoundments, relative to plau~ible leachate release volumes. 

Releases to groundwater and groundwater fate and transport were evaluated using EPA's 
EPACMTP model. Leachate concentrations and constituent- and facility-specific DAFs were derived 
using the best available data, which, although limited, provided a reasonable basis for generic modeling of 
the representative facilities. High-end (95th percentile) and central tendency (75th percentile) DAFs were 
used to explore the levels of uncertainty and variability in groundwater fate and transport processes. 
Comparison of the HE and CT DAFs indicates that the probability distribution of the DAF values is quite 
broad, and that the level of uncertainty is quite high. As for the other pathways, exposure assumptions 
were used that provide a moderate degree of conservatism for the groundwater pathway risk estimates. 

Release events and amounts for non-groundwater.pathways were simulated mostly using the 
general methods adopted in HWIR-Waste. The one exception is air particulate generation, which was 
estimated using the SCREEN3 model, rather than the model recommended in HWIR-Waste. SCREEN3 is 
a widely-accepted screening level EPA model. We believe that it is appropriate for the types of release 
events that were modeled. The use of SCREEN3 is unlikely to have biased the results of the risk 
assessment significantly compared to other methods. However, no data were available concerning the 
particle size characteristics of the two wastes streams that were modeled, so EPA relied on data from an 
earlier study of mineral processing wastes stored in waste piles. Based on limited information, the Agency 

·believes, for example, that the particle size distribution which was used may overstate the potential for 
particulate release of the more coarse-grained, high-density zinc waste ferrosilicon, while more accurately 
describing the potential for particulate releases of aluminum cast house dust 
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Run-off releases were evaluated using the same model the Universal Soil Loss Equation, USLE, 
applied in HWIR-Waste, with input parameters varied slightly to reflect the operating characteristics of the 
waste piles being simulated and the likely geographic distribution of the _recycling facilities. We also 
assumed that no runoff controls would be used. The risk results are not particularly sensitive to these 
assumptions, as exposure concentrations in soil and surface water due to run-off events are very far below 
the levels of concern for all exposure pathways. 

The ISCST3 model used to predict particulate air concentrations and deposition rates is a state-of
the-art model that has been used in many regulatory proceedings by EPA. The input data that were used, 
the "worst-case" meteorological conditions, were somewhat more conservative than the meteorological 
data.used in HWIR-Waste with a similar model. Thus, our estimates of air impacts are likely to be higher 
than those that would have been achieved had we replicated the HWIR-Waste approach. Again, however, 
all the estimated risks and exposure concentrations for air releases are far below levels of concern, despite 
this conservatism. , 

The modeling of releases from surface impoundments reproduced exactly the approach used in 
HWIR-Waste. This release model and its input parameters were derived based on data from management 
units in the pulp and paper industry, and just how reliably they predict releases from surface 
impoundments in the mineral processing industries is not known ..This is clearly a major source of 
uncertainty in the risk assessment, as these release events are thek>nly ones for which health risks are 
predicted to be above levels of concern. 

Because of resource limitations and the specific characteristics of the facilities that we were 
evaluating, we developed simplified approaches to modeling the concentrations of waste constituents ·in 
surface soils and surface water to substitute for the much more elaborate methods used in HWIR-Waste, 
In the case of surface run-off, in the absence of site-specific data, we conservatively assumed that soil 
contamination would be limited to relatively small distances (50 or 100 meters) from the piles-in arbitrarily 
defined circular plumes. This is only intended as a bounding analysis, and the finding that this pathway is 
not a major concern cari be supported by the factthat, even with these relatively small exposure areas (and 
the resultant high soil concentrations),· constituent concentrations due to run-off events were two or more 
orders of magnitude below levels of health concern. 

Similarly, to be conservative, we assumed that all of the run-off and all of the particulate generated 
by the waste piles would be deposited on the watershed in such a way that all of these materials would 
rapidly find their way into su~ace water. This approach, while it resulted in surface water .concentrations 
far below levels of health concern, may be less conservative than the approach taken for surface soils, 

· because the CT and HE streams are both rather iarge, and the model does not take into account possible 
run-off or deposition into smaller streams, lakes, or ponds where constituents may accumulate in surface 
water or sediment. 

The approach taken in evaluating fish tissue concentrations was also somewhat more conservative 
than that taken in HWIR-Waste, in that the highest available BCF or BAF values were used, rather than 
representative values, in our calculations. For s01µe constituents (arsenic, cadmium, mercury, thallium), 
this approach resulted in considerably higher tissue concentrations than would have been calculated had . 

·we used the HWIR-Waste values. This may be a major source of uncertainty in this analysis, since the fish 
ingestion pathway resulted in the highest risks predicted for several of the constituents and waste streams. 
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5. Other Administrative Requirements 

This section describes the Agency's response to other rulemaking requirements established by 
statute and executive order, within the context of today's proposed rule. 

Environmental Justice 

EPA is committed to addressing environmental justice concerns and is assuming a leadership role 
in environmental justice initiatives to enhance environmental quality for all residents of the United States. 
The Agency's goals are to ensure that no segment of the population, regardless of race, color, national 
origin, or income bears disproportionately high and adverse human health and environmental impacts as a 
result of EPA's policies, programs, and activities, and that all people live in clean and sustainable 
communities. In response to Executive Order 12898 and to concerns voiced by many groups outside the 
Agency, EPA's Office of Solid Waste and Emergency Response formed an Environmental Justice Task 
Force to analyze the array of environmental justice issues specific to waste programs and to develop an 
overall strategy to identify and address these issues (OSWER Directive No. 9200.3-17). 

Today's proposal covers wastes from mineral processing operations. The environmental problems 
addressed by this proposed rulemaking could disproportionately affect minority or low income 
communities, due to the location of some mineral processing and waste disposal facilities. Mineral 
processing sites are distributed throughout the country and many are located within highly populated areas. 
Mineral processing wastes have been disposed of in various states throughout the U.S., representing all 
geographic and climatic regions. In some cases, mineral processing waste is generated in one state and 
disposed of in another. In addition, mineral processing wastes are occasionally disposed of in municipal 
solid waste landfills. 

Today's proposed rule is intended to reduce risks from mineral processing wastes, and to benefit all 
populations. It is, therefore, not expected to re~ult in any disproportionately negative impacts on minority 
or low income communities relative to affluent or non-minority communities. 

Unfunded Mandates Reform Act 

Under Section 202 of the Unfunded Mandates Reform Act of 1995, signed into law on March 22, 
1995, EPA must prepare a sta~ment to accompany any rule where the estimated costs to state, local, or 
tribal governments in the aggregate, or to the private sector, will be $100 million or more in any one year. 
Under Section 205, EPA must select the most cost-effective and least burdensome alternative that achieves 
the objective of the rule and is consistent with statutory requirements. Section 203 requires EPA to 
establish a plan for informing and advising any small governments that may be significantly impacted by 
the rule. 

EPA has completed an analysis of the costs and benefits from today's proposed rule and has 
determined that this proposed rule does not include a federal mandate that may result in estimated costs of 
$100 million or more to either state, local or tribal governments in the aggregate. The private sector also 
will not incur costs exceeding $100 million per year under any of the three costing scenarios described in 
Section 4.4, Cost and Economic Impacts of the Rule, above. 
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6. Conclusions 

This section presents the Agency's preliminary conclusions regarding the regulatory impacts of 
implementing the options presented in today's notice. The chapter is organized around the central elements 
of the analyses provided in previous sections, namely characterizing the affected population of waste 
streams, facilities, and mineral industry sectors, analyzing the cost and economic impacts of implementing 
the options, and assessing the human health benefits of adopting these regulatory alternatives. 

6.1 The Affected Universe 

As described in depth in the RIA prepared in support of the January 1996 proposed rule, EPA 
conducted intensive research in an attempt toidentify and characterize all of the waste streams that might 
be affected by imposition of LDR requirements on non-exempt hazardous mineral processing wastes. This · 
research has yielded a group of 118 potentially hazardous mineral processing residues that may be subject 
to Subtitle C controls and accordingly, to new LDR treatment standards. 

This number is far smaller than the total population of mineral industry wastes, and reflects EPA's 
step-wise process of eliminating from the analysis wastes that are: 1) generated by extraction and 
beneficiation operations (these are Bevill-exempt), 2) the 20 exempt special mineral processing wastes, and 
3) wastes that are known or expected to be non-hazardous. The remaining waste streams have been 
included in the Agency's analys~s, though in many cases substantial uncertainties regarding their 

· generation rates, hazardous characteristics, and management practices have led EPA to develop several 
different estimates of these parameters, which in turn produce highly variable estimates of costs a,nd · 
benefits arising from new regulatory controls. 

The Agency recognizes the limitations that these data gaps and simplifying assumptions impose on 
the accuracy of the analyses presented above. EPA has provided detailed analyses of the potential cost and 
benefit impacts of the LDR options in the intere~ts of providing interested parties with as much pertinent 
information as possible. 

EPA recognizes the limitations that these data gaps and simplifying assumptions impose on the 
accuracy of the analyses presented above. EPA has provided detailed analyses of the potential cost and 

. benefit impacts of the LDR options in the interests of providing interested parties with as much pertinent 
information as possible. 

6.2 ·Cost and Economic Impacts of the Rule 

A summary of the projected costs of implementing the four options analyzed in this RIA is 
provided in Exhibit 4-13, below. 

As can be seen in Exhibit 4-13, cost impacts are highest for Options 1 and 2, ranging between $46 
million and $75 million annually for Option 1 and $37 million and $55 million annually for Option 2. 
Option 3 results in significantly lower cost impacts, with costs ranging only from $5.2 million to $13 
million annually. Option4 results in significantly lower cost impacts than the other three options, with 
impacts ranging only from $71,000 to 190,000 annually. 

April 15, 1997 



-70-

Exhibit 6-1 

Summary of Cost Analysis Results 
(Results in $ Thousands per Year) 

Costing Modified Prior 
Optiona Scenario Treatment 

\ 

Option 1 Minimum 46,000 

Expected 58,000 

Maximum 75,000 

Option 2 Minimum 37,000 

Expected 45,000 

Maximum 55,006 

Option 3 Minimum 5;200 

Expected 8,400 

Maximum 13,000 

Option 4 Minimum - 71 

Expected 190 

Maximum 190 

3 
Options are d~scribed in detail in Section 4.1. 

. The high costs associated with Option 1 are the result of additional requirements the option would . 
impose on facility operator recycling secondary materials. Option 2 costs are slightly lower than Option 1 
costs, and are driven primarily by the option's prohibition against recycling secondary materials to 
beneficiation or Bevill process units. The absence of a legitimacy test for recycling and the option's 
provisions that allow for storage of secondary materials in non-RCRA tanks, containers, and buildings 

. prior to recycling account for Option 2's lower costs relative to Option 1. 

Option 3 has the lowest costs of the non-land based storage options. · The significantly lower costs 
associated with Option 3 result from the option's lack of prohibition in the recycling of secondary 
materials through beneficiation or Bevill process units. Option 4 results in relatively low net costs to 
industry because the option essentially allows facilities to continue operating as they currently operate. 
The Agency assumes that in some cases, facility owners and operators, out of misunderstanding of current 
requirements, handle spent materials improperly. Option 4 would allow these owners and operators to 
continue to handle spent materials in this manner. The only costs incurred by ·facility owners under this 
option are relatively insignificant recordkeeping and reporting requirements. 

A brief summary of the projected economic impacts of the rule, assuming the modified prior 
treatment baseline, is summarized in Exhibit.4-14. Again, impact ratios are the annualized costs of 
compliance divided by annual value of shipments. 

April 15, 1997 



- 71 -

Exhibit 6-2 

Summary of Economic Impact Screening Results: 
Modified Prior Treatment Baseline 

Sectors 
Costing with 

Option Scenario Impacts 

Option 1 Minimum 1 

Expected 5 

Maximum 7 

Option 2 Minimum 1 

Expected 5 

Maximum 6 

Option 3 Minimum 0 

Expected 3 

Maximum 5 

Option 4 Minimum· 0 

\ Expected 0 

Maximum 0 

Analysis of costs as a percentage of value added indicates that only Option 4 results in no 
significant impacts (defined as greater than 10 percent) to industry. Option 3 will significantly impact the 
cadmium and selenium sectors (13 percent of the sectors analyzed). Greater impacts are expected to result 
from Options 1 and 2. For Option 1, EPA anticipates that five of the 16 industry sectors (31 percent of the 
sectors included in this analysis) will be significantly affected (lead, cadmium, selenium, tellurium, and 
zinc). Under Option 2, three of the 16 sectors (19 percent of the sectors analyzed) are expected to be 
significantly affected (lead, cadmium and selenium). 

None of the five industry sectors for which profits data were available are projected to have severe 
cost impacts (defined as costs greater than estimated industry profits) under any option. In fact, impacts 
exceed one percent in the expected value case only for the copper sector and only under Options 1 and 2. 

6.3 Health Benefits of the Proposed LDRs 

The benefits of the proposed LDRs for mineral processing wastes take the form of reduced risks to 
human health and the environment from improved management of the subject wastes. EPA has conducted 
analyses of the potential health risks associated with. the dispos~ of mineral processing wastes and the 
storage of recycled streams under different sets of baseline assumptions, and of the potential reductions in 
health risks that may be achieved under the proposed regulatory options. Potential risks and benefits have 
been evaluated for potential groundwater exposures to.toxic waste constituents arising from waste disposal, 
and for groundwater and non-groundwater pathway exposures to constituents released during the storage 
of recycled streams. Detailed descriptions of the methods used to evaluate risks and benefits for waste 
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disposal are found in Appendix A, and descriptions of the methods used for the risk assessment for waste 
storage are found in Appendix H of this RIA. 

· Unde.r the modified prior treatment baseline, which EPA believes is the most realistic and 
representative characterization of current industry practice, it is assumed that the wasted (unrecycled) 
portion of all waste streams would be treated by stabilization to achieve compliance with the TC regulatory 
leachate levels prior to land disposal. Under this set of assumptions, the baseline groundwater pathway 
risks associated with the disposal of the wastes have been estimated to be quite low. As discussed in 
Section 4.2.1, disposal of the waste streams in compliance with the TC regulatory levels would result 
groundwater risks below levels of concern (1o-s cancer risk or noncancer hazard quotient of 1.0) for all of 
the TC analytes except arsenic. For arsenic, disposal at the TC concentration would result in estimated 
cancer risks that just exceed 10-s. EPA believes (although the issue has not been evaluated quantitatively) 

· that stabilization to comply with the TC regulatory levels also will control the mobility of most toxic non
TC inorganic constituents to the extent that baseline groundwater risks for these constituents also will be 
below levels of concern. 

For these reasons, EPA estimates that the health benefits from improved waste disposal practices 
under all of the regulatory options would be quite low compared to the modified prior treatment baseline, 
considering only groundwater pathway exposures. For arsenic, which is a major risk-driving constituent 
for many wastes, risk reduction would not occur, since the TC regulatory level and UTS leachate 
concentration are identical. For other constituents, some exposure reduction could occur under these 
options, since the UTS levels are lower than the TC leachate concentrations, and because some non-TC 
analytes may not be effectively immobilized by treatments designed to comply with the TC. 

EPA's evaluation of the potential groundwater risks associated with the storage of recycled streams 
under the modified prior treatment baseline is described in Section 4.2.3. Estimated groundwater pathway 
cancer risks under high.,,end (HE) baseline assumptions exceeded 1 o-s at 24 of 57 facilities storing recycled 
streams, while under central tendency (CT) assumptions, only 11 facilities exceed this level (Exhibit 4-8). 
The HE noncancer hazard quotients for groundwater exposures exceed 1.0 at 28 facilities storing recycled 
materials, and under CT assumptions baseline hazard quotients exceed 1.0 at 12 facilities (Exhibit 4-9). 
All of the facilities for which baseline cancer risks or noncancer hazard quotients exceed levels of concern 
manage wastewater and liquid nonwastewater streams in impoundments. Owing primarily to the low 
recycled volumes and small facility sizes, the baseline groundwater risks for the two nonwastewater 
streams managed in waste piles are below levels of concern under both CT and HE assumptions. . 

The analysis of non-groundwater pathway risks associated with waste storage under the modified 
· prior treatment baseline indicated that, for the majority of the pathways evaluated, estimated risks were far 

below levels of concern. As was the case for the groundwater pathway risk assessment, risks from the 
storage of the two nonwastewater streams in waste piles were less than levels of concern for all release 
events and exposure pathways. 

Baseline risks greater than levels of concern were found for exposures to surface water 
· contaminated by releases from surface impoundment failures of some waste streams, however .. In the case 

of the direct ingestion pathway, one facility storing copper acid plant blowdown had an HE cancer risk 
exceeding 10-s. Under CT assumptions, the estimated cancer risk for this facility was below the level of · 
concern. When exposure through fish consumption is considered, six facilities from three commodity 
sectors had HE risks from waste storage exceeding cancer or noncancer levels of concern. Under CT 
assumptions, risks from only two storage facilities exceeded levels of concern for the fish ingestion 
pathway. These results are summarized in Exhibit 4-12. 
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EPA did not quantitatively estimate the extent of risk reduction or the level of health benefits that 
could be brought about by the proposed LDRs' effects on recycled materials storage. This is because the 
available data and models do not allow the development of ri.sk reduction estimates for tanks, containers, 
and buildings, which would be the required management units for most of the recycled streams under 
regulatory Options 1-3. If these options completely or substantially eliminate the release of recycled 
streams to groundwater and other media, the baseline risks discussed in the previous paragraphs could all 
be .reduced to below levels of concern. Lesser degrees of control would result in less risk reduction and 
lower health benefits. Under Options 1 and 2, the risks for three of the streams managed through· Bevill 
units (copper acid plant blowdown, and the two streams from elemental phosphorus production) would be 
greatly reduced by the requirement to manage them in Subtitle C units. Copper acid plant blowdown 
figures prominently as a contributor to storage risks through both the groundwater and non-groundwater 
pathways. Under Option 4, no health benefits associated with the storage of recycled materials would be 
realized, as there is no requirement for improved management of these streams .. 
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ANALYSIS OF OPTIONS UNDER ALTERNATIVE BASELINES APPENDIX A 

This appendix presents the estimated costs, economic impacts, and benefits of regulatory options 
under two alternative baselines, the "no prior treatment" baseline and the "prior treatment" baseline, for 
mineral processing wastes under Phase IV LDRs. Under the no prior treatment baseline, wastes are 
assumed to be managed, untreated, in unlined surface impoundments and waste piles, i.e., the practices 
that were generally in place prior to removal of these wastes from the Bevill exclusion in 1989 and 1990. 
Under the prior treatment baseline, wastes are either treated to UTS levels and disposed in a Subtitle D unit 
or stored prior to recycling in tanks, cori~ners, and buildings if they are spent materials or in unlined land 
based units if they are sludges or byproducts. The prior treatment baseline assumes facility operators 
clearly understand the Subtitle C regulations that apply to their secondary materials, i.e., that spent 
materials intended for recycling are not currently excluded from Subtitle C regulation. 

Although the costs and economic impacts under the no prior treatment baseline were analyzed in 
the December 1995 RIA to the proposed rule, they are not analyzed in today's RIA because the costs of 
managing wastes with no prior treatment are not properly attributed to this rule. In addition, while the 
prior treatment baseline may more accurately assess the cost attributable to this rulemaking than the 
modified prior treatment baseline (i.e., the baseline used in the main analysis), EPA believes the modified 
prior treatment baseline more accurately reflects actual practice in the mineral processing industry. In both 

· cases, however, EPA has elected to present the cost and benefits attributable to these other baselines in this 
Appendix. · 

The methodology for estimating the costs and economic impacts under these alternative baselines 
is the same as the methodology used in the primary analysis, which is discussed in Section 3.1. The 
estimated costs and economic impacts under these baselines are presented in Section A. I of this Appendix. 
Section A.2 presents the results of the risk analysis for the no prior treatment baseline. Additional 
information supporting the risk analysis is included in Section A.3. 

A.1 Costs and Impacts 

In developing its estimates of the proposed rule's costs and economic impacts, EPA used a 
dynamic analysis to predict changes in the management of newly identified mineral processing wastes. 
The dynamic analysis accounts for a shift in the amount of material that is recycled rather than being 

. treated and disposed due to incentives and disincentives for future recycling. EPA estimated the 
percentage of hazardous material sent to treatment and disposed for each baseline and option. The 
remaining hazardous material is considered to be recycled. The dynamic analysis reflects the shifts in 
management anticipated in each baseline/option combination. 

Exhibit A.1-1 presents required changes in management practices as a result of the proposed Phase 
IV Land Disposal Restrictions for the wasted portion and the recycled portion of hazardous mineral 
processing secondary materials for the four regulatory options. Exhibit A.1-2 presents the predicted 
changes in recycling, given the required changes in management practices listed in Exhibit A.1-1. · The 
information in Exhibit A.1-2 combines into an overall impact all incentives operating at a facility. For 
instance, under Option 3 assuming the modified prior treatment baseline, Exhibit A.1-1 suggested that 
there would be (1) no change in the amount recycled due to treatment requirements, and (2) a decrease in 
the amount recycled because of the stricter recycling-unit standards. Because, however, the incremental 
cost of storing material in a tank, container, or building prior to recycling is usually less than the cost of 
moving that material to treatment and disposal, the overall predicted effect of this option-baseline 

' 
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combination is a small decrease in the amount of material recycled. (That is, a facility operator in this 
option-baseline combination would usually pay the extra cost of storage rather than changing management 
practices.) 

Exhibit A.1-1 

Changes in Management of Hazardous Mineral Processing Waste 

Affected Required Implied Change 
Baseline/Option Material Change in Management In Recycling 

NPT Wasted Disposal to UTS and Disposal Increase 

MPT/PT Portion TCtoUTS No Change 

Unlined Units to RCRA TCBs Decrease 
......••••••••u•••••-•-••••-•••u•••••-•-•--•••••••••HH•••n-••••••••-•Non-Bevill 

NPT/MPT to Option 1 Legitimacy Test, Sig. Aff. 

Bevill Unlined Units to No Recycling Complete Halt 

Non-Bevill Unlined Units toTCBs Decrease 
NPT/MPT to Option 2 

Bevill · Unlined Units to No Recycling Complete Halt 

NPT/MPT to Option 3 All Unlined Units to TCBs Decrease 

NPT/MPT to Option 4 All Unlined Units to Unlined Units No Change 

Unlined Units to RCRA TCBs Decrease 
Non-aevill 

PT (SL/BP) to Option 1 Legitimacy Test, Sig. Aff. 

Bevill Unlined Units to No Recycling Complete Halt 

Non-Bevill Unlined Units toTCBs Decrease 
PT (SL/BP) to Option 2 

Bevill Unlined Units to No Recycling Complete Halt 
-PT (SL/BP) to Option 3 All Unlined Units to TCBs Decrease 

PT (SL/BP) to Option 4 All Unlined Units to Unlined Units No Change 

Non-Bevill 
TCBs to RCRA TCBs ..........................................____ Decrease 

PT (SM) to Option 1 Legitimacy Test, Sig. Aff. 

Bevill TCBs to No Recycling Complete Halt 

PT (SM) to Option 2 
Non-Bevill 

Bevill 

TCBs toTCBs 

TCBs to No Recycling 

No Change 

Complete Halt 

PT (SM) to Option 3 . All TCBs to TCBs No Change 

PT (SM) to Option 4 All TCBs to Unlined Units ' No Change 

Option 1 - Storage in RCRA Tanks, Containers, and Buildings Only, Recycling of Materials through Bevill Units 
Prohibited 

Option 2 - No Land-based Storage Recycling of Materials through Bevill Units Prohibited 

Option 3 - No Land-based Storage 

Option 4 - Land-based Storage without restriction 

Bevill means that secondary materials are recycled through beneficiation or Bevill process units 

Non-Bevill means that secondary materials are not recycled through beneficiation or Bevill process units 
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Exhibit A.1-2 

Overall Predicted Changes in Recycling 

Option 1* Option2 * Option3 Option4 

No Prior Treatment Small 
Decrease 

Increase Increase Big 
Increase 

Modified Prior Treatment and 
Prior Treatment (SL/BP) 

Moderate 
Decrease 

Small 
Decrease 

Small 
Decrease 

No Change 

Prior Treatment (SM) Decrease No Change No Change Increase 

* For materials recycled through non-Bevill Units only. Materials recycled through Bevill units 
will completely cease to be recycled under Options l and 2. · 

Exhibit A.1-3 presents the percentages of the hazardous portion of mineral processing waste 
streams that are sent to treatment and disposal, in both the baseline and post-rule options, and Exhibit A.1-
4 presents the percentages stored prior to recycling. Exhibits A.1-3 and A.1-4 are based on (1) the overall 
predicted changes in recycling listed in Exhibit A.1-2 and (2) empirical data, as described below. For 
option-baseline combinations that eliminate the differences in regulatory requirements for recycled 
sludges, by-products, and spent materials, ·the proportion of material recycled is the same for all three 
types of material after the rule goes into effect Lastly, Exhibit A.1-5 shows the change in recycling 
percentage for each option-baseline combination. For option-baseline combinations that increase 
recycling, the largest shift is seen in Y? materials, and the smallest shift is seen in YS? materials. The 
opposite is true for option-baseline combinations that decrease recycling. Generally the largest shift should 
be seen in the YS? case. This trend is ·not always apparent, however, because the percentage recycled is 
limited to the range from Oto 100 percent. 

The limited available data on the recycling of two listed wastes, K061 (emission control dust from 
electric arc steel furnaces) and F006 (wastewater treatment sludge from electroplating operations) were 
used to quantify the expected shift in recycling. These data were used due to the fact that an increase in 
the amount of K061 and F006 being recycled was observed after Land Dispo.sal Restrictions (LDRs) for 
K061 and F006 were promulgated. 1 A 7 5 percent increase in K061 recycling was observed after the LDR 
for K061 was implemented, from an average of 15 percent recycled pre-LDR to 90 percent recycled post
LDR. Similarly, a 15-20 percent increase in the amount of F006 recycling was observed as a result of the 

. F006 LDR, from Opercent recycled pre-LDRto 15-20 percent recycled posf-LDR.2 Therefore, in the 
December 1995 RIA, the Agency modeled the 75 percent shift for Y? materials from the No Prior 
Treatment Baseline to Option 2 on K061, and the 15 percent shift for YS? materials from the No Prior 
Treatment Baseline to Option 2 on F006. Because Option 2 in the December RIA is no longer modeled, 
and Options 2 and 3 of todays proposal require slightly more expensive storage units (tanks, containers, 
and buildings instead of lined land-based units, EPA adjusted these data slightly for use in Options 2 and 3 
of todays RIA. The predicted shift in these two options for Y? material is 70 percent and the predicted 

1 1990 Survey ofSelected Firms in the Hazardous Waste Management Industry, Final Report, U.S. 
E.P.A. Office of Policy Analysis, (July 1992). 

2 Repor:t to Congress on Metal Recovery, Environmental Regulation, & Hazardous Waste, U.S. E.P.A., 
Washington, D.C., (February 1994). ' 

April 15, 1997 · 



A-4 

shift for YS? materials is 10 percent. EPA usecLbest professional judgement to estimate the shifts in the 
other option-baseline combinations. 

, Exhibit A.1-3 
Proportions of Waste Streams Treated and Disposed (in percent) 

Percent Recycled 

Affected Certainty of Recycling 

Baseline or Option Material y Y? YS YS? N 

Prior Treatment SIJBP 0 15 25 80 100 
Prior Treatment SM 0 25 35 85 100 
Modified Prior Treatment All 0 15 25 80 100 
No Prior Treatment All 0 100 60 100 100 

Bevill 100 100 100 100 100 
Option 1 from PT 

Non-Bevill 30 65 100 100 100 
Bevill 100 100 100 100 100 

Option 2 from PT 
, Non-Bevill 0 25 35 85 100 

Option 3 from PT All 0 25 35 85 100 
Option 4 from PT All 0 15 25 80 100 

Bevill 100 100 100. 100 100 
Option 1 from MPT 

Non:.Bevill 30 65 100 100 100 
Bevill 100 100 100 100 100 

Option 2 from MPT 
Non-Bevill 0 25 35 85 100 

Option 3 from MPT All - 0 25 .35 85 100 
Option 4 from MPT All 0 15 25 80 100 

Bevill 100 100 100 100 100 
Option 1 from NPT 

Non-Bevill 20 100 90 100 100 
Bevill 100 100 100 100 100 

Option 2 from NPT 
Non-Bevill 0 30 40 85 100 

Option 3 from NPT All 0 30 . 40 85 100 
Option· 4 from NPT All 0 15 25 80 100 

Notes: 
Y m~ans that EPA has information indicating that the waste stream is fully recycled. 
Y? means that EPA, based on professional judgment, believes that the waste stream could be 
fully recycled. 
YS means that EPA has information indicating that a portion of the waste stream is fully 
recycled. 
YS? means that EPA, based on professional judgment, believes that a portion of the waste 
stream could be fully recycled. 
Bevill means that secondary materials are recycled through beneficiation or Bevill process units 
Non-Bevill means that secondary materials are not recycled through beneficiation or Bevill 
process units 
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Exhibit A.1-4 

Proportions of Waste Streams Stored Prior to Recycling 
(in percent) · 

Percent Recycled 

Affected Certainty of Recycling 

Baseline or Option Material y Y? YS YS? N 

Prior Treatment SUBP 100 85 75 20 0 

Prior Treatment SM 100 75 65 15 0 

Modified Prior Treatment All 100 85 75 20 0 

No Prior Treatment All 100 0 40 0 0 

Option 1 from PT 
Bevill 

Non-Bevill 

0 

70 

0 

35 

0 

0 

0 

0 

0 

0 

Option 2 from PT 
Bevill 

Non-Bevill 

0 

100 

0 

75 

0 

65 

0 

15 

0 

0 

Option 3 from PT All . 100 75 65 15 0 

Option 4 from PT All 100 85 75 20 0 

Optjon 1 from MPT 
Bevill 

Non-Bevill 

0 

70 

0 

35 

0 

0 

0 

0 

0 

0 

Option 2 from MPT 
Bevill . 

Non-Bevill 

0 

100 

0 

75 

0 

65 

0 

15 

0 

0 

Option 3 from MPT All 100 75 65 15 0 

Option 4 from MPT All - 100 85 75 20 0 

Option 1 from NPT 
Bevill 

Non-Bevill 

0 

80 

0 

0 

0 

10 

0 

0 

0 

0 

Option 2 from NPT 
Bevill 

Non-Bevill 

0 

100 

0 

70 

0 

60 

0 

15 

0 

0-

Option 3 from NPT All 100 70 60 15 0 

Option 4 from NPT All 100 85 75 20 0 

Notes: 
Y means that EPA has information indicating that the waste stream is fully recycled. 
Y? means that EPA, based on professional judgment, believes that the waste stream could be 
fully recycled. 
YS means that EPA has information indicating that a portion of the waste stream is fully 
recycled. 
YS? means that EPA, based on professional judgment, believes that a portion of the waste 
stream could be fully recycled. 
Bevill means that secondary materials are recycled through beneficiation or Bevill process units 
Non-Bevill means that secondary materials are not recycled through beneficiation or Bevill 
process units 
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Exhibit A.1-5 

Change in Recycling Percentage for Affected Option-Baseline Combinations 

Increase in Recycling (percent) 

Affected Certainty of Recycling 

Baseline or Option Material y Y? YS YS? N 
.. 

,, 

Option 1 fr9m NPT 
Bevill 

Non-Bevill 

·..:~100 -·. 

-20 

,-o~OO½ 
:··:o~oot, 

>":'. -40· 
-30 

:<- ·.o~oo:;: 
' ·•ow"~_' ......,_":<."' 

_::ff-

0 

·, .. 

Option 2 from NPT 
Bevill 

Non-Bevill 

:-,400:'.i ·:°:0~00\ l<.40: 

0.00 70 20 

,,, o.oo:< ; 

10 

. .'.'-,0-

0 

, ·' 

Option 3 from NPT All 0.00 70 20 10 0 

Option 4 from NPT All 0;00 85 35 20 0 

Bevill -~100 <: ;.&5: ~75·_ ,. ;.20 - 0 
Option 1 from MPT & PT (SUBP) 

Non-Bevill -30 -50 -75 - .:20-. ·, 0 
·; ___g5. :Bevill ·:·:.:100 ~75 ·-::~zo : >o 

Option 2 froin MPT & PT (SUBP) 
Non-Bevill 0.00 25 35 85 0 

Option 3 from MPT & PT (SUBP) All 0.00 -10 -10 -5 0 

Option 4 from MPT & PT (SUBP) All 0.00 0.00 0.00 0.00 .o 
..

Bevill \.:100::. -:.75·-, --65 ·. ·,/-~i5·) ;,:::":o-:::\ 
Option 1 from PT (SM) 

Non-Bevill -30 -40 -65 · z~1s-<: 0 

Bevill . <-100 '., \.~;..75, .• ',,· -6S:/,'.' )/=t.5:>: >~·:,,,o_ .-. 
Option 2 from PT (SM) 

Non-Bevill 0.00 0.00 -0.00 0.00 0 

Option 3 from PT (SM) All - 0.00 0.00 0.00 . 0.00 0 

Option 4 from PT (SM) All 0.00 10 10 5 0.00 

Notes: 
Bold type indicates shifts derived from empirical data. 

Gray shading indicates shifts that break expected pattern because I 00 percent is sent to treatment or 
recycling. 

Cost results for all three baselines are summarized in Exhibit A.1-6. In general, the costs for the 
no prior treatment baseline are greater than for the modified prior treatment baseline (the baseline used in 
the main analysis) because facilities incur the full cost of waste treatment when coming into compliance · 
from the no prior treatment baseline. Conversely, the costs in the prior treatment baseline are lower than 
the modified prior treatment baseline because recycled spent material are assumed to be already managed 
in tanks, containers, and buildings. The savings in the prior treatment baseline attributed to baseline 
management practices is most clearly seen under Option 4, which yields an overall savings. Sector 
specific cost results for the no prior treatment baseline are presented in Exhibits A.1-7 through A.1-10, and 
cost results for the prior treatment baseline are presented in Exhibits A.1-11 through A.1-14. Value of 
shipment impact results for the no prior treatment baseline and the prior treatment baseline are shown in 
Exhibits A.1-15 through A.1-22. . 
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Exhibit A.1-6 

Summary of Cost Results for All Option-Baseline Combinations 

Ootion 1 PT 

Ootion 2 PT 

Option 3 PT 

Option 4 PT. 

Ootion 1 MPT 

Ootion2 MPT 

Option 3 MPT 

Option 4 MPT 

Option 1 NPT 

Option 2 NPT 

Option 3 NPT 

Option 4 NPT 

Minimum 
43,000,000 

33,000,000 

2,000,000 

(3,000,000) 

46,000,000 

37,000,000 

5,200,000 

71,000 

67,000,000 

54,000,000 

24,000,000 

17,000,000 

Exoected 
53,000,000 

40,000,000 

3,000,000 

(4,900,000) 

58,000,000 

45,000,000 

8,400,000 

190,000 

120,000,000 

110,000,000 

74,000,000 

. 63,000,000 

Maximum 
66,000,000 

48,000,000 

5,000,000 

(7,100,000) 

75,000,000 

55,000,000 

13,000,000 

190,000 

220,000,000 

200,000,000 

160,000,000 

140,000,000 

April 15, 1997 



A-8 

Exhibit A.1-7 

Option 1 Incremental Costs Assuming No Prior Treatment 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 
Natural Asphalts 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value Case Maximum Value Case 

Total . Avg. Fae. 

Incremental Incremental 

Cost ($/yr) Cost ($/yr) 

6,400,000 280,000 

2,500,000 410,000 

10,000,000 5,100,000 

1,700,000 1,700,000 

7,000,000 3,500,000 

7,300 7,300 

390,000 390,000 

15,000,000 1,500,000 

3,500,000 1,700,000 

590,000 200,000 

500,000 120,000 

43,000,000 11,000,000 

2,100,000 1,000,000 

2,600,000 370,doo 

29,000,000 2,600,000 

290,000 98,000, 

5,400,000 2,700,000 

.5,600,000 5,600,000 

5,100,000 2,500,000 

590,000 85,000 

1,900,000 640,000 

3,000,000 3,000,000 

, 960,000 480,000 

1,600,000 780,000 

31,000,000 4,400,000 

710,000 120,000 

2,400,000 140,000 

27,000,000 9,000,000 

12,000,000 5,900,000 

220,000,000 

Total 

Incremental 

Cost ($/yr) 

3,000,000 

. 

. 

. 

. 

. 

. 

15,000,000 

3,500,000 

. 

. 
21,000,000 

1,600,000 

. 

. 

. 

. 

220,000 

. 

. 

580,000 

. 

810,000 

. 

1,300,000 

. 

. 

20,000,000 

. 

67,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

130,000 

. 

. 

. 

. 

. 

. 

1,500,000 

1,700,000 

. 

. 
5,200,000 

820,000 

. 

. 
- . 

. 

220,000 

. 

. 

290,000 

. 

410,000 

. 
640,000 

. 

. 

6,500,000 

. 

Total 

Incremental 

Cost ($/yr) 

4,800,000 

1,600,000 

1,800,000 

510,000 

670,000 

4,300 

. 

15,000,000 

3,500,000 

290,000 

220,000 

32,000,000 

1,700,000 

850,000 

8,100,000 

160,000 

1,600,000 

1,600,000 

2,600,000 

370,000 

830,000 

1,600,000 

870,000 

510,000 

17,000,000 

230,000 

980,000 

23,000,000 

1,600,000 

120,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

210,000 

270,000 

910,000 

510,000 

330,000 

4,300 

. 

1,500,000 

1,700,000 

97,000 

54,000 

7,900,000 

830,000 

120,000 

740,000 

54,000 

. 820,000 

1,600,000 

1,300,000 

53,000 

280,000 

1,600,000 

440,000 

250,000 

2,400,000 

38,000 

58,000 

7,700,000 

790,000 
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Exhibit A.1-8 

· Option 2 Incremental Costs Assuming No Prior Treatment 

Minimum Value Case 

Commodity-

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 
Natural Asphalts 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value Case Maximum Value Case 

Total Avg. Fae. 

Incremental Incremental 

Cost(Styr) Cost (S/yr) 

4,700,000 210,000 

2,500,000 410,000 

10,000,000 5,000,000 

1,700,000 1,700,000 

4,400,000 2,200,000 

7,300 7,300 

390,000 390,000 

15,000,000 1,500,000 

3,500,000 1,700,000 

370,000 120,000 

480,000 120,000 

43,000,000 11,000,000 

1,800,000 900,000 

2,600,000 370,000 

29,000,000 2,600,000 

250,000 83,000 

5,300,000 2,700,000 

5,500,000 5,500,000 

5,100,000 2,500,000 

470,000 67,000 

1,700,000 570,000 

2,400,000 2,400,000 

700,000 350,000 

1,500,000 730,000 

29,000,000 4,100,000 

710,000 120:000 

1,500,000 91,000 

17,000,000 5,600,000 

11,000,000 5,600,000 

200,000,000 

Total 

Incremental 

Cost (Styr) 

1,200,000 

-
-
-
-
-
-

15,000,000 

3,500,000 

-
-

21,000,000 

1,600,000 

-

-
-

-
220,000 

-
-

580,000 

. 

470,000 

-
1,200,000 

-
-

9,600,000 

-
54,000,000 

Avg. Fae. 

Incremental 

Cost(S/yr) 

52,000 

-
-
. 

-
-
-

1,500,000 

1,700,000 

-
-

5,200,000 

820,000 

-

-
-

.. 
-

220,000 

-
-

290,000 

-
240,000 

-
610,000 

-
-

3,200,000 

-

Total 

Incremental 

Cost ($/yr) 

3,300,000 

1,600,000 

1,800,000 

490,000 

620,000 

4,300 

-
15,000,000 

3,500,000 

180,000 

200,000 

32,000,000 

1,700,000 

850,000 

8,100,000 

160,000 

1,500,000 

1,600,000 

2,600,000 

260,000 

770,000 

1,300,000 

620,000 

390,000 

16,000,000 

230,000 

820,000 

13,000,000 

1,500,000 

110,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

140,000 

270,000 

910,000 

490,000 

310,000 

4,300 

-
1,500,000 

1,700,000 

60,000 

51,000 

7,900,000 

. 830,000 

120,000 

740,000 

53,000 

770,000 

1,600,000 

1,300,000 

38,000 

260,000 

1,300,000 

310,000 

200,000 

2,300,000 

38,000 

48,000 

4,300,000 

750,000 

April 15, 1997 
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Exhibit A.1-9 

Option 3 Incremental Costs Assuming No Prior Treatment 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 
Natural AsphaHs 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value case Maximum Value Case 

Total Avg. Fae. 

Incremental Incremental 

Cost(S/yr) Cost ($/yr) 

4,700,000 210,000 

2,500,000 410,000 

10,000,000 5,000,000 

1,700,000 1,700,000 

4,300,000 2,200,000 

1,400 1,400 

260,000 260,000 

8,200,000 820,000 

540,000 270,000 

370,000 120,000 

480,000 120,000 

13,000,000 3,200,000 

1,800,000 900,000 

1,400,000 210,000 

29,000,000 2,600,000 

250,000 "83,000 

5,300,000 2,700,000 

5,000,000 5,000,000 

5,100,000 2,500,000 

47(),000 67,000 

1,700,000 570,000 

2,400,000 2,400,000 

700,000 350,000 

1,500,000 730,000 

29,000,000 4,100,000 

690,000 110,000 

1,500,000 91,000 

17,000,000 5,600,000 

11,000,000 5,600,000 

160,000,000 

Total 

Incremental 

Cost ($/yr) 

1,200,000 

. 

. 

. 

. 

. 

. 

8,200,000 

540,000 

. 

. 

120,000 

1,600,000 

.-

. 

. 

. 
' 220,000 

. 

. 
550,000 

. 

470,000 

. 

1,200,000 

. 

. 

9,600,000 

. 
24,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

52,000 

. 

. 

. 

. 

. 

. 
820,000 

270,000 

. 

. 

30,000 

820,000 

. 

. 

. 

.-
220,000 

. 

. 

270,000 

. 

240,000 

. 

. 610,000 

. 

. 

3,200,000 

. 

Total 

Incremental 

Cost ($/yr) 

3,300,000 

1,600,000 

1,800,000 

490,000 

590,000 

1,400 

. 

8,100,000 

540,000 

180,000 

200,000 

6,100,000 

1,700,000 

420,000 

8,100,000 

160,000 

1,500,000 

1,500,000 

2,600,000 

260,000 

730,000 

1,300,000 

620,000 

390,000 

16,000,000 

320,000 

820,000 

13,000,000 

1,500,000 

74,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

140,000 

270,000 

910,000 

490,000 

300,000 

1,400 

. 
810,000 

270,000 

60,000 

51,000 

1,500,000 

830,000 

60,000 

740;000 

53,000 

no,ooo 
1,500,000 

1,300,000 

38,000 

240,000 

1,300,000 

310,000 

200,000 

2,300,000 

53,000 

48,000 

4,300,000 

750,000 
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Exhibit A.1-10 

Option 4 Incremental Costs Assuming No Prior Treatment 

Minimum Value Case Expected Value case Maximum Value Case 

Total Avg. Fae. Total Avg. Fae. Total Avg. Fae. 

Incremental Incremental Incremental Incremental Incremental Incremental 

Commodity Cost ($/yr) Cost ($/yr) Cost(S/yr) Cost ($/yr) Cost ($/yr) Cost ($/yr) 

Alumina and Aluminum no,ooo 34,000 2,200,000 95,000 3,000,000 130,000 

Antimony . . 1,600,000 260,000 2,400,000 400,000 

Beryllium . . 1,800,000 900,000 9,500,000 4,700,000 

Bismuth . . 480,000 480,000 1,700,000 1,700,000 

Cadmium . . 560,000 280,000 3,600,000 1,800,000 

Calcium . . 1,400 1,400 1,400 1,400 

Coal Gas . . . . 180,000 180,000 

Copper 5,200,000 520,000 5,200,000 520,000 5,200,000 520,000 

Elemental Phosphorus 57,000 29,000 57,000 29,000 57,000 29,000 

Fluorspar and Hy9rofluoric Acid . . 120,000 39,000 270,000 89,000 

Germanium . . 180,000 46,000 460,000 110,000 

Lead 65,000 16,000 4,800,000 1,200,000 10,000,000 2,600,000 

Magnesium and Magnesia from Brines 1,600,000 · 820,000 1,700,000 830,000 . 1,700,000 870,000 

Mercury . . 190,000 27,000 810,000 120,000 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate . . 8,100,000 740,000 29,000,000 2,600,000 

Platinum Group Metals . . 160,000 53,000 240,000 79,000 
Pyrobitumens, Mineral Waxes, and 

-· Natural Asphalts . . 1,500,000 740,000 5,200,000 2,600,000 

Rare Earths 220,000 220,000 1,400,000 1,400,000 4,500,000 4,500,000 

Rhenium . . 2,600,000 1,300,000 5,100,000 2,500,000 

Scandium . . 360,000 51,000 430,000 61,000 

Selenium 500,000 250,000 670,000 220,000 1,600,000 520,000 

Synthetic Rutile . . 1,100,000 1,100,000 2,100,000 2,100,000 
Tantalum, Columbium, and 
FerTOCOlumbium 260,000 130,000 470,000 230,000 550,000 280,000 

Tellurium . . 380,000 190,000 1,400,000 700,000 

Titanium and Trtanium Dioxide 1,100,000 560,000 15,000,000 2,200,000 28,000,000 4,100,000 

Tungsten . . 280,000 47,000 650,000 110,000 

Uranium . . 780,000 46,000 1,400,000 84,000 

· Zinc 7,600,000 2,500,000 9,800,000 3,300,000 13,000,000 4,200,000 

Zirconium and Hafnium . . 1,400,000 690,000 11,000,000 5,300,000 

Total 17,000,000 63,000,000 140,000,000 
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Exhibit A.1-11 

Option 1 Incremental Costs Assuming Prior Treatment 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 
Natural Asphalts 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value case Maximum Value case 
Total Avg. Fae. 

Incremental Incremental 

Cost ($/yr) Cost ($/yr) 

2,900,000 130,000 

52,000 8,600 

440,000 220,000 

53,000 53,000 

2,400,000 1,200,000 

7,300 . 7,300 

220,000 220,000 

10,000,000 1,000,000 

3,100,000 1,600,000 

330,000 110,000 

37,000 9,200 

30,000,000 7,600,000 

240,000 120,000 

1,300,000 190,000 

16,000 1,400 

38,000 13,000 

110,000 56,000 

1,100,000 1,100,000 

31,000 15,000 

140,000 20,000 

280,000 94,000 

1,000,000 1,000,000 

260,000 130,000 

160,000 78,000 

1,300,000 190,000 

45,000 7,500 

1,100,000 63,000 

8,800,000 2,900,000 

900,000 450,000 

66,000,000 

Total 

Incremental 

Cost ($/yr) 

1,400,000 

. 

. 

. 

. 

. 

. 

10,000,000 

3,100,000 

. 

. 

21,000,000 

2,800 

. 

. 

. 

. 

6,100 

. 

. 

53,000 

. 

370,000 

. 
93,000 

. 

. 

7,100,000 

. 

43,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

62,000 

. 

. 

. 

. 

. 

. 

1,000,000 

1,600,000 

. 

. 

5,200,000 

1,400 

. 

. 

.-

. 
6,100 

. 

. 
27,000 

. 

180,000 

. 

46,000 

. 

. 
2,400,000 

. 

Total 

Incremental 

Cost ($/yr) 

2,400,000 

40,000 

24,000 

30,000 

56,000 

4,300 

. 

10,000,000 

3,100,000 

190,000 

30,000 

26,000,000 

3,100 

500,000 

16,000 

5,900 

93,000 

200,000 

9,500 

82,000 

·110,000 

550,000 

260,000 

140,000 

810,000 

(62,000) 

220,000 

7,600,000 

110,000 

53,000,000 

Avg.Fae. 

Incremental 

Cost ($/yr) 

100,000 

6,700 

12,000 

30,000 

28,000 

4,300 

. 
1,000,000 

1,600,000 

63,000 

7,500 

6,500,000 

1,500 

72,000 

1,400 

2,000 

46,000 

200,000 

4,700 

12,000 

36,000 

550,000 

130,000 

71,000 

,120,000 

(10,000) 

13,000 

2,500,000 

57,000 
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Exhibit A.1-12 

Option 2 Incremental Costs Assuming Prior Treatment 

Minimum Value Case Expected Value case Maximum Value case 
Total Avg. Fae. Total Avg. Fae. Total Avg. Fae. 

Incremental Incremental Incremental Incremental Incremental Incremental 

Commodity Cost ($/yr) Cost(S/yr) Cost ($/yr) Cost ($/yr) Cost ($/yr) Cost ($/yr) 

Alumina and Aluminum 310,000 14,000 810,000 35,000 1,500,000 64,000 

Antimony - - 8,500 1,400 8,500 1,400 

Beryllium - - 2,800 1,400 2,800 1,400 

Bismuth - - 1,400 1,400 2,100 2,100 

Cadmium - - 47,000 23,000 530,000 270,000 

Calcium - - 4,300 4,300 7,300 7,300 

Coal Gas - - - - 220,000 220,000 

Copper 10,000,000 1,000,000 10,000,000 1,000,000 10,000,000 1,000,000 

Elemental Phosphorus 3,100,000 1,600,000 3,100,000 1,600,000 3,100,000 1,600,000 

Fluorspar and Hydrofluoric Acid - - 52,000 17,000 84,000 28,000 

Germanium - - 6,400 1,600 8,600 2,200 

Lead 21,000,000 5,200,000 26,000,000 6,500,000 30,000,000 7,600,000 

Magnesium and Magnesia from Brines 2,800 1,400 3,900 2,000 49,000 25,000 

Mercury - - 500,000 72,000 1,300,000 190,000 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate - - 16,000 1,400 '16,000 1,400 

Platinum Group Metals - - 4,600 1,500 11,000 3,700 
Pyrobitumens, Mineral Waxes, and 
Natural Asphalts - - 2,800 1,400 2,800 1,400-
Rare Earths 6,100 6,100 200,000 200,000 980,000 980,000 

Rhenium - - 9,500 4,700 31,000 15,000 

Scandium - - 9,900 1,400 9,900 1,400 

Selenium 53,000 27,000 71,000 24,000 140,000 47,000 

Synthetic Rutile - - 71,000 71,000 130,000 130,000 
Tantalum, Columbium, and 
Ferrocolumbium 2,800 1,400 2,800 1,400 2,800 1,400 

Tellurium - - 4,500 2,300 17,000 8,500 

Titanium and Titanium Dioxide 3,200 1,600 130,000 19,000 260,000 37,000 

Tungsten - - (62,000) (10,000) 45,000 7,500 

Uranium - - 43,000 2,500 100,000 6,000 

Zinc (1,200,000) (390,000) (1,100,000) (370,000) (1,000,000) (350,000) 

Zirconium and Hafnium - - 2,800 1,400 2,800 1,400 

Total 33,000,000 40,000,000 48,000,000 

April 15, 1997 
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Exhibit A.1-13 

Option 3 Incremental Costs Assuming Prior Treatment 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Germanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum,Ferromolybdenum,and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobitumens, Mineral Waxes, and 

. Natural Asphalts 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value Case Maximum Value Case 

Total Avg. Fae. 

Incremental Incremental 

Cost ($/yr) Cost(Styr) 

1,500,000 64,000 

8,500 1,400 

2,800 1,400 

2,100 2,100 

460,000 ' 230,000 

1,400 1,400 

68,000 68,000 

2,600,000 260,000 

200,000 100,000 

84,000 28,000 

8,600 2,200 

150,000 38,000 

49,000 25,000 

9,900 1,400 

16,000 1,400 

11,000 3,700 

2,800 1,400 

320,000 320,000 

6,200 3,100 

9,900 1,400 

110,000 37,000 

130,000 130,000 

2,800 1,400 

17,000 8,500 

260,000 37,000 

8,500 1,400 

100,000 6,000 

{1,100,000) {350,000) 

2,800 1,400 

5,000,000 

Total 

Incremental 

Cost ($/yr) 

310,000 

-
-
-
-
-
-

2,600,000 

200,000 

-
-

56,000 

2,800 

-

-
-

-
1,400 

-
-

2,800 

-
2,800 

-
3,200 

-
-

{1,200,000) 

-
2,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

14,000 

-
-
-
-
-
-

260,000 

100,000 

-
-

14,000 

1,400 

-

-
-

-
-

1,400 

-
-

1,400 

-

1,400 

-
1,600 

-
-

{390,000) 

-

Total 

Incremental 

Cost ($/yr) 

810,000 

8,500 

2,800 

1,400 

18,000 

1,400 

-
2,500,000 

200,000 

52,000 

6,400 

120,000 

3,900 

9,900 

16,000 

4,600 

2,800 

92,000 

3,700 

9,900 

14,000 

71,000 

2,800 

4,500 

130,000 

8,500 

43,000 

{1,100,000) 

2,800 

3,000,000 

Avg. Fae. 

Incremental 

Cost ($/yr) 

·35,000 

1;400 

1,400 

1,400 

8,800 

1,400 

-
250,000 

100,000 

17,000 

1,600 

30,000 

2,000 

1,400 

1,400 

1,500 

1,400 

92,000 

1,800 

1,400 

4,600 

71,000 

1,400 

2,300 

,9,000 

1,400 

2,500 

{370,000) 

1,400 

April 15, ,1997 
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Exhibit A.1-14 

Option 4 Incremental Costs Assuming Prior Treatment 

Minimum Value Case 

Commodity 

Alumina and Aluminum 

Antimony 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosphorus 

Fluorspar and Hydrofluoric Acid 

Gennanium 

Lead 

Magnesium and Magnesia from Brines 

Mercury 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

Platinum Group Metals 
Pyrobilumens, Mineral Waxes, and 
Natural Asphalts ' 
Rare Earths 

Rhenium 

Scandium 

Selenium 

Synthetic Rutile 
Tantalum, Columbium, and 
Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tungsten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Expected Value case Maximum Value case 

Total Avg.Fae. 

Incremental Incremental 

Cost (Slyr) Cost (Slyr) 

32,000 1,400 

(17,000) (2,900) 

(330,000) (160,000) 

(16,000) (16,000) 

(26,000) (13,000) 

1,400 1,400 

1,400 1,400 

14,000 1,400 

(240,000) (120,000} 

4,200 1,400 

(3,000) (740) 

(1,700,000) (430,000) 

2,800 1,400 

(480,000) (68,000) 

16,000 1,400 

4,200 1,400 

(49,000) (25,000) 

18 18 

2,800 1,400 

(20,000) (2,900) 

(15,000) (5,100) 

(13,000) (13,000) 

(120,000) (60,000) 

(17,000) (8,500) 

(110,000) (15,000) 

(16,000) (2,600) 

22,000 1,300 

(3,700,000) (1,200,000) 

(300,000) (150,000) 

(7,100,000) 

Total 

Incremental 

Cost (Slyr) 

32,000 

. 

. 

. 

. 

. 

. 

1:4,000 

(240,000) 

. 

. 

2,700 

2,800 

. 

. 

. 

. 

(1,700) 

. 

. 
(23,000) 

. 

(160,000) 

. 
(65,000) 

. 

. 

(2,600,000) 

. 
(3,000,000) 

Avg. Fae. 

Incremental 

Cost (Slyr) 

1,400 

. 

. 

. 

. 

. 

. 

1,400 

(120,000) 

. 

. 

660 

1,400 

. 

. 

. 

.-
(1,700)' 

. 

. 

(11,000) 

. 

(80,000) 

. 
(32,000) 

. 

. 
(870,000) 

. 

Total 

Incremental 

Cost (Slyr) 

32,000 

(6,900) 

(11,000) 

(5,900) 

(3,600) 

1,400 

. 

14,000 

(240,000) 

4,200 

(3,100) 

(920,000) 

2,800 

(160,000) 

16,000 

4,200 

(39,000) 

(30) 

2,800 

110,000 

(24,000) 

(6,100) 

(120,000) 

(2,600) 

(85,000) 

(9,800) 

20,000 

(3,400,000) 

(87,000) 

(4,900,000) 

Avg. Fae. 

Incremental 

Cost (Slyr) 

1,400 

(1,100) 

(5,700) 

(5,900) 

(1,800) 

1,400 

. 
1,400 

(120,000) 

1,400 

(780) 

(230,000) 

1,400 

(23,000) 

1,400 

1,400 

(20,000) 

(30) 

1,400 

16,000 

(8,000) 

(6,100) 

(60,000) 

(1,300) 

(12,000) 

(1,600) 

1,200 

(1,100,000) 

(44,000) 

April 15, 1997 
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Exhibit A.1-15 
Option 1 No Prior: Treatment Baseline Impacts 

Incremental 
Value of Sector Cost Economic Impact 

Production Price Shipments s (percent of Value of Shipments} 

Sector MT $/MT s Minimum Expected Maximum Minimum Expected Maximum 

A)umlna and Aluminum 3 700000 1168 4321600000 3000000 4 800000 6400000 0.07 0.11 0.15 

Antimonv 18000 1 764 31752000 - 1600000 2 500000 0.00 5.04 7.87 

Beryllium 159 352 640 56069 760 - 1800000 10000000 0.00 3.21 17.83 

Bismuth 1100 7 824 8606400 - 510000 1700000 0.00 5.93 19.75 

Cadmium 1 050 992 1041600 - 670000 7000000 0.00 64.32 672.04 

Calcium 1200 4605 5526000 . - 4300 7300 0.00 0.08 0.13 

Coal Gas 170000000 - - 390000 0.00 0.00 0.23 

Coooer 1 noooo 2029 3591330000 15000000 15000000 15000000 0.42 0.42 0.42 

Elemental Phosohorus 311 000 1 833 570063000 3500000 3 500000 3500000 0.61 0.61 0.61 

Fluorsoar and l-lvrirofluoric Acid 60000 193 11580000 - 290000 590000 0.00 2.50 5.09 

Germanium 10 1 060000 10600000 - 220000 500000 0.00 2.08 4.72 

Lead 290000 706 204 740000 21000000 32000000 43000000 10.26 15.63 21.00 

Maoneslum and Maonesla from Brines 145 000 3 219 466755000 1600000 1700000 2100000 0.34 0.36 0.45 

Men:urv 70 5512 385840 - 850000 2600000 0.00 220.30 673.85 

MoMv!Anum Ferromolvhdenum and Ammonium Molvbdate 239864 579 - 8100000 29000000 0.00 3.38 12.09 

Platinum Grouo Metals 53 203 971 - 160000 290000 0.00 0.30 0.55 

Pvrobltumens Mineral Waxes and Natural Asohalt 10000 25 250000 - 1600000 5400000 o.oc 640.00 2160.00 

Rare Earths 57372120 220000 1600000 5600000 0.38 2.79 9.76 

Rhenium 5 1 200000 6000000 - 2600000 5100000 0.00 43.33 85.00 

Scandium 25 1500000 37.500000 - 370000 590000 0.00 0.99 1.57 

Selenlum 250 11 246 2811500 580000 830000 1900000 20.63 29.52 67.58 

Synthetic Rutlle 140000 345 48300000 - 1600000 3000000 0.00 3.31 6.21 

Tantalum Columblum and Ferrocolumbium 60 897 400 810000 870000 960000 1.33 1.43 1.58 

Tellurium 60 59508 3570480 - 510000 1 600000 0.00 14.28 44.81 

Titanium and Titanium Dioxide 2 516300000 1300000 17000000 31000000 0.05 0.68 1.23 

Tunosten 9406 40 376240 - 230000 710000 0.00 61.13 188.71 

Uranium 40734000 - 980000 2400000 0.00 2.41 5.89 

Zinc 505000 1 014 512070000 20000000 23000000 27000000 3.91 4.49 5.27 

Zirconium and Hafnium 379899000 - 1600000 12 000 000 0.00 0.42 3.16 

Total 67,000,000 120,000,000 220,000,000 

April- 15, 1997 
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Exhibit A.1-16 
Option 2 No Prior Treatment Baseline Impacts. 

Sector 

Alumina and Aluminum 
.. 

Anlimonv 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Coooer 

Elemental Phosohorus 

Fluorsoar and Hvdrofluorlc Acid 

Germanium 

Lead 

Maoneslum and Maanesla from Brines 

Mercurv 

Molvhdenum Ferromoluhnenum and Ammonium Molvbdate 

Platinum Grouo Metals 

Pvrobltumens Mineral Waxes and Natural Asohall 

Rare Eanhs 

Rhenium 

Scandium 

Selenium 

Svn1hetlc Rutlle 

Tanlalum Columblum and Ferrocolumblum 

Tellurium 

Titanium and Titanium Dioxide 

Tunasteil 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Production 

MT 

3700000 

18000 

159 

1100 

1 050 

1 200 

1770000 

311 000 

60000 

10 

290000 

145000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Price 

$/MT 

1168 

1 764 

352 640 

7824 

992 

4605 

2029 

1833 

193 

1 060000 

706 

3 219 

5 512 

25 

1 200000 

1500000 

11 246 

345 

59508 

40 

1 014 

Value of 
Shipments 

$ 

4321600000 

31752000 

56069760 

8606400 

1041600 

5526000 

170000000 

3591330000 

570063000 

11580000 

10600000 

I 204 740000 

466 755000 

385840 

239 864 579 

53 203 971 

250000 

57 372 120 

6000000 

37500000 

2811500 

48300000 

60897400 

3570480 

2.516 300 000 

376240 

40734000 

512070000 

379899000 

Minimum 

1 200000 

-
-
-
-
-
-

15000000 

3500000 

-
-

21000000 

1600000 

-
-
-
-

220000 

-
-

580000 

-
470000 

-
1200000 

-
-

9600000 

-
54,000,000 

Incremental 
Sector Cost 

$ 

Expected 

3300000 

· 1600000 

1800000 

490000 

620000 

4300 

-
15000000 

3 500000 

180000 

200000 

32000000 

1700000 

850000 

8100000 

160000 

1500000 

1600000 

2600000 

260000 

770000 

1300000 

620000 

390000 

16000000 

'230000 

820000 

13000000 

1 500000 

110,000,000 

Maximum 

4 700000 

2 500000 

10000000 

1700000 

4400000 

7300 

390000 

15000000 

3500000 

370000 

480000 

43000000 

1800000 

2600000 

29000000 

250000 

5300000 

5500000 

5100000 

470000 

1700 000 

2400000 

700000 

1 500000 

29000000 

710000 

1500000 

17000000 

11000000 

200,000,000 

Economic Impact 
.(percent of Value of Shli>ments) 

Minimum Expected Maximum 

0.03 0.08 0.11 

0.00 5.04 7.87 

0.00 3.21 17.83 

0.00 5.69 19.75 

0.00 59.52 422.43 

0.00 0.08 0.13 

0.00 0.00 0.23 

0.42 0.42 0.42 

0.61 0.61 0.61 

0.00 1.55 3.20 

0.00 1.89 4.53 

10.26 15.63 21.00 

0.34 0.36 0.39 

0.00 220.30 673.85 

0.00 3.38 12.09 

0.00 0.30 0:47 

0.00 600.00 2120.00 

0.38 2.79 9.59 

0.00 43.33 85.00 

0.00 0.69 1.25 

20.63 27.39 60.47 

0.00 2.69 4.97 

0.77 1.02 1.15 

0.00 10.92 42.01 

0.05 0.64 1.15 

0.00 61.13 188.71 

0.00 2.01 3.68 

1.87 2.54 3.32 

0.00 0.39 2.90 

April 15, 1997 
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Exhibit A.1-17 
Option 3 No Prior Treatment Baseline Impacts 

Incremental 

. Value of Sector Cost .Economic Impact 

Production Price Shipments $ (percent of Value of Shipments) 

Sector MT $/MT $ Minimum Expected Maximum Minimum Expected Maximum 

Alumina and Aluminum 3 700000 1 168 4321600000 1200000 3300000 4 700000 0.03 0.08 0.11 

Antlmonv 18000 1 764 31752000 . 1600000 2 500000 0.00 5.04 7.87 

Beryllium 159 352640 · 56069760 . 1800000 10000000 0.00 3.21 17.83 

Bismuth 1100 7824 8606400 . 490000 1700000 0.00 5.69 19.75 

Cadmium 1 050 992 1041600 . 590000 4300000 0.00 56.64 412.83 

Calcium 1 200 4605 5526000 . 1400 1400 0.00 0.03 0.03 

Coal Gas 170000000 . . 260000 0.00 0.00 0.15 

Co0011r 1770000 2029 3591330000 8200000 8100000 8200000 0.23 0.23 0.23 

Elemental Phosohorus 311 000 1833 570063000 540000 540000 540000 0.09 0.09 0.09 

Auorsoar and Hvdrofluorlc Acid 60000 193 11580000 . 180000 370000 0.00 1.55 3.20 

Germanium• 10 1 060000 10600000 . 200000 480000 0.00 1.89 4.53 

Lead 290000 706 204 740000 120000 6100000 13000000 0.06 2.98 6.35 

Maanesium and Maanesla from Brines 145000 3219 466755000 1 600000 1700000 1 800000 0.34 0.36 0.39 

Mercurv 70 5 512 385840 . 420000 1400000 0.00 108.85 362.84 

Malvhrlenum FerromoMvfenum and Ammonium Molvbdate 239864579 . 8100 000 29000000 0.00 3.38 12.09 

Platinum Grouo Metals 53 203 971 .. 160000 250000 0.00 0.30 0.47 

Pvrobltumens Mineral Waxes and Natural Asohalt 10000 25 250000 . 1 500000 5300000 0.00 600.00 2 120.00 

Rare Earths 57 372120 220000 1 500000 5000000 0.38 2.61 8.72 

Rhenium 5 1 200000 6000000 . 2 600000 5100000 0.00 43.33 85.00 

Scandium 25 1 500000 37:500000 . 260000 470000 0.00 0.69 1.25 

Selenium 250 11 246 2811500 550 000 730000 1 700000 19.56 25.96 60.47 

Svnthetlc Rutlle 140 000 345 48300000 . 1 300000 2400000 0.00 2.69 4.97 

Tantalum Columblum and Ferrocolumbium 60897400 470000 620000 700000 0.77 1.02 1.15 

Tellurium 60 59508 3570480 . 390000 1500000 0.00 10.92 42.01 

Titanium and Titanium Dioxide 2 516300000 1 200000 16 000 000 29000000 0.05 0.64 1.15 

Tunasten 9406 40 376240 . 320000 690000 0.00 85.05 183.39 

Uranium 40734000 . 820000 1500000 0.00 2.01 3.68 

Zinc 505000 1 014 512070000 9600000 13000000 17 000000 1.87 2.54 3.32 

Zirconium and Hafnium 379899000 . 1500000 11000000 0.00 0.39 2.90 

Total 24,000,000 · 74,000,000 160,000,000 

.April 15, 1997 
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Exhibit A.1-18 
Option 4 No Prior Treatment Baseline Impacts 

Incremental 

Value of Sector Coat Economic Impact 

Production Price Shipments $ (percent of Value of Shipments) 

Sector MT $/MT $ Minimum Expected Maximum Minimum Expected Maximum 

Alumina and Aluminum 3700000 1168 4321600000 770000 2 200000 3000000 0.02 0.05 0.o7 

Antlmonv 18000 1 764 31752000 . 1600000 2400000 0.00 5.04 7.56 

Beryllium 159 352640 56069760 . 1800000 9 500000 0.00 3.21 16.94 

Bismuth 1100 7824 8606400 . 480000 1700000 0.00 5.58 19.75 

Cadmium 1050 992 1041600 . 560000 3600000 0.00 53.76 345.62 

Calcium 1 200 4605 5526000 . 1400 1400 0.00 0.03 0.03 

Coal Gas 170000000 . . 180 000 0.00 0.00 0.11 

Coooer 1770000 2029 3591330000 5200000 5 200000 5 200000 0.14 0.14 0.14 

Elemental Phosohorus - 311 000 1 833 570063000 57000 57000 57000 0.01 0.01 0.01 

Fluorsoar and Hvdrofluorlc Acid 60000 193 11580000 . 120000 270000 0.00 1.04 2.33 

Germanium 10 1 060000 10600000 . 180000 460000 0.00 1.70 4.34 

Lead 290000 706 204 740000 65000 4 800000 10000000 0.03 2.34 4.88 

Maaneslum and Maanesla from Brines 145000 3219 466 755000 1600000 1700000 1700000 0.34 0.36 0.36 

Mercurv 70 5 512 385840 . 190000 810000 0.00 49.24 209.93 

Molulvlenum Ferromo".tvlenum and Ammonium Molvbdate 239864 579 . 8100000 29000000 0.00 3.38 12.09 

Platinum Grouo Metals 53 203 971 . 160000 240000 0.00 0.30 0.45 

Pvrobitumens Mineral Waxes and Natural Asohalt 10000 25 250000 . 1500000 5200000 0.00 600.00 2 080.00 

Rare Earths 57 372 120 220000 1400000 4 500000 0.38 2.44 7.84 

Rhenium 5 1 200000 6000000 . 2600000 5100000 0.00 43.33 85.00 

Scandium 25 1 500000 37.500000 . 360000 430000 0.00 0.96 1.15 

. Selenium 250 1.1 246 2811500 500000 670000 1600000 17.78 23.83 56.91 

Synthetic Rutile 140000 345 48300000 . 1100000 2100000 0.00 2.28 4.35 

rantalum Columbium and Ferrocolumbium 60897400 260000 470000 550000 0.43 0.77 0.90 

Tellurium 60 59508 3570480 . 380000 1400000 0.00 10.64 39.21 

Titanlum and Titanium Dioxide 2 516 300000 1100000 15000000 28000000 0.04 0.60 1.11 

Tunasten 9406 40 376240 . 280000 650000 0.00 74.42 172.76 

Uranium 40734 000 780000 1400000 0.00 1.91 3.44 

Zinc 505 000 1 014 512070000 7600000 9800000 13000000 1.48 1.91 2.54 

Zirconium and Hafnium 379899000 . 1 400000 11 000000 0.00 0.37 2.90 

Total 17,000,000 63,000,000 140,000,000 

ApriU5, 1997 
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Exhibit A.1-19 
Option 1 Prior Treatment Baseline Impacts 

Sector 

Alumina and Aluminum 

Antlmonv 

Bervllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

ICoooer 

Elemental Phosohorus 

Fluo..,nar and 1-1uttrofluorlc Acid 

Germanium 

Lead 

Maanesium and Maonesla from Brines 

Mercurv 

Moluhrlenum Ferromoluhrlenum and Ammonium Mol..tmate 

Platinum Group Metals 

Pvrnhltumens Mineral Waxes and Natural Asotialt 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Svnthetlc Rutlle 

Tantalum Columbium and Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tu..,..,ten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Production 

MT 

3700000 

18000 

159 

1100 

1 050 

1200 

1770000 

311 000 

60000 

10 

290000 

145000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505 000 

Price 

$/MT 

1168 

1764 

352640 

7824 

992 

4605 

2029 

1833 

193 

1 060000 

706 

3219 

5 512 

25 

1 200000 

1 500000 

11 246 

345 

59508 

40 

1 014 

Value of 
Shipments 

$ 

4 321600000 

31752000 

56069760 

8606400 

1041600 

5526000 

170000000 

3591330000 

570063000 

11580000 

10600000 

204 740000 

466 755000 

385840 

239864 579 

53 203 971 

250000 

57 372 120 

6000000 

37.500000 

2811500 

48300000 

60897400 

3570480 

2516300000 

376240 

40734000 

512070000 

379899000 

Minimum 

1400000 
. 
. 
. 
. 
. 
. 

· 10000000 

3100000 
. 
. 

21 000000 

2800 
. 
. 
. 
. 

6100 
. 
. 

53000 
. 

370000 
. 

93000 
. 
. 

7100000 
. 

43,000,000 

Incremental 
Sector Coat 

$ 
Expected 

2400000 

40000 

24000 

30000 

56000 

4300 
. 

10000000 

3100000 

190000 

30000 

26000000 

3100 

500000 

16000 

5900 

93000 

200000 

9500 

82000 

110 000 

550000 

260000 

140000 

810000 

162000 

220000 

7600000 

110000 

53,000,000 

Maximum 

2900000 

52000 

440000 

53000 

2400000 

7300 

220000 

10000000 

3100000 

330000 

37000 

30000000 

240000 

1 300000 

16000 

38000 

·110000 

1100 000 

31 000 

140 000 

280000 

1 000000 

260000 

160000 

1300000 

45000 

1100000 

8800000 

900000 

66,000,000 

Economic Impact 
{percent of Value of Shipments) 

Minimum Expected Maximum 

0.03 0.06 0.07 

0.00 0.13 0.16 

0.00 0.04 0.78 

0.00 0.35 0.62 

0.00 5.38 230.41 

0.00 0.08 0.13 

0.00 0.00 0.13 

0.28 0.28 0.28 

0.54 0.54 0.54 

0.00 1.64 2.85 

0.00 0.28 0.35 

10.26 12.70 14.65 

0.00 0.00 0.05 

0.00 129.59 336.93 

0.00 0.01 0.01 

0.00 . 0.01 0.07 

0.00 37.20 44.00 

0.01 0.35 1.92 

0.00 0.16 0.52 

0.00 0.22 0.37 

1.89 3.91 9.96 

0.00 1.14 2.07 

0.61 0.43 0.43 

0.00 3.92 4.48 

0.00 0.03 0.05 

0.00 ·16.48 11.96 

0.00 0.54 2.70 

1.39 1.48 1.72 

0.00 0.03 0.24 

/ 

April 15, 1997 
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Exhibit A.1-20 
Option 2 Prior Treatment Baseline Impacts 

Sector 

Alumlna and Aluminum 

Antlmonv 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Copper 

Elemental Phosohorus 

Auorsoar and Hvdrolluoric Acid 

Gennanium 

Lead 

Maoneslum and Maanesia from Brines 

MercuN 

. MoMvlenum Ferromnlvhdenum and Ammonium Molutv1ate 

Platinum Grouo Metals 

Pvrobltumens Mineral Waxes and Natural Asohalt 

Rare Earths 

Rhenium 

Scandlum 

Selenium· 

Synthelio Rutile 

Tantalum Columbium and Ferrocolumblum 

Tellurium 

Titanium and Titanium Dioxide 

Tunasten. 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Production 

MT 

3700000 

18000 

159 

1100 

1.050 

1200 

1770000 

311 000 

60000 

10 

290000 

145 000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Price 

$/MT 

1168 

1 764 

352 640 

7 824 

992 

4605 

2029 

1833 

193 

1060000 

706 

3 219 

5 512 

25 

1 200000 

1 500000 

11 246 

345 

59 508 

40 

1 014 

Value of 
Shipments 

$ 
4 321600000 

31752000 

56069760 

8606400 

1041600 

5526000 

170000000 

3591330000 

570063000 

11580000 

10600000 

204 740000 

466755000 

385840 

239864 579 

53 203 971 

250000 

57 372 120 

6000000 

37.500000 

2811500 

48300000 

60897400 

3570480 

2 516300000 

376240 

40734000 

512070000 

379899000 

Minimum 

310000 ' 

. 

. 

. 

. 

. 

. 
10 000 000 

3100000 
. 
. 

21000000 

2800 
. 
. 
. 
. 

6100 
. 
. 

53000 
. 

2800 
. 

·3200 
. 
. 

11 200000 
. 

33,000,000 

Incremental 
Sector Coat 

$ 
Expected 

810000 

8500 

2800 

1400 

47000 

4300 
. 

10000000 

3100000 

52000 

6400 

26000000 

3900 

500000 

16000 

4600 

2800 

200000 

9500 

9900 

71000 

71000 

2800 

4500 

130 000 

(620001 

43000 

11 100000 

2800 

40,000,000 

Maximum 

1 500000 

8500 

2 800 

2100 

530000 

7300 

220000 

10000000 

3100000 

84000 

8600 

30000000 

49000 

1300000 

16000 

11 000 

2800 

980000 

31 000 

9900 

140000 

130000 

2800 

17000 

260000 

45000 

100000 

11000 000 

2800 

48,000,000 

Economic Impact 
(percent of Value of Shipments) 

Minimum Expected Maximum 

0.01 0.02 0.03 

0.00 0.03 0.03 

0.00 0.00 0.00 

0.00 0.02 0.02 

0.00 4.51 50.88 

0.00 0.08 0.13 

0.00 0.00 0.13 

0.28 0.28 0.28 

0.54 0.54 0.54 

0.00 0.45 0.73 

0.00 0.06 0.08 

10.26 12.70 14.65 

0.00 0.00 0.01 

0.00 129.59 336.93 

0.00 0.01 0.01 

0.00 O.Q1 0.02 

0.00 1.12 1.12 

0.01 0.35 1.71 

0.00 0.16 0.52 

0.00 0.03 0.03 

1.89 2.53 4.98 

0.00 0.15 0.27 

0.00 0.00 0.00 

0.00 0.13 0.48 

0.00 0.01 O.Q1 

0.00 -16.48 11.96 

0.00 0.11 0.25 

-0.23 -0.21 -0.20 

0.00 0.00 0.00 
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Exhibit A~l-21 
Option 3 Prior Treatment Baseline Impacts 

Sector 

Alumina and Aluminum 

Antlmonv 

Bervtllum 

Bismuth 

Cadmium, 

Calcium. 

Coal Gas· 

Conner 

Elemental Phosohorus 

Fluorsoar and Hvdrolluorlc Acid 

Germanium 

Lead 

Maoneslum and Maanesia from Brines 

Mercurv 

MoMvtenum FerromoMvfenum and Ammonium Molvbdate 

Platinum Grouo Metals 

Pvrobitumens Mineral Waxes and Natural Asohalt 

Rare Earths 

Rhenium 

Scandium 

Selenlum 

Synthetic Rutile 

Tantalum Columblum 'and Ferrocolumblum 

Tellurium 

Titanlum and Titanium Dioxide 

Tunasten 

Uranium 

Zinc 

Zirconium and Hafnium 

Total 

Production 

MT 

3700000 

18000 

159 

1100 

1050 

1 200 

1 noooo 
311 000 

60000 

10 

290000 

145000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Price 

$/MT 

1168 

1 764 

352640 

7824 

992 

4605 

2029 

1833 

193 

1060000 

706 

3 219 

5512 

25 

1 200000 

1500000 

11 246 

345 

59508 

40 

1 014 

Value of 
Shipments 

$ 

4 321600000 

31 752000 

56069760 
,, 

8606400 

1041600 

5526000 

170000000 

3591330000 

570063000 

11580000 

10600000 

204 740000 

466 755000 

385840 

239864 579 

53 203 971 

250000 

57372120 

6000000 

37500000 

2 811 500 

48300000 

60897400 

3570480 

2 516 300 000 

376240 

40734000 

512070000 

379899000 

Minimum 

310000 

-
-
-
-
-
-

2600000 

200000 

-
-

56000 

2800 

-
-
-

1 400 

-
-

2800 

-
2800 

-
3200 

-
-

(1 200000' 

-
2,000,000 

Incremental 
Sector Coat 

$ 
Expected 

810000 

8500 

2800 

1400 

18000 

1400 

-
2 500000 

200000 

52000 

6400 

120000 

3900 

9900 

16000 

4600 

2800 

92000 

3700 

9900 

14000 

71000 

2800 

4500 

130000 

8500 

43000 

(1100000 

2800 

3,000,000 

Maximum 

1 500000 

8500 

2800 

2100 

460000 

1400 

68000 

2600000 

200000 

84000 

8600 

150 000 

49000 

9900 

16000 

11 000 

2800 

320000 

6200 

9900 

110 000 

130000 

2800 

17000 

260000 

8500 

100000 

(1 100 000 

2800 

5,000,000 

Economic Impact 
(percent of Value of Shipments) 

Minimum Expected Maximum 

0.01 0.02 0.03 

0.00 0.03 0.03 

0.00 0.00 0.00 

0.00 0.02 0.02 

0.00 1.73 44.16 

0.00 0.03 0.03 

0.00 0.00 0.04 

0.o7 0.07 0.07 

0:04 0.04 0.04 

0.00 0.45 0.73 

0.00 0.06 0.08 

0.03 0.06 0.07 

0.00 0.00 0.01 

0.00 2.57 2.57 

0.00 0.01 0.01 

0.00 0.01 0.02 

0.00 1.12 1.12 

0.00 0.16 0.56 

0.00 0.06 0.10 

0.00 0.03 0.03 

0.10 0.50 3.91 

0.00 0.15 0.27 

0.00 0.00 0.00 

0.00 0.13 0.48 

0.00 0.01 0.o1 

0.00 2.26 2.26 

0.00 0.11 0.25 

-0.23 -0.21 -0.21 

0.00 0.00 0.00 
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Exhibit A.1"'.22 
Option 4 Prior Treatment Baseline Impacts 

Sector 

Alumina and Aluminum 

Antimonv 

Beryllium· 

Bismuth 

Cadmium 

Calcium 

Coal Gas 

Coooar 

Elemental Phosphorus 

Fluorsoer end Hvdrofluoric Acid 

Germanium 

Leed' 

Meaneslum and Maanesia from Brines 

Mercurv 

Mo1utvtenum Ferromo1u1vtenum and Ammonium Molutvtete 

Plelinum Grouo Metals · 

Purnhltumens Mineral Waxes and Natural Asohait 

Rare Earths 

Rhenium 

Scandium 

Selenium 

Svnthelic Rullle 

Tantalum Columbium and Ferrocolumbium 

Tellurium 

Titanium and Titanium Dioxide 

Tunasten 

Uranium 

Zinc 

Zirconium end Hafnium 

Total 

Production 

MT 

3700000 

18000 

159 

1100 

1 050 

1 200 

1.noooo 

311 000 

60000 

10 

290000 

145 000 

70 

10000 

5 

25 

250 

140000 

60 

9406 

505000 

Price 

$/MT 

1 168 

1764 

352 640 

7824 

992 

4605 

2 029 

1833 

193 

1060000 

706 

.3 219 

5 512 

25 

1 200000 

1500000 

11 246 

345 

59508 

40 

1 014 

Value of 
Shipments 

$ 

4 321600000 

31752000 

56069760 

8606400 

1041600 

5526000 

170000000 

3591330000 

570063000 

11580000 

10600000 

204 740000 

466755000 

385840 

239864 579 

53203971 

250000 

57 372120 

6000000 

37500000 

2811 500 

48300000 

60897400 

3570480 

2516300000 

376240 

40734000 

512070000 

379899000 

Minimum 

32000 
. 
. 
. 
. 
. 
. 

14000 

{240000 

. 

. 

2700 

2800 
. 
. 
. 
. 

{1700 

. 

. 
{23000' 

. 
{160000' 

. 
(65000 

. 

. 

(2600000 

. 
(3,000,000) 

Incremental 
Sector Cost 

$ 
Expected 

32000 
·,6 900 

{11 000 

{5900 

(3600 

1400 
. 

14000 

{240000 

4200 

(3100 

{920000 

2800 

(160000 

16000 

4200 

{39000 

{30 

2800 

110 000 

{24 000 

(6100 

1120000 

{26001 

185000' 

19800 

20000 

13400000 

187000' 

. (4,900,000) 

Maximum 

32000 

(17 000 

(330000 

{16 000 

{26000 

1400 

1 400 

14 000 

{240000 

4200 

(3000 

{1700000 

2800 

. (480000 

16000 

4200 

149000 

18 

2800 

{20000 

{15000 

(13000 

{120 000 

· (17 000' 

(110000 

116 000 

22000 

(3700000 

{300 000 

(7,100.000) 

Economic Impact 
(percent of Value of Shipments) 

Minimum Expected Maximum 

0.00 0.00 0.00 

0.00 -0.02 -0.05 

0.00 -0.02 -0.59 

0.00 -0.07 -0.19 

0.00 -0.35 -2.50 

0.00 0.03 0.03 

0.00 0.00 0.00 

0.00 0.00 0.00 

-0.04 -0.04 -0.04 

0.00 0.04 0.04 

0.00 -0.03 -0.03 

0.00 -0.45 -0.83 

0.00 0.00 0.00 

0.00 ·41.47 ·124.40 

0.00 0.01 0.01 

0.00 0.01 0.01 

0.00 -15.60 -19.60 

0.00 0.00 0.00 

0.00 0.05 0.05 

0.00 0.29 -0.05 

-0.82 -0.85 -0.53 

0.00 -0.01 -0.03 

-0.26 -0.20 -0.20 

0.00 -0.07 -0.48 

0.00 0.00 0.00 

0.00 -2.60 -4.25 

0.00 0.05 0.05 

-0.51 -0.66 -0.72 

0.00 -0.02 -0.08 
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A.2 Risk and Benefits Assessment Assumptions, Methods, and Results 

A.2.1. Introduction 

As discussed in Section 4.1, while EPA's current judgement is that the modified prior treatment 
baseline best represents current industry practice, the Agency has conducted a substantial amount of risk 
and benefits assessment work for the alternative baseline scenarios. This is particularly true for the no 
prior treatment baseline, which was regarded early in the regulatory development process as a prudently 
conservative characterization of current practice. EPA has also evaluated some potential risks and 
benefits for the prior treatment baseline as well. As will be discussed further below, some of the risk and 
benefits assessment for the activities evaluated (disposal or storage) are applicable to more than one . 
baseline, and to more than one regulatory option, because the behavioral assumptions made for that 
activity are the same under the various baselines and options. Thus they can be used to infer baseline risks 
and risk reduction benefits for other sets of baseline assumptions. 

This appendix describes in detail the risk and benefits assessments that have been performed for 
the alternative baselines. The primary focus is on the work that EPA has done to evaluate groundwater 
pathway risks associated with waste disposal under the no prior treatment baseline. In addition, it 
discusses in less detail aspects of the risk and benefits assessments for the storage of recycled materials 
compared to the modified prior treatment baseline that are relevant to the alternative l;>aselines. 

A.2.1.1 Groundwater Risk and Benefits Assessment for Waste Disposal 
. . 

The bulk of this appendix is devoted to a description of the risk and benefits analysis for mineral 
processing waste disposal. As discussed in Section .4.1, EPA has performed quantitative risk and benefits 
analysis for the groundwater pathway risks associated with the disposal of these wastes. EPA analyzed 
risks for all 42 (later reduced to 34) of the spent materials, sludges, and byproduct streams frc:>m the 
mineral processing industry for which constituent concentration data were available. Pre:-regulatory risks 
were analyzed under the no prior treatment baseline, which assumed final disposal of untreated materials 
in land units (waste piles and surface impoundment). Benefits were estimated for the three regulatory 
options under consideration at the time of the analysis. For all three options, it was-assumed that the 
wastes would be treated to meet UTS levels for all constituents prior to disposal. 

Since the modified prior treatment baseline assumes that all wastes would be treated to meet TC 
regulatory levels, the no prior treatment and modified prior treatment baseline risks are not the same, and 
the health benefits of moving from the baseline to the regulated environment are not equivalent. On the 
other hand, the post-regulatory requirements for treatment of all wastes to meet the UTS requirements 
remains a feature of the current regulatory options. Thus, the post-regulatory risks calculated for waste 
disposal are still relevant to the current options, as was discussed in Section 4.2. · 

A.2.1.2 Groundwater and Multipathway Risk Assessment for Recycled Materials -

The methods used to evaluate risks associated with the storage of recycled materials are descri~ 
in detail in Appendix H, and will not be discussed in detail here. Risks were assessed for waste storage 
under the modified prior treatment baseljrie, which assumes that the recycled materials would be stored in 
unlined land-based units (waste piles and surfa~e impoundments). This assumption is the same~ that 
made in the no prior treatment baseline. Therefore the risks cl$Sociated with these two baselines are the 
same, and this provides the rationale for including -a discussion of these results in this appendix. 
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Because suitable models and data are not available that would allow risk estimation for tanks, 
containers, and buildings, the risks associated with the storage of recycled materials under the prior 
treatment baseline and under regulatory Options 1-3 have not been evaluated quantitatively. In section 
4.2, the potential degrees of risk reduction associated with the various regulatory options are discussed 
qualitatively. 

A.2.2 RISK AND BENEFITS ASSESSMENT METHODS 

A.2.2.1 Risk Assessment Methods for Waste Disposal 

A.2.1.1 Identification of Waste Streams for Quantitative Risk and Benefits Analysis. 

The procedures used to identify waste streams for inclusion in the risk and benefits assessments in 
the December 1995 RIA are described in Section 5.1.1.1 of that RIA. 3 The number of waste streams that 
could be evaluated with regard to risks and benefits was limited by the lack of constituent concentration 
data to a small fraction of the wastes that were evaluated in the cost and economic analysis. To evaluate 
pre-LOR constituent concentrations, bulk concentration data were used for wastewaters (WW), and EP 
leachate data were used to estimate release concentrations for liquid nonwastewaters (LNWW) and 
nonwastewaters (NWW). Wastes for which these types of data were not available were excluded from the 
quantitative risk and benefits assessments. 

The procedures used to identify ":'aste streams for inclusion in the sample-specific risk and 
benefits were slightly different, as described in Section 5.5.1.1 of the December RIA. First, the data 
requirements for including a waste in the quantitative risk assessment were relaxed somewhat, allowing 
inclusion of LNWW and NWW wastes for which only bulk concentration data were av~lable. Second, 
the assumed proportion of high-probability ("Y") recycled materials that would be disposed was reduced 
from 20 percent to zero. This resulted in the removal of the two recycled materials for which constituent 
concentration data were available from the quantitative risk assessment, making the risk and benefits 
analysis for Regulatory Options 1 and 2 the same, in terms of the waste streams that were included. 

A total of 42 waste streams ultimately met the criteria for inclusion in the sample-specific risk and 
benefits assessments for changes in waste disposal practices under the proposed LDRs. These waste 
streams represent a relatively small proportion, in terms of numbers, of the waste streams included in the 
cost and economic analysis. However, as discussed in the December RIA Appendix J, the wastes that are 
included. in the risk and benefits analysis for waste disposal account for between 71 and 92 percent of the 
estimated total waste volume covered by the cost and economic analysis, depending on which volume 
estimates are used. 

These same 42 wastes were included in the preliminary risk and benefits calculations (ICF 
Incorporated 1996a). Since that time, as discussed above, a number of waste streams have been eliminated 
from the risk and benefits assessments, as summarized in Exhibit A.2-1 .. Two beryllium sector waste 
streams were removed because they are beneficiation wastes, and would not be addressed by LDRs. One 
waste stream in the copper commodity sector was removed from the waste disposal risk and benefits 
assessment because EPA believes that it is fully recycled. Another copper waste stream was removed 
because it appears to be redundant with another stream. Two waste streams from lead production were 

3 Regulatory Impact Analysis ofthe Supplemental Proposed Rule Applying Phase W Land 
Disposal Restrictions to Newly Identified Mineral Processing .Wastes, December 1995. 
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Exhibit A.2-1 
Commodity Waste Streams Included in Revised Benefits Analysis 

Commodity 

Aluminum and Alumina 
Antimony 
Beryllium 
De1yHiwn 
Beryllium 
Beryllium 
Copper 
Copper 
€opper 
€opper 
Elemental Phosphorous 
Elemental Phosphorous 
Elemental Phosphorous 
Elemental Phosphorous 
Germanium 
Germanium 
Germanium 
Germanium 
l::ead 
l::ead 
Magnesium and Magnesia (brine) 
Molybdenum; Ferromolybdenum, Ammonium Molybdate 
Rare Earths I 

Rare Earths 
Selenium 
Tantalum, Columbium, and Ferrocolumbium. 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titaniwn and Titaniwn Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Tungsten 
Zinc 
Dne 
Zinc 
Zinc 
Zinc 
Zinc 
7;"-

Waste Stream 

Cast house dust 
Autoclave filtrate 
Spent b~en filtrate streams 
Bcrtrnudite thickene1 slw1y 
Chip treatment wastewater 
Spent 1affinate 
Acid plant blowdown (I) 
Scrubber blowdown 
Spent bleed elecuolyte 
Sm face impound1nent waste liquids 
AFM rinsate 
Furnace off gas solids 
Furnace scrubber blowdown 
Slag quenchwater 
Waste acid wash/rinse water 
Chlorinator wet air pollution control sludge 
Hydrolysis filtrate 
Waste still liquor 
Piocess wastewate1 
Su1face impoundment waste liquids 
Smut 
Liquid residues 
Spent ammonium nitrate processing solution (2) 

Process wastewater (2) 

Plant process wastewater 
Process wastewater 
Pickle liquor & wash water 
Leach liquor & sponge wash water 
Scrap milling scrubber water 
Spent surface impoundment liquids 
Spent surface impoundment solids 
Waste acids (Chloiide prncess) 
Waste acids (Sulfate process) 
Wastewater treatment plant sludge/solids 
Spent acid & rinse water 
Waste ferrosilicon 
Prncess waste watu 
Spent surface impoundment liquids (3) 
Spent surface impoundment solids (4) 
Spent synthetic gypsum (3) 
Wastewater treatment plant liquid effluent (3) 

' 1'7: __ la"" cl<><Y 

. April 15, 1997 



A-27 

removed, one because it is fully recycled, and another because it is no longer generated. Acid 
waste from titanium chloride production was removed from the analysis because EPA received 
information indicating that it is currently deep-well injected, and not land disposed. One waste stream 
from zinc production was removed because it is either recycled or not stored in land-based units. After 
removing these streams, 34 were left in the risk and benefits analysis for waste disposal. A zinc waste 
stream, "spent surface impoundment solids," ~as renamed to "waste water treatment plant solids," but 
remained in the analysis. 

A.2.2.1.2 Waste Characterization Data and Release Concentration Estimates 

The source of the mineral processing waste constituent concentration data used in the pre-LOR 
risk estimates is the same source as that used in the December 1995 RIA sample-specific risk assessment. 
These data are summarized in Appendix K of the December RIA. In this analysis a slightly different 
approach from that used in the RIA was adopted to enumerate samples of each waste type. In the 
December RIA, when both bulk analyses and EP leachate sample results were available for a LNWW or 
NWW stream, only the leachate data were used to estimate release concentrations. In the revised risk 
assessment presented below; both types of samples, when available, were used in the risk assessment to 
develop separate risk estimates. This approach makes the best possible use of the available data, and takes 
into account that, in many cases, it was not clear that the EP and bulk analyses for a given waste stream 
were from the same samples or batch of waste. 

In adopting this approach, it was assumed that the observed differences in the release 
concentrations calculated from the two types of samples of the same wastes reflect real variability in waste 
stream constituent concentrations and in the leaching characteristics of the various constituents. In the 
December RIA, a to~ of 126 waste samples were evaluated for carcinogenic risks, and 217 samples were 
evaluated for noncarcinogenic risks. Using all of the available data in the revised risk assessment and 
excluding the wastes as described above, EPA calculated carcinogenic risks and noncarcinogenic hazard 
quotients for 115 samples and 190 samples, respectively. The number of samples evaluated for 

·carcinogenicity was also reduced because EPA no longer calculated carcinogenic risks for beryllium (see 
below), and thus only streams containing arsenic were assumed to be carcinogenic. 

For WW streams, the bulk concentration sample results were used directly as release concentration 
estimates. For LNWW and NWW streams, EP leachate concentrations were also used directly as release 
concentrations. For LNWW and WW bulk samples, release concentrations (mg/I) were conservatively 
estimated as being equal to the bulk constituent concentrations (mg/kg) divided by 20. This approach 
,conservatively assumes that all waste constituents are completely leachable into the EP leachant. 

For the post-LOR scenario, release concentrations for all constituents were estimated to be equal 
to one-half the landfill UTS concentrations for each constituent, or they were to be as being equal to the 
sample concentration, if that value was less than one-half the UTS concentration. The decision to use one
half the UTS· concentration, instead of the UTS concentration itself, was based on EPA's assumption that 
waste managers required to comply with UTS would give themselves a conservative margin of safety and 
assume that all of the constituents are completely leachable. The basis for this judgment is discussed in 
Section 5.5.1.3 of the December RIA. 

A.2.2.1.3 Exposure Assessment 

Exposure concentrations of the waste constituents in ground water were estimated by dividing the 
release concentrations by the recently-developed constituent-specific OAF values derived for mineral 
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processing wastes. Under the no-treatment baseline scenario, all NWW streams were assumed to be 
disposed in waste piles. Therefore, the 75th and 95th percentile wastepile DAF values were used to 
evaluate central tendency (CT) and high end (HE) exposure concentrations, respectively. All WW and 
LNWW wastes were assumed to be disposed in surface impoundments, and the 75th and 95th percentile 
impoundment DAFs were therefore used to calculate the CT and HE exposure concentrations for these 
wastes. 

In evaluating risks, the 75th percentile constituent-specific DAFs were used to estimate central 
tendency (CT) groundwater concentrations. The rationale ·for using the 75th percentile DAFs rather than, 
for example, the 50th percentile value was that the EPACMTP model used to derive DAFs does not 
consider fractured or channeled flow or other facilitated transport mechanisms which may occur at some 
sites, resulting in higher groundwater concentrations than those predicted for homogeneous flow processes 
modeled by EPACMTP. The 95th percentile constituent-specific OAF values were used to estimate high
end (HE) groundwater concentrations, in keeping with the definition of ahigh-end receptor as someone 
exposed at levels between the 90th and 99th percentiles of all exposed individuals. 

In the post-LOR case, all wastes (WW, LNWW, NWW) were assumed to be treated and disposed 
of in landfills. S1nce no data related to mineral processing waste disposal in landfills were available, 
DAFs values derived for waste piles were used for estimating all of the exposure concentrations in the 
post-LOR scenario. 

As noted above, the DAF values used in this analysis differed from those used previously. The 
DAF values used here were derived based on data on constituent concentrations, facility and waste 
volumes, and locational data specifically for mineral processing wastes, rather than on generic values. In 
addition, the DAF values used in this assessments were calculated separately for pre- and post-LOR 
release concentration distributions. Thus, these values better reflect the expected fate and transport 
characteristics of the ~neral processing industry waste constituents than did the values used previously. 
In particular, the revised DAFs account for the concentration-dependence of groundwater transport for 
each constituent and regional variations in precipitatipn and groundwater transport. These variations were 
not taken into account in the previous DAF derivations. 

The constituent-specific DAF values used in this risk assessment are provided in Exhibit A.2-2. 
The surface impoundment DAFs, which ar~ used in this analysis only for evaluating pre-LDR risks for 
liquid wastes, are summarized in the-second and third columns of the Exhibit A.2-2. Most of the 75th 
percentile OAF (CT) values are lower than the CT value of 500 used in the RIA risk analysis. The values 
for antimony, arsenic, chromium. mercury, and thallium are only slightly lower (within about a factor of 
ten), while the values for barium, beryllium, cadmium, nickel, selenium, silver, and zinc are much lower 
(greater than a factor of ten) than the CT DAF values used in the December RIA. For these liquid waste 
stream constituents, the estimated pre-LDR constituent groundwater concentrations were greater than 

· those estimated in the RIA. In contrast, the 75th percentile surface impoundment DAF value for lead and 
cyanide used in this analysis increased by several orders of magnitude over the CT DAFs used in the RIA, 
and thus the pre-LDR groundwater concentration estimates are lower for lead- and cyanide-containing 
liquid waste streams than they were in previous analyses. 

The 95th percentile-surface impoundment DAF values derived for this analysis are generally 
similar to the HE DAF values used in the RIA. The HE DAF values in the December RIA risk analysis 
ranged between 6 and 100. The constituent-specific DAFs used in this analysis range between 1.3 and 
200 for all but one constituent. The sole outlier is the DAF for cyanide, which is 4200. For all 
constituents except cyanide, the 95th percentile surface impoundment DAFs used in this assessment result 

. April 15, 1997 



A-29 

Exhibit A.2-2 
Revised Constituent-Specific DAFs for the Mineral Processing Industry 

Surface Impoundments (1) Waste Piles 

Constituent Central Tendency High End (95th Central Tendency (75th High End (95th Central Tendency (75th High End (95th 
(75th percentile) Pre- percentile) Pre-LOR percentile) Pre-LOR percentile) Pre-LOR percentile) Post-LOR percentile) Post-

LOR LOR 

Antimony 1.93E+02 2.28E+Ol >109 8.36E+03 >109 8.36E+03 

Arsenic t.66E+02 l.71E+Ol >109 2.56E+03 4.37E+09 2.56E+03 , 

Barium 5.81E+OO l.17E+OO 2.22E+03 l.38E+Ol 2.33E+03 I.46E+OI 

Beryllium 8.47E+OO l.24E+OO >109 4.87E+02 >109 5.54E+02 

Cadmium 2.49E+Ol l.40E+OO >109 2.67E+03 >109 3.26E+03 

Chromium 9.82E+Ol l.15E+Ol 2.21E+04 l.60E+02 2.21E+04 I.60E+02 

Cyanide 2.81E+l0 4.20E+03 -- (2) --(2) --(2) --(2) 

Lead 7.l 1E+05 4.98E+OO >109 2.27E+05 >109 8.93E+08 

Mercury 1.97E+02 8.05E+OO >109 4.29E+03 >109 4.29E+03 

Nickel 2.23E+Ol l.51E+OO l.54E+06 l.41E+02 l.97E+06 l.46E+02 

Selenium 2.70E+Ol 3.38E+OO l.18E+08 4.28E+02 l.19E+08 4.28E+02 

Silver I.I lE+Ol l.23E+OO >109 4.96E+02 >109 4.87E+02 

Thallium 2.97E+02 4.15E+Ol >109 9.63E+04 >109 9.63E+04 

Vanadium 5.67E+OO 2.03E+OO >109 >109 >109 >109 

Zinc l.23E+Ol l.35E+OO >109 >109 >109 >109 . 

. Source: U.S. EPA (1996) 

Notes: 

(1) Post LOR OAFs for surface impoundments were not used in the risk calculations because it was assumed that all liquid wastes would be dewatered under LORs. 

(2) No OAFs were derived for cyanide disposed in waste piles because cyanide concentratio~ data for non-liquid wastes were not available. 
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in pre-LDR estimated groundwater concentrations and health risks for liquid wa!>te streams of generally 
similar magnitude to those calculated in the December RIA. 

The constituent-specific waste pile DAF values derived for mineral processing wastes are shown 
in the last four columns of Exhibit A.2-2. These values were derived for both pre-LDR and post-LDR 
constituent concentrations. The former values were used to evaluate risks for all non-liquid waste streams 
pre-LDR, and the latter were used to evaluate risks post-LOR for all wastes, as explained above. The 75th 
percentile waste pile DAFs used in this analysis are, with few exceptions, many orders of magnitude 
greater than the CT DAF value (50) used in the December RIA. Thus, the predicted pre- and post-LOR 
risks for non-liquid waste streams containing these constituents are much lower than in the RIA. The 
lowest CT waste pile DAF value (about 2200), which was estimated for barium, is still about 40 times 
greater than the CT DAF value used in the RIA. 

In comparison, most of the 95th percentile constituent-specific DAFs for the mineral processing 
wastes are somewhat closer to the range of HE values (12 to 100) used in the RIA. The pre-LDR HE. 
waste pile DAFs are less than 10;000 for all but two contaminants, which are within two to three orders of 
magnitude of the RIA HE DAF range. Lead, vanadium, aild thallium have HE DAFs that are higher than 
the values used in previous assessments. Post-LOR, the situation is similar. Most of the constituent
specific post-LDR DAF values for waste piles are less than 10,000, with the outliers again being lead and 
vanadium for which the DAF values are much higher. As with the 75th percentile DAFs, these revised 
95th percentile DAF values result in the prediction of lower groundwater concentrations than those 
predicted in the previous assessments. 

A.2.2.1.4 Risk Characterization · . 

Lifetime cancer risks for the hypothetical receptor are calculated using the following equation: 

R . k -EC*IR*EF*ED*CSF Cancer zs ----.-----
BW*365 *AT 

(1) 

Where: 

EC = Exposure concentration of constituent in groundwater, mg/l 
JR = Water ingestion rate (L4 l/day) 
EF = Exposure frequency (350 days/year) 
ED = Exposure duration (9 years) 
CSF- = Ingestion pathway Cancer Slope Factor (mg/kg-day)"1 

BW = Adult body weight (70 kg) 
AT = Averaging time for dose estimation (70 years) 

Chronic noncancer hazard quotients for exposure to waste constituents in groundwater are 
calculated as follows: 

(2) 
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where the RID is the EPA chronic ingestion pathway Reference Dose for the constituent,4 and the other 
variables have the same meaning as in Equation ( 1 ). The rationale for selecting the exposure factor values 
used in Equations (1) and (2) is discussed in Section 5.2.1.2 of the December RIA. 

Two changes were made in the toxicological parameter values which were used to calculate risk 
results in this analysis. First, beryllium was no longer treated as an ingestion pathway carcinogen. While 
EPA has published an ingestion pathway cancer slope factor for beryllium, the Agency has not applied this 

· value in several recent rulemakings, citing the great uncertainty surrounding the data supporting the 
cancer-causing potential of beryllium by the oral route. Thus, cancer risks are no longer calculated for 
beryllium-containing wastes, and arsenic is the sole carcinogenic constituent by the ingestion route 
included in the risk assessment. The other change in the toxicological parameter values was to use an 
updated IRIS RID value for manganese, which had a very limited effect on the risk and benefits results. 

A.2.2.2 Risk Assessment Methods for Storage of Recycled Materials 

Risks associated with the storage recycled streams were assessed both for groundwater and non
groundwater pathways, as described in Appendix H. These methods will not be discussed in detail here. 

A.2.2.3 Benefits Assessment Methods for Waste Disposal 

A.2.2.3.1 Unit of Analysis for Benefits Assessment 

Consistent with the December RIA, the unit of analysis of the benefits assessment is the "waste 
stream-facility combination." To calculate the benefits of improved management for a given waste 
stream, the number of facilities is first estimated, as described in Section A.2.2.3.2 of the RIA. Then, the 

· numbers of facilities the imposition of the LDRs would result in changes in risk are calculated and 
categorized based on the order-of-magnitude change in risks pre- and post-LOR. The benefit measure is 
the number of facilities generating the waste (i.e;; waste stream-facility combinations) that move from 
high-risk categories pre-LDR to lower-risk categories post-LOR. One feature of this approach is that a 
single facility that disposes of more than one waste stream will be counted in the benefits assessment as 
more than one waste stream-facility combination. Thus, the total number of waste stream-facility 
combinations in the benefits assessment exceeds the_ total number of facilities affected by' the LDRs. 

Another feature of this approach is that, as will be seen in Appendix A.2.2.3.3, not every 
exceedence of risk levels of concern pre-LDR results in an estimated benefit post-LOR. This is because if 
only a small number of samples from a given waste stream (one of 20, for example) give risk results above 
the level of concern, this may not translate into even one facility waste-stream combination if the number 
of facilities managing the waste is small (two or three). In this case, the estimated number of facilities with 
pre-LDR risks at levels of concern is zero. (Or more properly, it is less than one.) 

This approach does not provide an estimate of risk reduction for identifiable exposed individuals, 
nor does it allow calculations of population risk reduction. As explained in the December RIA, the lack of 
data regarding the number of individuals exposed to groundwater around mineral processing facilities 
precludes the development of popul~tion risk and benefit estimates. 

4 Since there is currently no RID value for lead, EPA calculated the hazard quotient for lead as 
the ratio of the exposure concentration to the MCL of 15 ug/l. 
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A.2.2.3.2 Estimation of Numbers of Facilities Managing Mining Wastes 

The total number of facilities managing specific wastes were estimated as described in Chapter 4 
of the December 1995 RIA. For the HE benefits estimates, the total estimated numbers of facilities 
generating the various waste streams nation-wide were used in the benefits estimation. For the CT 
benefits estimates, a reduced number of facilities managing some of the waste streams was used. For all of 
the waste streams categorized "Y?'' (i.e., low likelihood of being TC hazardous), the CT number of 
facilities was estimated as the total facilities generating the waste stream divided by two. Odd numbers of 
facilities were rounded up by one to generate an even number (e.g., an HE estimate of seven facilities 
resulted in a CT estimate of four facilities). • 

A.2.2.3.3 Attribution of Risks to Facility-Waste Stream Combinations 

If there were always one and only one sample result per waste stream per facility, then the 
attribution of risks across waste str~s and facilities would have been simple. (Each Sjiffiple risk result 
would correspond to one facility-waste stream combination in the benefits analysis.) Unfortunately, the 
number of samples per waste stream and per facility varied considerably, necessitating the development of 
a method for distributing risk results from single samples and groups of samples across multiple facility
waste stream combinations. The approach used to distribute risks across facilities used in the revised 
benefits assessment is essentially identical to that described in detail in Section 5.5.2.4 of the December 
RIA, and can be summarized as follows: 

• Where there is only one sample result for a waste stream, all of the facilities 
managing that waste are assigned the risk value associated with the pre- or post
LDR disposal of a waste having the same composition as the sample; 

• Where there are multiple samples from a waste stream, the facilities dispoiing of 
that waste are assigned risk valµes in the same proportion as the risks are 
distributed across the samples. For example, if there are four waste samples and 
eight facilities disposing of the wastes, the risk results from each of the four waste 
samples are assigned to two facility-waste stream combinations; 

• Where there are multiple samples from a single facility, the risk results for each 
. ' 

sample at the facility are counted as separate risk estimates only if they are 
significantly different from one another.5 However, if multiple samples from a 
single facility result in risks that are very similar, the risks for all of those samples 
are averaged and counted as a single sample for purposes of the benefits analysis. 
The facility-waste stream ·combinations for a waste stream are then assigned to 
risk categories according the risk results from the individual samples from that 
waste stream, and from the combined samples counted as a single sample. This 
approach avoids giving too great a weight to multiple samples from the same 
facility and the same batch of wastes. 

The approach described above is rather complex, and requires a certain amount of professional 

• .5 Risk from multiple samples are considered to be similar (homogeneous) if the same 
constituents account for the bulk of the risks, and if all of the sample-specific cancer risks or 
hazard quotients are within one to two orders of magnitude. (See the December RIA, p. 5-37.) 
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judgment. However, as was the case for the sample-specific risk analysis in the December RIA, d~isions 
about whether to combine samples within facilities had relatively little impact on either the pre-LOR or 
post LOR risk distributions, and the distribution of facility-wastes stream combinations across risk 
categories followed the distribution of the individual samples risk results quite closely. 

A.2.2.4 Benefits Assessment Methods for Storage or Recycled Materials 

As discussed in Section 4.2, a quantitative benefits assessment was not performed for recycled 
materials storage. Instead, the baseline risks are identified as an upper bound estimate of the risk reduction 
that could occur if all releases of toxic constituents were eliminated by storage in tanks containers, and 
buildings. This assumption also holds true for the no treattnent baseline, since no treattnent of stored 
materials is assumed under that baseline. The risk assessment for storage does not provide an estimate of 
the magnitude of the potential benefits associated with the prior treattnent baseline. · Analogous to the case 
for the disposal of treated wastes, it is likely that the benefits ofimproved storage under any of the 
regulatory options over the prior treattnent baseline would be minimal. 

A.2.3 RESULTS OF RISK AND BENEFITS ASSESSMENT FOR THE NO TREATMENT 
BASELINE 

This section summarizes the results of the revised screening risk and benefits calculations that 
were completed using the constituent-specific DAFs, as described in Section A.2.2.1. 

A.2.3.1 Risk and Benefits Assessment Results for Waste Disposal 

The results of the risk assessment for mineral processing wastes are summarized in Exhibits A.2-3 
and A.2-4. Exhibit A.2-3 provides the results of the pre- and post-LOR assessments of the individual 
cancer risks ·calculated for each sample, and Exhibit A.2-4 provides the results of the noncancer hazard 
quotient calculations for the samples. 

The general pattern of waste disposal risks calculated in the December RIA is replicated in the risk -
calculations that use the newly-revised constituent-specific DAFs are used, but in a more extreme fashion. 
Waste streams move from higher risk categories pre-LOR to lower risk categories post-LOR. The most 
striking difference between the risk results presented here and those in the RIA is that all of the wastes 
with estimated health risks (both CT and HE) above levels of concern pre-LOR (greater than 10·5 cancer 
risk or hazard quotient> 1.0) move to below the levels of concern post-LOR. 

Pre-LOR, CT cancer risks greater than 10·5 are predicted for 58 of 115 samples, with risk results 
distributed through all of the categories up to >10·1

• The pre-LOR HE cancer risks for 80 of 115 samples 
were greater than rn-s, with the highest risks again reaching the highest risk category. These proportions 
are not very different from those seen pre-LOR in both the December RIA. As noted above, estimated 
cancer risks for all of the waste samples post-LOR are below 10·5_ 
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EXHIBIT A.2-3 
Distribution of Samples by Groundwater Risk Category: Cancer Risks 

Crnlral Ttndtncv Hl•hEnd 

Number Prt•LDR Posl•LDR Pre-LOR Post-LOR 

of Samples 10-5 10-4 10-J 10·2 I0-5 10-4 10-J 10-2 10-5 10-4 10-J 10-2 10-5 10-4 10-J 10-2 

wllh lo lo lo lo lo lo lo lo lo lo lo lo lo lo lo lo 

Commodllv W11leSlre•m Cancer Risk <10-5 10-4 10-3 10-2 10-1 >10-1 <10-5 10-4 10-J 10-2 10-1 >10-1 <10-5 10-4 10-J 10-2 10-1 >10-1 <10-5 10-4 10-J 10-2 i0-1 >10-1 

Al and Alumina Casi house dust 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 

Sb Autoclave filtrate 8 0 0 0 2 6 0 8 0 0 0 0 0 0 0 0 0 2 6 8 0 0 0 0 0 

Be Spent barren fillratc screams 2 I 0 I 0 0 0 2 0 0 0 0 0 0 I 0 I 0 0 2 0 0 0 0 0 

Be Chip treatment WW I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 

Cu Acid plant blowdown 30 7 4 10 4 3 2 30 0 0 0 0 0 I 6 4 10 4 5 30 0 0 0 0 0 

Cu Scrubber blowdown 3 I 0 2 0 0 0 3 0 0 0 0 0 0 I 0 2 0 0 3 0 0 0 0 0 

Elcmcn11I Phosphorous AFM rinsale 2 I I 0 0 0 0 2 "0 0 0 0 0 0 I I 0 0 0 2 0 0 0 0 0 

Element•! Phosphorous Furnace offgas solids 9 9 0 0 0 0 0 9 0 0 0 0 0 9 0 0 0 0 0 9 0 0 0 0 0 

Elemental Phosphorous Fum•ce scrubber blowdown 8 4 3 I 0 0 0 8 0 0 0 0 0 I 3 3 I 0 0 8 0 ·o 0 0 0 

Elemental Phosphorous Slag qucnchwater I 0 I 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 

Oe W•sle acid wash/rinse water I I 0 0 0 0 0 I 0 0 0 0 0 0 I 0 0 0 0 I 0 0 0 0 0 

Cle Chlorinator wet air poll. ctrl. sludge I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 ·O 0 0 I 0 ·o 0 0 0 

Cle Hydrolysis filtrate I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 

Cle Walle still liquor I I 0 0 0 I 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 

Mg and Magnesia (brine) Smut 2 - 2 0 0 0 0 0 2 0 0 o· 0 0 2 0 0 0 0 0 2 0 0 0 0 0 

Mo, FeMo, Anm. Mo Liquid residues I 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 I 0 I 0 0 0 0 0 

Rare l!anhs Spent ammon. nitrate proc. sol. 5 5 0 0 0 0 0 5 0 0 0 0 0 5 0 0 0 0 0 5 0 0 0 0 0 

Rare Eanhs PWW 2 0 2 0 0 0 0 2 0 ·O 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 

Se Plant PWW 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 

Ta, Columbium, and FeCol. PWW 13 8 2 2 I 0 0 13 0 0 0 0 0 6 3 I 3 0 0 13 0 0 0 0 0 

Titanium and Ti02 Pickle liquor & wash water 3 2 I 0 0 0 0 3 0 0 0 0 0 0 2 I 0 0 0 3 0 0 0 0 0 
Titanium and Ti02 Leach liquor & sponge wash water 2 I I 0 0 0 0 2 0 0 0 0 0 0 I I 0 0 0 2 0 0 0 0 0 

Tllanlum and TI02 Scrap milling scrubber waler I 0 I 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 
Tiranlum and Ti02 Spent 1.I. liquids 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tiranium and Ti02 Spenl s.l. solids 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Titanium and Ti02 Waste acids (Sulfate process) 4 I 3 0 0 0 0 4 0 0 0 0 0 I 0 3 0 0 0 4 0 0 0 0 0 
Titanium and Ti02 WWTP sludge/solids 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
w Spent acid & rinse water 2 I 0 I 0 0 0 2 0 0 0 0 0 0 I 0 I 0 0 2 0 0 0 0 0 
Zn Waste fcrrosmcon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zn Spent 1.I. liquids I 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 I 0 I 0 0 6 0 0 
Zn WWTP solids I I 0 0 0 0 0 I 0 0 0 0 0 0 I 0 0 0 0 I 0 0 0 0 0 
Zn Spent aynthetlc gypsum 4 4 0 0 • 0 0 0 4 0 0 0 0 0 2 0 2 0 0 0 4 0 0 0 0 0 
Zn WWTP liquid effluent 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zn Zinc lean slag 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 ·o 0 2 0 0 0 0 0 

Tol•ls 115 57 21 17 9 9 2 115 0 0 0 0 0 35 21 22 18 8 II 115 0 0 0 0 0 



EXHIBIT A.2-4 
Distribution of Samples by Groundwater Hazard Category: Non-Cancer Hazards 

Cenlral T•ndenc1 lll«h~:nd 
Number of Pre-LOR Pool-LOR Pre-LOR Poot-LOR 

Sampln wllh I 10 100 lk I 10 100 lk I 10 100 lk I 10 100 lk 
Non•c•ncer lo lo lo lo lo to lo lo lo lo to lo lo lo lo lo 

Commodlly Waste Stream llaurd <I 10 100 lk I0k >I0k <I 10 100 lk !Ok >I0k <I 10 100 lk I0k >I0k <I 10 100 lk I0k >IOk 

Al and Alumlna Cast house dust 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 
Sb Autoclave liltnue 8 0 0 0 4 4 0 8 0 0 0 0 0 0 0 0 2 2 4 8 0 0 0 0 0 
Be Spent bancn filtrate streams s 0 I 4 0 0 0 s 0 0 0 0 0 0 0 I 4 0 0 s 0 0 0 0 0 
Be Chip trcatrrw:,nt WW I 0 0 0 0 I 0 I 0 0 0 0 0 o· 0 0 0 0 I I 0 0 0 0 0 
Cu Acid plant blowdown JS 6 8 IJ s 3 0 JS 0 0 0 0 0 <i 3 8 14 s s JS 0 0 0 0 0 
Cu Scrubber blowdown 3 0 I 2 0 0 0 3 0 0 0 0 0 0 0 0 3 0 0 3 0 0 0 0 0 
Elcrrw:,ntal Phosphorous AFM rinsate 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 
Elcrrw:,ntal Phosphorous Furnace off gas solids 14 14 0 0 0 0 0 14 0 0 0 0 0 14 0 0 0 0 0 14 0 0 0 0 0 
Elcrrw:,ntal Phosphorous Furnace scrubber blowdown 14 s 6 2 I 0 0 14 0 0 0 0 0 I I 6 5 I 0 14 0 0 0 0 0 
Elcrrw:,ntal Phosphoroua Slag quenchwater I I 0 0 0 0 0 I 0 0 0 0 0 0 I 0 0 0 0 I 0 0 0 0 0 
Oe Waste acid wash/rinse water I I 0 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 
Ge Chlorinator wet air poll. ctr!. sludge I I 0 0 0 0 0 I 0 0 0 0 0 I ,0 0 0 0 0 I 0 0 0 0 0 
Oe 

Ge 

Hydrolysis filtrate 

Waste still liquor 

I 

I 

I 

I 

0 

0 

0 

0 

0 

0 

0 

'o 
0 

0 

I 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
Mg and Magnuia (brine) SR'llt 2 2 0 0 0 0 0 2 0 0 0 0 0 I I 0 0 0 0 2 0 0 0 0 0 
Mo, FeMo, Anm. Mo Liquid residues I 0 0 I 0 0 0 I 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 
Rare F.uths Spenl ammon. nilrate proc. sol. 6 5 I 0 0 0 0 6 0 0 0 0 0 4 I I 0 0 0 6 0 0 0 0 0 
Rare Earths PWW 4 2 2 0 0 0 0 4 0 0 0 0 0 I I I I 0 0 4 0 0 0 0 0 
Se 

Ta, Cohnmlum, and r-e<:ol. 

Tilanium and TiO2 

Tilanium •nd TiO2 

Tilanium •nd TiO2 

Tit•nium •nd TiO2 

Tilanium and TiO2 

Til•nium Ind TiO2 

Ti1anium and TiO2 

PlantPWW 

PWW 

Pickle liquor & wash water 

I.each liquor & sponge wash waler 

Scrap milling scrubber water 

Spent s.i.'liquids 

Spent s.i. solids 

Wasle acids (Sulfale process) 

WWTP sludge/solids 

2 

21 

3 

2 

I 

10 

6 

4 

2 

I 

13 

0 

0 

0 

10 

6 

0 

2 

I 

2 
3 

I 

I 

0 

0 

0 

0 

0 

s 
0 

I 
0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

21 

3 

2 

I 

10 

6 

4 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

10 

3 

0 

I 

0 

2 

0 

0 

0 

0 

3 

0 

I 

I 

3 

3 

2 

I 

0 

0 

2 

0 

I 

2 

0 

0 

0 

0 

0 

2 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

2 

21 

3 

2 

I 

10 

6 

4 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 w 
Zn 

Zn 

Zn 

Zn 

Zn 

Zn 

Spenl acid & rinse water 

Wasie rmosilicon 

Spenl 1.I. liquids 

WWTP solids 

Spen1 synthetic gypsum 

WWTP liquid emuent 

Zinc. lean slag 

4 

I 

22 

1 

4 

3 

3 

3 

I 

4 

1 

4 

0 

3 

I 

0 

4 

0 

0 

I 

0 

0 

0 

3 

0 

0 

I 
0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

I 

0 

0 

I 

0 

4 

I 

22 

1 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

I 

0 

2 

2 

0 

3 

I 

0 

5 

4 

'2 

0 

0 

0 

0 

2 

I 

0 

2 

0 

I 

0 

3 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

6 

0 

0 

I 

0 

4 

I 

22 

1 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Tot• ls 197 95 35 36 16 13 2 197 0 0 0 0 0 ss 26 35 41 16 21 197 0 0 0 0 0 
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The distribution of pre-LDR cancer risks across waste streams is generally the same as that seen in 
the previous risk assessments, with exception that several of the high-risk waste streams have been 
eliminated from the analysis, as described above. The majority of samples with risks above 10'5 pre-LDR 
were from antimony autoclave filtrate, copper acid plant blowdown, elemental phosphorous furnace 
scrubber blowdown, tantalum, columbium and ferrocolumbium process wastewater, and titanium/titanium 
oxide waste acids from the sulfate process. High-risk streams from the previous analysis which were 
eliminated in this analysis include beryllium spent raffinate, lead process wastewater, and zinc process 
wastewater. 

As was the case for cancer risks, all of the wastes with pre-LDR noncancer hazard quotients above 
the level of concern drop below this level post-LDR, under both CT and HE assumptions (Exhibit A.2-4). 
Pre-LDR, the CT h_azard quotients for 102 of 197 waste samples are above 1.0, while 139 of 197 samples 
had HE pre-LDR hazard quotients above 1.0. All of the same wastes having high pre-LDR cancer risks 
also had high pre-LDR hazard quotients. In addition, a substantial number of samples from zinc spent 
surface impoundment liquids and waste water treatment plant solids both had high noncancer hazard 
quotients pre-LDR. As was the case for cancer risks, the reduction in hazard quotients below the level of 
concern post-LDR is the result of the higher post-LDR DAF values that were derived using data for the 
mineral processing waste constituents. 

The results of the benefits analysis for cancer risks and noncancer risks under the no prior 
treatment'baseline are summarized in Exhibits A.2-5 and A.2-6, respectively. As discussed previously, the 
distribution of risks across facility-waste stream combinations closely follows that seen for the. individual 
samples. 

In the CT case, the number of facility-waste stream combinations with pre-LDR cancer risks 
greater than 10·5 is 33 out of an estimated 108 facilities. 6 Post-LDR, all of the facility-waste stream 
combinations fall below the 10·5 CT risk level. In the HE case, 62 out of 133 facility-waste stream 
combination have pre-LDR cancer greater than 10·5_ All of these waste stream-facility combinations fall 
into the risk category less than 10·5 post-LDR · 

The number of facility-waste stream combinations with pre-LDR CT hazard quotients greater than 
1.0 is 39 out of 108. In the HE case, 70 of 133 facilities have pre-LDR hazard quotients greater than 1.0. 
Post-LDR, all of the waste stream-facility combinations fall below the level of concern. The changes in 
the distributions of facility-was_te stream combinations across cancer risk and hazard quo~ent categories 

. associated with the LDRs for mineral processing wastes ai;e shown graphically in Exhibit A.2-7. 

A.2.3.2 Risk and Benefits A~ment Results for Storage of Recycled Materials 

EPA's evaluation of the potential groundwater risks associated with the storage of recycled streams 
under the modified prior treatment baseline is described in Section 4.2.1 of this RIA. Estimated 

6 In reviewing Exhibits 5, the reader will note that the sums of the waste-stream-facility combinations in each risk 
category do not add µp to the total number of facilities. This is because some of the facilities do not produce wastes 
with carcinogenic constituents (e.g., arsenic). 
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EXHIBIT A.2-5 

Distribution of Waste Stream/Facility Combinations by Groundwater Risk Category: Cancer Risks 

Number or 

Wasle StrHm/ Centnl Tendency Hl1h End 
Fadllly Pre-I.DR Post-I.DR Pre-I.DR 
Combinations• # 10-S 10-4 I0-3 10-2 10-S 10-4 10-3 10-2 10-S 10-4 10-3 10-2 
Central High lo to lo lo lo lo lo to lo lo- lo lo 

Commodity Waste Stream Tendency End <10-S 10-4 10-3 10-2 10-1 >10-1 <10-S 10-4 10-3 10-2 10-1 >10-1 <10-S 10-4 10-3 10-2 10-1 >10-1 <10-S 
Al and Alumina Casi house dusl 23 23 23 0 0 0 0 0 23 0 0 0 0 0 23 0 0 0 0 0 23 
Sb Autoclave lillrale 4 7 0 0 0 2 2 0 4 0 0 0 0 0 0 0 0 0 '4 4 7 
De Spent barren filtrate &treams I I I 0 I 0 0 0 I 0 0 0 0 0 0 I 0 I 0 0 I 
De Chip treatment WW I 2 I 0 0 0 0 0 I 0 0 0 0 0 2 0 0 0 0 0 2 
Cu Acid plant blowdown 7 7 2 0 2 I 0 I 7 0 0 0 0 0 0 I 0 2 I I 7 
Cu Scnibbcr blowdovln 10 10 3 0 7 0 0 0 10 0 0 0 0 0 0 3 0 7 0 0 10 
Elemental Phosphorous AFM rinsate 2 2 I I 0 0 0 0 2 0 0 0 0 0 0 I I 0 0 0 2 
Elemental Phosphorous Furnace ofTgu solldJ 2 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 
Elemental Phosphorous Furnace scrubber blowdown 2 2 I I 0 0 0 0 2 0 0 00 0 0 I I 0 0 0 2 
Elemenlal Phosphorous Slag quenchwaier 2 2 0 2 0 0 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 2 
Ge Waste acid wash/rinse water 2 4 2 0 0 0 0 0 2 0 0 0 0 0 0 4 0 0 0 0 4 
Ge Chlorinalor wet air poll. clrl. sludge 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 
Oe Hydrolysis lil1r11e 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 
Oe W•sre srill liquor 2 4 2 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 4 
Mg •nd Magnesia (brine) Smut 2 2 2 0 0 0 I 0 0 2 0 0 0 0 0 2 0 0 0 0 0. 2 
Mo, FeMo, Al1V1l Mo Liquid residues I 2 0 0 0 I 0 0 0I 0 0 0 0 0 0 0 0 2 0 2 
Rare E• nhs Spent ammon. nitrate proc. sol. I I I 0 0 0 0 0 I 0 0 00 0 I 0 0 0 0 0 I 
Rare E•nhs PWW I I 0 I 0 0 0 0 I 0 0 0 0 0 0 0 I .o 0 0 I 
Se PlantPWW 2 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 2 
Ta, Coluni,ium, and FeCol. PWW 2 2 I 0 0 0 0 0 2 0 0 0 0 0 I I 0 0 0 0 2 
Td•nium •nd TIO2 Pickle liquor & wash water 2 3 I I 0 0 0 0 2 0 0 0 0 0 0 2 2 0 0 0 3 
TI11nlum and Ti02 l.4ch liqUOf & sponge wash water I 2 I I 0 0 0 0 I 0 0 0 0 0 0 I I 0 0 0 2 
TI11nlum and TIO2 Sc111p ,nlling ICnJbbcr WIier I I 0 I 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 I 
Td•nium •nd Ti02 Spent 1.i. liquids 4 7 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 
Titanium •nd TiO2 Spent 1.i. 1olidJ 4 7 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 
Titanium •nd TiO2 W111e acids (Sutrate process) I 2 0 I 0 0 0 0 I 0 0 0 0 0 I 0 2 0 0 0 2 
Titanium •nd TiO2 WWTP sludge/solids 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
w Spent acid & rinse water 3 6 2 0 2 0 0 0 3 0 0 0 0 o· 0 3 0 3 0 0 6 
Zn Wurc rerrosilicon I I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zn Spent 1.I. liquids 3 3 0 0 0 3 0 0 3 0 0 0 0 0 0 0 0 0 3 0 3 
Zn WWTP solids 3 3 3 0 0 0 0 0 3 0 0 0 0 0 0 3 0 0 0 0 3 
Zn Spent synthetic gypsum 3 3 3 0 0 0 0 0 3 0 0 0 0 0 2 0 2 0 0 0 3 
Zn WWTP liquid cmuenr 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zn 7Jnc lean slag I I I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 I 

TOTALS• 108 133 S6 II II 8 2 I 89 0 0 0 0 0 46 20 14 13 10 s 108 

Poot-I.DR 

10-S I0-4 10-3 10-2 

to lo to to 

10-4 10-3 10-2 10-1 >10-1 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
.o 0 0 0 0 

0 0 0 ·O 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
o· 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 ·o 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

• Sllffll by risk carego,y 1111y not add 10 the nurmcr or =tral or high-end waste streamlraciliry combinations due 
lo rounding. 

I Includes waste 11ream1r1cilily combinations with no cancer risk (but wilh 1n usociared non
cancer hazard) 

http:Poot-I.DR
http:Pre-I.DR
http:Post-I.DR
http:Pre-I.DR


EXHIBIT A.2-6 
Distribution of Waste Stream/Facility Combinations by Groundwater Hazard Category: Non-Cancer Hazards 

Number of 

Waste Stream/ 

Facility Pre-LDR . 
Comblnatlo115• I 10 100 

Central High lo lo to 

Commodltv Waste Stream Tendencv End <I JO 100 lk 

Al and Alumina Cast house dust 23 23 23 0 0 0 

Sb Autoclave filtrate 4 7 0 0 0 3 

Be Spent barren filtrate streams I I 0 0 I 0 

Be Chip treatment WW I 2 0 0 0 0 
Cu Acid plant blowdown 7 7 I 2 2 I 

Cu Scrubber blowdown 10 to 0 3 7 0 
Elemental Phosphorous AFMrinsate 2 2 0 2 0 0 
Elemental Phosphorous Furnace offgas solids 2 2 2 0 0 0 
Elemental Phosphorous Furnace scrubber blowdown 2 2 I I 0 0 
Elemental Phosphorous Slag quenchwater 2 2 2 0 0 0 
0c Waste acid wash/rinse water 2 4 2 0 0 0 
Ge Chlorinator wet air poll. ctrl. sludge 2 4 2 0 0 0 
Ge Hydrolysis filtrate 2 4 2 0 0 !J 
Oe Waste still liquor 2 4 2 0 0 0 
Mg and Magnesia (brine) Smut 2 2 2 0 0 0 
Mo, FeMo, Amm. Mo Liquid residues I 2 0 0 I 0 
Rare Eanhs Spent ammon. nitrate prnc. sol. I I I 0 0 0 
Rare Eanhs PWW I I I 0 0 0 
Se PlantPWW 2 2 I I 0 0 
T,a, Cotumbiurn, and FeCol. PWW 2 2 I 0 0 0 
Titanium and Ti02 Pickle liquor &. wash waler 2 3 0 2 0 0 
Titanium and Ti02 Leach liquor &. sponge wash waler I 2 0 I I 0 
Titanium and Ti02 Scrap milling scrubber waler I I 0 I 0 0 
Titanium and Ti02 Spent s.l. liquids 4 7 , 4 0 0 0 
Titanium and Ti02 Spent s.i. solids 4 7 4 0 0 0 
Titanium and Ti02 Waste acids (Sulfate process) I 2 0 0 I 0 
Titanium and Ti02 WWTP sludge/solids 7 7 7 0 0 0 
w Spent acid &. rinse water 3 6 2 I 0 0 
7.n Waste fmosilicon I I I 0 0 0 
7.n Spent s.i. liquids 3 3 0 I I 0 
7.n WWTP solids 3 3 3 0 0 0 
7.n - Spent synthetic gypsum 3 3 3 0 0 0 
7.n WWTP liquid effluent 3 3 0 I I 0 
7.n Zinc lean slag I I I () 0 0 

TOTALS• 108 133 68 16 14 4 
·, 

lk 

to 

I0k 

0 

I 

0 

I 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

0 

4 

Central Tendency Hl2h End 

Post-LDR Pre-LDR Post-LDR 

I 10 100 lk I JO 100 lk I 10 100 lk 

to to lo to lo to to to to to to to 
>I0k <I . JO 100 lk IOk >IOk <I JO 100 lk JOk >JOk <I JO 100 lk JOk >JOk 

0 23 0 0 0 Q 0 23 0 0 0 0 0 23 0 0 0 0 0 
0 4 0 0 0 0 0 0 0 0 2 2 2 7 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 
0 7 0 0 0 0 0 0 I I 2 I I 7 0 0 0 0 0 
0 10 0 0 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 
0 2 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 
0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 
0 2 0 0 0 0 0 0 0 I f 0 0 2 0 0 0 0 0 
0 2 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 
0 2 0 0 0 .o 0 0 0 4 0 0 0 4 0 0 0 0 0 
0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0 
0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0 
0 2 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0 
0 2 0 0 0 0 0 I I 0 0 0 0 2 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 
0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 0 t 0 0 0 0 0 
0 2 0 0 0 0 0 0 0 I I 0 0 2 0 0 0 0 0 
0 2 0 0 0 0 0 I 0 0 0 0 0 2 0 0 0 0 0 
0 2 0 0 0 0 0 0 0 3 0 0 0 3 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 
0 4 0 0 0 0 0 7 0 0 0 0 0 7 0 0 0 0 0 
0 4 0 0 0 0 0 5 2 0 0 0 0 7 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 I I 0 0 2 0 0 0 0 0 
0 7 0 0 0 -o 0 4 4 0 0 0 0 7 0 0 0 0 01 
0 3 0 0 0 0 0 3 2 0 2 0 0 6 0 0 ·O 0 0 
0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 
0 3 0 0 0 0 0 0 I 0 I 0 I 3 0 0 0 0 0 
0 .3 0 0 0 0 0 I I I 0 0 0 3 0 0 0 0 0 
0 3 0 0 0 0 0 2 2 0 0 0 0 3 0 0 0 0 0 
I 3 0 0 0 0 0 0 0 2 0 0 I 3 0 0 0 0 0 
0 I 0 0 0 0 0 I 0 0 0 0 0 I 0 0 0 0 0 

I 108 0- 0 0 0 0 63 15 19 24 4 8 133 0 0 0 0 0 

• Sums by hazard category may not add to the number of central or high-end waste s1ream/facili1y 
combinations due to rounding. 
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Exhibit A.2-7 
Distribution of Waste Stream/Facility Combinations by Groundwater Risk 

and Hazard Categories 

cancer Risk 
Central Tendency 

a, 100 

=?~0 80 DPre-LDR • Post-LDR:> -... :;i;: 60 
- l!e Ill0 EC· 
~.:SE40

.1:1 a,

§ ~ 8 20 z U) 
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<10E-5 10E-5 to 10E-4 10E-4 to 10E-3 10E-3 to 10E-2 10E-2 to 10E-1 >10E-1 
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cfOE_. fOE_. Co fOE-4 fOE-4 fll fOE-3 fOE-3 Co f0E-2 f0E-2 Co fOE-f >fOE-f 

Non-cancer Risk 
Central Tendency 
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. <1 1to 10 1010 10010 1,00010 >10,000 
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I C7 1D 1D I c:::::, 

<1 11010 1010 10010 1.00010 >10,000 

100 1,000 10,000 
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groundwater pathway cancer risks under high-end (HE) baseline assumptions exceeded 10·5 at 24 of 57 
facilities storing recycled streams, while under central tendency (CT) assumptions, only 11 facilities 
exceed this level (Exhibit 4-8). The HE noncancer hazard quotients for groundwater exposures exceed 1.0 
at 28 facilities storing recycled materials, and under CT assumptions baseline hazard quotients exceed 1.0 
at 12 facilities. All of the facilities for which baseline cancer risks or noncancer hazard quotients exceed 
levels of concern manage wastewater and liquid nonwastewater streams in impoundments. Owing 
primarily to the low recycled volumes and small facility sizes, the baseline groundwater risks for the two 
nonwastewater streams managed in waste piles are below levels of concern under both CT and HE 
assumptions. 

The analysis of non-groundwater pathway risks associated with waste storage under the modified 
prior treatment baseline indicated that, for the majority of the pathways evaluated, estimated risks were far 
below levels of concern. As was the case for the groundwater pathway risk assessment, risks from the 
storage of the two non wastewater streams in waste piles were all less than levels of concern for all release 
events and exposure pathways. 

Baseline risks greater than levels of concern were found for exposures to surface water 
contaminated by releases from surface impoundment failures for some waste streams, however. In the 
case of the direct ingestion pathway, one facility storing copper acid plant blow down had an HE cancer 
risk exceeding 10·5_ Under CT assumptions, the estimated cancer risk for this facility was below the level 
of concern. When exposure through fish consumption is considered , six facilities from three commodity 
sectors had HE risks from waste storage exceeding cancer or noncancer levels of concern. Under CT 
assumptions, risks from only two storage·facilities exceeded levels of concern for the fish ingestion 
pathway. These results are summarized in Exhibit 4-12. 

As noted above, the EPA did not quantitatively estimate the extent of risk reduction or the level of 
health benefits that could be brought about by the proposed LDRs' effects on recycled materials storage. 
This is because the available data and models do.not allow the development of risk reduction estimates for 
tanks, containers, and buildings, which would be required management units for most of the recycled . 
streams under regulatory Options 1-3. If these options completely or substantially abolish the release of 
recycled streams to groundwater and other media, the baseline risks discussed in the previous paragraphs 
could all be reduced to below levels of concern. Lesser degrees of control would results in less risk 
reduction and lower health benefits. Under options l · and 2, it is clear that risks for three of the streams 
currently managed through Bevill units ( copper acid plant blowdown, and the two streams from elemental 
phosphorous production) would be greatly reduced by the requirement to manage these wastes in Subtitle 
C units.· Copper acid plant blowdown figures prominently as a contributor to storage risks through both 
the groundwater and non-groundwater pathways. Under Option 4, no health benefits associated with the 
storage of recycled streams would be realized, as there is no requirement for improved management of 
these streams. 

A.2.4.0 LIMITATIONS AND UNCERTAINTIES OF RISK AND BENEFITS ASSESSMENT 

The section presents a brief discussion of the major uncertainties and limitations in the risk and 
benefits assessment for the no prior treatment baseline scenario. As stated in A.2.1, the discussion will be 
limited primarily to the sources of uncertainty specific to the revised analysis, and issues associated with 
previous risk and benefits work will only be mentioned briefly. , 
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A.2.4.1 Major Uncertainties in. the Risk Assessment for Waste Disposal 

The major uncertainties associated with the risk assessment for mineral processing wastes are 
discussed in detail in Section 5.3.4 of December RIA, the major factors limiting the ability to quantify 
risks associated with the pre- and post-LOR disposal of mineral processing wastes include: 

• Uncertainty about the identities, amounts, toxicity characteristics, elemental 
composition, and leaching behavior of wastes; 

• Uncertainty about pre- and post-LOR waste amounts, waste management, 
recycling, and disposal practices; 

• The use of the generic chemical release, groundwater transport, and exposure 
models instead of facility-specific data; 

• The use of toxicity criteria derived primarily from animal studies; and 

• The use of simplified models for predicting cancer risks and the potential for 
adverse noncancer affects. 

This analysis ·represents EPA's an attempt to address some of these uncertainties, continuing the 
process of refinement which began with the sensitivity analysis performed as part of the December RIA. 
In addition, EPA has incorporated information received from commenters on the RIA to further assure that 
the risk assessment is consistent with the most recent information available. The efforts taken to 
incorporate new data, and their affect on the risk results, are discussed below. 

EPA has received no substantial new infomiation regarding the identities of additional waste 
streams or constituent concentrations that could be incorporated into the risk analysis. Based on public 
comments on the December RIA, a number of waste streams were removed from the risk and benefits 
analysis, either because they are no longer generated, or because EPA has determined that they are fully 
recycled and not disposed in land units. Removing these wastes from the analysis resulted in a reduction 
in the number of samples for which risks were calculated and in the number of facilities in the benefits 
analysis. The analysis is more accurate than the previous risk and benefits asst?ssment in that it no longer 
includes Waste streams that would not be covered by the LDRs. It should be remembered, however, that 
the risk and benefits assessment, while it still covers the majority of the estimated mineral processing waste 
volume, does not address the majority of waste streams that are included in the cost and economic impact 
analysis. Thus, it is likely that benefits from controls on waste disposal are underestimated, given that the 
risks for many wastes streams could not be calculated. 

Several commenters on the December RIA noted the relatively limited amount of constituent 
concentration data that was used for the risk and benefits analysis, and criticized the assumptions used to 
characterize the leaching characteristics of wastes for which only bulk concentration data were used. In 
order to help address the shortage of data and to evaluate the impact of the leaching assumption, the both 
the EP and bulk analysis data were used in this analysis to develop separate risk estimates for NWW and 
LNWW waste streams when both are available, instead of using only the leachate data. This expansion of 
the analysis resulted in increases in the numbers of samples for which risk estimates were developed, as . 
discussed in Section 2.1.2. This change in approach, which was adopted to make the fullest possible use 
of the available data, did not result in significant changes in the distribution of risks for the mineral 
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processing waste samples as a whole, or for any of the individual waste streams. This also suggests that 
the particular leaching assumption that was used did not result in any significant bias in the risk assessment 
results. 

The major change in the risk results from previous analyses of waste management practices is the 
dramatic reduction in estimated post-LDR risks, to the extent that no waste samples had CT or HE post
LDR cancer risk or hazard quotients above levels of concern. This change is due to the changes in the 
method used to estimate groundwater .concentrations. Like the previous analyses, the results presented in 
this ass~ssment were derived using D.AF values instead of site-specific modeling. In the original risk 
modeling, the DAFs were specific to the type of management unit, but were not constituent-specific, and 
they were derived for a pationally representative set of hydrogeological conditions. They, therefore, did 
not reflect ( 1) the inherent geochemical properties of the waste constituents, (2) the variations in transport 
that could be expected to occur as release concentrations varied, or (3) the specific hydrogeologic regime~ 
at mineral processing facilities. In contrast, the OAF.values used in this analysis take into account all of 
these factors. They were derived using constituent-specific geochemical characteristics, waste 
management unit sizes, waste volumes, and constituent concentrations from mineral processing industries, 
as well as hydrogeological variable values typical of the regional distribution of mineral processing 
facilities (e.g., primarily western, with low rainfall and high depth to groundwater). 

Thus, while the approach to groundwater transport modeling taken in this analysis is still not site
specific, it has been carefully adjusted to incorporate all of the available data affecting potential releases 
and transport of waste constituents in groundwater. The degree of uncertainty associated with groundwater 
transport modeling, while still large, has thus been reduced substantially from previous analysis, and biases 
in the modeling resulting from failure to incorporate key variables has been greatly reduced. · 

The only major change in the toxicological parameter values that has been made since the previous 
risk analyses has been to eliminate consideration 9f beryllium as an ingesµon pathway carcinogen. This 
change resulted in minimal impacts on the risk or benefits analysis, because beryllium was a risk driver for 
only a few waste streams. The impact of this change was reduced further because two of the waste streams 
from the beryllium industry were removed from the analysis for other reasons, as discussed in Section 
A.2.2.1.2. 

A.2.4.2 Major Uncertainties in the Risk Asses.sment for Storage of Recycled Materials 

The major limitations and sources of uncertainty in the multipathway risk assessment for the 
storage of recycled materials are discussed in detail in Appendix H, and will not be further addressed here. 
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USEPA Office of Solid Waste, December.1995. 
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Background Document (Draft), July 1996. · 

A.3 Risk Characterization Spr~dsheets 

This section of Appendix A presents the data and cal~ulations that were used to characterize risk 
changes for waste disposal pre- and post-LDR under the no prior treatment baseline scenario. Exhibit A.3-
1 presents the list of wastes for which constituent-specific data were available. Exhibit A.3-2 presents the 
constituent-specific DAFs used to evaluate groundwater exposures. Exhibit A.3-3 presents the toxicity 
parameter values used in the risk analysis. Finally, Exhibit A.3-4 presents an example risk calculation for 
a single waste sample from concentration data to risk results. 

April 15, 1997 



A-44 

Exhibit A.3-1 
List of Wastes for Which Constituent-Specific Data were Available 

Commoditv 

Aluminum and Alumina 
Antimony 
Berryllium 
Berryllium 
Copper 
Copper 
Elemental Phosphorous 
Elemental Phosphorous 
Elemental Phosphorous 
Elemental Phosphorous 
Germanium 
Germanium 
Germanium 
Germanium 
Magnesium and Magnesia (brine) 
Molybdem.1m. Ferromolybdenum, Ammonium Molybdate 
Rare Earths 
Rare Earths 
Selenium 
Tantalum, Columbium, and Ferrocolumbium 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide 
Titanium and Titanium Dioxide· 
Titanium and Titanium Dioxide 
Tungsten 
Z.inc 
Z.inc 
Z.inc 
Z.inc 
Z.inc 
Zinc 

Waste Stream 

Cast house dust 
Autoclave filtrate 
Spent barren filtrate streams · 
Chip treatment wastewater 
Acid plant blowdown 
Scrubber blowdown 
AFMrinsate 
Furnace off gas solids 
Furnace scrubber blowdown 
Slag quenchwater 
Waste acid wash/rinse water 
Chl.orinator wet air pollution control sludge 
Hydrolysis filtrate 
Waste still liquor 
Smut 
Liquid residues 
Spent annnonium nitrate processing solution 
Process wastewater 
Plant process wastewater 
Process wastewater 
Pickle liquor & wash water 
Leach liquor & sponge wash water 
Scrap milling scrubber water 
Spent surface impoundment liquids 
Spent surface impoundment solids . 
Wastp acids (Sulfate process) 
Wastewater treatment plant sludge/solids 
Spent acid & rinse water 

Waste ferrosilicon 
Spent surface impoundment liquids 
Wastewater treatment plant solids 
Spent synthetic gypsum 
Wastewater treat:Irent pl.ant liquid effluent 
Z.inc lean slag . 
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Exhibit A.3-2 

Constituent-Specific DAFs Used to Evaluate Groundwater Exposures 

Surface Im ~oundments Waste Piles 

Constituent Cc_ntral Tendency High End (95th Central Tendency (75th High End (95th Central Tendency (75th High End (95th 
(75th percentile) Pre- percentile) Pre-LOR percentile) Pre-LOR percentile) Pre-LOR percentile) Post-LOR percentile) Post-

LOR LOR 

Antimony l.93E+02 2.28E+OI >109 8.36E+03 >109 8.36E+03 

Arsenic l.66E+02 1.7IE+OI >109 2.56E+03 4.37E+09 2.56E+03 

Barium 5.81E+OO l.17E+OO 2.22E+03 1.38E+OI 2.33E+03 1.46E+Ol 

Beryllium 8.47E+OO 1.24E+OO >109 4.87E+02 >109 5.54E+02 

Cadmium 2.49E+Ol 1.40E+OO >109 2.67E+03 >109 3.26E+03 

Chromium 9.82E+Ot 1.15E+Ol 2.21E+04 t.60E+02 2.21E+04 t.60E+02 
I 

Cyanide 2.81E+10 4.20E+03 -- -- -- --
Lead 7.1 tE+OS 4.98E+OO >109 2.27E+05 >109 8.93E+08 

Mercury l.97E+02 8.05E+OO >109 4.29~+03 >109 4.29E+03 

Nickel . 2.23E+OI l.51E+OO 1.54E+06 1.41E+02 l.97E+06 1.46E+02 

Selenium· 2.70E+OI 3.38E+OO l.18E+08 4.28E+02 l.l9E+08 4.28E+02 

Silver I.IIE+Ol l.23E+OO >109 4.96E+02 >109 4.87E+02 

Thallium 2.97E+02- 4.15E+OI >109 9.63E+04 >109 9.63E+04 

Vanadium 5.67E+OO 2.03E+OO >109 >109 >109 >to? 
Zinc 1.23E+OI l.35E+OO >109 >109 >109 >109 

Note: Central Tendency values are the 75th per~entile of the distribution of OAF values and the High End values are the 95th percentile. 

/. 
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Exhibit A.3-3 
Toxicity Parameter Values Used in the Risk Analysis 

Oral Cancer 

Slope Factor (CSF) 

Constituent 1/(mg/kg-day) 

Antimony --
Arsenic 1.5 

Barium --
Beryllium --
Boron --
Cadmium ----
Chromium -
Lead --
Manganese -
Mercury --
Molybdenum -
Nickel ----
Selenium --
Silver -
Thallium ---
Vanadium ---
Zinc --
Cyanide -
Fluoride -
Source: EPA IRIS (1996) and HEAST (1995) 

Oral Refei:ence 

Dose (RID) 

mg/kg-day 

0.0004 

0.0003 

0.07 

0.005 

0.09 

0.0005 

0.005 

0.0003 

0.047 

0.0003 

0.005 

0.02 

0.005 

0.005 

0.00008 

0.007 

0.3 

0.02 

0.06 

The Lead RID is derived from the EPA action level of0.015 mg/L. 

The RID for Chromium is from Cr+6. 

The RID for Thallium is from Thallium sulfate. 
' 

There were no toxicity values for the following constituents: Aluminum, 

Cobalt, Copper, Iron, Magnesium, Phosphate, Silica, Chloride, TSS, 

pH, Organics (TOC), Sulfide, or Sulfate. 
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Exhibit A.3-4 - Example Risk Calculation for a Single Waste Sample from Concentration Data to Risk Results 

wa~e Stmam Qrua & QalQ!.!l5ltio•s QfillQfil NQ•-Qancer 
Sample Central Tendency High End Central Tendency High End 

QommodilY wa~e Stream Number Pre-LOR Post-LOR Pre-LOR Post-LOR Pre-LOR Post-LOR Pre-LOR Post-LOR 

Rare Earths Spent ammonium nitrate 7 5.57E-08 2.12E-12 5.41E-07 5.41E-07 3.85E-03 4.47E-04 1.41E-01 1.17E-02 
processing solution 

The cancer risk values are the surri of risks from each constituent In a sample. 
Faclllty Identifier = Res. Chem, Phoenix The non-cancer hazard values represent the highest hazard quotient for a cohslituent In a sample. 
State =AZ. 

Total 
Treatment Type Constituent EP Toxicity Ere-LDB DAEQ e2~·!..DB QAES 

Waste 1 10% Analysis Analysis Central High Central High 
Water Solids Solid Constituents {eem} {eem} Tendencl! End Tendeni:J! End 

1 0 0 Aluminum 
1 0 0 Antimony 1.93E+02 2.28E+01 3.00E+ 13 8.36E+03 
1 0 0 Arsenic 0.0025 1.66E+02 1.71 E+01 4.37E+09 2.56E+03 
1 0 0 Barium 0.05 5.81E+OO 1.17E+OO 2.33E+03 1.46E+01 
1 0 0 Beryllium 8.47E+OO 1.24E+OO 2.13E+15 5.54E+02 
1 0 0 Boron 0.12 
1 0 0 Cadmium 0.0025 2.49E+01 1.40E+OO 6.12E+16 3.26E+03 
1 0 0 Chromium 0.01 . 9.82E+01 1.15E+01 2.21E+04 1.60E+02 
1 0 0 Copper 0.005 
1 0 0 Iron 
1 0 0 Lead 0.011 7.11E+05 4.98E+OO 1.00E+30 8.93E+08 
1 0 0 Magnesium 
1 0 0 Manganese 0.005 
1 0 0 Mercury 0.0001 1.97E+02 8.05E+OO 6.37E+ 12 4.29E+03 
1 0 0 Molybdenum 
1 0 0 Nickel 2.23E+01 1.51 E+OO 1.97E+06 1.46E+02 
1 0 0 Selenium 0.0025 2.70E+01 3.38E+OO 1.19E+08 4.28E+02 
1 0 0 Sliver 0.005 1.11E+01 1.23E+OO 1.33E+10 4.87E+02 
1 0 0 Thallium 2.97E+02 4.15E+01 1.23E+28 9.63E+04 

. 1 
1 

0 
0 

0 
0 

Vanadium 
Zinc 0.005 

5.67E+OO 
1.23E+01 

2.03E+OO 
1.35E+OO 

1.00E+30 1.00E+30 
1.34E+16 1.77E+03 

1 0 0 Cyanide 0.005 2.81E+10 4.20E+03 
1 0 0 Sulfide 0.025 
1 0 0 Fluoride 

For constituents with a OAF, If the treatment type Is solid (the solid column has a 1), the OAF value returned Is for waste plles; 
otherwise, the OAF value returned Is for surface Impoundments. See Exhibit A.3-2 for the OAF values. 
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Exhibit A.3-4 (Continued) - Example Risk Calculation for a Single Waste Sample from Concentration Data to Risk Results 

Pre-LDRs • Central Tendencl Pre-LDRs • Hl!lh End 
Groundwate Cancer Noncancer Lifetime Groundwate Cancer Noncancer · Lifetime 

Cone Dose Dose Excess Hazard Cone Dose Dose Excess Hazard· 
Constituents {eem=mg/L} {mg/kg·d} {mg/kg-d} Cancer Risk Quotient (eem=mg/L} (mg/kg-d} (mg/kg-d) Cancer Risk Quotient 
Aluminum 
Antimony 
Arsenic 1.51 E-05 3.71 E-08 2.89E-07 5.57E-08 9.63E-04 1.46E-04 3.G0E-07 2.B0E-06 5.41E-07 9.35E-03 
Barium 8.61E-03 2.12E-05 1.65E-04 2.36E-03 4.27E-02 1.05E-04 8.20E-04 1.17E-02 
Beryllium 
Boron 
Cadmium 1.00E-04 2.48E-07 1.93E-06 3.85E-03 1.79E-03 · 4.40E-06 3.42E-05 6.85E-02 
Chromium 1.02E-04 2.51E-07 1.95E-06 3.91E-04 8.70E-04 2.14E~06 1.67E-05 3.34E-03 
Copper 
Iron 
Lead· 1.55E-08 3.81 E-11 2.97E-10 9.89E-07 2.21E-03 5.45E-06 4.24E-05 1.41 E--01 
Magnesium 
Manganese 
Mercury 5.08E-07 1.25E-09 9.74E-09 

1 
3.25E-05 1.24E-05 3.06E·08 2.38E-07 7.94E-04 

Molybdenum 
Nickel 
Selenl!Jm 9.26E-05 2.28E-07 1.78E-06 3.55E-04 7.40E·04 1.82E-06 1.42E-05 2.84E-03 
Sliver 4.50E-04 1.11 E-06 8,64E-06 1.73E-03 4.07E-03 1.00E-05 7.8oE-os 1.56E-02 
Thallium 
Vanadium 
Zinc 4.07E-04 1.00E-06 7.B0E-06 2.G0E-05 3.70E-03 9.13E-06 7.10E-05 2.37E-04 
Cyanide 1.78E-13 4.39E-16 3.41E·15 1.71E-13 1.19E-06 2.94E-09 2.28E-0B 1.14E-06 
Sulfide 
Fluoride 

Groundwater (gw) concentration = total constituent analysis concentration I DAF (for waste waters with a total constituent analysis concentration) 
gw concentration = EP toxicity analysis concentration I DAF (for non-waste waters with an EP toxicity analysis concentration) 
gw concentration = total constituent analysis concentration/ 20 / DAF (for solids with a total constituent analysis concentration and no EP toxicity analysis concentration) 
gw concentration= total constituent analysis concentration/ DAF (for 10% solids with a total constituent analysl~ concentration and no EP toxicity analysis concentration) 
No gw values.are returned for constituents with no DAF or total constituent analysis concentration. ·· 

Cancer dose = gw concentration x cancer gw lhta Noncancer dose = gw concentration x noncancer gw Intake. 
Cancer gw Intake= (gw lntake*exposure duratlon*exposure frequency)/(cancer averaging tlme"365"body weight) = 0.00247 L/kg-day. 
Noncancer gw Intake = (gw lntake*exposure duratlon*exposure frequency)/(noncancer averaging tlme*365*body weight) = 0.01918 L/kg-day. 
Cancer risk= slope factor x cancer dose. Hazard quotient (hq) = noncancer dose/ RfD. See Exhibit A.3-3 for slope factors and RfDs. 
Body Weight= 70 kg Exposure Duration= 9 years Non-cancer Averaging Time= 9 years 
Exposure Frequency = 350 days/year Cancer Averaging Time = 70 years Groundwater Ingestion Rate = 1.4 L/day 

No cancer risk values are returned for constituents with no slope factor; no hq values are returned for constituents with no RfD. 
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Exhibit A.3-4 (Continued) - Example Risk Calculation for a Single Waste Sample from Concentration Data to Risk Results 

Post-LDRs (UTS} • Central Tendenc:t Post-LDRs ~UTS) • Hl~h End 
Groundwater Cancer Noncancer Lifetime Groundwate1 Cancer Noncancer Lifetime 

Cone Dose Dose Excess Hazard Cone Dose Dose Excess Hazard 
Constituents !eem=mg/q (mg/kg-d} (mg/kg-d} Cancer Risk Quotient (eem=m9/L} (mg/kg-d} (mg/kg-d} Cancer Risk Quotient 
Aluminum 
Antimony 
Arsenic 5.72E·10 1.41E-12 1.10E·11 2.12E-12 3.66E-08 1.46E·04 3.S0E-07 2.S0E-06 5.41E-07 9.35E-03 
Barium 1.63E·03 4.02E-06 3.13E-05 4.47E-04 4.27E-02 1.05E-04 8.20E-04 1.17E-02 
Beryllium 
Boron 
Cadmium 1.55E-18 3.83E-21 ·2.98E-20 5.95E-17 2.91E-05 7.19E-08 5;59E-07 1.12E-03 
Chromium 1.95E-05 4.S0E-08 3.73E-07 7.46E-05 8.70E-04 2.14E·06 1.67E-05 3.34E-03 
Copper 
Iron 
Lead 1.85E-31 4.56E-34 3.55E-33 1.18E-29 2.07E-10 5.11E·13 3.97E-12 1.32E-08 
Magnesium 
Manganese 

· Mercury 1.96E-15 4.84E-18 3.76E-17 1l.25E-13 2.91E-06 7.18E-09. 5.59E-08 1.86E-04 
Molybdenum 
Nickel 
Selenium 6.72E·10 1_.66E-12 .1.29E-11 2.58E-09 1.87E-04 4.61E-07 3.58E-06 7.17E-04 
Sliver 1.13E·11 2.78E-14 2.16E-13 4.33E-11 3.0SE-04 7.59E-07 5.91E-06 1.1 BE-03 
Thallium 
Vanadium 
Zinc 1.98E-16 4.BBE-19 3.79E-18 1.26E-17 1.S0E-03 3.69E-06 2.87E-05 9.57E·05 
Cyanide 
Sulfide 
Fluoride 

Groundwater (gw) concentration = treatment level/ DAF (If pre-LDR gw concentration Is greater than the treatment level/ DAF); otherwise 
gw concentration = pre-LDR gw concentration 

No gw values are returned for constituents with no DAF or treatment level. 
See the previous page for an explanation of the dose, risk, and hazard calculations. 
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SUMMARY OF MINERAL PROCESSING FACILITIES 
PRODUCING HAZARDOUS WASTE-STREAMS APPENDIXB 

Alumina & 
Aluminum 

IAlcan Aluminum Corp. 

ALCOA 

ALCOA 

ALCOA 

ALCOA 

ALCOA 

ALCOA 

ALUMAX 

Columbia Aluminum 
Corp. 

Columbia Falls 
Aluminum Corp. 

Eastico 

Intalco Aluminum Corp. 

Kaiser Aluminum Corp. 

Kaiser Aluminum Corp. 

National South Wire 

Noranda Aluminum 

Northwest Alloys Inc. 

Ormet 

I Henderson, KY 

Newburgh, IN 

Massena, NY 

Badin, NC 

Alcoa, TN 

Rockdale, TX 

Wenatchee, WA 

Mt: Holly, SC 

I Goldendale, WA 

Columbia Falls, MT 

Frederick, MD 

Ferndale, WA 

Spokane, WA 

Tacoma, WA 

Hawesville, KY 

New Madrid, MO 

The Dalles, OR 

Hannibal, OH 

noI 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 
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I Processing 

Processing 

Processing 

Processing 

Processing 

Processing 

Proce:«;sing 

Processing 

Processing 

Processing 

Processing · 

Processing 

Processing 

Processing 

Processing 

Processing 

Processing 

Processing 

I No 

No 

No 

No 

No 

No 

No 

No 

I No 

I No 

No 

No 

No 

No 

No 

No 

No 

No 
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Aluminum IRavenswood Aluminum _I Ravenswood, WV I no I Processing I No 
(continued) Corp. 

Reynolds Massena·, NY no Processing No 

Reynolds Troutdale, OR no Processing No 

Reynolds Longview, WA no Processing No 

Venalco Vancouver, WA no Processing ·No 

Antimony I Amspec Chemical Corp Glouchester, NJ no Processing No 
I 

Anzon, Inc. Laredo, TX no Processing No 

ASARCO Inc. Omaha, NE no Processing No 

Laurel Ind. LaPorte, TX no Processing No 

Sunshine Mining Kellogg, ID yes Processing I no 
Company 

US Antimony Corp. Thompson Falls, MT no Processing I no 

.. 
Beryllium I Brush Wellman Delta, UT yes mining, produces Be(OH)2 I no 

I 
Brush Wellman Elmore.OH no Secondary ore processing of Be I no 

Metal and Alloys 

NGK Metals I Revere, PA I no I Secondary ore processing of Be I no 
Metal 

Bismuth I ASARCO Omaha,NE no Processing I yes 

Cadmium I ASARCO Denver, CO no Processing I no 

Big River Zinc Corp. Sauget, IL no Processing I no 

Jersey Miniere Zinc. Clarksville, TN yes Processing I no 
Corp (Gordonsville) 

• 1 ZCA Bartlesville, OK no f Processing I no 

Calcium Metal I Pfizer Chem (Quigley Canaan, CT no I Processing I no 
Company) 
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Coal gas I -Great Plains Coal Beulah, ND yes Synthetic Gas produced yes 
Gasification Plant, Gasifer Ash, Process 
Dakota Gasification Co. Wastewater 

Copper I ASARCO El Paso, TX no Smelting Yes. Slag, slag tailings 
and/or calcium sulfate sludge 

ASARCO I Amarillo, TX I no I Electrolytic Refining Yes. Slag, slag tailings 
and/or calcium sulfate sludge 

ASARCO I Hayden, AZ yes I Mining, Smelting and Yes. Slag, slag tailings I 
Electrowinning and/or calcium sulfate sludge . 

Copper Range I White Pine, MI yes I Mining, Smelting & Refining Yes. Slag, slag tailings I 
and/or calcium sulfate sludge 

Cyprus I Claypool, AZ yes I Mining, Smelting, Refining, & Yes. Slag, slag tailings I 
Electrowinning and/or calcium sulfate sludge 

Kennecott I Garfield, UT I yes I Mining, Smelting and Refining Yes. Slag, slag tailings 
and/or calcium sulfate sludge 

Magma (BHP) · I San Manuel, AZ yes . I Mining. Smelting, Refining, and Yes. Slag, slag tailings I 
Electrowinning and/or calcium sulfate sludge 

Phelps Dodge I Playas, NM no I Smelting only Yes. Slag, slag tailings I 
and/or calcium sulfate sludge 

Phelps Dodge I El Paso, rx I no I Refining only IYes. Slag, slag tailings 
and/or calcium sulfate sludge 

Phelps Dodge I Hurley, NM yes I Mining, Smelting and Yes. Slag, slag tailings ·I 
Electrowinning (same as Chino and/or calcium sulfate sludge 
Mines) 

Elemental I FMC I Pocatello, ID I yes I Processing I Yes. Slag 
Phosporous 

Monsanto Soda Springs, ID yes Processing Ye~. Slag 

Germanium I Atomergic Chem Plainview, NY · no Processing . no 

Cabot Revere, PA no Processing ·1 no 

Eagle-Picher Quapaw.OK no Processing I no 
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Germanium Musto Exploration St. George, UT yes Mining and Refining I no 
(continued) (inactive) 

Fluorospar and Allied Signal Geismar,LA no Processing Yes. Fluorogypsum and .
Hydrofluoric Acid process wastewater 

B.I. duPont La Port, TX no Processing Yes. Fluorogypsum and 

. . process wastewater 

Attochemical, N.A. I Calvert City, KY no I Processing Yes. Fluorogypsum and I 
process wastewater 

Lead I ASARCO East Helena, MT yes Smelter Yes. Slag 

ASARCO Glover, MO yes Smelter/Refinery Yes. Slag 

ASARCO Omaha, NE no Refinery Yes. Slag 

Doe Run Co. Herculaneum, MO yes Smelter/Refinery Yes. Slag 

Magnesium I Dow Chemical Co. Freeport, TX yes MgCI from seawater, Mg metal no 
processing, magnesia processing 

Magnesium Corp. of Salt Lake City, UT yes Mg metal processing from lake I Yes. Process wastewater 
America brines 

Northwest Alloys Inc. Addy, WA no Mg metal processing I no 

Mercury I Barrick Mecur Gold Toole, UT yes Mining and Retorting I no 
Mines, Inc. 

FMC Gold Co. Humboldt, NV yes Mining I no 

FMC Gold Co. Gabbs,NV yes Mining I no 

Homestake Mining Co. Napa,CA yes Mining, leaching I no 

Independence Mining Elko, NV yes Mining I no 
Co. Inc. 

Newmont Gold Co. Eureka, NV yes I Mining I noI 
Placer Dome U.S. East Ely, NV I yes I Miriing . I no 

April 15, 1997 



B-5 

Molybdenum, Cyprus-Climax- I Empire, CO I yes I Mining and Processing I no 
Ferro molybdenum Henderson 

and Ammonium Cyprus-Climax Fort Madison, IA no Processing I no 

Molybdate Cyprus-Climax Cold Water, Ml no Processing, possibly phased out I no 

Cyprus-Climax- Green Tucson, AZ no Processing I no 
Valley 

Kennecott · I Bingh~m Canyon, yes Processing copper slag, slag tailings, 
UT WWTPsludge 

Montana Resources Inc. Butte, MT yes Processing no 

Phelps Dodge Hurley, NM ·yes Processing I no 

San Manuel San Manuel, AZ yes Processing I no 

San Manuel Morenci, AZ I yes Processing I no 

Thompson Creek Challis, ID yes Processing I no 

Thompson Creek Langeloth, PA no Processing I no 

Platinum Group I ASARCO Inc. Amarillo, TX no Processing 
Metals 

I 

Kennecott Corp. Salt Lake City, UT yes Processing 

Stillwater Mine Nye,MT yes Mining and Smelting I no 

Pyrobitumens, IAme~can Gilsonite Bonaza, UT yes Production of gilsonite (natural I no 
Mineral Waxes, and Uintah County asphalt) 

Natural Asphalts 
I 

Ziegler Chemical and Vernal, UT yes Production of gilsonite (natural I no 
Mineral Corp. Uintah County, asphalt) 

Rare Earths I Molycorp Mountain Pass, CA yes Mining of Bastnasite I no' 

Rhenium I Cyprus-Climax Green Valley, AZ yes Recovers and rc,:fines rhenium I no 

Cyprus-Climax Fort Madison, IA no Rhenium recovery I no 
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Scandium I Baldwin Metals I Phoenix, AZ I no I Processing I no 
Processing Co. 

Boulder Scientific Co. Mead,CO no Refining I no 

lnterpro (subsidiary of Golden.CO no Refining I no 
Concord Trading Corp.) 

Materials Preparation Ames,IA no Processing I no 
Center 

Rhone-Poulenc, Inc. Phoeniz, AZ no Processing I no 

APL Engineered Urbana, IL no Refining I no 
Materials 

Sausville Chemical Co. Garfield, NJ no Refining I no 

Selenium I ASARCO , - Amarillo, TX I no Processing I no 

Kennecott Garfield, UT yes Processing I yes 

Phelps Dodge El Paso, TX no Processing I no 

Synthetic Rutlle I Kerr-McGee Chemical -Mobile, AL no Processing I no 
Corp. 

Tantalum, Cabot Corp. Boyertown, PA no Cb and Ta pentoxide/metal, FeCb, I no 
Columblum ·and Ta capacitor powder 

Ferrocolumblum Shieldalloy Newfield, NJ · no FeCb I no 
Metallurgical Corp. 

Tellurium ASARCO Amarillo, TX no Processing no 

Kennecott Corp. Garfield, UT yes Mining, Smelting and Refining Yes. Slag, slag tailings 
and/or calcium sulfate sludge 
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Titanium and IE.I. duPont de Nemours Antioch, CA no TiO2 Production Yes. Chloride process waste 
'.fltanlum Dioxide &Co. Inc. solids 

I 

E.I. duPont Edgemoor, DE no TiO2 Production Yes. Chloride process waste 
solids 

E.I. duPont I New Johnsonville, no TiO2 Production Yes. Chloride process waste 
TN solids 

E.I; duPont I Pass Christian, MS no TiO2 Production Yes. Chloride process waste 
solids 

I 

Kemira, Inc. I Savannah, GA I no I TiO2 Production Yes. Chloride process waste 
solids 

Kerr-McGee Chemical Hamilton, MS no TiO2 Production Yes. Chloride process waste 
Corp. solids 

Kronos, Inc. Lake Charles, LA I no TiO2 Production Yes. Chloride process waste 
solids 

SCM Chemicals, Inc. I Ashtabula, OH I no I TiO2 Production Yes. Chloride process waste 

I 
solids 

SCM Chemicals, Inc. I Baltimore, MD no TiO2 Production Yes. Chloride process waste 
solids 

Tungsten I Buffalo Tungsten Depew, NY no Processing no 
1 

General Electric Euclid, OH no Processing I no 

OSRAM Sylvania, Inc. Towanda, PA no • Processing I no 

Kennametal Fallon, NV I 00-150 miles to Processing I no 
Humboldand 
Starlight mine 

Kennametal, LaTrobe, PA no Processing I no 

Teledyne Advance Huntsville, AL no Processing I no 
Materials 

Uranium I no facilities· listed 
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Zinc I Big River Zinc Corp. Sauget, IL no Smelter (electrolytic) I no 

Jersey Miniere Zinc Co. Clarksville, TN yes Smelter (electrolytic) no 

Zinc Corp. of America Monaco, PA no Smelter (pyrometallurgical) Yes. Slag 

Zirconium and I Teledyne Albany.OR no Processing no 

Hafnium I Western Zirconium _ _ Qg~en, UT no Processing I no 
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:MINERAL PROCESSING WASTE TREATMENT AND 
DISPOSAL COSTS: LOW-COST ANALYSIS APPENDIXC 

This appendix comprises an analysis of th~ treatment and disposal options available to owners 
and/or operators of mineral processing facilities. The appendix presents the available technically feasible 
treatment and disposal options, a comparison of those options, and a determination of the lowest-cost 
altemati ve. 

Under the current regulations governing the disposal of hazardous mineral processing waste, 
owners and/or operators of mineral processing facilities have several disposal options available, depending . 
on the type of waste that is generated: 

• Solid wastes may be: 
• Disposed of in a Subtitle C landfi~l;. :or 
• Treated and disposed of in a Subtitle C landfill; or 
• Treated and disposed of in a Subtitle D landfill. · 

• Liquid wastes may be: 
• Treated, with solid wastes disposed in a Subtitle C landfill; or 
• Treated, with solid wastes disposed in a Subtitle D landfill. 

Upon completion of this rulemaking, owners and/or operators of mineral processing facilities that 
generate hazardous waste must choose between two treatment and disposal options. Both solid and liquid 
wastes may be: 

• Treated and disposed of in a Subtitle D landfill; or 
• Treated and disposed of in a Subtitle C landfill. 

Depending on the quantity of waste generated, owners and/or operators of mineral processing facilities 
may choose to send the waste off-site for treatment and disposal, or build a treatment system on-site. 

C.1 Pre-Rule Lowest ~ost Option 

C.1.1 Analysis of Treatment and Disposal Costs 

· Using on-site cost functions and off-site unit prices from Appendix D, EPA has calculated pre
rule (or baseline) treatment and disposal costs over a range of waste generation rates (100 mt/yr- 175,000 
mt/yr) for on- and off-site Subtitle C landfill disposal, and on- and off-site treatment followed by Subtitle 
D landfill disposal. Exhibit C-1 shows the total treatment and/or disposal cost plotted against a range of 
waste generation rates. The total cost of disposing mineral processing wastes increases as the quantity of 
waste increases µsing all four alternatives. 

Total treatment and/or disposal costs were divided by the waste generation rate to obtain unit 
costs. Exhibit C-2 shows the unit treatment and/or disposal cost plotted against a range of waste 
generation rates. Note that the unit cost of off-site treatment and disposal is constant, while the unit cost 
of Subtitle C landfilling and on-site treatment and disposal decreases as waste quantity increases. 
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Exhibit C-1 
Total Cost of Treatment and/or Disposal Alternatives 
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C.1.2 Subtitle C Disposal vs. Treatment and Subtitle D Disposal 

Exhibits 1 and 2 show that treatment followed by disposal in a Subtitle D landfill is less costly 
than Subtitle C landfilling for virtually the entire range of solid waste generation rates under consideration 
in this rulemaking. For very small waste generation rates, however, off-site Subtitle C landfilling is 
actually a lower cost option than treatment and Subtitle D disposal. Likewise, for waste generated in 
excess of approximately 150,000 mt/yr, on-site Subtitle C landfilling is a lower cost option than treatment 
and Subtitle D disposal. However, liability costs (from corrective action requirements) of Subtitle C 
landfills are not accounted for in the on-site Subtitle C cost functions or the off-site Subtitle C unit 
disposal price described in Appendix D. It is EPA's assertion that owners and/~r operators of mineral 
processing facilities generating very small quantities of waste or facilities generating waste in excess of 
150,000 mt/yr will treat and dispose the waste in a Subtitle D landfill due to the potentially high liability 
cost associated with Subtitle C landfilling. Therefore, EPA considers on- and off-site treatment and 
Subtitle D disposal to be the lowest-cost disposal options for mineral processing hazardous w~tes .. 
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Exhibit C-2 
Unit Cost of Treatment and/or Disposal Alternatives 
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C.1.3 On-Site vs. Off-Site Treatment and Subtitle D Disposal 

In addition to determining that treatment and disposal is the. lowest cost disposal option, EPA has 
identified a "break-even" point at which it is more economical to send waste off-site for treatment and 
disposal rather than treat and dispose of waste on-site. Exhibit C-3 (an enlargement _of Exhibit C-2) 
shows the "break-even" point between off-site treatment and disposal and on-site treatment and disposal. 
This "break-even" point occurs at approximately 879 mt/yr, and therefore waste that is generated in small 
quantities (0 mt/yr - 879 mt/yr) will be sent off-site for treatment and disposal rather than be treated and 
disposed on-site. Waste generated in excess of 879 mt/yr, however, will be treated and disposed on-site. 
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Exhibit C-3 
Treatment and Subtitle D Disposal Unit Costs 
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C.2 Post-Rule Lowest Cost Option 

Based on the above analysis that shows that disposal of waste in a Subtitle C landfill alone is 
almost always more expensive than treatment and disposal of waste in a Subtitle D landfill, EPA asserts 
that treatment and disposal of waste in aSubtitle C landfill is clearly more expensive than treatment and 
disposal of waste in a Subtitle D landfill. Therefore, EPA assumes that the post-rule lowest-cost option is 
treatment followed by Subtitle D disposal. 

C.3 . Conclusion 

EPA believes that Subtitle C disposal is generally more expensive than treatment followed by 
. Subtitle D disposal. This assertion, coupled with potentially high Subtitle C liability costs, has led EPA 
to assume that owners and/or operators of minentl processing facilities will choose to treat waste to UTS 
-levels and dispose of the treated waste in a Subtitle D landfill. Therefore, in both the pre-rule (baseline) 
and post-rule (option) scenarios, the mineral processing cost model assumes that for waste generated in 
quantities below 879 mt/yr, owners and/or operators will send the waste off-site for treatment and . 
disposal, while owners/operators will build an on-site treatment system for waste generated in excess of 
879 mt/yr. 
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DEVELOPMENT OF COSTING FUNCTIONS APPENDIXD 

EPA's cost analysis is based on costing functions and/or unit costs for on- and off-site treatment 
and disposal costs and for on-site storage of recyclable materials. To develop the cost funttions, EPA 
identified all of the treatment and disposal permutations that are available in the various baseline-Option 
scenarios. Similarly, EPA identified all of the possible storage practices available under any of the 
assumed baseline practices and regulatory options considered. The costing functions were developed by 
estimating costs for facilities ofdifferent sizes and curve-fitting these individual facility costs. For some 
equipment associated with disposal and storage practices, the Agency has used rental costs rather than · 
purchase costs, irrespective of the quantities of material involved. EPA recognizes the likelihood that 
mineral processing facilities actually own this equipment, such as front end loaders and dump trucks. To 
be conservative, however, the Agency included rental costs as a simple way to account for the use of this 
equipment. 

The cost functions and associated assumptions are presented in the following seven sections: 

a Annualization of Before-Tax Compliance Costs 
b. On-site Treatment and Disposal Costs 
C. Off-site Treatment and Disposal Costs . 
d. Storage of Solid Materials 
e. Storage Of Liquid Materials 
f. Curve-fit Costfunctions 
g. Costs of Groundwater Monitoring 

D.1 Annualization of Before-Tax Compliance Costs 

Under Executive Order 12866, EPA must determine whether a regulation constitutes a "significant 
regulatory action." One criterion for defining a significant regulatory action, as defined under the 
Executive Order, is if the rule has an annual effect on the economy of $100 million or more. To determine 
whether a rule is a significant regulatory action under this criterion~ all costs are annualized on a before-tax 
basis assuming a seven percent real rate of return and a 20-year operating life. The savings attributable to 
corporate tax deductions or depreciation on capital expenditures for pollution control equipIDent are not 
considered in calculating before..;tax costs. 

Annual before-tax compliance costs were determined for on-site treatment, disposal, and storage. 
Before-tax compliance costs were used because they represent a resource cost of the rule, measured before 
any business expense tax deductions available to affected companies. Also, as described in section 3.2.2 
of this RIA, screening level economic impacts are computed based upon other pre-tax indications or 

· financial wherewithal, such as value of shipments and value added. Accordingly, computing management • 
and compliance costs on a pre-tax basis provides a consistent measure of impacts on all affected facilities, 
and is the method used throughout this RIA In reformulating the costs of complianc~, EPA used a public 
sector discount rate of seven percent and assumed a 20-year operating life for annualizing capital costs . 
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The following fonnula was used to detennine the before-true annualized costs: 

Before-Tax Costs = (Capita1 Costs)(CRF) + (Annual Capital+ O&M Costs)+ (Closure 
Costs)*(CRF)/(1.0721 

) 

Where: CRF = Capital recovery factor based on a 7 percent real rate of return (i) as 
follows: 

er+ il°Ci) = 0.09439 · where n = 20 
(1 +it-1 

D.2 On-site Treatment and Disposal 

·Neutralization and Precipitation of Acidic and Caustic Liquid Wastes 

Neutralization is the process of adjusting either acidic or caustic liquid waste streams to a pH of 
approximately seven. Many manufacturing and processing operations produce effluents that are acidic or 
alkaline (caustic) in nature. Neutralization of acidic or caustic waste streams is necessary in a variety of 
situations: (1) to prevent metal corrosion and/or damage to other construction materials; (2) as a 
preliminary treatment for optimum operatjon of subsequent waste treatment processes; and (3) to provide 
neutral water for recycling, either as process water or as boiler feed. :rreatment to adjust pH also may be 
desirable to break emulsions, to precipitate certain chemical species, or to control chemical reaction rates 
(e.g., chlorination). Precipitation, which may occur as a result of the addition of neutralization reagents, or 
which may require additional reagents, is necessary to remove dissolved solids, such as toxicity 
characteristic metals from solutions. Corrosive waste streams are neutralized by the addition of an alkaline 
material, such as lime. Caustic waste streams are neutralized by the addition of an acidic material, such as 
sulfuric acid. Additional reagent will cause precipitation of dissolved metals. The assumptions described 
in the following subsections were used in preparing cost estimates, with one exception: batch runs were 
assumed for 3,510 metric tons per year (mt/yr) and 350 mt/yr, adjusting the operating hours per year to 
876 and 88, respectively, while 1,752 hours per year was assumed for waste flow rates of 35,130 mt/yr to. 
350,000 mt/yr. 

·· Capital Costs - Neutralization 

The following assumptions were used in developing the direct capital cost equations for 
neutralization in Exhibit D-1: 

• Stainless steel neutralization reactor (1) - ½-hour retention time, 5% over design (Dased on 
waste and calcium hydroxide or sulfuric acid solution flows); 

• Stainless steel mix tank (1) - two-hour retention time, 5% over design (based on 10% 
calcium hydroxide or 20% sulfuric acid solution flows); 

• Piping, electrical, and instrumentation; and 
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• Neutralization is performed in <90 day accumulation treatment tanks (40 CFR 262.34); 
therefore, a RCRA permit is not required. 

Acidic Waste Onlv 

• Carbon steel holding tank (1) - two-hour retention time, 5% over design (based on 10% 
calcium hydroxide solution flow); 

• Carbon steel centrifugal pumps (3) - for the calcium hydroxide solution out of the mix 
tank and out of the holding tank, and for the waste flow into the reactor; 

• Stainless steel centrifugal pump ( 1) - for the waste,flow into the reactor; 

• Cast iron agitators (2) - for the mix tank and the holding tank; arid 

• Stainless steel agitator (1) - for the reactor . 

Caustic Waste Only 

• Stainless steel pump (1) - for sulfuric acid flow out of the mix tank; 

• Carbon steel pumps (2) - for the waste flow into and out of the neutralization reactor, and 

• Stainless steel agitators (2) - for the sulfuric acid mix tank and the neutralization reactor. 

Capital costs are similar for either type-of waste due to the use of a high cost stainless steel reactor 
in both designs. 

Operation and Maintenance Costs - Neutralization 

The following assumptions were used in development of the O&M cost equations for 
neutralization in Exhibit D-1: 

• Operating hours - 90 percent operating factor (i.e., 330 days/year); 

• Labor - one operator at 20 percent time for continuous systems, or ½ hour of labor per 
batch; 

• Power - electricity for pumps and agitators; and 

• Materials - waste pH was assumed to be 1.0 (acidic wastes) and 13.0 (caustic wastes) and 
waste specific gravity was assumed to be 1.03. Material quantities calculated from the 
stoichiometric addition of 0.033 gallon of 10% calcium hydroxide or 0.022 gallon of 20% 
sulfuric acid-solution needed per gallon of waste. 

O&M costs are similar for either acidic or alkaline waste due to roughly equal neutralizing material costs. 
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EXHIBITD-1 

COST EQUATIONS FOR ON-SITE NEUTRALIZATION 
AND PRECIPITATION OF PHASE IV WASTES (1995 $) 

Neutralization 

Capital Costs (350 :s: Q :s: 370,000 mt/yr)1 Cost($)= 36,131 + 151.95 Q.s 

O&M Costs I Yr (350 :s: Q :s: 370,000 mt/yr) Cost($)= -206,719 + 36,594 ln Q 

Precipitation 

Capital Costs (350 ~ Q ~ 370,000 mt/yr)2 Cost($)= 3,613 + 15.195 Q.s 

O&M Costs I Yr (350 :s: Q 5, 370,000 mt/yr) Cost($) = 0.3465 Q + 826.48 

Closure 

Closure Costs (Q < 37,910 mt/yr) Cost($) =· 6,493 

Closure Costs (37,910 5, Q :s: 370;000 mt/yr) Cost($)= 6,361 + 3.0 x 10·3 Q 

Note: 
For quantities above the upper limit of the cost equations, a second system is required. 

1 Q = Annual quantity of acidic or caustic waste managed (mt/yr). Capital and O&M 
equations apply to either type of waste (similar costs due to use of high cost stainless steel 
reactor in both designs and roughly equal neutralizing material costs). Fifteen percent of the 
waste stream neutralized and precipitated will need to be treated by stabilization due to 
sludge formation (see cost equations for Case A in Exhibit D-2 and use 0.15 * Q). 

Performance Assumptions 

The following performance goals were assumed for neutralization: 

• Neutralized waste exits with a pH of approximately seven; 

• Solid residuals are generated, with half of inlet total suspended solids (TSS) level of 3.0% 
assumed to settle and form a sludge with 10% solids content. Therefore, 15% of the 
original waste stream will leave the neutralization step as hazardous sludge, due to 
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precipitation of a portion of the 500 ppm TC-metals assumed to be in the inlet waste 
stream--this sludge will require dewatering, stabilization, and disposal; and 

• The quantity of calcium hydroxide or sulfuric acid solutions added to the waste streams 
results in minimal flow changes. 

Closure Costs 

Cost equations for closure of the neutralization tanks ano associated equipment are listed in 
Exhibit D-1 and include the following components: 

• Decontamination of tank interiors, pumps, and liners; 

• . Management and off-site disposal of decontamination residuals as hazardous waste; 

• Te.sting rinsate to demonstrate tanks and equipment are successfully decontaminated; and 

• Certification of closure by a professional engineer . 
.. 

Precipitation 

EPA has assumed that in some cases, precipitation will require more reagent than used for 
neutralization, though these reagents will be added to the same reactor vessel. To account for this 
possibility, the Agency has determined that the capital cost for precipitation will consist of the cost of a 
small reagent holding tank, assumed to be 10 percent of the capital cost equation. 0 & M costs will 
consist of doubling the original reagent cost. 

Surge Capacity 

EPA also has assumed that a seven day surge tank is needed. The cost of this tank was developed 
along with that of other storage tanks, and is presented below in section 5. 

On-Site Dewatering and Stabilization 

Chemical stabilization/fixation, which consists of cement solidification and pozzolonic (lime-fly 
ash) solidification, is used to solidify organic and inorganic sludges. It also may be used to reduce the 
leaGhability of solid residues by first dissolving the materials and subsequently precipitating and fixing the 
dissolved solids. This technology adds cement and water to hazardous sludges to form a rock-like 
material that binds waste constituents in a solidified matrix. The process improves the physical 
characteristics of the waste by increasing its strength and reducing the leachability of contaminants after 
the solidified waste is land disposed. Cement solidification is particularly successful with sludges 
generated by the precipitation of heavy metals because the high pH of the cement mixture tends to keep 
the metals in the form of insoluble hydrated oxides, hydroxides, or carbonates. There is probably no lower 
limit on the solids content of sludges handled by cement solidification, although dewatering is 
advantageous as a volume reduction measure. 
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The stabilization process requires storage tanks and weighing equipment for both cement and the 
hazardous waste, a concrete mixer, and a loading hopper. Waste streams and cement are pumped from 
storage tanks to their respective weigh batchers, where the proper ratio for cement fixation is obtained. 
The two materials are then discharged from the weigh batchers to a concrete mixer. The proper amount of 
water is added to the two materials in the mixer, which then produces a homogeneous mixture. The 
mixture is discharged into a loading hopper, which may be transported by truck to a landfill site for 
disposal. 

The assumptions described in the following subsections w~re used in generating cost equations for 
on-site dewatering and stabilization. 

Capital Costs 

The following assumptions were used in development of the direct capital cost equations for 
dewatering and stabilization presented in Exhibit D-2: 

• Stabilization direct capital costs include the purchase costs for storage bins, weigh 
batchers, a concrete mixer, a loading hopper, instruments, controls, and pumps; 

• The dewatering direct capital cost includes a scroll centrifuge; 

• · Installation charges were estimated at 15% of the equipment purchase costs; 

• Storage tanks have a maximum capacity to store waste and cement for five days. 
The system is run as a batch processing operation. Waste rates considered range 
from 350 mt/yr to 370,000 mt/yr; and 

• Stabilization is performed in a <90 day accumulation treatment tank (40 CFR 
262.34); therefore, a RCRA permit is not required. 

Operation and Maintenance Costs 

The following assumptions were used in the development of the O&M cost equations for 
stabilization in Exhibit D-2: 

• Direct operation and maintenance costs consist of operating labor, electricity, and 
cement and water consumption; 

• The cement mixer has a minimum retention time of 15 minutes; 

• Operating hours--90% operating factor (i.e., 330 days/year); 
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EXHIBITD-2 
COST EQUATIONS FOR ON-SITE DEWATERING AND 

STABILIZATION OF PHASE IV WASTES (1995 $) 

Case A - Dewatering of 1-10% Solids-Containing Wastes 

Capital Costs (350 !, Q !> 370,000 mt/yr)1 Cost($) = 95,354 + 664.48 Q5 

O&M Costs I Yr (350 :s: Q s 370,000 mt/yr) Cost($)= 12,219 + 286.86 Q5 

Case B - Stabilization Only of >10% (35% average) Solids-Containing Wastes 

Capital Costs ( 425 !, Q :s: 200,000 mt/yr) Cost($) = 207 .93 Q·78 

O&M Costs/ Yr (425 s Q :s: 200,000 mt/yr) Cost($) = 87,839 + 52.16 Q 

Closure Costs 

Closure Costs (350 !, Q s 200,000 mt/yr) Cost($)= 9,806 + 0.19 Q 

1 
· Q = Annual quantity of waste managed (mt/yr) 

• The dewatered sludge (Case A) has a specific gravity of 1.03, while wastes with 
greater than 10 percent solids (Case B) have a specific gravity of 1.25; 

• The Case A mixing ratio for fixation is 0.05: 0.50: 1.00 (water: cement: waste) 
by weight. The mixing ratio assumes that the stabilized waste quantity is 
approximately equal to 9% of the initial sludge amount prior to being dewatered 
to a sludge consisting of 60% solids and specific gravity of 1.56; and 

• The Case B mixing ratio for fixation is 0.05 : 0.70: 1.00 (water: cement: waste) 
by weight. The mixing ratio assumes that the stabilized waste quantity is equal to 
100% of the initial sludge amount with a solids content of 35% and sludge 
specific gravity of 1.25. 

Performance Assumptions 

The following performance goals were assumed for stabilization: 

• The subsequent leaching of hazardous constituents from land disposal of a 
stabilized waste is reduced by approximately two orders of magnitude; and 
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• The amount of solidified waste disposed of in a landfill is 1.55 (Case A) and 1.75 
(Case B) times the quantity, on a weight basis, of the waste generated. 

Closure Costs 

Cost equations for closure of the stabilization tanks and associated equipment are listed in Exhibit 
D-2 and include the following components: 

• Decontamination of tank interiors, pumps, and lines; 
• Management and off-site disposal of decontamination residuals as hazardous 

waste; 
• Testing rinsate to demonstrate tanks and equipment are successfully 

decontaminated; and 
• Certification of closure by a professional engineer. 

On-site Subtitle C Landfill 

Initial Capital Costs and Assumptions 

The landfill design assumes a 20-year operating life with one new ceH opened per year (20 cells 
for 20-year operating life). The following assumptions were used in the development of the initial capital 
cost equation for landfill operations in Exhibit D-3: ' 

• Land, which includes 5 meters between cells, 15 meters between the cells and the edge of 
the active area, and a 46-meter buffer around the 20 cell area; 

• Site preparation, which includes clearing the 20-cell area and the 21 meters around the 20-
cell area of vegetation; 

• Gravel roads within the active area; 

• A 50-foot x 35-foot concrete pad for unloading waste and truck cleaning; 

• ·warning, stop, and directional signs; 

• A maintenance building for equipment repair; 

• · Utilities site work that includes the installation of electricity, a septic system, a domestic 
well, a gas line to propane tank, and a telephone at the site; 

• An earthen berm around the 20-cell active area for surface water control; 

• A package leachate treatment system; 
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EXHIBIT D-3 . 

COST EQUATIONS FOR ON-SITE SUBTITLE C LANDFILLS 
PHASE IV WASTES (1995 $) 

Capital Costs (Q ~ 1,000 mt/yr) Cost($) = 83,378 + 23,422 Q0.s 

Annual Capital Costs (Q ~ 1,000 mt/yr) Cost($)= 3,137 Q0
·
64 

O&M Costs / Yr (Q ~ 1,000 mt/yr) Cost($)= 114,223 + 1,737 Q0.s 

Closure Costs (Q ~ 1,000 mt/yr) Cost($) = 1,829 Q0
·
57 

Post-Closure Costs/ Yr (Q ~ 1,000 mt/yr) Cost($)= 1,523 Q0
·
50 

Cover Replacement Costs/ Yr (Q :.:: 1,000 mt/yr) Cost($)= 3,502 Q059 

Note: Q = Annual quantity of waste managed (mt/yr) rang1ng from 1,000 to 150,000 
MT/yr. 

• A groundwater monitoring system that includes six upgradient wells (three shallow wells 
to provide a horizontal profile of groundwater composition and one cluster of three wells 
at different depths near one another to provide a vertical profile of groundwater 
composition) and a minimum of nine downgra<;lient wells (three three-well clusters with 
the wells in each cluster at different depths). For facilities with an active area side 
dimension greater than 300 ft, the unit would have the minimum three three-well cluster 
for the first 300 ft, plus one cluster of three wells for every additional 150 ft.; 

• Portable submersible pumps for cell' dewatering and leachate removal if sump pump fails; 

• Heavy equipment, which includes doze~, landfill compactors, scrapers, and utility trucks; 

• Construction of the first cell with the following containment system design in descending 
order starting with the layer closest to the waste: 

0.3 meter protective soil layer; 
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geotextile filter fabric; 

0.3 meter sand layer (LCS); 

30 mil HDPE liner; 

0.3 meter sand layer (LDS); 

30 mil HOPE liner; and 

. 0.91 meter clay layer; 

• Wet wells and pumps for the leachate collection system and the leachate detection system; 

• RCRA initial costs, which include the following items: 

ID number; 

waste analysis; 

waste analysis plan; 

inspection schedule; 

personnel training; 

alarm and spill equipment; 

arrangement with local land authority; 

contingency plan; 

operating record; 

groundwater monitoring plan; 

background groundwater monitoring; 

closure plan, closure cost estimate, post-closure plan, post-closure cost estimate; 

closure/post-closure financial assurance ( obtain mechanism - excludes payments 
to mechanism); 

liability insurance (obtain mechanism - excludes payments to mechanism); 

Part A permit application; and 

Part B permit application; and 

• Fees, which include construction quality assurance (CQA), engineering, construction and 
inspection, construction and field expenses, contractor's overhead _and profit, spare parts 
inventory, and contingency. 

Annual Capital Costs and Assumptions 

Annual capital costs include the construction of one new cell and closure (i.e., final cover) of the 
previously used cell each year for the operating life (i.e., 19 years). The following assumptions were used 
in the development of the annual capital cost equation for landfill operations in Exhibit D~3: 
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• Cell construction consisting of the same containment design as described in the initial 
capital cost assumptions; 

• Construction of each cell's cover with the following cover system design in ascending 
order starting with the layer closest to the waste: 

0.6 meter clay layer; 

30 mil PVC liner; 

0.3 meter sand layer; 

geotextile filter fabric; 

0.6 meter topsoil layer; and 

vegetation; and 

• Fees which include CQA, engineering, construction and inspection, contractor's overhead 
and profit, and contingency.· 

Operation and Maintenance Costs and Assumptions 

The following assumptions were used in the development of the O&M cost equation for landfill 
operations in Exhibit D-3: 

• Labor for personnel to operate-the landfill, which includes equipment operators, laborers, 
clerical, a technician, a manager, and an engineer; 

• RCRA administrative costs, which include the following items: 

review waste analysis and plan; 

conduct and record inspections; 

training program review for facility personnel; 

review contingency plan; 

maintain operating record; 

review closure/post-closure plan; 

update closure/post-closure cost estimate; 

review closure/post-closure financial assurance mechanism; 

review third party liability mechanism; 

review corrective action schedule; and 

permit renewal (Assumed the Part B permit is renewed every five years. 
Averaged the periodic costs out on an annual basis.); 
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• Maintenance labor and supplies; 

• Leachate treatment; 

• Groundwater monitoring semi-annually for the following parameters: pH; specific 
conductance; total organic carbon; total organic halogens; metals; and VOC's; and 

• Utilities, which include fuel for heavy equipment, electricity for maintenance building and 
pumps, and heat for maintenance building. 

Closure Costs and Assumptions 

The following assumptions were used in the development of the closure cost equation for landfill 
operations in Exhibit D-3: 

• Construction of the final cell's ( cell 20) cover consisting of the same cover design 
described in the annual capital cost assumptions; 

• Decontamination by steam cleaning of heavy equipment ( dozers, scrapers, compactors, 
and trucks). Assumed residuals generated at 100 gal/hr and managed off-site as a 
hazardous waste (transportation 100 miles one-way and commercial hazardous waste 
treatment); 

• Pumps and lines decontaminated with an alkaline solution. Assumed residuals generated 
at 500 gal/pump and managed off-site as a hazardous waste (transportation 100 miles. one
way and commercial hazardou~. waste treatment); 

• Certification of closure by an independent registered professional engineer; and 

• Fees, which include CQA, engineering, construction and inspection, contractor's overhead 
and profit, and contingency. 

Post-Closure Costs and Assumptions 

The following assumptions were used in the development of the post-closure and cover 
replacement cost equations for landfill operations in Exhibit D-3: 

• Survey plat indicating location and dimension of cells to permanently surveyed 
benchmarks; 

• Waste record submitted to local land authority; 

• Note added to property deed stating previous land use; 

• Final cover inspected semi_.annually; 

• Maintenance of final cover (i.e., mow semi-annually and fertilize annually); 
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• Reseed, fertilize, mulch, and water 1/6 of entire 20-cell area every five years; 

• Conduct routine erosion damage repair of cover and ditch every five years; 

• Exterminate for burrowing rodents every two years; 

• Replace the cover on the first five cells during the last five years of post-closure; 

• Leachate managed off-site as a hazardous waste (transportation 100 miles one-way and 
commercial hazardous waste treatment) for all landfill sizes; 

• Pumps replaced annually; 

• Groundwater monitoring semi-annually for the following parameters: pH; specific 
conductance; total organic carbon; total organic halogens; metals; and VOC's; 

• Certification of post-closure by an independent registered professional engineer; and 

• Fees, which include administration, CQA, engineering, construction inspection testing, 
construction and field expenses, contractor's overhead and profit on the cover replacement 
cost, and contingency. 

Disposal of Solid Materials in On-site Subtitle D Piles 

The waste pile disposal cost function includes land, a compacted soil base, and the costs of a 
dump truck to move the material to the pile . 

. EPA made the following assumptions in assembling these cost functions: 

• The purchase cost of land is $2500/acre (from CKD Monofill Model Cost Documentation, 
1995); 

• The unit does not require a formal liner, though it is assumed that it will need at least a 
foot of compacted soil as a base; 

• The cost of compacted soil is $0.2325/ft3 (from CKD Monofill Model Cost 
Documentation, 1995); 

• The unit must be sized for 20 years' accumulation of waste; 

• The necessary land area is determined by assuming the material is stored in a conical pile 
with a maximum height of 100 ft, where the height of the pile is 1/2 the radius and the 
volume of the pile is calculated using the following formula: V = l/31tr2h; · 

• The length of a side of the square plot for a single pile is the twice the radius plus a ten 
foot buffer zone around the edge of the pile to move equipment; therefore, the area of the 
pile is [2*(r+10)]2

; 

• The area of the square plot for multiple piles is calculated 1;>y assuming that the volume to 
be stored is equally divided by the number of piles, then adding the area of each 
individual pile with its buffer zone (to allow equipment to move between the piles); 
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• The density of solid materials is the same as crushed furnace slag (85 lb/ft3); 

• The cost of purchasing a 25 short ton capacity dump truck is $275,000 (vendor quote, 
1996); 

• The cost of renting a 25 short ton capacity dump truck is $775/day (from Means, 1995); 

• The fuel and maintenance cost of the truck is $18.85/hr (from Means, 1995); 

• The cost of labor to operate the truck is $22.80/hr (Engineering News Record,10/31/94, p. 
49); 

• It would take 1/2 hour to drive the dump truck to the waste pile, empty it, and return to 
the point of generation; 

• There is no cost associated with a conveying system at the waste pile; and 

• Below 50 mt/yr, facilities would not use a pile for disposal as it would be more 
economically attractive to send the material off-site for disposal, even for Subtitle C 

. treatment and disposal. 

The costs of disposing solid materials in on-site subtitle D piles are shown in Exhibit D-4. 

Disposal of Liquid Materials in Surface Impoundments (on-site Subtitle D) 

On-site disposal of liquids (for the no prior treatment baseline) poses some interesting problems, 
in that release of wastewater is regulated under the NPDES programs, which places limits on what 
"pollutants" can be released into the environment, including heat, turbidity, and percent solids, to name a 
few. Because EPA has assumed simple release of materials (for this baseline) under the RCRA program,. 
but some treatment or settling is required under the NPDES programs, EPA has assumed that a facility 
operator will "treat" liquid waste in surface impoundments, by adding reagent in a tank basin before the 
waste enters the surface impoundment. Further EPA has assumed that ~e facility will then hold the 
material in the surface impoundment for 15 days before release. Because, however, facility operators will 
have to treat these waste liquids to UTS levels in a tank system before release, EPA believes the cost of 
constructing the surface impoundment is a sunk cost, and should not be counted towards calculating the 
baseline cost. 1 

Equations were developed for the capital and O & M costs for on-site neutralization of acidic and 
caustic wastewaters subject to federal NPDES standards. The cost functions were developed by estimating 
the costs for different size facilities and curve fitting the results. These equations are presented in Exhibit 
D-5. Because the capital costs for acidic and caustic wastes are very close, EPA used the costs for acidic 
wastes for all waste streams in the cost model. The Agency based this decision on the assumption that the 
majority of corrosive mineral processing wastestreams were acidic rather than caustic. 

1EPA believes it is inappropriate to include sunk capital costs in the baseline, because the incremental costs of this rule 
· are calculated as the diffrence between the post rule costs and the baseline costs. If EPA included these non-recoverable costs in 
the baseline, the incremental cost of the rule would be understated. 
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Exhibit D-4 

Annual Disposal Cost of Solids in Waste Piles 

-- --- . ··- . ·--- . . .. .. 

Waste Quantities (mt/yr) 50 500 - 5,000 50,000 75,000 100,000 250,000 500,000 

Waste Quanlllv /ft'Uurl 1 297 12 968 129 682 1 296824 1945235 2 593647 6484118 12 968 235 

Total Unit Waste Quantilv llt31 25936 259 365 2 593647 25 936471 38 904 706 51872941 129 682 353 259364 706 

Unit Construction 

Number of Piles 1 1 1 7 10 13 31 62 

Radius of PIie 1111 47 89 180 202 205 207 210 210 

Heioht of Pile Ill\ 18 40 85 96 98 98 100 100 

Unit size 1lt2\ 8733 31772 130 272 1 142 363 1683210 2 223 596 5463850 10927 699 

Unit size /acres\ 0.20 1 3 26 39 51 125 251 

· Annualized Land l!tlvr\ $2500/acre 47 172 706 6188 9 118 12046 29 599 59198 

Unit base fcomnacted soil\ IS0.2325/lt3 192 697 2859 25070 36939 48798 119908 239 816 

I 

DumoTruck 

Number of trios • Annual 3 23 221 2205 3307 4410 11 023 22046 

Number of hours • annual 1.5 12 111 1103 1654 2 205 5512 11 023 

Annual Rental Cost $775/dav 2325 17825 . . . . . . 

Number of Orlolnal Trucks Needed ' 1 1 1 1 1 1 3 5 

Lifetime of Truckls\ 20 20 20 20 16 12 14 12 

Total Number of Trucks Needed 1 1 1 1 2 2 6 10 

Annualized Purchase cost $275000 . . 25957 25957 34915 37646 107762 188 224 

Annualized Labor Cost S22.80/hr 34 262 2519 25137 37700 50274 125 662 251 324 

Ann. Fuel and Maintenance Cost $18.85/hr 28 217 2083 20782 31168 41 564 103892 207784 

Total Annual Cosflt/ur\ 2 626 19173 34 124 103135 149841 190 329 486823 ,946345 

Unit Coat IS/mt\ 52.53 38.35 6.82 2.06 2.00 1.90 1.95 1.89 
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Exhibit D-5 
COST EQUATIONS FOR ON-SITE DISPOSAL OF WASTEWATERS 

(TO :MEET NPDES STANDARDS ONLY -1995 $) 

Capital Costs (350 ~ Q ~ 350,000 mt/yr)1Cost($) = 16,777 + 75.08 Q5 

O&M Costs I Yr (350 ~ Q ~ 350,000 mt/yr)Cost($) = -113,989 + 19,114 ln Q 

1 Q = Annual quantity of waste managed (mt/yr) 

D.3 Off-site Treatment and Disposal 

The cost of sending liquids off-site for treatment and disposal of residues is $175/mt, which 
includes a cost of $25/mt for transportation and a cost of $150/mt for treatment. The cost of sending solid 
waste off-site for treatment is $175/mt, which includes $25/mt for transportation, $88/mt for stabilization, 
and $35/mt for disposal (which is adjusted to $61/mt because stabilization increases the mass of waste to 
be disposed to 175 percent of the original mass). The price of off-site treatment ofliquids was taken from 
the September 1994 document Estimating Costs for the Economic Benefit of RCRA Noncompliance. The 
cost of off-site Subtitle D disposal is taken from the Technical Background Document: Data and Analyses 
Addressing the Costs of CKD Management Alternatives. The commercial price for stabilization is 
estimated at $88/mt, based on an $80/short ton difference between off-site landfill and stabilization 
($170/short ton) and off-site landfill alone ($90/short ton) reported in El Digest, November 1994. 

D.4 Storage of Solid Materials 

Storage of Solid Materials in Drums 

The drum storage cost function for solids includes the capital cost of the drums, labor to open and 
close drums, and labor to move the drums either manually (using a handtruck) or using a pallet truck. The 
drum(s) would be filled by placing them under a hopper or chute, and would then be closed by a laborer. 
The drum would be moved to a storage area within the same area of the facility either on a handtruck 
(using manual labor) or on a pallet truck. Later, the drum would be moved to the point of reentry and . 
opened. The normal feed handling equipment would be used to reinsert the material back into the process. 

The Agency made the following assu~ptions in assembling these cost functions: 
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• The capital cost of a carbon steel drum is $52 (from Non-RCRA Tanks, Containers, and 
Buildings, December 1996, p. 17. This price includes $2 per drum for freight); 

• 55 gallon drums have 50 gallons of usable capacity; 

• The density of solid materials is the same as crushed furnace slag (85 lb/ft3); 

• A laborer could close (or open) drums at the rate of 12 drums per hour; 

• A laborer could move a drum from the point of generation to the storage area (or back 
from the storage area to the point of reentry) using a handtruck at a rate of 8 drums per 
hour; 

• A laborer could move drums from point of generation to the storage area ( or back from 
the storage area to the point of reentry) using a pallet truck at a rate of 32 drums per hour; 

• The material to be stored is generated continuously, therefore, unless more than 90 drums 
are generated, the efficiencies of using a pallet truck would be lost and facilities would use 
manual labor to move drums rather than use the pallet truck; 

• The cost of unskilled labor is $19/hr (from CKD Monofill Model Cost Documentation, 
1995); 

• The cost of a small equipment operator is $24.60/hr (Engineering News Record, 10/31/94, 
p. 49); 

• The cost of a handtruck is $209, and the cost of a pallet truck is $3,020 (from Peters and 
Timmerhaus, 1990, updated to 1995 dollars); 

• The cost of fuel and maintenance for the pallet truck is $1.50/hr, which is estimated to be 
the same as the fuel and maintenance cost of a gasoline powered cart (from Means 
Building Construction Cost Data, 1995, p. 18); 

• Once a drum had been returned to the point of reentry it would be handled by the normal 
processing equipment, and would not incur any further "storage" costs; and 

• The upper limit of material being stored in drums is 200 mt/yr, because having more than 
200 druins would both be impractical and impose opportunity costs that have not been 
fully accounted for (there is likely to be both a practical limit on the floor space available 

· to store the drums, and a cost associated with using additional floor space). 

The costs of storing solid materials in drums are shown in Exhibit D-6. 
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Exhibit D-6 

Annual Storage Cost Assuming Quarterly Storage of Solids in Drums 

Waste Quantities (ml/vrl 

Waste Quantities (mt/atrl 

Waste Quantltv {aal/atrl 

0.5 

0.125 

24.25 

4 

1 

194.02 

10 

2.5 

485.04 

50 

12.5 

2425.22 

75 

18.75 

3637.83 

100 

25 

4850.44 

150 

37.5 

7275.67 

200 

50 

9700.89 

Purchase of Drums 

Number of Drums oer auarter 

Annualized Cost of Drums $52/drum 

1 

4.91 

4 

19.63 

10 

49.08 

49 

240.51 

73 

358.30 

98 

481.01 

146 

716.61 

195 

957.11 

Labor to Ooen/Cloae Drums 

Number of Hours oer vear 

Annual Labor Cost S19/hr 

0.67 

12.67 

2.67 

50.67 

6.67 

126.67 

32.67 

620.67 

48.67 

924.67 

65.33 

1241.33 

97.33 

1849.33 

130.00 

2470.00 

Move Drums 

Ann. Handtruck Caoltal. Cost 

Ann. oallet truck Cao. Cost 

Number of Hours - Annual 

Annual Labor Cost 

Annual Fuel and O & M Cost 

$209 

S3020 

see notes 

S1.50/hr 

19.73 

0.00 

1 

19 

0 

19.73 

0.00 

4 

76 

0 

19.73 

0.00 

10 

190 

0 

0.00 

285.06 

12.25 

301.35 

18.38 

0.00 

285.06 

18.25 

·445_95 

27.38 

0.00 

285.06 

24.5 

602.7 

36.75 

0.00 

285.06 

36.5 

897.9 

54.75 

0.00 

285.06 

48.75 

1199.25 

73.13 

Total Annual Cost ($/vr) 

Unit Cost IS/mt\ 

56.30 

112.60 

166.03 

41.51 

385.48 

38.55 

1465.96 

29.32 

2044.35 

27.26 

2646.85 

26.47 

3803.65 

25.36 

4984.55 

24.92 
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Storage of Solid Materials in Roll-off Containers 

The roll-off container storage cost function includes the capital cost of the containers, and the 
rental of a truck to move full roll-offs first to the storage area and then to the point of re-entry. It also 
includes labor, fuel, and maintenance to operate the truck. 

A roll-off container would be filled by parking it beneath a hopper or chute. It would then be 
driven across the site to a storage area by a truck designed to move roll-off containers. The container 
would be "rolled off' the truck and set on the ground. Later the container would be picked up by the truck 
and driven back across the site to the point of re-entry and the contents dumped into a pile beside the 
normal feed materials, where the material weuld be picked up by the normal feed handling equipment. 

The Agency made the following assumptions in assembling these cost functions: 

• The purchase price of a 20 yd3 roll-off container is $2670, a 30 yd3 container is $3,045 
and a 40 yd3 container is $3,510 (from Non-RCRA Tanks, Containers, and Buildings, 
December, 1996, p.27); 

• The cost of shipping is $320 per container, based on a shipping cost of $1.60 per mile and 
an assumed distance of 200 miles (from Non-RCRA Tanks, Containers, and Buildings, 
December, 1996, p.27); 

• The cost of a tarp is $425 (from Non-RCRA Tanks, Containers, and Buildings, 
December, 1996, p.25); 

• The density of solid materials is the same as crushed furnace slag (85 lb/ft3); 

• It would take 2 hours to move a roll-off container from the point of generation to the 
storage area (or back from the storage area to the point of reentry); 

• The roll-off truck must be rented in full day increments each time it is necessary to move 
a roll-off container; 

• The cost of renting the roll-off truck is $500/day or $4,500/month (based on a vendor 
quote of $4,500/month, and standard construction estimating practices that daily rental is 
a third of weekly rental, which is a third of monthly rental); 

• The cost of labor to operate the roll-off truck is $22.80/hr (Engineering News Record, 
10/31/94, p. 49); 

• The fuel and maintenance cost of the roll-off truck is $18.85/hr .(which is the fuel and 
maintenance cost of a 25 ton off-road dump truck from Means, 1995); and 

• Once the contents of a roll-off container had been emptied into a pile at the point of 
reentry they would be handleq by the normal processing equipment, and would not incur 
any further "storage" costs. 
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The costs of storing solid materials in roll-off containers are shown in Exhibit D-7. 

Storage of Solid Materials in Buildings 

The building storage cost function includes the capital cost of constructing a dome style building, 
such as those used by regional highway departments to store road chemicals. This cost function also 
includes rental of a dump truck to move material from the point of generation to the storage area and later 
to the point of re-entry, labor to operate the truck, truck fuel, and maintenance as well as the capital, 
operating, and maintenance costs of a front end loader to fill the truck at the storage building. The 
following is a brief description of how materials would be stored in buildings. 

The dump truck would be filled by parking it under a hopper or chute, and would then be driven 
across the site to a storage building where it would dump the material onto the pad outside the entrance to 
the building. The front end loader would then push the material into a pile in the dome. Later the material 
would be picked up by a front end loader and put back into the dump truck, be driven across the site to the 
point of re-entry and dumped into a pile beside the normal feed materials, where it would be picked up by 
the normal feed handling equipment. 

The Agency made the following assumptions in assembling these cost functions: 

• The capital cost of a building is based on the average price for dome buildings (see Tables 
14, 15, and 16 of Non-RCRA Tanks, Containers, and Buildings, December, I996, pp. 32-
33); 

• The capacity utilization of these buildings is assumed to be 80 percent, since a conveying 
system is not used; 

• The dome will be built on an asphalt base pad that is a square with sides equal in length 
to the diameter of the building plus 20 feet. 

• The cost of the asphalt pad is $6.50/yd2 (from Means Site Work 1994, p. 59 

• The density of solid materials is the same as crushed furnace slag (85 lb/ft3); 

• The cost of purchasing a 25 short ton capacity dump truck is $275,000. The expected 
lifetime of this equipment is 26,000 operating hours (vendor quote, 1996); 

• The fuel and maintenance cost of the truck is $18.85/hr (from Means, 1995); 

• The cost of labor to operate the truck is $22.80/hr (Engineering News Record, 10/31/94, 
p. 49); 

• It would take 1/2 hour to drive the dump truck to the building, empty it, and return to the 
point of generation; 

• It would take 1/2 hour to drive the truck back from the storage area to the point of reentry, 
and dump the contents on the ground; 
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Exhibit D-7 

Annual Storage Cost Assuming Quarterly Storage of Solids in Roll-Off Containers 

Waste Quantities /mVvrl 50 75 100 500 1 000 2 500 5000 7 500 

Waste Quantities /mVotrl 12.5 19 25 125 250 625 1 250 1 875 

Waste auantitv (vd3/atrl 12.0 18 24 120 240 600 1 201 1801 

PurchlH of Roll-off• 
Number ol 20 vd3 Roll-oHs 1 1 - - - -
Cost ol Roll-olls S2670/R-oH 2670 2670 - - - - -

Number ol 30 vd3 Roll-olls - - 1 - - - -
Cost ol Roll-oHs S3045/r-oll - - 3045 -

Number ol 30 vd3 Roll-olls - - - 4 7 16 31 46 

Cost ol Roll-olls ~%10/r-oll - - 14040 24 570 56160 108 810 161 460 

Taro "25each 425 425 425 1700 2975 6800 13 175 19 550 

Shlnninn S320Each 320 320 320 1 280 2 240 5120 9920 14720 

Annualized Cosl ol Roll-oHs 322 322 358 1607 2 811 6426 12 451 18475 

Roll-off Truck 

Number ol Trins - Annual 8 8 8 32 56 128 248 368 

Number ol Renlal days 8 8 32 56 128 248 
8 365 

Annual Renlal ol Roll-oH Truck 1S500/dav 4000 4000 4000 16000 28 000 

Annual Rental ol Roll-oH Truck 1S4500/mo 0 0 0 0 0 54000 54000 54000 

Number ol Hours - Annual 16 16 16 64 112 256 496 736 

Annual Labor Cost $22.80/hr 365 365 365 1 459 2 554 5837 11 309 16 781 

Ann.Fuel and Maintenance Cost $18.85/hr 302 302 302 1 206 2 111 4 826 9350 13874 

Total Annual Coat fS/vr) 4989 4 989 5024 20272 35476 71 088 87 109 103129 

Unit Coat (S/mtl 99.77 66.52 50.24 40.54 35.48 28.44 17.42 13.75 
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• The cost of renting a 7.5 yd3 capacity 375 hp front end loader is $1,400/day (from Means, 
1995); 

• The fuel and maintenance cost of the front end loader is $56.15/hr ( from Means, 199 5); 

• The cost of labor to operate the front end loader is $26.90/hr (Engineering News Record, 
10/31/94, p. 49); 

• The front end loader can move 20 shovelfuls per hour; 

• The front end loader must be rented for full days; and 

• Once the contents of the dump truck had been emptied into a pile at the point of reentry 
they would be handled by the normal processing equipment, and would not incur any 
further "storage" costs. 

The costs of storing solid materials in buildings are shown in Exhibit D-8. 

Storage of Solid Materials in RCRA Containment Buildings 

The RCRA containment building storage cost function is similar to the regular building cost 
functions, with two exceptions: 1) the RCRA building is assumed to be rectangular rather than round, and 
2) the building itself must meet the standards outlined in 40 CFR 264 Subpart DD. EPA used containment 
building costs from the Cost and Economic Impact Analysis of Land Disposal Restrictions for Newly 
Listed Wastes and Contaminated Debris (Phase I LDRs) Final Rule, EPA Office of Solid Waste, June 10, 
1992. The annualized capital cost listed on Page 3-17 of that document includes the capital cost of the 
building (annualized using a 3 percent social discount rate over 20 years) as well as an O & M cost 
( equivalent to 10 percent of the initial capital). Because EPA has used a 7 percent discount rate in other 
parts of this analysis, the Agency backed out the original capital costs and re-annualized them using a 
seven percent discount rate. The Agency then used these annualized costs in the building cost calculations 
to compute the cost of storage in RCRA containment buildings. 

The Agency made the following assumptions in assembling these cost functions: 

• The necessary building area is determined by assuming the material is stored in a conical 
pile with a maximum height of 18 ft, ( or for smaller piles the height of the pile is equal to 
the radius) where the volume of the pile is calculated using the following formula: V = 
l/31tr2h; 

• The· length of a side of the building is the twice the pile radius plus a ten foot buffer zone 
around the edge of the pile to move equipment; therefore, the area of the building is 
[2*(r+ 10)]2

; 
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Exhibit D-8 

Annual Storage Cost Assuming Quarterly Storage of Solids in Dome Buildings 

--·- s C 

Wasle Quanlllies lml/vrl 

Wasle Quanlilies lml/olrl 

· Wasle Ouanlilv lh3/olrl 

Waste Quantllv lvd3/otrl 

Unit Coat A 

1 380 

345 

8 948 

331 

B 

2048 

512 

13 279 

492 

C 

2660 

665 

17 248 

639 

D 

15800 

3 950 

102 449 

3794 

E 

17 952 

4 488 

116403 

4311 

F 
28 448 

7112 

184 460 

6 832 

G 

42072 

10 518 

272 800 

10104 

H 

50 764 

12 691 

329 160 

12 191 

CaoltalCoat 

Number ol Buildinos 

Diameter ol Buildino !hi 

size ol base oad lvd2l 

Asohall Pad 

Total Cost ol Buildlno 

Annualized Cost ol Buildina 

6.50/vd2 

1 

40 

400 

2600 

50500 

5 012 

1 

40 

400 

2600 

62500 

6145 

1 

50 

544 

3 539 

72000 

7130 

1 

100 

1 600 

10400 

121 000 

12 403 

1 

100 

1600 

10400 

134 000 

13630 

1 

124 

2304 

14 976 

190000 

19348 

1 

150 

3 211 

20 872 

343000 

34 346 

1 

150 

3 211 

20872 

381 500 

37 980 

DumoTruck 

Number ol trios • ouarter 

Number ol trios • annual 

Number ol hours • annual 

lifetime ol Truck 

Annualized Purchase cost 

Annual Labor Cost 

Ann. Fuel and Malnlenance Cost 

5275 000 

522.80/hr 

518.851hr 

32 

128 

64 

20 

25957 

1 459 

1206 

46 

184 

92 

20 

25957 

2098 

1734 

60 

240 

120 

20 

25957 

2 736 

2 262 

350 

1400 

700 

20 

25957 

15960 

13 195 

396 

1 584 

792 

20 

25957 

18058 

14 929 

628 

2 512 

1 256 

20 

25 957 

28 637 

23676 

928 

3 712 

1 856 

14 

36018 

42 317 

34 986 

1 120 

4 480 

2 240 

12 

37 793 

51072 

42 224 

Front End Loader 

Number ol Hours /annual\ 

Number ol Davs lannuall 

Annual Rental 

Annual Labor Cost 

Ann. Fuel and Maintenance Casi 

1$1 400/dav 

,526.90/hr 

5 56.151hr 

9 

4 

5600 

238 

496 

13 

4 

5600 

353 

736 

17 

4 

5600 

458 

957 

101 

12 

16800 

2 722 

5681 

115 

12 

16 800 

3093 

6 455 

182 

20 

28000 

4 901 

10230 

269 

28 

39 200 

7 248 

15129 

325 

36 

50400 

8 745 

18 254 

Total Annual Coat ttiurl 

Unit Coit (S/mtl 

39969 

28.96 

42623 

20.81 

45 100 

16.95 

92 718 

5.87 

98 922 

5.51 

140 748 

4.95 

209 243 

4.97 

246 468 

486 
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• If the volume to be stored exceeds 290,600 ft3, more than one building must be 
constructed; 

• The costs of the dump truck and front end loader are based on the same assumptions used 
in calculating the dome building cost function. 

The costs of storing solid material in RCRA containment buildings are shown in Exhibit D-9. 

Storage of Solid Materials in Lined Waste Piles (Assuming No Free Liquids) 

The waste pile storage cost function includes land, a liner base, a liner, liner protections, the 
costs of a dump truck to move the material to the storage site and back, and a front end loader to move the 
material at the pile. The following is a brief description of how solid materials would be stored in waste 
piles. 

A dump truck would be filled by parking it under a hopper or chute, and would then be driven 
across the site to a waste pile where it would dump the material (either on the lined site directly, or onto a 
conveyer system). The waste pile is lined with a foot of compacted soil under 3 feet of compacted clay. 
Later, the material is picked up by a front end loa~er, put back into the dump truck, driven across the site 
to the point of re-entry, and dumped into a pile beside the normal feed materials, where it would be picked 
up by the normal feed handling equipment. 

EPA made the following assumptions in assembling these cost functions: 

• The purchase cost of land is $2500/acre (from CKD Monofill Model Cost Documentation, 
1995); 

• The cost of compacted soil is $0.2325/ft3 (from CKD Monofill Model Cost 
Documentation, 1995); 

• The cost of compacted clay is $0.3667 /ft3 (from CKD Monofill Model Cost 
Documentation, l 995);The necessary land area is determined by assuming the material is 
stored in a conical pile with a maximum height of 100 ft. where the height of the pile is 
1/2 the radius and the volume of the pile is calculated using the following formula: V = 
l/3m2h; 

• The length of a side of the square plot for a single pile is the twice the radius plus a ten 
foot buffer zone around the edge of the pile to move equipment; therefore, the area of the 
pile is [2*(r+l0)]2

; 

• The area of the square plot for multiple piles is calculated by assuming that the volume to 
be stored is equally divided.by the number of piles, then adding the area of each 
individual pile with its buffer zone (to allow equipment to move between the piles); 
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Exhibit D-9 
Annual Storage Cost Assuming Quarterly Storage of Solids in RCRA Containment Buildings 

Waste Quantities Cmt/vr\ 

Waste Quantities (ml/air\ 

Waste Quanlilv Cft3/atr\ 

Waste Quanlilv Cvd3/otr\ 

Capital Cost 

Fixed heiaht oile 

Number of Buildinas 

Averaae sa ft of buildina 

Caoilal Cost of buildlna 

Maintenance cost of buildino 

Annuailzed Cost of Bulldina 

Dump Truck 

Number of trios - auarter 

Number of trios - annual 

Number of hours - annual 

Lifetime of Truck 

Annuailzed Purchase cost 

Annual Labor Cost 

Ann. Fuel and Maintenance Cost 

Front End Loader 

Number of Hours Iannual\ 

NumberofDavs(annual\ 

Annual Rental 

Annual Labor Cost 

Ann. Fuel and Maintenance Cost 

Total Annual Coat ($/vr\ 

Unit Coat (S/mt\ 

Uni . 

$275 000 

$22.80/hr 

$18.85/hr 

$1 400/dav 

$26.90/hr 

$ 56.15/hr 

135 

34 

875 

32 

0 

1 

1 509 

400 679 

40068 

77888 

4 

16 

8 

20 

25 957 

182 

151 

1 

4 

5600 

23 

49 

109 850 

813.71 

600 

150 

3 890 

144 

0 

1 

2 599 

514 305 

51 430 

99976 

14 

56 

28 

20 

25 957 

638 

528 

4 

4 

5 600 

103 

216 

133 018 

221.70 

2400 

600 

15 562 

576 

1 

1 

6 001 

777 438 

77744 

151 126 

54 

216 

108 

20 

25957 

2 462 

2036 

15 

4 

5 600 

413 

863 

188 458 

78.52 

8 245 42 130 

2 061 10 533 

53 462 273 176 

1 980 10 118 

1 1 

1 1 

16 005 68 000 

1375466 4 784 231 

137 547 478 423 

267 377 930 007 

182 930 

,728 3 720 

364 1 860 

20 14 

25 957 36 039 

8 299 42408 

6 861 35 061 

53 270 

8 28 

11 200 39 200 

1 420 7 258 

2 965 15 149 

324,080 1,105,121 

39.31 26.23 
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• The density of solid materials is the same as crushed furnace slag (85 lb/ft3); 
• The cost of purchasing a 25 short ton capacity dump truck is $275,000. The expected 

lifetime of this equipment is 26,000 operating hours (vendor quote, 1996); 
• The fuel and maintenance cost of the truck is $18.85/hr (from Means, 1995); 
• The cost of labor to operate the truck is $22.80/hr (Engineering News Record, 10/31/94, 

p. 49); 
• It would take 1/2 hour to drive the dump truck to the waste pile, empty it, and return to 

., the point of generation; 
There is no cost associated with a conveying system at the waste pile; 

• It would take 1/2 hour to drive the truck back from the storage area to the point of reentry, 
and dump the contents on the ground; 

• The cost of renting a 7 .5 yd3 capacity 375 hp front end loader is $1,400/day (from Means, 
1995); 

• The fuel and maintenance cost of the front end loader is $56.15/hr (from Means, 1995); 
• The cost of labor to operate the front end loader is $26.90/hr (Engineering News Record, 

10/31/94, p. 49); 
• The front end loader can move 20 shovelfuls per hour; 
• The front end loader must be rented for full days; and 
• Once the contents of the dump truck had been emptied into a pile at the point of reentry 

they would be handled by the normal processing equipment, and would not incur any 
further "storage" costs. 

The costs of storing solid materials with no free liquids in waste piles are shown in Exhibit 
D-10. 

Storage of Solid Materials in Unlined Waste Piles (with Groundwater Monitoring) 

The costs of storing materials in unlined waste piles are very similar to the costs of storing 
materials in lined waste piles, with two notable exceptions: The costs of the liner and liner protection are 
not used, and costs of groundwater monitoring have been added. (The, development of groundwater 
monitoring c9sts is described later in this Appendix.) One of the stipulations of using these units is that if 
monitoring reveals contamination, the facility is responsible for the costs of corrective action. However, 
even without adding the potential costs of corrective action, these costs of regular monitoring are higher 
than the costs of liners. Therefore, EPA considered this option to be economically inferior to storage in 
waste piles with liners, and did not attempt to add corrective action costs to the costs shown in Exhibit 
D-11. 
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Exhibit D-10 
Annual Storage Cost Assuming Quarterly Storage of Solids with No Free Liquids in Lined Waste Piles 

PIie - No Free Liquid 

Waste Quantities (mVvrl 

Waste Quantities (mt/Qlrl 

Waste Quantitv lft3/ntr) 

Waste Quantilv lvd3/atrl 

Unit Coat A 

500 

125 

3242 

120 

B 

5000 

1 250 

32421 

1 201 

C 

15000 

3750 

97 262 

3602 

D 

25000 

6250 

162103 

6004 

E 

40000 

10000 

259 365 

9606 

F 

70000 

17500 

453 888 

16811 

G 

90000 

22 500 

583 571 

21614 

H 
120000 

30000 

778 094 

28818 

Unit Construction 

Unit size 11121 

Annualized Land l!tlur\ 

Ann. Liner base lcomoacted soil\ 

Annualized Liner 13 It of clavl 

Ann. Liner Protection (cmnct. soUI 

$2500/acre 

S0.2325/113 

tn.3667/113 

S0.2325/ft3 

3218 

17 

71 

334 

71 

9825 

53 

216 

1 020 

216 

17987 

97 

395 

1 868 

395 

24 118 

131 

529 

2 504 

529 

31172 

172 

697 

3299 

697 

44 394 

240 

974 

4610 

974 

51 693 

280 

1134 

5368 

1 134 

61 619 

334 

1 352 

6398 

1 352 

OumoTruck 

Number of trios - auarter 

Number of trios - annual 

Number of hours - annual 

Number of Oriainal Trucks Needed 

Lifetime of Trucklsl 

Total Number of Trucks Needed 

Annualized Purchase cost 

Annualized Labor Cost 

Ann. Fuel and Maintenance Cost 

$275000 

S22.80/hr 

S18.85/hr 

12 

48 

24 

1 

20 

1 

25957 

547 

452 

112 

448 

224 

1 

20 

1 

25 957 

5107 

4 222 

332 

1328 

664 

1 

20 

1 

25 957 

15139 

12 516 

552 

2 208 

1104 

1 

20 

1 

25957 

25171 

20810 

882 

3528 

1 764 

1 

15 

2 

35 533 

40219 

33 251 

1 544 

6 176 

3088 

2 

17 

4 

68 529 

70406 

58 209 

1 986 

i 944 

3 972 

2 

13 

4 

73 324 

90 562 

74 872 

2646 

10584 

5 292 

2 

10 

4 

78 617 

120658 

99 754 

Front End Loader 

Number of Hours <annual\ 

Number of Davs {annual\ 

Annual Rental 

Annual Labor Cost 

Ann. Fuel and Maintenance Cost 

S1 400/dav 

S26.90/hr 

S56.15/hr 

3.20 

4 

5600 

86 

180 

32.02 

8 

11200 

861 

1 798 

96.06 

16 

22400 

2 584 

5 394 

160.10 

24 

33600 

4 307 

8990 

256.16 

36 

50400 

6 891 

14384 

44828 

60 

84000 

12059 

25 171 

576.37 

76 

106 400 

15 504 

32 363 

76849 

100 

140000 

20672 

43 151 

Total Annual Coat IS/vr\ 

Unit Coat IS/mt) 

33316 

66.63 

50651 

10.13 

86 745 

5.78 

122 529 

4.90 

185 543 

4.64 

325 173 

4.65 

400 942 

4.45 

512 289 

4 27 
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Exhibit D-11 
Annual Storage Cost Assuming Quarterly Storage of Solids in Unlined Waste Piles with Groundwater Monitoring 

------ - .. - ---
Wasla Quanlillas lmVvrl 

Waste Quantilie• lmVnlrl 

Wasle Quanlitv (h3/ntrl 

Wa&IA nu•nlllv lvd3/nlrl 

500 

125 

3242 

120 

5000 

1 250 

32 421 

1 201 

15 000 

3 750 

97262 

3602 

25 000 

6250 

162103 

6 nn.t 

40000 

10000 

259 365 

9606 

70000 

17 500 

453 888 

16611 

90000 

22 500 

563 571 

21 614 

120 000 

30 000 

778 094 

26616 

Unit Con1lrucllon 

Unit •izA rtt-,1 

Annuali•ed Land 1c1..r1 

1Jn;1 hoM •olll 

t?a;.IV\JacrA 

cn.232"'""' 

3218 

17 

71 

9625 

53 

216 

17 987 

97 

395 

24 116 

131 

529 

31 772 

172 

697 

44 394 

240 

974 

51 693 

260 

1 134 

61 619 

334 

1 352 

Groundwater Monllorlno 

Nu"""'r of Do'Mlorad;•n• WAIis 

I &nnu•li••d f'onilol f'nol 

Annual O & M f'ncl 

3 

8.722 

7 ?Al\ 

3 

6.722 

7290 

3 

11n2 

7290 

3 

6.722 

7 290 

3 

6 722 

7.290 

3 

6 722 

7 290 

3 

6 722 

7 290 

3 

6 722 

7 °'''' 

DumoTruck 

NumhAr of trlns • """.."r 

Number of trln• • annual 

Number of hours • annual 

Numha• of Orioinaf Trur•• N••"•d 

Lifallma of Truck{sl 

Total o.r...nho, of Trurh OJoono,< 

Annu•UzAd Purch••• met 

Annuall•-' Labor f'n•• 

Ann. "•-I •"" Malnt.,nanr.A r~., 

S275.Mn 

IC'>2.80/hr 

S18.85/hr 

12 

48 

24 

1 

20 

1 

25.957 

547 

452 

112 

446 

224 

1 

20 

1 

25957 

5.107 

4 222 

332 

1 328 

664 

1 

20 

1 

25 957 

15.139 

12 516 

552 

2 208 

1104 

1 

20 

1 

25 957 

25171 

20810 

862 

3528 

1 764 

1 

15 

2 

35 533 

40.219 

"-'>251 

1544 

6176 

3086 

2 

17 

4 

68 529 

70406 

56209 

1 966 

7 944 

3 972 

2 

13 

4 

73 324 

90562 

74 672 

2 fl4R 

10 564 

5 292 

2 

10 

4 

78617 

120 6SR 

99 754 

Front End Loader 

NumhAr of Hours tannuall 

NumberofDavA(annuall 

Annual Dontal 

Annual Labor f'ncl 

&nn <:uol on.< f'ncl 

151 400/dav 

1S26.9Mu 

IC<A.t<lh, 

320 

4 

5600 

86 

""' 

32.02 

8 

11200 

861 

1798 

!IA.OR 

111 

22 400 

2 5R4 

< <IOA 

160.10 

24 

33 600 

4 '>1\1 

.. QQI\ 

256 16 

36 

50 400 

6891 

14 384 

44826 

60 

84 000 

12059 

25 171 

576 37 

76 

106 400 

15 504 

32 ,. .... 

76649 

100 

140 000 

20672 

43151 

Total Annual Coat '~•ti 

UnltCn•• 1-• 

46923 

93.85 

63427 

12.69 

96495 

6.57 

133 508 

5 34 

195 560 

4.89 

333 601 

4.77 

408 452 

4.54 

518 551 

4.32 
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Storage of Solid Materials in Unlined, Unmonitored Waste Piles 

The costs of storing materials in unlined, unmonitored waste piles are similar to the costs of 
storing wastes in lined piles. The notable exception is the cost of the liner and liner protection. These 
costs are listed in Exhibit D-12. In addition, EPA developed the costs of just the operation and 
maintenance costs of storing materials in unlined, unmonitored units for baseline-option combinations that 
induce a change of storage units from land based to non-land based units (i.e., storing sludges in the prior 
treatment baseline and in RCRA containment buildings in Option 1). The O & ~ costs of storing 
materials in unlined, unmonitored piles are shown in Exhibit D-13. 

D.5 Storage of Liquid Materials 

Storage of Liquid Materials in Drums or Mobile Mini-Bulk Tanks 

Low volumes of liquid materials can be stored in either drums or mobile mini-bulk containers, 
which are small tanks that are designed to be moved by a pallet truck. The costs associated with storing 
liquid materials in drums are calculated in same manner as storing solid materials in drums, with the 
following exceptions: 

• Liquid materials are stored for 30 days, while solid materials are stored for 90 days. 
Therefore, fewer drums are required; 

• Because liquid materials are often corrosive, polyethylene drums and mini-bulk containers 
are used; 

• The density of liquid materials is the same as water (62.4 lb/ft3); 
• The capital cost of a 55-gallon polyethylene drum is $127 (from Non-RCRA Tanks, 

Containers, and Building, December 1996, p. 17. This price includes $2 per drum for 
freight); 

• The capital cost of a 220-gallon polyethylene mini-bulk tank is $285 (from Non-RCRA 
Tanks, Containers, and Building, December 1996, Appendix D); and 

• A laborer could move mini-bulks from point of generation to the storage area ( or back 
from the storage area to the point of reentry) using a pallet truck at a rate of 4 tanks per 
hour; 

The costs of storing liquid materials in drums and mobile mini-bulk tanks are shown in 
Exhibit D-14. 
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Exhibit D-12 
Annual Storage Cost Assuming Quarterly Storage of Solids in Unlined, Unmonitored Waste Piles 

Waste Quantities lmVvrl 

Waste Quantities lmVatrl 

Waste Quantitv lft3/atrl 

Waste Quantltv (vd3/atr) 

It Cost A 

500 

125 

3 242 

120 

B 

5 000 

1 250 

32 421 

1 201 

C 

15 000 

3750 

97 262 

3602 

D 

25 000 

6 250 

162 103 

6 004 

E 

40000 

10 000 

259 365 

9606 

F 

70 000 

17 500 

453 888 

16 811 

• G 

90 000 

22 500 

583 571 

21 614 

H 

120 000 

30 000 

778 094 

28 818 

Unit Construction 

Unit size {ft2l 

Annualized Land ISJvr) 

Unit base lcomoacted solll 

$2500/acre 

S0.2325/ft3 

3 218 

17 

71 

9 825 

53 

216 

17 987 

97 

395 

24 118 

131 

529 

31 772 

172 

697 

44 394 

240 

974 

51 693 

280 

1 134 

61 619 

334 

1 352 

DumoTruck 

Number of trios - auarter 

Number of trios - annual 

Number of hours - annual 

Number of Orlalnal Trucks Needed 

Lifetime of Trucklsl 

Total Number of Trucks Needed 

Annualized Purchase cost 

Annualized Labor Cost 

Ann. Fuel and Maintenance Cost 

$275 000 

S22.80/hr 

S18.85/hr 

12 

48 

24 

1 

20 

1 

25 957 

547 

452 

112 

448 

224 

1 

20 

1 

25 957 

5107 

4 222 

332 

1 328 

664 

1 

20 

1 

25 957 

15 139 

12 516 

552 

2 208 

1 104 

1 

20 

1 

25 957 

25171 

20810 

882 

3 528 

1 764 

1 

15 

2 

35 533 

40 219 

33 251 

1 544 

6176 

3 088 

2 

17 

4 

68 529 

70 406 

58 209 

1 986 

7 944 

3 972 

2 

13 

4 

73 324 

90 562 

74 872 

2 646 

10 584 

5 292 

2 

10 

4 

78 617 

120 658 

99 754 

Front End Loader 

Number of Hours (annual\ 

Number of Davs (annual\ 

Annual Rental 

Annual Labor Cost 

Ann. Fuel and Maintenance Cost 

$1 400/dav 

$26.90/hr 

$56.15/hr 

3.20 

4 

5 600 

86 

180 

32.02 

8 

11 200 

861 

1 798 

96.06 

16 

22 400 

2 584 

5 394 

160.10 

24 

33 600 

4 307 

8 990 

256.16 

36 

50400 

E 891 

14 384 

448.28 

60 

84000 

12 059 

25 171 

576.37 

76 

106 400 

15 504 

32 363 

768.49 

100 

140 000 

20 672 

43 151 

Total Annual Cost t~ur\ 

Unit Cost ($/mil 

32 911 

65.82 

49415 

9.88 

84 483 

5.63 

119 495 

4.78 

181 547 

4.54 

319 589 

4.57 

394 439 

4.38 

504 538 

4.20 

April 15, 1997 



Exhibit D-13 
Annual Storage Cost (0 & M only) Assuming Quarterly Storage of Solids in Unlined, Unmonitored Waste Piles 

lqulds Unit Cost A B C D E F G H 

Waste Quantities (mVvrl 500 5 000 15 000 25000 40 000 70 000 90 000 120 000 

Waste Quantities (ml/atrl t25 1 250 3750 6 250 10 000 17 500 22 500 30 000 

Waste Quentltv {ft3/atrl 3 242 32 421 97262 162 103 259 365 453 888 583 571 778 094 

Waste Quentltv lvd3/atrl 120 1 201 3602 6004 9 606 16 811 21 614 28 818 

Unit Construction 

Unit size (ft2l 3218 9 825 17 987 24 118 31 772 44 394 51 693 61 619 

Annuellzed Land IS/Vrl S2500/ecre 

Unit base lcomoected solll S0.2325m3 

DumoTruck 

Number of trios - ouarter 12 112 332 552 882 . 1 544 1 986 2 646 

Number of trios - annual 48 448 1 328 2 208 3 528 6176 7 944 10 584 

Number of hours - annual 24 224 664 1 104 1 764 3088 3 972 5 292 

Number of Orlalnal Trucks Needed 1 1 1 1 1 2 2 2 

Lifetime of Truck(sl 20 20 20 20 15 17 13 10 

Total Number of Trucks Needed 1 1 1 1 2 4 4 4 

Annuellzed Purchase cost S275 000 25 957 25 957 25 957 25957 35 533 68 529 73 324 78 617 

Annuellzed Labor Cost $22.80/hr 547 5107 15 139 25171 40 219 70406 90 562 120 658 

Ann. Fuel end Maintenance Cost $18.85/hr 452 4 222 12 516 20810 33 251 58 209 74 872 99 754 

Front End Loader 

Number of Hours (annual\ 3.20 32.02 96.06 160.10 256.16 448.28 576.37 768.49 

Number of Devs lennuell 4 8 16 24 36 60 76 100 

Annual Rental St 400/dev 5 600 11 200 22 400 33 600 50400 84 000 106 400 140 000 

Annual Labor Cost $26.90/hr 86 861 2 584 4 307 6 891 12 059 15 504 20 672 

Ann. Fuel and Maintenance Cost $56.15/hr 180 1 798 5 394 8 990 14 384 25 171 32 363 43 151 

Total Annual Cost (S/vrl 32"823 49 146 83 991 118 835 180 678 318 374 393 025 502 852 

Unit Coat IS/mt) 65.65 9.83 5.60 4.75 4.52 4.55 4.37 4.19 
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Exhibit D-14 
Annual Storage Cost Assuming 30 Day Storage of Liquids in Drum and Mini-Bulks 

- ~-- .--
Waste Quantities (rnt/vr\ 

Waste Quantities lrnt/mol 

Waste Quantitv taal/mo\ -

. 
0.5 

0.042 

11.01 

10 

0.833 

220.24 

50 

4.167 

1101.20 

75 

6.250 

1651.79 

100 

8.333 

2202.39 

150 

12.500 

3303.59 

200 

16.667 

4404.78 

250 

20.833 

5505.98 

Purchase of Drums 
Number of Drums 

Annualized Cost of Drums 

Number of 220-aallon Mini-bulks 

Cost of Mini-bulk 

Annualized Caoital Cost 

Si127/drum 

Si285/tank 

1 

127.00 

0 

0.00 

11.99 

. 5 

635.00 

0 

0.00 

59.94 

0 

0.00 

6 

1881.00 

177.55 

0 

0.00 

8 

2508.00 

236.73 

0 

0.00 

11 

3448.50 

325.50 

0 

0.00 

16 

5016.00 

473.46 

0 

0.00 

21 

6583.50 

621.42 

0 

0.00 

26 

8151.00 

769.37 

Labor to Open/Close Drums 
Number of Hours oer vear 

Annual Labor Cost $19/hr 

2 

38 

10 

190 

. 

-
. 
-

. 
-

-
-

-
-

-
-

Move Drums 

Ann. Handtruck Caoital. Cost 

Ann. Pallet Truck Cao. Cost 

Number of Hours - Annual 

Annual Labor Cost 

Ann. Fuel and Maintenance Cost 

$209 

$3020 

Si19/hr 

$1.5/hr 

19.73 

0 

1 

19 

0 

19.73 

0 

5 

95 

0 

0.00 

285 

12 

228 

18 

0.00 

285 

16 

304 

24 

0.00 

285 

22 

418 

33 

0.00 

285 

32 

608 

48 

0.00 

285 

42 

798 

63 

0.00 

285 

52 

988 

78 

Total Annual Cost ($/vr} 

Unit Cost ($/mt} 

88.72 

177.43 

364.67 

36.47 

708.61 

14.17 

849.79 

11.33 

1061.56 

10.62 

1414.52 

9.43 

1767.47 

8.84 

2120.43 

8.48 
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Storage of Liquid Materials in Tanks 
The tank storage cost function includes the capital cost of the tanks, as well as piping to move 

the liquids from the point of generation to the storage area and then back to the point of re-entry. Liquid 
materials would be piped from the point of generation to storage tanks. When these materials are going to 
be reused they would be piped back through the same pipes to the point of re-entry, where they would be 
handled by the nonnal feed dispersing equipment. 

The Agency made the following assumptions in assembling the tank storage cost function: 
• Liquids are stored for a maximum of 30 days; 
• The density of liquid materials is the same as water (62.4 lb/ft3); 
• Tank capital and O & M costs were developed following the method used by DPRA for 

the "Organic Dyes and Pigments Waste Listings," 1995, and include the minimal 
plumbing associated with the tank only; 

• For tanks with a capacity of or less than 25,000 gallons, the base capital cost was updated 
using the price of a single walled vertical tank (from Non-RCRA Tanks, Containers, and 
Building, December 1996, p. 22.) 

• For tanks greater than 25,000 gallons EPA used the cost from the "Organic Dyes and 
Pigments Waste Listings document" (these costs were adjusted to use the correct discount 
rate and retention time); 

• The distance from the point of generation to the storage tank, and from the storage tank 
back to the point of reentry are a function of the amount of material to be stored. Small 
volumes of liquid material to be stored do not require additional piping, while large 
volumes of material to be stored will need to be piped to storage areas further away; 

• There is no cost associated with pumping the material to and from the tank; and 
• Once the liquid has been returned to the point of reentry it will be handled by the nonnal 

processing equipment, and would not incur any further ''.storage" costs. 

The costs of storing liquid materials in tanks are shown in Exhibit D-15. 

Storage of Liquid Materials in RCRA Tanks 

The RCRA storage tank cost function is similar to the regular storage tank cost functions, with 
the exception that the tank must have secondary containment, and be inspected daily. (See 40 CFR 264 
Subpart J.) EPA assumed double walled tanks to meet the secondary containment requirement. EPA used 
the prices from Non-RCRA Tanks, Containers, and Building, December 1996, p. 22 for tanks with a 
capacity of 25,000 gallons or less, and vendor quotes for large field erected double walled tanks. 
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Exhibit D-15 
Annual Storage Cost Assuming 30 Day Storage of Liquids in Tanks 

Waste Quantities Cmt/vr) 

Waste Quantitv (qal/vr\ 

Waste Quantitv Caal/mo) 

Waste Flow rate CaaVdav) 

Purchase of Tanks 
Number of Tanks 

Cao. Cost of Double Walled Tanks 

Freiaht and Installation 

Indirect Caoital 

Annualized Cost of Tanks 

AnnualO& M 

Pioina 
Lenqth of additional oioe 1ft) 

Pioinq - Annualized Capital 

Pioina - Annual O & M 

Total Annual Cost ($/vr) 

Unit Cost ($/mt) 

45.4 

12 000 

1.000 

.33 

1 
' 1 246 

374 

518 

202 

141 

-
-
-

343 

7.55 

227.0 

60 000 

5000 

167 

1 

3466 

1.040 

1 442 

561 

393 

-
-
-

954 

4.20 

1 135.1 

300 000 

25000 

833 

1 

9405 

2 822 

3 912 

1 523 

1 065 

-
-
-

2,589 

2.28 

22 702.6 

6 000 000 

500 000 

16667 

1 

9 318 

6 515 

500 

425 

1 000 

17,258 

0.76 

90 810.4 181 620.7 

24 000 000 48 000 000 

2 000 000 4 000 000 

66 667 133 333 

1 1 

23 897 40604 

16 710 28 392 

1 000 1 000 

821 821 

1 000 1 000 

42,428 70,817 

0.47 0.39 
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EPA also assumed that it would take a skilled laborer ($39.50/hr, from CKD Monofill Model 
Cost Documentation, 1995) a half hour per day to inspect a tank and file any necessary paperwork. The 
cost of storage in RCRA storage tanks are shown in Exhibit D-16. 

Storage of Liquid Materials in Lined Surface Impoundments 

The surface impoundment storage cost function includes the capital cost of land, site 
preparation, a liner, and piping of liquids to the surface impoundment. Liquid materials would be piped 
from the point of generation to the surface impoundment. When these materials are going to be reused 
they would be piped back through the same pipes to the point of reentry, where they would be handled by 
the normal feed equipment. 

The Agency made the following assumptions in assembling the surface impoundment storage 
cost function: 

• Liquid materials are stored for a maximum of 30 days; 
• The density of liquid materials is the same as water (62.4 lb/ft3); 
• The purchase cost of land is $2500/acre (from CKD Monofill Model Cost Documentation, 

1995); 
• The cost of excavation is $0.1077/ft3 (from CKD Monofill Model Cost Documentation, 

1995); The cost of a 40 mil HDPE geomembrane liner is 0.5602/ft2 (from CKD Monofill 
Model Cost Documentation, 1995); 

• The area of the surface impoundment is calculated using the formulas described in section 
D.7; 

• The distance from the point of generation to the surface impoundment, and from the 
surface impoundment back to the point of reentry, are a function of the amount of material 
to be stored, but the minimum distance is 500 feet. Larger quantities of material to be 
stored will need to be piped 1000 feet away; 

• There is no cost associated with pumping the material to and from the surface 
impoundment; and 

• . Once the liquid has been returned to the point of reentry it will be handled by the normal 
processing equipment, and would not incur any further "storage" costs. 

April 15, 1997 



. Exhibit D-16 
Annual Storage Cost Assuming 30 Day Storage of Liquids in RCRA Tanks 

Waste Quantities (mt/vr) 

Waste Quantitv (aal/vr) 

Waste Quantitv (aal/mo\ 

Waste Flow rate (aal/dav) 

45.4 

12 000 

1.000 

33 

227.0 

60000 

5000 

167 

1 135.1 

300 000 

25000 

833 

5 221.6 

1380000 

115 000 

3833 

21 340.4 

5 640 000 

470 000 

15 667 

52 261.4 

13 812 000 

1 151 000 

38 367 

184 390.4 

48 732 000 

4 061 000 

135 367 

Purchase of Tanks 
Number of Tanks 

Cao. Cost of Double Walled Tanks 

Freiaht and Installation 

Indirect Capital 

Annualized Cost of Tanks 

AnnualO& M 

Annual lnsoection Cost (Labor) 

32% of can 

$39.5/hr 

1 

1.619 

486 

674 

262 

183 

7209 

1 

6 164 

1 849 

2 564 

998 

698 

7 209 

1 

17 417 

5225 

7 245 

2 821 

1 973 

7209 

1 

110000 

33 000 

45 760 

17 817 

12 458 

7209 

1 

200 000 

60 000 

83 200 

32 395 

22 651 

7 209 

1 

350 000 

105 000 

145 600 

56 691 

39 640 

7209 

1 

900 000 

270 000 

374 400 

145 776 

101 930 

7 209 

Plplna 
Lenath of additional oioe (ft) 

Pioina - Annualized Caoital 

Pioina - Annual O & M 

-
-
-

-

-
-

-
-
-

1 000 

821 

1 000 

1 000 

821 

1 000 

1 000 

821 

1 000 

1 000 

821 

1 000 

Total Annual Cost lS/yr) 

Unit Cost ($/mt) 
I 
, 

446 

9.81 

1,697 

7.47 

4,794 

4.22 

32,096 

6.15 

56,867 

2.66 

98,151 

1.88 

249,528 

1.35 

April I 5, 1997 
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The costs of storing liquid materials in lined surface impoundments are shown in Exhibit D-17. 

Storage of Liquid Materials in Unlined Surface Impoundments with Groundwater 
Monitoring 

The costs of storing materials in unlined surface impoundments are very similar to the costs of 
storing materials in lined surface impoundments, with two notable exceptions: The cost of the liner is not 
used, and costs of groundwater monitoring have been added. (The development of groundwater 
monitoring costs are described later in this Appendix.) One of the stipulations of using these units is that 
if monitoring reveals contamination, the facility is responsible for the costs of corrective action. However, 
even without adding the potential costs of corrective action, these costs of regular monitoring are higher 
than the costs of liners. Therefore, EPA considered this option to be economically inferior to storage in 
surface impoundments with liners, and did not attempt to add corrective action costs to the costs shown in 
Exhibit!)-! 8. 

Storage of Liquid Materials in Unlined, Unmonitored ~urface Impoundments 

The costs of storing materials in unlined, unmonitored surface impoundments are similar to the 
costs of storing wastes in lined surface impoundments. The notable exception is the cost of the liner. The 
costs of storing liquid materials in unlined surface impoundments without groundwater monitoring are 
shown in Exhibit D-19. -In addition, EPA developed the costs ofjust the operation and maintenance costs 
of storing materials in unlined. unmonitored units for baseline-option combinations that induce a change 
of storage units from land based to non-land based units (i.e., storing by-products in the prior treatment 
baseline and in RCRA tanks in Option 1). The O & M costs of storing materials in unlined, unmonitored 
surface impoundments are shown in Exhibit D-20. 

D.6 Curve Fit Cost Functions 

The Agency plotted and curve fit each set of cost results (from Exhibits D-4, and D-6 through 
D-20) to transform the costs into cost functions. Exhibit D-21 presents these curve fit storage and disposal 
cost functions, along with the range for which these cost equations are valid. EPA determined the break
even points between the relevant storage methods for each Baseline or Option. Exhibit D-21 also presents 
the optimum management ranges allowed under each baseline and option. Cells in this exhibit which have 
been blacked out under a particular option or baseline are unallowable management methods. Finally, 
Exhibits D-22 through D-38 present graphs of the individual cost for our sample waste generation rates 
along with the resulting curve fit cost functions. 

April 15, 1997 



Exhibit D-17 
Annual :stora2e Lost Assumm ~ uuartert' ~ :stora2e 01 :souas m untmea. unmomtored waste l'lles 

Waste Quantities (mVvr) 

Waste Quantities (mVmo) 

Waste Quantitv lft3/mo) 

Waste Quantity Caal/mo) 

Waste Quantitv Caal/dav) 

500 

42 

1 472 

11 012 

367 

5 000 

417 

14 721 

110 120 

3 671 

25 000 

2 083 

73 604 

550 598 

18 353 

50 000 

4167 

147 209 

1 101 196 

36 707 

100 000 

0 333 

294 418 

2 202 392 

7~1413 

200 000 

16 667 

588 835 

4 404 784 

146 826 

1000000 

83 333 

2 944 177 

22 023 919 

734 131 

2 000 000 

166 667 

5 888 355 

44 047 837 

1 468 261 

Unit Construction 
Unit size Cft2) 

Unit size (acres) 

Annualized Land IS/vr\ 
Annualized Excavation 

Ann. Liner (40 mil aeomembrane) 

$2500/acre 

$0.17077/ft3 

S0.5602/ft2 

4 061 

0.09 

22 

24 
215 

6410 

0.15 

35 

237 

339 

15 688 

0.36 

85 

1186 

830 

26 478 

0.61 

143 

2 373 

1 400 

47.192 

1.08 

256 

4 746 

2 495 

87 314 

2.00 

473 

9 491 

4 617 

395 890 

9.09 

2145 

47 457 

20 934 

774 557 

17.78 

4 196 

94 914 

40956 

Material Handling 
Distance to Unit (ft) 

Pioina - annualized caoital 

Pioina - annual O & M 

500 

425 

1 000 

500 

425 

1,000 

500 

425 

1 000 

500 

425 

1 000 

1 000 

821 

1 000 

1 000 

904 

1 000 

1 000 

1 120 

1 000 

1 000 

1 390 

1 000 

Total Annual Cost (S/vr) 

Unit Cost fS/mtl 

1,685 

3.37 

2,036 

0.41 

3,526 

0.14 

5,341 

0.11 

9,318 

0.09 

16,485 

0.08 

72,655 

0.07 

142,457 

0.07 

April 15, 1997 



Exhibit D-18 
Annual Storage Cost Assuming 30 Day Storage of Liquids in Unlined Surface Impoundments with Groundwater Monitoring 

• Surface lmpoundment 
Waste Quantities (mVvr) 

Waste Quantities lmVmo) 

Waste Quantitv Cft3/mo\ 

Waste Quantitv Caal/mo) 

Waste Quantitv Caal/davl 

Unit Cost A 
500 

42 

1 472 

11 012 

367 

B 
5000 

417 

14 721 

110 120 

3671 

C 
25 000 

2 083 

73 604 

550 598 

18 353 

D 
50000 

4,167 

147 209 

1 101 196 

36 707 

E · 
100 000 

8 333 

294 418 

2 202 392 

73413 

F 
500 000 

41 667 

1 472 089 

11 011 959 

367 065 

G 
1 000 000 

83 333 

2 944 177 

22 023.919 

734 131 

H 
2 000 000 

166 667 

5 888 355 

44 047 837 

1 468 261 

Unit Construction 
Unit size (ft2) 

Unit size (acres) 

Annualized Land CS/vrl 

Annualized Excavation 

$2500/acre 

S0.17077/ft3 

4.061 

0.09 

22 

24 

6410 

0.15 

35 

237 

15 688 

0.36 

85 

1 186 

26478 

0.61 

143 

2 373 

47 192 

1.08 

256 

4 746 

204 364 

4.69 

1107 

23 729 

395.890 

9.09 

2 145 

47457 

774 557 

17.78 

4196 

94 914 

Groundwater Monitoring 
Number of Downaradient Wells 

Annualized Caoital Cost 

Annual O & M Cost 

3 

6 722 

7290 

3 

6 722 

7 290 

3 

6 722 

7290 

3 

6 722 

7 290 

4 

7 840 

8 760 

7 

11 193 

13 170 

10 

14 545 

17 580 

13 

17 898 

21 990 

Material Handling 
Distance to Unit (ft) 

Pioina - annualized caoital 

Pioina - annual O & M 

500 

425 

1.000 

500 

425 

1 000 

500 

425 

1 000 

500 

425 

1 000 

1 000 

821 

1 000 

1 000 

985 

1 000 

1 000 

1 120 

1 000 

1 000 

1 390 

1 000 

Total Annual Cost ($/vr) 

Unit Cost IS/mt) 

15,483 

30.97 

15,709 

3.14 

16,709 

0.67 

17,954 

0.36 

23,423 

0.23 

51,183 

0.10 

83,847 

0.08 

141,388 

0.07 

April 15, 1997 



Exhibit D-19 
Annual Storage Cost Assuming 30 Day Storage of Liquids in Unlined, Unmonitored Surface Impoundments 

Surface lmooundment 
Waste Quantities (mt/vr) 

Waste Quantities (mt/mo) 

Waste Quantitv Cft3/mol 

Waste Quantitv Caal/mo) 

Waste Quantitv (aal/dav) 

Unit Cost A 
500 

42 

1 472 

11 012 

367 

B 
5000 

417 

14 721 

110 120 

3 671 

C 
25000 

2083 

73.604 

550 598 

18 353 

D 
50000 

4167 

147 209 

1 101 196 

36707 

E 
100 000 

8333 

294 418 

2 202 392 

73413 

F 
500 000 

41 667 

1472089 

11 011 959 

367 065 

1.000 000 

83 333 

2 944 177 

22 023 919 

734 131 

2 000 000 

166 667 

5 888 355 

44047 837 

1 468 261 

Unit Construction 
Unit size Cft2l 

Unit size (acres) 

Annualized Land ($/vrl 

Annualized Excavation 

~2500/acre 
$0.17077/ft3 

4 061 

0.09 

22 

24 

6 410 

0.15 

35 

237 

15 688 

0.36. 

85 

1 186 

26.478 

0.61 

143 

2 373 

47192 

1.08 

256 

4 746 

204 364 

4.69 

1 107 

23 729 

395 890 

9.09 

2 145 

47 457 

774 557 

17.78 

4 196 

94 914 

Material Handlina 
Distance to Unit 1ft) 

Pioina - annualized caoital 

Pioino - annual O & M 

500 

425 

1 000 

500 

425 

1 000 

500 

425 

1 000 

500 

425 

1 000 

1 000 

821 

1 000 

1,000 

985 

1 000 

1 000 

1 120 

1 000 

1 000 

1 390 

1 000 

Total Annual Cost (S/vr) 

Unit Cost lS/mtl 

1,470 

2.94 

1,697 

0.34 

2,696 

0.11 

3,941 

0.08 

6,823 

0.07 

26,820 

0.05 

51,722 

0.05 

101,500 

0.05 

April 15, 1997 



Exhibit D-20 
Annual Storage Cost (0 & M only) Assuming 30 Day Storage of Liquids in Unlined, Unmonitored Waste Piles 

dment Unit Cost A B C D E F G H 
Waste Quantities (mt/vrl 500 5000 25000 50000 100 000 500 000 1000000 2 000 000 

Waste Quantities (mt/mol ·42 417 2 083 4167 8 333 41 667 83 333 166 667 

Waste Quantitv (ft3/mo) 1 472 14 721 73604 147 209 294 418 1 472 089 2 944 177 5 888 355 

Waste Quantitv taal/mol 11 012 110 120 550 598 1.101196 2 202 392 11.011 959 22 023 919 44047 837 

Waste Quantitv ( aal/dav) 367 3 671 18 353 36 707 73 413 367 065 734 131 1.468 261 

Unit Construction 
Unit size lft2) 4061 6 410 15 688 26 478 47192 204 364 395 890 774 557 

Unit size (acres) 0.09 0.15 0.36 0.61 1.08 4.69 9.09 17.78 

Annualized Land ($/vr> $2500/acre 

Annualized Excavation $0.17077/ft3 

Material Handling 
Distance to Unit lftl 500 500 500 500 1 000 1 000 1.000 1 000 

Pioina - annualized caoital 

Pioina - annual O & M 1 000 1 000 1 000 1.000 1 JOO 1 000 1,000 1 000 

Total Annual Cost ($/vr) 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Unit Cost IS/mt) 2.00 0.20 0.04 0.02 0.01 0.00 0.00 0.00 

April 15, 1997 



Exhibit D-21 

Dlsposal SI y = 0.025x + 1491.4 i500 - 2000000 

April 15, 1997 



Exhbit D-22 
Storage of Solids in Drums 

250,000 

200,000 -1---------1---------1--------t---------t•-:,-------I------~ 

y = 2E·05x2 + 3.~395x + 35800 
2A = o.h93 

150,000 

s.... 
s 

100,000 

50,000 

10,000 20,000 30,000 40,000 50,000 60,000 

Waste Quantity (mt/yr) 

April I 5, 1997 



Exhibit D-23 
Storage of Solids in Roll-off 

---------------------- --•"7"120,000 --------- --------- -- --------· --------

•
100,0DO i-----

~ 'I •-•O OOZZx1 + Z9.Z7: X + 4140.9
1t•. o••••• ~ 

10,000 

~ 

I0,000I 
_; 
0 

/ 
V 

/ 
u 

40,000 
•✓ 

/
Z0,000 

/ 
0 1000 2000 3000 4000 HOO IOOO 7000 8000 

W••t• Quantity (mUyr) 

April 15, 1997 



· Exhibit D-24 
Storage of Solids in Dome Buildings 

250,000 ... 

200,000 

y = 2E-osx2 + 3.~395x + 35800 
2R =0.~993 

150,000 

~ 
§ 

100,000 ·t-------+--------..11~+-------+--------t-------;-------1 

50,000 

10,000 20,000 30,000 40,000 50,000 60,000 

Waste Quantity (mt/yr) 

April 15, 1997 
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Exhibit D-28 

I00,000 

Stora1e of Solids in Unlined Pile (0 & M only) 

100,000 

'C' 

i 
1i 
0 
() 

400,000 

300,000 

200,000 

100,000 

20,000 40,000 I0,000 

Waat• QuanUty (mt/yr) 

I0,000 100,000 120,000 
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Exhibit D-31 

Storage of Liquids in RCRA Tanks 

250,000 -.---.........---y---~---·-···--,----•·•~-----·,-·---···-··-

··:.:· 

YI= -4E-oox2 t2.0665x ii 6953.8 
Ff-0.9917 

200,000 I . • . · I , , · · I I I I t.,.-:: I I I I 

100,000 I I I I V I I I I I I 

·$-
B 

100,000 I I . I A I I I I I I I I 

50,000 

20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000 

Waste Quantity (mt/yr) 

April 15, 1997 



Exhibit D-32 

Storage of Liquids in Lined Impoundments 

111,000 --
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Exhibit D-33 

Stora&e of Liquids in Unlined Impoundments 
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D.7 Costs Associated with Groundwater Monitoring 

Background and Requirements 

Several options allow for storage of high volume material in land based units prior to reclamation, 
if several conditions are met. One of these conditions includes a groundwater monitoring requirement if 
unlined piles or surf ace impoundments are being used. The minimum requirements for establishing a 
ground water monitoring program include: 

At least three downgradient and one upgradient ground water monitoring wells, 
6 test borings (4 of which are converted into the wells), and 
Sampling to indicate if hazardous contaminants are migrating out of the unit. 

. The specific costs associated with groundwater monitoring include the following. 

Capital and Initial Costs 

Installation of wells·: $5,600 I well (2 inch diameter, 50 feet deep) 
Facility monitoring equipment: $5,500 I facility 
Administrative time · $15,360 I facility 

- engineering study 
- soil borings 
- report preparation 
- sampling and analysis plan 

Establish Background Concentrations: $600 I facility 
$6240/ well 

Assess groundwater quality: $1,860 / facility 
Report Results: $540 I facility 
TOTAL FACILITY CAPITAL COST $1 l,840(N+l) + $23,860 

Operating and Annual Costs 

Administrative Costs: $930 I facility 
·_ Evaluate groundwater elevation 
- Report results 

Sampling and Analysis: $480 I facility 
$1,470 I well 

TOTAL FACILITY OPERATING COST $1,470(N+l) + $1,410 

where N is the number of groundwater monitoring wells. 
While the minimum number of wells is four (three down gradient and one up gradient), the 

Agency assumed that more downgradient wells may be necessary for large units. The procedure for 
determining the number of downgradient wells (N) is presented below. If N is calculated to be less than 
three, N is assumed to be three. 
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Number ofGround Water Monitoring Wells for Waste Piles 

The waste is assumed to be stored in a conical pile. The number of downgradient wells (N) will be 
half the perimeter (P) of the waste management area divided by 150 ft. The waste management area is a 
circle surrounding the waste pile, with a radius of 30 feet plus the radius of the actual pile. Therefore, 
there will be one well every 150 feet around the 10 foot downgradient buffer of the pile, or 

p
N----

2xl50 
where 

P = 21t(r+30) 

where r can be determined from the volume of the pile (V) 

1tr 2h
V=--

3 

If we assume h = r, this fonnula becomes: 

1tr3 
V=-

3 

Solving for r, 

Therefore, the number of downgradient wells, by substitution is: 

N= 
150 

Where V is in ft'. 
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Number ofGroundwater Moni/Qring Wells for Surface lmpoundment 

Shape of surface impoundment as follows: 

e•·-··----··-~':1--Tj. T 
: ~ wL 
I 

________________ ~: 
( 

_1._ 
L, ____7 

8 ft 

r 1 
"---.--7 J_ 

T 
The number of wells (N) will be the half of the perimeter (P) of the waste management area, divided by 
150 feet That is, one well every 150 feet on the downgradient half of the perimeter of the 10 foot buffer 
zone surrounding the unit 

p
N 

2x150 

where 

P=2(L+20)+2(W+20) 

The length and width of the unit can be determined from the volume. The volume of the unit in cubic feet 
can be calculated by breaking the unit into the center rectangular (swimming pool shaped) section, the four 
triangular (prism) shaped sides, and the four comer sections, or 

·V=V+V+Vr S C 

Assuming a depth of 8 ft, and a side slope of 2.5 horizontally for every vertical foot (resulting in the 
outside 20 feet of the unit being part of the triangular sides), the volume of the center section (Vr) is 

Vr={L-40)x{W-40)x8 

The volume of the sides is calculated: 

Finally, the volume of the comers is calculated by putting all four comers together to form a four sided 
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pyramid, with diagonals of 40 ft. and sides of 2o/i. . Therefore, V c is: 

V _20{2.x20{2.x8 
C 3 

Therefore, 

V=(L-40)x(W-40)x8+( 2x ~ x20x8x(W-40)) •( 2x!x20x8x(L-40)) + 
2o.fi~o./2xB 

By assuming L = 2W, this equation can be rewritten, 

V=16W2-480W-9387 

Or, using the quadratic fonnuia, 

w 4so_J(-4so)2+4(16X9387 +V) 
2(16) 

Therefore, substituting this back into the number of wells equation, 

3.J4so_J(-4so)2+4(16X9387 +V)) +40 
N=L+W+40 _ 3W+40 _ \ 2(16) 

150 150 150 
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TYPE OF UNIT RECEIVING RECYCLED 
MATERIAL 

Sector and Wastestream 
Alumina & Aluminum 

Casthouse Dust 
Electrolysis 

Antimony 
Autoclave Filtrate 

Stripped Analytic Solids 

Beryllium 
Chip treatment wastewater 

Bismuth 
Spent Caustic Soda 

Electrolyte Slimes 
Spent Soda Solution 

Waste Acids 

Cadmium 
Caustic Wastewater 

Copper and land sulfate filter cakes 

Copper removal filter cake 

Spent leach solution 

Lead sulfate waste 

Scrubber wastewater 

Zinc Precipitates 

Calcium 
Dust with quicklime 

Recycling 
Status 

Y? 
Y? 

Y? 

y 

YS? 

Y? 

Y? 
Y? 

YS? 

Y? 

Y? 

Y? 

Y? 

Y? 

Y? 

Y? 

y 

Heviu :speCJaJ zu 
Processing Unit/ 

Beneficiation Unit/ 
Processing Unit/ 

Both/Neither 

Process unit 
Process unit 

Process unit 

Process unit 

Process unit 

Process unit 

Process unit 
Process unit 

Process Unit 

Process Unit 

Process Unit 

Process Unit 

Both 

Process Unit 

Both 

Process Unit 

Beneficiation Unit 

APPENDIXE 

Notes 

Close to final unit 
Appears to be mainly recycled to 
unit generating it 

'water reuse (may require 
treatment) 
Goes back to leach circuit (may be 
in-process material) 

Water reuse (may require treatment: 
generated at facilities without 
beneficiation Unit) 

Generated near end of processing, 
may require treatment 
Recoverable products 
Generated new and of processing 
may require treatment 
Acid reuse, many parts of process 
used acid (mav reauire treatment) 

Reuse for caustic value; may 
require treatment 
These would likely be sent to 
processing operations in copper and 
lead sectors for metal recovery 
Would likely be sent to processing 
operations in copper and lead 
sectors for recovery 
Reuse for acid value, may require 
treatment 
Would likely be sent to processing 
operations in lead sector 
Reuse for water/acid value, may 
require treatment 
Would likely be sent to processing 
ooerations in zinc sector 

Dust may be recycled to mixer and 
briauettes orior to retortin2 
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Sector and Wastestream 
~ 

Acid Plant Slowdown 

WWfPSludge 

Coal Gas 
MEE concentrate 

Elemental PhosJ2horous 
AFMRinsate 

Furnace Scrubber Slowdown 
Furnace Buildin2 Washdown 

Auorspar 
Off-snec fluosilicic acid 

Germanium 
Waste acid wash and rinse water 

Chlorinator wet air pollution control 
sludge 
Spent acid/leachate 

Lead 
Acid plant sludge 
Slurried APC dust 

Solid residues 
Spent furnace brick 
Stockpiled miscellaneous plant waste 
WWfP liquid effluent 
WWfP sludszes/solids 

Magnesium 
Cast House Dust 
Smut 

Mercury 
Dust 

Onench Water 
Molybdenum 

Aue Dust/gases 

Platinym Qroyp Metali 
Slall 

Recycling 
Status 

YS 

YS 

YS 

y 

y 
y 

YS 

YS? 

YS? 

YS? 

Y? 
y 

Y? 
y 

YS? 
y 
y 

y 
N 

N 

Y? 

N 

Y? 

JSeVUJ :Speolll .w 
Procugng Unit/ 

Beneficiation Unit/ 
Procugng Unit/ 

Both/Neither 

Both 

Process unit 

Process unit (gasifier) 

Both 

Both 
Both 

Off-site 

Process unit 

Process unit 

Process unit 

Beneficiation Unit 
Beneficiation Unit 

Beneficiation Unit 
Bevill Proc. Unit 
Bevill Proc. Unit 
Beneficiation Unit 
Beneficiation Unit 

Process unit 
Notrl';CVcled 

Not recycled 

Beneficiation Unit 

Neither 

Process Unit 

Notes 

Usually separated - liquids to 
beneficiation processes, solids to 
smelter (may be treated before 
separation) 
Appears to go to flush furnace or 
filter plant 

Either recycled to gasifier or sent to 
incinerator 

Water is usually recycled in process 
after furnace, but sometimes to 
calcining unit (special waste unit) 

Water fluoridation 

Recycled for acid and/or water 
reuse within processing steps 
Recycled to chlorinator for further 
removal of Ge 
Recycled to leaching unit for reuse 
as leaching agent to remove Ge 
from zinc sintering fumes 

Recycled to sintering machine 
Recycled to sintering machine 
(sinter feed preposition step) 
Recycled to sintering machine 
Recycled to blast furnace 
Recycled to blast furnace 
Recycled to sintering machine 
Recvcled to sinterin11: machine 

Close to final unit 
Low l!I'3.de Na/Ca/Mil sludl!'e 

Dust usually recycled for metal 
value - because of Hg low boiling 
point likely will not contain metal 
Recycled to CIL circuit 

No evidence that it could be 
recycled~ text states it is not 
recycled and appendix says not 
recyclable 

Recvcled to electric furnace 
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Sector and Wastestream 
Pyrobitumens, et al. 

Waste catalysts 

Rare Earths 
Electrolytic 1:ell caustic wet APC 
sludge 

Process wastewater 
Spent scrubber liquor 
Solvent extraction crud 
Wastewater from caustic cost APC 

Rhenium 
Spent barren scrubber liquor 

Scandium 
Spent ~!vents from solvent extraction 

ISelenium 
Spent filter cake 
Plant Process wastewater 

Slag 
Tellurium slime wastes 

Synthetic Rutile 
Spent Iron Oxide Slurry 

APC dust/sludge 
Soent acid solution 

Tellurium 
Slag 

Wastewater 

Titanium and Ti02 
Piclcle liquor washwater 
Scrap milling scrubber water 

Smut from Mg recovery 

Leach liquor and sponge wash 

Spent furnace impoundment liquids 

Recycling 
Status 

Y? 

y 

YS? 
YS? 
N 

YS? 

Y? 

Y? 

Y? 
YS? 

YS? 
Y? 

YS? 

y 
y 

YS? 

y 

YS? 
YS? 

y 

YS? 

Y? 

HeViJJ lU 
Processing Unit/ 

Beneficiation Unit/ 
Processing Unit/ 

Both/Neither 

Process/Off-site 

Process Unit 

Beneficiation Unit 
Beneficiation Unit 
Not Recycled 
Beneficiation Unit 

Both 

Process Unit 

Process Unit 
Both 

Process Unit 
Process Unit 

Process Unit/off-site 

Process Unit 
Process Unit 

Process Unit 

Process Unit 

Process Unit 
Process Unit 

Process Unit 

Process Unit 

Process Unit 

Notes 

Either reused in cracking operation 
or sent off-site for reclamation 

Aqueous streams can be used in 
numerous leaching, washing, and 
other operations 

Water-reuse, both beneficiation. 
and Processinu units on-site 

Probably recycled directly to 
process (may require treatm~nt) or 
sent off-site to solvent recoverv 

Recovery of other precious metals 
Water/acid reuse (may require 
treatment) 
Copper Smelting 
Tellurium Recoverv 

Would be recycled for iron value, 
possibly at iron facilities 
Recycled to process, pass roaster 
R..,..,cled to dhrester 

May be returned to copper anode 
for further processing 
Sent to selenium recovery (which is 
orocessin2 ooeration) 

Recycled to acid piclcling step 
Recycled to Ti scrap washing step 
after treatment to remove oil and 
grease and suspended solids 
·Recycled to reduction reactor in 
Knoll process 

Either reused after treatment as dust 
suppressant on needs, or recycled to 
acid leaching step 
May be recycled to the finishing 
step in the chloride-ilmenite process 
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Sector and Wastestream 
Tantalum, Columbium, FeCb 

Process Wastewater 

Tungsten 
Spent acid and rinsewater 

Process wastewater 
Uranium 

Waste nitric acid rinse from UOs prod 

Slag 
Uranium chips from ingot prod 

Zinc 
Acid plant blowdown 
Waste ferrosilicon 
Process wastewater 

Spent cloths, bags, and filters 

Spent goethite and leach cake residues 
Spent surface impoundment liquids 
WWTPsolids 
TCA tower blowdown 
WWTP liquid effluent 

zjrconium and Hafnil:!m 
Leaching rinsewater from Zr alloy 
prod. 
Leaching rinsewater from Zr metal __,.a 

Recycling 
Status 

Y? 

YS? 

YS? 

YS? 

y 

Y? 

y 

Y? 
Y? 

y 

N 
YS? 
YS 
YS 
YS? 

YS? 

YS? 

E-4 

Bevill Speaat .w 
Procmng Unit/ 

Beneficiation Unit/ 
Procmng Unit/ 

Both/Neither 

Process Unit 

Both 

Both 

Process Unit 

Process Unit 
Process Unit 

Process Unit 
Process Unit 
Process Unit 

. 
Neither/off-site 

Process Unit 
Process Unit 
Bevill process 
Process Unit 
Process Unit 

Process Unit 

Process Unit 

Notes 

Water Reuse - may require 
treatment - only processing on-site 

Water and acid reuse - may require 
(to be getting) treatment - some 
facilities 
Water reuse, see above 

May require treatment, possible 
reuse in yellowcake and dissolution 
other acid uses 

. Recycled to process 
May be recycled to reduction 
furnaces 

Recycled to hot tower 
Sold off-site 
Recycled to process units (e.g., 
casting) 
Bags/filters recycled to 
manufacturer 
Not recycled in our opinion 
To various process units 

~ Recycled to zinc ore roaster 
Recycled to zinc acid plant 
To various process units 

Water reuse 

Water reuse 
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EXPLANATION OF COST MODELING CALCULATIONS APPENDIXF 

This appendix describes the cost modeling assumptions and procedure used by EPA in developing 
cost estimates supporting the proposed RCRA Phase N Land Disposal Restrictions (LDR) cost and 
economic impact analyses for mineral processing wastes. In general, the cost modeling was performed by 
manipulating the input data to determine portions of material sent to treatment and disposal, as well as 
storage prior to recycling. These portions of material were then used to determine the average facility and 
total sector costs associated with treatment and disposal, and storage prior to recycling for each baseline 
and option considered. The costs attributable to this rule were calculated by subtracting the cost of the 
baseline from the cost of each regulatory option. Appendix G presents.a detailed example of the cost 
model calculations for the titanium and titanium dioxide sector. 

Determine Portion of Waste Stream Considered to Be Hazardous 

To account for the uncertainty in the data caused by the lack of documented information on both waste 
characteristics and recyclability, EPA developed a range consisting of minimum, expected, and maximum 
estimates of waste volumes potentially affected by the various options. Then EPA weighted these volume 
estimates for each waste stream to account for the degree of certainty in whether the particular waste stream 
exhibited one or more of the RCRA hazardous waste characteristics. 

As shown below in Exhibit F-1, EPA used a matrix to account for the uncertainty in waste 
characterization. Each waste stream was assigned_ a multiplier in each costing scenario (i.e., minimum, 
expected, and maximum) based on the whether the waste stream was known to be hazardous (Y) or only 
suspected to be hazardous (Y?). Therefore, in the expected value case, if a waste stream was only 
suspected to be hazardous, only half of it was counted in the analysis and the rest was assumed to be non
hazardous. In the minimum value scenario, the stream would drop out of the analysis, and in the 
maximum value case the entire stream would be counted as if it was known to be hazardous. 

Exhibit F-1 
Portion of Waste Stream Considered to Be Hazardous (Percent) 

Hazard Cbaracteristic(s) 
Costing Scenario y Y? 

Minimum 100 0 
Expected 100 50 

M~Tiffllln'I 1M 1()0 

where: 

Y means that EPA has data demonstrating that the waste exhibits one or more of the RCRA 
hazardous waste characteristics; and 
Y? means that EPA, based on professional judgment, believes that the waste may exhibit one or 
more of the RCRA hazardous waste characteristics. 

Determine Portion of Waste Stream Sent to Treatment and Disposal and the Amount Recycled 

EPA also used a set of matrices to divide the hazardous portion of each waste stream sent into a 
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component sent to treatment and disposal and a component stored prior to recycling. EPA used the tables 
in Exhibits F-2 and F-3 to determine each of these portions for the appropriate baseline or option. For 
example, in the modified prior treatment baseline, 15 percent of the hazardous portion of a waste believed 
to be fully recyclable (Y?) is assumed to be sent to treatment and disposal while 85 percent of the 
hazardous portion is assumed to require storage prior to recycling. 

ExbibitF-2 
Prooortions ofWaste Streams Treated andDis;posedCm percent) 

Percent Recycled 
Baseline or Option 

Affected 
Material y 

Certainty of Recycling 
Y? YS YS? N 

Prior Treatment SUBP 0 15 25 80 100 
Prior Treatment SM " V 25 35 85 100 
Modified Prior Treatment All 0 15 25 80 100 
No Prior Treatment All 0 100 60 100 100 

Option 1 from PT 
Bevill 
Non-Bevill 

100 
30 

100 

65 

100 
100 

. 100 . 

100 
100 
100 

Option 2 from PT 
Bevill 
Non-Bevill 

100 
0 

100 
25 

100 
35 

100 
85 

100 
100 

Option 3 from PT All 0 25 35 85 100 
Option 4 from PT All 0 15 25 80 100 

Option 1 from MPT 
Bevill 
Non-Bevill 

100 
30 

100 
65 

100 
100 

100 
100 

100 
100 

Option 2 from MPT 
Bevill 
Non-Bevill 

100 
0 

100 
25 

100 
·35 

100 
85 

100 
100 

Option 3 from MPT All 0 25 35 85 100 
Option 4 from MPT All 0 15 25 80 100 

Option 1 -from NPT 
Bevill 
Non-Bevill 

100 
20 

100 
100 

100 
90 

100 
100 

100 
100 

Option 2 from NPT 
Bevill 
Non-Bevill 

100 
0 

100 
30 

100 

40 

100 
85 

100 
100 

Option 3 from NPT All 0 30 40 85 100 
Ontinn 4 frnm NP'f All 0 15 '" RO rnn 

Notes: 
Y means that EPA has information indicating that the waste stream is fully recycled. 
Y? means that EPA, based on professional judgment, believes that the waste stream could be fully recycled. 
YS means that EPA has information indicating that a portion of the waste stream is fully recycled. 
YS? means that EPA, based on professional judgment, believes that a portion of the waste stream could be 
fully recycled. 
Bevill means that secondary materials are recycled through beneficiation or Bevill process units 
Non-Bevill means that secondary materials are not recycled through beneficiation or Bevill process units 
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Exhibii F-3 
Prooortions o fWaste streams Stored Priorto Recvclin2 (m oercent) 

Percent Recycled 
Baseline or Option 

Affected 
Material y 

Certainty of Recycling 

Y? YS YS? N 
Prior Treatment SUBP 100 85 75 20 0 
Prior Treatment SM 100 75 65 15 0 
Modified Prior Treatment All 100 85 75 20 0 
No Prior Treatment All 100 0 40 0 0 

Option 1 from PT 
Bevill 
Non-Bevill 

0 
70 

0 

35 
0 
0 

0 
0 

0 
0 

Option 2 from PT 
Bevill 

Non-Bevill 
0 

100 
0 
75 

0 
65 

0 

15 
0 
0 

Option 3 from PT All 100 75 65 15 0 
Option 4 from PT All 100 85 75 20 0 

Option 1 from MPT 
Bevill 
Non-Bevill 

0 
70 

0 
35 

0 
0 

0 
0 

0 
0 

Option 2 from MPT 
Bevill 
Non-Bevill 

0 
100 

0 
75 

0 
65 

0 
15 

0 
0 

Option 3 from MPT All 100 75 65 15 0 
Option 4 from MPT All 100 85 75 20 0 

Option 1 from NPT 
Bevill 
Non-Bevill 

0 
80 

0 
0 

0 
10 

0 
0 

0 
0 

Option 2 from NPT 
Bevill 
Non-Bevill 

0 
100 

0 
70 

0 
60 

0 
15 

0 
0 

Option 3 from NPT All 100 70 60 15 0 
Onrinn 4 frnm NP'T' All 1nn 2.C:: 7" ,.,n 0 

Notes: 
Y means that EPA has information indicating that the waste stream is fully recycled. 
Y? means that EPA, based on professional judgment, believes that the waste stream could be fully recycled. 
YS means that EPA has information indicating that a portion of the waste stream is fully recycled. 
YS? means that EPA, based on professional judgment, believes that a portion of the waste stream could be 
fully recycled. 
Bevill means that secondary materials are recycled through beneficiation or Bevill process units 
Non-Bevill means that secondary materials are not recycled through beneficiation or Bevill process units 

Calculate Treatment Cost 

"Model facility" generation rates of each type of waste sent to treatment (i.e., wastewaters, wastes 
with 1 to 10 percent solids, and wastes with more than 10 percent solids) were computed in each sector by 
summing the total sector quantities of each waste type sent to treatment and dividing by the maximum 
number of affected facilities in each costing scenario. These data can be found in the input data tables of 
the Cost Model Appendix (bound separately). These "model facili~" generation rates of each type of 
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waste were used to first determine whether wastes would be treated on- or off-site and then to determine 
the cost associated with their being sent to treatment. EPA assumed that the most efficient means of 
treating a number of waste streams was to commingle these streams and build a single treatment facility 
on-site. This treatment system would sequentially treat each type of waste by first neutralizing liquid 
streams (wastewaters and wastes with 1 to 10 percent solids), precipitating the metals in these liquid 
streams, dewatering the residue from precipitation, stabilizing both the residue from dewatering and any 
solid wastes, and disposing of the stabilized mass. As indicated, each step in the process would generate a 
residue requiring further treatment or disposal. Therefore, EPA calculated the total quantity requiring 
neutralization and precipitation (100 percent of the liquid streams), the quantity being dewatered (15 
percent of liquid streams), the quantity being stabilized (2.25 percent of liquid streams plus 100 percent of 
solid streams), and the quantity being disposed (3.49 percent of liquid streams, and 175 percent of solid 
streams). If the quantity requiring neutralization was below 350 mt/yr, EPA assumed that this waste would 
be sent off-site for treatment If the quantity requiring stabilization was below 870 mt/yr, EPA assumed 
this waste would be sent off-site for treatment and disposal. 

EPA then·applied these estimated quantities to the treatment and disposal costing functions 
described in Appendix E to estimate "model facility" treatment costs for each baseline and option. The 
model facility cost was then multiplied by the maximum number of affected facilities in each sector, to 
determine the total sector cost 

Calculate Recycling Costs 

Recycling costs are specific to each waste stream, based on the assumption that it is important not 
to commingle materials prior to reclamation._ Quantities of individual streams destined for recovery were 
therefore not totaled. 

EPA assumed that the only costs associated with recycling wastes are the costs of constructing and 
operating storage units. For each waste stream, EPA used the quantity of each waste stream that is 
recycled to calculate storage costs for the three baselines and three options. EPA then multiplied the 
average facility recycling cost by the number of facilities generating that waste stream to calculate the total 
sector cost for each waste stream. The total sector costs were then added for each waste stream to 
determine the total sector recycling cost in each baseline and post-rule option. EPA then calculated the 
incremental total sector storage costs by subtracting the total sector baseline recycling storage costs from 
the total sector post-rule option recycling storage costs. 

Calculate Total Sector Costs and Impacts 

Finally, EPA calculated the total sector costs by adding the total sector incremental treatment costs 
to the total sector incremental recycling costs. EPA divided this total sector cost by the number of 
facilities to determine the average facility cost EPA then divided the total sector costs by the value of 
shipments (and multiplied by 100) to determine the percentage impacts in each sector. 
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MINERAL PROCESSING COST MODEL E~MPLE CALCULATION: 
TITANIUM AND TITANIUM DIOXIDE SECTOR APPENDIX G 

This appendix presents a stepwise example of how the mineral processing cost model calcluates 
the cost of this rulemaking for Option 3 assuming the Modified Prior Treatment baseline for the sector 
producing titanium and titanium dioxide. 1 The intennediate quantities and cost results presented in this 
appendix are calculated using the same methodology as used by the cost model. These quantities and 
results differ slightly from those found in the cost model printouts due to rounding. 

The appendix is divided into five sections, each of which describes one important facet of the data 
or calculations used in the cost model. The first section reviews the input data required for cost 
calculations. The second section shows how the input data are manipulated for use in later cost 
calculations. The third section presents calculations of treatment costs. The fourth section presents 
calculations of storage costs. Finally, in the fifth section, the incremental treatment and storage costs are 
combined, along with recordkeeping costs, to obtain the total incremental sector cost. 

G.l. Review of Input Data 

This section reviews the five types of input data used to calculate the cost of this rulemaking to the 
titanium and titanium dioxide mineral processing sector: 

1. Waste stream generation rates; 
2. Hazardous characteristics; 
3. Certainty of recycling; 
4. Physical form (i.e. wastewater, waste with 1 to 10 percent solids; solid); and 
5. Regulatory classification (i.e. by-product, spent material, sludge). 

These data are used to calculated sector costs as described in later sections of this appendix. 

G.1~1 Waste Stream Generation Rate and Number of Waste-Producing Facilities 

The titanium and titanium dioxide mineral processing sector generates eight waste streams. 
Exhibit G-1 shows the number of waste producing facilities and the total sector waste stream generation 
rates for each of these eight waste streams. The number of facilities generating each waste stream varies, 
ranging froin one facility producing scrap milling scrubber water to seven facilities generating waste water 
treatment plant (WWTP) sludges or solids. EPA obtained data on the generation rate for two of the eight 
streams (spent surface impoundment solids and WWTP sludges or solids). For the six waste streams for 
which data were unavailable, EPA estimated a minimum generation rate, an expected generation rate, and 
a maximum generation rate. 

1 For the purpose of simplicity, this section only describes calculations for the Modified Prior Treatment 
baseline and Option 3. Calculations for all of the other baselines and options follow the same pattern as described below. 

. . 
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Exhibit G-1 
Waste Stream Generation Rates 

Estimated or Reported Generation 
Titanium Number of (mt/yr)

Waste Stream Facilities 
Minimum Expected Maximum 

Pickle Liquor and Wash Water 3 2,200 2,700 3,200 
Scrap Milling Scrubber Water I 4,000 5,000 6,000 
Smut from Mg Recovery 2 100 22,000 45,000 
Leach Liquor and Sponge Wash Water 2 380:000 480,000 580,000 
Spent Surface Impoundment Liquids 7 630 3,400 6,700 

Spent Surface Impoundment Solids 7 36,000 36,000 36,000 
Waste Acids (Sulfate Process) 2 200 39,000 77,000 
WWTP Sludges/Solids 7 420,000 420,000 420,000 

G.1.2 Hazardous Characteristics 

Each waste stream in the data set is known or suspected to be hazardous for at least one of the four 
hazardous characteristics: 

• Toxicity (i.e., containing on or more of the eight TC Metals); 
• Corrosivity; 
• Ignitability; and 
• Reactivity. 

Exhibit G-2 summarizes the status of each of the eight waste streams for the four hazardous 
characteristic categories, as well as each stream's overall hazard certainty. Four of the waste streams in the 
sector are known to be hazardous for at least one of the characteristics, as indicated in the far right column 
by a "Y" (yes) overall hazard certainty classification. The other four streams in the sector are only 
suspected to be hazardous and are assigned a "Y?" hazard certainty classification in the far right column. 
For example, leach liquor and sponge wash water is known to be hazardous because it is corrosive, even 
though the stream is only suspected to be hazardous for chromium and lead, and is not believed to be 
ignitable or reactive. 

ExhibitG-2 
Hazardous Characteristics 

Titanium TC Metals Overall
Corr Ignit Rctv Haz?Waste Stream As Ba Cd Cr Pb Hg Se Ag 

Pickle Liquor and Wash Water Y? Y? Y? Y? N? N? Y? 
Scrap Milling Scrubber Water Y? Y? Y? Y? N? N? N? Y? 

y ySmut from Mg Recovery N? N? 
y yLeach Liquor and Sponge Wash Water Y? Y? N? N? 

Spent Surface Impoundment Liquids Y? Y? N? N? N? Y? 

Spent Surface lmpoundment Solids Y? Y? N? N? N? Y? 
y y y y y N yWaste Acids (Sulfate Process) N 

yWWTP Sludges/Solids y N N N 

Y =Known to be hazardous, Y? =suspected to be hazardous 
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G.1.3 Recycling Status, RCRA Waste Type, and Waste Treatment Type 

Exhibit G-3 depicts the recycling status, RCRA waste type, and physical form of each of the waste 
streams in the titanium sector. Of the eight waste streams in the sector, none are assigned a "Y" (yes) in 
Exhibit G-3 because none are known to be fully recycled. Two are believed to be fully recycled (Y?). 
None are assigned a "YS" (yes sometimes) because none are known to be partially recycled, but three are 
believed to be partially recycled (YS?). Three are assigned "N" (no) because they are known not to be 
recycled at all (N). Of the five streams that are recycled in some capacity, three are spent materials, one is 
a by-product, and one is a sludge. Five of the waste streams in the sector are wastewaters, and three waste 
streams are solids. 

Exhibit G-3 
Recycling Status 

Titanium Recycling RCRA Physical 
Waste Stream Status Waste Type Form 

Pickle Liquor and Wash Water YS? Spent Mat'! Wastewater 

Scrap Milling Scrubber Water YS? Sludge Wastewater 

Smut from Mg Recovery Y? By-Product Solid 
Leach Liquor and Sponge Wash Water YS? SpentMat'l Wastewater 
Spent Surface lmpoundment Liquids Y? Spent Mat') Wastewater 

Spent Surface lmpoundment Solids N NA' Solid 
Waste Acids (Sulfate Process) N NA Wastewater 

WWTP Sludges/Solids N NA Solid 

G.2. Manipulation of Input Data 

This section shows how input data described in the previous section are manipulated so that 
treatment and storage costs can be calculated. The model combines uncertainty about hazard 
charatteristics with uncertainty in generation rates to create a bounded cost analysis, i.e., an expected value 
case with minimum and maximum value cases providing estimated lower- and upper-bound costs. This 
section of the appendix helps set the stage for later calculation of expected value costs, upper bound costs, 
and lower bound costs by calculating the quantity of each waste stream that must be treated and disposed 
versus recycled in the expected value case, the upper bound case, and the lower bound case. 

Manipulation of input data occurs in four steps which are listed here and described in detail later 
in this section: 

1) The estimated or reported generation rate for each of the eight waste streams (from Exhibit 
G- 1) is divided into a hazardous component and a non-hazardous component; 

2) The hazardous portion of each waste stream is divided into a component that is treated and 
disposed, and a component that is stored prior to recycling; 

3) "Model facility" totals are calculated for the treated and disposed waste; and 

4) Average facility quantities are calculated for waste stored prior to recycling. 
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There is a critical difference between "model facility" totals for treated and disposed waste and 
average facility quantities for waste stored prior to recycling. "Model facility" totals, which are used to 
model treatment of all waste streams in a sector in a single treatment system at each facility, are calculated 
on a sector basis while average facility quantities, which are used to calculate storage costs of'individual 
waste streams that must not be commingled, are calculated on an individual waste stream basis. 

G.2.1 Estimate Waste Stream Portion Assumed to be Hazardous 

As indicated in Exhibit G-2 above, four of the waste streams in the titanium and titanium dioxide 
mineral processing sector are only suspected to be hazardous (Y?). To apportion this uncertainty over the 
minimum, expected, and maximum value cases, we multiply the overall waste stream generation rates 
(minimum, expected, and maximum) for each of the eight waste streams from Exhibit G-1 by the 
following percentages in Exhibit G-4, to calculate the minimum, expected, and maximum quantities of 
the waste stream estimated to be both generated and hazardous: 

ExhibitG-4 
Ha7.ard Certainty Multipliers 

Costing Hazard Certainty 
Scenario 

Y? y 

Minimum 0% 100% 
Exoected 50% 100% 
Maximum 100% 100% 

The resulting quantities of waste estimated to be hazardous for each waste stream in the titanium 
and titanium dioxide sector are shown in Exhibit G-5. The effect of this procedure is to bound the 
analysis, which is especially important for the four streams that are only suspected to be hazardous. For 
example, the quantity of pickle liquor and wash water (Y? hazard certainty) assumed to be hazardous in 
the minimum value case would be O mt/yr [i.e., 22,000 mt/yr generated (from Exhibit G-1) x 0% (from · 
Exhibit G-4) = 0 mt/yr], while the expected value case hazardous portion would be 13,500 mt/yr [27,000 
mt/yr generated (from Exhibit G-1) x 50% (from Exhibit G-4) = 13,500 mt/yr].2 In the maximum value 
case, the entire quantity (32,000 mt/yr) is assumed to be hazardous. For the four titanium waste streams 
known to be hazardous, the entire generated quantity of those wastes is included in the analysis. 

2 Conversely, note that 22,000 mt/yr of the waste is considered non-hazardous in the minimum value case, while 
13,500 mt/yr is considered non-hazardous in the expected value case. The portion of waste that is assumed non
hazardous drops out of the analysis from this point on. 
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Exhibit G-5 
Portion of Waste Assumed to be Hazardous 

Titanium 
Waste Stream 

Pickle Liquor and Wash Water 

Scrap Milling Scrubber Water 

Smut from Mg Recovery 

Leach Liquor and Sponge Wash Water 

Spent Surface Impoundment Liquids 

Spent Surface Impoundment Solids 
Waste Acids (Sulfate Process) 

WWTP Sludges/Solids 

Hazard 
Certainty 

Y? 
Y? 
y 
y 

Y? 
Y? 
y 

Y? 

Portion of Waste that is Hazardous 
(mt/yr) 

Minimum Expected Maximum 

0 1,350 3,200 

0 2,500 6,000 

100 22,000 45,000 

380,000 480,000 580,000 

0 1,700 6,700 

0 18,000 36,000 

200 39,000 77,000 

0 210,000 420,000 

G.2.2 Divide Hazardous Quantities Into Portion Treated/Disposed and Portion 
Stored Prior to Recycling 

The hazardous portion of each waste stream (from Exhibit G-5) is then divided into a component 
of waste that is treated/disposed, and a component that is stored for recycling. To determine these 
portions, the model applies an appropriate multiplier, depending on its particular recycling status (as 
indicated in Exhibit G-3 above). The treatment/disposal multipliers are shown in Exhibit G-6, and the 
recycling multipliers are shown in Exhibit G- 7. Note that in all cases the treatment and disposal multiplier 
in Exhibit G-6 and the recycling multiplier in Exhibit G-7 sum to 100 percent (i.e., all waste is assumed to 
be handled in accordance with EPA regulations and either treated and disposed, or stored prior to 
recycling). The multipliers are applied to the portion of material considered to be hazardous in the 
minimum, expected, and maximum value cases. 
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Exhibit G-6 
Proportions of Waste Streams Treated and Disposed (in percent) 

Percent Disposed 
Baseline or Option Affected Recycling Status 

Material y Y? YS YS? N 
No Modified Prior Treatment All 0 100 60 100 100 
Modified Prior Treatment (SUBP) & All 0 15 25 80 100 
MPT 
Modified Pri0!' Treatment (SM) All 0 25 35 85 100 
Option 1 from NPT All 20 100 90 100 100 
Option 2 from NPT Bevill* 100 100 100 100 100 
Option 3 from NPT All 0 30 40 90 100 
Option 4 from NPT All 0 15 25 80 100 
Option 1 from MPT & PT (SUBP) All 30 65 100 100 100 
Option 2 from MPT & PT (SUBP) Bevill* 100 100 100 100 100 
Option 3 from MPT & PT (SUBP) All 0 25 35 85 100 
Option 4 from MPT & PT (SUBP) All 0 15 25 80 100 
Option 1 from PT (SM) All 30 65 100 100 100 
Option 2 from PT (SM) Bevill* 100 100 100 100 100 
Option 3 from PT (SM) All 0 25 35 85 100 
Option 4 from PT (SM) All 0 15 25 80 100 

* For materials recycled through Bevill Units only - Materials not recycled through Bevill Units are treated and 
disposed according to Option 3 multipliers. 

SL = Sludge, BP= By-Product, SM = Spent Material 
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Exhibit G-7 
Proportions of Waste Streams Stored Prior to Recycling (in percent) 

Percent Recycled 
Baseline or Option Affected Recycling Status 

Material y Y? YS YS? N 
No Modified Prior Treatment All 100 0 40 0 0 
Modified Prior Treatment (SI..JBP) & All 100 85 75 20 0 
MPT 
Modified Prior Treatment (SM) All 100 75 65 15 0 
Option 1 from NPT All 80 0 10 0 0 
Option 2 from NPT Bevill* 0 0 0 0 0 
Option 3 from NPT All 100 70 60 10 0 
Option 4 from NPT All 100 85 75 20 0 
Option l from MPT & PT (Sl..JBP) All 70 35 0 0 0 
Option 2 from MPT & PT (SI..JBP) Bevill* 0 0 0 0 0 
Option 3 from MPT & PT ~~IJBP) All 100 75 65 15 0 
Option 4 from MPT & PT (SI..JBP) All 100 85 75 20 0 
Option 1 from- PT (SM) All 70 35 0 0. 0 
Option 2 from PT (SM) Bevill* 0 0 0 0 0 
Option 3 from PT (SM) All 100 75 65 15 0 
Ootion 4 from PT (SM) All 100 85 75 20 0 

* For materials recycled through Bevill Units only -- Materials not recycled through Bevill Units are stored 
prior to recycling according to Option 3 multipliers. 

SL= Sludge, BP = By-Product, SM = Spent Material 

The quantities of waste treated/disposed and the quantities of waste stored prior to recycling for 
each waste stream in the sector are shown in Exhibit G-8 and G-9, respectively. Quantities reported in 
Exhibit G-8 and G-9 are calculated by multiplying the portion of waste that is hazardous (Exhibit G-5) by 
the appropriate treatment/disposal or recycling multipliers (from Exhibit G-6 and G-7). For example, of 
the 1,350 mt/yr of pickle liquor and wash water assumed to be hazardous in the expected value case of the 
Modified Prior Treatment baseline, 85 percent of the waste, or approximately 1,150 mt/yr (1,350 mt/yr x 
0.85), is sent to treatment/disposal, while 15 percent of the waste, or approximately 200 mt/yr (1,350 mt/yr 
x 0.15), is stored prior to recycling. 

G.2.3 Calculate Total Quantity Treated and Disposed ata "Model Facility" 

The cost model assumes that each facility generating waste in the titanium sector builds a single 
treatment plant to treat all wastes rather than building a separate treatment plant for each waste stream. 
Therefore to obtain the quantity of waste treated and disposed at a "model facility," the model sums the 
treated and disposed portion of all eight waste streams by physical form (i.e., wastewaters, wastes with one 
to ten percent solids, and wastes with more than ten percent solids) and divides by the maximum number 
of facilities generating waste in the sector, which is two in the minimum value case, and seven in the 
expected and maximum value cases. The reason why there are only two facilities generating waste in the 
minimum value case is that there is uncertainty about the hazard characteristics (Y?) of several of the 
titanium waste streams (see Exhibit G:-5). Recall that waste streams that have a Y? hazard certainty 
classification are considered not hazardous in the minimum value case, 50% hazardous in the expected 
value case, and 100% hazardous in' the maximum value case (see Exhibit G-4). Therefore, the maximum 
number of facilities generating at least one titanium waste drops to two in the minimum value case, 
because all of the titanium waste streams generated by more than two facilities have a Y? hazard certainty 
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classification ( see Exhibit G-1 ). For purposes of calculations, it does not matter whether some types of 
waste are generated at fewer facilities, because the model assumes a single treatment system for all types of 
waste generated at all facilities. For example, the total wastewater treated/disposed for the pre-rule 
expected value case is 450,573 mt/yr (which is the sum of the wastewater streams in Exhibit G-10). 
Dividing by s_even, the model facility wastewater treated/disposed for the expected value case is 64,368 
mt/yr. Exhibit G-10 presents the model facility waste treated/disposed for the minimum, expected, and 
mc1.Ximum value scenarios. 

Exhibit G-8 
Portion of Hazardous Wastes Generated Treated and Disposed 

Portion of Waste Treated/Disposed 
Waste Stream Multiplier (mt/yr) 

Minimum Expected Maximum 

Pre-Rule 
Pickle Liquor and Wash Water 0.80 0 1,080 2,560 

Scrap Milling Scrubber Water 0.80 0 2,000 4,800 

Smut from Mg Recovery 0.15 15 3,300 6,750 
Leach Liquor and Sponge Wash Water 0.80 304,000 384,000 464,000 

Spent Surface Impoundment Liquids 0.15 0 255 1.005 
Spent Surface Impoundment Solids 1 0 18,000 36,000 
Waste Acids (Sulfate Process) 1 200 39,000 77,000 

WWTP Sludges/Solids 1 0 210,000 420,000 

Post-Rule 
Pickle Liquor and Wash Water 0.85 0 1,148 2,720 

Scrap Milling Scrubber Water 0.85 0 2,125 5,100 

Smut from Mg Recovery 0.25 25 5,500 11,250 

Leach Liquor and Sponge Wash Water 0.85 323,000 408,000 493,000 

Spent Surface Impoundment Liquids 0.25 0 425 1,675 

Spent Surface Impoundment Solids I 0 18,000 36,000 

Waste Acids (Sulfate Process) I 200 39,000 77,000 

WWTP Sludges/Solids I 0 210,000 420,000 
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Exhibit G-9 
Portion of Hazardous Wastes Generated that is Stored Prior to Recycling 

Portion of Waste Stored Prior to 
Recycling

Waste Stream Multiplier 
(mt/yr) 

Minimum Expected Maximum 

Pre-Rule 
Pickle Liquor and Wash Water 0.20 0 270 640 
Scrap Milling Scrubber Water 0.20 0 500 1,200 
Smut from Mg Recovery 0.85 85 18,700 38,250 
Leach Liquor and Sponge Wash Water 0.20 76,000 96,000 116,000 
Spent Surface Impoundment Liquids 0.85 0 1,445 5,695 
Spent Surface Impoundment Solids 0 0 0 0 
Waste Acids (Sulfate Process) 0 0 0 0 
WWTP Sludges/Solids G 0 0 0 

Post-Rule 
Pickle Liquor and Wash Water 0.15 0 203 480 
Scrap Milling Scrubber Water 0.15 0 375 900 
Smut from Mg Recovery 0.75 75 16,500 33,750 
Leach Liquor and Sponge Wash Water 0.15 57,000 72,000 87,000 
Spent Surface lmpoundment Liquids 0.75 0 1,275 5,025 
Spent Surface Impoundment Solids 0 0 0 0 
Waste Acids (Sulfate Process) 0 0 0 0 
WWTP Slude:es/Solids 0 0 0 0 

Exhibit G-10 
Model Facility Quantity of Waste Treated/Disposed 

Model Facility Waste Treated/Disposed (mt/yr) 

Minimum Expected MaximumBaseline/Option 
Waste- 1-10% Waste- 1-10% Waste- 1-10%

Solids Solids Solids 
waters Solids Waters Solids waters Solids 

152,100 0 8 60,905 0 33,043 78,481 0 66.107Pre-Rule 
161,100 0 13 64,385 0 33,357 82,785 0 66,750Post-Rule 

G.2.4 Calculation of Average Quantity Recycled 

Since recycling costs are specific to each waste stream in the sector, the cost model does not 
calculate model facility totals for recycling. Rather, it calculates an average facility total by di_viding the 
portion of each waste stream that is stored prior to recycling (from Exhibit G-9) by the number of facilities 
that generate each waste (from Exhibit G-1 ). Exhibit G-11 shows the results of this calculation. 
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Exhibit G-11 
Average Facility Quantities Stored Prior to Recycling 

Average Facility Waste 
Number Stored Prior to Recycling 

Waste Stream of (mt/yr) 
Facilities 

Minimum Expected Maximum 

Pre-Rule 
Pickle Liquor and Wash Water 3 0 90 213 
Scrap Milling Scrubber Water I 0 500 1,200 

Smut from Mg Recovery 2 43 9,350 19,125 

Leach Liquor and Sponge Wash Water 2 38,000 48,000 58,000 

Spent Surface Impoundment Liquids 7 0 206 814 
Spent Surface Impoundment Solids 7 0 0 0 
Waste Acids (Sulfate Process) 2 0 0 0 
WWTP Sludges/Solids 7 0 0 0 

Post-Rule 
Pickle Liquor and Wash Water 3 0 68 160 
Scrap Milling Scrubber Water 1 0 375 900 
Smut from Mg Recovery 2 38 8,250 16,875 

Leach Liquor and Sponge Wash Water 2 28,500 36,000 43,500 
Spent Surface lmpoundment Liquids 7 0 182 718 
Spent Surface Impoundment Solids 7 0 0 0 
Waste Acids (Sulfate Process) 2 0 0 0 
WWTP Sludges/Solids 7 0 0 0 

G.3. Treatment Cost Calculations 

This section of the appendix explains how the cost model calculates the total incremental treatment 
cost incurred by the titanium and titanium dioxide mineral processing sector. 

The model first determines if the treated and disposed waste quantities from Exhibit-G-10 are 
large enough to warrant on-site treatment. Next the model calculates neutralization, dewatering, 
stabilization, and disposal costs. The model then annualizes capital and closure costs and calculates a total 
sector treatment cost. Finally, the model calculates the total titanium sector incremental treatment cost. 
All treatment and disposal calculations are performed using the "model facility'' quantities calculated in the 
last section of this document. 

G.3.1 Determination of On-Site versus Off-Site Treatment 

The model assumes that low-volume wastes (s 879 mt/yr solids ors 350 mt/yr liquids) will be 
sent off-site for treatment and disposal. All wastes generated in the titanium sector are assumed to be 
treated_ on-site, because both wastewaters and solids are generated in quantities above the low-volume 
threshold in all three ~osting scenarios (see Exhibit G-10). 
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G.3.2 Neutralization and Precipitation Costs 

Five of the eight titanium waste streams are wastewaters and therefore require neutralization, 
precipitation, dewatering, and stabilization prior to disposal. (The other three streams are solids and do not 
require neutralization, precipitation, and dewatering.) The model uses four equations to determine the 
neutralization cost for wastewaters:3 

• Surge Tank Costs ($/yr) = 4 X 10"8 Q/+ 0.l 175Qn + 3,680 
• Capital Costs ($) = 36,131 + 151.95 Q/·5 

• O&M Costs ($/yr) = -206,719 + 36,594 ln Qn 
• Closure Costs ($) = 6,361 + 10"3 Qn 

In all four of the above equations, Qn (the amount of waste requiring neutralization) equals the 
sum ofwastewaters and waste streams with one to ten percent solids requiring treatment. Using the pre
. rule expected value case as an example, the model facility quantity of wastewater requiring treatment is 
60,905 mt/yr, and the quantity of wastes with one to ten percent solids content is Omt/yr (see Exhibit G-
10). Therefore, neutralization surge tank storage costs equal $10,985, neutralization capital costs equal 
$73,631, neutralization O&M costs equal $196,440 per year, and neutralization closure costs equal 
$6,422. Exhibit G-12 shows the neutralization costs for the titanium and titanium dioxide sector. 

Exhibit G-12 
Neutralization Costs 

Baseline/Option Neutralization Costs 
Costs Minimum Expected Maximum 

Pre-Rule 
- Surge ($/yr) 22,477 10,985 13,148 
- Capital ($) 95,392 73,631 78,699 
- O&M ($/yr) 229,931 196,440 , 205,718 
- Closure ($) 6,513 6,422 6,439 

Post-Rule 

- Surge ($/yr) 23,713 11,411 13,681 

- Capital($) 97,214 74,687 79,851 
- O&M ($/yr) 232,148 198,473 207,672 
- Closure ($) 6,523 6,425 6,444 

The model uses two equations to determine the precipitation cost for wastewaters:4 

• Capital Costs ($) = 3,613 + 15.}95 QPO.S 

• O&M Costs ($/yr) = 826.48 + 0.3465 Qp 

In the above equations, QP (the amount of waste requiring precipitation) equals the sum of 
wastewaters and waste streams with one to ten percent solids requiring treatment Using the.pre-rule 
expected value case as an example, the model facility quantity of wastewater requiring treatment is 
60,905 mt/yr, and the quantity of wastes with one to ten percent solids content is Omt/yr (see Exhibit G-

3 Equations from Exhibit 0-1, Appendix D. 

~ EPA assumes that neutralization and precipitation occur within the same unit, therefore, precipitation closure 
costs are included in the neutralization closure cost equation. 

April 15, 1997 



G-12 

10). Therefore, precipitation capital costs equal $7,363, and precipitation O&M costs equal $21,930 per 
year. Exhibit G-13 shows the precipitation costs for the titanium and titanium dioxide sector. 

Exhibit G-13 
Precipitation Costs 

Baseline/Option Precipitation Costs 
Costs Minimum Expected Maximum 

Pre-Rule 
- Capital ($) 9,539 7,363 7,870 
- O&M ($/yr) 53,529 21,930 28,020 

Post-Rule 
- Capital ($) 9,721 7,469 7,985 
- O&M ($/yr) 56,821 23,136 29,511 

G.3.3 Dewatering and Stabilization Costs 

Neutralization operations produce a slurry which must be dewatered, stabilized, and disposed. 
About 15 percent of the quantity introduced into the neutralization operation leaves as this slurry. 
Therefore, in the following equations, Qdw, the amount of material requiring dewatering, is 15 percent of 
the sum of the quantity of wastewaters and wastes with a solids content of 1 to 10 percent requiring 
treatment:5 

• Capital Costs ($) = 95,354 + 664.48 Qd/ . .S 

• O&M Costs ($/yr) = 12,219 + 286.86 Qdwos 

For example, in the post-rule expected value case, Qc1w is equal to 9,658 mt/yr [(64,385 mt/yr 
wastewaters plus 0 mt/yr wastes with a solids content of 1 to 10 percent (from Exhibit G-10)) x 0.15}. 
Therefore, the capital cost associated with dewatering 9,658 mt/yr waste is $160,655, and the O&M cost 
is $40,410 per year. 

Dewatering produces a sludge which needs to be stabilized and disposed. The dewatered 
sludge, equal to about 15 percent of the mass entering dewatering, is combined with the solid waste 
streams requiring stabilization and disposal in the following equations:6 

• Capital Costs ($) = 207.93 Q/·78 

• O&M Costs ($/yr) = 87,839 + 52.16 Qs 
• Closure Costs ($) = 9,806 + 0.19 Qs 

In these equations therefore, the quantity requiring stabilization, ~. is 2.25 percent7 of the sum 
of the original quantity of wastewaters and wastes with a solids content of 1 to 10 percent requiring 
treatment, added to the entire quantity of solid waste requiring treatment For example, in the post-rule 
expected value case, Qs is equal to 34,806 mt/yr [1,449 mt/yr wastewaters and wastes with 1 to 10 percent 
solids ((64,385 mt/yr+ 0 mt/yr, from Exhibit G-10, * 0.0225) plus 33,357 mt/yr solids (from Exhibit G-
10)}. Therefore, the capital cost associated with stabilizing 34,806 mt/yr waste is $725,110, the O&M 

5 Equations obtained from Case A, Exhibit D-2, Appendix D. 
6 Equations obtained from Case B, Exhibit P-2, Appendix D. 
7 ·This is equal to 15 percent of the quantity entering dewatering, which is 15 percent of the original quantity 

requiring treatmenL 
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cost is $1,903,302 per year, and the closure cost is $16,419. Exhibit G-14 shows the dewatering and 
stabilization costs for the titanium and titanium dioxide sector. 

Exhibit G-14 
Dewatering and Stabilization Costs 

Dewatering and Stabilization Costs 
Baseline/Option 

Costs Minimum Expected Maximum 
Dewatering Stabilization Dewatering Stabilization Dewatering Stabilization 

Pre-Rule 

- Capital ($) 195,721 l 18,979 158,866 718,728 167,450 1,220,787 

- O&M ($/yr) 55,548 266,761 39,637 1,882,840 43,343 3,628,085 

- Closure ($) NA 10,458 NA 16,345 NA 22,702 

Post-Rule 

- Capital ($) . 198,808 124,857 160,655 725,110 169,400 l ,23 I, 154 

- O&M ($/yr) 56,881 278,171 40,410 1,903,302 44,185 3,666,676 

- Closure ($) NA 10,499 NA 16,419 NA 22,842 

G.3.4 Disposal Costs 

After neutralization, precipitation, dewatering, and/or stabilization, stabilized residu_es from 
titanium sector wastes are disposed of in a pile. The cost of disposal in a pile is described by the following 
equation:8 

• Pile Costs ($/yr)= 1.8703 ~ + 12,308 

In the above equation,~. the quantity being disposed, is equal to 155 percent of the mass 
entering stabilization from dewatering added to 175 percent of the solid wastes entering stabilization. 
Alternatively Qc1s is the sum of [1.55 x (0.0225 x (quantity of wastewaters and wastes with a I to IO 
percent solids content requiring treatment)] and (1.75 x (quantity of solids requiring treatment)]. For 
example, in the expected value case of Option 3, Qc1s is equal to 60,621 mt/yr [(1,449 mt/yr x 1.55) plus 
(33,357 mt/yr x 1.75)]. Therefore, the cost of disposal in a pile is equal to $130,717. Exhibit G-15 
depicts the disposal costs for the sector. 

Exhibit G-15 
Disposal Costs 

Baseline/Option Disposal Costs 
Costs Minimum Expected Maximum 

Pre-Rule 22,255 124,431 233,797 

Post-Rule 22,859 125,686 236,182 

8 Equation obtained from Exhibit D-21. 
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G.3.5 Annualization of Costs and Calculation of Total Sector Treatment Costs 

Because capital and closure costs are one-time costs, they are annualized so that total annualized 
titanium sector incremental treatment costs may be calculated. The model annualizes the titanium sector 
capital costs by multiplying them by a capital recovery factor (CRF) of 0.09439.9 Closure costs, which 
are assumed to be incurred after 20 years of operation (i.e., in year 21), are reduced to present value and 
then annualized using the CRF. The annualization process and the calculation of total neutralization, 
precipitation, dewatering, and stabilization costs are accomplished using the following formula: 10 

• Annualized Cost = (Capital Costs)(CRF) + O&M Costs + 
(Closure Costs)(CRF)/(1.0721 ) 

Using the above formula, the model combines the capital, O&M, and closure costs to obtain 
total annualized neutralization, precipitation, dewatering, and stabilization costs for the titanium sector. 11 

For example, the pre-rule annualized stabilizationn cost in the titanium and titanium dioxide sector equals 
($718,728 x 0.09439) + $1,882,840 + (($16,345 x 0.09439) I 1.0721

), or $1,951,053. The disposal cost 
function is already annualized. Exhibit G-16 presents the total annualized neutralization, precipitation, 
dewatering, stabilization, and disposal costs for the titanium sector. 

Exhibit G-16 
Annualized Neutralization, Precipitation, Dewatering, Stabilization, and Disposal Costs 

(Modified Prior Treatment Baseline and Option 3) 

Baseline/Option Costing Scenario 
Costs 

($) Minimum Expected Maximum 

Pre-Rule 

- Neutralization 261,531 214,521 226,441 

- Precipitation 54,429 22,625 28,763 

- Dewatering 74,022 54,632 59,149 

- Stabilization 278,230 1,951,053 3,743,833 

- Disposal 22,255 124,431 233,797 

Total 690,467 2.367,262 4,291,983 
Post-Rule 

- Neutralization 265,186 217,080 229,012 

- Precipitation 57,739 23,841 30,265 

- Dewatering 75,646 55,574 60,175 

- Stabilization 290,196 1,972,119 3,783,405 

- Disposal 22,859 125,686 236,182 

Total 711,626 2.394.300 4.339.039 

Total titanium sector pre- and post-rule treatment costs are calculated by summing the 
annualized neutralization, precipitation, dewatering, stabilization, and disposal costs from Exhibit G-16 
and multiplying the sum by the maximum number of facilities in the titanium ·sector (two in the minimum 
value case, seven in the expected and maximum value cases). Therefore, the total titanium sector 

9 Derivation of the CRF may be found on page D-2 of Appendix D. 
1 °For more information, see pages D-1 and D-2 of Appendix D. 
11 Surge tank costs arc also added to the annualized capital, O&M, and annualized closure costs in the 

calculation of the total annualized neutralization cost. 
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expected value case pre-rule treatment cost in this example is equal to (($214,521 + $22,625 + $54,632 + 
$1,951,053 + $124,431 = $2,372,235) x 7), or $16,570,834. Similarly, the total titanium sector expected 
value case post-rule treatment cost in this example is equal to (($217,080 + $23,841 + $55,574 + 
$1,972,119 + $125,686 = $2,399,311) x 7), or $16,760,100. 

G.3.6 Total Sector Incremental Treatment Cost 

The total titanium sector incremental treatment cost is calculated by subtracting the pre-rule total 
sector treatment cost from the post-rule total sector treatment cost. In this example, the total titanium 
sector incremental treatment cost is $42,318 in the minimum value case, $189,266 in the expected value 
case, and $329,392 in the maximum value case. 

G.4. Storage Cost Calculations 

This section of the appendix calculates the total sector incremental storage cost incurred by the 
titanium and titanium dioxide mineral processing sector. This process involves four steps: (1) the 
appropriate storage unit for each waste stream is selected; (2) the average facility storage cost is calculated 
for each waste stream; (3) a total sector storage cost is calculated; and (4) a total sector incremental 
storage cost is calculated. Note that until the total sector storage cost is calculated at the end of this 
section, all calculations in this section are performed on an average facility basis. 

G.4.1 Storage Unit and Cost Equation Determination 

Depending on the quantity of recyclable waste generated and the physical form of the waste 
(liquid or solid), wastes that require storage prior to recycling can be stored in a variety of storage units. 
EPA developed individual cost equations for each type of storage unit and used these cost equations to 
determine the range of quantities over which each type of unit is the least costly storage unit available. 
Exhibit G-17 shows these cost functions for the various storage units available for use in the Modified 
Prior Treatment baseline and Option 3, as well as the range of quantities for which that unit would be 
employed. 12 In each of these equations, Q is the annual quantity requiring storage prior to recycling. 

12 For a full list of storage unit functions, refer to Exhibit D-21. 
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Exhibit G-17 
Storage Cost Equations 

Modified Prior Treatment Baseline 
Waste Storage Unit Quantity Range Cost Equation 
Type (mt/yr) 

Liquid Drum 0- 220 Y = -0.0074 Q2 + 9.4798 Q + 189.34 

Tank 220- 500 Y = -9x10·1 Q2 + 0.55 Q + 1,795.7 
Unlined S.I. ::!: 500 Y = 1,000 

Solid Drum 0-200 Y = 24.589 Q + 132.23 

Roll-Off 200- 935 Y = -0.0022 Q2 + 29.272 Q + 4,840.9 
Unlined Pile ~ 935 Y = 4.0207 Q + 26,271 

Option 3 (PT) 
'-1/·aste Storage Unit Quantity Range Cost Equation 
Type (mt/yr) 
Liquid Drum 0- 220 Y = -0.0074 Q2 + 9.4798 Q + 189.34 

Tank 220 - l million Y = -9x10·1 Q2 + 0.55 Q + 1,795.7 

Lined S.I. > I million Y = 0.0704 Q + 1,955.1 

Solid Drum 0-200 Y = 24.589 Q + 132.23 

Roll-Off 200- 1343.1 Y = -0.0022 Q2 + 29.272 Q + 4,840.9 

Building 1343.l - 45,000 Y = 0.00002 Q2 + 3.2395 Q + 35,800 

Lined Pile >45,000 Y = 4.0924 0 + 27,676 
SL= Sludge, BP= By-Product, SM = Spent Material 

Exhibit G-18 shows the storage units used in the minimum, expected, and maximum value cases 
for the eight waste streams generated in the titanium sector. For example, scrap milling scrubber water is 
stored in an unlined surface impoundment in the pre-rule maximum value case because it is a liquid waste 
(a wastewater), classified as a sludge, and the quantity stored.prior to recycling (1200 mt/yr) exceeds the 
threshold quantity of 500 mt/yr needed to store liquids in an unlined surface impoundment. 

GA.2 Storage Costs 

Exhibit G-19 shows the storage costs for each of the eight titanium waste streams. Exhibit G-19 
i~ created by plugging the quantity of waste stored prior to recycling (Exhibit G-11) into the appropriate 
cost function from Exhibit G-17. For example, leach liquor and sponge wash water is stored in a tank in 
all three costing scenarios under Option 3. Therefore the cost equation for the minimum, expected, and 
maximum value case are as follows: 

• Cost = -9xto·1 Q2+ 0.55 Q + 1,795.7 

Inserting 28,500 mt/yr, 36,000 mt/yr, and 43,500 mt/yr into the minimum, expected, and maximum cost 
equations, respectively, yields a storage cost of $16,740 in the minimum value case, $20,429 in the 
expected value case, and $24,018 in the maximum value case. 
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Exhibit G-18 
Storage Units Used in the Modified Prior Treatment Baseline and Option 3 

Titanium Waste Stream Storage Unit 
'Minimum Expected Maximum 

Pre-Rule 

Pickle Liquor and Wash Water Not Recycled Drum Drum 
Scrap Milling Scrubber Water Not Recycled Unlined S.I. Unlined SJ. 
Smut from Mg Recovery Drum Unlined Pile Unlined Pile 
Leach Liquor and Sponge Wash Water Unlined S.I. Unlined S.I. Unlined S.I. 
Spent Surface Impoundment Liquids Not Recycled Drum Unlined S.I. 
Spent Surface Impoundment Solids Not Recycled Not Recycled Not Recycled 
Waste Acids (Sulfate Process) Not Recycled Not Recycled Not Recycled 

WWTP Sludges/Solids Not Recycled Not Recycled Not Recycled 

Post-Rule 

Pickle Liquor and Wash Water Not Recycled Drum Drum 

Scrap Milling Scrubber Water Not Recycled Tank Tank 
Smut from Mg Recovery Drum Building Building 
Leach Liquor and Sponge Wash Water Tank Tank Tank 
Spent Surface lmpoundment Liquids Not Recycled Drum Tank 
Spent Surface Impoundment Solids Not Recycled Not Recycled Not Recycled 

Waste Acids (Sulfate Process) Not Recycled Not Recycled Not Recycled 

WWTP Sludges/Solids Not Recycled Not Recycled Not Recycled 

Exhibit G-19 
Average Facility Storage Costs 

Titanium Waste Stream Average Facility Storage Cost ($) 

Minimum Expected Maximum 

Modified Prior Treatment Baseline 

Pickle Liquor and Wash Water Not Recycled 983 1,873 

Scrap Milling Scrubber Water Not Recycled 1,000 1,000 

Smut from Mg Recovery 1,190 63,865 103,167 

Leach Liquor and Sponge Wash Water 1,000 1,000 1,000 

Spent Surface lmpoundment Liquids Not Recycled 1,828 1,000 

Spent Surface Impoundrnent Solids Not Recycled Not Recycled Not Recycled 

Waste Acids (Sulfate Process) Not Recycled Not Recycled Not Recycled 

WWTP Sludges/Solids Not Recycled Not Recycled Not Recycled 

Option 3 (PT) 
Pickle Liquor and Wash Water Not Recycled 780 1,517 

Scrap Milling Scrubber Water Not Recycled 2,002 2,290 

Smut from Mg Recovery 1,067 63,887 96,162 

Leach Liquor and Sponge Wash Water 16,740 20,429 24,018 

Spent Surface Impoundment Liquids Not Recycled 1,670 2,190 

Spent Surface Impoundment Solids Not Recycled Not Recycled Not Recycled 

Waste Acids (Sulfate Process) Not Recycled Not Recycled Not Recycled 

WWTP Sludges/Solids Not Recycled Not Recycled Not Recycled 
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G.4.3 Total Sector Storage Cost 

To obtain a total sector storage cost, pre-rule (Modified Prior Treatment baseline) and post-rule 
(Option 3) total sector storage costs must be calculated for each waste stream and summed. Total sector 
pre- and post-rule storage costs are calculated by multiplying the minimum, expected, and maximum 
average facility storage cost for each titanium waste stream (Exhibit G-19) by the number of facilities 
generating the waste stream. Using leach liquor and sponge wash water as an example, the Option 3 total 
sector storage cost is $42,792 ($21,396 x 2 facilities) in the minimum value case, $52,244 ($26,122 x 2 
facilities) in the expected value case, and $60,916 (30,458 x 2 facilities) in the maximum value case. 
Exhibit G-20 shows the total sector storage cost for each waste stream and the total sector storage cost for 
the entire sector. 

Exhibit G-20 
Total Sector Storage Costs 

Number Storage Cost 

Baseline or Option of ($) 

Facilities Minimum Expected Maximum 

Modified Prior Treatment Baseline -
Pickle Liquor and Wash Water 3 0 2,949 5,619 
Scrap Milling Scrubber Water I 0 1,000 1,000 
Smut from Mg Recovery 2 2,380 127,730 206,334 
Leach Liquor and Sponge Wash Water 2 2,000 2,000 2,000 
Spent Surface lmpoundment Liquids 7 0 12,796 7,000 
Spent Surface Impoundment Solids 7 0 0 0 
Waste Acids (Sulfate Process) 2 0 0 0 
WWTP Sludges/Solids 7 0 0 0 

Pre-Rule Total Sector 4,380 146,475 221,953 
Option 3 (PT) -

Pickle Liquor and Wash Water 3 0 2,340 4,551 
Scrap Milling Scrubber Water I 0 2,002 2,290 
Smut from Mg Recovery 2 2,134 127,774 192,324 

Leach Liquor and Sponge Wash Water 2 33,480 40,858 48,036 

Spent Surface lmpoundment Liquids 7 0 11,690 15,330 

Spent Surface lmpoundment Solids 7 0 0 0 
Waste Acids (Sulfate Process) 2 0 0 0 
WWTP Sludges/Solids \ 7 0 0 0 

Post-Rule Total Sector 35,614 184.664 262.531 

G.4.4 Total Sector Incremental Storage Cost 

The total titanium sector incremental storage cost is calculated by subtracting the pre-rule total 
sector storage cost from the post-rule total sector storage cost. In this example (where the pre-rule 
scenario is the Modified Prior Treatment baseline, and the post-rule scenario is Option 3), the total 
titanium sector incremental storage cost is $31,234 in the minimum value case. $38,189 in the expected 
value case, and $40,578 in the maximum value case. 13 

13 In the minimum value case, there is a saving in storage cost due to a slight decrease in the amount of material 
recycled. 
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G.S. Incremental Cost Calculations 

This section of the appendix shows how the model calculates the total incremental cost' of the 
rulemaking for the titanium sector. The total incremental cost is calculated by adding the total sector 
incremental treatment cost (calculated in Section G.3), the total sector incremental storage cost (calculated 
in Section G.4), and a·recordkeeping cost of $1,411 per facility generating waste in the sector. The 
recordkeeping cost of $i,411 per facility translates to a total sector recordkeeping cost of $2,822 ($1,411 
x 2 facilities) in the minimum value case, and $9,877 ($1,411 x 7 facilities) in the expected and maximum 
value cases. Thus, for the titanium and titanium dioxide sector, the incremental cost of this rulemaking is 
equal to $76,374 ($42,318 incremental treatment cost+ $31,234 incremental storage cost+ $2,822 
recordkeeping cost) in the minimum value case, $237,232 ($189,266 incremental treatment cost+ 
$38,189 incremental storage cost+ $9,877 recordkeeping cost) in the expected value case, and $379,847 
($329,392 incremental treatment cost+ $40,578 incremental storage cost+ $9,877 recordkeeping cost) in 
the maximum value case. 

The total cost incurred by an average facility in this sector is $38,248 in the minimum value 
case, $33,943 in the expected value case, and $54,375 in the maximum value case. Average facility costs 
are calculated by dividing the total sector incremental cost by the maximum number of facilities in this 
sector. Note that in this example the average facility cost in the minimum value case ($38,248) is larger 
than the average facility cost in the expected value case ($33,943). This is due to the fact that there are 
only two facilities producing waste in the minimum value case, and seven "racilities producing waste in the 
expected and maximum value cases. This results in a higher average facility cost because the total sector 
incremental cost is divided by two rather than seven. 
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RISK AND BENEFITS ASSESSl\fENT FOR THE STORAGE OF 
RECYCLED MATERIALS APPENDIXH 

This appendix presents a brief summary of the groundwater (Section H.1) and the multipath way 
(Section· H.2) risk assessment for the land storage of newly-identified mineral processing wastes under the 
modified prior treatment baseline: This effort builds on previous efforts on the identification of recycled 
waste streams, the estimation of recycled volumes, the identification of waste management strategies, and 
in the development of waste constituent concentration data, described in the December 19951 and August 
19962 Draft RIAs for the Phase IV LDRs and in the Technical Memorandum reporting the Revised Risk 
Assessment Results for groundwater submitted to EPA in July, 19963

• 

The analyses presented in this appendix differ from the previous risk assessments for mineral 
processing wastes, first, in that risks from land storage, rather than ultimate disposal, are evaluated. The 
assessment is limited to only those waste streams that have been identified as being recycled by the 
Agency. This effort also differs fr:::~ previous risk assessments in that it only addresses risks under the 
modified prior treatment baseline, and does not quantitatively evaluate residual risks under any of the 
proposed regulatory alternatives. This is because, under three of the regulatory alternatives, requirements 
would be imposed requiring the storage of recycled materials in either buildings or tanks, rather than on the 
ground, and release and transport models appropriate to evaluating risks associated with these technologies 
are not available. Thus, the assessment presented below evaluates only "baseline" risks by identifying 
specific waste streams and constituents posing risks of regulatory concern under the modified prior 
treatment assumptions. These risks would be reduced under the proposed regulatory controls, but 
quantitative estimates of the benefits of these regulatory controls ( e.g. the numbers of facilities going from 
high-risk to low-risk categories) are not developed. Under Option 4, no controls would be imposed on the 
storage of recycled materials, so there would be no health benefits. 

Finally, the risk assessment described in this appendix differs from previous risk assessments for 
mineral processing wastes in that risks are evaluated for pathways other than groundwater ingestion. As in 
previous risk assessments, we evaluate leachate releases from land-based units to groundwater and 
subsequent groundwater ingestion. However, in Section H.2 we evaluate the risks associated with other 
release events, transport and exposure media, and exposure pathways. This multipathway analysis 
evaluates risks associated with air particulate and surface runoff releases from waste piles, and risks arising 

1 ICF Incorporated, Regulatory Impact Analysis ofthe Supplemental Proposed Rules Applying Phase N lAnd 
Disposal Restrictions to Newly Identified Mineral Processing Wastes, Submitted to the Office of Solid Waste, US 
Environmental Protection Agency, December 1995. 

2 ICF Incorporated, Regulatory Impact Analysis ofthe Application ofPhase N Land Disposal Restrictions to 
Newly Identified Mineral Processing Wastes, Submitted to the Office of Solid Waste, US Environmental Protection 
Agency, August 1996. 

3 ICF Incorporated, Revised Results ofMineral Processing Wastes Risk and Benefits Assessments Using 
Constituent-Specific DAFs Derived for Mineral Procf!ssing Waste, Submitted to the Office of Solid Waste, US 
Environmental Protection Agency, July 1, 1996. 
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from surface impoundment runon events and inlet/outlet control failures. The transport and exposure 
media that are evaluated include air, soil and surface water, as well as home-grown crops and game fish. 

H.l RlsK AsSESSMENT METHODS AND RESULTS FOR THE GROUNDWATER PATHWAY 

This section of Appendix H presents a brief summary of the groundwater pathway risk assessment for 
the land storage of newly identified mineral processing wastes under the Modified Prior Treatment 
baseline. The analyses presented below employ very similar methods for estimating constituent releases, 
groundwater exposure concentrations, and health risks as were employed in the previous analyses. The 
only major differences from previous efforts are that groundwater DAFs have been derived using 
constituent concentration data for only those facilities and waste streams identified as being involved in 
recycling, and that the DAFs have been derived assuming a release duration of 20 years, corresponding the 
assumed life of the recycling storage facilities, instead of the much longer release period assumed for 
disposal facilities. This section addresses only those potential health risks arising from exposures through 
consumption of contaminated groundwater. Potential risks associated with other release, transport, and 

. exposure pathways are evaluated in Section H.2. 

H.1.1 Methods and Assumptions 

H.1.1.1 Regulatory Scenarios 

As noted previously, risks have been assessed for the modified prior treatment baseline. Under this 
baseline, it is assumed that recycled spent materials and sludges and byproducts from mineral processing 
will be stored land-based units prior to recycling. Nonwastewaters would be stored in unlined waste piles, 
and wastewater and liquid nonwastewater streams would be stored in unlined surface impoundments. 
Unlike the situation for disposal facilities, it is assumed that, where two or more recycled streams are 
generated at a facility, the streams would be stored in separate units prior to recycling, and that there would 
be no comanagement. Also, it has been assumed that the storage units would be sized to just accommodate 
the required amount of recycled material; three months' generation rates in the case of nonwastewaters, 
and one month's generation in the case of wastewaters and liquid nonwastewaters. The assumptions used 
to evaluate the size and configuration of storage facilities are described in detail in the December 1995 
RIA and in Appendix D of this RIA. 

H.1.1.2 Identification of Waste Streams 

Under the modified prior treaanent baseline, it is assumed that all recycled spent materials and 
recycled sludges and byproducts would be managed in land-based units. Thus, all of these waste streams 
were candidates for the storage risk assessment. Constituent concentration data were available for only 
some of these streams, however. Risks were therefore evaluated only for the 14 recycled waste streams 
listed in Exhibit H-1. Two of the waste streams ( aluminum and alumina cast house dust and zinc waste 
ferrosilicon) are nonwastewaters, and the remainder are wastewaters or liquid nonwastewaters. 

Although groundwater pathway risks were calculated for only 14 of the 118 total mineral processing 
waste streams, these streams represent substantial proportions of the total generated wastes and an even 
higher proportion of the recycled wastes. Depending on which estimate of waste generation is used 
(minimum, expected, or maximum), the 14 recycled streams included in the risk analysis represent 
between 32 and 42 percent of the total waste generation, and account for between 57 and 68 percent of the 
total recycled volume. This is because constituent concentration data are available for a substantial 
proportion of the high-volume waste streams. The extent of coverage of the storage risk assessment for the 
various commodity sectors is summarized in Attachment H.A to this appendix. 
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H.1.1.3 Waste Characterization Data and Release Concentration Estimates 

The original source of constituent concentration data for the recycled materials used in the pre-LOR 
risk estimates is the same as that used in the RIA sample-specific risk assessment. These data are 
summarized in Appendix K of the December 1995 RIA. Consistent with the previous risk assessment, 
constituent concentration data from both bulk samples and EP extraction analysis were used in the risk 
assessment, when they were available, to develop separate risk estimates for the same waste streams. This 
was done in order to make the best possible use of the available data, and because in many cases we could 
not be sure that EP and bulk analyses from a given waste stream were from the same samples or batch of 
waste. 

EXHIBIT H-1. RECYCLED STREAMS INCLUDED IN THE STORAGE RISK ANALYSIS 

Commoditv Recvcled Stream 

Aluminum and Alumina Cast House Dust 

Beryllium Chip Treatment Wastewater 

Copper Acid Plant Blowdown 

Elemental Phosphorus AFM Rinsate 

Elemental Phosphorus Furnace Scrubber Blowdown 

Rare Earths Process Wastewater 

Selenium Plant Process Wastewater 

Tantalum, Columbium, and Process Wastewater 
Ferrocolumbium 

Titanium and Titanium Oxide Leach Liquor and Sponge Wastewater 

Titanium and Titanium Oxide Scrap Milling Scrubber Water 

Zinc Waste Ferrosilicon 

Zinc Soent Surface Imooundment Liquids 

Zinc Waste Water Treatment Plant Liquid Effluent 

Zinc Process Wastewater 

Constituent data from 187 waste samples were used to develop OAF values and to evaluate risks from 
land storage. Exhibit H-2 presents a breakdown of the samples by facility and types of analysis. It can be 
seen that the large majority of the data come from bulk samples, and the majority of the samples are from · 
facilities whose identities and locations are unknown. Only three of the 185 samples are from 
nonwastewater streams managed in waste piles, with the remainder from wastewater and liquid 
nonwastewater streams managed in surface impoundments. 
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EXHIBIT H-2. DISTRIBUTION OF SAMPLES BY WASTE, SAMPLE, AND FACILITY TYPE 

Waste Type Bulk EP Extraction Known Unknown 
Samples Sample Facilities Facilities 

Non wastewater 2 1 0 3 

Wastewater 92 25 63 54 

Liquid Nonwastewater. 51 16 12 55 

Arsenic concentration data were available for 75 of the waste samples, allowing the calculation of 
cancer risks for these samples. Noncarcinogen concentration data for constituents having DAF values and 
RfDs were available for 135 samples, which include all 75 of those with arsenic data. For WW streams, 
the bulk concentration sample results were used directly as release concentration estimates. For LNWW 
and NWW, EP leachate concentrations were also used directly as release concentrations. For LNWW and 
WW bulk samples, release concentrations (mg/I) were conservatively e:;t:!:lated as being equal to the bulk 
constituent concentrations (mg/kg) divided by 20. This approach conservatively assumes that all waste 
constituents are 100 percent leachable. 

All of the analytical results from every sample were used to evaluate risks, with one exception. A 
single bulk analytical result for selenium (100,000 mg/I) in zinc process wastewater was omitted from the 
risk analysis because this value far exceeds the maximum solubility of most naturally occurring selenium 
compounds, and is clearly spurious, based on the results for other samples from the same waste stream. 

H.1.1.4 Exposure ~ent 

Analogous to the procedures used in previous risk assessments, two sets exposure of exposure 
estimates were developed. Central tendency (CT) exposure concentrations were estimated by dividing the 
release concentrations of each constituent from each waste stream by the 75th percentile DAF value 
derived for that constituent. High-end (HE) exposure concentrations were estimating by dividing the 
release concentrations by the 95th percentile DAF values. The rationale for using the 75th percentile 
DAFs rather than, for example, the 50th percentile value was that the EPACMTP model used to derive 
DAFs does not consider fractured or channeled flow or other facilitated transport mechanisms which may 
occur at some sites, resulting in ·higher groundwater concentrations than those predicted for homogeneous 
flow processes modeled by EPACMTP. The 75th percentile of the OAF distribution was therefore jadged 
by EPA to be more nearly representative of dilution conditions for the entire population of facilities than 
the 50th percentile. The 95th percentile constituent-specific OAF values were used to estimate high-end 
(HE) groundwater concentrations in keeping with the definition of a high-end receptor as someone 
exposed at levels between the 90th and 99th percentiles of all exposed individuals. Separate exposure and 
risk estimates were developed for each waste sample, analogous to the approach used for the analysis of 
disposal risks. OAF values were derived separately for waste piles and surface impoundments, and used to 
estimate exposure concentrations for nonwastewaters and liquid nonwastewaters/wastewaters, respectively. 
The DAF values derived by EPA for use in the mineral processing recycled materials storage risk 
assessment are shown in Exhibit H-3. 

It can be seen from this exhibit that the OAF values (both the 75th and 95th percentile) derived for the 
management of recycled materials in waste piles are generally very much higher than those derived for 
surface impoundments. This is due primarily to the lower leachate volume generated by the waste piles 
than by surface impoundments. In the waste piles, leachate generation is limited by rainfall (and a large 
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proportion of the facilities are in relatively dry areas), whereas surface impoundments provide their own 
leachate source to drive releases, in the form of the aqueous liquid wastes which they contain. 

For all of the constituents, the CT DAF values for waste piles are greater than 1012, implying, as will 
be seen below, such high dilutions of leachate that CT risks from all the constituents released from waste 
piles are well below levels of regulatory concern. The HE OAF value for waste piles are much lower for 
most constituents (in the range of 104 to 106

), but still generally several orders of magnitude above even the 
corresponding HE values for surface impoundments. Thus, even the HE exposure concentrations 
associated with releases from waste piles result in relatively low risks. 

The CT surface impoundment DAF values for all of the constituents but cyanide, lead, and mercury 
are all around 1000. The HE OAF values surface impoundments are mostly less than 100, with the 
exceptions being vanadium, cyanide and lead. As will be seen below, these lower DAF values imply 
higher risks for given constituent concentrations than do the OAF values for waste piles. 

EXHIBIT H-3. DAF VALVES USED IN THE STORAGE RISK ASSESSMENT 

Waste Pile DAF Surface lmpoundment DAF 

Constituent 75th Percentile 95th Percentile 75th Percentile 95th Percentile 

>1012 2.0X106 2.7XHY 5.3Xl01 
Antimonv 

>1012 l.8Xlc>5 l.IX1<>3 3.37Xl01 
Arsenic 

>1012 l.2Xla4 l.5Xl02 2.9Barium 

>10'2 2.4Xla6 2.1Xl<>3 l.3Xl01 
Cadmium 

>1012 9.9Xla4 6.3Xl02 2.4Xl01 
Chromium (+6) 

NA* NA 2.9XI<>9 l.8Xl D3Cyanide 

Lead 
->1012 >1012 >1012 l.2XlD3 

>1012 3.3Xl06 l.5Xl<>3 2.6Xl01 
Mercury 

>1012 3.4Xla6 l.6Xl<>3 l.2Xl01 
Nickel 

>10'2 2.4Xla4 l.9X1<>2 6.2
Selenium 

>10'2 2.5Xla4 4.3XI<>2 4.2
Silver 

NA NA 3.5XI<>3 9.0X101 
Thallium 

NA NA >1012 >1012 
Vanadium 

>10'2 6.7Xl<>2 3.9
Zinc 5.8Xl06 

* DAFs were not derived for these constituents because no analytical data were reported for these consutuents many 
of the wastes disposed in waste piles. 
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H.1.1.5 Risk Characterization 

Daily intakes of the waste constituents due to groundwater ingestion are estimated in precisely the 
same way as described in the July memorandum.2 For arsenic, (the only constituent considered to be 
carcinogenic by ingestion), lifetime daily intake is calculated for a 70-kg adult drinking 1.4 liters per day of 
contaminated groundwater 350 days per year for nine years, assuming a 70-year life-span for averaging 
purposes. Daily intakes of noncarcinogens are calculated using the same assumptions, except that the dose 
is averaged over the period of exposure, rather than over a lifetime. 

Lifetime cancer risks are calculated by multiplying the lifetime daily arsenic intake (from those waste 
streams having arsenic as a constituent) by the ingestion Cancer Slope Factor for arsenic of 1.5 (mg/kg
dayY1. Noncancer hazard quotients for exposure to waste constituents are calculated by dividing the daily 
constituent intake of each constituent by its ingestion pathway Reference Dose (RID). The toxicity values 
used in the assessment all come from EPA's IRIS database, and are current as of December 1996. 

H.1.2 Estimation of Numbers of Facilities at Specific Risk Levels 

In the previous risk and benefits assessments perfonned for the disposal of mineral processing wastes, 
the measure of the benefits of the regulatory alternatives was the reduction in the number of facilities at 
which waste management would results in risks above levels of regulatory concern. As noted previously, 
no risk assessment has been perfonned for the storage of recycled materials under any of the regulat~ry 
alternatives. Thus, a similar quantitative benefits assessment is not possible for waste storage under the 
various regulatory alternatives. 

This risk assessment, however, does provide an estimate of the numbers of facilities in the various 
commodity sectors at which risks exceed levels of regulatory concern under the modified prior treatment 
baseline. This estimate presents an upper bound limit on the possible regulatory benefits; e.g., if regulation 
reduced releases of all waste constituents to zero, then all of the baseline risks greater than levels of 
regulatory concern would go to zero as well. Less than perfect control of releases would result in 
correspondingly smaller reductions in the number of facilities at high risk levels (yielding lower benefits), 
although the magnitude of risk reduction has not been quantified. 

H.1.2.1 Estimation of the Numbers of Facilities Storing Recycled Materials. 

Risks have been assessed for all of the commodity sectors and waste stream which have been identified 
by the Agency as being involved in recycling under the modified prior treatment baseline, and for which 
constituent concentration data are available, as identified in Exhibit H-1. In this analysis, it has been 
assumed that all of the facilities in each commodity sector not only generate but store recycled sludges, 
byproducts, and spent materials. Thus, the numbers of facilities included in the assessment are simply 
equal the estimated numbers of facilities in the commodity sector, which is exactly analogous to the 
approach taken in the analysis of the risks associated with waste disposal. . 

In this analysis, it has been assumed that all of the facilities identified as generating the recycled 
streams also recycl~ them, under both CT and HE assumptions. Thus, the number of waste stream-facility 
combinations in each commodity sector is the same for the HE and CT risk estimates. Analogous to the 
previous analysis, where a single facility stores more than one waste stream, it is counted as more than one 
"waste stream-facility combination." 
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H.1.2.2 Attribution of Risks to Facility-Waste Stream Combinations 

As was the case for the analysis of disposal risks, the number of risk estimates (one from each sample) 
does not always equal (in fact, rarely equals) the number of facilities storing the wastes. Thus, in 
estimating the distribution of risks across a commodity sector it is necessary to apportion the risks from 
individual samples to the CT and HE numbers of facilities. 

The procedures used to do this are described in detail in Section 2.2.2 of the July memorandum. 
Basically, the approach involves distributing risk levels across the facilities in commodity sector in as close 
to the same proportions as they are distributed across the individual waste samples from the waste 
generated by that sector. For example, if there are two samples of a given waste stream in the data base, 
one with an estimated cancer risk of 10-6 and one with an estimated risk of 10·2, half the facilities in the 
commodity sector would be placed in the "<10.5

" category, and half would fall into the "10-3 to 10-2
" 

category. One of the outcomes of using this approach is that not every risk result above a level _of concern 
translates into a waste stream-facility combination. For example if there is only a very small proportion of 
samples (for example, one in 20) giving high risks, this may translate into zero waste stream facility 
combinations if there are, for example, only two or three total facilities in the industry. The July memo 
describes the approaches used for rounding the estimates of facilities in the various risk categories, where 
apportionment cannot be done evenly, and for combining risk estimates from multiple samples from a 
single facility so, so as not to give them undue weight across an entire industry. 

H.1.3 Results of the Groundwater Risk A~ent 

H.1.3.1 Risk ~ent Results by Sample 

Exhibit H-4 summarizes the carcinogenic groundwater risk results for the 75 samples identified as 
containing arsenic, the sole ingestion pathway carcinogen among the waste constituents. Using the central 
tendency DAF values, the calculated cancer risks for 49 of these samples were less than 10·5, the level of 
regulatory concern, and the risks for 26 of the samples exceeded this value. Cancer risks exceeded 10·5 for 
one or more samples from only four waste streams; copper acid plant blowdown, elemental phosphorous 
furnace scrubber blowdown, tantalum, columbium, and ferrocolumbium process wastewater, and zinc 
spent surface impoundment liquids. The highest risks cancer risks were associated with three samples of 
copper acid plant blowdown ( 10·3 to 10·2). This waste stream accounted for 14 of the 16 samples with the 
highest CT cancer risks. The next highest risks (in the 10-4 to 10·3 range) were associated with one sample 
each from tantalum process wastewater and zinc spent surface impoundment liquids. 

Using the high-end (CT) DAF values, cancer risks calculated for the groundwater pathway exceeded 
10·5 for 50 of the 75 samples. Under this set of assumptions, risks for at least one sample exceeded 10·5 for 
10 of the 14 waste streams e:valuated. The highest risks (25 of 30 samples > 10·5, highest risk category 
>10:-1) were again associated with copper acid plant blowdown, with the next highest risk 00·2 to 10-1

) 

being associated with the single sample of zinc spent surface impoundment liquids. Of the wastes whose 
CT cancer risks were below 10-s for all samples, six (elemental phosphorous AFM rinsate, rare earths 
process wastewater, selenium plant wastewater, titanium/fi02 leach liquor and sponge wash water and 
scrap milling scrubber water, and zinc process wastewaters), had at least one sample with HE cancer risks 
above this level. 

Cancer risks for most of the samples increased about two orders of magnitude from the CT to HE case. 
This is consistent with the difference between the CT and HE DAF values for arsenic managed in surface 
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EXHIBIT H-4 

Distribution of Samples by Groundwater Risk Category: Cai 

Central Tendencv 

Number 

of Samples 10-S 10-4 10-3 10-2 

with to to to to 

Commodity Waste Stream Cancer Risk <10-S 10-4 10-3 10-2 10-1 >10-1 <10-5 

Aluminum and Alumina Cast house dust 2 2 0 0 0 0 0 2 

Beryllium ~hip treatment WW I I 0 0 0 0 0 I 

Copper Acid plant blowdown 30 9 7 8 3 3 0 5 

Elemental Phosphorus AFM rinsate 2 2 0 0 0 0 0 0 

Elemental Phosphorus Furnace scrubber blowdown 8 7 I 0 0 0 0 3 
•· 

Rare Earths PWW 2 2 0 0 0 0 0 0 

Selenium PlantPWW 2 2 0 0 0 0 0 0 

Tantalum, Columbium, and PWW 13 IO 2 I 0 0 0 7 
Ferrocolumbium. 

Titanium and Ti02 Leach liquor & sponge wash water 2 2 0 0 0 0 0 0 

Titanium and Ti02 Scrap milling scrubber water I I 0 0 0 0 0 0 

Zinc Waste ferrosilicon 0 0 0 0 0 0 0 0 

Zinc Spent s.i. liquids I 0 0 I 0 0 0 0 

Zinc WWTP liquid effluent 0 0 0 0 0 0 0 0 

Zinc Process wastewater 11 II 0 0 0 0 0 7 

Totals 75 49 10 IO 3 3 0 25 
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impoundments. In the case of the NWW waste streams managed in piles, both the CT and HE cancer risks 
for all samples were below 10·5_ For aluminum/alumina cast house dust, this reflected the much higher CT 
and HE OAF values for arsenic managed in waste piles, compared to surface impoundments, as well on the 
relatively small mass of arsenic present in the waste pile. Arsenic was not detected in the single sample of 
waste ferrosilicon from zinc production. Thus, no carcinogenic risks were calculated for this waste. The 
two other streams for which all HE sample-specific cancer risks were below 10·5 were beryllium chip 
treatment wastewater and zinc wastewater treatment plant liquid effluent. 

Noncancer hazard ·quotient values for groundwater pathway for the individual samples of recycled 
materials are summarized in Exhibit H-5. Using the CT OAF values, hazard quotient values exceeding 1.0 
were calculated for 43 of 135 total samples from the 14 waste streams. As was the case for cancer risks, 
copper acid plant blowdown had the highest number of samples with noncancer hazard quotients above 
1.0 (18 of 35 samples), and had the highest number of samples (4) in the highest risk category (HQ= 100 
to 1000). Samples from zinc production ( 11 of 22 for spent surface impoundment liquids and 8 of 16 for 
process wastewater) account for the bulk of the remaining hazard quotients above 1.0. The only other 
waste streams with CT hazard quotients above 1.0 included beryllium chip treatment wastewater ( one 
sample), elemental phosphorous furnace scrubber blowdown (one sample), tantalum, etc., process waste 
water (three samples), and zinc wastewater treatment plant liquid effluent (one sample). 

When the HE OAF values are used to calculate exposures, hazard quotients exceed 1.0 for 100 of the 
135 samples. As was the case for cancer risks, most of the hazard quotient values for individual samples 
are increased one to two orders of magnitude in the HE case compared to the CT case, reflecting the 
changes in the OAF values for the risk driving constituents managed in surface impoundments. As for 
cancer risks, both the CT and HE OAF values for waste piles for all of the constituents are so high, and the 
masses of constituents are so low, that no samples of the two waste streams managed in waste piles have 
hazard quotients exceeding 1.0 in either the CT or HE case. Hazard quotient values for five waste streams 
which were all below 1.0 in the CT case exceeded 1.0 in the HE case for at least one sample (elemental 
phosphorous AFM rinsate, rare earth process wastewater, selenium process wastewater, and titanium/fi02 

leach liquor and sponge wash water and scrap milling scrubber sludge). 

H.1.3.2 Risk Driving Constituents 

For all of the cancer risk calculations, arsenic, being the only ingestion pathway carcinogen among the 
constituents evaluated, was always the risk driver. In the case of noncancer risks, many constituents drove 
risks (had the highest hazard quotients) for the samples evaluated. The noncancer risk driving constituents 
(constituents with the highest HE hazard quotients) for the various waste streams are identified in Exhibit 
H-6. 

Overall, cadmium was the most common driving constituent, having the highest hazard quotient for 
one-half (50/100) of the samples with hazard quotients above 1.0. Arsenic and zinc (16 samples each) 
were the next most common drivers, followed by thallium (8 samples), and chromium (6 samples). None 
of the other constituents were noncancer risk drivers for more than one sample. Among the recycled 
streams with the highest numbers of samples, arsenic and cadmium were the predominant risk drivers for 
copper acid plant blowdown (26 out of 30 samples), cadmium was the dominant driver for elemental 
phosphorous furnace scrubber blowdown (8 of 10 samples), and cadmium and zinc were the predominant 
risk drivers for the three liquid recycled streams from zinc production. 
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EXHIBIT H-5 

Distribution of Samples by Groundwater Hazard Category: Non-Cancer Hazards 

Central Tendencv Hie.h End 

Number of 

Samples with I 10 100 lk 1 10 100 lk 
Non-cancer to to to to to to to to 

Cornmoditv Waste Stream Hazard <f 10 100 lk 10k >lOk <l 10 100 lk 10k >lOk 

Aluminum and Alumina Cast house dust 2 2 0 0 0 0 0 2 0 0 0 0 0 

Beryllium Chip lrealmenl WW I 0 0 I 0 0 0 0 0 0 0 I 0 

Copper Acid plant blowdown 35 17 10 4 4 0 0 3 7 12 7 4 2 

Elemental Phosphorus AFM rinsale 2 2 0 0 0 0 0 0 0 2 0 0 0 

Elemental Phosphorus Furnace scrubber blowdown 14 13 I 0 0 0 0 4 4 5 I 0 0 

Rare Earths PWW 4 4 0 0 0 0 0 2 2 0 0 0 () 

Selenium PlanlPWW 2 2 0 0 0 0 0 0 2 0 0 0 0 

Tantalum, Columbium, PWW 21 18 3 0 0 0 0 13 3 0 5 0 0 
and Ferrocolumbium 

Titanium and TiO2 Leach liquor & sponge 2 2 0 0 0 0 0 0 I I 0 0 0 
wash waler . 

Titanium and TiO2 Scrap milling scrubber 1 1 0 0 0 0 0 0 I 0 0 0 0 
waler 

Zinc Wasle ferrosilicon 1 1 0 0 0 0 0 1 0 0 0 0 0 

Zinc Spent s.i. liquids 22 11 ·5 4 2 0 0 4 3 2 7 2 4 
Zinc WWTP liquid effluent 3 2 0 0 1 0 0 0 I I 0 0 I 

Zinc Process wastewater 24 16 7 1 0 0 0 5 4 5 8 2 0 

Totals 134 91 26 10 7 (} 0 34 28 28 28 9 7 
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EXHIBIT H-6 

Constituents Driving Non-Cancer Hazard Quotients in Recycled Streams 

Commoditv 

Aluminum and Alumina 

Beryllium 

Copper 

Elemental Phosphorus 

Elemental Phosphorus 

Rare Earths 

Selenium 

Tantalum, Columbium, and 
Ferrocolumbium 

Titanium and Ti02 

Titanium and Ti02 

Zinc 

Zinc 

Zinc 

Zinc 

Waste Stream 

Cast house dust 

Chip treatment WW 

Acid plant blowdown 

AFM rinsate 

Furnace scrubber blowdown -
PWW 
PlantPWW 
PWW 

Leach liquor & sponge wash water 

Scrap milling scrubber water 

Waste ferrosilicon 

Spent s.i. liquids 

WWTP liquid effluent 

Process wastewater 

Drivine Constituent (number of samples) 

2 samples total; no hazard quotients greater than I 

Beryllium ( 1/1) 

Arsenic ( 15/35), Cadmium (11 ), Chromium (I), Lead (I), Selenium (I), Thallium (I), Zinc (2) 

Cadmium {2/2) 

Cadmium (8/14), Chromium (1), Thallium (I) 

Thallium (2/4) 

Arsenic (Vz), Thallium (I) 

Antimony (1/21), Cadmium (3), Chromium (4) 

Thallium (2/2) 

Thallium ( 1/1) 

I sample total; no hazard quotients greater than I 

Cadmium (12/22), Zinc (6) 

Cadmium (2/3), Zinc (I) 

Cadmium (12/24*). Zinc (7) 

• A sample with a selenium concentration of I 00,000 ppm was excluded from the analysis 
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H.1.2.3 Risk A~ent Results by Facility 

The cancer risk results for the individual samples, distributed across the numbers of facilities 
generating and storing the wastes, are summarized in Exhibit H-7. Using the methods described in Section 
H.1.1.2, it was estimated that CT groundwater pathway cancer risks would exceed 10·5 at 11 of the 57 
waste stream-facility facilities4

• All of these waste stream-facility combinations were managing either 
copper acid plant blowdown (7 facility-waste stream combinations) or zinc spent surface impoundment 
liquids (3 combinations). These results, of course generally reflect the pattern of sample-specific risk 
results for the various waste sectors. It will be noted, however, that for two waste streams, findings of one 
or more sample with greater than 10·5 risks did not translate into any facility-waste combinations above 10·5 

risks. In the case of elemental phosphorous furnace scrubber blowdown, only one of seven samples had a 
cancer risk of just above 10·5• Distributed across two facilities estimated to be storing this waste, this result 
(one-seventh of the samples having risks above 10·5) was rounded down to zero. Similarly, in the case of 
tantalum, etc., process wastewater, three of thirteen samples with risks above 10·5 was again rounded 
downward to ze1v of two facility-waste stream combinations. This occurrence is the almost inevitable 
result of having so few facilities in so many industries, and the fact that non-integral numbers of waste
stream facility combinations are meaningless as risk or benefit indicators. It would be reasonable to 
interpret these results as indicating that either zero or one facility in these industries might have CT cancer 
risk above 10·5_ 

When HE OAF values are used, the number of facility-waste stream combinations with cancer risks 
above 10·5 increases to 24 of 57 facilities. Under HE assumptions, most of the waste streams show one or 
more facilities at risk levels above 10·5, the exceptions being the four low-risk waste streams identified in 
Exhibit H-4. These include both the two NWW streams that would be stored in waste piles, as well as 
beryllium chip treatment wastewater and zinc wastewater treatment plant liquid effluent. As noted 
previously, arsenic is not reported as a constituent of the latter waste. 

The distribution of facility-waste stream combinations by noncancer risk category is summarized in 
Exhibit H-8. Using the CT OAF values, 12 waste stream-facility combinations are identified as having 
noncancer hazard quotients greater than 1.0. Five of these facilities are managing copper acid plant 
blowdown, two are managing beryllium chip treatment wastewater, and two of the facility-waste stream 
combinations are associated with the management of zinc spent surface impoundment liquids. 

Using HE OAF values, 28 waste stream-facility combinations are identified as being associated with 
noncancer hazard quotients above 1.0. Again, four waste streams have no facility- waste stream 
combinations with hazard quotients above levels of concern: aluminum/alumina cast house dust,- rare earth 
chip treatment wastewater, tantalum, etc., process wastewater, and zinc spent waste ferrosilicon. 

Note that the totals in the risk categories do not sum exactly due to rounding. This is true for the following 
exhibit as well. 
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EXHIBIT H-7 

Distribution of Waste Stream-Facility Combinations by Groundwater Risk Category: Cancer Risks 

Number of 

Waste Stream/ Central Tendency High End 

l<'acillty 

Combinations• # 10-S 10-4 10-3 10-2 10-5 10-4 10-3 10-2 

Central H/gh to to lo to to to to to 

Commodltv Waste Stream Tendencv End <10-5 10-4 10-3 10-2 10-1 >10-1 <10-5 10-4 10-3 10-2 10-1 >10-1 

Aluminum and Alumina Casi house dust 23 23 23 0 0 0 0 0 23 0 0 0 0 0 

Beryllium Chip treatment WW 2 2 2 0 0 0 0 0 2 0 0 0 0 (I 

Copper Acid plant blowdown 10 10 3 2 3 I I 0 2 I 2 2 2 2 

Elemental Phosphorus AFM rinsate 2 2 2 0 0 0 0 0 0 I I 0 0 0 

Elemenlal Phosphorus Furnace scrubber blowdown 2 2 2 0 0 0 0 0 I I I 0 0 0 

Rare Earths PWW I I I 0 0 0 0 0 0 I 0 0 0 0 

Selenium Plant PWW 2 2 2 0 0 0 0 0 0 I I 0 0 0 

Tanlalum, Columbium, and PWW 2 2 2 0 0 0 0 0 I I 0 0, 0 0 
Ferrocolumbium 

Titanium and TiO2 Leach liquor & sponge wash waler 2 2 2 0 0 0 0 0 0 I I 0 0 0 

Titanium and TiO2 Scrap milling scrubber waler I I I 0 0 0 0 0 0 I 0 0 0 0 

Zinc Wasle ferrosilicon I I 0 0 0 0 0 0 0 0 0 0 0 0 
Zinc Spenl s.i. liquids 3 3 0 0 3 0 0 0 0 0 0 0 3 0 
Zinc WWrP liquid emuenl 3 3 0 0 0 0 0 0 0 0 0 0 0 0 
Zinc Process was1ewa1er 3 3 3 0 0 0 0 0 2 0 I 0 0 0 

TOTALS• 57 57 42 3 6 I I 0 30 8 6 3 5 2 

• Sums by risk calegory may not add lo the number of cenlral or high-end waslc s1rea111/facili1y combinations due 10 rounding. 

# Includes waste slream/fucilily combinations with no cancer risk (bur with an associated non-cancer hazard) 
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EXHIBIT H-8 

Distribution of Waste Stream-Facility Combinations by Groundwater Hazard Category: 
Non-Cancer Hazards 

Number of 

Waste Stream/ Central Tendencv Hil!h End 

Facility 

Combinations• I 10 100 lk I 10 100 lk 
Central High lo to lo to to to to to 

Commodllv Waste Stream Tendency End <I 10 100 lk IOk >IOk <f 10 100 lk IOk >I0k 
Aluminum and Alumina Casi house dust 23 23 23 0 0 0 0 0 2J 0 0 0 0 0 

Beryllium Chip treatment WW 2 2 0 0 2 0 0 0 0 0 0 0 2 0 

Copper Acid plant blowdown 10 10 4 3 I I 0 0 I 2 3 2 I I 

Elemental Phosphorus AFM rinsale 2 2 2 0 0 0 0 0 0 0 2 0 0 0 

Elemental Phosphorus furnace scrubber blowdown 2 2 2 0 0 0 0 0 I I I 0 0 0 
Rare Earths PWW I I I 0 0 0 0 0 I 0 0 0 0 0 

Selenium Plant PWW 2 2 2 0 0 0 0 0 0 2 0 0 0 0 

Tanlalum, Columhium, and PWW 2 2 2 0 0 0 0 0 I 0 0 0 0 0 
Ferrocolumbium 

Titanium and Ti02 Leach liquor & sponge wash waler 2 2 2 0 0 0 0 0 0 I I 0 0 () 

Titanium and Ti02 Scrap milling scrubber water I I I 0 0 0 0 0 0 I 0 0 0 0 
Zinc Waste ferrosilicon I I I 0 0 0 0 0 I 0 0 0 0 0 
Zinc Spent s.i. liquids 3 3 2 0 I I 0 0 0 0 0 I 0 I 
Zinc WWTP liquid effluent 3 3 2 0 0 I 0 0 0 I I 0 0 I 
Zinc Process wastewaler 3 3 2 I 0 0 0 0 I I I I 0 0 

TOTALS• 57 57 45 5 4 3 0 0 29 9 9 4 4 2 

• Sums by hazard category may not add to the number of central or high-end waste stream-facility combinations due 10 rounding. 
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H.1.4 Summary of Groundwater Pathway Risk Results 

The preceding analysis indicates that the storage of some mineral processing recycled materials in 
land-based units under modified prior treatment baseline assumptions may be associated with significant 
health risks due to groundwater consumption. Cancer risks greater than 10·5 and hazard quotients greater 
than 1.0 are predicted for the minority of waste streams and individual samples under CT exposure · 
assumptions and for the majority of waste streams and samples under HE exposure assumptions. 
Estimated cancer risks range up to 10·1 for some samples under CT exposure assumptions and exceed 10·1 

under HE assumptions. Hazard quotient values similarly approach 1,000 under CT assumptions and 
exceed 10,000 for a few waste streams using the HE DAF values. 

Copper acid plant blowdown has the largest number of samples with high cancer risks, and the highest 
cancer risks for this recycled stream exceed those for the next highest stream by one to two orders of 
magnitude. This stream also has the largest number of samples with hazard quotients above 1.0, followed 
by zinc spent surface impoundment liqu_ids and process wastewater. 

Aluminum/alumina cast house dust and zinc waste ferrosilicon are the only two waste streams for 
which no samples exceed 10·5 cancer risk or noncancer hazard quotient value of 1.0 under either CT or HE 
assumptions. These are the only two nonwastewater streams evaluated, and the low risk results are 
primarily a function of the very high DAF values for waste piles compared to the values derived for surface 
impoundments. Two other waste streams (beryllium chip treatment wastewater and zinc wastewater 
treatment plant liquid effluent) have low cancer risks even under HE assumptions, but one or more samples 
of each of these wastes is associated with hazard quotients greatly exceeding 1.0~ even under CT 
assumptions. 

Aluminum and alumina cast house dust (23 facilities) and copper acid plant blowdown (10 facilities) 
account for almost half the facilities evaluated in the analysis. As noted above, risks for the former stream 
are all low, so cast house dust has no waste stream-facility combinations above risk levels of concern. The. 
majority of the waste stream-facility combinations managing copper acid plant blowdown, in contrast, are 
placed into risk categories above levels of concern under both CT and HE assumptions, and this waste 
stream contributes the largest number of waste stream-facility combinations at high risk levels of any waste 
stream. 

On a volume basis, two streams (copper acid plant blowdown and zinc process wastewater) account 
for approximately 80 percent of the total recycled materials volume for which constituent concentration 
data are available. As noted above, copper acid plant blowdown is one of the highest-risk waste streams. 
While the cancer risks estimated for zinc process wastewater generally fall into the low-risk categories, the 
noncancer hazard indices associated with this waste stream are generally quite high, especially under HE 
assumptions. 

H.1.5 Uncertainties/Limitation of Analysis 

Most of the major sources of uncertainty for this risk assessment of storage of mineral processing 
recycled materials are the same as those for the previous analyses of mineral processing waste disposal. 
These uncertainties are discussed in detail in the cited references. To summarize briefly, the major 
uncertainties include: 

• Limitations in data concerning the identities, amounts, constituent concentrations, and leaching 
behavior of the recycled materials. 
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• Limitations in data concerning the amounts of the specific recycled streams generated at specific 
facilities and the management methods used during storage. 

·• Limitation in knowledge concerning the locations, climatic, and hydrogeological settings at mineral 
processing facilities. 

• Uncertainties and variability in the methods used to model leaching and groundwater transport (DAFs) 
of the toxic constituents of recycled materials. 

• Uncertainties in the methods used to identify exposed receptors, estimate human exposures, and in 
characterizing the toxicological impacts of exposure to toxic constituents of recycled materials. 

All of these sources of uncertainty (and variability) apply at least as much to the evaluation of storage 
risks as they did to the evaluation of risks from waste disposal. As noted above, the number of samples 
used to derive DAFs, and for estimating risks for the recycled materials, is quite limited, even more so than 
in the case of the waste disposal risk assessment. This is especially true for the nonwastewaters managed 
in waste piles, for which only three samples from two waste streams (all from unknown facilities) were 
available. 

H.2 RlsK ASSESSMENT METHODS AND REsULTS FOR NON-GROUNDWATER PATHWAYS 

This section presents a summary of the risk assessment for the land storage ofnewly-identified· 
mineral wastes under the non-groundwater modified prior treatment baseline. 

H.2.1 Methods and ~umptions 

H.2.1.1 Overview of Risk ~ent Methods 

The multimedia risk assessment for the storage of mineral processing wastes employs many of the 
methods and assumptions used by EPA to develop the proposed risk-based exit levels for the Hazardous 
Waste Identification Rule (HWIR-Waste). The HWIR-Waste Technical Support Document5 provides a 
detailed description of methods for evaluating releases, characterizing transport, and estimating exposures 
and risks associated with a number of non-hazardous waste management units. Individual algorithms and 
equations from·HWIR-Waste are used to evaluate human exposures and risks associated with specific 
types of release events from land-based units (waste pile~ and landfills) that manage mineral processing 
recycled materials. In most cases, the HWIR-Waste methods are used without significant modification. 
However, in some instances, models were adjusted or simplified to reflect the specific characteristics of the 
facilities and constituents being modeled. For example, since none of the constituents addressed in this 
effort are appreciably volatile, the volatilization release and depletion equations from the HWIR-Waste 
models were not used and, since the recycling storage units were assumed to operate for only 20 years, the 
long-term steady-state assumptions employed in HWIR-Waste to estimate media concentrations were not 
valid, and time-dependent methods were substituted. Because of the shorter operating life spans of the 
storage units, compared to the assumptions made in HWIR-Waste, we also eliminated the soil depletion 
algorithms related to leaching and runoff. Thus, all soil contaminants were assumed to be fully conserved 

5 USEPA, Technical Support Document for the Hai.ardous Waste Identification Rule: Risk Assessment for Human 
and Ecological Receptors, Office of Solid Waste, August 1995. 
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for the entire exposure period. Finally, particulate release and transport models were used which differed 
slightly from those used in HWIR-Waste, and generic climatic assumptions were used in the evaluation of 
air transport. These methods are described in detail in Attachment H-B. 

The same general assumptions regarding receptors and receptor behavior were employed in this 
analysis as were used in HWIR-Waste. With a few exceptions, the same values for exposure frequency 
and duration and other exposure factors are used as were employed in HWIR-Waste. Most of the exposure 
factors corresponded either to the adult resident, child resident, subsistence farmer, or subsistence fisher 
receptors defined in HWIR-Waste, depending on whichever had the highest exposures and risks. The only 
major exception was again related to the characteristics of the facilities being evaluated, in that release and 
exposure durations were adjusted to 20 years for "direct" pathways, corresponding to the assumed life-span 
of the management units. A full 30 years high-end exposure assumption is employed, however, for 
exposures to persistent constituents in soils. 

Input data for the release models come from the database of waste constituent concentrations 
developed in support of the RIA (see Section H.1.1.3). In this case, however, only those streams are 
· included which EPA has identified as having non-zero recycled volumes in the expected cost scenario of 
the modified prior treatment baseline. Facility characteristics and sizes from the least-cost management 
strategies developed in the RIA are used, as discussed in Section 3.0 of this RIA. 

The exposure and risk assessment algorithms are applied in a screening mode to identify those 
management units, release events, and exposure pathways that may be associated with risks exceeding 
regulatory levels of concern. In the screening mode, relatively conservative assumptions regarding 
releases, exposures, and the toxicity characteristic~ of the waste constituents are used to provide a high 
degree of assurance that exposures that could be associated with significant risks are not missed. For most 
of the release events, high-end (HE) assumptions are first used to identify the highest risks pathways and 
constituents. If HE assumptions indicate that all risks are below levels of concern for a given pathway, no 
further risk assessment is performed. IfHE risks are above levels of concern, central tendency (CT) 
assumptions are used to determine whether risks are still of concern for particular waste management units, 
waste streams, and constituents, and to help characterize the variability in risks that is associated with 
changes in key variables. 

The risk assessment presented below summarizes risks for single-release events and exposure 
pathways. Risks are not summed across exposure pathways, unless it clear that exposure through one 
pathway would reasonably be associated with exposure through another pathway for the same receptor 
(risks fro.m the ingestion of home-grown root and above ground vegetables are summed, for example). 
The risk assessment has not been structured to consider detailed mass balances across release events or 
exposure media, although each release event is evaluated to determine if it would result in a substantial 
reduction of the amount of constituent available for release by other events. As will be seen in Section 
H.2.2, no individual events were found that release substantial portions of the annual recycled volumes 
from any of the management units. 

H.2.1.2 Regulatory Scenarios 

As for the groundwater pathway; risks have been assessed for the modified prior treatment baseline. 
Under this baseline, it is assumed that recycled spent materials, sludges, and byproducts from mineral 
processing will be stored in land-based units prior to recycling. Nonwastewaters would be stored in 
unlined waste piles, and wastewater and liquid nonwastewater streams would be stored in unlined surface 
impoundments. Unlike the situation for disposal facilities, it is assumed that where two or more recycled 
streams are generated at a facility, the streams would be stored in separate units prior to recycling, and that 
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there would be no comanagement. Also, it has been assumed that the storage units would be sized to just 
accommodate the required amount of recycled material - three months' recycled volume in the case of 
nonwastewaters, and one month's recycled volume in the case of wastewaters and liquid nonwastewaters. 
The assumptions used to evaluate the size and configuration o( storage faciiities are described in detail in 
the August 1996 RIA. 

H.2.1.3 Identification of Recycled Waste Streams 

The same 14 waste streams were evaluated as in the groundwater pathway assessment. As noted 
previously, the 14 streams which are evaluated account for between approximately 32 and 42 percent of 
the total waste generated, and for between about 57 and 68 percent of the annual recycled volume, 
depending on which estimates are used, from the mineral processing industries that have been evaluated. 
The extent of coverage of waste streams from the individual industry sectors is summarized in Attachment 
H.A to this appendix. 

H.2.1.4 Waste Characterization Data 

The same data sources related to waste constituent concentration were used as described for the 
groundwater pathway assessment in Section H. l. No data were available related to the particulate 
characteristics of the two waste streams managed in waste piles. A reasonably conservative set of 
assumptions were therefore developed regarding waste silt content, particle size distribution, and particle 
size density, based partially on assumptions used in HWIR-Waste and on assumptions made by EPA as 
part of previous risk assessment efforts for similar mineral processing waste streams. These assumptions 
are described in more detail in Attachment H.B. 

H.2.1.5 Facility Characterization Data 

As noted above, facility size and configuration were determined for each recycled waste stream as part 
of the cost and economic impact analysis for the proposed Mineral Processing LDR. These methods are 
described in detail of Appendix E of the August 1996 RIA. Under the modified prior treatment scenario, it 
is assumed that all 14 recycled streams will be managed in unlined land-based units, nonwastewaters in 
waste piles and wastewaters and liquid nonwastewaters in surface impoundments. The management units 
were assumed to be sized to just meet the needs of the recycling units. Based on the Agency's evaluation 
of recycling practices, and considering the constraints on the duration of storage under existing regulations, 
it was assumed that all recycling storage piles would be sized to accommodate one quarter of the annual 
recycled volumes for typical facilities in the various commodity sectors, and that surface impoundments 
would be sized to accommodate one-twelfth of the annual recycled volumes of liquid streams. Thus, all 
units disposing of the same waste streams in any given commodity sector are assumed to be the same size. 
Further, it is assumed that no comanagement of multiple waste streams would occur in any management 
units. 

For costing purposes, waste piles have been assumed to be conical, with side slopes of 2: 1. Piles are 
assumed to be unlined and uncovered, with no special controls of runoff or particulate suspension. For 
purposes of emissions estimation, it is assumed that the piles are at full capacity at all times, and that the 
entire annual recycled volumes of the waste streams pass through the units each year, being added and 
removed at uniform rates on every day of operation throughout the year. It is assumed that, below a 
minimum recycled volume (500 mt/yr per facility) it is cheaper to store recycled materials in roll-off 
containers than in piles, and recycled streams with an annual recycled volume less than this amount were 
therefore not included in the risk assessment for waste piles. There was also an upper limit on the height 
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and area of a single pile, but none of the recycled nonwastewater streams were recycled in large enough 
volumes to reach this limit. 

Surface impoundments used for recycling were assumed to be rectangular in shape, with a 2: 1 
length:width ratio and a rectangular prism-shaped bottom with a maximum depth of seven feet. Again, 
streams with annual recycled volumes of less than 500 mt/year per facility were assumed to be managed in 
tanks or containers, rather than impoundments. All of the recycled wastewater and liquid non wastewater 
streams for which constituent data were available equaled or exceeded this volume, and thus all of them 
were included in the risk assessment. 

The characteristics of the units used to store the recycled streams prior to recycling are summarized in 
Exhibit H-9. It can be seen that the two nonwastewater streams are both relatively low-volume, and the 
management units are correspondingly small. The sizes of the surface impoundments for the storage of 
liquid waste streams, on the other hand, span the range of the smallest possible facility size (42 cubic 
meters for titanium/Ti02 scrap milling scrubber water) to extremely large (99,167 cubic meters for zinc 
process wastewater). 

H.2.1.6 Identification of Release Pathways 

The screening-level risk assessment addressed non-groundwater release events from waste piles and 
surface impoundments managing mineral processing recycled streams. As an initial step in the risk 
assessment, release events and pathways were identified and screened to determine which would be the 
most likely to result in significant health risks to human receptors. The initial menu of events that were 
considered came from the HWIR-Waste Technical Background Document The results of the screening 
are summarized in Exhibit H-10. As noted previously, many release events were screened out because of 
the characteristics of the units or the wastes involved. For example, volatilization release were eliminated 
for all management units and streams, because none of the toxic constituents, in the chemical forms that 
they are likely to be present, would be appreciably volatile. 

The release events that have been addressed include the generation of air particulates and runoff from 
waste piles, and the releases of liquid recycled streams from surface impoundments due to inlet/outlet 
failures and runon events during large storms. Groundwater releases from these units have been addressed 
previously and are not further evaluated here. 

H.2.1.7 Transport and Exposure Pathways 

·After releases from the land storage units, waste constituents may be transported or .appear as 
contaminants in various environmental media, depending on the characteristics of the release event, the 
facility characteristics, and the environmental fate and transport properties of the constituents. In HWIR
waste, a large number of transport and exposure pathways were identified for the various units and 
waste/constituent types, only a minority of which were evaluated in this risk assessment. Reasons for 
excluding transport and exposure pathways from the assessment included (1) the pathways were not 
relevant to the units and waste being evaluated, (2) pathway models were not adequately developed or 
were too complex to apply in the context of this screening level assessment, or (3) it became apparent that 
the transport and exposure routes were very unlikely to be associated with significant risks. In some cases, 
simple screening-level models were substituted for the more detailed transport and exposure models from 
HWIR-Waste. Exhibit H-11 summarizes the fate and transport pathways that were evaluated in this 
assessment and provides a general description of the exposure and risk modeling procedures used to 
evaluate them. 
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EXHIBIT H-9. FACILITY SIZES FOR THE RECYCLED WASTE STREAMS 

Commodity Recycled Stream Facility Facility Facility 
Type1 Volume Area 

(mJ) (m2) 

Aluminum and Alumina Cast House Dust WP 107 108 

Beryllium Chip Treatment Wastewater SI 417 558 

Coooer Acid Plant Blowdown SI 22,083 10,441 

Elemental Phosphorous AFM Rinsate SI 167 415 

Elemental Phosphorous Furnace Scrubber Blowdown SI 17,500 8,429 

Rare Earths Process Wastewater SI 117 385 

Selenium Plant Process Wastewater SI 550 631 

Tantalum, Columbium, and Process Wastewater SI 4,375 2,517 
Ferrocolumbium 

Titanium and Titanium Oxide Leach Liquor and Soonge Wastewater SI 4,000 2,341 

Titanium and Titanium Oxide Scrap Milling Scrubber Water SI 42 340 

Zinc Waste Ferrosilicon 'WP 1,093 509 

Zinc Soent Surface Imooundment Liquids SI 10,500 5,319 

Zinc Waste Water Treatment Plant Liquid SI 7,250 3,850 
Effluent 

Zinc Process Wastewater SI 99,167 43,384 

Notes: I. SI= Surface Impoundment, WP= Waste Pile 

EXHIBIT H-10. RELEASE EVENTS RETAINED IN THE MINERAL PROCESSING 
SCREENING RISK ASSESSMENT 

Manaeement Unit Release Events 

Waste Pile Particulate Generation by Wind 

Particulate Generation by Materials Handling 

Surface Runoff due to Rain Events 

Surface Impoundments Releases Due to Inlet/Outlet Failures 

Releases Due to Runon Events 
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EXHIBIT H-11. EXPOSURE PATHWAY MODELING SmotARY FOR MINERAL 
PROCESSING STORAGE RISK ASSESSMENT 

Unit Type Release Transport Transport Transport Exposure Receptors Modeling Approaches 
Event/ Medium I Medium II Medium ill Pathway 

Medium 
Waste Pile Particulate Air -- - Inhalation Adult Resident SCREEN3 (Emissions) 

Generation ISCST3 (Deposition) 
by Wind, HWIR (Exposure/Risk) 
Materials 
Handling 

Air Soil -- Ingestion Child/Adult HWIR-Waste 
(deposition) Resident (Exposure/Risk) 

Denna! Child Resident HWIR-Waste 

Air Soil Crops Ingestion Subsistence HWIR-Waste, modified 
(deposition) Farmer for non-steady-state 

conditions(concentration 
in crops, vegetable 
intake, risk) 

Air Soil/Water Surface Ingestion Subsistence Bounding analysis (100 
Water/Fish Fisher percent deposition in 

water body) 

Waste Pile Runoff Soil - - Ingestion Child Resident Bounding analysis; 100 
percent runoff to 
adjacent garden/yard, 
HWIR-Waste (exposure 
and risk) 

Denna! Child Resident Bounding analysis; I 00 
percent runoff to 
adjacent garden/yard, 
HWIR-Waste (exposure 
and risk) 

Soil Crops - Ingestion Subsistence Bounding Analysis; 
Farmer HWIR-Waste 

Soil - Surface Ingestion Subsistence Bounding analysis; I 00 
Water/Fish Fisher percent deposition to 

surface water; HWIR-
Waste 

Surface ControV Surface - -- Ingestion Adult Resident HWIR-Waste (Release 
Impoundment Benn Water algorithms, exposure, 

Failure drinkin2 water in2estion) 

Surface Fish - Ingestion Subsistence HWIR-Waste (Releases, 
Water Fisher dilution, fish ingestion, 

risk) 
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Probably the most significant transport pathway that was omitted from the assessment was the 
discharge of groundwater to surface water. This pathway was not considered because of the absence of 
applicable OAF values and groundwater discharge volume estimates that would have allowed EPA to 
estimate surface water exposure concentrations. 

H.2.1.8 Release, Transport, and Exposure Modeling 

H.2.1.8.l Air Particulate Generation. Meteorological Modeling. and Deposition on Soils 

Airborne particulates generation from waste piles storing the two nonwastewater streams was 
estimated using EPA' s SCREEN3 model. Long-term concentrations of particulates in air and long-term 
particulate deposition rates were calculated using the more detailed ISCST3 model. Because the locations 
of the facilities managing these streams are not known (all the analytical data come from facilities without 
identifiers), it was not possible to use site-specific meteorological or climatic data in the modeling of 
particulate generation and transport. Therefore, the models were run using a generic "worst-case" set of 

. meteorological input data that is provided on part of ISCST3 for use in screening level analyses. High-End 
(HE) exposure concentrations (air and deposition values) were estimated for the point of maximal long
term impact (111 meters from the unit boundary in the case of aluminum cast house dust, and 248 meters 
in the case of zinc waste ferrosilicon), and the central tendency (CT) exposure estimates were deriving 
using the air concentrations and deposition rates averaged at every 100 meters· from the unit boundary out 
to a distance of 2000 meters in the direction of maximal impact. The procedures and assumptions used in 
particulate generation and transport modeling are described in more detail in Attachment H-B. 

As was the case for the meteorological data, very little information was available related to the physical 
characteristics (fraction of particulate present in waste, particle size distribution, particle density) of the 
nonwastewater streams. Data developed by EPA in previous analyses of potential risks from similar 
mineral processing wastes6 known to be managed in piles were used in the absence of information specific 
to aluminum cast house dust and zinc waste ferrosilicon. These data are summarized in Exhibit H-11, 
along with the other parameter values used to estimate exposure concentrations in soil resulting from 
particulate deposition. 

Accumulation of particulate materials in soils was assumed to occur for the entire 20-year lifespan of 
the waste piles. Exposure to the contaminated soil was assumed to begin at the end of the deposition 
period (when soil concentrations of deposited constituents would be the greatest), and it was assumed that 
the deposited constituents would not be depleted from the soil by leaching, runoff, or volatilization (ks = 
zero). This latter assumption adds a degree of conservatism to the estimation of soil concentrations, as 
some proportion of the deposited inorganics might, in the real world, be removed by runoff or leaching. 

The soil concentrations from soil deposition were calculated using a variation of Equation 6-1 in the 
HWIR-Waste Technical Support Document. The equation was first rearranged to allow the calculation of 
soil concentrations from deposition rates, instead of vice-versa, and the exponential terms relating to the 
depletion of deposited material from the soil were eliminated from the equation. The result is a simple 
relationship describing the dilution of the deposited constituents uniformly in the mass of soil represented 
by the mixed layer. Consistent with HWIR-Waste, shallow mixing depths (1 and 2.5 cm) were used to 
calculate exposure concentrations for use in the soil ingestion and dermal contact pathways, and greater 
mixing depths (10 and 20 cm), corresponding to tilled depths, were used to calculate soil concentrations 

6 USEPA, Risk Screening Analysis ofMining Wastes, Appendix F: Development ofPanicu/ate Emission 
Factors, (Draft), Office of Solid Waste, October 25, 1987. 
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for the root vegetable consumption pathway. All other parameter values were the same as those to 
calculate soil concentration in the HWIR-Waste assessment. 

H.2.1.8.2 Deposition of Airborne Particulates into Surface Water 

The parameter values used in the estimation of particulate pathway emissions and transport modeling 
are summarized in Exhibit H-12. In HWIR-Waste, the relationship between airborne particulates and 
surface water contamination is modeled by a complex set of equations that simulate the both the direct 
deposition of particulates to surface water, and the deposition to soils onto a watershed, followed by 
overland transport to surface water bodies. Given the lack of knowledge about the locations of the storage 
piles relative to watersheds and surface water bodies, the relatively small size of the piles, and the 
relatively small mass of particulate that is generated, we have employed a much simpler screening 
approach to estimate the maximum long-term surface water concentrations that could resu.lt from the 
deposition of airborne particulates. 

The methods simply assumes that, ultimately, all of the particulate emitted from the storage piles will 
end up in surface water. This is equivalent to rpaking the conservative assumption that all of the 
particulates will either be directly deposited onto a surface water body, or that for that fraction of 
particulates that are initially deposited to soil, the sediment delivery ratio for the watershed will be equal to 
1.0. 

An additional simplifying assumption has been made regarding the behavior of deposited particulate in 
the surface water bodies, and regarding the speciation and solubility of particle-bound constituents. To 
estimate surface water concentrations, it is assumed that all of the constituents will be in the dissolved or 
suspended phase, and that none will remain bound to, or buried in, bottom sediment This assumption 
probably overestimates the concentrations of some constituents in the water column, as some proportion of 
them would probably remain insoluble and bound to sediment. 

Following the HWIR-Waste methodology, the airborne particulate matter is assumed to be deposited in 
either a "fifth order" or "third order" stream. These are streams or rivers of a given size and annual flow 
rate that have been selected (HWIR-Waste Technical Background Document Section 7.7.6.2) as the HE 
and CT surface water bodies, respectively. The long-term average concentration of constituents in surface 
water resulting from airborne particulate deposition is thus: 

Csw (mg/I) = PG* Cwaste (1) 
DV * 1000Um3 

where PG is the annual particulate generation rate (in kg) from the waste pile, and DV is the surface water 
annual dilution volume as defined in Exhibit H-12. Since deposition is assumed to occur continuously 
throughout the year into a continuously flowing stream, there is no need to multiply by the 20-year facility 
life span. 
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EXHIBIT H-12. PARAMETER VALUES USED IN PARTICULATE PATHWAY EMISSIONS 
AND TRANSPORT MODELING 

Variable Description CT HE Value Units Source 
Value 

SC Silt Content 1.6 9.1 percent Footnote 5 
(both streams) 

-- Particulate Size 66 66 percent< 15 um Footnote 5 
Distribution 49 49 percent < IO um 

32 32 percent < 5 um 

18 18 percent < 2.5 um 

PD Particle Density 2.65 2.65 gm/cc Value for SiO2 (sand) 

Achcl Area of Waste 108 108 m-? 

Waste data base, 
Pile (Cast House cost/economic impact 

Dust) methodology 

m2Afesi Area of Waste 509 509 Waste data base, 
Pile cost/economic impact 

(Ferrosilicon) methodology 

z Soil Mixing 2.5 I cm Typical values for 
Depth (Dermal untilled soils 
and Ingestion 
Exposures) 

z Soil Mixing 20 10 cm Typical tillage depths 
Depth (Root 
Vegetable 
Ingestion) 

BD Soil Bulk 1.5 1.2 gm/cm3 Typical for U.S. soils 
Density 

ks Soil Loss 0 0 years·1 Assumes no soil 
Constant depletion of deposited 

materials 

t Deposition 20 20 years Assumes unit lifespan 
Period of20 years 

DV Surface Water 3.0XI08 l.3Xl07 m3/year Third- and Fifth-
Dilution Volume Order Stream Flow, 

respectively, HWIR-
Waste Eauation 7-69 
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H.2.1.8.3 Runoff to Surface Soils 

The amount of waste released to surrounding soils from waste piles through runoff events was 
calculated using the Universal Soil Loss Equation (USLE), in a manner very similar to that described for 
waste piles in Section 7-4 of the HWIR-Waste Technical Support Document. As in the case of particulate· 
releases, some of the assumptions and parameter values that were used were changed to reflect the 
characteristics of the units and wastes being addressed, and to address the specific geometry of the delivery 
of sediment to the surrounding soils. 

The parameter values used in the estimation of releases to soils from the waste piles and the resulting 
concentrations of constituents in soils and surface water are summarized in Exhibit H-13. In calculating 
runoff releases, in the absence of data related to the specific wastes and pile configurations being 
evaluated, we used the same values for soil erodability (k) and length-slope factors (LS) as were used for 
Subtitle D waste piles in HWIR-Wastes. The rainfall factor values (R) were changed slightly, however. 
The CT value used in the analysis was selected from the data in Table 7-42 of the HWIR-Waste Technical 
Support Document to reflect rainfall frequencies in the western US (where the majority of mineral 
processing waste, by volume, is managed), while the HE value was selected to be more representative of 
nationally-averaged conditions. In this analysis, the values for the USLE cover factor © and control 
practices factor were increased to 1.0 in both the CT and HE cases. These values reflect the likelihood that 
an active storage pile would not have any vegetative cover, and the conserv~tive assumption (consistent 
with the cost and economic analysis) that there would be no special precautions taken to prevent runoff 
losses. 

, A very simple sediment delivery model was used to estimate the concentrations of waste constituents 
in soils resulting from runoff. Currently, the sediment delivery model in the HWIR-Waste modeling 
system is under review, and final decisions about the configurations of waste management units, buffer 
zones, and receiving areas have not been made. In the absence of a definitive model, soil concentrations 
were simply calculated by assuming that the conical waste piles would generate circular "plumes" of runoff' 
that would deposit evenly within defined distances from the center of the piles. For HE exposure 
estimates, the area of soil contaminated by runoff was assumed to be 100 meters _in diameter, while for CT 
exposures, the area of contaminated soil was assumed to be 200 meters in diameter, or four times larger. 
This approach assumes that a storage pile would be located near the edge of a facility, that exposed 
receptors would reside directly adjacent to the facility boundary, and that there would be no preferred 
runoff path or deposition areas. As was the case for ~ particulate deposition, it was again assumed that 
deposition would occur for 20 years, and that the deposited constituents would not be further depleted by 
runoff or leaching after initial deposition. 

The soil concentration resulting from surface runoff from waste piles was thus calculated using the 
following equation: 

Csoil (mg/kg) = Xe (k&'Jn2-year} * Achd <or Afesi}<m2 }* Cwaste <m~&}* t (years) (2) 
BD (gm cm3

) * Z (cm)* X * r2 (cm2)* 0.001 kg/gm 

where the variable definitions and values are given in Exhibit H-13. 
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EXHIBIT H-13 
PARAMETER VALUES USED IN RUNOFF RELEASE AND TRANSPORT 

MODELING FROM WASTE PILES 

Variable 

Xe 

Achd 

Description 

Runoff loss from 
waste oile 

Area of Waste Pile 
(Cast House Dust) 

CT Value 

calculated 

108 

HE Value 

calculated 

108 

Units 

kg/rn2 
-

year 

m~ 

Afesi Area of Waste Pile 
(Ferrosilicon) 

509 509 mz 

R USLE Rainfall 
Factor 

50 110 years·' 

LS Length-Slope Factor l 3 

K Soil Erodability 
Factor 

0.25 0.25 unitless 

C Cover Factor 1 1 unitless 

p 

r 

Control Practices 
Factor 

Radius of area 
contaminated by 

runoff 

1 

5,000 

1 

10,000 

unitless 

cm 

DV Surface Water 
Dilution Volume 

3.0X108 1.3Xl07 ml/year 

Source 

HWIR-Waste equation 7-52 

Waste data base, 
cost/economic impact 
methodology 

Waste data base, 
cost/economic impact 
methodology 

CT= Typical of western US 

HE = US Median value 

HWIR-Waste value for 
Subtitle D ash piles 

HWIR-Waste value for 
Subtitle D ash piles 

Assumes no vegetative 
cover on waste piles 

Assumes no measures to 
control runoff 

Contamination is assumed 
to be distributed uniformly 
in a circular area around the 
conical piles 

Third- and Fifth-Order 
Stream Flow, respectively, 
HWIR-Waste Equation 7-
69 
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This approach to estimating soil concentrations from waste pile runoff greatly simplifies the potentially 
complex processes that would, in the real world, govern the generation and distribution of runoff 
contamination. It is intended only as a conservative screening tool to provide indications of the relative 
risks associated with the various waste and constituents, and to provide a high degree of assurance in ruling 
out wastes and constituents that pose no significant risks through this pathway. 

H.2.1.8.4 Runoff To Surface Water 

The deposition of runoff to surface water bodies was evaluated using a screening approach analogous 
to that used to evaluate the impacts of airborne particulate deposition on surface water quality. Again, it 
was assumed that 100 percent of the runoff-borne constituents would eventually find their way into the CT 
or HE streams. Thus, the equation used to estimate the concentration of runoff-borne constituents in 
surface water during the operation of the storage piles is: 

Csw (mg/I) = Xe {kg/m2-year} * Achd (or Afesi}(m2 }* Cwaste (mg/kg} (3) 
DV (m3/year) * 1000 Um3 

The annual average runoff from the piles is again released to surface water and diluted in the CT or HE 
stream dilution volume (DV, see Exhibit H-13) to provide a long-term average water concentration. 
Again, it is assumed that none of the runoff materials would become buried in bottom sediment. 

H.2.1.8.5 Surface Impoundment Releases to Surface Water 

To evaluate surface water concentrations associated with releases from surface impoundments, we 
used precisely the same method as used in HWIR-Waste (Equation 7-70). Again, the release model has 
been simplified by removal of all of the equations related to volatilization. 

The equation from HWIR-Waste estimates releases to surface water from runon events (overtopping 
due to unusually high rainfall) and from inlet-outlet control failures. It does not include releases due to 
berm failure or leakage. The model is probabilistic, estimating long-term average releases of lIIlpoundment 
contents as a function of annual event probabilities. As was the case for air deposition and runoff from 
waste piles, the average surface water concentrations during facility operations are calculated assuming 
that the annual waste releases due to the two types of events (summed) are diluted into the annual flow of 
the CT and HE streams, without partitioning to sediment. The major variables used to estimate surface 
water concentrations of consti~ents from impoundment failure are summarized in Exhibit H-14. · 

The uncertainty associated with release and exposure estimates from this pathway must be regarded as 
very high. The model was originally intended to estimate long-term average releases from rare acute 
events occurring over the course of very many years. Thus, it may not be appropriate for estimating 
releases from rather short-lived storage impoundments (20 years) being evaluated in this assessment. In 
addition, the model does not capture the effects of the single acute releases on water quality in the short
term. Finally, the model and the parameter values used to estimate releases were originally derived by 
EPA based on data from a sample of surface impoundments in the pulp and paper industry. 7 It is likely 

7 DPRA, Surface Water Control Berms for Pulp and Paper Mill Sludge landfills and Surface 
Impoundments, Memo to Priscilla Halloran, OSW, July 18 1991. 
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EXHIBIT H-14. PARAMETERS USED IN THE ESTIMATION OF SURFACE IMPOUNDMENT 
RELEASES TO SURFACE WATER AND SOILS 

Variable Description CT Value HE Value Units Source 

RV Release volume Calculated Calculated mJ/year HWIR-Waste, equation 7-
(annual average) 70 

Prunon Probability of 2Xl04 2Xl04 years·1 DPRA, I99 I (see text) 
runon event 

Tflood Duration of 21,600 21,600 seconds DPRA, 1991 
Flooding 

Vrunon Runon velocity 0.5 0.5 m/sec DPRA, 1991 

-h Difference in height 0.0127 0.0127 m DPRA, 1991 
between flood and 

berm 

A Area of surface Waste- Waste- m2 Mineral Processing data 
impoundment specific specific base,cost/economic 

analysis. 

Pio Probability of 0.0107 0.0107 years·1 DPRA, 1991 
inlet/outlet control 

event 

h Bermhei2ht 0.457 0.457 m DPRA, 1991 

that the designs, sizes and operating parameters for impoundments in the mineral processing industry are 
substantially different, and the expected releases could also be different. One feature of the model that 
tends to result in conservatism in the exposure estimates from this pathway is that no dilution of recycled 
materials by runon events is assumed. In an actual extreme runon event, dilution of the wastes could be 
substantial, lowering the concentration of released materials. 

H.2.1.9 Exposure and Risk Characteriution 

H.2.1.9.1 Toxicological Criteria 

With a single exception, quantitative risk estimates have been developed using toxicity criteria values 
obtained from USEPA's IRIS data base or the HEAST tables and updates. To calculate inhalation 
pathway cancer risks and noncancer hazard quotients, inhalation Unit Risk and chronic inhalation pathway 
Reference Concentration (RfC) values are used. For the ingestion pathways, Cancer Slope Factors (CSFs) 
and chronic Reference Doses (RfDs) are used. The IRIS values are current as of December 1996. These 
values are summarized in Exhibit H-15. 
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EXHIBIT H-15. TOXICITY CRITERIA VALUES USED IN THE MINERAL PROCESSING 
STORAGE RISK ASSESSMENT 

Constituent· Ingestion Pathway Inhalation Chronic Ingestion Chronic Inhalation 
Cancer Slope Pathway Unit Risk Pathway Reference Pathway Reference 

Factor (ug/m3)"1 Dose Concentration 
(me:-b-dav)"1 

. (ml?lke-dav) (me:Jm3) 

Antimony 4XI04 

Arsenic 1.5 4.3x10·3 

Barium 7Xt0·2 5X104 

Beryllium 4.3 I 2.4X10·3 sx10·3 

Cadmium l.8XI0·3 5Xl04 

Chromium <VI) 1.2x10·2 sx10·3 

Lead o.ois rng/L 2 

Mercury 3Xl04 3XI04 

Nickel 4.8XI04 2x10·2 

Selenium sx10-3 

Silver SXl0-3 

Thallium 8Xl0-5 

Vanadium 7Xl0-3 

Zinc 3Xl0-I 
Notes: 

I. Not used in risk assessment because of low weight of evidence 
2. Based on the Safe Drinking Water Act MCL for inorganic lead. 

Ingestion pathway RID values are available for all of the constituents except lead (see below). Arsenic 
is the only constituent that is considered to be an ingestion pathway carcinogen in this assessment, so it is 
the only constituent with an ingestion pathway CSF. Inhalation pathway RfCs were available for only two 
of the constituents (barium and mercury), so inhalation pathway hazard quotients could be calculated only 
for these elements. Inhalation cancer Unit Risk values are available for five constituents considered to be 
inhalation pathway carcinogens, however. 

Inorganic lead was the only constituent for which a different approach to risk characterization was 
employed. Since there is no Rfi:> or RfC value for lead, the toxicity criterion that was used to evaluate 
potential noncancer risks associated with lead exposure was the Clean Water Act MCL of 15 ug/L. This 
value was used to evaluate concenttations in surface water arising from particulate deposition and runoff, 
assuming, in effect, that _the water body would be used as a drinking water supply. Risks associated with 
lead exposure through other pathways were not evaluated because of the lack of acceptable toxicity criteria 
for these pathways. 
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For purposes of the assessment, it was assumed that all of the chromium present in the stored waste 
streams would be in the more toxic hexavalent form. This assumption will overstate risks when (as in most 
cases) the bulk of the chromium is in lower oxidation states. 

H.2.l.9.2 Inhalation 

Risks associated with inhalation pathway exposure to particulates released from waste piles are 
calculated directly from the estimated particulate concentrations in air generated by the ISCST3 model. 
Lifetime cancer risks associated with exposure to airborne particulates are calculated as: 

Risk = cpan (ug/m3
) * c ......ie {mg/kg)* 10-6 kg/mg* UR (ug/m3

)"
1 (4) 

where Cpan is the particulate concentration from the ISCST model, Cwasie is the concentration of arsenic in 
the waste sample, and UR is the unit risk value constituent. 

Inhalation noncancer hazard quotients are calculated as: 

HQ = . ~ (ug/m3
} * Cwasie (mg/kg} * 10-6 kg/mg * 10·3 mg/ug (5) 

RfC {mg/m3
) 

In both cases, the receptor is an adult resident, residing at either the point of maximum long-term air 
concentration (HE estimate), or at the point of average concentration within 2000 m of the facility (CT 
estimate). For screening purposes, exposure is assumed to be continuous for 365 days per year, and for 
carcinogenic constituents, the exposure duration is assumed to be the 20-year operating lifespan of the 
facility. As will be seen in Section H.2.1, in both the CT and HE cases, cancer risks were all below 10·5 

and inhalation hazard quotients were all below 1.0 under these very conservative screening assumptions, so 
more refined modeling scenarios were not developed for this pathway. 

H.2.l.9.3 Soil Ingestion and Dermal Contact 

Cancer and chronic noncancer risks were evaluated for dermal and incidental ingestion exposures to 
soil contaminated by particulate deposition (Section H.2.1.9.3) and by deposition of surface runoff 
(Section H.2.1.9.4). For each pathway, the soil concentrations after 20 years of deposition were used as 
inputs to the risk assessment, assuming no depletion of deposited materials from soils by volatilization, 
leaching, or runoff. For both the denilal and ingestion pathways, the shallower soil mixing depths (1.0 and 
2.5 cm) were used to estimate soil concentrations of constituents consistent with the assumption of no 
tillage or soil disturbance. 

Risks associated with soil ingestion were calculated using Equation 5-6 from the HWIR-Wa.ste 
Technical Support Document, adapted to calculate risk as a function of concentration, instead of vice 
versa, and with the soil constituent depletion terms removed. Cancer risks were calculated for lifetime 
exposures to a child/adult resident, consistent with the HWIR-Waste approach, and noncancer hazard 
quotients were calculated for the child resident receptors, who receive the highest dose per body weight by 
this pathway. The exposure parameter values used to calculate contaminant intake and risks from soil 
ingestion are summarized in Exhibit H-16. 

For the most part, these are standard values used in Agency rulemaking and risk assessments for 
contaminated sites. Differences from the HWIR-Waste assumptions include more frequent exposures (350 
days/year) for adults and children, and a slightly shorter HE exposure duration (30 years, as opposed to 40 
years in HWIR-Waste). 
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EXHIBIT H-16. EXPOSURE FACTOR VALVES FOR SOIL INGESTION AND DERMAL 
CONTACT PATHWAYS 

Variable Description CT Value HE Value Units Source 

AT Averaging time 70 70 years Assumed full life span 
(carcinogens) 

EF Exposure 350 350 days/year Worst-case assumption of 
frequency year-round residency 

!Re Soil ingestion rate 200 200 mg/day HWIR-Waste Equation 5-6 
(child) 

!Ra Soil Ingestion rate 100 100 mg/day HWIR-Waste Equation 5-6 
(adult) 

BWc Body weight 15 15 kg HWIR-Waste Equation 5-6 
(child) 

BWa Body weight 70 70 kg HWIR-Waste Equation 5-6 
(adult) 

EDc Exposure duration 6 6 years HWIR-Waste Equation 5-6 
(child) 

EDa Exposure duration 3 24 years Assumes 30 years• totaJ 
(adult) residential tenure, six as a 

child, remainder as an adult 

Kpw Skin permeability 0.001 0.001 cm/hr HWIR-W~te Equation 5-14 
constant for water 

y Soil particle 2.65 2.65 gm/cc HWIR-Waste Equation 5-14 
density 

AF Adherence factor 0.2 1.0 gm/cm2 HWIR-Waste Equation 5-23 

Tevent Event Duration 5 12 hours HWIR-Waste Eauation 5-23 

Risks from dermal exposures to contaminated soils were likewise calculated using equations based on 
the HWIR-Waste methodology. Specifically, equations 5-14 and 5-20 through 5-23 (adjusted as for the 
ingestion pathway) were used to calculate dermal contact rates with soil, dermal permeability constants, 
dermal absorbed doses, and risks from dermal exposures. 

The soil concentration inputs were again the concentrations resulting from 20 years of contamination 
by runoff or air particulate deposition. As was the case for soil ingestion, exposure factor values were 
essentially the same as those used in the ~-Waste methodology. These values are summarized in the 
bottom rows of Exhibit H-16. All of the values for body weights, exposure duration, and exposure 
frequency are the same as those used for the ingestion pathway. 
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H.2.1.9.3 Ingestion of Home-Grown Vegetable 

Crops grown near waste piles may become contaminated either from being grown in contaminated soil 
or from the deposition of particulates directly on the above-ground portions of the vegetables. In this 
analysis, risks were calculated for vegetable consumption by a subsistence farmer on soils contaminated 
either by particulate deposition or runoff. In each case, the methods used to calculate the intake of toxic 
constituents and risks were the same as those used in Equations 5-58, 5-59, 6-48, and 6-49 in the HWIR
Waste Technical Support Document. 

Soil concentrations used to calculate root vegetable constituent concentrations were calculated as 
described previously. In the case of the root vegetable pathway, the soil mixing depths were either 20 cm 
(CT) or 10 cm (HE) instead of the shallower values used for the ingestion and dermal contact pathways. 
The exposure factor values used to estimate intake and risks for this pathway are summarized in Exhibit H-
17. These values are essentially the same as those used on HWIR-Waste, the primary exception being the 
use of an HE exposure duration of 20 years, corresponding to the ~~urned life of the storage units, rather 
than the 40-year value used in HWIR-Waste. · 

H.2.1.9.4 Ingestion of Surface Water 

Releases to surface water from surface impoundment failures and runoff from waste piles have been 
modeled. For both types of releases, the methods used to estimates constituent intakes and health risk are 
the same, and consistent with that used in the f!W1R-Waste methodology. 

As described previously, releases to surface water are assumed to be diluted into either a typical third
order (CT) or fifth-order (HE) stream. In this analysis, it is assumed that the surface water body in 
question would be used as a drinking water source, without further treatment to reduce exposure 
concentrations. Adult residents would then ingest either 1.4 liters (CT) or 2.0 liters (HE) of surface water . 
for 350 days per year for 20 years. Lifetime doses of carcinogens are calculated based on an assumed 
lifespan (averaging time) of 70 years as for the other pathways, with residential exposure durations of 
either 9 (CT) or 30 (HE) years. Cancer risks are calculated as follows: 

Risk = Cwaier (mw!) * WI {Vday) * EF {days/year)* ED {years)* CSF (m~g-dayY1 (6) 
BW (kg)* AT (years)* 365 (days/year) 

where WI is the daily water intake, in liters. Noncancer hazard quotients are calculated as: 

Hazard Quotient= _c_ (mg/I) * WI (Vday) * EF (days/year) (7) 
BW (kg) * 365 (days/year) * RID (mg/kg-day) 

In the actual risk assessment, these equations were used, similar to the approach taken in HWIR-
W aste, to calculate water concentrations of the constituents that would result in lifetime cancer risks of 10·5 

or hazard quotients of 1.0 under CT and HE assumptions. These health-based levels (HBLs) were then 
used as a screening tool to determine which, if any, waste samples or constituents exceeded cancer risks or 
hazard quotient values of concern under either the CT or HE assumptions, so that more detailed analysis 
could be confined only to those wastes posing significant risks. 
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EXHIBIT H-17. EXPOSURE FACTOR VALUES USED FOR CROP INGESTION PATHWAY 

Variable Description CT Value HE Value Units Source 

t Deposition period 20 20 years 20 years = facility life span 

kd Soil-Water constituent- constituent- I/kg HWIR-Waste data base 
Dissociation specific specific 

Constant 

RCF Root constituent- constituent- mg/kg (veg.) HWIR-Waste data base 
Concentration specific ·specific mg/kg (soil) 

Factor 

Vg Surface 1 l unitless All constituents are inorganic 
correction factor 

for volatiles 

Br Plant-Soil BCF constituent- constituent- ug/kg (veg.) h'WIR-Waste data base 
specific specific ug/kg (soil) 

Rp Interception 0.05 0.05 unitless HWIR-Waste Equation 6-48 
fraction 

kp Plant surface loss 18 18 1years· HWIR-Waste Equation 6-48 
coefficient 

tp Plant exposure to 0.16 0.16 years HWIR-Waste Equation 6-48 
deposition 

Yp Crop yield 1.7 1.7 kg/m2 (DW) HWIR-Waste Equation 6-48 

BWa Adult Body 70 70 kg Standard Assumption 
Weight 

F Fraction from 0.4 0.9 unitless HWIR-Waste Subsistence 
contaminated soil Farmer 

Cra Consumption of 19.7 19.7 gm/day HWIR-Waste Subsistence 
above-ground Farmer 

vegetables 

Crr Consumption of 28 28 gm/day HWIR-Waste Subsistence 
root vegetables Farmer 

EF Exposure 350 350 days/year HWIR-Waste Subsistence 
Frequency Farmer 

ED Exposure 9 20 years HWIR-Waste (CT),= 
duration deposition period (HE) 

AT Averasrin2 time 70 70 years full life span 

H.2.1.9.5 Ingestion of Fish from Contaminated Surface Water Bodies 

In addition to being screened for potential risks associated with ingestion, the estimated surface water 
concentrations resulting from air particulate deposition, runoff, and surf ace impoundment failure were also 
screened to determine the potential risks associated with ingestion of fish from the contaminated surface 
water bodies. The primary inputs to this analysis were the surface water concentrations resulting from the 
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various release pathways. The concentrations of toxic constituents in fish tissue were calculated as 
follows: 

cfish (mg/kg) = Cwara (mg/I) * max (BCF, BAF) (I/kg) 

To calculate fish tissue concentrations, the estimated surface water concentrations were multiplied by . 
the higher of either the fish bioconcentration factor (BCF) or fish bioaccumulation factor (BAF) values for 
the constituents. The primary source of these values was the chemical-specific data base from HWIR
Waste, but the values from that source were supplemented by values from other literature sources, as 
summarized in Attachment H-C. Where both a BCF and a BAF value were available for a constituent, the 
higher of the two values was chosen. Where multiple BCF values were found, we generally took what we 
considered to be the highest reliable value from either HWIR or the literature. Since the values in HWIR 
were intended to be representative, rather than conservative, this procedure resulted in our us1ng higher 
BCF values for a number of constituents than were used in HWIR-Waste risk calculations, and the 
resultant hazard-based levels (HBLs) for this pathway were thus lower than those derived in HWIR-Waste 

. for some constituents. 

Constituent intakes and risks from fish ingestion were calculated using equations 5-67 and 5-68 from 
HWIR-Waste. Consistent with the HWIR-Waste approach, health-based levels (HBLs) were calculated for 
surface water exposures through fish ingestion for the adult subsistence fisher who is assumed to consume 
60 gms (Cn or 130 gms (HE) of fish per day for 350 days per year, using a target cancer risk level of l 0·5 

and a target hazard quotient value of 1.0. These HBLs were then used to screen the surface water 
concentrations resulting from air deposition, runoff, and surface impoundment failures. 

H.2.2 Results of Multipathway Risk Asses.mient 

This section presents the results of the multimedia risk assessment for the storage of mineral 
processing recycled streams. It begins with a review of the release modeling from the point of view of 
mass balance considerations, and then presents discussions of the risk results for each of the release events, 
exposure media, and pathways. 

H.2.2.1 Mass Balance for Release Pathways 

As noted above, the risks associated with releases from for mineral processing facilities presented in 
this analysis have been evaluated separately. In other words, it has been assumed that releases occur 
independently ofone another, and that all of the materials in the storage units are available for release by 
all release pathways. In this section, we review whether this assumption is valid by comparing the amounts 
of materials released from the storage units by the different release events. 

The masses of recycled materials released from the various storage units are summarized in Exhibit H-
18. It can be seen that only a very small proportion of the total annual recycled volume of all of the waste 
streams are released from waste piles. In the case of the two nonwastewater streams managed in piles, the 
annual release volumes from the two types of release events (particulate generation and runoff) are both far 
below one percent of the total annual recycled volume. Thus, depletion of material by these pathways will 
not seriously affect the total mass of material remaining in the piles, and thus the release estimates for 
runoff and particulate generation do not bias each other significantly. Similarly, releases from these 
pathways do not deplete the amount of materials available for leaching to groundwater. 
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EXHIBIT H-18 
MASSES AND PROPORTIONS OF RECYCLED STREAMS RELEASED BY SPECIFIC 

RELEASE EVENTS 

Commodity Recycled Stream Management Annual Release Event HE Amount Proportion 
Unit Recycled Released of Annual 

Volume (kg/year) Volume 
(kg/year) 

Aluminum and Cast House Dust Waste Pile 581,000 Air Particulate 324 0.06% 
Alumina Generation 

Runoff 5,416 0.93% 

Zinc Waste Ferrosilicon Waste Pile 5,950,000 Air Particulate 1,520 0.03% 
Generation 

Runoff 25,527 ·0.43% 

Beryllium Chip Treatment Surface 2,500,000 Runon, Inlet/Outlet 2,012 C.83% 
Wastewater Impoundment Control Failure 

Copper. Acid Plant Surface 265,000,000 Runon, Inlet/Outlet 28,330 0.01% 
Blowdown Impoundment Control Failure 

Elemental AFM Rinsate Surface 2,000,000 Runon, Inlet/Outlet 1,573 0.08% 
Phosphorous Impoundment Control Failure 

Elemental Furnace Scrubber Surface 210,000,000 Runon, Inlet/Outlet 23,127 0.Ql% 
Phosphorous Blowdown Impoundment Control Failure 

Rare Earths Process Wastewater Surface 700,000 Runon, Inlet/Outlet 1,480 0.21% 
Impoundment Control Failure 

Selenium Plant Process Surface 3,300,000 Runon, Inlet/Outlet 2,232 0.07% 
Wastewater Impoundment Control Failure 

Tantalum, Process Wastewater Surface 37,500,000 Runon, Inlet/Outlet 7,530 0.02% 
Columbium, Impoundment Control Failure 
Ferr~columbium 

Titanium, TiO2 Leach Liquor, Surface 24,000,000 Runon, Inlet/Outlet 7,050 0.03% 
Sponge Wash Water Impoundment Control Failure 

Titanium, TiO2 Scrap Milling · Surface 5,00,000 Runon, Inlet/Outlet 1,337 0.27% 
Scrubber Water Impoundment Control Failure 

Zinc Spent Surface Surface 63,000,000 Runon, Inlet/Outlet 15,005 0.02% 
Impoundment Impoundment Control Failure 
Liquids 

Zinc Wastewater Surface 43,500,000 Runon, Inlet/Outlet 11,115 0.03% 
Treatment Plant Impoundment Control Failure 
Liquid Effluents 

Zinc Process Wastewater Surface 850,000,000 Runon, Inlet/Outlet 111,784 0.01% 
lmooundment Control Failure 
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Likewise, the estimated annual releases from surface impoundments also represent very small 
proportions of the total impoundment capacities and the annual recycled volumes. Thus, releases due to 
these events will not in the long run seriously deplete the amount of materials available for release by other 
pathways. For surface impoundments, the only other significant release pathway is infiltration to 
groundwater, since particulate generation and runoff are not important. The issue of whether leaching to 
groundwater might reduce the concentration of some constituents in the storage units has not been 
specifically addressed. EPA does not believe that, given the short operation life of these units and their 
continual replenishment with recycled materials, leaching to groundwater would seriously deplete any of 
the constituents. 

H.2.2.2 Risk Results for Inhalation of Particulate 

The estimated health risks associated with inhalation of particulates released from storage waste piles 
are quite low, as summarized in Exhibit H-19. Because of the lack of inhalation toxicity criteria. cancer 
risks could only be calculated for four constituents, and noncancer hazard quotients could be calculated for 
only two constituents. Since no inhalation toxicity criteria were available for the only two constituents 
analyzed for in zinc waste ferrosilicon (lead and zinc), no inhalation pathway risks could be calculated for 
that waste. 

Exhibit H-19 

Estimated Inhalation Pathway Risks for 

Aluminum Cast House Dust 

CANCER RISK HAZARD· >UOTIENT 
Constituent CT Constituent HE Constituent CT HE CT HE 

Concentration Concentration 
in Air (ue/m3) in Air (ue/m3) 

Antimonv 1.73E-05 2.42E-04 

Arsenic 7.36E-05 l.03E-03 3.90E-13 l.22E-l l 

Barium 2.30E-05 3.23E-04 l.92E-01 l.92E-Ol 

Cadmium 1.66E-05 2.33E-04 3.67E-14 l.l5E-12 

Chromium<Vl) 2.53E-04 3.55E-03 3.74E-12 1.17E-IO 

--ead 3.91E-05 5.49E-04 

Mercurv 2.30E-IO 3.23E-09 3.20E-06 3.20E-06 

Nickel 5.98E-04 8.40E-03 3.54E-13 1.IOE-11 

Selenium 2.12E-06 2.97E-05 

Silver 4.37E-06 6.l4E-05 

Zinc 2.76E-04 3.88Ea03 
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In the case of aluminum cast house dust, the highest cancer risks were associated with exposures to 
chromium (VI), followed by arsenic, nickel, and cadmium exposures. The HE cancer risk estimates for 
these constituents ranged from 10-12 to 10-10

, far below the 10-5 cancer risk level of regulatory concern, and 
the CT risks were even lower. As noted previously, the assumption that all of the chromium present would 
by hexavalent is very conservative, and risks for chromium exposures are likely to substantially 
overestimated for this reason. 

The estimated inhalation hazard quotient values for aluminum cast house dust are also below levels 
that indicate the potential for significant adverse effects. The highest HE hazard quotient value (for 
barium) is 0.2, while for mercury the HE hazard quotient is less than 10-5_ Both of these values are below 
the 1.0 value, which indicates the potential for adverse effects, although the HE hazard quotient for barium 
approaches the level of concern. 

H.2.2.3 Risk Results for Soil Particulate Deposition 

Particulate matter generated from waste piles may also be deposited onto soils and crops, resulting in 
direct exposure to contaminated soils and through the consumption of home-grown vegetables. In 
addition, impacts of particulate deposition to surface water have also been modeled. The risk results for 
these pathways are discussed in the following sections. 

H.2.2.3.1 Incidental Ingestion and Dermal Contact Pathways 

Risk results for the incidental ingestion and dermal contact pathways for soils contaminated by 
particulate deposition are summarized in Exhibit H-20. As was the case for the inhalation pathway, 
estimated cancer risks and hazard quotients for all of the constituents in both nonwastewater streams are 
below levels of concern for exposure by both pathways. The cancer risks and hazard quotients for the two 
pathways are generally within about one order of magnitude of each other, with higher risks for the 
ingestion pathways in some cases and higher risks for dermal contact in others. 

The HE lifetime cancer risk associated with soil ingestion exposures to arsenic in aluminum cast house 
dust is 7Xto·7, while the CT value is 4X10·1. In comparison, the HE and CT cancer risk estimates for 
dermal exposures are lXl0-6 and 1x10·1, respectively. The highest HE hazard quotient for ingestion 
exposures (again associated with exposures to arsenic) is 1Xto·2, while the highest HE hazard quotient for 
dermal exposures is 4Xto·2 (for arsenic). Hazard quotients for the remaining constituents range downward 
by many orders of magnitude from these values. 

Zinc is the only constituent in zinc waste ferrosilicon for which a toxicity value is available for the 
ingestion and dennal pathway. Hazard quotient values for ingestion and dermal exposures to zinc from 
this stream are on the order of 104 to 10·2, which is similar to the values for aluminum cast house dust 

While there is no ingestion pathway toxicity parameter for lead, it should be noted that the predicted 
HE soil concentration ( 48 mg/kg) is about ten times lower than EPA's recommended risk-based cleanup 
standard for lead in residential soils of 500 mg/kg. 
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EKhibit H-20 

Soil lneestion and Dermal Contact Pathwav Risk Assessment Results for Particulate Deposition 

Constituent CT Soil 
Concentration at 
20 Years , ...,,,;;..,., 

Aluminum Cast HO"''" nnd 

Antimonv 5.26E-03 

Arsenic 2.248-02 

Barium 7.0IE-03 

Cadmium 5.05E-03 

Chromium(VI) 7.?IE-02 

Lead l.19E-02 

Mercury 7.0IE-08 

Nickel l.82E-OI 

Selenium 6.45E-04 

Silver l.33E-03 

Zinc 8.418-02 

Zinc Waste 
Ferro,.lll<>on 

Lead 3.50E+OO 

Zinc 2.SOE+OI 

lm!estion Dermal Contact 

CANCER RISK HAZARD QUOTIENT CANCER RISK HAZARD QUOTIENT 

HE Soil CT HE CT HE CT HE CT HE 
Concentration at 
20 Years (ma/lea) 

7.12E-02 1.75E-04 2.37E-03 2.98E-04 2.0IE-02 

3.04E-01 3.SSE-08 7.13E-07 9.97E-04 l.35E-02 l.34E-08 l.44E-06 9.79E-04 3.89E-02 

9.49E-02 l.33E-06 1.SIE-05 1.05E-07 3.44E-06 

6.83E-02 l.35E-04 l.82E-03 3.31E-05 l.12E-OJ 

l.04E+OO 2.06E-04 2.78E-03 2.62E-04 l.15E-02 

l.61E-OI 

9.49E-07 3.I IE-09 4.22E-08 I .39E-l 2 4.53E-1 l 

2.47E+OO I .21E-04 1.64E-03 5.43E-05 l.90E-03 

8.73E-03 l.72E-06 2.33E-05 2.91E-06 l.86E-04 

I.SOE-02 3.55E-06 4.8IE-05 6.04E-06 4.09E-04 

l.l4E+OO 3.74E-06 5.06E-05 2.95E-06 l.12E-04 

4.75E+OI 

3.808+02 l.2SE-03 l.69E-02 9.84E-04 3.72E-02 
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These values in and of themselves are, as noted above, below the levels of concern. In fact, the values 
are low enough so that simultaneous exposures to all of the contaminants through both pathways results in 
a summed cancer risk less than 10·5 and a combined hazard index of less than 1. Given the conservative 
methods used to derive these values, and the small size of the units being evaluated, these results provide a 
high degree of assurance that risks for actual receptors would be below levels of concern. 

H.2.2.3.2 Ingestion of Home-Grown Crops 

The risk results for exposures to particulates deposited on soils and crops are summarized in Exhibit 
H-21. The HE estimated cancer risks associated with exposures to arsenic in aluminum cast house dust 
(7X10·7

) is very close to that for the ingestion pathway. The CT cancer risk for this pathway is 3X10·8• 

The highest HE noncancer hazard quotient for this pathway is 6XI0·3
, again associated with arsenic 

exposures, and the CT value for arsenic is one order of magnitude lower (5Xl04 
). Hazard quotient values 

for the other constituents through the ingestion of home-grown crops are all much lower than the 
corresponding values for arsenic. 

H.2.2.3.5 Particulate Deposition to Surface Water 

Because the releases to air are so small and the surface water dilution volumes are so high, risks 
associated with surface water deposition are evaluated using a screening approach not unlike that used in 
the HW1R-Waste Technical Background Document to establish media concentrations corresponding to 
risk levels of concern. In this analysis, the methods and assumptions described in Section H.2.1 were used 
to calculate concentrations in surface water that corresponded to calculated cancer risk levels of 1x10·5 and 
hazard quotients of 1.0. HE exposure assumptions were used to evaluate exposures through the drinking 
water and fish ingestion pathways. These HE health-based levels were then used as a basis for comparison 
with the results of the concentration modeling for particulate deposition to surface water, as shown in 
Exhibit H-22. 

As can be seen from the exhibit, the predicted surface water concentrations of the toxic waste 
constituents associated with air particulate deposition are all many orders of magnitude below the HBLs 
for drinking water or fish ingestion (corresponding to 10·5 cancer risk and hazard quotient equal to 1.0). 
Cadmium, with an HE predicted concentration of about two orders of magnitude below the HBL for fish 
ingestion, and chromium (VI), with an HE concentration of about four orders of magnitude below the HBL 
for drinking water ingestion, come the closest to any of the HBLs among the constituents of aluminum cast 
house dust. In the case of zinc waste ferrosilicon, the HE surface water concentration of zinc is about two 
orders of magnitude below the HBL for fish ingestion, and the HE concentration of lead is about thirty-fold 
below the drinking water HBL, which is based on the Clean Waster Act MCL. All of these results indicate 
little cause for concern for adverse health effects through this pathway, especially considering the 
conservativeness of the exposure assumptions ( e.g., 100 percent of the particulate is deposited in surface 
water). 
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Exhibit H-21 

Home-Grown Crop Ineestion Pathway Risk Assessment Results for Particulate Deoosition 

Constituent CT Soll 
Concentration at 

20 Years 
(mo/lco) 

Aluminum Cast House Dust 
Antimony 

Arsenic 

Barium 

Cadmium 

Chromium(VI' 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Zinc Waste 
Ferrosllicon 

Lead 

Zinc 

6.57E-04 

2.S0E-03 

8.76E-04 

6.3IE-04 

9.64E-03 

l.49E-03 

8.76E-09 

2.28E-02 

8.06E-05 

l.66E-04 

l.05E-02 

4.38E-0I 

3.S0E+OO 

HE Soll 
Concentration at 

20 Years 
I ft ' 

7.12E-03 

3.04E-02 

9.49E-03 

6.83E-03 

l.04E-0I 

l.61E-02 

9.49E-08 

2.47E-0I 

8.73E-04 

l.S0E-03 

1.14E-0I 

4.75E+00 

3.80E+0I 

CT Concentration HE Concentration 
In Above-Ground in Above-Ground 

Vegetables (mg/kg) Vegetables (mg/kg) 

4.35E-04 2.74E-03 

l.40E-03 6.7IE-03 

5.36E-04 3.l8E-03 

5.19E-04 3.72E-03 

4.53E-03 2.0IE-02 

6.89E-04 2.98E-03 

4.12E-09 l.83E-08 

1.13E-02 5.35E-02 

3.86E-05 l.75E-04 

l.44E-04. J.0SE-03 

7.49E-03 4.95E-02 

2.03E-0I 8.78E-0I 

2.50E+OO l.65E+0I 

CT 
Concentration in 
Root Vegetables 

(me/ke) 

9.86E-Q6 

7.73E-07 

2.48E-08 

2.52E-07 

2.4IE-06 

4.79E-ll 

l.29E-15 

2.22E-06 

4.12E-07 

4.l6E-05 

l.16E-05 

I .41E-08 

3.85E-03 

HE 
Concentration in 
Root Vegetables 

(mo/lco) 

l.07E-04 

8.38E-06 

2.69E-07 

2.73E-06 

2.6IE-05 

5.19E-I0 

l.40E-14 

2.41E-05 

4.47E-06 

4.5 IE-04 

l.25E-04 

1.53E-07 

4.18E-02 

CANCER RISK 

CT HE 

2.9IE-08 7.00E-07 

HAZARD 
QUOTIENT 

CT HE 

l.26E-04 l.83E-03 

5.25E-04 5.67E-03 

8.63E-07 I.ISE-05 

l.17E-04 l.89E-03 

1.02E-04 l.02E-03 

l.55E-09 l.55E-08 

6.34E-05 6.78E-04 

8.SIE-07 9.2IE-06 

4.56E-06 8.59E-05 

2.82E-06 4.20E-05 

9.39E-04 l.40E-02 
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EXHIBIT H-22 

Screenim! Results for Particulate Deposition to Surface Water 

Concentrations Resulting from Releases of Concentrations Resulting from Releases of Zinc Surface Water HBL Concentrations (mg/L)1 

Aluminum Cast House Dust Waste ferrosilicon 

Constituent Maximum CT Water HE Water Maximum CT Water HE Water Fish· Fish - Drinking Drinking 
Concentration In Concentration Concentration Concentration Concentration Concentration Nonca1_1cer Cancer Water• Water -
Waste (mg/kg) (mg/L) (mg/L) In Waste (mg/L) (mg/L) Noncancer Cancer 

(me/ke) 

Antimony 7.5 8.IOE-09 8.77E-07 l.40E-02 

Arsenic 32 3.46E-08 3.74E-06 7.40E-04 8.40E-04 

Barium IO 1.088-08 l.17E-06 3.77E-OI 2.45E+00 

Bervllium 2.84E-02 1.75E-0I 

Cadmium 7.2 7.788-09 8.42E-07 7.35E-05 3.50E-02 

Chromium(VI) 110 l.19E-07 l.29E-05 9.00E-01 1.75E-OI 

Lead 17 l.84E-08 l.99E-06 5000 5.40E-06 5.85E-04 l.50E-02 

Mercurv 0.0001 I .0SE-13 l.17E-11 J.05E-02 

Nickel 260 2.SIE-07 3.04E-05 J.02E-0I 7.00E-01 

Selenium 0.92 9.94E-10 I.0SE-07 8.40E-03 l.75E-0I 

Silver 1.9 2.05E-09 2.22E-07 I.S0E-02 l.75E-0I 

Thallium 3.02E-05 2.S0E-03 

Vanadium 2.45E-01 

Zinc 120 l.30E-07 l.40E-05 40000 4.32E-05 4.68E-03 3.12E-0I l.05E+0I 

1 HBLs correspond to an estimated lower risk of I 0·5
, a noncancer hazard quotient of 1.0; or for lead, the MCL. 
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H.2.2.4 Risk Results for Runoff Releases to Surf ace Soils 

The screening methods used to estimate constituent concentrations in surface soils due to.runoff 
release from waste piles are summarized in Section H.2.1.8.3. Risks from this pathway were again 
evaluated by comparison of the resultant concentrations to HBLs. In this case, however, the HBLs were· 
soil concentrations derived for the incidental ingestion and dermal contact pathways, and for the ingestion 
of contaminated root vegetables. The results of this analysis are summarized in Exhibit H-23. 

As was the case for the air deposition pathway, the concentrations of toxic constituents in soils 
resulting from runoff releases are all below levels that would be associated with concern for adverse health 
effects. Both in the case of the ingestion and dermal exposure pathways, where shallow mixing depths 
were used, and in the case of the root vegetable ingestion pathway, where greater mixing depths were used, 
the estimated HE and CT concentrations of toxic constituents in soils are generally several orders of 
magnitude below the levels that might be associated with significant adverse health effects. (In the case of 
arsenic, the HBLs correspond to soil concentrations thht would be associated with an HE cancer risk of 
10·5_ For the other constituents, the HBLs correspond to soil concentrations resulting in HE noncancer 
hazard quotient values of 1.0.) 

These results hold true both for aluminum cast house dust and zinc waste ferrosilicon, even though, in 
the latter case, the predicted HE concentration of zinc is quite high (4,000 mg/kg). This finding is a result 
of zinc's relatively low human toxicity. The predicted HE concentration of lead (497 mg/kg) is just below 
EPA's recommended risk-based cleanup standard for lead in residential soils. · 

H.2.2.S Risk Results for Runoff Deposition to Surface Water 

Runoff from the waste piles may also be deposited into surface water. Long-term concentrations of 
waste constituents in surface water resulting from runoff loading were calculated for both waste streams, as 
described previously, and the resulting concentrations were compared to HBLs for surface water in the 
same fashion as was done for deposition of airborne particulates. 

The results of that analysis are summarized in Exhibit H-24. As might be expected, since the amounts 
of materials released through surface runoff are roughly comparable to the amounts of air particulate 
generated, the results of the screening surface water risk analysis for this pathway are similar to those for 
air particulate deposition, in that all of the calculated concentrations of constituents in the surface water 
bodies are far below the HBLs for either surface water ingestion or the ingestion of fish. 

For aluminum cast house dust, the highest HE surface water concentrations (of antimony, arsenic, · 
chromium, lead, and nickel) associated with runoff releases were all in the range of 10-6 to I0·5 mg/I, all of 
which were lower than the corresponding HBLs. In the case of zinc waste ferrosilicon, the estimated HE 
concentrations of lead and zinc, the two constituents for which concentration data were available, are both 
about ten-fold lower than the lowest HBLs. These results indicate that runoff releases to surface water are 
unlikely to be associated with significant risks to human health. 
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Constituent 

Anlimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cvanide 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

lfhallium 

Vanadium 

Zinc 

Soil 
Ingestion 
Heallh-
Based 
Level 

(mdk2) 

30 

4.26 

525 

NA 

37.5 

375 

NA 

NA 

22.5 

1,500 

375 

375 

NA 
NA 

22 soc 
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EXHIBIT H-23 

COMPARISON OF SOIL CONCENTRATIONS FROM RUNOFF RELEASES TO HEALTH-BASED LEVELS 

Aluminum Cast House Dust Zinc Waste Ferrosilicon 

Soll Dermal Home-Grown <;TSoil HE Soll CT Soil HE Soil CT Soll HE Soll (,"1' Soil HE Soll 
Contact Vegetable Concentration Concentration Concentration Concentration Concentration Concentration Concentration Concentration 
Health• Consumption (Ingestion and (Ingestion and (Ingestion of (Ingestion of (Ingestion and (Ingestion and (Ingestion of (lngeslion or 

Based Level Heallh-Based Dermal) Dermal Contact) Home-Grown Home-Grown Dermal) Dermal Contact) Home-Grown Home-Grown 
(mg/kl) Level (mg/kg) (mg/kg) (mg/kg) Vegetables) Vegetables) (mg/kg) (mg/kg) Vegetables) Vegelables) 

(mg/kg) {mg/kg) (mg/kg) (mi:/ki:) 

3.54 74.1 l.92E-03 l.58E-0I 2.39E-04 l.58E-02 

2.11 24.5 8.17E-03 6.74E-0I l.02E-03 6.74E-02 

27,600 >1,000,000 2.55E-03 2.IIE-01 3.19E-04 2.1 IE-02 

NA NA 
61.1 3470 l.84E-03 l.52E-0I 2.30E-04 l.52E-02 

90.7 55600 2.SIE-02 2.32E+OO 3.51E-03 2.32E-0I 

NA NA 

NA NA 4.34E-03 3.58E-0I 5.43E-04 3.58E-02 6.02E+OO 4.97E+02 7.52E-0I 4.97E+0I 

21,000 >1,000,000 2.55E-0K 2.1 IE-06 3.19E-09 2.IIE-07 

1,300 569,000 6.64E-02 5.48E+OO 8.30E-03 5.48E-0I 

47 2,710 2.35E-04 1.94E-02 2.94E-05 1.94E-03 

44.1 55.6 4.85E-04 4.00E-02 6.07E-05 4.00E-03 

NA NA 
NA NA 

10200 75800() 3.07E-02 2.53E+OO 3.83E-03 2.53E-0I 4.82E+0I 3.97E+03 6.02E+OO 3.97E+02 
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EXHIBIT H-24 

COMPARISON OF SURFACE WATER CONCENTRATIONS DUE TO SOIL RUNOFF RELEASES TO 
HEALTH-BASED LEVELS 

Aluminum Cast House Dust Zinc Waste Ferrosilicon 

Constituent Drinking Fish Ingestion Maximum Maximum Maximum Maximum 
Water Health-Based High-End Central High-End CentraJ 
Health- Level (mg/I) Surface Water Tendency Surface Water Tendency 

Based Level Concentration, Surface Water Concentration, Surface Water 
(mg/1)1 Bulk Samples Concentration, Bulk Samples Concentration, 

(mg/I) Bulk Samples (mg/I) Bulk Samples 
(1112/1) (mwl) 

Antimony 0.014 NA 7.52E-09 1.15E-06 

Arsenic 0.00084 0.00074 3.21E-08 4.89E-06 

Barium 2.45 0.377 1.00E-0e l.53E-06 

Beryllium 0.175 0.0284 

Cadmium 0.035 0.0000735 7.22E-09 l.l0E-06 

Chromium 0.175 0.9 l.l0E-07 l.68E-05 

Cyanide 0.7 36.5 

Lead 0.015 NA 1.71E-08 2.60E-06 2.36E-05 3.60E-03 

Mercury 0.0105 0.00000125 1.00E-13 l.53E-1 l 

Nickel 0.7 0.102 2.61E-07 3.97E-05 

Selenium 0.175 0.0084 9.23E-10 l.41E-07 

Silver 0.175 0.Ql8 1.91E-09 2.90E-07 

Thallium 0.0028 0.0000302 

Vanadium 0.245 NA 

Zinc 10.5 0.312 1.20E-07 1.83E-05 l.89E-04 2.SSE-02 

1 HBLs correspond to a lower risk of 10·5, a noncancer hazard quotient of 1.0, or, for lead, the MCL value . . 
H.2.2.6 Risk Results for Surfa~e lmpoundment Releases to Surface Water 

The surface water concentrations of toxic constituents resulting from surface impoundment releases 
were also compared to surface water HBLs. Unlike the other pathways evaluated, the screening • 
comparison indicates the potential for adverse effects on human health above levels of concern for a few 
constituents from some samples from several waste streams. These results are summarized below. 

H.2.2.6.1 Ingestion of Surface Water 

Exhibit H-25 summarizes the results of the comparison of surface water concentrations from 
impoundment releases to HBLs. Because there are multiple samples available for most of the waste . 
streams managed in surface impoundments, the results of the comparison to HBLs are reported in terms of 
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EXHIBIT H-25 

COMPARISON OF SURFACE WATER CONCENTRATIONS FROM SURFACE IMPOUNDMENT RELEASES TO HEALTH-BASED LEVELS 
DRINKING WATER 

Maximum High-End Maximum High-End Central Tendency Central 
Surface Water Surface Water Surface Water Tendency 

Concentration, Bulk Concentration, EP Samples Concentration, Bulk Surface Water 
Samples Samples Concentration, 

EPSamples2 

Compared to UBL1 Compared to HBL Compared to HDL Compared to 
UBL 

Constituent Commodity Wastestream Total No. 1-lOx 10-lO0x 1-lOx 10-l00x 100-lO00x 1-l0x 10-lO0x 1-lOx 10-
Samples lOOx 

Arsenic Copper Acid plant blowdown 40 3 l I l 

Cadmium Zinc Spent surface 24 I 
impoundmcnl liquids 

Lead Copper Acid plant blowdown 40 I 

Zinc Spent surface 24 I l 
imooundment liouids 

NOTES: 

I. HBLs correspond to _a lower risk of I 0·5 
, a noncancer hazard quotient of 1.0, or, for lead, the MCL value. 

2. EP samples are adjusted (i.~.• have been multiplied by 1.95) to extrapolate lo bulk concentrations. 
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the numbers of samples and recycled streams for which the HE and CT surface water concentrations from 
impoundment releases exceed the HBLs, presented in order-of-magnitude categories. 

Releases from surface impoundment failures were modeled as resulting in potential exceedences of 
HBLs for water ingestion for three constituents: arsenic, cadmium, and lead. Under high-end dilution 
assumptions, the arsenic concentrations in five samples (four bulk samples, one EP extraction) would 
exceed the drinking water HBL by up to one thousand-fold. (This is equivalent, in this case, to saying that 
the estimated cancer risks under HE assumptions would exceed the 10·5 level of concern by up to a factor 
of 1000.) All of these samples came from the copper acid plant blowdown stream, and under CT dilution 
assumptions the surface water concentration for arsenic exceeds the HBL for only one of the 40 total 
samples from this stream. 

The concentration of cadmium in one of 24 samples from the zinc spent surface impoundment liquid 
stream results in surface water concentrations exceeding the drinking water HBL under HE assumptions. 
The HBL is exceeded by a factor of ten or less. Under CT assumptions, there are no HBL exceedences for 
cadmium. For cadmium, an HBL exceedence corresponds to a hazard quotient value exceeding 1.0 for its 
critical toxic effect on kidney function. 

The lead concentrations in bulk samples from two waste streams result in calculated surface water 
concentrations exceeding the drinking water HBL. One sample of copper acid plant blowdown shows a 
concentration of lead such that the HE concentrations exceeds the HBL by a factor of less than ten. Under 
CT assumptions, this sample no longer exceeds the HBL. Two bulk samples of zinc spent surface 
impoundment liquids result in HE lead concentrations in surface water that exceed the HBL by a factor of 
up to 100. Again, under the CT dilution assumptions, the predicted lead COf\Centrations in surface water 
are reduced to below the drinking water HBL. As noted previously, the HBL for lead is simply the 
Drinking Water MCL of 15 ug/1. 

H.2.2.6.2 Ingestion of Contaminated Fish 

The predicted surface water concentrations of six <;ontaminants released from surface impoundments 
also were such that HBLs derived for the ingestion of fish by subsistence fishers were exceeded. The 
results are presented in Exhibit H-26. Six arsenic samples (again all from copper acid plant blowdown) 
were associated with HE surface water concentrations exceeding the fish consumption HBLs by up to a 
factor of 1000. Four of these were bulk samples; and the remainder were EP extraction samples. Under 
CT assumptions, only one sample exceeded the arsenic fish ingestion HBL. 

A total of 20 samples ( one EP extraction, the rest bulk) contained cadmium concentrations which 
resulted in surface water concentrations exceeding the fish ingestion HBL by a up to 1000-fold. These 
samples came from zinc spent surface impoundment liquids (10), zinc process wastewater (6), copper acid 
plant blowdown (2 samples), and one sample each from rare earths process wastewater and zinc 
wastewater treatment plant liquid effluent Under CT dilution assumptions, the number of samples 
exceeding the cadmium HBL is reduced to 3 samples, and the maximum level of exceede?ce is reduce to 
less than 100-fold. 
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EXHIBIT H-26 

COMPARISON OF SURFACE WATER CONCENTRATIONS FROM SURFACE IMPOUNDMENT RELEASES TO HEALTH-BASED LEVELS 

l<'ISH INGESTION 

Constituent Commodity 

Arsenic Copper 

Cadmium Coooer 

Rare Earths 

Zinc 

Zinc 

Zinc 

Mercury Copper 

Zinc 

Selenium Coooer 

hnallium Titanium and 
Titanium 
Dioxide 

Copper 

Zinc Zinc 

Zinc 

NOTES: 

Wastestream 

Acid plant blowdown 

Acid plant blowdown 

Process wastewater 

Process wastewater 

Spent surface 
impoundment liquids 

WWTP liquid effluent 

Acid plant blowdown 

Spent surface 
impoundment liquids 

Acid plant blowdown 

Leach liquid & sponge 
wash water 

Acid plant blowdown 

Spent surface 
impoundment liquids 

WWfp liauid effluent 

Total No. 
Samples 

40 

40 
8 

40 
24 

5 

40 
24 

40 
8 

40 
24 

5 

Maximum High-End Surface 
Water Concentration, Bulk 

Samples 

Compared to UBL1 

1-lOx 10-l00x 100-l000x 

2 ' 2 
2 

6 

6 3 I 

I 

2 
I I 

I 

I 

5 

I 

I. HBL = heallh-based level derived for fish ingestion based on worst-cast subsistence fisher. 

2. EP samples are adjusted (i.e., have been multiplied by 1.95) to extrapolate to bulk 
concentrations. 
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Central Tendency Maximum High-End Surface 
Surface Water Water Concentration, 

Concentration, EPSamples1 

Bulk Samples 

Compared to UBL Compared to HBL 

1-l0x 10-lO0x 1-lOx 10-l00x 100-lO00x 

I I 

I 

I I 

I 

I 

I 

Central Tendency 
Surface Water 

Concentration, 
EPSamPles1 

Compared to HBL 

1-lOx 10-lO0x 
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Under HE assumptions, five samples give mercury concentrations in surface water exceeding the fish 
ingestion HBL. These samples come from copper acid plant blowdown (3) and zinc spent surface 
impoundment liquids (2), and under CT assumptions, none of these samples exceeds the fish HBL. In the 
case of mercury, an HBL exceedence is equivalent to a hazard quotient greater than 1.0 for reproductive 
effects. 

A single sample result for selenium in copper acid plant blowdown results in surface water 
concentrations above the HBL, as do two thallium results (one each from titanium/fiO2 leach liquor and 
sponge wash water and from copper acid plant blowdown). For all of these samples, no exceedences occur 
under CT dilution assumptions. The same is true for the six analytical results for zinc (all from zinc 
commodity streams); all six samples exceed the fish ingestion HBL under HE but not under CT dilution 
assumptions. 

H.2.2.7 Summary of Non-Groundwater Pathway Risk ~ment Results 

The findings of this analysis parallel the results of the groundwater risk assessment for the storage of 
mineral processing wastes, which found generally very low risks for the nonwastewater streams disposed 
in waste piles, and higher risks (exceeding 10·5 cancer.risk and hazard quotients of 1.0 in some instances) 
for the wastewaters and liquid nonwastewater streams disposed in surface impoundments. 

In the groundwater analysis, the major reasons for the relatively low estimated risks were the generally 
low OAF values for waste piles, and the relatively low masses of toxic constituents in the relatively small · 
piles. In this analysi~, the small size of the waste piles ( corresponding to the low recycled volumes of these 
streams) is again decisive in detennining the generally low risks for the nonwastewater streams. None of 
the release events and exposure pathways that were evaluated for waste piles resulted in risks greater than 
the previously-noted levels of concern under either CT or HE assumptions. Estimated releases from both 
runoff and air particulate generation were low (in the range of a few hundred to a few thousand kilograms 
per year total mass), and even moderate dilution in exposure media was enough to reduce exposure 
concentrations below levels of concern with regard to adverse health effects. 

The comparatively higher risks associated with waste managed in surface impoundments was primarily 
a function ·of the larger-volumes of waste being managed and correspondingly larger release volumes. 
Even though the proportions of the recycled materials released from impoundments were relatively low, 
there was still enough mass present in the impoundments to result in surface water concentrations 
exceeding HBLs. It should be noted, however, that even for these high-volume wastes, exceedences of 
HBLs were limited to only a small minority of the constituents, samples and ·waste streams, and the 
greatest numbers of exceedences were for the fish ingestion pathway, where the HBLs for several 
constituents have been derived quite conservatively. Under HE assumptions, only nine samples (out of 
135 having analytical data) resulted in exceedences of the drinking water HBL, and this number dropped 
to one under CT assumptions. Under HE assumptions, a total of 40 samples exceeded the far more 
stringent fish ingestion HBLs, and this number dropped to 4 under CT assumptions. · 

Two of the twelve wastewater and liquid nonwastewater streams evaluated in the analysis accounted 
for the bulk of the HBL exceedences. Under HE assumptions, samples from copper acid plant blowdown 
accounted for six of the nine exceedences of the drinking water HBL, and zinc spent surface impoundment 
liquids accounted for the remaining three. Between them , these two streams also accounted for 34 of the 
40 HE exceedences of the fish ingestion HBLs (copper acid plant blowdown 13, zinc spent surface 
impoundment liquids 21). Two other streams from the zinc commodity sector (six samples from process 
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wastewater and two samples from waste water treatment plant liquid effluent) also accounted for one or 
more exceedences of the fish consumption HBL. Beyond that. only two other commodity sectors (rare 
earths and titanium/fiO2) had any exceedences (one each, only under HE assumptions). 

Thus, this analysis clearly identifies two commodity sectors and four waste streams as dominant in 
driving potential risks from the storage of mineral processing wastes, at least among the streams for which 
analytical data are available. Whether there are other streams and commodities for which non-groundwater 
risks might also exceed levels of concern cannot be determined without additional data concerning waste 
characteristics and composition. 

H.2.2.8 Uncertainties/Limitations of the Analysis 

As discussed in Section H.2.1, the multipathway risk assessment for the storage of mineral processing 
recycled materials relies on relatively simple, generic models of contaminant releases, transport, exposures, 
and risks. As such, this screening level analysis shares the general limitations of all generic analyses in 
that high levels of uncertainty and variability may not be adequately treated, since only a limited number 
of generally applicll;ble models and generally representative data are used to model ris~ from a wide range 
of units, wastes, and constituents. Many of these generic sources of uncertainty have been addressed in our 
previous work on mineral processing wastes, and .the following discussion is limited to limitations specific 
to the multipathway analysis 

Constituent concentration data are available for only 14 recycled waste streams, and for some wastes 
only small numbers of samples are available. It is interesting to note that two of the wastes for which 
estimated risks are the highest (copper acid plant blowdown and zinc spent surface impoundment liquids) 
also are those for which the largest number of samples are available. It is not possible to estimate which of 
the other wastes might also show risks above levels of concern if more data were available. 

Limited data are also available .concerning waste characteristics, including constituent speciation, 
solubility, and bioavailability. Throughout this analysis, we have assumed that all constituents would 
behave in such a manner as to maximize exposure potential. For example, we have assumed that none of 
the constituents would leach from soils after their initial deposition, and that all of the constituents would 
be bioavailable in the water column. Generally these assumptions increase the level of conservatism in the 
risk assessment 

Release events and amounts were simulated mostly using the general methods adopted in HWIR
Waste. The one exception is air particulate generation, which was estimated using the SCREEN3 model, 
rather than the model recommended in HWlR-Waste. SCREEN3 is a widely-accepted screening level 
EPA model, however, and EPA believes that it is appropriate for the types of release events that were 
modeled. The use of SCREEN3 is unlikely to have biased the results of the risk assessment significantly 
compared to other methods. However, as noted previously, no data were available concerning the particle 
size characteristics of the two wastes streams that were modeled, so we relied on data from an earlier study 
of mineral processing wastes stored in waste piles. Based on limited infonnation, we believe that the 
particle size distribution that was used may overstate the potential for particulate release of the more 
coarse-grained, high-density zinc waste ferrosilicon, while more accurately describing the potential for 
particulate releases of aluminum cast house dust · 
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Runoff releases were evaluated using the same model (USLE) applied in HWIR.-Waste, with input 
parameters varied slightly to reflect the operating characteristics of the waste piles being simulated and the 
likely geographic distribution of the recycling facilities. The risk results are not particularly sensitive to 
these changes, as exposure concentrations for runoff events are below the levels of concern for all of the 
runoff exposure pathways .. 

The ISCST3 model used to predict particulate air concentrations and deposition rates is a state-of-the
art model that has been used in many regulatory proceedings by EPA. The input data that were used, the 
"worst-case" meteorological conditions that are supplied with ISCST3 specifically for use in screening 
level assessments, were somewhat more conservative than the meteorological data used in HWIR-Waste 
with a similar model. Thus, our estimates of air impacts are likely to be higher than those that would have 
been achieved had we replicated the HWIR-Waste approach. Again, however, all risks associated with this 
pathway were far below levels of concern. 

The modeling of releases from surface impoundments reproduced exactly the approach used in HWIR
W aste. This release model and its input parameters were derived based on data from management units in 
the pulp and paper industry, and just how reliably they predict releases from surface impoundments in the 
mineral processing industries is not known. This is clearly a major source of uncertainty in the risk 
assessment, as these release events are the only non-groundwater releases for which health risks are 
predicted to be above levels of concern. 

Because of resource limitations and the specific characteristics of the facilities that were evaluated, 
simplified approaches were developed to estimate the concentrations of waste constituents in surface soils 
and surface water to substitute for the much more elaborate methods used in HWIR-Waste. In the case of 
surf ace runoff, in the absence of site-specific data, we conservatively assume that soil contamination would 
be limited to relatively small distances (50 or 100 meters) from the piles in arbitrarily defined circular 
plumes. This is only intended as a bounding analysis, and the finding that this pathway is not a major 
concern can be supported by the fact that, even with these relatively small exposure areas (and the resultant 
high soil concentrations), constituent concentrations due to runoff events were below levels of health 
concern. 

Similarly, to be conservative, we assumed that all of the runoff and all of the particulate generated by 
the waste piles would be deposited on the watershed in such a way that all of these materials would rapidly 
find their way into surface water. This approach, while it resulted in surface water concentrations far 
below levels of health concern, may be less conservative than the approach taken for surface soils, in that 
the CT and HE streams are both rather large, and the model does not take into account possible runoff or 
deposition into smaller streams, lakes, or ponds where constituents may accumulate in surface water or 
sediment · 

The approach we took in evaluating fish tissue concentrations was also somewhat more conservative 
than that taken in HWIR-Waste, in that we used the highest reliable BCF or BAF values, rather than 
representative values, in our calculations. For some constituents (arsenic, cadmium, mercury, thallium), 
this approach resulted in considerably higher tissue concentrations than would have been calculated had· 
we used the HWIR-Waste values, and considerably lower HBLs. This may be a major source of 
uncertainty in this analysis, since the fish ingestion pathway resulted in the highest risks for several of the 
constituents. 
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ATTACHMENT H.A-1 
PROPORTION OF RECYCI.EI> ...ERAL PROCESSING WASTE STREAMS ADDRESSED 

IN THE RISK ASSESSMENT' FOR RECYCLED MATERIALS STORAGE 

Total Recycled Volume Recycled Pen:9nt Analyzad In Risk~ 
Volume 

AnalyadlnRlsk 
AsMa-.it 

Commodltv WasteStlNffl Min. Av.. Mu. i::..- """JMln. ExDadJAft. Exp./Max. 

Aluminum, Cast House Dust 16,227 16,227 16.227 16.227 100.00% 100.00% 100.00o/o
Alumina 

Electrolvsis Waste 24.438 48.875 

Sector 11,?'7 406SS R.~ 1m 16.227 100.00'!'. 39.~ ?4.Cl1% 

IBervt1ium Chic Trea1men1 Wastewater 10.000 400.000 10.000 100.00% 2.50% 

Sector 10.000 400000 10000 100.00% 2.50% 

C'.nnn,,r Acid Plant Blo'MXlWl'I 3,975.000 3.975.000 3,975.000 3.975.000 100.00% 100.00% 100.00% 

WWTPSlu""" 2,250 4,500 

Sector 3975 000 3gn2so 3 97!1500 ~ <:175 000 1nn.nn~ 9994% 99.89% 

Elemental AFM Rinsate 4,000 4,000 4,000 4.000 100.00% 100.00% 100.00% 
PhosDhoruS 

Fumace Scrubber Blowdo-MI 420,000 420,000 420.000 420.000 100.00% 100.00o/. 100.00% 

Fumace Buildina Washdo,o,n 700.000 700,000 700,000 

Sector 1 124 nnn 1 1?4 nnn 1 1,:,4 nnn 424.000 37.72% 377?% 17.7?":C. 

Rate Earths EI9Cll'OI. Cell Caustic Wat APC 350 7.000 
Sluci 

Process Wastewater 1.400 1.400 1.400 1,400 100.00o/. 100.00'Y. 100.00% 

5_,1 Scrubber Liauor 20 100.000 200.000 

WaSlewatar from APC 50.000 200,000 

Sector 14~ 151750 40A .00 1 AM QA_5Cl'I<. 0.92% 0.34% 

Selenium S"""t Filter Cake 217 4,335 

Plant Process Wastewater 13.200 13.200 13.200 13.200 100.00% 100.00% 100.00% 

Sla<J 51 1.020 

Tellurit.m Slime Wastu 217 4,335 QR__ 

Sector 13:>00 13 611!1 Z! 8IIO 11 :>OIi ,no~ ~7.67% 

Tantalum. Process Wastewater 127.500 127,500 127.500 127.500 100.00% 100.00% 100.00-4 
Ferrocolum-
blum. etc. 

Sector 1?7,;n(I 1?7 500 127,;no 1?7 ,;no 1M.~ 1nn.nn-<. 1Mnn-L 

Titanium. Pickel Liquor and Was/1 Water 270 660 
Titanium Oxide 

Scrao Millin<! Scrubber Water 500 1.200 500 100.00% 41.67% 

Smu1from Ma - 85 18.700 39,100 

Leach UmJor,S0onaa Was/1 Watw 78,000 98.000 118.000 96.000 128.32% 100.oo,r. 82.76% 

Spent Surface lmpoundnwlt 1,458 5,712 
I "'Uida 

Seclar 711~ 11A !1?11 1fll>R7? QR 500 A?"i.'1':C. 59~""-
Zinc Acid Plant Blowdown 130,000 130,000 130,000 

Waste Ferrisilican 7.225 14,450 7.225 100.00% 50.00% 

ProcessW__, 4,335.000 4.335.000 4.335,000 4,335.000 100.00% 100.oo,r. 100.00% 

-tC101hes. Ran,, Incl F'tllws 75 150 

Spent Gaeth~.. LNcl'I cake 15,000 15,000 15,000 
Residues 

Spent Surface lmpou~ 378,000 378,000 378,000 378,000 100.00% 100.00% 100.00% 
LimJida 

WWTPSolids 281 563 

TAC T~ Blowdown 94 188 

WWTP LimMd Effl~t 261,000 522,000 261.000 100.oo,r. 50.00% 

Sedor 4 R.IUI 000 512f!S75 S 3953§1 4 Q81.22!1 102.!14% 9716% ®~ 

All Sectors 14,0l9,I02 14,143,IIOI 1S,IOS,22S 9,645,052 U.41"" 84.~ 57.3", 

Noles: 

Propo11icn of SIJNmS CCMlrlld • 1"'3 • 19.2 percent 

Commodities not COV9r9d • Antimony, Bismuth, Camnium. caldt.m, Coal Gas. Fluonpar and Hydrofluoric Acid, Gennanium. LNd, ~ and 

Ma~ Mercury, Platint.m Group Metals, Pyrobitumaia, "'-ium, Scandkm. Synthetic Rutile. Tellurium, Tungsten. Uranium, Zirconium and Hafnium 

http:AsMa-.it
http:RECYCI.EI


ATTACHMENT H.A-2 

,._ 

PflOPORTIOII OF WERAI. PRO. bS8IO #Mff S1'REAMS -

111n. --w-- -· --
N TIIE IIISIC MSDSIIEICT FOIi RICYCl.ED IIIATERIALS STORAGE-y-.... c- -- -- Pw-..R-

·-·- ---"""""""'· CUI-CUii 19.000 19,000 19.000 18.227 16.227 16.227 as.,1'JC. as.,1'JC. as.,1,r. 
AhfflN 

Elecln,.....,W_ 58 58 58 

Sector ,.,,.. 1•058 19""" 16"7 16227 1•= 85 1S'JC. 8< !<'JC, 8S 1S'JC. 

........,.., 1,...,.. T..._w_ 200 100.000 2.000.000 0 10.000 ol00.000 0.OO'JC. 1000'JC, 2000% 

Filrab,Oiocanl 200 •so 90.000 

Sector olOO 100"'" 2 090nnn 0 ,onnn olOO ann 0"""'- 9- 1•1'% 

,.._ AodPlantBlo- S.300.000 S.300.000 5.300.000 3.975.000 3.975.000 3.975.000 75 OO'JC, 75.00'JC. 75.00'JC. 

WWTP~•-
Sector 

6.000 

<'WIMn 

6.000...,.,.,,, 
6.000 

• 'WI nnn 3 97< nnn • o,c nnn a 97"'""' 1,...,.. 1,-- 1'...,, - ---"""-
ol60 ol60 ol60 

AFM~-• ,.000 ,.000 ,.ooo ,.ooo ,.000 ,.000 100.00'JC. 10000'JC. 10000'JC. 

Fumac•-- '10.000 '10.000 '10.000 ,20.000 ,20.000 ,20.000 102...'JC, 102...... 102....,. 

Fuma:•-W-

Sector 

700.000 

11,,4M 

700.000 

',,,..sa 
700.000 

1114Mt1 .,.,,,,,, 
"'""" ... ,.., ... ,,.... .. ,,.... 3805% 

RareEatt\s ,.,_,NHNO.Sohlll:lrt 1'.000 1'.000 1'.000 

Elec:1ral.c.ii~WfllAPCSMI. 70 70 700 

ProceaW-• __ , ..._.--Qud
WMl-fromAPC-

7.000 

100 

100 

100 ., ..... 

7.000 

500.000 

2.300 

500.000 

1,,..,...., 

1.ooa 
1.000.000 

,.500 

1.000.000 
.,,.,. .... 

1.olOO 

,..,,., 

1.olOO 

1 ,nn 

1.olOO 

1 ,nn 

20.00'JC. 

...... 

20.00'JC, 

a,•., 

20.00'JC. 

0""" - _,FllerC.. 50 500 5.000 

--w- 88.000 66.000 66.000 13.200 13.200 13.200 20.00'JC. 20.00'JC. 20.00'JC, 
.,,_ 

50 500 5.000 

Telluru,, Sline W- 50 500 5.000 

WMleSolm 

Sector 

50 ... ....,,, 
600-- S.000 

Mnnn 1•""" 1•onn 1•- 1• ...... 19.'1% 153S% 

T-. ~Sludge 1,000 1,000 1,000 
F---·.... 

PnxassW.....,_---- 150.000 

2.000 ,.... _ 150.000 

2.000 

1<.1000 

150.000 

2.000 

1n""" 

127.500 

1.,,..,,,, 

127.500 

177""" 

127.500 

1"""" 

65.00'JC. 

83 .."'-

85.00'JC, 

....... 
65.00'JC, 

.., ·-
Tlanun,Tlaninl 
~ 

Picul Uquor_ W_ W-,:,.,_,.....,_w_ 2..200 

,.000 

2.700 

5,000 

--
3.200 
·--
S.000 500 1.200 0.OO'JC. 10.00'JC, 20.00'JC, 

Smut from Uo D.:...-

LOCI I ---.-w....w...w__,__, ~ --
100 

-,,000 

11:111 

200 

22.000 

-.000 

3.'00 

39.000 

'5.000 

510.000 

9,700 

n.ooo 

78.000 91.000 119.000 20.00'JC. 20.00% 20.00% 

wwrp-- -coo _,,., ,t20,000 
_.,,,, 

,t20.000 

1'"""" """"" .. .,,,. 
'''""' ...... 9"""'- ,,,..,.,. 

---Zinc w----w-~--
130,000 

17000 

5000.000 

130.000 

17.000 

5.000.000 

130.000 

17.000 

5.000.000 

0 

•.335.000 

7.225 

,.335.000 

1'.'50 

•.331.0CXI 

0.OO'JC. 

81.l'O'JC, 

'2.SO.. 

88.l'O'JC, 

65./lO'll, 

81.'IO'JC, 

1.000 1.001 1.000 

1-~...... --
1---~Clllre-

150 

15,0CXI 

150 

15.000 

150 

15.000 

1-- ........ 1.900.000 1.900.000 1.900.000 3711.000 3711.000 3711.0CXI 19.88'JC. 19.llt'JC. 19.89"" 

WWTPSolill 750 750 750 
,,___ 19.000 19.000 16.000 

TACT-- 250 250 250 

-
WWTP I .,_.., Eltluenl-,._ 2.600.000 

•-150 

21--

2.600.000 ..... ,... 
2'~1.000 

2.900.000__ ,.,, 

-·--
0

•1,,,.., 

,...-
291.0CXI...,_ 
,..._ 

522.0CXI .......... 
1n_..,. 

0.OO'JC. 
,_,,,._ 

a.-

10.CM'!Co.,.-. 

3t.J1'JC, 

20.0l'!Co 

5' ....... 

:rz.Jl2'!C, 

p,_..,,Gl--•1"111•11.9-~noc-~~---c:.tnua.~.CoelO..___..,...,,.._ ___i..., ___~......,. 

Mol)l>cllnum.F~lffl.--~-~----.~-.T-.T........U-



ATTACHMENT H.B 

Summary of Particulate Generation, Air Transport, and Deposition 
Modeling 



ATTACHMENT H.B. Air Quality Modeling in Support of Mineral 
Processing Storage Analysis 

Model Selection and Options 

The Industrial Source Complex Short Term (ISC3ST- version 96113) was used to model the impacts of 
fugitive emissions from materials handling and wind erosion at the mineral processing facilities. The 
ISC3ST model is the model recommended by EPA in the Guideline On Air Quality Models (Revised), 
EPA-450/2-78-027R, Appendix W of 40 CFR Part 51 and Part 52. As stated in the guidance document: 

. . 

"Fugitive emissions are usually defined as emissions that come from an industrial source complex. 
They include the emissions resulting from the industrial process that are not captured and vented 
through a stack but may be released from various locations within the complex ..Where such fugitive 
emissions can be properly specified, the ISC model, with consideration of gravitational settling and dry 
deposition, is the recommended ~odel." 

The ISC3ST model was set-up to run using the following regulatory default options: 

• Final plume rise 
• Stack-tip downwash 
• Buoyancy-induced dispersion 
• Calms processing 
• Default wind profile exponents 
• Default vertical potential temperature gradients 
• No exponential decay. 

However, since the only sources included were fugitive area sources, the options applicable to stack point 
sources (e.g. stack-tip downwash) were not applied. 

Emimon Estimates 

Emissions associated with the storage of mineral processing waste (aluminum/alumina cast house dust and 
ferrosilicon waste from zinc production) were estimated to occur from the aggregate handling of the waste 
materials and from the wind erosion of the waste piles. Emissions from the aggregate handling of the 
waste piles vary in proportion to the mean wind speed and the moisture content of the waste. Emissions 
generated by wind erosion of the waste piles were related to threshold friction velocity and the wind gusts 
of the highest magnitude routinely measured as the fastest mile. Because the lack of data, we made a few 
assumptions in estimating these emissions: 

a) The material in the storage piles has a moisture content of 4.8 percent 

b) The threshold friction velocity for the waste piles is the same· as the threshold friction velocity for 
fine coal dust stored on a concrete pad. This assumption would overestimate emissions for the waste 
piles since fine coal dust on concrete pad has a greater erosion potential than the waste piles. 

c) The fastest mile, (i.e., the wind gusts of the highest magnitude) occurs during period between 
disturbances to the piles. · 



d) The surface area of the storage pile which is disturbed during each work day is equal to 25 percent 
of the total pile surf~e area · 

e) Data for the annual mean wind speed and for the fastest mile were taken for Kansas City which 
has an average values of the cities surveyed in "Extreme Wind Speed at 129 Stations in the 
Contiguous United States". 

Emissions from handling of the waste materials and from the wind erosion of the waste piles were 
estimated using equations from EPA's AP-42, Compilation of Air Pollution Emission Factors, Volume I: 
Stationary Point and Area Sources. As previously stated, these equations relate parameters such as 
exposed surface area, moisture content, mean wind speed, threshold friction velocity, fastest mile to total 
TSP and PM10 emissions. 

Meteorological As.mmptions 

In addition to the meteorological assumptions needed to estimate emissions from mineral processing waste 
piles, meteorological data was required to complete the air quality dispersion modeling analysis using 
ISC3ST. To conservatively predict the impacts of the emission sources, worst-case meteorological data· 
was used in ISC3ST. 

The worst-case meteorological data is similar to that incorporated in the EPA model, SCREEN3. The 
worst-case meteorological data set contains an array of all possible combinations of wind speed, wind 
direction and stability class that could exist in an actual location. The data set of meteorological 
conditions consisted of: 

• Mixing heights of 1000 meters 
• Ambient temperatures of 298 DegK 
• Wind directions varying from 10 to 360 degrees 
• Wind speeds (varying from 1.0 m/sec to 20.0 m/sec) assigned to stability classes A through F 

A few additional parameters are required to estimate deposition using the ISC3ST model. Those 
parameters include: The variables are: friction velocity at the application site (mis), Monin-Obukhov length 
at the application site (m) and roughness length at the application site (m). The EPA model RAMMET, 
version 95227 was used to estimate these parameters. RAMMET requires data on surface roughness 
length at application site, noon time albedo and Bowen ratio, which vary by season and land-use type. 
Values by season and land-~ type (10% urban, deciduous forest, coniferous forest, grassland and desert 
shrubland share the 90%, i.e., 22.5% each) were estimated. The appropriate fraction velocity, Monin
Obukhov length and roughness length values were extracted from the RAMMET output and added to 
worst case meteorological data for the deposition calculations. 

Location of Muimwn and Area-Average Concentrations and Concentrations 

As with many Gaussian dispersion models, ISC3ST results are accurate no closer than 100 meters from 
each source. Thus to calculate impacts of the two sets of storage piles, both piles were placed in a 
prototypical facility with property boundaries located approximately 100 meters from the edge of each 
storage pile. Two sets of receptor grids were used to determine maximum peak 24 hour and annual 
average concentration and deposition values at points located around the property boundary. To pinpoint 
the maximum values, a grid of receptor points, with receptors located from 100 meters to 250 meters in 
each direction, with a resolution of 50 meters was input to ISC3ST. An array of polar receptors, at 45 
degree intervals, from 200 to 3,000 meters was used to estimate area average concentrations. 



ATTACHMENT H.C 

Fish Bioconcentration,and Bioaccumulation Factor Values and Data 
Sources 



Attachment H.C 
Fish BCF, and Toxicity Values 

Chemical Cas BAF fish (L/kg Source BClo' fish (Llkg) Source RID Source OralCSlo' Source RfC(mg/m3) Source lnhal URF Source 
Number body weight) (dissolved) (mg/kg/day) (mg/kg/day)-1 (ug/m3)-l 

total) 

Antimony 7440-36-0 NA not significant Barrows el. al 1980 (in 4.00E-04 IRIS NA NA NA 
EPA 1988)• 

Arsenic 7440-38-2 NA 4 Barrows et al. 1978• 3.00E-04 IRIS l.50E+OO IRIS NA 4.30E-03 IRIS 

Barium 7440-39-3 NA 100 Schroeder 1970• 7.00E-02 IRIS NA 5.00E-04 HEAST NA 

Beryllium 7440-41-7 NA 19 Barrows et al. 1978• 5.00E-03 IRIS 4.30E+OO IRIS NA 2.40E-03 IRIS 

Cadmium 7440-43-9 NA 3-7,440 Benoit et al. 1976 (in EPA 5.00E-04 IRIS NA NA 1.808-03 IRIS 
l985a)•; Giesy et al. 1977 
in Eisler 1985)• 

Chromium 18540-29-9 NA 3 EPA 1985b 5.00E-03 IRIS NA NA 1.20E-02 IRIS 
(VI) 

Cyanide 57-12-5 0.3 Kenaea 1980 (KCN)• 2.00E-02 IRIS NA NA NA 

Lead 7439-92-1 8 1-726 Maddock and Taylor 1_980 NA NA NA NA 
(in Eisler 1988)*; Wong el 
al. 1981 (in Eisler 1988)• 

Mercury 7439-97-6 6.00E+04 EPA 1993b 129-IO,OOO Various refs. in EPA 3.00E-04 IRIS NA 3.00E-04 IRIS NA 
(mercury(II)); 1985c• (HgCl2) 
I0,000-85,700 
(methvlmercurv) 

Nickel 7440-02-0 NA 47-106 Lind et nl. manuscript (in 
EPA 1986)* 

2.00E-02 IRIS , 
(soluble 

NA NA NA 

salts) 

Selenium 7482-49-2 0.5-1.0 Cleveland 5-322 Cleveland el. al 1993*; 5.00E-03 IRIS NA NA NA 
et.al 1993 lnl!ersoll et. nl 1990• 

Silver 7440-22-4 NA 11-150 EPA 1987 5.00E-03 IRIS NA NA NA 

Thallium 7440-28-0 NA 27-1430 Zitko et al. 1975; Barrows 8.00E-05 IRIS NA NA NA 
et al. 1978• (Tl2Ch2 

O3,TICI, 
or 
Tl2H2S 
04) 

Vanadium 7440-62-2 NA NA 7.00E-03 HEAST NA NA NA 

Zinc 7440-66-6 4.4 275-519 Xu and Pascoe 1993• 3.00E-01 IRIS NA NA NA 



ATTACHMENT H.D 

Risk Characterization and Screening Spreadsheets 

H.D-1 Inhalation Pathway 

H.D-2 Particulate Depostion Soil Ingestion and Dermal Contact 

H.D-3 Particulate Deposition to Surface Water Risk Screening Results 

H.D-4 Runoff Deposition to Soils Screening Results 

H.D-5 Runoff Deposition to Surface Water Screening Results 

H.D-6 Surface Impoundment Releases to Surface Soils Screening Results 



ATTACHMENT H.D-1 
Inhalation Pathway 

Expo1ure and Rl1k Calculatlon1 for Partlculale 
Depo1ltlon 

COMMODITY: Alumina and Aluminum 

WASTE Caat house dust 
STREAM: 
CTPM10 2.3 ug/m3 
Concentration 
HEPM10 32.3 ug/m3 
Concentration 

Constituent F.IIC (mg/m3) Unit Risk (ug/m3)·1 Maximum CT Consliluenl HE Conslituent CT Cancer Risk 
Concenlralion In Concentration in Concentration In 
Waste (mg/kg) Particulate (ug/m3) Particulate (ug/m3) 

Antimony 7.5 1.73E-05 2.42E-04 0.OOE+OO 

Arsenic 4.30E-03 32 7.36E-05 1.03E-03 3.00E-13 

Barium 5.00E-04 10 2.30E-05 3.23E·04 0.00E+OO 

~ium 2.40E-03 0 0.OOE+OO 0.OOE+OO 0.OOE+OO 

Cadmium 1.80E-03 7.2 1.66E-05 2.33E·04 3.67E·14 
Chromlum(VI) 1.20E-02 110 2.53E-04 3.55E·03 3.74E·12 
Lead 17 3.91E-05 5.49E-04 0.OOE+OO 
Mercury 3.00E-04 0.0001 2.30E·10 3.23E-09 O.OOE+OO 
Nickel 4.80E-04 260 5.9BE-04 8.40E-03 3.54E-13 
Selenium 0.92 2.12E-06 2.97E-05 0.OOE+OO. 
Sliver 1.9 4.37E·06 6.14E-05 0.OOE+OO 
Thallium 0 0.OOE+OO 0.OOE+OO 0.OOE+OO 
Vanadium 0 0.OOE+OO 0.OOE+OO 0.OOE+OO 
Zinc 120 2.76E-04 3.BBE-03 0.OOE+OO 

E1tpo1ur• CT HE Unlll 
Varl1ble1 

EF Eicposure 350 350 days/year 
Frequency 

EDa Exposure 9 20 years 
Duration 
(Adull) 

Cancer Risk= U.R. • PMI0' Max Cone.' 10"-6' (EF/365) ' (EDn0) 
Hazard Quotient = (EF/365) • (Max. Cone.• 10"-6) / RIC 

HE Cancer Risk 

0.OOE+OO 
1.22E-11 

0.OOE+OO 
0.OOE+OO 
1.15E·12 
1.17E·10 
0.OOE+OO 
0.00E+OO 
1.10E-11 
0.OOE• OO 

0.00E+OO 
0.OOE• OO 

0.OOE+OO 
0.00E+OO 

CT Noncancer HE Noncancer 
Hazard Quolienl Hazard Ouotienl 

1.92E-01 1.92E-01 

3.20E-06 3.20E-06 
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ATTACHMENT H.D-3 
Air Emissions to Surface Water - Risk Screening Results 

Exposure and Riek Calculation• for Air EmlHlone 

COMMODITY: Alumina and 
Aluminum 

· WASTE STREAM: cast house dust Elow Rate 
CT Long-Term 3.24E+08 mg/year 3.00E+11 L/year 
Emleelon• 
HE Long-Term 1.52E+09 mg/year 1.30E+10 L/year 
Emlaelons 

Surface Water HBL Concentrations tmq/L} 
Constituent Maximum CT Water HE Water Fish• Noncancer Fish - Cancer Drinking Water - Drinking Water -

ConcentraUon In <::oncentraUon Concentration Noncancer Cancer 
Waste (mg,1<g) (mg/I.) (mg/L) 

AnUmony 7.5 8.10E-09 8.77E-07 NA NA 1.40E-02 NA 
Arsenic 32 3.46E-08 3.74E-06 NA 7.40E-04 NA 8.40E-04 

Barium 10 1.0SE-08 1.17E-06 3.77E-01 NA 2.45E+00 NA 
Beryllium 0 0.OOE+OO 0.OOE+00 2.84E•02 NA 1.75E-01 NA 
Cadmium 7.2 7.78E-09 8.42E-07 7.35E-05 NA 3.50E-02 NA 
Chromlum(VI) 110 1.19E-07 1.29E-05 9.00E-01 NA 1.75E-01 NA 
Lead 17 1.84E-08 1.99E-06 NA NA 1.50E-02 NA 
Mercury 0.0001 1.0BE-13 1.17E-11 NA NA 1.05E-02 NA 
Nickel 260 2.81E-07 3.04E-05 1.02E-01 NA 7.00E-01 NA 
Selenium 0.92 9.94E-10 1.0BE-07 8.40E-03 NA 1.75E-01 NA 
Sliver 1.9 2.0SE-09 2.22E-07 1.B0E-02 NA 1.75E-01 NA 
Thallium 0 0.00E+00 0.00E+00 3.02E-05 NA 2.B0E-03 NA 
Vanadium 0 0.00E+00 0.00E+00 NA NA 2.45E-01 NA 
Zinc 120 1.30E-07 1.40E-05 3.12E-01 NA 1.05E+01 NA 



C 

ATI'ACH1\1ENT H.D-4 
Runoff Deposition to Soils Screening Results 

1. Aluminum cast House Dult 

Constttuent Ingestion Palltway Ingestion Pathway Malcimum Bulk CT Soil HE Soil CT Soil 
Cancer Slope Factor RfD (fflWl<g-day) Concentration in Concentration Concentration Concentration 

(mg-kg-day)• 1 Waste (fflWl<g) (Ingestion and (Ingestion and (Ingestion of Home
Dermal) (fflWl<g) Dermal ContaCI) Grown Vegetables) 

{fflWl<g) (rngll<g) 

Antimony 0.0004 7.5 1.92E-03 1.SSE-01 2.39E-04 

Arsenic 1.5 0.0003 32 8.17E-03 6.74E-01 1.02E-03 

Barium 0.07 10 2.SSE-03 2.llE-01 3.19E-04 

Beryllium 0.07 

Cadmium 0.0005 7.2 1.84E-03 1.52E-01 2.30E-Q4 

Chromium(Vl) 0.005 110 2.81E-<l2 2.32E..OO 3.s1e-03 

Lead 17 4.34E-03 3.SSE-01 5.43E-04 

· Mercury 0.0003 0.0001 2.55E-OII 2.11E-06 3.19E-09 

Nickel 0.02 260 6.64E-<l2 5.48E..OO 8.30E-03 

Selenium 0.005 0.92 2.35E-04 1.9'E-<l2 2.9'E-OS 
Silver 0.005 1.9 4.85E-04 4.00E-02 6.07E-OS 

Thallium 0.00008 

Vanadium 0.009 

Zinc 0.3 120 3.07E-<l2 2.53E..OO 3.83E-03 

CT HE Units 

USLE ~--Mode/,ig (7-52) 

AWPd Ania of Wuta Pile (Dull) 108 108 m2 

AWPf ArN of Waste Pile (Fenosilicon) 509 509 m2 

R RainfaltfaClor 50 110 1/year 

K Soil Etodabilily 0.25 0.25 t/y9ar 
Factor 

LS l.ang!n-Slope ~act0r 3 unitlesl 

ea-Factor 1 unittess 
p Control Practices 1 unittess 

Factor 

SL · Total Soil Loss 301 1986~ 
(Oust) 

SL Total Soil Loss (FerT'Olilicon) 1418 9360 kg/year 

Soil o.Hwry 

Radius of ccnlaminal9d .,... 10000 5000 cm 

SolC0111c:•1t1alli011 due IDOlpodian; o.malandlt,ge«lon (&-
1) 

z MbdngDl!llll. 2.5 1 cm 

BO Soil 8ulll Dlr!llly 1.5 1.2 gm/cc 
ks SoilL.oaConlll,,t 0 0 1/yNlw 

t OapoalllallP9riod 20 20yan 

SM Mliad Sol Mia (Dennal and lngalticn) 1.18E+06 9.42E-t04 leg 

HE Soil 
Concentration 

(Ingestion of Home
Grown Vegetables) 

(rngll<g) 

1.SBE-02 

6.74E-02 

2.11E-02 

1.52E-02 

2.32E-01 

3.58E-02 

2.11E-07 

5.48E-01 

1.94E-03 

4.00E-03 

2.53E-01 

z Mi>lingo.i,ct'I 20 10 cm 

BO Soil Bull Dlr!llly 1.5 1.2~ 

ks SoilL.ossConlllnt 0 0 1/yNls 

t Oaposiliot!Period 20 20)'NIS 

SM Mbad Soil MIN (Root Vegl!ablN) 9.42E-t08 9.42E+05 kg 



ATIACHMENT H.D-4 (Continued) 
Runoff Deposition to Soils Screening Results 

2. Zinc Waste Ferroslllcon 

Constituent Ingestion Pathway Ingestion Pathway 
Cancer Slope Factor RfO (mglkg-day) 

(mg-lcg-day)-1 

Antimony 0.0004 

Arsenie 1.5 0.0003 

Barium 0.07 

Beryllium 0.07 

Cadmium 0.0005 

Chn:,mium(VI) 0.005 

Lead 

Mercury 0.0003 

Nickel 0.02 

Selenium 0.005 

Silver 0.005 

Thallium 0.00008 

Vanadium 0.009 

Zinc 0.3 

USLE R6IN$II Modeling (7-52) 

AWPd Alu a' Wute Pile (Dust) 

AWPf Area of Waste Pile (Fenosificon) 

R Rainfall factcr 

K Sotl Erodaoility 
Fac:tor 

LS Length-Slope FIC!or 

C Cover FaclOI' 
p Control Practices 

FaCIOr 

SL TOlal Soil Losa 
(Oust) 

SL TOlal Soil Loss (Ftn-olilican) 

Soil De/iwry 

Radius of C0ll1llminetad .,_ 

Soil eanc.ntraJiDn due 10 ~ o•nn.lWtdlt,g#lion (6-
1} 

z MbdngOepl'I 

BO Soil Buie Oanlily 

ks Soill.ouCorlllll't 
t OepoeitlcrlPeriad 

SM MiJad Soil Mia (Denne! and lngNtlol'I) 

Soileanc.ntralicn dueto~Root V~(6-58) 

z Mixing Oeplti 
80 Soil Bulk Oansity 

ks Soil Loss ConSlant 

t Oef)ositionPeriod 

SM Murad Soil Mus (Roel Vegetables) 

Maximum Bulk 
Concentration in 
Waste (mglkg) 

5000 

40000 

CT 

108 

509 

50 

0.25 

301 

1418 

10000 

2.5 

1.5 

0 

20 

1.18E+Oe 

20 
1.5 

0 

20 

9.42£-+0S 

CT Soil HE Soil 
Concentration Concentration 
(Ingestion and (Ingestion and 

De/Tnal) (mg/kg) Dermal Contact) 
(mg,lcg) 

6.01887-4429 496.5571404 

48.15099543 3972.457123 

HE 

108 m2 

509 rn2 

110 1.lyear 

0.25 tryMr. 

3uni118ss 

1unitlea 

1unitlesl 

1988~ 

5000 cm 

1 cm 
1.2 grnlcc 

0 1/yNts 

20yeers 
9.42E-t04 kg 

10 cm 
1.2 pee 

0 1/yNts 

20yee,a 
9.42E+05 kg 

CT Soil 
Concentration 

(Ingestion of Home
Gro'M1 Vegetables) 

(mglkg) 

0.752359304 

6.018874429 

HE Soil 
Concentration 

(Ingestion of H~ 
Grown Vegetables) 

(mg/kg) 

49.65571404 

3S7 .2457123 



ATTACHMENT H.D-5 
Runoff Deposition to Surface Water Screening Results 

Release, Exposure Risk Calculations for Waste Piles 

1. Aluminum Cast House Dust 

Constituent Ingestion Pathway Ingestion Pathway 
Cancer Slope Factor RfD (mg/kg-day) 

(mg.kg-day)-1 

Antimony 0.0004 

Arsenic 1.5 0.0003 

Barium 0.07 

Beryllium 0.07 

Cadmium 0.0005 

Chromium(VI) 0.005 

Lead 
Mercury 0.0003 

Nickel 0.02 

Selenium 0.005 

Silver 0.005 

Thallium 0.00008 

Vanadium 0.009 

Zinc 0.3 

Pathway 
Variables 

USLE Release Modeling (7-52) 

AWPd Area of Waste Pile (Dust) 

AWPf Area of Waste Pile (Ferrosilicon) 

R Rainfall factor 

K Soil Erodabillty 
Factor 

LS Lengttl-Slope Factor 

C Cover Factor 
p Control Praotlces 

Factor 

SL Total Soll Loss 
(Dust) 

SL Total Soil Loss (Ferrosilicon) 

Surface Water Chatactertstlcs 
FlowRata 

Maximum Bulk 
Concentration in 
Waste (mg/kg) 

7.5 

32 

10 

7.2 

110 

17 

0.0001 

260 

0.92 

1.9 

120 

CT 

108 

509 

50 

0.25 

301 

1418 

3.00E+11 

CT Waterbody HE Waterbody 
Concentration Concentration 

(mg,1) (mg,1) 

7.52E-09 1.15E-06 

3.21E-08 4.89E-06 

1.00E-08 1.53E-06 

7.22E-09 1.10E-06 

1.10E-07 1.SBE-05 

1.71E-08 2.60E-06 

1.00E-13 1.53E-11 

2.61E-07 3.97E-05 

9.23E-10 1.41E-07 

1.91E-09 2.90E-07 

1.20E~07 1.83E-05 

HE Units 

108 m2 

509 m2 

110 1/year 

0.25 t/year 

3 unitless 

1 unitless 

1 unitless 

1986 kg,year 

9360 kg/year 

1.30E+ 1 o liter/year 



C 

ATTACHMENT H.D-5 (Continued) 
Runoff Deposition to Surface Water Screening Results 

Release, Exposure Risk Calculations for Waste Plies 

2. Zinc Waste Ferroslllcon 

Constituent Ingestion Pathway Ingestion Pathway 
Cancer Slope Factor RfD (mg/kg-day) 

(mg-kg-day)- i 

Antimony 0.0004 
Arsenic 1.5 0.0003 

Barium 0.07 

Beryllium 0.07 

cadmium 0.0005 
Chromium(VI) 0.005 

Lead 
Mercury 0.0003 
.Nickel 0.02 

· Selenium 0.005 
Silver 0.005 
Thallium 0.00008 
Vanadium 0.009 
Zinc 0.3 

Pathway 
Variables 

USLE Release Modeling (7-52) 

AWPd Area of Waste Pile (Oust) 

AWPf Area of Waste Pile (Ferrosillcon) 
R Rainfall factor 
K Soil Erodabillty 

Factor 
LS Length-Slope Factor 

Cover Factor 
p Control Practices 

Factor 
SL Total Soil Loss 

(Dust) 
SL Total Soil Loss (Ferrosilicon) 

surface Water Charact8rlstlcs 

Flow Rate 

Maximum Bulk 
Concentration in 
Waste (mg/kg) 

5000 

40000 

CT 

108 
509 

50 
0.25 

1 
1 

301 

1418 

3.00E+11 

CTWaterbody HE Waterbody 
Concentration Concentration 

(mg/I) (mg/I) 

2.36361 E~05 0.003599954 

0.000189089 0.028799636 

HE Units 

108 m2 
509 m2 
110 1/year 

0.25 t/year 

3 unltless 
1 unltless 
1 unltless 

1986 kg/'Jear 

9360 kg/year 

1.30E+10 liter/year 



ATTACHMENT H.D-6 
Surface lmpoundment Releases to Surface Water Screening Results 

COMPARISON OF SURFACE WATER CONCENTRATIONS FROM SURFACE IIIPOUNDIIENT RELEASES TO HEALTH-BASED LEVELS ----·--- ·-- -_t==_FISH INQESTION ·-----·-
Maximum High-End Surf•~ Central Tend1nci, Surf•~ Mnlmum High-End Surface Water Central Tend1nci, Surface 
Water Conc1ntr•tlon, Bulk Water Concentration, Bulk Conc•ntratlon, EP s•mplH Water Concentration, EP 

s•mnlH S•mnLo1s•"""•• 
Comnat1 d to HBL Camoan d to HBL Comnll'9d to HBL Cama•r9dtoHBL .......,_ F•cllltyCon1tlt1Mnt Hu•rd-Bued c-ntMlltJ St•tt MO• 10-100• MOx 10-100x MOx 10-tOOx 100-tOOOx MOX 10-100x 

L• nllmalll 

ArMllic 0.00084 Copp•, Acldpl•nl Unknown Unknown X 

blowdowl\ 
Copp•, Acid pl•nl Unkno..-. Unknov,n X 

Copp•, -Acid pl•nl lMknown Unknown X 

blowdooMI 
Copper Acid pl•nl UllknoMt Unknown X 

blowdowl 

Copper Acid pl•nl M•gma,s•n AZ. X X 
blowdooMI Mlnual 

c• dmlum 0.035 Zinc Spent 1url•ce ZlncCotpol PA X 

Amerlc•, 
I~ Mon•c• 

lead 0.015 Zlilc Spent 1wfac• ZinoCo,pol PA X 
America,~ 

lloulds Monaca 
Copper Acid plant lJnknollon Unknown X 

blowdowl 

lino Spent surface Big River Zinc IL X~· 



--- ---
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ATTACHMENT H.D-6 (Continued) 
Surface lmpoundment Releases to Surface Water Screening Results 

COMPARISON OF SURFACE WATER CONCENTRATIONS FROM SURFACE IMPOUNDMENT RELEASES TO HEALTH-BASED LEVELS --·- __·_+----~F--_---1-
FISH INGESTION 

Maximum High-End Surfaca Watar Cantral Tandency Maximum High-End Surface Central Tendency 
Concantrallon, Bulk SamplH Surfaca Watar Watar Concentration, EP Surf1ca Water 

Concentration, Bulk SamplH Concentr• llon, EP 
Hlurd· S.mDIH Semplaa --
IIINd Compuad to HBL Compued to HBL Compared to HBL Compared to HBL
Level 

C-Uluent ,_, Source Commodity F1clllty Stal, . MO• 10-1001 100-1000x MOx 10-1001 MOX 10-100x 100-1000x 1•10x ·10-100xw•----
NAiiie: 0.00074 HBL c,,,_ Acldnlanl- Unknown Unknown X 

c.,,.._ Acldnlanlblowdawll Unknown Unknown X 

lr.nnrvw Acldnla"'IJlowdooMI Unknown Unknown X 

tr~ Acid nillnt blowdooMI Unknown Unknown X 

r.- AcidnlAnlblowdowll Ma""'"' San Manuel AZ. 
r.- AcldnlAnl- CBI CBI X 

Cadmium o.nnnn135 HBL Zinc -•aurf•ca I lloukla Zinc Coro ol America Monaca PA 

Zinc WWTP llnuld effluanl Zinc Coro ol America OK X• 
Zinc _,. aurflca lmoOl,ndment lloukla BloRJvwZlnc IL X•.11n,,....,lino Zinc r.,.,.., ol America Monaca PA X- •Ulf•ca 
Zinc Snant111rf•ca 11noout1 Zinc Coro ol Arnerlc:1 Monaca PA .-
ream- Acid Diani blowdown Unknown Unknown X 

Zinc , Soant 1urf1ca 111no,1,1. Aln~Zlno IL • 
Zinc Process w• llawaler Zinc Coro. Bertlesvllla OK X 

Zinc Process Mllew• ter Unknown Unknown • 
Ir.,...,,.., Acid Diani biowdollWI UnknollWI Unknown • 
Zinc Proc:en wa11ew• ter UnknollWI Unknown • 
Zinc i!lr>&nl 1urfaca 1 liaulda Zinc Coro ol America OK • 
Zinc Proc:en wallawaler Zinc Coro. Monaca PA • 
Zinc l-.iaur1ace t lloulda Zinc Coro ol America OK • 
Zinc Proceu wallawatar Unknown Unknown • 
Zinc 1-1 surface 1 llaulda Zinc r.,.,.., of Arnarlca OK X 

Zinc -.taurfacel t llaukla Zinc C'.,vw, ol America OK X 

Zinc Proc:eu wallewaler Unknown Unknown • 
Zinc 1-..aur1ace t llould1 Zinc Com ol America OK X 

Aire Eartha Procen waatewalar Unknown Unknown • 
Mar<>tlN 0.00000126 HBl. Zinc -.i111r1aca · lloulda IBlo~Zlno IL • 

Zinc Somll1urfaca llaulda Bio Rivet Zinc IL X 

ir~ Acid nl•"' blowdollWI Unknown UnknollWI X 

iCoooar Acid olant blowdown Unknown UnknOIIWI • 
ir~ •Acid Diani blowdown CBI CBI 

'""'""'lllffl 0.0084 HBL tr- Acid nlant blowdollWI Unknown Unknown X 

Thallium 0.000030i2 HIil TU•nlum •nd Leach liquid & aponge wa1h water Tlmal, Handar1011 NV •Titanium 
Dioxide 

C""""r Acid Diani blowdollWI Cyprus Clav Pool AZ. • 
Zinc 0.312 HBL Zinc ISi>enl 111rface lnvv,undmenl Uoulds Zinc Corn ot America Monaca PA • 

Zinc $Dani aurfaca lmnnundmenl llaulda Zinc Corn ol America Monaca PA X 

Zinc SDant 1urfaca lmnnundmenl llaulds Bia River Zinc IL • 
Zinc I Snanl aurfaca lm=undmanl iioulda Zinc Coro ol America Monaca PA X 

Zinc WWTP llauld ellluenl Zinc Corn ol America OK • 
Zinc Snant surface lmnnundmenl lloulds Zinc Corn of America Monaca PA • 



METHODOLOGY APPENDIX I 

This appendix details EPA's step-wise methodology for defining the universe of mineral 
processing sectors, facilities, and waste streams potentially affected by the proposed Phase IV Land 
Disposal Restrictions. The Agency developed a step-wise methodology that began with the broadest 
possible scope of inquiry in order to assure that EPA captured all of the potentially affected mineral 
commodity sectors and waste streams. The Agency then narrowed the focus of its data gathering and 
analysis at each subsequent step. The specific steps and sources of data employed throughout this analysis 
are described below, and are summarized in Exhibit I-1. 

EXHIBITI-1 

Overview of the Agency's Methodology for Defining the Universe of Potentially 
Affected Mineral Processing Waste Streams 

Identify Mineral 
STEPl. Commodity 

Sectors of Interest 

Conduct Exhaustive 
lnfonnation Search on Mineral STEP2 
Commodity Sectors of Interest 

Prepare Mineral Commodiiy 
STEP3 Analysis Reports on 

Each Sector 

Define Universe of Mineral 
Processing Waste Streams STEP4 

Potentially Affected by 
The Phase IV LDRs 

Define UniveISC of Mineral 

STEPS Processing Facilities Potentially 
Affected by the Phase IV LDRs 

Prepare rmal Estimates of the 
Volume of Mineral Processing

STEP6 Waste Streams Potentially 
IV 

April 15, 1997 



I-2 

Step One I.I Identify Mineral Commodity Sectors of Interest 

EPA reviewed the 36 industrial sectors 
(commodities) and 97 different general categories of wastes 

Identify Mineral Commodity previously developed and published in the October 21, 
Sectors of Interest 

1991 Advanced Notice of Proposed Rule Making 
(ANPRM). EPA also reviewed the U.S. Bureau of Mines's 
1991 Minerals Yearbook, 1995 Mineral Commodities 

Conduct Exhaustive lnfonnation Se=h Summary, and the 1985 Mineral Facts and Problems. The 
on Mineral Commodity Sectors of Interest Agency reviewed this comprehensive listing of all of the 

mineral commodity sectors and removed from further ----,----~ 
consideration all non-domestically produced mineral 
commodities; all inactive mineral commodities, such as 
nickel; and all mineral commoditiP.s generated from 

- - ~ operations known not to employ operations that meet the -,- -

-,-
Agency's definition of mineral processing. 1 As a result of 
this process, EPA identified a total of 62 mineral 
commodities that potentially generate "mineral processing" 

- - - _J waste streams of interest. These mineral commodity sectors 
are listed below in Exhibit 1-2. 

The Agency notes that Exhibit 1-2 represents EPA's 
- - - ~ best efforts at identifying mineral commodities which may 

generate mineral processing wastes. Omission or inclusion 
on this list does not relieve the generator from managing 
wastes that would be subject to RCRA Subtitle C 
requirements.---------~ 

1.2 Conduct Exhaustive Information Search on Mineral Commodity Sectors of Interest 

EPA researched and obtained information characterizing the mineral processing operations and 
wastes associated with the mineral commodities listed in Exhibit I-2. This information was used by EPA 
both to update existing data characterizing mineral processing wastes obtained through past Agency efforts 
and to obtain characterization information on newly identified waste streams not previously researched. 

To provide the necessary foundation to develop a fully comprehensive inventory of mineral 
commodity sectors, facilities, and waste streams that might be affected by the Phase IV LDRs program, 
EPA embarked on an ambitious information collection program. Specifically, to 

1 Sectors that employ operations that mill (e.g., grind, sort, wash), physically separate (e.g., magnetic, gravity, or electrostatic 
separation, froth flotation), concentrate using liquid separation (e.g., leaching followed by ion exchange), and/or calcine (i.e., 
heat to drive off water or carbon dioxide), and use no techniques that the Agency considers to be mineral processing operations 
(e.g., smelting or acid digestion) arc unaffected by the proposed Phase IV LDRs. 

' 
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EXHIBITI-2 

MINERAL COMMODITIES OF POTENTIAL INTEREST 

1) Alumina 
2) Aluminum 
3) Ammonium Molybdate 
4) Antimony 
5) Arsenic Acid 
6) Asphalt (natural) 
7) Beryllium 
8) Bismuth 
9) Boron 
10) Bromine (from brines) 
11) Cadmium 
12) Calcium Metal 
13) Cerium, Lanthanides, and Rare Earths 
14) Cesium/Rubidium 
15) Chromium 
16) Coal Gas 
17) Copper 
18) Elemental Phosphorus 
19) Ferrochrome 
20) Ferrochrome-Silicon 
21) Ferrocolumbium 
22) Ferro manganese 
23) Ferromolybdenum 
24) Fe.rrosilicon 
25) Gemstones 
26) Germanium 
27) Gold and Silver 
28) Hydrofluoric Acid 
29) Iodine (from brines) 
30) Iron and Steel 
31) Lead 

32) Lightweight Aggregate 
33) Lithium (from ores) 
34) Lithium Carbonate 
35) Magnesia ( from brines) 
36) Magnesium 
37) Manganese and MnO2 

38) Mercury 
39) Mineral Waxes 
40) Molybdenum 
41) Phosphoric Acid 
42) Platinum Group Metals 
43) Pyrobitumens 
44) · Rhenium 
45) Scandium 
46) Selenium 
47) Silicomanganese 
48) Silicon 
49) Soda Ash 
50) Sodium Sulfate 
51) Strontium 
52) Sulfur 
53) Synthetic Rutile 
54) Tantalum/Columbium 
55) Tellurium 
56) Tin 
57) TitaniumffiO2 

58) Tungsten 
59) Uranium 
60) Vanadium 
61) Zinc 
62) Zirconium/Hafnium 
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Step Two capitalize on information collected through past efforts, as well as 
to collect more recent data, the Agency conducted the following 

Identify Mineral Commodity activities:
Sectors of Interest 

- - __J 

• Reviewed the National Survey of Solid Wastes From 
Mineral Processing Facilities (NSSWMPF) survey 

Conduct Exhausuve Information Sean:h instruments and public comments (submitted in 
on Mineral Commodity Sectors of Interest 

response to the 1991 ANPRM) for process-related 
information (e.g., process flow diagrams, waste 
characterization data, and waste management 
information).Prepare Mineral Commodity Analysis 

Repons on Each Sector 

• Reviewed numerous documents (e.g., Bureau of---,----'-" Mines publications, the Randol Mining Directory 
and other Industrial Directories, and various Agency 
contractor reports) for process-related information. 

- - - __J 

-,-
• Reviewed trip reports prepared both by EPA and its 

contractors from sampling visits and/or ins~tions 
conducted at approximately 50 mineral processing 
sites located through out the United States. 

- - - __J 

• Reviewed sampling data collected by EP A's Office 
of Research and Development (ORD), EPA's Office 
of Water (OW), and Agency survey data collected to 
support the preparation of the 1990 Report to 
Congress. 

_________ __J 

• Reviewed both the 1993, 1994, and 1995 "Mineral Commodity Summaries" prepared by 
the U.S. Bureau of Mines (BOM) for salient statistics on commodity production. 

• Partially reviewed and summarized damage case information presented in the ·"Mining 
Sites on the National Priorities List. NPL Site Summary Reports" to support work on 
assessing the appropriateness of the Toxicity Characteristic Leaching Procedure (TCLP) 
for mineral processing wastes. 

• Contacted the BOM Commodity Specialists associated with the commodity sectors of 
interest to (1) obtain current information on mining companies, processes, and waste 
streams, and (2) identify other potential sources of information. 

• Retrieved applicable and relevant documents from the BOM's FAXBACK document 
retrieval system. Documents retrieved included monthly updates to salient statistics, 
bulletins, and technology review papers. 

• Conducted an electronic query of the 1991 Biennial Reporting System (BRS) for waste 
generation and management information on 34 mineral processing-related Standard 
Industrial Classification (SIC) numbers. 
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• Conducted an electronic literature search for infonnation related to mineral processing and 
w·aste treatment technologies contained in numerous technical on-line databases, 
including: NTIS, Compendex Plus, METADEX, Aluminum Industry Abstracts, 
ENVIROLINE, Pollution Abstracts, Environmental Bibliography, and GEOREF. 

EPA focused its search for relevant infonnation (published since 1990) on the mineral 
commodities listed in Exhibit I-2. The Agency chose 1990 as the cutoff year so as not to c;iuplicate past 
infonnation collection activities conducted by EPA and its contractors, and to obtain infonnation on 
mineral processes "retooled" since clarification of the Bevill Amendment to cover truly "high volume, low 
hazard" wastes. After an exhaustive search through both the publicly available and Agency-held 
infonnation sources, EPA assembled and organized all of the collected infonnation by mineral commodity 
sector. 

I.3 Prepare Mineral Commodity Analysis Reports on Each of the Identified Sectors 

Step Three 

-,-
As discussed above, EPA embarked on a very 

ambitious infonnation collection program to collect current 
infonnation on relevant mineral processes, salient statistics, 

- _J waste characteristics, waste generation rates, and waste 
management infonnation. All of the publicly available 
infonnation was collected, evaluated for relevance (both 

Conduct Exhaustive Information Search applicability and age), and compiled to prepare 49 analyses on Mineral Commodity SeclOB of Interest 

covering 62 mineral commodities. Each mineral commodity ----,-----1 analysis report consists of: 

Prepare Mineral Commodity Analysis • A commodity summary describing the uses 
Repons on Each Sector 

and salient statistics of the particular mineral 
commodity. 

Define UnivCBe of Minenl Processing Wute • A process description section with detailed, 
Streams Potentially Affected by '_ _ ThoP>wlLDR, __ ~ current process infonnation and process flow 

diagram(s). 

• A process waste stream section that identifies 
-- to the maximum extent practicable -

- - - _J individual waste streams, sorted by the nature 

' of the operation generating the waste stream 
(i.e., extraction/beneficiation or mineral 
processing).2 Within this section, EPA also 

_________ _J 

identified: 

2 EPA strongly cautions that the process infonnation and identified waste streams presented in the commodity analysis 
reports should not be construed to be the authoritative list of processes and waste streams. These reports represent a best effort, 
and clearly do not include every potential process and waste ·stream. Furthcnnore, the omission of an actual waste stream (and 
thus its not being classified as either an extraction/beneficiation or mineral processing waste in this report) does not relieve the 
generator from its responsibility of correctly determining whether the particular waste is covered by the Mining Waste Exclusion. 
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waste stream sources and fonn (i.e., wastes with less than I percent solids and 
total organic content, wastes with 1 to IO percent solids, and wastes with greater 
than 10 percent solids); 

Bevill-Exclusion status of the waste stream (i.e., extraction/beneficiation waste 
stream, mineral processing waste stream, or non-uniquely associated waste 
stream). 

waste stream characteristics (total constituent concentration data, and statements 
on whether the waste stream exhibited one of the RCRA hazardous waste 
characteristics of toxicity, ignitability, corrosivity, or reactivity); 

annual generation rates (reported or estimated); 

management practices (e.g., tank treatment and subsequent NPDES discharge, 
land disposal, or in-process recycling); and 

whether the waste stream was being (or could potentially be) recycled, and be 
classified as either as a sludge, by-product, or spent material. 

The collection and documentation of the commodity summary and process description sections of · 
the mineral commodity analysis reports was relatively straight-forward and involved little interpretation on 
the part of EPA. However, the preparation of the process waste stream sections of the mineral commodity 
analysis reports required extensive analysis and substantive interpretation of the publicly available 
infonnation by the Agency. The process used by EPA to develop descriptions of waste stream sources, 
fonn, characteristics, management, and recyclability is described below. 

Waste Stream Sources and Fonn 

EPA reviewed process descriptions and process flow diagrams obtained from numerous sources 
including, Kirk-Othmer, EPA's Effluent Guideline Documents, EPA survey instruments, and the literature. 
As one would expect, the available process descriptions and process flow diagrams varied considerably in 
both quality and detail, both by commodity and source of infonnation. Therefore, EPA often needed to 
interpret the infonnation to identify specific waste streams. For example, process descriptions and process 
flow charts found through the Agency's electronic literature search process often focused on the production 
process of the mineral product and omitted any description or identification of waste streams (including 
their point of generation). In such cases, the Agency used professional judgme~t to detennine how and 
where wastes were generated. 

Bevill-Exclusion Status 

EPA used the Agency's established definitions and techniques for determining which operations 
and waste streams might be subject to LDR standards. EPA decisions concerning whether individual 
wastes are within the scope of the RCRA Mining Waste Exclusion were based upon a number of different 
factors. The Agency examined these factors in sequence, in such a way as to yield unambiguous and 
consistent decisions from sector to sector. The step-wise methodology used for this analysis is presented 
below and summarized in Exhibit I-3: 
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• Ascertain whether the material is considered a solid waste under RCRA . 

• Detennine whether the waste is generated by a primary mineral production step, and, more 
generally, whether or not primary production occurs in the sector/within a process type. 

• Establish whether the waste and the operation that generates it are uniquely associated 
with mineral production. 

• Determine whether the waste is generated by a mineral extraction, beneficiation, or 
processing step. 

• Check to see whether the waste, if a processing waste, is one of the 20 special wastes from 
mineral processing. 

This analytical sequence results in one of three outcomes: 

(1) the material is not a solid waste and hence, not subject to RCRA; 

(2) the material is a solid waste but is exempt from RCRA Subtitle C because of the Mining 
Waste Exclusion; or 

(3) the material is a solid waste that is not exempt from RCRA Subtitle Candis subject to 
regulation as a hazardous waste if it is listed as a hazardous waste or it exhibits any of the 
characteristics of hazardous waste. 3 

Waste Stream Characteristics 

EPA used waste stream characterization data obtained from numerous sources to document 
whether a particular waste stream exhibited one ( or more) of the characteristics of a RCRA hazardous 
waste (i.e., toxicity, corrosivity, ignitability, and reactivity). In cases where actual data indicated.that a 
waste did exhibit one of the characteristics of a hazardous waste, the specific characteristic(s) was 
designated with a Y. However, despite more than ten years of Agency research on mineral processing 
operations, EPA was unable to find waste characterization 

3 RCRA Subtitle C regulations define toxicity as one of the four characteristics of a hazardous waste. EPA uses 
the Toxicity Characteristic Leaching Procedure (TCLP) to assess whether a solid waste is a hazardous waste due to 
toxicity. The TCLP as applied to mineral processing wastes was recently remanded to the Agency, for further 
discussion, see the Applicability ofTCLP Technical Background Document in the docket for the January 1_996 
Supplemental Proposed Rule. 
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EXHIBIT 1-3 
PROCESS SID1MARY FOR EXCLUSION DETER.1\11NATIONS 

No 

No 

No 

YN No 

(e.g. alloying -
chemical manufacturing 

waatN) 

No 

YN 

v.. No 
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data for many waste streams. To present mineral commodity profiles that were as complete as possible, 
EPA used a step-wise methodology for estimating waste characteristics for individual waste streams when 
documented waste generation rates and analytical data were not available. Specifically, due to the paucity 
of waste characterization data (particularly, TCLP data), EPA used total constituent data (if available) or 
professional judgment to determine whether a particular waste exhibited one of the characteristics of a 
RCRA hazardous waste (i.e., toxicity, corrosivity, ignitability, and reactivity). 

To determine whether a waste might exhibit the characteristic of toxicity, EPA first compared 
1/2()!!! of the total constituent concentration of each TC metal to its respective TC level.4 In cases where 
total constituent data were not available, EPA then used professional judgment to evaluate whether the 
waste stream could potentially exhibit the toxicity characteristic for any of the TC metals. For example, if 
a particular waste stream resulted through the leaching of a desired metal from an incoming concentrated 
feed, the Agency assumed that the precipitated leach stream contained high total constituent (and therefore, 
high lea1,,;i1able) concentrations of non-desirable metals, such as arsenic. Continuing through the step-wise 
methodology, EPA relied on professional judgment to determine, based on its understanding of the nature 
of a particular processing step that generated the waste in question, whether the waste could possibly 
exhibit one (or more) of the characteristics of ignitability, corrosivity, or reactivity. Waste streams that 
EPA determined could potentially exhibit one or more of the characteristics of a RCRA hazardous waste 
were designated by Y?. The Agency acknowledges the inherent limitations of this conservative, step-wise 
methodology and notes that it is possible that EPA may have incorrectly assumed that a particular waste 
does ( or does not) exhibit one or more of the RCRA hazardous waste characteristics. 

The Agency stresses that the results and information presented in the individual commodity 
analysis reports are based on the review of publicly available information. The accuracy and 
representativeness of the collected information are only as good as the source documents. As a result of 
this limited data quality review, EPA notes that in some instances, Extraction Procedure (EP) leachate data 
reported by various sources are greater than 112()!!! of the total constituent concentration. Generally one 
would expect, based on the design of the EP testing procedure, the total constituent concentrations to be at 
least 20-times the EP concentrations. This apparent discrepancy, however, can potentially be explained if 
the EP results were obtained from total constituent analyses of liquid wastes (i.e., EP tests conducted on 
wastes that contain less than one-half of one percent solids content are actually total constituent analyses). 

Waste Stream Generation Rates 

As data were available, EPA used actual waste generation rates reported by facilities in various 
Agency survey instruments and background documents. However, due to the general lack of data for many 
of the mineral commodity sectors and waste streams, the Agency needed to develop a step-wise method for 
estimating mineral processing waste stream generation rates when actual data were unavailable. 

Specifically, EPA developed an "expected value" estimate for each waste generation rate using 
draft industry profiles, supporting information, process flow diagrams, and professional judgment. From 
the "expected value" estimate, EPA developed upper and lower bound estimates, which reflect the degree 
of uncertainty in our d~ and understanding of a particular sector, process, and/or waste in question. For 

4 Based on the ·assumption of a theoretical worst-case leaching of 100 percent and the design of the TCLP 
extraction test, where 100 grams of sample is diluted wiµi two liters of extractant, the maximum possible TCLP 
concentration of any TC metal would be 1120th of the total constituent concentration. 
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example, EPA obtained average or typical commodity production rates from published sources (e.g., BOM 
Mineral Commodity Summaries) and determined input material quantities or concentration ratios from 
published market specifications. In parallel with this activity, EPA reviewed process flow diagrams for 
information on flow rates, waste-to-product ratios, or material quantities. The Agency then calculated any 
additional waste generation rates and subtracted out known material flows, leaving a defined material flow, 
which was allocated among the remaining unknown waste streams using professional judgment. Finally, 
EPA assigned a minimum, expected, and maximum volume estimate for each waste stream. 

A key element in developing waste generation rates was the fact that by definition, average facility 
level generation rates of solids and sludges are less that 45,000 metric tons/year, and generation rates of 
wastewaters are less than 1,000,000 metric tons/year. Using this fact, in the absence of any supporting 
information, maximum values for solids and sludges were set at the highest waste generation rate found in 
the sector in question or 45,000 metric tons/year/ facility, whichever was lower. 

The precise methodology for determining waste generation rates varied depending on the quantity 
and quality of available information. The waste streams for which EPA had no published annual 
generation rate were divided into five groups and a methodology for each group was assigned as follows. 

1. Actual generation rates for the waste in question from one or more facilities were 
available. EPA extrapolated from the available data to the sector on the basis of waste-to
product ratios to develop the expected value, and used a value of plus or minus 20 percent 
of th~ expected value to define the upper and lower bounds. 

2. A typical waste-to-product ratio for the waste in question was available. EPA 
multiplied the waste-to-product ratio by sector production (actual or estimated) to yield a 
sector wide waste generation expected value, and used one-half and twice this value for 
the lower and upper bounds, respectively. 

3. No data on the waste in question were available , but generation rates for other 
generally comparable wastes in the sector were. EPA used the maximum and 
minimum waste generation rates as the upper and lower bounds, respectively, and defined 
the expected value as the midpoint between the two ends of the range. Adjustments were 
made using professional judgment if unreasonable estimates resulted from this approach. 

4. No data were available for any analogous waste streams in the sector, or 
information for the sector generally was very limited. EPA drew from information on 
other sectors using analogous waste types and adjusting for differences in production 
rates/material throughput. The Agency used upper and lower bound estimates of one 
order of magnitude above and below the expected value derived using this approach. 
Results were modified using professional judgment if the results seemed unreasonable. 

5. All EPA knew (or suspected) was the name of the waste. The Agency used the high 
value threshold (45,000 metric tons/year/facility or 1,000,000 metric tons/year/facility) as 
the maximum value, 0 or 100 metric tons per year as the minimum, and the midpoint as 
.the expected value. 
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Waste Stream Management Practices 

EPA reviewed process descriptions and process flow diagrams obtained from numerous sources 
including, Kirk-Othmer, EPA's Effluent Guideline Documents, EPA survey instruments, and the literature. 
As noted earlier, the available process descriptions and process flow diagrams varied considerably in both 
quality and detail, both by commodity and source of information. Therefore, EPA often needed to 
interpret the information to determine how specific waste streams were managed. For example, process 
descriptions and process flow charts found through the Agency's electronic literature search process often 
focused on the production process of the mineral product and omitted any description or identification of 
how or where waste streams were managed. In such cases, the Agency used professional judgment to 
determine how and where specific waste streams were managed. For example, EPA considered ( 1) how 
similar waste streams were managed at mineral processing facilities for which the Agency had 
management information, (2) the waste form and whether it was amenable to tank treatment, (3) generation 
rates, and ( 4) proximity of the point of waste generation to the incoming raw materials, intermediates, and 
finished products to predict the most likely waste management practice. 

Waste Stream Recyclability and Classification 

As was the case for the other types of waste stream-specific information discussed above, EPA was 
unable to locate published information showing that many of the identified mineral processing waste 
streams were being recycled. When information showing that a particular waste stream was being either 
fully or partially recycled was found, the recyclability of the waste stream was designated by Y and YS, 
respectively. 

However, due to the paucity of data for many of the mineral commodity sectors and waste streams, 
the Agency developed a method for determining whether a particular mineral processing waste stream was 
expected to be either fully or partially recycled, designated by Y? and YS?, respectively. This method was 
designed to capture the various types of information that could allow one, when using professional 
judgment, to determine whether a particular waste stream could be recycled or if it contained material of 
value. 

If EPA determined that the waste stream was or could be fully/partially recycled, it used the 
definitions provided in40 CFR §§ 260.10, and 261.1 to categorize the waste stream as either a by-product, 
sludge, or spent material. 

EPA, through the process of researching and preparing mineral commodity analysis reports for the 
mineral commodities listed in Exhibit I-2, identified a total of 526 waste streams that are believed to be 
generated at facilities involved in mineral production operations. 
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I.4 Define the Universe of "Mineral Processing" Waste Streams Potentially Affected by the Phase IV 
LDRs 

Step Four 

- _J 

-,- - ...J 

Prepare Mineral Commodity Analysis 
Reporu on Each Sec10r 

Define Univene of Mineral Processing Waste 
Streams Potentially Affected by 

The Phase IV LDRs 

Define Universe of Mineral 
Processing Facilities Potentially 

_ Aff•""., •- IV LI>.,_ _ 0 

_________ ...J 

The Agency then evaluated each of the waste streams 
using the process outlined in Exhibit I-4, to remove waste streams 
that would not be affected by the Phase IV LDRs. Specifically, 
EPA removed: 

• All of the extraction and beneficiation waste 
streams; 

• The "Special 20" Bevill-Exempt mineral 
processing waste streams; 

• Waste streams that were known to be fully 
recycled in process; and 

• All of the mineral processing waste streams that 
did not exhibit one or more of the RCRA 
characteristics of a hazardous waste (based on 
either actual analytical data or professional 
judgment). 

As a result of this evaluation process, EPA narrowed the 
potential universe of waste streams that could potentially be 
affected by the proposed Phase IV LDRs to the 118 hazardous 
mineral processing waste streams presented below in Exhibit I-5.5 

EPA strongly cautions that the list of waste streams presented in Exhibit 1-5 should not be construed to be the authoritative 
list of hazardous mineral processing waste streams. Exhibit 1-5 represents EPA's best effon, and clearly does not include every 
potential waste stream. Furthermore, the omission of an actual waste stream (and thus its not being classified as a hazardous 
mineral processing waste does not relieve the generator from its responsibility of correctly determining whether the particular 
waste is subject to Subtitle C requirements. 
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EXHIBIT 1-4 

Schematic of the Agency's Process for Defining the Universe of Mineral Processing Waste Streams 
Potentially Affected by the Phase IV LDRs 

YES 

Not a Hazardous 
Waste 

YES 
,I 

YES 

-----
Not a Solid 

Waste 

Spent Material 
NO 

Not Subject 
to LDRs 

t YES 

Solid Hazardous W astc 
Potentially Subject to 

LDRs 

* Includes Extraction/Bcneficiation and the "Special 20" Waste Streams 
** Listed hazardous wastes are excluded from funher analysis because they arc already subject to all relevant 

Subtitle C requirements 
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EXHIBIT 1-5 

POTE:\'TIALLY HAZARDOUS MINERAL PROCESSING WASTE STREAMS BY COMMODITY SECTOR 

Alumina and Aluminum 
Cast house dust 
Electrolysis waste 

Antimony 
Autoclave filtrate 
Slag and furnace residue 
Stripped anolyte Solids 

Beryllium 
Chip treatment wastewater 
Filtration discard 

Bismuth 
Alloy residues 
Spent caustic soda 
Electrolytic slimes 
Lead and zinc chlorides 
Metal chloride residues 
Slag 
Spent electrolyte 
Spent soda solution 
Waste acid solutions 
Waste acids 

Cadmium 
Caustic washwater 
Copper and lead sulfate filter cakes 
Copper removal filter cake 
Iron containing impurities 
Spent leach solution 
Lead sulfate waste 
Post-leach filter cake 
Spent purification solution 
Scrubber wastewater 
Spent electrolyte 
Zinc precipitates 

Calcium 
Dust with quick lime 

Coal Gas 
Multiple effects evaporator concentrate 

Copper 
Acid plant blowdown 
WWTPsludge 

Elemental Phosphorus 
Andersen Filter Media 
AFM rinsate 
Furnace building washdown 
Furnace scrubber blowdown 

Auorspar and Hydrofluoric Acid 
Off-spec fluosilicic acid 

Germanium 
Waste acid wash and rinse water 
Chlorinator wet air pollution control 
sludge 
Hydrolysis iiltrate 
Leach residues 
Spent acid/leachate 
Waste still liquor 

Lead 
Acid plant sludge 
Baghouse incinerator ash 
Slurried APC dust 
Solid residues 
Spent furnace brick 
Stockpiled miscellaneous plant waste 
Wastewater treatment plant liquid effluent 
Wastewater treatment plant sludges/solids 

Magnesium and Magnesia from Brines 
Cast house dust 
Smut 

Mercury 
Dust 
Furnace residue 
Quench water 

Molybdenum, Ferromolybdenum, and Ammonium 
Molybdate 

Aue dust/gases 
Liquid residues 
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EXHIBIT 1-5 (Continued) 

Platinum Group Metals 
Slag 
Spent acids 
Spent sol.vents 

Pyrobitumens, Mineral Waxes, and Natural 
Asphalts 

Still bottoms 
•Waste catalysts 

Rare Earths 
Spent ammonium nitrate processing 
solution 
Electro!)"..!<:: cell caustic wet APC 

sludge 
Process wastewater 
Spent scrubber liquor 
Solvent extraction crud 
Wastewater from caustic wet APC 

Rhenium 
Spent barren scrubber liquor 
Spent rhenium raffinate 

Scandium 
Spent acids 
Spent solvents from solvent extraction 

Selenium 
Spent filter cake 
Plant process wastewater 
Slag 
Tellurium slime wastes 
Waste solids 

Synthetic Rutile 
Spent iron oxide slurry 
APC dust/sludges 
Spent acid solution 

Tantalum, Columbium, and Ferroc:olumbium 
Digester sludge 
Process wastewater 
Spent raffinate solids 

Tellurium 
Slag 
Solid waste residues 
Waste electrolyte 
Wastewater 

Titanium and Titanium Dioxide 
Pickle liquor and wash water 
Scrap milling scrubber water 
Smut from Mg recovery 
Leach liquor and sponge wash water 
Spent surface impoundment liquids 
Spent surface impoundments solids 
Waste acids (Sulfate process) 
WWfP sludge/solids 

Tungsten 
Spent acid and rinse water 
Process wastewater 

Uranium. 
Waste nitric acid from UO2 production 
Vaporizer condensate 
Superheater condensate 
Slag 
Uranium chips from ingot production 

Zinc 
Acid plant blowdown 
Waste ferrosilicon 
Process wastewater 
Discarded refractory brick 
Spent cloths, bags, and filters 
Spent goethite and leach cake residues 
Spent surface impoundment liquids 
Spent synthetic gypsum 
TCA tower blowdown 
Wastewater treatment plant liquid effluent 
WWI'Psolids 

Zirconium and Hafnium 
Spent acid leachate from zirconium 
alloy production 
Spent acid leachate from zirconium 
metal production 
Leaching rinse water from zirconium 
alloy production 
Leaching rinse water from zirconium 
metal production 

Note: EPA was unable to collect sufficient information to determine whether the production of 
Bromine, Gemstones, Iodine, Lithium and Lithium Carbonate, Soda Ash, Sodium Sulfate, and 
Strontium produce mineral processing wastes. 
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I.5 Define the Universe of "Mineral Processing" Facilities Potentially Affected by the Phase IV 
LDRs 

Step Five EPA then used the information contained in the individual 
sector analysis reports to identify the number of facilities, by 

- - - _: 
commodity, that potentially generated the hazardous mineral 
processing wastes listed in Exhibit 1-5. As discussed earlier, the 
individual sector analysis reports listed the facilities involved in the 
production of a particular mineral commodity. In addition, as the 

• available infonnation allowed, the Agency also (1) identified the 
specific processes used by each facility and (2) identified the 
specific waste streams generated by process. However, in cases 
where the Agency had insufficient infonnation to determine which 
of the individual facilities generated a particular waste stream, 

- - - _J EPA assumed that the waste stream was generated at all of the 
reported facilities known to be using the same process. 

-

Define Universe of MineraJ Processing Wasie 
Streams Potentially Affecled by 

- - Tho - f""" --- The Agency then used the individual sector analysis 
reports, various U.S. Bureau of Mines documents, the Randol 
Min~ng Directory, and the Mine Safety and Health Administration 
(MSHA) address/employment database to determine which of the 

Define Universe of Mineral 
Processing Facilities Poientially 
Affected b the Phase IV LDRs 

mineral processing facilities were collocated with mining and/or 
extraction/beneficiation facilities. 

Lastly, the Agency used the 1990 Report to Congress and 

Prepare Final Estimaies of the Volume of the individual commodity sector analysis reports to identify the 
Mineral Processing Waste Streams mineral processing facilities that also generate one ( or more) of the 

, _ Potentially Affected by the P11ase IV LDRs _J 

special 20 Bevill-Exempt mineral processing wastes. 

Appendix B presents a summary of the mineral processing facilities by mineral commodity . 
sector that generate hazardous mineral processing wastes. Appendix B also indicates whether the 
mineral processing facilities are collocated and/or generate one (or more) of the "Special 20" waste 
streams. 

I.6 Prepare Final Estimates of the Volume of Mineral Processing Waste Streams Potentially 
Affected by the Phase N LDRs 

The Agency compiled the infonnation in the previous steps to arrive at the final data set. 
Exhibit 1-6 presents for each potentially affected waste stream in all affected sectors, the reported and/or 
estimated generation rate, the hazardous characteristics, information about recycling status, RCRA waste 
type, and treatment type (physical form). 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Reported EatJReported Number 

Generation Generation (1000ml/yr) of Facllltles Average Facllltv Generation (mt/yr) 

Commodity Waste Stream (1000mt/yr) Min Avg. Max with Process Minimum Expected Maximum 

Alumina and Aluminum Cast house dust 19 19 19 19 23 830 830 830 

Electrolysis waste 58 58 58 58 23 2.500 2,500 2.500 

Antimonv Autoclave filtrate NA 0.32 27 54 6 53 4,500 9,000 

Strlooed anolvte solids 0.19 0.19 0.19 0.19 2 95 95 95 

Slaa and furnace residue 21 21 21 21 6 3.500 3,500 3,500 

Bervllium Chip treatment wastewater ·NA 0.2 100 2000 2 100 50,000 1,000,000 

Filtration discard NA 0.2 45 90 2 100 23,000 45,000 

Bismuth Alloy residues NA 0.1 3 6 1 100 3,000 6,000 

Spent caustic soda NA 0.1 6.1 12 1 100 6,100 12,000 

Elec1rolvtlc slimes NA 0 0.02 0.2 1 0 20 200 

Lead and zinc chlorides NA 0.1 3 6 1 100 3,000 6,000 

Metal chloride residues 3 3 3 3 3,000 3,000 3,000 

Slaa NA 0.1 1 10 1 100 1,000 10,000 

Spent electrolvte NA 0.1 6.1 12 1 100 6,100 12,000 

Spent soda solution NA 0.1 6.1 12 1 100 6.100 12,000 

Waste acid solutions NA 0.1 6.1 12 1 100 6.100 12,000 

Waste acids NA 0 0.1 0.2 1 0 100 200 

Cadmium Caustic washwater NA 0.19 1.9 19 2 95 950 9,500 

Copper and lead sulfate filter cakes NA 0.19 1.9 19 2 95 950 9,500 

Cooner removal filter cake NA 0.19 1.9 19 2 95 950 9,500 

Iron containino imourities NA 0.19 1.9 19 2 95 950 9.500 

Soent leach solution NA 0.19 1.9 19 2 95 950 9,500 

Lead sulfate waste NA 0.19 1.9 19 2 95 950 9,500 

Post-leach Hiter cake NA 0.19 1.9 19 2 95 950 9,500 

Spent purification solution NA 0.19 1.9 19 2 95 950 9,500 

Scrubber wastewater NA 0.19 1.9 19 2 95 950 9,500 

Spent electrolyte NA 0.19 1.9 19 2 95 950 9,500 

Zinc precipitates NA 0.19 1.9 19 2 95 950 9,500 

Calcium Dust with aulckllme 0.04 0.04 0.04 0.04 1 40 40 40 

Coal Gas Multiple ellecls evaporator concontralo NA 0 0 65 1 0 0 65,000 

Coooer Acid plant blowdown 5300 5300 5300 5300 10 530,000 530.000 530,000 

WWTPsludae 6 6 6 6 10 600 600 600 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Reported EatJReported Number 

Generation Generation 11000mt/vrl of Facllltles Averaae Facllltv Generation (ml/vrl 

Commodltv Waste Stream (1000ml/vrl Min Avo. Max with Process Minimum Expected Maximum 

Elemental Phosohorus Andersen Filter Media 0.46 0.46 0.46 0.46 2 230 230 230 

AFM rinsate 4 4 4 4 2 2,000 2,000 2,000 

Furnace scrubber blowdown 410 410 410 410 2 210.000 210,000 210,000 

Furnace Buildim1 Washdown 700 700 700 700 2 350,000 350.000 350,000 

Fluorspar and OH-spec lluosUlclc acid NA 0 15 44 3 0 5,000 15.000 
Hvdrolluoric Acid 

Germanium Waste acid wash and rinse waler NA 0.4 2.2 4 4 100 550 1,000 

Chlorinator wet air oollution control sludoe NA 0.01 0.21 0.4 4 3 53 100 

Hvdrolvsis filtrate NA 0.01 0.21 0.4 4 3 53 100 

Leach residues 0.01 0.01 0.01 0.01 3 3 3 3 

Soent acid/leachate NA 0.4 2.2 4 4 100 550 1,000 

Waste still li<Juor NA 0.01 0.21 0.4 4 3 53 100 

Lead Acid plant sludoe 14 14 14 14 3 4,700 4,700 4,700 

Baohouse incinerator ash NA 0.3 3 30 3 100 1.000 10,000 

Slurried APC Dust 7 7 7 7 3 2,300 2 300 2,300 

Solid residues 0.4 0.4 0.4 0.4 3 130 130 130 

Soent furnace brick 1 1 1 1 3 330 330 330 

Stockoiled miscellaneous olant waste NA 0.4 88 180 4 100 22,000 45.000 

WWTP llauid effluent 3500 3500 3500 3500 4 880,000 880,000 880,000 

WWTP sludoes/solids 380 380 380 380 4 95,000 95,000 95,000 

Magnesium and Cast house dusl NA 0.076 0.76 7.6 1 76 760 7,600 
Maonesia from Brines 

Smut 26 26 26 26 2 13,000 13,000 13,000 

Mercurv Dusi 0.007 0.007 0.007 0.007 7 1 1 1 

Quench water NA 63 77 420 7 9,000 11,000 60,000 

Furnace residue 0.077 0.077 0.077 0.077 7 11 11 11 

Molybdenum, Flue dust/gases NA 1.1 250 500 11 100 23,000 45,000 
Ferromolybdenum, and 
Ammonium Molulviate 

Llauid residues 1 1 1 1 2 500 500 500 

Platinum Group Metals Slaa NA 0.0046 0.046 0.46 3 2 15 150 

Spent acids NA 0.3 1.7 3 3 100 570 1,000 

Spent solvents NA 0.3 1.7 3 3 100 570 1,000 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Reported EstJReported Number 

Generation Generation (1000ml/yr) of Facllllles Average Faclllly Generation (mVvrl 

Commodity Waste Stream (1000ml/yr) Min Avg. Max with Process Minimum Expected Maximum 

Pyrobitumens, Mineral Slillbolloms NA 0.002 45 90 2 1 23,000 45,000 
Waxes, and Nalural 
Asohalls 

Waste catalysts NA 0.002 10 20 2 1 5,000 10,000 

Rare Earths Spent ammonium nitrate processing 14 14 14 14 1 14,000 14,000 14,000 
solution 

Electrolv1ic cell caustic wet APC sludcie NA 0.07 0.7 7 1 70 700 7,000 

Process wastewater 7 7 7 7 1 7,000 7,000 7,000 

Spent scrubber liauor NA 0.1 500 1000 1 100 500,000 1,000,000 

Solvent ex1raction crud NA 0.1 2.3 4.5 1 100 2,300 4,500 

Wastewater from caustic wet APC NA 0.1 500 1000 1 100 500,000 1,000,000 

Rhenium Soent barren scrubber liquor NA 0 0.1 0.2 2 0 50 100 

Soent rhenium rallinate 88 88 88 88 2 44,000 44,000 44,000 

Scandium Soent acids NA 0.7 3.9 7 7 100 560 1,000 

Spent solvents from solvent ex1raction NA 0.7 3.9 7 7 100 560 1,000 

Selenium Spent lilter cake NA 0.05 0.5 5 3 17 170 1,700 

Plant process wastewater 66 66 66 66 2 33000 33,000 33,000 

Slaci NA 0.05 0.5 5 3 17 170 1,700 

Tellurium slime wastes NA 0.05 0.5 5 3 17 170 1,700 

Waste solids NA 0.05 0.5 5 3 17 170 1.700 

Synthetic Rutile Spent Iron oxide slurrv 45 45 45 45 1 45,000 45,000 45,000 

APC dusVsludcies 30 30 30 30 1 30,000 30,000 30,000 

Spent acid solulion 30 30 30 30 1 30,000 30,000 30,000 

Tantalum, Columblum, Digester sludge 1 1 1 1 2 500 500 500 
and Ferrocolumbium 

Process wastewater 150 150 150 150 2 75,000 75,000 75,000 

Soent rallinate solids 2 2 2 2 2 1,000 1,000 1,000 

Tellurium Slag NA 0.2 2 9 2 100 1,000 4,500 

Solid waste residues NA 0.2 2 9 2 100 1,000 4,500 

Waste electrolvte NA 0.2 2 20 2 100 1,000 10,000 

Wastewater NA 0.2 20 40 2 100 10.000 20,000 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Reported EstJReported Number 

Generation Generation l1000mt/vrl ol Facllltles Averaqe Facllltv Generation (mt/vrl 

Commodity Waste Stream 11000mt/vrl Min Avg. Max wllhProCeH Minimum Expected Ma>dmum 

Tilanium and Tilanlum Pickle liquor and wash waler NA 2.2 2.7 3.2 3 730 900 1,100 
Dioxide. 

Scrap milling scrubber water NA 4 5 6 1 4,000 5,000 6,000 

Smut lrom Mg recovery NA 0.1 22 45 2 50 11,000 23,000 

Leach liouor and soonoe wash waler NA 380 480 580 2 190,000 240,000 290,000 

Soent surtace lmooundmenl IIQulds NA 0.63 3.4 6.7 7 90 490 960 

Soent surtace lmnnundments soUds 36 36 36 36 7 5,100 5,100 5,100 

Waste acids ISutfale process} NA 0.2 39 17 2 100 20,000 39,000 

WWTP sludge/solids 420 420 420 420 7 60,000 60,000 60,000 

Tungsten Soent acid and rinse waler NA 0 0 21 6 0 0 3,500 

Process wastewater NA 2.2 4.4 9 6 370 730 1,500 

Uranium Waste nitric acid from U02 production NA 1.7 2.5 3.4 17 100 150 200 

Vaoorizer condensale NA 1.7 9.3 17 17 100 550 1,000 

Suoerheater condensale NA 1.7 9.3 17 17 100 550 1,000 

Slag NA 0 8.5 17 17 0 500 1,000 

Uranium chios from inaot oroduction NA 1.7 2.5 3.4 17 100 150 200 

Zinc Acid olant blowdown 130 130 130 130 1 130,000 130,000 130,000 

Waste ferrosilicon 17 17 17 17 1 17,000 17,000 17,000 

Process waslewater 5000 5000 5000 5000 3 1,700,000 1,700,000 1,700,000 

Discarded relraclorv brick 1 1 1 1 1 1,000 1,000 1,000 

Soenl clolhs bags, and fillers 0.15 0.15 0.15 0.15 3 50 50 50 

Spenl !IOelhile and leach cake residues 15 15 15 15 ·3 5,000 5,000 5,000 

Soent surtace imooundmenl liQuids 1900 1900 1900 1900 3 630,000 630,000 630,000 

WWTPSollds 0.75 0.75 0.75 0.75 3 250 250 250 

Soent svnlhelic nvnsum 16 16 16 16 3 5,300 5,300 5,300 

TCA lower blowdown 0.25 0.25 0.25 0.25 1 250 250 250 

Waslewaler lreatmenl plant liauid effluenl 2600 2600 2600 2600 3 870,000 870,000 870,000 

Zirconium and Hafnium Spenl acid leachale from Zr alloy prod. NA 0 0 850 2 0 0 430,000 

Spenl acid leachate from Zr melal prod. NA 0 0 1600 2 0 0 800,000 

Leaching rinse waler from Zr alloy prod. NA 34 42 51 2 17,000 2t,OOO 26,000 

Leaching rinse water from Zr metal prod. NA 0.2 1000 2000 2 100 500,000 1,000,000 

'" EPA does nol have enough informalion to delermine whether Bromine, Gemstones, Iodine, Lilhium and Lilhium Carbonate, Soda Ash, Sodium Sullale, and Slronlium 
produce mineral processing wasles 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Recycled RCRA Waste Type Treatment Type 

TC Metals to Bevill Current By- Spent Waste 1-10% 

Commodity Waate Stream Aa Ba Cd Cr Pb Hg Se Ag Corr lgnlt Rctv Unit Haz? Recycle Prod. Mal'I Slud- Water Sollda Solld 
Qe 

Alumina and Aluminum Cast house dust V V N? N? N? 0 1 V? I 0 0 1 

Electrolvsls waste V? N? N? N? 0 0.5 V? I 0 0 I 

Antimonv Autoclave filtrate V? V? V? V? V? N? N? 0 0.5 VS? I I 0 0 

Strioned anolvte solids V? N? N? N? 0 0.5 Y 1 0 0 1 

Slao end furnace residue V? N? N? N? 0.5 N 0 0 1 

Bervllium Chip treatment wastewater Y? N? N? N? 0 0.5 YS? 1 1 0 0 

Filtration discard V? N? N? N? 0.5 N 0 0 1 

Bismuth Allov residues Y? N? N? N? 0.5 N 0 0 1 

Scent caustic soda V? N? N? N? 0 0.5 Y? 1 0 1 0 

Electrolvtic sllmes Y? N? N? N? 0 0.5 V? 1 0 0 1 

Lead end zinc chlorides V? N? N? N? 0.5 N 0 0 1 

Metal chloride residues Y? N? N? N? 0.5 N 0 0 1 

Slea V? N? N? N? 0.5 N 0 0 1 

Soent electrolvte V? N? N7. N? 0.5 N 0 1 0 

Soent soda solution Y? Y? N? N? 0 0.5 Y? 1 1 0 0 

Waste acid solutions V? N? N? 0.5 N I 0 0 

Waste acids V? N? N? 0 0.5 YS? I 1 0 0 

Cadmium Caus1ic washwater Y? Y? N? N? 0 0.5 Y? 1 1 0 0 

Cnnner and lead sullate filter cakes V? Y? N? N? N? 0 0.5 Y? 1 0 0 1 

Coooer removal filler cake Y? N? N? N? 0 0.5 Y? 1 0 0 1 

Iron containino imourities Y? N? N? N? 0.5 N 0 0 1 

Soent leach solution Y? V? V? Y? N? N? 2 0.5 Y? 1 0 1 0 

Lead sullate waste Y? V? N? N? N? 0 0.5 V? 1 0 0 1 

Post-leach filter cake V? N? N? N? 0.5 N 0 0 1 

Spent ourilication solution V? Y? N? N? 0.5 N 1 0 0 

Scrubber wastewater V? V? N? N? 2 0.5 Y? 1 1 0 0 

Spent electrolvte V? Y? N? N? 0.5 N 0 1 0 
Zinc precipitates V? N? N? N? 0 0.5 V? 1 0 0 1 

Calcium Dust with auicklime V? N? N? 1 0.5 V 1 0 0 1 

Coal Gas Multiole effects evaoorator concentrate y V N? N? N? 1 1 vs 1 0 I 0 

Copper Acid olant blowdown V V V V V y V V N? N? 1 1 YS 1 0 I 0 
WWTP sludae Y? V? N? N? N? 0 0.5 YS 1 0 0 1 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Recycled RCRA Waste Type Treatment Type 

Commodity Waste Stream Aa Ba 

TC Metala 

Cd Cr Pb Hg Se Ag Corr lgnll Rctv 

to Bevlll 

Unit Haz? 

Current By-

Recycle Prod. 

Spent 

Mat'I 

Waste 

Slud- Water 
1!18 

1-10% 

Sollda Solld 

Elemental Phosohorus Andersen Filter Media V N? N? N? 1 N 0 0 1 

AFM rlnsate V V N? N? N? 2 1 V 1 0 1 0 

Furnace scrubber blowdown V V N? N? 2 1 V 1 1 0 0 

Furnace Bulldina Washdown y N? N? N? 2 1 V 1 1 0 0 

Fluorspar and 
Hydrofluoric Acid 

OIi-spec fluosmclc acid Y? N? N? 0 0.5 YS 1 1 0 0 

Germanium Waste acid wash and rinse water Y? Y? V? V? V? V? V? N? N? 0 0.5 VS? 1 1 0 0 

Chlorlnator wet air oollullon control sludae V? V? V? Y? V? V? N? N? N? 0 0.5 VS? 1 0 0 1 

Hvdrnlvsls filtrate Y? V? Y? V? V? V? N? N? N? 0.5 N 0 0 1 

Leach residues V? V? N? N? N? 0.5 N 0 0 I 

Spent acid/leachate 

Waste still liauor 

V? 

V? V? V? 

Y? 

V? V? V? 

V? 

N? 

N? 

V? 

N? 

N? 

0 0.5 VS? 

0.5 N 

1 1 

0 

0 

0 

0 

1 

Lead Acid olant sludae V? N? N? 1 0.5 V? 1 0 0 1 

Baghouse Incinerator ash 

Slurried APC Dusi 

V 

V 

V 

V 

N? 

N? 

N? 

N? 

N? 

N? 1 

1 N 

1 V 1 

0 

0 

0 

0 

1 

1 

Solid residues V? N? N? N? 1 0.5 V? 1 0 0 1 

Spent furnace brick 

Stockpiled miscellaneous plant waste 

WWTP liauid effluent 

WWTP sludQes/solids 

V 

V? 

V 

V 

V? 

V? 

N? 

N? 

V? 

V 

N? 

N? 

N? 

N? 

N? 

N? 

N? 

N? 

1 

1 

1 

1 

1 V 

1 VS? 

0.5 V 

1 y 

1 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

t 

0 

1 

Magnesium and 
Maaneslli from Brines 

Cast house dust V? N? N? N? 0 0.5 V? 1 0 0 1 

Smut V N? N? N? 1 N 0 0 1 

Mercurv Dust 

Quench water 

Furnace residue 

V? 

V? 

V? 

V? 

N? 

N? 

N? 

N? 

N? 

N? 

N? 

N? 

N? 

1 

0.5 N 

0.5 Y? 

0.5 N 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

Molybdenum, Flue dusVgases 
Ferromolybdenum, and 
Ammonium Moluhdate 

V? N? N? N? 0.5 N 0 0 1 

Liauid residues V? Y? Y? Y? N? N? N? 0.5 N 1 0 0 

Platinum Group Metals Slag 

Spent acids 

Spent solvents 

V? 

V? 

Y? 

V? 

V? 

Y? 

N? 

Y? 

N? 

N? 

N? 

V? 

N? 

N? 

N? 

0 0.5 Y? 

0.5 N 

0.5 N 

1 0 

1 

1 

0 

0 

0 

1 

0 

0 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Recycled RCRA Waste Type Treatment Type 

TC Metals to Bevill Current By- Spent Waste 1·10% 

Commodity Waste Stream As 811 Cd Cr Pb Hg Se Ag Corr lgnll Rctv Unit Haz? Recycle Prod. Mat'I Slud- Water Sollds Solld 
oe 

Pyrobitumens, Mineral Still bottoms N? V? N? . 0.5 N 0 0 1 
Waxes, and Natural 
Asphalts 

Waste catalvsts Y? Y? N? N? N? 0 0.5 Y? 1 1 0 0 

Rare Earths Spent ammonium nitrate processing V N? N? 1 N 1 0 0 
solution 

Electrolvtic cell caustic wet APC sludoe V? N? N? 0 0.5 V 1 0 0 1 

Process wastewater V V? N? N? 1 1 VS? 1 1 0 0 

Soent scrubber liouor V? N? N? 1 0.5 VS? 1 1 0 0 

Solvent extraction crud N? V? N? 0.5 N 0 0 1 

Wastewater lrom caustic wet APC V? V? V? N? N? 1 0.5 VS? 1 1 0 0 

Rhenium Spent barren scrubber liauor V? N? N N 2 0.5 Y? 1 1 0 0 

Spent rhenium rallinate V? N? N? N? 0.5 N 0 0 1 

Scandium Soentaclds V? N? N? 0.5 N 1 0 0 

Spent solvents lrom solvent extraction N? V? N? 0 0.5 V? 1 1 0 0 

Selenium Spent tiller cake V? N? N? N? 0 0.5 V? 1 0 0 1 

Plant process wastewater V V N? N? 2 1 VS? 1 1 0 0 

Slao Y? N? N? N? 0 0.5 VS? 1 0 0 1 

Tellurium slime wastes Y? N N? N? 0 0.5 Y? 1 0 0 1 

Waste solids V? N? N? N? 0.5 N 0 0 1 

Svnthetic Rulile S11Bnt iron oxide slurrv V? V? N? N? N? 0 0.5 VS? 1 0 0 1 

APC dust/sludoes Y? Y? N? N? N? 0 0.5 V 1 0 0 1 

Spent acid solution Y? Y? Y? N? N? 0 0.5 Y 1 1 0 0 

Tantalum, Columbium, Digester sludge Y? N? N? 0.5 N 0 0 1 
and Ferracolumbium 

Process wastewater Y? Y? V? Y? Y? y N? N? 0 1 Y? 1 0 1 0 

Soent rallinate solids Y? N? N? 0.5 N 0 0 1 

Tellurium Sfag Y? N? N? N? 0 0.5 VS? 1 0 0 1 

Solid waste residues Y? N? N? N? 0.5 N 0 0 1 

Waste electrolvte V? Y? N? N? N? 0.5 N 1 0- 0 

Wastewater V? Y? N? N? 0 0.5 V 1 1 0 0 
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Exhibit 1-6 
Final Mineral Processing Waste Stream Database - Baseline Analysis 

Recycled RCRA Waste Type Treatment Type 

TC Metals to Bevlll Current By• Spent Waste 1·10o/. 

Commodity wa,te Stream Aa Ba Cd Cr Pb Hg Se Ag Corr fgnlt Rctv Unit Haz? Recycle Prod. Mat'I Slud- Water Sollda Solid 
QB 

Titanium and Titanium Pickle liquor and wash waler V? V? V? V? N? N? 0 0.5 VS? 1 1 0 0 
Dioxlde 

Scrao mlllinq scrubber water V? V? V? V? N? N? N? 0 0.5 VS? 1 1 0 0 

Smut from Un recoverv N? N? V 0 1 V? 1 0 0 1 

Leach liauor and .mnnne wash water V? V? V N? N? 0 1 VS? 1 1 0 0 

Soent surface imooundmenl liauids V? V? N? N? N? 0 0.5 V? 1 1 0 0 

Soenl surface imooundments solids V? V? N? N? N? 0.5 N 0 0 1 

Waste acids (Sulfate nrocessl .V V V V V N N 1 N 1 0 0 

WWTP sludae/solids V? N N N 0.5 N 0 0 1 

T•""'slen Snenl acid and rinse water V? N? N? 2 0.5 VS? 1 1 0 0 

Process wastewater V? N? N? 2 0.5 VS? 1 1 0 0 

Uranium Waste nitric acid from U02 oroduction V? N? N? 0 0.5 VS? 1 1 0 0 

Vaoorizer condensate v1· N? N? 0.5 N 1 0 0 

Suoerheater condensate V? N? N? 0.5 N 1 0 0 

Slaa N? V? N? 0 0.5 V 1 0 0 1 

Uranium chins from inool oroduction N? V? N? 0 0.5 V? 1 0 0 t 

Zinc Acid olanl blowdown V V V V? V? V V V N N 0 1 V 1 1 0 0 

Waste ferrosilicon V? N? N? N? 0 0.5 V? 1 0 0 1 

Process wastewater V V V V V V V N? N? 0 1 V? 1 t 0 0 

Discarded refraclorv brick V? V? V? V? N? N? N? 0.5 N 0 0 1 

Soent cloths, baas, and fillers V? V? V? V? V? N? N? N? 0 0.5 V 1 0 0 1 

Soent nnAlhlle·and leech cake residues V V V V? V? V V N? N? N? 0 1 V 0 0 1 

Snent surface imooundment liouids V? V N? N? 0 1 VS? 1 1 0 0 

WWTPSolids V? V? V? V? V? V? N? N? N? 1 0.5 vs 1 0 0 1 

Snent svnlhetic nvnsum V? V V? N? N? N? 1 N 0 0 1 

TCA tower blowdown V? V? V? V? V? N? N? 0 0.5 vs 1 1 0 0 
Wastewater treatment olanl liauid effluent V? N? N? N? 0 0.5 VS? 1 1 0 0 

Zirconium and Hafnium Soent acid leachate from Zr allov orod. V? N? N? 0.5 N 1 0 0 
Soent acid leachate from Zr metal orod. V? N? N? 0.5 N 1 0 0 
Leachina rinse water from Zr aliov orod. V? N? N? 0 05 VS? 1 1 0 0 
Leachina rinse water from Zr metal orod. V? N? N? 0 0.5 VS? 1 1 0 0 
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SUMMARY OF BULK AND EP ANALYSIS RESULTS FOR MINERAL PROCESSING WASTE (RECYCLED PORTION) 

N-,111N 

Bulk SampleS. Nonwastewaters. 

Constituent Const,_, 
ConcentratlOf"t Volume ot Mass per Area ot 

Number of in Waste Waste Pile Waste Pile Wute Pile 
Cor:s:1tuents Detections CommOdrty Waste Stream Fac,I,ty Iesen1mer Stale (mgf<g) (m') (kg) (m') 

(1) (2) 

Antimony Alumina and Aluminum Cast nousa dust UnknOwn Unknown 7.5 107 1,08938 108 
Arsenic Alum1r-a and Aluminum Cast house dust UnknOwn Unlcncwn 32 107 ,.648 108 
Banurn Alum.na and Aluminum Casttiouse dust UnknOWn Unknown 10 107 1.4525 108 
Cadmium 
Chr:,mu,n, , Alum ma and Alumril6n 

All.Jm1na and Alumiri...,, 
Cast house dust 
Cast !'louse dust 

UnknOwn 
UnknOwn 

Unknown 
U,,known 

7.2 
110 

107 
107 

1.0458 
'5.9775 

108 
,ce 

LHd 2 Al1,,1fT'llf\l and Alum1rU.J'T1 Cast house dust UnknOwn Unkno-, 17 107 2.'6925 1ce 
Lead Zinc Waste terros1hcon Unknown Unknown 5000 1093 7437.5 509 
Meroury Alumtnl and AJumw,i.m Cast house dust Unknown Unknown 0.0001 107 0.00001 108 
Nd<ol 
Selenium , Alumria and Aluml'H.fn 

Alumll'1a ana Alumnl.l'n 
Cast house dust 
Cast house dust 

Unknown 
Unknown 

Unlcncwn 
Unknown 

260 
0.92 

107 
107 

37.765 
0.13363 

'08 
108 

Siver 1 Alumma and Alumrn..,,, Cast house dust Unknown Unknown 1.9 107 0 2759B ,cs 
Zinc 2 Alumr,a and Alumr,..,,, ~sir,ouseaust Unknown Unknow, 120 107 1743 108 
Zinc z,nc Waste terros,hcon Unlcncwn Unlcncwn 40000 1093 59500. 509 

Bulk Samples. w.--a lftCI uquld Non••--· 
Const""""' 

Ccnstrtuont Volume of Mass., Area ot 
Ccncentra110n S..rface Surface S..r1ace 

Number cf in Waste lmp()f.l"IQ'T'ltffl lmpouncrnent lmpauncrnenr 
Ccnstrt-ts 0etect101"1S Commodity Waste Strum Facitity'-tifier State (~) (m'l (l<g) (m') 

(3) (') 

Anti'l'lcny 
Antimony 

31 Beryllium~· C!ic, trutment --• 
Ac,dplant-

One Unnamed Fac,loy 
Unknown 

Unknown 
Unknown 

0.003 
uo 

'17 
22083 

0.00125 
3091.66667 

558 
104'' 

Antimony Copper Acidplant- Un""°"" Unknown 5 22083 110.'1667 104'", 
An1"nony Ccc,per Acid plant ~10- Unknown Unknown 0.5 22083 11.04167 104'' 
Antfl'lcny Ccc,per Ac,dl)lanl- Unknown IJnlcno,,n 0.263 22083 5.80792 104'" 
An1"ncny Elemental Pncsi,ncr,,s Fuma01 scrubber bloM:k,wr, Unknown Americar1 P1anl UnlcnD,,n ,.a 17500 84. 8429 
An1"nony ElomentaJF'llcsi,nc,,,s Furnace scrubber t>f0wdoiwr'I Unknown Am«icen Plant Unknown 2., 17500 '2. 8429 
Antmony EJeme,,taJ P!lcsphCNS Furnace..-- FMC. Pcca1ellc 10 2 17500 35. 8429 
AntJmony EJeme,,tal Pncspt,cn,s Furnace-- FMC, Pocatello 10 1.16 17500 20.3 8429 
An1"nony Eleme,,taJ Phcsc,I\Cnls Fumaceserubb«~ Stauffer. Mt. Pleasant TN 0.05 17500 0.875 8429 
Ant,ncny El.,,_taJPhCSc,I\CnlS Fuma01 scrubber bk:liwdoM'I Stauffer. Mt. Pleasant TN 0.05 17500 O.B75 8429 
An1"nony Elemer,tal PhcsphCNS Fuma011Ct\lbbtrblawdOMI Unknown Amoncen P1anl Unknown 0.016 17500 0.28 8429 
An1"nony 
Antmcny 
Anlltnony 
Antl'T'lcr,y 
Antimony 
Antimony 

Elemental P!lcsphCNI Furnace scrucber- Unknown Amoncan Plant 
RareEar1hs Process wast.,..,_. fllclycc<p. L01M9<S 
Rare Eartns Proons wast.,_ter Mclycct!), ~ 
s.w,.,., Plant ptOCeSS -ers IMAX. Fen ModlS<ln 
Tantalum. Cclumt>oum. and FttmX:01um1>1un Process wast-• Unnamed Facshry 
Trtan,um arid rrtan1um OtoXJdl L.uch hquod, _....,, ..,.. r.-net, -

~ 

co 
co 
IA 
Unknown 
NV 

0.016 
0.5 
0.5 
0.5 
0.1 
2.5 

17500 
117 
117 
550 

4375 
4000 

0.28 
0.05833 
0.05833 

0.275 
0.4375 

10. 

8429 
385 
385 
63' 

2517 
2341 

Antmony Trtanium and irtan1um O,olOdrl L.uch bquod & socnge wul1 water Unnamed Plant UnknOwn 0.01, 4000 0.296 234' 
Anlmcny TrtanlUffl and iitanrum Oioxx:ta Scrap milli',g SClllllbe< watar SCM.Balmcn '-«) 0.5 '2 0.02083 34C 
Antmony 
Anlltncny 
Antmony 

Zinc 
Zinc 
Zinc 

Process-,,__ 
Process-•--

2" CcrJ). Banlesvlllll 
2" Cori>, Bart!Nv,1111 
z.,., Corl>. Monaca 

OK 
OK 
PA 

0.1133 
0.5 

1 

991!57 
99167 
99167 

92.5225 
,9.58333 
"9.58333 

4338' 
4338' 
4338' 

Antimony 
AntJmcny 

z,,,c 
Zinc Process--- Unknown 

Unknown 
Unknown 
Unknown 

0.5 
0.5 

99167 
99167 

"9.58333 
"9.58333 

4338' 
4338' 

Antimony z.,c z.,., Cori>. Monaca PA 0.155 99167 15.37083 '3384 
Anttrncny Zinc Prccea- z.,., Corl>. Monaca PA 0.05 99167 ,.95833 4338' 
Annrncny Zt1c Process- z.,., Corp. Monaca PA 0.05 99157 ,.95833 '3384 
AAtmcny Zinc Process- Zinc Cori>. BanllllVlllll OK 0.05 99167 '-95833 '3384 
Annmcny Zr,c Prccea- Zinc Cori>. BanlllSVlllll OK 0.05 99167 ,.95833 4338' 
Aritlfflcr,y-IC-IC-ic: 
ArsenlC-

" 
Z,nc 
Beryllourn 
Ccl)per 
Ccc,per 
Ccc,per 

Process-
Chip natment WUl.,..ta" 
Acidplant-
Acidplant-
Ac,dplant-

Zinc Cori>. BanleSvillll 
One Unnamed Faalily 
Unl<ncwn 
UnknOwn 
Unknown 

OK 
Unknown 
Unl<roCWn 
Unknown 
Unknown 

0.05 
0.003 
5800 
3400 
2'10 

99167 
,17 

22083 
22083 
22083 

,.95833 
0.00125 

128083.33333 
75083.33333 
53220.83333 

'338,1 

558 
1044' 
1044' 
1044' 

Coi,per Ac,dplant- Unl<roCWn Unknown 700 22083 15458.33333 104'" 
Arsan1C Ccc,per Acodplant- Unknown Unknown 33,4 22083 7375.83333 104'" 
Ar,enc Ccc,per Acidplant- Unknown u- 115 22083 2561.66667 104'" 
A...,., Ccl)per At:;idplant- Unknown Unknown 32.9 22083 726.54167 104'" 

ArsanlC Ccc,per NilCplant- Unknown Unknown 30 22083 662.5 104'" 

Arseruc COl)l)9f At:;idplant- Unknown Unknown 5.'1 22083 119.,7083 104'" 

Arsen1C-IC-IC-ic: 
ArsenlC---IC-ICArs"'11C--

COl)l)9f~· ~· COl)l)9f 

~ 
COl)l)9f 
Elllffl-I~ 
Elllfflenu!~ei.m-,~ 
Elemental ~ 
ElefflentalP!lcsphcfule-,~ 

Aadpiant-
Acid plant-
Acodplant-
At:;idl)lanl-
Acodpiant-
At:;idplant-
AFM r'nsale 
Fumace sc:rubt>lt bk:>wd0WI 
Fumace ICNbOer b60wdOwn 
Fumaoe SCNbber btc>W00'M"I 
Fum1ce scrubber l)k)wdoM'I 

Fumace OCNl>Cer DIOwdcWn 

U,,known 
IJnla,o,in 
Unknown 
u.-
U,,known 
Unknown 
IJnla,o,in 

Unknown - Plant 
Unknown 

Unknown - Plant
FMC. PccatellC 
Unl<roCWn Amanc:an Plant 

Unknown 
UnknOwn 
Unl<roCWn 
Unknown 
Unkrown 
Unknown 
Unknown 
Unknown 
Unkrown 
Unl<nown 
10 
Unknown 

3 
3 

1.5 
0.5 

0.05 
0.05 

1 
8.7 

1 
0.501 

0.5 
o., 

22083 
22083 
22083 
22083 
22083 
22083 

167 
17500 
17500 
17500 
17500 
17500 

6625 
6625 

33125 
11,04167 

1.10417 
1.10417 
0.16667 

152.25 
17.5 

8.7675 
B 75 

7. 

104'" 
104'' 
104'' 
104'' 
104'' 
104'' 

,1! 
842! 
84~ 
BA2~ 
8'2~ 
BA2~ 
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ArsenlC 
NS«'IC 
Arsenoc 

E-~I PhOSl)l\()rus 
Elemental P~osCftO'US 
Elemental P1iosc:t,0rus 

Fumaco scrul>ber o- Stauffer. Mt. Pleasant 
Fumace scn.,bbet' blOwdawn StauNe<. Mt. Pleasant 
Fumace scrubber blowdoWn Unknown Amencan P1an1 

TN 
TN 
Unknown 

005 
005 

0.016 

17500 
17500 
17500 

0.875 
0.875 

0 28 

8A29 
8429 
!1429 

Arsenic 
Arsenoc 
ArsenlC 
Arslf'IC 

Rare Earttls 
Rare Eartns 
Selenu,;m 
Selenium 

Process wastewater Molyool!). Lovwors 
Process wastewater MOlyC01!). L.ou-. 
Plant 0rooess wastewaters Climax Molyt). 
Plant process wastewaters l>MAA. Fort MadlSOn 

co 
co 
IA 
IA 

0.5 
0.5 
2.4 
0.5 

117 
117 

• 550 
550 

0.05833 
0.05833 

1.32 
0.275 

385 
385 
631 
631 

Arstr:IC 
Arse,,,c 

Tt.an1um and irtanium Otoxide 
Titanium and Trtanrum Oioxx» 

Leac,, teQulCl & soonge wash war1r Timet. HendlfSOn 
lAacn loQuod & spongo .....,, wale, Unnamed P'>nt 

NV 
Unknown 

2.5 
0.1 

<IOOO 
<IOOO 

10. 
0.4 

2341 
2341 

Arse,,,c Trtan,um and Titanium OioX>de Scrap m1ll1ng scrubber water SCM. Baltimore MO 0.5 42 002083 340 
Arsenc Zinc Prooes.s wastewatet Z,nc Corp. BanloS'tile OK 2 S4 99167 251.88333 43384 
NS«'IC Zinc Process wastewate, Z,nc Corp, Monaca PA 99167 136 85 43384 
Arsenoc Zinc Process wastewater UnknOwn Unknown 1.1 99187 109.08333 43384 
Arsenoc Zinc Process wastewater Z,nc Corp. Bartlesvile OK 0.5 99167 49.58333 43384 
Arsenoc Zinc Process wastewater Z,nc Corp. Monaca PA 0.05 99167 4 95833 43384 
Arsenoc Zinc Process wastewater z,nc Corp. Monaca PA 0.05 99167 4 95833 43384 
Arsenoc Lnc Process wastewater Zinc Corp. Monaca PA 0.05 99167 4 95833 43384 
Arsenoc Zinc Process wastewater Z,nc Corp. BanleSVlllo OK 0.05 99167 4 95833 43384 
Arsenic Zinc Process wastawaw Zinc Corp_ BantesVllle OK 0.05 99167 4 95833 43384 
Arsenic Z1:ic Process wa.stewatlf' Z,nc Corp. BartleSvtle OK 0.002 99167 0 19833 43384 
Arsenic Zinc Process was1ewater UnknOwn Unknown 0.002 99167 0.19833 43384 
Arse,,IC Zinc S!>ent suriace .mpoundmont l,quodS Bog Rive< Zinc IL 214 10500 2247 5319 
Bar11.1n 35 Col>oer Acid plant OIOwdown UnknOwn Unknown 5.9 22083 130 29167 10441 
Banum Copper Acid plan1 0- Unknown UnknOWn 5.8 22083 128.08333 10441 
Banum Copper Ac,dplantO- UnknOwn Unknown 1 4 22083 30 91667 10441 
Barium Co!)per Acodpllnl- Unknown UnknOWn 1.2 22083 26.5 10441 
Banum 
1w,..,, 

Copper 
Copper. 

AcidplanlO- UnknOwn 
Acldplant- lJnJcnown 

Unknown 
Unknown 

1 
0.5 

22083 
22083 

22.08333 
11 04167 

10441 
104A1 

Banum Copper Ac,dplanl_, Unknown UnknoWn 0.25 22083 5.52083 10441 
Barium Copper Acidplanl_, UnJcnown Unknown 0.2 22083 4 4'667 10441 
Banum Copper Ac,dplanl- Unknown Unknown 0.126 22083 2.7825 10441 
Banum Copper Acidptan1_, Unknown Unknown 0.05 22083 1.10,,&17 10441 
Banum Copper Ac1dplanl_, UnknOwn Unknown 0.05 22083 1 10417 10441 
Buun Copper Acidptan1- Unknown Unknown 0.05 22083 ,.,o,t17 10441 
Barun Elemental Phos0f'\On.ls Fumace scrubbet blOwdown Unknown Amencan Plan! Untcnown 280 17500 4900. 8429 
Barun Elemental Prioscnon.is Fumace scrubber blowctown Uni<n°""' Amoncan Plan! UnknOWn 12 17500 210 8429 
Banum Elemental PhOSl)IIOruS Fumace scrubber blowdown Unknown Amoncan Plan! Unlonown 0.71 17500 12.425 8429 
Barium Elerne,,tal PhOSl)IIO<us Fumacescrubbef'blowdowr'I FMC. Pocalollo 10 o.s 17500 8.75 8429 
Banum Elemental PhOSl)IIO<us Fumace scrubber bowoown UnknOwn Amoncan Plan! UnJ<nown 0.26 17500 4.55 8429 
Banum E!emental Pl'los~s Fumace scrubber blowoown Stauffer. Ml Pleasant TN 005 17500 0.875 8429 
Banum Elernon~I PhoopnotUS Fumacescr\Jbber~ Stauffe<. Mt. P1euant TN 0.05 17500 0.875 8429 
Banum RartEarl!\S Processwastewaw '-">lycori,.l- co 0.5 117 o.o5a:p 385 
BarMI Rare Earl!\S Process WUltwatat Moiycori,.L.ou-. co 0.5 117 0.05833 385 
Banum Selenium P1ant process wutowate<s ,M/,;Y., Fort Madison IA 0.5 550 0.275 631 
Banum Tn.an,um lfld Titanium Oioxm Loacn l,quid & spongo wasn watar Torn11. - NV 2.5 4000 10. 2341 
Banum irtan,um and Trtan,um OioXJCII Scrap m1ll1"19 SCTUbbef water SCM. Ballimorl MO 0.5 42 0 02083 340 
Barun Zinc Process wastewater Z-,r,c Corp. BanleSvllle OK o.s 99167 49 58333 43384 
aa,..,, Z.nc Proces.s wastewat• z:nc Corp, Monaca PA 1 99167 49 58333 43384 
Barn,n Zinc Pr001s.swastewaw Unknown 1/nJcnown o.s 99167 49 58333 43384 
Banum Z.nc f>ro<»sswastowatw Zinc Corp, BatllosVllle OK 0.223 99167 22. 11417 43384 
Barn,n Zinc Unlo,c,wn UnknOMI 0.2 99167 19.83333 43384 
Banum Zll'lc f>ro<»ss --··Prooesa wastew1t• Zinc Corp, Barttesvnle OK 0.074 99167 7.33833 43384 
Banum Z111c Process wastewater Zinc Corp, Monaca PA 0.05 99167 4.95833 43384 
Banum Zi.nc Pf'001:S1 wastewater Zinc Corp, Monaca PA 0.05 99167 4.95833 43384 
Barun z.,c Process wastl'#IIIW Zinc Corp. Monaca PA 0.05 99167 4.95833 43384 
Banum Z111c Process-tw Zin<: Corp. Banleavile OK 0.05 99167 4.95833 43384 
Barun Z111c Process wastewater Zinc Corp. BartloSYllle OK 0.05 99167 4.95833 43384 
Betyfhum 26 B«yllium Che, treatment wastowatar One Unnamed Facility Unknown 3300 417 1375. 558 
Betyll11,.1m Col)per AcidplanlOIOWOowrl Unl<nown Unknown 0.125 22083 2.76042 11)441 
Bery11ium Coc>Per Ac1dpiant- Unknown UnknoWn 0.005 22083 0.11042 10441 
S.ry!l1um Elemerttal Phooi,nonus Fumaoosc..-- Unknown Amanc:an Pllnl Unknown 0.93 17500 16.275 8429 
Beryllium Eiememal Phoo!t>onus FurnaceSCNl>ber- Unlcnown Amanc:an Plant Unknown 0.18 17500 2.8 8429 
Be<ylkum 
Beryn,um 

Elemental Phosi,nonus 
Eiemnal PhospllOtul 

Fumaco sc.- - FMC. Pocatollo 
Furnace sc.-- Untcnown Amanc:an Plant 

10 
Untcnown 

0.05 
0.011 

17500 
17500 

0.875 
0.1925 

8429 
8429 

Beryllium Eiame,,111 PhcsllhONI FumacelCIUllber- Staufter. Mt. P1Ns1nt TN 0.005 17500 o 087S 8429 
Berythum Elemental Phosl)IIONa Furnace sc.-- Stauffer. ML P1euant TN 0.005 17500 0.0875 8429 
Betytlium Elemerttal ~ Fumaco sc..- - Unknown Anlanc:an Plant UnlcrlOWl'I 0.002 17500 0035 8429 
Berytlium RareEanlls Process-tat Mo/ycotD. Louviors co 0.05 117 0.00583 385 
Beryli1um Rare Earl!\S Proc:ess-lW Moly<:Ot'P. loUV>O<S co 0.05 117 0.00583 385 
Be<ylhum 
Berythum 
Beryllium 
Be<ylhum 
Be<ylhum 
Bery!l1um 

Selenium 
Titanium and litaneum Oiosida 
Trtan,um and Titani.m Oiolida 
rrtan,um and ranun Dioxm 
Z-111c 
Zinc 

Plan!p,oceslwtll- >JI.AA. Fon Madison 
L..ucll liQuid & """"9"wast, WOl8f Tm11. -
lNch hQU_, & """"99 WUII - UMamod Pian1 
Set-c,mlllng SC-- SCM. Ballfflcn 
Process- Z-inc Corp, --
Process- Z-,r,c Corp, Monaca 

IA 
IN 
Unmown 
MO 
OK 
PA 

0.05 
0.25 

0.0002 
0.152 

0.05 
0 

S50 
4000 
4000 

42 
99167 
99167 

0.0275 
1. 

0.0008 
0 00633 
4.95833 
4.95833 

631 
2341 
2341 

340 
"3384 
43384 

Bety111um Zinc Proc:ess-tw Unknown Unknown 0.01 99167 0.99167 43384 
Be<ylhum 
Betylhum 

Zinc 
Zinc 

Prooesa- Unl<nown 
Process-tw z:nc Corp, Monaca--- Unlcnown 

PA 
0.01 

0.005 
99167 
99187 

0.99,57 
0.49583 

43384 
43384 

B«ylhum 
Be<ylhum 

Zinc 
Zinc 

Zinc Corp, Monaca 
Proc:ea wastewatet z:nc Corp, Monaca 

PA 
PA 

0.005 
0.00!5 

99187 
99187 

0.49583 
0.49583 

43384 
43384 

Be<ylhum 
Betylhum 
Betylhum 
Cadmium 76 

Zinc 
Zinc 
Zinc 
Ewytlium 

Prooesa- z:nc Corp, Ban-
Process- z:nc Corp. BartlN',nllo 

Zinc Corp, --"""'""-Ch,ptreatmon1- One Unnamed Fdly 

OK 
OK 
OK 
IJr,lcnown 

0.005 
0.005 
0.005 
0.063 

99187 
99167 
99167 

417 

0.49583 
0.49583 
0.49583 
0.0262S 

43384 
43384 
43384 

S58 
caom1um Coc,c,er Acldplanl- Unknown Unmown 620 220113 13691.66667 10441 
cadm,um COOPI< Ac.,planl_ Unknown Unknown 290 220113 6404.16661' 10441 
Ca(wn,um COOPI< Acodplanl- Unknown Unlcnown 25.1 22083 5S4.29167 10441 
Ca<Sm,um COOPI< Ac.,ptar,1_ Unknown Unmown 19 220113 419.58333 10441 

Cadmium COOPI< Acldptar,1- Unknown IJr,lcnown 11 22083 242.91667 10441 
c.dm,um COOPI< Acodpianl- Unknown Unlcnown 10.8 22083 238.S 10441 
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Cact"n,um Coc,c,e< Al;.dplant- Unimo- UnknOwfl 10 22083 220.83333 l()Ul 
Cadm,um Coooer AcidplantblOwdC)Wn . Untc.nown UnknOwfl 6 22083 132.5 1()U1 
Cadmium Copoe, Acidplanl- Unkl'lown UnknOwfl 5., 22083 11925 l()Ul 
Cidm1um Coooer Al;.dpiantb_, UnknOwn Unlcncwn 5 22083 i 10 41667 1:)Ul 
Cadmium Coooer Acidpiantb_, UnknOwn UnknOwfl 1.3 22083 28.70833 l()Ul 
Caan,um Coooer Acidpianl- Un.nown Un- 1.18 22083 26.05833 l()Ul 
Cadmium Copper Acodplal\tb_, Unknown UnknOwfl 1 22083 22.0833:l !0441 
Cadmium Coeper Ac,d plant blOwdoWn UnimOwn UnknOwfl 0.52 22083 '1.48333 1()U1 
Caan,um Coooer Acid plant DlowdOwn Un.nown UnknOwn 0.43 22083 9.49583 1()4.41 
Cac,m,um Cooger Ac,dplant- Unknown Unknown 0.2 22083 4.41667 1()U1 
Cadmium Elemental P!iosonorus ArM n:nsate Un.nown Unknown 167 0.66667 415•
Cadrruum Elemental P!iosct,orus Fumace scrubber blOwCtC)Wrl FMC. Pocatello ID 9.6 17500 168. 8429 
Cadmium Eiementa1 P!')OS::norus Fumace scrubber blc,w«,wn FMC. Poe&ltllo ID 4.75 17500 83.125 8429 
Cadmium Elemental Phoscnoru.s Fumace scrubber~ Untu,owr, Unknown 4 17500 70. 8429 
Cadl'!'l1um Elemental P..,ospnorus Furnace SCiubber b4owdown FMC. Pocatello ID 3.7 17500 64.75 8429 
Cadmium Elemental Phospnorus Furnace scrubber blowd0wn Un1<nown Ar•11w,car, Plan1 UnknOwn 3 17500 52.5 8429 
Cad:'n1um Elemental Pr,oscnorus Furr.ace scrubber blowdown Stauffer. S.lver Bow MT 2.86 17500 50.05 8429 
Cadmium E!emental Pnoscnol'\ls Furnace scrubber Clowdowr'I Unknown Arnencan Plant UnknOwn 1.9 17500 33.25 8429 
Cadmium Elemental Phosphorus Fumace scrubber b6Qwdown FMC. Pocatello ID 1.3 17500 22.7S 8429 
Cadmium Elemental P!"los;,horus Furnace scrubber b6owdowl1 UnKnown Arnenc:an Plant UnknOwn 0.6675 17500 ~ 1.68125 8429 
cae2m1um Elemental PMspt,orus Furnace scn.&bber b60wdown FMC. Poc:atetlo ID 0.593 17500 10.3n5 8429 
Cadmium Elemental PMsC,,,On.,5 Furnace scrubbef° t>'owdown Stauffer. Mt. Pleasant TN 0.024 17500 0 42 8429 
cadmium Elemental PMsc,,,on.,s Furnace scNbbef' blowdowr'I Stauffer, Mt. Pleasant TN 0.005 17500 0 0875 8429 
Cadmium Elemental P,osc,,,on,s Furnace scrubber bklwd0wn Unknown Amencan P\ant UnlU>OWn 0.001 17500 0.0175 !!429 
Cadmium RaraEar1/lS Pr001ss wastewater D. s. Chorn•cal. Chattanooga TN 0.054 117 0.0063 385 
Caam1um Ra"' Eartt,s Process wastewater MolyCOrl).~ co 0.05 117 0.00583 385 
Cadmium Ra'1!Eanl1s Process wastewater Molyco<p.~ co 0.05 117 0.00583 385 
Ccldffl1um Ra'11 Ear111s P~ waa1wa1• D.S. Chorn,cal. Ctiananooga TN 0.0005 117 0.00006 385 
Cadmium Seleruum Plant prooess wastowaters ~.FOf!Madlscn IA 0.05 550 0.0275 631 
C-adm1um Sewn1um Plant l)fOCflS wast-rs ClmaxMol)t> 0.017 550 0.00935 631 
Cadm11Jm Tantall.:m. ColumblUffl. and Femx:olumbtun Process wastewater Unnamed Faahty '"UnknOwn 0.2 4375 O.B75 2517 
caam,um Trtan1um and Trtan1um O.omde Leach liQuid & sponge Wlsll wahl< ,,met. - NV 0.25 4000 1. 2341 
cacsm,um TianNJm and Titanium DloXJOI Leach liquid & sponge wasn wahl< Unnamed Plan1 UnknOwn 0.16 4000 0.64 2341 
Cadmium Titanium and Titanium 0.olOde Scrap mdhng scrubber water SCM, Ba"mo,a MD 0.05 42 0.00208 34C 
cadmium Zinc Process waslewater z:nc: Corp. Bantesvute OK 555 99167 55037.5 43384 
cac,rr11um Zinc Process wastewater Unknown Unknown 410 99167 '°6!>8.33333 43384 
Cactm1um Zinc Process wastewater Uni<n~ UnknOWn 160 99167 15866.66667 43384 
Cadmium Z,,c Pnxess wasteMt• Zinc Co,p. -.aca PA 113 99167 11205 83333 43384 
cadmium Zinc Proc::ea wastewater uniu,owr, UnknOWn 93 99167 9222.5 43384 
cacm,um Z,,c Procesa wast....ter Untu,owr, Unknown 71.3 99167 7070.58333 43384 
Camn1um Zinc Process wasaewarer Jerw,Min,.,..ClatttsYllle TN 62.5 99167 6197.91667 43384 
Caclm1um Zinc Process-t0< z:nc: Co<!>. Bantesvute OK 99167 4363.33333 43384 
Cadm,urn Zr1c Process wastewater z:nc: Corp. Bantesvute OK 38.4" 99167 3808. 43384 
Codml\Jm Znc Procesa wasrewater Jersey ~.,,.,.., Clalttswili TN 25 99167 2479.16667 43384 
cadmium Zinc Process wastewat• UnlcnOwrl UnknOwn 4 99167 396.66667 43384 
Cadmium Z,nc Process wast--t• Zioc: Corp. Monaca PA 3.09 99167 306.A25 43384 
Cadmium Z,nc Prooesswut- Zinc Co,p. Monaca PA 2.71 99167 268.74167 43384 
caam,um Zinc Process WUI- Lnc Corp. Baniesville OK 0.454 99167 45.02167 43384 
C-adm,um Zmc Process wutew1t• Lnc Co,p. Monaca PA 0.0562 99167 5.57317 43384 
Cadm1um Zr1c ProoMS wast...,., Zrnc: Co,p, BanlUVllle OK 0.0185 99167 l.83458 43384 
cacsm1um Z,nc Process wasrewat• lJnla-cwn Unknown 0.003 99167 0.2975 43384 
Cadmrum Z,nc S-t 5'1r1aot mpoundm.,t lqu,cls Zinc Co,p of Amenca. Monaca PA 40000 10500 420000. 5319 
C-adm,um Zinc Spent 5'1r1aot mpounan.,, lqu,cls Bog R,.., Zinc IL 5'92 10500 57666. 5319 
Cadmium Z,nc Spent ..,r1ace mpoundm.,1 l,quids Zinc Corp of Amenca. Monaca PA 870 10500 9135. 53,9 
Cadm,um Zinc Spent 5'1r!ace irnc,ounan_,t hqLlids Lnc Corp of Amenca. Monaca PA 650 10500 6825. 5319 
Cadmium Z,nc S-1 5'1r1aot irnl)OUnQ'Tlenl 1;quids Bog Rivw Zinc IL 600 10500 6300. 5319 
Gaom1um Z,nc Spent sur!aot mpounc)Tl.,t l,q,,ids Zinc Co,p of Amer-ca OK 160 10500 1680. 5319 
Cadmium Zinc Spent S<lr!ace -ent hquids z:nc: Co,p of America OK 100 10500 1050. 5319 
Ca<lm,um Zinc Spent 5'1r1aot mpounanent IOQUids Zinc Corp of America OK ga 10500 976 5 5319 
Gadm,um Z.nc Spent surlaot irn-1 l,QUids z:nc: Corp c1 An,or,ca OK 90 10500 9'5. 5319 
cadmium Zinc Spent surfaot iml)OUnan.,, 1-z:nc: Corp of Amonca OK 70 10500 735. 5319 
Cadmium Z,nc $pen! SUt1aot m-1 IIQUids JelM'f Min... TN '5 10500 472.5 5319 
Caamrum Zinc Spent surlaot im_, liQuids Big R,.., Zinc IL 5.2 10500 5'.6 5319 
c.im,urn Zinc Spent a.,r!a01 impoundm.,t liQuids Zinc Co,p c1 Amonca OK 1.3 10500 13.65 5319 
Cldrnium Z.nc S-' surfaot _ _,, hquids z:nc: Co,p of Amer-ca OK 1.3 10500 13.65 5319 
~,um Z,nc Spent surfaot iml)OUI\Clfflen1 hQuids z:nc: Co,p of Amonca. Monaca PA 0.3 10500 3.15 5319 
C:U,,,um Zinc Spent surllot inc,ounctn.,, IOQuids z:nc Co,p of Amonca. Monaca PA 0.2 10500 2.1 S319 
Caclmium Z.nc 'WWTP liQu1d etfluln1 Zinc Coll> of Amonca OK 2'200 7250 175450. 385C 
C:U,,,um Z.nc wwrr> 1;qu,d offluent Zmc Co,p of Amonca OK 1 7250 7.25 385CCl\,p troatm.,, __,., 
Chrtlfflrum '5 Batyllium Ono Unnamed FaCillly UnkNMn 7.4 417 3.08333 558 
Chrom,um Copl)O< Acdptant- Unkno,,n UnlU>OWn 21 22083 '63.75 104,&'! 

C>\roffl,um Copper Acidpilnl- Unl<nown Unknown 19 22083 '19.58333 1ou, 

cnrom1um Copl)O< Al;.dptanl- Unknown UnlU>OWn 2.37 22083 52.3375 1()4.41 

O,rom1um Copl)O< Acidplant- Unknown UnlU>OWn 1.8 22083 39.7~ 1ou· ,..cnrom,um Copper Acidplant- Unknown Unknown 22083 30.91667 1044, 

Cllromrum Copl)O< Acid plant- Unl<nown u- 1.2 22083 26.5 1()4.41 

Chromium Copl)O< Acodpllnl- Unlcrown UnkNMn 1.05 22083 23.1875 1044, 

Chromium Coc,c,e< Ac,dptant- Unknown UnlU>OWn 1 22083 22.08333 1ou, 

Chromium Copl)O< Acidplarn- Unknown Unknown 0.78 22083 17.225 1ou· 

Chtoml\Jm Copl)O< Acdptarn- Unlcrown U,,kNMn 0.4 22083 8.83333 1ou, 

Chromu,rm Copl)O< Acidplanl- Unknown u,,ou,own 0.259 22083 5 71958 1ou· 

Chromrum Copper Acidplant- Unknown u,,Jcnown 0.16 22083 3 53333 1ou· 

Chtomrum Coc,c,e< Acdplant- Unknown UnkNMn 0.13 220113 2 87083 1ou· 

Crucmium Copl)O< Acdplant- Unl<nown u,,Jcnown 0.1 220113 220833 1ou· 

C>lroml\Jm e_, Phosc,,,on,s AFM nnsate u- Unknown 1 167 0 16667 4H 

Cllromrum Elem.,,., PhosC,,,Orus Furnace scn,bblr blowdowrl Unknown Amoncan Plant U,,kNMn 940 17500 16450. 842' 
Chromium Elornontal Pt,osi,horuc FumaotllCN!>t>er- Unl<nown Amoncan Plant U,,known 41 17500 717 5 842' 
Chromium ElomemalPhosc,,,on,s Furnace ICNbbef' b60wdown Unknown Un- 2 17500 35. 842'i 

Chromium Elemental Phosl)llONS Furnace SCNbblr ~ Un1<nown Amoncan Plant l/nllrOWn 1.6 17500 28 842' 

ChrCmium e,-~ FumaotocrullllOt- FMC. Pocatollo ID 1.53 17500 26.n5 842' 
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Cnromium Elemental Ph~n.,s Fumace SCNbber bb#Oewn FMC. Pocatello 10 12 17500 21. 8'29 
Chromium Elem8'1tal PhOSpnQn.,s Furnace ,en.dx)er btowdown Stauffer. S.IYer Bow MT 0.07 17500 1.225 8'2S 
Cnrcmur1 Elemental Phosi,llorus Fumaeescrutlber~ Stauflllr. Ml Pltuant TN 0.05 17500 0.875 8'29 
Chrt,m1um Elemental Phos;lhorus Fum1ee scnJtlber b60wdown Slauflllr, Mt. Pleasant TN 0.05 17500 0.875 8'2S 
Chromrum Elemental Pnoscnorus Furnace S<:rubber blow<lown Un""°"" Amoncar, Plant u- 0.0005 17500 0.00875 8'29 
C/1/Qfflium l'lare E&t1!is Process wastlWltW "4olycorp, l.oUV4rs co 0.5 117 0 05833 385 
Ch!"Cfflu.m !'la"' Eanhs Process wastewater Motycorp. l.o<Mors co 0.5 117 0.05833 385 
Ch!'Omrum Rare Eartris Process wastewater 0.S C/lem,cal. Chattanooga TN 0.041 117 0.00478 385 
Chromn.m Rare Eam,s Process wastewater 0 S C/11m,ca1. Chattanooga TN 0.0005 117 0.00006 385 
Cht0mium Selenium Prant process wastewaters AM"1.. Fon Mad,son IA 0.5 550 0.275 63' 
Ch:"'OmM'!'I Trtan,um and Tr1anium OioXJde Leach hQu.c:i & sponge wash water iimet. Henderson NV 2.5 '000 10. 234, 
Chromium Titanium and Trtanu.rn Oiou::11 Leacn l!Quid & sponge wasn water Unnamed Plant u- 1.2 '000 48 2341 
Chrom1Um Titanium and rrtanrum Dioxide Scrap m11hn9 scrubber water SCM. Ba""'°"' MO 0.5 42 0.020S3 34C 
C/1/Qfflium Zinc Process wastewater z.nc Corp. Ban1osw1o OK 0.5 99167 49.58333 43384 
C/1/QffllUffl 
0,~1um 

Zinc 
Z,nc 

Process wastewatw 
Process wastewater 

Z,,e Corp_ Monaca 
Zinc Cori,. BanltSwlo 

PA 
OK 

1 
0.388 

99167 
99167 

49.58333 
38 27833 

43384 
43384 

Chromium Zrne Process wastewater Un""°"" UnkrOWri 006 99167 5.95 43384 
Chromium Zinc Process wastewater Zinc Co,p_ Monaca PA 005 99167 4.95833 43384 
C/lromrum Zinc Process wastewate, Znc: Co,p. Monaca PA 0.05 99167 4.95833 43384 
Chromrum Zinc Process wastewater Zinc Corp, Monaca PA 0.05 99167 4 95833 43384 
Chromium Zme Process wastewater Zinc Co,p. Banlosvrllt OK 0.05 99167 4.95833 43384 
Ctlromium Z111e Precess wastewater Zinc Co,p. Baniesv,111 OK 0.05 99,57 4.95833 43384 
Chromium Zinc Process wast...,., Zinc Co,p. BlnleSvlllt OK 0.045 99167 4 4625 43384 
Ouom1um Z,ne Process wastewater Unknown Unlcnown 0.001 99167 0.09917 43384 
Cyar,,dt 3 Elemental Phospnorus Fumaca scrubber bioWdown FMC. Pocatelo 10 0.9 17500 15.75 8429 
Cyanode Tantalum. Coiumbfum, and Fen-ocolumb1urr Process wastewater Unnamed Fac:ihty Unlcnown 0.009 4375 0.03938 2517 
Cyanide Zinc Process wastewater Zinc Co,p. BlnltSvillt OK 0.005 99167 0.49583 43384 
Leacs 56 Betytfi..,, C/1,p traatment wastewater One Unnamed Facd,ty UnkrOWri 0.2 417 0.08333 558 
Lead Copper Ac<IP'lntbiOWdOwn UnlCnO\llffl UnknOwn 17900 22083 395291 66667 104-&t 
Lead Copper Ac<lplalltblowdown Unlcnown UnknOWn 710 22083 15679. 16667 104-&1 
Lead Copper Ae<lplalltblo- UnknOwn UnknOWn 700 22083 1 5458.33333 104-&1 
Ltad Copper Ae<lpilnt- Un""°"" Unlcnown 6'0 22'J83 t 4133.33333 104-&' 
Load Copper Acid pilnt Dlow<lown UnknOwn Unlcnown 100 22083 2208.33333 104-&1 
Load Copper Ae<lplant- Unkrown UnlCnOWn 42.5 22083 938.54167 104-&t 
Lead Copper Acd pltnt Dlow<lown UnknOWn UnknOWn 19 22083 419.58333 104-&1 
Load Copper Acid plant blOwdown UnknOwn UnknOWn 9.87 22083 217 9625 1()4-&1 
Lead Copper Acldoltnt- Unknown Unknown 8 22083 17666667 104-&1 
Ltld Copper Acldplant- Unknown UnknOWn 623 22083 137.57917 104-&1 
Ltld Copper Acldpltnt- Unknown Unknown 5.6 22083 123.66667 104-&1 
Ltad Copper Ae,dpltnt- Unla1own UnknOWn 5 22083 110.41667 104-&1 
Lead Copper Ae>doltnt- Unknown UnknOWn 4.9 22083 108.20833 104-&t 
Ltad Copper Acdoltnt- Unknown UnlCnOWn 4 22083 88.33333 104-&1 
Ltld Copper Ae,dpltnt- Unknown UnknOWn 3.15 22083 69.5625 1()4-&1 
Ltad Copper Ae>d01tn1- Unlcnown Unlcnown 2.8 22083 61.83333 104-&1 
lead Copper lod01tnt- Unknown Unknown 2.5 22083 55.20833 104-41 
L.atd 
Ltad 

Copper 
Copper 

Acid plant-
Acidpltnt-

Unknow, 

Unknown 
Unknown 
Unknown 

0.53 
02 

22083 
22083 

n.7()1lH 
,.,1667 

104-&1 
104-41 

Ltad Elemental Phospt,orus Fumace scrubber b6owdcnrffl Unknown -.:an Pltnt Unlcnown 150 17500 2625. 8'29 
Lead E1emema1 Phospnon,s Fumace SQ'1Jbbe, bbwdown Unlcnown Amtnean Pltnt Unlcnown 52 17500 910. 8429 
Lead Elemental Pl\osl)IIOrljS Fumac:e SCNbber b- Stautter. Mt. P1tas1n1 TN 1.4 17500 24 5 8429 
Lead Elemental Phosphorus Furnace ICnJtlber blo-#down Stautlltf. Ml Pttasant TN 0.955 17500 16.7125 8429 
Lead Elemental Phosol,orus Fumace scrubber t,lowoawr, FMC. PocattllO 10 0.6 17500 10.5 8'29 
Ltad Elemental Phosol,orus Fuinaoe scrubber bio.aown FMC. Poea!tllO 10 0.523 17500 9.1525 8429 
Ltad 
Ltad 

Elemental Pt,o,sot,o,us 
ElernentalPl>osl)horus 

Fumac:e SCNbber blOwdown 

Fumac:e SCNbber ---- Unlcnown Amtnean Pltnt 
Unkno'M1 Arntnean Pltnt 

Unknown 
Unkno'M1 

0.037 
0.004 

17500 
17500 

0.6475 
0.07 

8429 
8'29 

Ltad Ra"' Eartr,s Molyeorp. Lowitrs co 8.45 117 0.98583 385 
Lead Rara Eanhs Proceawuttwattr Molyeori,. L.ouviers co 1.23 117 0.1435 385 
Lead 
Ltad 

l'lare Eanhs 
Rare Eanhs Proc:esa---Proc:esa WU1twattr 

O.S. Chtmieal. Chanlnoogl 
D.S. Cllemic:al. ~ 

TN 
TN 

0.33 
0.0005 

117 
117 

0.0385 
0 00006 

385 
385 

Lead 
Ltad 

Selenium 
Se)en1um 

Plant~-...Plant~ __.,. All."1.,FonMtdlson 
Clrnu~. 

IA 
IA 

16.9 
1.42 

550 
550 

9295 
0.781 

631 
631 

Ltad 
Lead 

rrtanrum and Titanium Dioxide 
Trtan1urn ano Trtanun Oioxide 

Ltac:11 IIQllid & """'91 wun water Unntmtd Plant 
Ltae11 lqiad& _ WU/1 _ Tmet. Htndtrson 

Unknown 
NV 

2.8 
1.25 

4000 
4000 

11.2 
5. 

2341 
2341 

Lead 
Lead 

T,w,,um and Toranium Oooxxle 
Znc: 

Sc,apmjling--
Proc:esa -t• 

SCM. Blllimo"' 
Unknown 

MO 
~ 

0.25 
300 

42 
99167 

0.01042 
29750 

340 
43384 

Lead Zinc Procea-ttr Zinc Co,p. Monaca PA 17 99167 163625 43384 
Lead Zinc Prooul-1tr Zinc Co,p. Blnlesvile OK 10.9 99167 1080.91667 43384 
Laid 
Lead 

Zinc 
Zinc 

Prooul-t•Procea_,., Zinc Corp, Banlelvili. 
Zinc: Co,p. Blrt1Nv1Ue 

OK 
OK 

9.S 
8.3 

99167 
99167 

962. 
823.08333 

43384 
43384 

Ltad 
LNd 
LNd 

Zinc 
Zinc 
Zinc 

Proc:.sa ---•Prooulwut-1tr 
Proc:esa _,., 

Zinc Co,p. Monaca 
UnknOwn 
Z"ne Co,p, Monaca 

PA 
Unlcrown 
PA 

6.58 
5.8 

0.348 

99167 
99167 
99167 

652.51667 
575.16667 

34.51 

43384 
43384 
43384 

Lead Zinc Proc:ea-ter Zinc Corp. Blnltsvllle OK 0.0577 99167 5.n192 43384 

Ltad Zinc Procea WUl-t• Zinc Co,p. Monaca PA 0.025 99167 2.47917 43384 

Lud Z"ne Procto1-1tr Zinc: Corp. Blr11Nwle OK 0.025 99167 2 47917 43384 

Ltad Zinc Procto1-ttr Un- Unicnc>M1 0.0005 99167 0 04958 43384 

Lead Z,,e Spent surlace rnpouncrntr!! liquids Zinc: Co,p of Arnenc:a. Monacl PA 200000 10500 2100000. 5319 

Ltad 
Lead 

Zinc 
Zinc 

Spent "'rlace rn_,.,,,.,,. liquids B;g Aiw< Zinc IL 
Spent surlace impc)<j~ent liQuids Zinc Co,p of Amenca. _,_ PA 

13950 
7000 

10500 
10500 

146475. 
73500. 

53\9 
5319 

Lead Zinc Spent surlace rnpounctntnt liquids Zinc: Co,p of Arntne:a. _,_ PA ~ 10500 52500. 5319 

Ltad Zinc Spent surlace impeuncr,,tr!I liquldsZine Corp of Arntnea. Monaca PA 2500 10500 26250. 5319 

Ltad Zone Spem "'rlace ~ liqudsZine Corp of AlntnCL Monacl PA 0.7 10500 7.35 5319 

Lead Zinc WWTPlw:iu,dtfflutr11 Zinc: Co,p of America OK 6100 7250 4-4225. 3850 

Mtrt11ry 
Mtrt11ry 
Mtroury 
Mtn:ury 
Mtteury 
M..-c:ury 
Mt<c:ury 

42 Betytlium 
Coc>Pe< 
c«,pe, 
Coi,c,tr 
Copper 

Coc>Pe< 
Coc>Pe< 

CniD tnlltment --
Aeidpll/1t-
Acido&an1-
Acdoltn1b-
Acid p1an1 b-
Aeldplant-
Acldplan1-

Ont Unnamed Ftealily 
Un-
Unknown 
Unknown 
Unknown 
UnknO.n 
Unknown 

Unknown 
Unknown 
UnkroMI 
Un""°"" 
Unlcnown 
Un""°"" 
Unlcnown 

0.0002 
1.5 
1.5 

0.36 
0.082 

0.0428 
0.0125 

417 
22083 
22083 
22083 
22083 
22083 
22083 

0 00008 
33. 125 
33.125 

7.95 
l.36917 
0.94517 
0.27604 

558 
10441 
104-&1 
104-&1 
10441 
10441 
104-&1 
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Mett:u,y Coc,per Ac,dplant- UnknOM> u- 0005 22083 0 110,42 ~0'41 
Merou,y 
Mert:u,y 
Mercu,y 

Coc,per 
Copoer 
C:OC,O.r 

Ac,dplant-
Ac,dplantDlowOC>wn 
Ac,oplant-

UnknOMI 
Unlcnc,wn 
UnknoWI 

Unknown 
UnknOMI 
UnknOMI 

0.005 
0.0006 
0.0022 

22083 
22083 
22083 

0 11042 
0 10158 
0 04858 

1()4A1

~°",
1()4A1 

Mercury 
Mer,;ury 

Coc,per 
Etem""11I Pl\ospnorus 

,t,c,d plant -
Fumaoe SCf\lbber blowdOwn 

UnlenOWn 
UnknoWn Amencan Plant 

UnknOwn 
Unl<nown 

0.0018 
0.1 

22083 
17500 

0 03975 
1.75 

1044~ 
S429 

Mercury Etemantlll Phcspnorus Fumace scrubt>et blo'#'dOWn Unknown Ameran Plant Unknown 0.05 17500 0.875 S429 
Mercury Elemental Phospt,orus Fumace ~ blowelcwn Unknown American Pl.al"lt Unknown 0.0002 17500 0 0035 8429 
Men:\l,Y Eiementa1 Phosi:norus Fumace scrubber bK>wdcwn Unlcnc,wn Amencan Ptant Unl<rown 0.00015 17500 0.00263 8429 
Merc1..ry Ei&mental Pl'IOSi:,f'\OftJS Furnace SCt\,lbber blc'#dewn Stauffer. S1tver Bow MT 0.00012 17500 0.0021 8429 
Mercury Elemental Phospnorus Fumace 5CNbtler blo..oo.,, FMC. Poutetto ID 00001 17500 0.00175 8429 
Mercury Elemetital Pnosptlorus Furnace scnJb()er b6owdown Stauffer. Mt. P191sar,t TN 0.0001 17500 0.00175 8429 
Mercury Elemental Pnospt,orus Fum.ace scrubbeir bk)wdown Stauffer. Mt. Pleasant TN 0.0001 17500 0.00175 8,<29 
Mert:u,y Rare Eartf"ls Process wastewat• Motycori,.LoUV111rs co 0.0001 117 0 00001 385 
Mercury Rare Eartfis Process wastawat• Mo~ri,. Lo.,_. co 0.0001 117 0.00001 385 
Mercury S.-,,um Plant process was,~..,. AM~.Fo!1Mldl$0n IA 0.00072 550 0.0004 631 
Mercu,y Tttan,um and Tr1anrum 010XJde LNc:n liQu,d & Sl)On99 wash woter Tomat, Henderson NV 0.0016 4000 0,0()6,& 2341 
Mercu,y Titanium and Trtanrum 010)0()8 Leac:n loQIJld & SIXl"II• wasn wotar Unnamed Plant Unlcnc,wn 0.0002 4000 0.0008 2341 
Mercu,y Trtan1um arid Tn:an,um OioJOde SCtll> miung scrul>bef watar SCM. B1nrn019 MD 0.0001 ,2 0. 3'C 
Mem,,y Zr,c Process wast:awat• Zinc Cori,. Mctiaca PA 0 99167 34.51 43384 
MerC\iry Zinc Process wast-tar Zr>e Cori,, Blntesv>lla OK 0.027• 99167 2.71717 43384 
Mercu,y Z.,c Process wastewat• Unknown Unlcnc,wn 0.018 99167 t 785 43384 
Mercu,y Z.,c Process wastewat• Zinc Cori,. l!lntesvdla OK 0.00999 99167 0.99068 43384 
Mem,,y z.,c Proces.s wastewat• Zone Cori,. Monaca PA 0.0065 99167 0.6,4'58 43384 
MOtCUry Z,r,c Process --t• Zinc Cori,. Monaca PA 0.0031 99167 0.307•2 43384 
Marcu,y Z,nc Process wutewat• Z.inc Cori>. Bonlasvilla OK 0.0019 99167 0. 18842 43384 
Marcu,y Zinc Process was1ewat• Zinc Cori>. ~nlnv1ita OK 0.00075 99167 0.07438 43384 
Mercu,y 
Mercu,y 

Zr,c 
z.,c 

Process-tar 
Process wast-• 

Zinc Cori,, Monaca 
Zinc Cotp. Blrt-,,..la 

PA 
OK 

0.0001 
0.0001 

99167 
99167 

0.00992 
0.00992 

43384 
43384 

Mercu,y Zinc Precess --t• UnknOWn Unknown 0.0001 99167 0.00992 43384 
Marcu,y z.,c Sper1I sur1aoa ompounc)'nan! liquids Big RiYar Zinc IL 23.8 10500 249 9 5319 
MOtCU,Y Z,,c Spem surlace ompounc)'nant liquids B,g R...., Zinc IL 3.538 10500 37.1'9 5319 
MOtCU,y Zr'lc 5-t 9'1rface impounc)'n.-,t liquids Jersey Min•,_ TN 10500 10.5 53,9 
MOtCU,Y Zr,c Spent surfaOI impounc)'nent '-luids Big R- Zinc tL 1 10500 10 5 5319 
MOtC\Jry Zinc Sper1I sur1aoa impcu,a,,ant liquicls B,g R- Zinc IL 0.17 10500 ,.785 53~9 
Nu:Kel 
Niekal 

'3 Bery1tiu<n 
Coc,per 

Chii:, treatmant wastewatar 
Acid plant blowOC>wn 

Ona UMamed Faeohty 
UnknOWn 

UnknOWn 
UnknOWn 

0.78 
1'50- '17 

22083 
0.325 

32020.83333 
55e 

t04A· 
Nickel Copper Ac,d plant blowOC>wn Unknc7,in UnknOWn 22083 20758.33333 1044' 
N,d<al 
Nid<al 

Coppar 
Coc,per 

Ac,d plant b-
Ac,dpllnt-

UnknOWn 
UnknOwn 

Un-
UnknOWn 

20 
16 

22083 
22083 

U1.66667 
353.33333 

1044· 
1()4A. 

Nu:Xel Coc,per Acidplant- UnknOWn Unl(nown 2 22083 U.16667 1044' 
Nu::Kal Coc,per Acldptanl- UnknOWn UnknOWn 1.95 22083 '3.0625 1044· 
N1dtal Coppar Acid plant blowdoWn UnknOWn UnknOWn 1.8 22083 39.75 1044' 
N1d<al Coc,per Acidplanl- UnknOWn UnknOWn 1.2 22083 26.5 1044• 
N1dcel Coc,per Acid plant- UnknOwn UnknOWn 1.2 22083 265 1cu· 
Nic:tce' Coc,per Acldplant- UnknOWn UnknOWn 0.'81 22083 10.622C8 ,cu~ 
Nic:kel 
N.c:kel 

Copper 
El-tlll PhosP"ONS 

Acid plant btowoown 
Fumaoa scrubber b60wd0wnFum ___ 

UnknOwn 
unia,own American Plant 

Unknc7,in 
Untcnown 

0.005 
530 

22083 
17500 

0.11 °"2 
9275. 

104A" 
S429 

NJCl<III Elemental Ptiospnorus UnknO'M'I Arnencan P\arlt Unknown 19 17500 332.5 8429 
N,d<lll 
N1d<el 

E!tmental PhospftOlus 
Elemental Phospnorus 

Fuma.. lCNbOar -
Fumaoa scrubber btowdOwn 

Unlcnown Amancan Ptant 
FMC, Pocatalo 

Unknown 
ID 

1.3 
0.5 

17500 
17500 

22.75 
8.75 

8429 
8'29 

N1d<al El..,,.,,tat Pllosc,norus Fumaoa scrubber blOwctoWn FMC.Pocatello ID 0.2 17500 35 8425 
Nrekll Etemantal Pnospnorus Fum1ce sen,bt)flf bt>wdoWn Stauttar. Mt. Pleasant TN 0.05 17500 0.875 S,29 
N1Ckei Elemental Phosphorus Fumaoe scrubber~ Stauffer, Mt. Pleasant TN 0.05 17500 0 875 8'29 
N1d<el 
NICkel 
N1d<el 
N1CKet 

Element.at Pt\ospnorus 
Rare EarthS 
Rare Earthl 
Rare EarthS 

Fumace scrubber~ 

ProceaWUI---------
Unknown Amencan Plant 
D.S. Chemical. Cllananooga 
MOlyCOIP. ~rs 
Moiyoori,, Louvoars 

Unknown 
TN 
co 
co 

0.009 
4 

0.5 
0.5 

17500 
117 
117 
117 

0.1575 
0 46667 
0.05833 
0.05833 

8'29 
38: 
38: 
38: 

N,d<lll 
N1deal 

Rare Earthl 
5e1an..,, 

Plant pracNS __.,. D.S. Chemical. Cllananooga 
AM>J<.FonMadalon 

TN 
IA 

0.008 
0.5 

117 
550 

0.00093 
0.275 

38: 
63• 

N1Cket SMnnn, Plar,tp<OCMI-- Climax Molyb. IA 0.1 550 0.055 631 
N1dtel TantelLm. CotumDiurn. and Faff0C0lurnl)urProcauwut-• Unnamed F1criily Unknown 1 '375 •.375 251; 
N,dcal 
N1dtll 
Nrdtel 
Nickel 

Titanium and Titanium OiOJOde 
Trt1n1urn anCI Titanium OiolDde 
Titanium ancl Trtanltlm OiolOde 
Z,,c 

I.Men ~ & - - water Unnamed Plant 
I.Men liQuid & --Scrap mitng _,,__ Wiler romat. Henclar1cn 

SCM. Blftrn01'1 
Z,r,c Cori,. Monaca -------

l/rWO'MI 
'fV 
MD 
PA 

7 
2.5 
0.5 
11 

4000 
4000 

42 
99167 

·28. 
10. 

0.02083 
1041.25 

2341 
2341 

:M( 

'338< 
Nickel 
Nickel 
Nickel 

Z.,c 
Zinc 
Ziic 

ProoaslWUI------
Zinc Cori,. Bon-
UnknOwn 
Zinc Cori,. Blntesvilla 

OK 
~ 

OK 

8.12 
6.3 
1.6 

99167 
99167 
99167 

80523333 
624.75 

158.66667 

'338< 
4338< 
4338< 

N1dc:el 
Nu::kel 

Zine 
Zinc Prooaslwut-•----- Zinc Cori,, BonlaSYIIIO 

Zr,c CotP, Monaca 
OK 
PA 

0.5 
0.05 

99167 
99167 

'9.58333 
•.95833 

4338< 
4338< 

Nickel 
N!Ckal 

z.,c 
z.,c --t•---- Zinc Cori,. Mon1C1 

Zr,c Cori,, Monaca 
PA 
PA 

0.05 
0.05 

99167 
99167 

•.95833 
•.95833 

4338< 
4338,' 

Nickel 
N"'"91 

z.,c 
Z.,c --- Zinc eo,p, Bon-

Zinc Cori,, llattlasvilla 
OK 
OK 

0.05 
0.05 

99167 
99167 

•.95833 
•.95833 

4338-
'338-

N,dcal 
Noclcal 

z.,c 
Z.inc 

Procea ---- UnknOwn 
Sper1I 1ul1aca rnc,c,,a,cr,,anl liQuids B,g R- Zinc 

l/rWO'MI 
IL 

0.03 
257 

99187 
10500 

2.975 
2698.5 

4338-
53,~ 

Noclcel z.,c WWTP liquid affluent Zr,c Cori, ol Amanca OK '10 7250 2972.5 385{ 

Satan""" 
Se'8n1um 
SatanO\JITI 
S.ien,um 
S..n1um 
Salanown 
S.ien1um 
S-,,,um 

Satan..,, --Salan,urn 
S-,,,u,n 

'3 llarjlli1Jm 
Coppar 
Copper 

CooPer 
CooPer 
CooPer 
CooPer 
Cooc,e,, 
Cooc,e, 
Cooc,e, 
Cooc,e, 
c«,oar 

Cllf trMtmant -
Acldptant-
Acldplant-
Acldplant-
Acid plant b.,_ 
Acldptant-
Acldplant-
Acldplant-
Acldplant-
Acldptanl-
Ac,dptant-
Acid plant b-

Ona Umamad Factoty 
Unknown 
Un1cnc,wn 
UnknOWn 
u-
UnknOWn 
UnknOWn 
UnknOWn 
UnlenOWn 
UnknOwn 
UnknOWn 
Untcnown 

Unknown 
Unknown 
Unknown 
ll"""""" 
Untcnown 
Unknown 
Unknown 
Unknown 
Untcnown 
Unknown 
Unknown 
Unknown 

0.003 
1000 
11.9 
9.1 
2.1 

2 
0.781 

0.5 
0.12 

0.1 
0.005 
0.005 

'17 
22083 
22083 
22083 
22083 
22083 
22083 
22083 
ZI083 
ZI083 
22083 
22083 

0.00125 
22083.33333 

262.79167 
200.95833 

'6.375 
U.16667 
16.805•2 
11.04167 

2.65 
2.20833 
0.11042 
0.11042 

551 
104A" 
104A' 
104A' 
104A' 
104A' 
104A' 
104A 
104A 
104A 
104A 
1CU 
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Seien1um Coppo, Acidplli,t- Unknown Unknown 0.005 22083 0 11042 1(),l.&1 
Sel9f"ltUffl 

Se1er11um 
Coppo, 
Eiernenial Phcsi>f,on,s 

Acodplat,1-
AFM msate 

UnknOWn 
UnknOWn 

Unknown 
Unknown 

0.002 22083 
167 

0.(),1.&17 
0.16E67 

1(),1.&1 
415 

Seieruum Elemental Pholi,t,otus Furnace SC1\lbCer blowdown UnknOWn Unknown 1 17500 17 5 8429 
Seionun Elemonlal Phcll)hot\lS Furnace SCNbOer blowdown FMC, Poca11no 10 0.5 17500 8.75 8429 
Seionrum Eiernenlall'has!lnotlls Fumace SCNbbel' bk,wdown Stau!tar. t.11. Pleasant TN 0.05 17500 0.875 8429 
Selon,um Elemonlal Pn0Sl)n0NS Fumaca SCNbbar blowdown Stau!ter. ML Pleasant TN 0.05 17500 0.875 8429 
Se1enrum Elemenlal Pnospt,oruo Furnace scnJbber blowrfdoM, Unltnown Arner-can Plant Unknown 0.045 17500 0.7875 8429 
Selenium Elemental PhosphoruS Fumace scrubber bloWdown Stauffer. s;- Bow loll 0.045 17500 0.7875 8429 
S.1eruum ElemonlalPnos!lhoNS Fumaca scrubber blowdown UnknOWn Amoncan Pwl1 Unknown 0.0025 17500 0 04375 8429 
Seleruum Ra"' Eal'ltis Process wastewatw f..10,yco<p. l.ollvMlrs co 0.5 117 005833 385 
SeIer11um 
Seren1um 

Rare Earths 
S.Ntn1um 

Process wastewatw 
PtantPlant processprocess wastew1ters___,. 

f..lo/yco<I), LoUVlllfS 
Ci.max Molyt). 

co 
IA 

0.5 
3.6 

117 
550 

0.05833 
1,98 

385 
631 

Se1er11um Selenium AMM, Fon r.ladiscn LA 0.5 550 0.275 631 
Se1eruum Tantalum. Columbium. and Ft1Tocolumb•1.in Process wastewater Unnamed Faciily Unknown 0.01 '375 0 04375 2517 
Seiernum 
~1um 

TitantUm Ind T11an1um D10Xlde 
n,,,..,, and Toan,um D10xodt 

1.Bac:1111qu.,&spongewas/lwater rmet.-
l.Nc:11 hqud & sponge was/I water Unnamed Plant 

NV 

Un-
2.5 

0.01' 
olOOO 
olOOO 

10 
0.056 

23'1 
23'1 

Seienrum Titanium and Titanium Oiolldl Scrap milting scrubber water SCM.Balbmol9 "40 0.5 '2 0 02083 3'0 
Se1en,um Zinc Pr001ss wastewater UnknOWn Un- 100000 99167 9916666.66667 43384 
Selenium Zinc Process wastewater Znc Corp, Banlaville OK 0.5 99167 '958333 43384 
Se1er11um Zinc Process wastl'WIIW Zr,c Corp, "1on1ca PA 1 99167 ,9 58333 43384 
Seien1um Zinc Process wastewater UnknOWn Un- 0.39 99167 38.675 43384 
Se1er11um Znc Process wastewater Znc Cctp, Monaca PA 0.05 99167 •95833 43384 
Selenium Zr,c Process wastewater Znc Corp. Monaca PA 0.05 99167 '-95833 43384 
Selenium Z-nc Process wastewatw Znc Corp, Monaca PA 0.05 99167 ,.95833 43384 
Selenium Zinc Proc8sswutewater Znc eori,. Ban- OK 0.05 99167 '95833 '3384 
Seleruum Znc Process wastewater Znc Corp, BartlesVdle OK 0.05 99167 ,.95833 43384 
Seleruum Zinc Process wastewater Z-r,c Corp, Ba-• OK 0.05 99167 ,.95833 43384 
Sc11en1um Zinc Process-• Znc Ccrp, BartlnYille OK 0.01 99167 0 99167 43384 
Selenium Znc Process-er Un- Un- 0.0025 99167 024792 43384 
Sektn1um Zinc 5-t surface ml)()Undmont I;qu"'5 Bog R..., Zinc IL 11 10500 115 5 5319 
S1Ner 

s-s,_ 
38 Batytlun 

Coppar 
Coppar 

Cnip 11'Ntmllnl --
Acid plant b-
Ac,c!plat,lbloWdown 

One Unnamed Facility 
Vn""""'1 
Un-

UnknoWn 
Un-
Un-

0.04 
12, 

1 

'17 
22083 
22083 

0.01667 
2738.33333 

22.08333 

558 
1(),1.&1 
1(),1.&1 

S1IY8f' Ccpper Ac,c!ptantb- Unknown Unknown 1 22083 22.08333 1(),1.&1 
s,-
s,-
s,-

Copper 
Copper 
Col)per 

Acd plant b-
Ac"'ptantb-
Ac"'ptantb-

Unknown 
Un""""'1 
Unkrown 

Unknown 
UnknoWn 
Un""""'1 

0.5 
0.05 
0.04 

22083 
22083 
22083 

11.04167 
1.10'17 
0.88333 

1(),1.&1 
1(),1.&1 
1(),1.&1 

S.tw,r Copper Acdplanlb- Unkrown Un""""'1 0.03 22083 0.6625 1(),1.&1 

s-
5,-
s,-

Coppar 
Copper 
Copper 

Acd ptant b-
Acdplat,1-
Ac.,plat,1_ 

UnknOWn 
UnknOwn 
Un1en0wn 

Un""""'1 
UnknOWn 
Un""""'1 

0.022 
0.02 
0.01 

22083 
22083 
22083 

0.48583 
O.U167 
0.22083 

1(),1.&1 
104A1 
1(),1.&1 

s,_ 
s,_ 

Copper 
Elernen111 Phosphcrua 

Ac,dptant-
Fumace scrubber -

Un-
Un- American Ptant 

Unknown 
Unknown 

0.0025 
1.6 

22083 
17500 

0.05521 
28. 

1(),1.&1 
8429 

S.tw,r 8-tal Pnosphcrua Fumace ICf"UbbW ~ FMC, Poc:atltlo 10 1.03 17500 18.025 8429 
Silw< EJ-,taJ Pnosl)hc)NS Fumaoe scn.ibber t,lowdoiMI Uni<no'M1 Amoncon Plant UnknoWn o.s 17500 10.5 8429 
Sit,.,e, Elernontal Pncs!>l',on,1 Furnace scrubber blowdOwn Stauffer, Ml Pleasant TN 0.05 17500 0.875 8429 
s,_ Eiemontal Phosl)hc)NS Furnace scrubber b60wdoWl'I Stauffer. Ml Pleasant TN 0.05 17500 0.875 8429 
S.tver Elomen111 PllosDhoruS FumacescrubberblO'#dOWr'I Unknown Amoncan Plant Un- 0.001 17500 0.0175 8429 
s.- El-'IIIPhoo!>hON1 Fumaca scn,bber _, Unknown Amoncan Pwl1 UnknoWn 0.001 17500 0.0175 8429 
s,_ 
s,_ 
s,_ 
Sliver 

Ran, Eartt,s 
RareEarins 
Selenurn 
Titanium and n:anium 0,ox,de 

Process wastewatar MolyCOIP.~ 
Process wast...tar MolycOIP, L...-s 

AM»..FonMadison 
Plant procass ---Leac:111,quld & sponge wast, water romet. Hen-

co 
co 
LA 
NV 

0.5 
0.5 
0.5 
2.5 

117 
117 
550 

olOOO 

0.05833 
0.05833 

0275 
10. 

385 
385 
631 

23"1 
s,-
s,_- Trtamum and Tctan1um OtoXlde 

Trtamum and Titanium Oioxdl 
Zone 

LNct, l;qud & sponge was/I WINI< Unnamed Plant 
Scrap moiling ICNbber water SCM. Baltim0111p,_......,_.., Zinc Corp, Ba-• 

Unknown 
MO 
OK 

0.03' 
0.5 
0.5 

olOOO 
,2 

99167 

0.136 
0.02083 

49.58333 

23"1 
3"0 

'3384 
s.-s.,...,- z.,c 

Z,nc 
Z-r,c 

Procasa-
-wast------

z;,,c Corp, Monaca 
Z-onc Corp, Monaca 
z;,,c Corp, Monaca 

PA 
PA 
PA 

1 
0.05 
0.05 

99167 
99167 
99167 

'9.58333 
,.95833 
,.95833 

43384 
'3384 
'3384 

s.-
s;-
s,-
Sliver 

z.,c 
Zinc 
Zinc 
Zinc 

Procaa-

Procaa-------
Z.incCorp,Mot,eca 
Zinc Ccrp, Ba11lelville 
Znc Corp, Bart!Nwle 
Zr,c Corp, BartlNVllle 

PA 
OK 
OK 
OK-

0.05 
0.05 
0.05 
0.05 

99167 
99167 
99167 
99167 

,.95833 
4.95833 
,.95833 
,.95833 

'3384 
'3384 
'3384 
'3384 

S11...,. 
S1lvet 

Zinc 
Zflc Procaa-w-- Untcncwn 

Zinc Ccrp, Ban- OK- 0.01 
0.0025 

99167 
99167 

0.99167 
024792 

'3384 
'3384 

s,-
si-
Silver 
Thalhum 
Thallium 
Thallium 
Thall,um 
ThaJlium 

28 

Zr,c 
LflC 

Zflc 
8e,yttun 
Coppar 
Coppar 
ElemontalPholc>llon,e 
E_, Pholc>llorue 

UnknoWn 
5-t ounace impcundl'IWII I;qu"'5 Bog R- Znc 
WNTP liqu;«l -tCn,p_,,,,____ ZincCcrpaf-

One Unrwned Feciity 
Acdptant- Unknown 
Acdpiant- Unlcnown 

Untcncwn Amoncan Plant 
Fumaca --FumacalCNbber_, Unknown Amoncan Plant 

IL 
OK-----

0.0015 
1852 

511.2911 
0.002 

2.5 
025 

4,5 
4.5 

99167 
10500 
7250 

417 
22083 
22083 
17500 
17500 

0.1'875 
19"'.6 

,22.5735 
0.00083 

55.20833 
5.52083 

78.75 
78.75 

'3384 
5319 
3850 

5511 
1(),1.&1 
10441 
8429 
8429 

Thallium Elemontal Pllosi,t,cn,a Fumaca..,..___,,_ FMC. Pocatltlo ID 2.5 17500 '3.75 8429 
Thallium Elemontal Phosl)lloNI FumacalCNbber_, Stauffer. Ml Plea-11 TN 0.25 17500 ,.375 8429 
Thathum 
Thallium 

Elemental Pllosi,t,cn,a 
Elarnontal Plloll)l>o,uo 

Furnace--
Fumaca--

Stauff9r, P,lt, PINsanl 
Unknown Amencan Plant 

TN 
~- 0.25 

0.0455 
17500 
17500 

,.375 
0.79625 

8429 
8429 

Thalhum 
Thallium 

Elemontat Phosi:non,a 
Elemontal Pnos;:norua 

Furnace SCNbbet ~ 
Fu.macascnll>Cer_,--- Untcncwn Amencan Pwl1 

FMC, Pocatello ID 
0.045 
0.04 

17500 
17500 

0.7875 
0.7 

8429 
8429 

Thalhum 
ThaJ1rum 
Thaffoum 
Thallium 
Thalllum 
Than,um 
Thallium 
ThaJhum 
Thanrum 

RaAIEarihs 
Rarllea,,t,s-...n,,,.,m and ran;um Oioxxie 
r-oum and rican;um Oioxxie 
ruruum and ricanun Oioxxie 
Z,,c 
z,,c 
Znc 

Mcrycorp. l.o\MerS 
Procell wast- t.lolycorp, Louv,ers 

AMAX.Fortl,led...,PIIIII--l.Nc:lltiquld&,c,ongewu/1-.Trne<.-
l.Nc:11 ~ & sponge WUh •w UMamed Plant 

SCM. Baaim0111
Scrap mir.,g - - Znc Ccrp, Bal1-
Procea wast-- Znc Ccrp, Ban----
Process wast- Znc:Ccrp,f..lonloa---

co 
co 
LA 
IN 
~ 

"10 
OK 
OK 
PA 

2.5 
2.5 
2.5 

12.5 
2.4 
2.5 

3.59 
2.5 

3 

117 
117 
550 

olOOO 
olOOO 

'2 
99167 
99167 
99167 

029167 
0.29167 

1.375 
50. 
9.6 

010'17 
356.00833 
2,191667 
2,191667 

385 
385 
631 

23'1 
23"1 
3'0 

'3384 
'3384 
'3384 

Thart,um Z,,c Znc Corp, Monaca PA 0.25 99167 2,.79167 '3384 
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Thallium z.,c Process wastlWltar Zinc Ccr!>. Monaca PA 025 99167 2• 79167 '338, 
Thallrum 2"'c Process wastewater Zinc Ccr!,. Monaca PA 0.25 99167 2•.79167 '338-
Thallium z.,c Process wastlWlt• Z.inc Ccr!>. BanlllMle OK 025 99167 24.79167 '338-
Thallium Zinc Process wutlWlt• Zinc Co<!>. Banlesvtlt OK 025 99167 24 79167 '338< 
Tha.lhum z.,c Process wastewat• UnknOwn Unlcnown 0.17 99167 16 85833 '338-
Thallium z.,c Process wastewater UnknOwn Un!cnown 0.05 99167 4.95833 '338-
Thalhum z.,c Process wastewater Zinc Co<i>. ean1esvit1e OK 0.024 99167 2.38 '338-
Vanadii.rn 27 COl)l)et Acidptan1- UnknOWn Unmown 2.n 22083 60 06667 104,<. 
Vanadium Copger Ac,dplan1_, Unlcn()Ollllffl UnknOwn 0.05 22083 1.10'17 1ou· 
Vanadium Elemental P~ Fumaco SCNl>bet blowdown Un"'1own Amenc:an Plan1 Unlcnown 710 17500 12425. 8'2, 
Vanada.m Elemental P~ Fumace scrubbet blewdown Unknown Alftancan ?\ant Unlcnown 35 17500 612.5 8'2, 
Vanadium Elemental PhoSpl\oNS Fumace SCt\lbber bk>wdo'Mi Un"'1own Amenc:an Plant UnJcnown 1.5 17500 2625 8'2, 
Van.aeln.m Elemental PhoSpnorus Fumace SCNbber blowClown FMC. Poca1en0 ID 1.27 17500 22.225 8'2, 
Vanadil.l'n Elemef"ltal Phosphorus Fumace scrubt>er b6owt1c:nrlln FMC, Pocatello ID 0.8 17500 1,. 8'2, 
vanaa...-n Elemental Phosphorus Fumaoe scrubber btowdl:>-M'I Stauffor. Silver Bow MT 0.53 17500 9.275 8'2, 
Vanaon,n Elemental P!ios;:t,orus Fumaco SCtullCef blowdown Stau!te<, t.lt. Pleasant TN 0.05 17500 0.875 8'2, 

Vanadit.rn Elemental Pt,osi,horus Fumace ..- blowdown SlluffW<, t.ll. PINSlnl TN 0.05 17500 0.875 8'2S 
Vanadii.rn Elemental PhoSpnorus FumacescruteerbkJwdown Un"'1own Amenc:an Plant UnknOWn 0.015 17500 02625 ~ 
Vanadii.rn Rare Eanl,s Process wastewat• t,!olyoorp,l.o<Me<I co 0.5 117 0.05833 38! 
Va.'\ldii..tn Rare Ear11>s Process wastewater t.lo/yco!I), l.o<Me<1 co 0.5 117 0 05833 38! 
Vanadu,.m S.1er11um Plamp~wut9WllerS AMAA. For! MldiSC<l IA 0.5 550 0275 63' 
Vllt\Odium r,w,ium and T<tanrum O,cnodo Lead1 liQuid & spo,,90 wasn water rmot Kendlr9on NV 2.5 '000 10. 234, 
Vanadn.m 

Yanadil.lT'I 
Titanium and Trtanium OtoxJde 
Zinc 

Scn,p m~l-tlg sc~r watar

~--1• 
SCM.Ballmor9 
Zinc Ccr!,. BanlesYlile 

MD 
OK 

1.51 
0.5 

42 
99167 

0.06292 
'9.58333 

34( 

4338< 
Vanadium Zinc Process wastewat• Zinc Cotp, Monaco PA 1 99167 '9.58333 4338< 
Vanadil.l'n Z.,c Process wutewats Zinc Cotp, Monaca PA 0.05 99167 4.95833 4338< 
Vanadn.m Zinc Process WUl-lor Zinc Cotp, Mor1aca PA 0.05 99167 •.95833 4338< 
Vanaduffl 
Vanadil.l'n 
Vanadoi.rn 

Zinc 
Zinc 
Zinc 

Process wastewater Process--Process wastewater 

Zinc Cotp. Monaca 
Zinc Cori,, 8art1esv,lle 
Zinc Co<!,, Banlesville 

PA 
OK 
OK 

0.05 
o.c:: 
0.05 

99167 
99167 
99167 

•.95833 
4 95833 
•.95833 

43384 
43384 
4338< 

Vanadii.rn Zinc Process wastewater Zinc Cori>. Ban1esw1e OK 0.05 99167 •.95833 4338< 
Vanadit.m Lnc PrOOISI WUll'Wlt• Zinc Cori,, BanlNville OK 0.03 99167 2.975 4338< 
Vanadii.rn znc Process WUl-or Un- Unlcnown 0.005 99187 0.49583 4338< 
Vanadit.m Zinc Proots1 WUIIWlt.,- UnknOwn Un"'1own 0.005 99167 0.495113 43384 
Zinc 82 Be<y1hum C,,ip l!'Nlmanl wast-ter Ono Umamod Fac:ilily Unlcnown 7.2 417 3. 55c 
Zinc Copper Acidplant- Un- Unknown 10000 22083 220833.33333 104,<, 

Zinc Copper Ac,dplant- UnknOwn Unlcnown 9200 22083 203166.66U7 104,<1 
Zinc Coopo, Acodplanl- UnknOwn UrilenOWn 2030 22083 "'829.16667 1ou, 
Zinc Copper Acodplan1- Unknown Unlcnown 856 22083 18903.33333 104,<' 
Z,,,c Copper Acodplant- UnJcnowr, Unlcnown 115 22083 2539.58333 104,<, 

Z'onc Coopo, Acodplant- UnknOwn Unlcnown 100 22083 2208.33333 104,<1 
Zinc COPOOI' Acdplant- Unlcnowr1 Unlcnown 91.13 22083 2012."5'17 104,<1 
Zinc Coopo, Ac,dplant- Unknown Unlcnown 732 22083 1616.5 , 04A ~ 

Zinc Coopo, Acodl)lantb_, UnknOwn Unlcnown 51 22083 112625 104,<1 

Zinc 
Zinc 
Zinc 

Coopo, 
COPOOI' 
Copper 

Acid plant blQWdown 
Acodl)llnl-
Ac,dplant-

Unkn0wn 
Unl<n0wn 
Unilrl0M1 

Unknown 
UnknOwn 
UnknOWn 

"8.2 
7.79 

5.7 

22083 
22083 
22083 

1064.41667 
1n.02911 

125.875 

104,<'
,°"' ~ 
104,&1 

Zinc 
Z.,c 

Coopo, 
Elemema! Ph0Sllh0Ns 

Acodl)lant-
Fumac:e scrubber~ 

Unl<n0wn 
FI.IC.Pocat811o 

Un-
ID 

5.1 
211 

22083 
17500 

112.625 

~5 

104,&1 
8,429 

Zinc E-Ph-• FumacelCNl>bo<- FMC. Poca1811o ID 196 17500 3430. 8429 
r111c 8-lal Phosi,hon,s Furnace scrubbet blowdioWl"I FMC, Pocatelo 10 160 17500 2800. 8429 
z-.,c ElemontaJ Phospt,orus Fumacescruboert>'owdOwr'I Unlcn0wr1M>oncanl'lant Unlcnown 130 17500 2275. 8429 
Zinc 
Zinc 
Zinc 

ElornontaJ P'10Sllh0Ns 
Elemema! Phosphorus 
El..-tal Phospt,orus 

FumacelCNllbo<-

Fumace SCN- -
Fumace scn,bber blow00wn 

Unknown Amoncan Plant 
Unlcn0wr1 Amoncan Plant 
Fl.IC, Pocalolo 

UnknOwn 
Unknown 
10 

77 
gg 
50 

17500 
17500 
17500 

1347.5 
1207.5 

,875. 

8429 
8429 
8429 

Zinc ElomontaJ Phospl>ONI Furnace ICNbbllf ~ Monsanto, Soda Spmgo ID 47 17500 822.5 8429 
Zinc 
Zinc 

EJ.,,_ta,Pnooc,norus 
Elomenlal Phospl>ONI 

Fumaca scrllbCer -
Fumaca..,,,__ 

Slllutter. Ml Plouant 
Slautter. Si'- Bow 

TN 
MT 

3.!M 
3.!M 

17500 
17500 

68.95 
68.95 

8429 
8429 

Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Z'onc 

E!..-1&1 PhOSpha\11 
ElomontaJ Pholpt,orus 
Rare Ear11ls 
Rare Ea,,,,. 

r,w,un and r,w,,um OiolOdo -r,w,un and r,w,rurn OiolOdo 
Trtanium and ranun OiolOdo 
Zinc 
Zinc 
Zinc 

Fumace-- Sllluffe<.MI.Ploesan! 
FumacelCNllbo<-

Unlcn0wn - Plant
t,!olyoorp, l0uYiore 
Mo/yco!I), L---~p,oceaWUI- ~ For! Madison --

Load1 liquid•-- wa1or T,not. -
Load1 IIQUOCI & - - wal01' Urwwnod Plant 
Sc:tapmlili>g....-- SCM,6allimcn 

u-
u--- Zonc Cotp. BanlOIViile ------

TN 
Unl<n0Wn 
co 
co 
IA 
NV 
:Jn-
t.lD 
Unknown 
Unknown 
OK 

1.38 
0.023 
1•2 
1.911 
0.5 
2.5 

0.5' 
0.5 

60000 
25000 
20100 

17500 24,15 
17500 0.4025 

117 1.65667 
117 0231 
550 0275 

'000 10. 
'000 2.16 

42 0.02083 
99167 5950000. 
99167 2479166.66667 
99167 1993250. 

8429 
8429 

385 
385 
53, 

2341 
2341 

34C 
43384 
43384 
43384 

2"'c 
Zinc 
rmc 
Z111c 
Z-mc 
Z'mc 

Zinc 
z.,,c 
Z,nc 
Zinc 
Z,,,c 
rinc 

Procea-------------
~ 
Zinc Corp, Monaca 
Jersey 1,1-,-. Clarklwle 
Unl<n0wn 
JorMy-. Clatlcmle 
Unl<n0wn 

UnknOwn 
PA 
TN 
Unkr1oM1 
TN 
Unkr1oM1 

11000 
10.200 

6000 
'900 
28'0 
2430 

99167 
99167 
99187 
99187 
99187 
99167 

1090833.33333 
1011500. 

595000. 
"85916.66667 
291633.33333 

240975. 

43384 
43384 
43384 
43384 
43384 
43384 

Z,,,c 
Zinc 
Z'inc 

:z.nc 
z.,c 
Zinc 

Procoa-------
Zinc Co<!>. ea,,-
u-
u-

OK 
Unkr1oM1 
Urw,own 

1800 
1130 
8'0 

99187 
99167 
99167 

158666.66667 
112058.33333 
~-66667 

43384 
43384 
4338,l 

Zinc 
Zone 
Zinc 
Z.,c 
z.,c 
Zinc 
Zinc 
Zinc 
Zinc 
z.,c 
Zinc 
Zinc 

Zinc 
Zmc 
Z-inc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
,.,c 
Zinc 
Z-,nc 
Zinc 

Procoa------------p---p--
Proceu wut...w 
Procea------

ZincCo<i>.-
u-
Zinc Corp. Senlelvilo 
UnknoWn 

u-
u-
UnknoWn 
Zinc Cori,. Mcnacl 
Big R...,. Zinc 
Zinc Co<!,, Mcnacl 
ZincCotp,Mot\aca 
Zinc:Cc<p.-

OK 
Unllnown 
OK 
Unllnown 
Urw,own 
Urw,own 
Unllnown 
PA 
IL 
PA 
PA 
OK 

410 
14'2 
91.8 

87 
50 
50 
50 

31.9 
20 

14.4 
10.9 
8.37 

99117 
99117 
99167 · 
99117 
99117 
99167 
99117 
99117 
99167 
99167 
99167 
99187 

40658.33333 
1'299.83333 

9103.5 
8627.5 

4958.33333 
4958.33333 
4958.33333 
3163.41667 
1983.33333 

1428. 
1080.91667 
631.119167 

43384 
43384 
43384 
43384 
43384 
43384 
43384 
43384 
43384 
43384 
43384 
43384 

April 15. 1997 



.H3 

Znc Zinc Procesa wutewat• Un""°"" U,,knOWn 3 99167 297.5 
Znc Zinc Spent surtact rnpoundment liQuicls:zi,,c Corp ol America. Mor,aca PA 800000 10500 !MOOOOO. 5319 
Znc Zinc Spent sur1ace rnpounem.,1 liQuldl z:r,,; Corp ol America. >.lcnaca PA 650000 10500 6825000. -

531'3 
Zinc Z.nc $Qen1 surface fflpoundml<ll hquoCIS Big River z:r,,; IL 589000 10500 618'500. 5319 
Zinc Zinc SQen, surface ompounem.,1 hquoCIS Z-nc Corp of Atnarica. Monaca PA 500000 10500 S250000. 5319 
Zone Z•nc Spent surface ompcuna,,..,1 hquodS z:r,,; Corp ol Atnanca, Monaca PA 300000 10500 3150000. 5319 
z,nc Zinc Spent surface rnpcune1m.-,1 liQuodS Bl!l RMI• Zinc IL 52000 10500 546000. S319 
Zone Zinc Spent surface rnpo..,a,,.-,1 hquodS z:r,,; Corp of Amanca. Mor,aca PA 10000 10500 105000. S319 
Zr,c Zinc Spent surface mpo.....c:r,,ent ltQUlds Jersey M1nl9f9 TN 6100 10500 64050. ,_ 5319 
Z,nc Zin: SQent sutfa01 fTIPQUn<Jrnent liquids Jersey Min..,. TN ~ 10500 35700, S319 
Zinc Zin: Spent surfaco rnpoundm.,t l,quoCIS Zinc Corp ol Atnenca OK 2430 10500 2S515. 5319 
Zinc Zinc Spent surface rnpoun0mon1 hquodS Zinc Corp ol Atnenca OK 10500 ,,100. 5319 
Zr,c Zinc Spent surface rnpounement liquoCIS Zinc Corp ol Arnenca OK ,.coo 10500 ,,100. 5319 
Zinc Zinc $1)8111 sur1ace rnpounem.,t liquoCIS Z-r,c Corp ol Atnenca OK 1130 t0500 tt865. 5319 
Zinc Zinc SQen1 surface rnpcundmonl liquodS Zinc Corp ol Atnenca OK 890 10500 9345. 5319 
Zinc Zinc $pant surlaco rnpoundmenl liquids Big RMlr Zinc IL 712 10500 7476. 5319 
Z:.nc Zinc SP""! surlace impounan.,l liquoCIS Big River z:r,,; IL 200 10500 2100. 5319 
Z,nc Z:nc Spent surface impounclm.,1 liQuids z:r,,; Corp ol Atnenca. Monaca PA 50 10500 525. 5319 
Z1nc Zinc Spent surtact rnpounement liquodS Zinc Corp ol Atnanca Monaca PA 50 10500 525. 5319 
Zinc Zinc Spent surtact rnpounem.,1 liquodS Zinc Corp of Amenca OK 19.3 10500 20265 5319 
Zinc Zinc Spent surfaoa rnpoonan.-,t l,quodS z:r,,; Corp ol "'-1Ca OK 19.3 10500 202.65 5319 
Zinc Zone $1)8111 surtact rnpoundm.,I l,quldl z:r,,; Corp of Atnanca. Monaca PA 10 10500 105. 5319 
z,nc Zinc SQenl surface impounem.-,t hquodS z:r,,; Corp of "'-1Ca, >.lcnaca PA 0.8 10500 8.• 5319 
Lnc Zinc WWTP l<!Uid oftlu_,t z:r,,; Corp ot Atnanca OK 450000 7250 3262500. 3850 
Zinc Zinc WWTP l<iutd affluent JerwyMlnier9 TN 2000 7250 1'500. 3850 
Z,nc Z.nc WWTP l(luid affluent Lnc Corp ol Atnanca OK 20 7250 145. 3850 

EP Analysis Samples. Nonwastewatefs. 

Laacllal>le 
Caistituant Constituent 

Numl:>lf of - Concent!'lli0n 
in Laacllate 

Votumeof 
WilSte Pila 

Mus per 
Wasta Pda 

Area ot 
Waste P,11 

Caistrtuents Oatectms Commodity WastaStrum Facility ldan!Jfier (m;,'I) (m') (kg) (m') 
(1) (5) 

Antfflony , Al,JfflN and Alurnnt.m Cast house dust Facilities$urwy9d IJnlcr,c)wn 0.'2 107 1.2198< 10£ 
Arsen,c 3 Alumina and Aluminum Cast house dust Faallt19S Survey9(1 u- 0.001 107 0.0029 10£ 
Arsen,c 
Arsen,c 
eanu,,- 3 

Ma~urn and MagleSll fTffll !Imes 
Magnea,um and MlgneSll m,m !Imes 
AlumN and Aksnll"I~ 

Smut 
Smut 
Cast houSl dust 

Unknown Atnaran Plant 
Unknown Atnlricon Plant 
Facilitl9SSu~ 

Unl<nOwn 
IJnlcr,c)wn 

IJnlcr,c)wn 

0.65o., 
0.28 

1671 
t671 
107 

29.56881 
,.5'905 
0.81323 

67! 
67! 
1~ 

ea,.,,, Magnesium and Maglasia"""' -
Ma~um and Magneaia m,m !Imes 

Smut 
Smut 

UnJu,own Atnaricorl Plant 
Unknown Atn-,car, Plant 

Ur4cnown 
~ 

1'9,,.9 1671 
1671 

6778 08037 
6TT.8080' 

67! 
67! 

C-iurn 3 Alumna and Ak.ml'lt.m Cast house dust FacilitiasS~ IJnlcr,c)wn 3.5 t07 10.16537 1~ 
C-,,um MtgnOSIUffl and MagneSll m,m Bmas Smut U,,known Atnaran Plant IJnlcr,c)wn 0.027 t671 1.22824 67f 
Ctan,um MagnltSIUffl and Magnesia m,m Bmn Smut UnknOWn Atnlricon Plant ~ 0.01 1671 9.'549 67! 
Chr0m1um 3 Alumna and AJurnnum Cast house dust Faalrtias Surwyed u.- o.oas 107 0.2'978 10{ 
cnrom,um Ma~um and MlgnHll m,m Bmes Smut Un""°"" Amoricln Plant Unl<nOwn 0.05' 1671 2.45649 67! 
Clm>mrum Magnesium and Magnew m,m 8ninet Smut UnknOWn American Plant u- 0.023 1671 1.C),628 67( 
laid 3 Alumna and Aluminum Cut house dust Facilit19S Survey9(1 IJnlcr,c)wn 0.02, 107 0.06971 1~ 
Lead Magnes,um and Magnes,a m,m Bmaa Smut Unknown Atnaricorl Plant IJnlcr,c)wn 3.6' 1671 165.58532 67! 
laid MlgnMIUffl and MagleSll m,m 8mes Smut Unknown Atnaran Plant ~ 0.°"3 1571 1.95609 67! 
Mor.:u,y 3 Alumina and Alumnum CUI house dust Faalitl9S Survey9(1 UnknoM, 0.8' 107 2.43969 1~ 
Mo""'ry 
Moreury 
N1Ckel , 

Magnes,um and Magnes,a m,m !Imes 
Magnes,um and MlgMSll m,m 8mN 
Aluml'la and ~r,um 

Smut 
Smut 
CUI house dust 

l,Jnla,own Atnancan Plant 
Unknown ,.,,,..,.,, Plant 
Facikt• Survey9(1 

IJnlcr,c)wn 

UnknoM, 

~ 

0.001 
0.0008 

0.1, 

1671 
1671 
107 

0.°'5'9 
0.03639 
2,1'925 

67! 
67! 
10f 

Se!an,um 
SelanlUffl 

Silver --S,tver 

3 

3 

Alumna and ~11um 
Magnesium and Magneaia m,m Bm• 
Magnes,urn and MagnNa"""' -
Alumna and Alumnum 
Magnesium and Magnesia m,m Bmlll 

CasthouMmllt 
Smut 
Smut 
Cut-dust 
Smut 

Facilrtias Surwyed 
U,,known Atnaran Plant 
Un-. Amaran Plant 
Faalit19S Su~ 
Unknown ,.,,,..,.,, Plant 

u-
u.-
u-
u-
u-

0.001 
0.018 
0.013 
0.15o.,, 

107 
1671 
1671 

107 
1671 

0.0029 
0.72785 
0.59138 
0.'3566 
6.36857 

10{ 
67! 
67! 
10t 
67! 

Silver Magnea,um and MlgMSll m,m Bmlll Smut U,,knQWn Atnlricon Plant UnknoM, 0.05 1671 2.27'52 67! 
Zinc 3 Alumina and AluminU'n Cul-dust Faalities Su~ u- 0.58 107 1,61M55 10! 
Znc Magnnrum and Ma!,llllll m,m Bmlll Smut Unknown Atnlricon Plant IJnlcr,c)wn 0.89 1671 31.38843 67! 
Zinc Magnesium and Magnaall m,m Bmlll Smut 

Unknown - Plant u.- 0.02 1671 0.9091!1 67! 

EP Analysla SampleL W-and Liquid Non=-•-

Laac:lllbll 
Const._,, Volume ol Ccnst,n,ent Areaol 

CcncentrabOl'I Sur1101 Mass in Surfacl Sur1ace 
Numtle<ol r,LlacNta Im~ l~Ol'lt 1mpcxr,-. 

Constrtuents Oatac:ticnS Conwnodrty Wasta~ Facilityldar°lt1fier Statol (m;II) (m') (kg) (m') 
(3) (8) 

Antimony 25 ec- Acidplanl- Cyprus. Clay Pool AZ 5 22083 215.3125 ,°"' 
Antimony ec- Acidpllnt- -~C-,ycn UT 0.1611 22083 7.23'5 1°"' 
Antrnony Elem.u! Phoopt,or\11 AFM,,,,_ ~ u- 0.2 167 0.065 

Antrnony E!em.,talPhosl)hONl ~ Unkncoon 1.8 17500 5'-8 842" Furnace SCNl>l)er -
Antimony Elemental PhoaQl,orus Furnace lCNbOer blo- UnlcnOwn Unlcn0wn 1.17 17500 39.!12625 8'2 

Antimony FumacolCflllJbar- ~ u.- 0.,1 17500 ,e.03875 842 
Antimony - Pholl,l,orus FumacolCNl)l)or- ~ Unknown 0.18 17500 5.'6 842 

-Antrnony Eltm.u! Pholl,l,orusPholl,l,orus Fumace-- ~ u- 0.18 17500 5.'6 842 

-ony Elemental Phas;l,on,s Fumaoa..,,.__ 1Jnkr,c-, u- 0.05 17500 1.70625 8'2 

Antimony e1om.-,ta1""""""°" FumacoSCNCCe<- Unkncwl Un""°"" 0.05 17500 1.70625 842 
0.5 117 0.11375 38 

Antlmony Rara Eanl,1 Pn>c:Nawut- ~ Unknown 0.5 117 0.11375 38
-ony RaraEant,s Procea wast-• u- u-
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N'lt1mony 
Antimony 

~,wEar".t,s 
~,. ea,,,,, ~ .....-

Process wast-tar 
Unknown 
Un-

Un-
Un-

0.5 
0.5 

117 
117 

0.11375 
0.11375 

38! 
38.! 

Nmmony 
Antimony 

~,. ea,,,,, 
~,. Eanns 

Proc:esa wuiewat• 
Process wast-ter 

UnlenOWn 
UnlenOWn 

UnlcnOWn 
Unlmown 

0.5 
0.5 

117 
117 

0.11375 
0.11375 

38! 
38: 

Antimony Seren,um Piattt l)IOCeSS wast..,ato,s Untcnown Unknown 0.5 550 0.53625 63'. 
Antlmony Se1an,um Plant l)IOCeSS wast-1"1 UnlenOWn Unknown 0.5 550 0.53625 631 
M11mony S.1er11um Plant process wa.stewaters Zinc Corp of Amenca. Monaca PA 0.5 550 0.53625 63: 
Ant,mony Tantalum. Cotl.l'nblum. and FlfflX'OtumbrurT Process wastewater UnlcnOWn Unknown 0.224 4375 1.911 251? 
Arlttmony Taritaium. Columb1um, and F1tTOCOfumb1u1T Process wastewat• Unknown Unknown 0.05 4375 0 42656 25,; 
Antm,c,,,y Tantalum, Colt..l'Tltuum. and Ferrooolumbruf'! Proc.ss wastewatw Un""°"" Unknown 0.05 4375 0.42656 25F 
Antimony Tartalum. Columb•um. and Ferrocotumb1ur, ?roeess wastewater Un""°"" Unknow,, 0.05 4375 0.42656 2517 
N'lhmony Tar.talum. Coaumbium. and Fer,ocolumtnun Process wastewater Un""°"" Unknown 0.05 4375 0.42656 2517 
Antimony Tar.tatum. Columb1um. and F9nocotumt11un Process wastewater Unknown Unlcnown 0.05 4375 042656 2510 
Atsen1c 49 Coc,per Acodplant- MagmL San Manuel AZ. 12800 22083 551200. 104'" 
Atsen,c Copper Acodplant- CBI CBI 193 22083 8311 0625 104'1 
Arsen,c Copper Acid plant bioWdDWn CBI CBI 126 22083 5425.875 104'1 
Atsenoc Coc,per Acodplant- Kennecott. Btng!,am ~ I.IT 32.8 22083 1412.45 104'" 
Atsenoc Copper Acidplanl- Kannecctt. Bingham Canyon I.IT 3U 22083 1339.24375 1()4', 
Arsenic Copper Acodplant- MagmL San Manuel AZ. 29.9 22083 1287.56875 104''. 
Arsenic 

"""""' 
Copper 

COP09< 
Acodplant-
Acodplant-

CBI 
CBI 

CBI 
CBI 

21.6 ,.., 22083 
22083 

930.15 
607 18125 

104'1 
104'' 

Arsenic CoPl)91 Acidplant- MagmL San Manuel AZ. 11.2 22083 482.3 1()4''. 
Arsenic Copper Acidplanl- CyPNS. Clay Pool AZ. 5 22083 215.3125 104'1 
Arsenic Copper Acid plant bioWdDWn CBI CBI 0.19 22083 8.18188 104,4• 
Arsenic Copper Acidplant- CBI CBI 0.18 22083 7 75125 104,4, 
Arwnoc Copper Acodplant- MlgmL San Manuel AZ. 0.05 22083 2.15313 11)4.4' 
Arsenic Copper Acid plant- Magma,SanMlanuel AZ. 0.05 22083 2.15313 104,4•. 
Arsenic 
Atsenoe 

Copper 
Elemental Phosphorus 

AcidpiaOt-
AFM,..,..,e 

MagmL San Mlanl,ol 

Un""°"" 
AZ. 
UnlenOWn 

0.04 
0.14 

22083 
167 

1.7225 
00455 

104,4•,,~ 
Atsenoc Elemenllll F'!,OSl)l,onJS Furnace scrubber blawdoWn Unknown Unkrown 0.543 17500 18.52988 8429 
Atsen,c Elemental PhOSphONs Fumace scrubl>e<' blOwdOwn Un""°"" Unkrown 0.15 17500 5.11875 8425 
Arwn,c 
Atsenoc 

Elemenllll PhOSpnorus 
Elemental PhOSl)nOtUS 

Fumace ICnlbber -
Furnace scrubbe< -

Unknown 
Untcnown 

Unkrown 
Unkrown 

0.0619 
0.05 

17500 
17500 

2.112:i.o 
1.70625 

84~ 
84~ 

Arwnoc Elemental PhOSl)horus Fumace scn,bt>er blowdewn Unl<nOWn Unlcnown 0.05 17500 1.70625 84~ 
Atsenoc Elomenllll Phosl)horuS Fumace scru:bbef blowdown Untcnown UnkTown 0.00125 17500 004256 842f 
MenlC Ra,wEattns Process wastewat• Un- Unknown ,.97 117 1.13068 38i 

"""""' Ra,w Earths Process wastr,,ater Unknown Unkrown 1.1 117 0.25025 38: 
Atsen,c 
Arsenic 

Ra111Eanna 
~111- Prc,cess ---Process wastew1t1t~--- Un-

Unlmown 
Unkrown 
Unkrown 

0.945 
0.5 

117 
117 

0.21'99 
0.11375 

38~ 
38.! 

MenlC Rarw Earths Un- Unkrown 0.5 117 o. 11375 38.! 
Arsenic RarwEattlls Proc:ass wastewater Un- Unkncwn 0.5 117 0.11375 38: 
Atsenoc 
Arsenic 

Seienoum 
Solenoum 

PIWI! prooess ~Plant l)l0CeSS _,.. Un-
Un""°"" 

Unkrown 
l/nl<nOwn 

0.5 
0.5 

550 
550 

0.53625 
0.53625 

63' 
63' 

MenlC Tanllllum. Columblllm. and Fem,oolumciur ~wast-ts Un- l/nl<nOwn 0.5 4375 4.26563 251, 
Arsenic 
-IC-ICArsenoe 

Tantalum, Columbium, and Fem,oolumbiul'I Process wa•-t• 
TanllllUm, Columbium, and Femooolumbourr ~ ,...._.., 
Tantalum. Columbun. and Fem:oeolumbiuff ~ Mltewtter 
Tantalum. ColurnboJm, and Femooolumbiun Process wast-* 

Zinc Co,p of Amenta. Monica PA 
Unknown Unkncwn 
Unknewn Unkrown 
Unknewn Unknown 

0.5 
0.15 

0.132 
0.05 

4375 
4375 
4375 
4375 

,.26563 
1.27969 
1.12613 
0.42656 

251; 
251; 
251' 
251C 

MenlC Tantalum. Columbun. and Ftrrocolumoiun Proclsl wastewater Un- Unl<ra#n 0.05 4375 0.42656 251; 
A,...,IC Tanmlum, ColumbMn. and Fenoc:cluml>iun PrclCess wast-ter Un- Unkrown 0.05 4375 0.,2656 251; 
Arsenic Tantalum, Columblum. and Fenoc:clumbiun Pr<X»SS wast-ter Unlmown Unknown 0.05 4375 0.42656 251; 
Arsenic Tantalum. Columboum, and Fenoc:clumbNIT Process wast-I• Un""°"" Unknown 0.05 4375 0.42656 2517 
A,...,IC Tantalum, Coiumbun. and FtrTOOOlumt,aur, Procesl wast.,..t., Unlmown Unkrown 0.05 4375 0.42656 2517 
A,...,IC Tantalum. COlumt>un, and F•rTocolumbturf Proc:eSI waslewat• ,\Mf,J/., East St i..ouls IL 0.05 4375 0.42656 2517 
Arsenic 
Ars.,c 
Arsenic 

Tanlllllim. Coiumblllm, and Fem,oolumcil.wT Process -- Unnamed Plant 
,,w,,... and ritanoYm [);oxide Leach~ & - wun ,..,_ Unl<nOWn 
T',w,oum and Totan,um DtolaOe L.eacnliQuid&spangewun_ Un_ 

Unkrown 
Unkrown 
Unkrown 

0.027 
0.01 
0.01 

4375 
4000 
4000 

0.23034 
0.078 
0.078 

251i 
23"0' 
23"0' 

A,...,IC 
Arsenic 
Arsenic 
-IC 

T'rtanil.m and ,,w,,um C);oxde 

Trtanium and Titanium O.oxidlt 
T'rtan..,, and T'olan,um Otoxxle 
Titanium and Tun,um Dioxide 

Leach lq.,id & - wun wat• Unnamed Plant 
Leach lqu,d & - WUlt war. Unnamed Plant 
Leach l,qu,d & - ,..1/1 - Unlmown 
Scrap milslg sc..- watar Un-

UnknOWn 
Unkrown 
Unkrown 
Unkrown 

0.005 
0.003 
0.002 

0.02 

4000 
4000 
4000 

42 

0039 
0.0234 
0.0156 

0.00163 

23"0' 
23'' 
234' 

34: 
Arsenic 
Ban..., 
Batun- 51 

Trtanrum and Tun1um OiOlDde 
Cq,pe< 
Cq,pe< 

5craP milling SCNbbef -
Acodl)llt,t-
Acidl)llt,t-

Unlmown 
CBI 
CBI 

UnknoWn 
CBI 
CBI 

0.0125 
10.9 

9.8 

42 
22083 
22083 

0.00102 
-.38125 

413., 

:i,o: 
1()4'' 
104'. 

ear;..., 
ear;..., 

Cq,pe< 
Cq,pe< 
Cq,pe< 

Acidl)llt,t-
Acodplanl-
Acodplanl-

Cyprus. Clay Pool 
Magma.San-
Magma.San-

AZ. 
~ 
AZ. 

5 
5 
5 

22083 
22083 
22083 

215.3125 
215.3125 
215.3125 

104'' 
104'' 
1()4'. 

Ban..., 
ear;..., 
Banum 
Bam,n 

Cq,pe< 
Cq,pe< 
Cq,pe< 
Cq,pe< 

Acidplanl-
Acidplanl-
Acidplanl-
Ac,dplanl-

CBI 
Magma.San-
CBI 
CBI 

CBI 
AZ. 
CBI 
CBI 

o.a 
o., 
o., 
0.3 

22083 
22083 
22083 
22083 

J.US 
17.225 
17.225 

12.91875 

11)4,4' 
1()4'' 
11)4.4. 
11)4.4. 

Ban..., Cq,pe< Acidplanl- ~-San- AZ. 0.2 22083 8.8125 104'' 
ear;..., Cq,pe< Acidplanl- CBI CBI 0.2 22083 8.8125 104'' 
Ban..., 
Bamrn 

Cq,pe< 
Cq,pe< 

Ac<lplanl-
Acidplanl-

KeMec:oll. B;ng,am canyon 
Megna. San Manuel 

I.IT 
AZ. 

0.138 
0.1 

22083 
22083 

5.8565 
,.30625 

104' 
104' 

Barn.en 
ear;...,-- Cq,pe< 

Cq,pe< 
EJ-Phosl)n()nll 
El.._,.,1 Phosl)horuS 

Acodplanl-
Acodplanl-
AFMmSlle 
Fu,,,_IICNblle<_ 

Kennec:on.a.,~~ 
Magna.San-
Unkrown 
Unkrown 

I.IT 
AZ. 
Un-
Un_, 

o.os 
0.05 

. 1 

1.2 

22083 
22083 

167 
17500 

2.15313 
2.15313 

0.325 
40.95 

11)4.4 
1044 

41: 
84:!' 

Ban..., 
ear;..., 
ear;..., 

El- Phosphorus 
El-~ 
Eh1nwn&1 Phol;t,ONI 

Fumece SCNl>Oet -
FumecelCNt>be<-Fu,,,_ __ 

Unkrown 
I.M1-
Un-

Un-
Un-
Un-

1 
o.a1 
0.25 

17500 
17500 
17500 

3,0.125 
27.6'125 

8.53125 

8'2 
84:! 
84:!' 

ear;..., Elememal Ptloal,hon,s Fu,,,_ICNt>be<_ Unkrown Un- 0.2 17500 5.825 8'2 
Barn.en 
Ban..., 

E-1 Phospt,ONS 
Elemenllll Phosl)h0NI 

Fu,,,_ICNt>be<_ 
Fumace ICfUbOW ~-- u,,i,nown 

unknown 
Unl<nOWn 
UnknoWn 

0.05 
o.os 

17500 
17500 

1.70625 
1.70625 

8'2 
8'2 

Ban..., 
ear;..,, 

Rare Eattlls 
Rare Eanni p,__-- unknown 

Unnamed Plant 
Unknewn 
Unknewn 

10 
6 

117 
117 

2.275 
1.365 

38 
38 

Ban..., 
ear;..., 

Rare Eanns 
Rare Eanni Process-~- lJnknown 

UMameodPlal1 
Un-
Un_, 

5 
3.7 

117 
117 

1.1375 
0.84175 

38 
38 

Ban..., Rare Eanni lJnknown lJnl<no'"!'I 1.2 117 0.273 3e 
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8afll,$ffl Raro E.ar111S Unknown Unknown 1 117 02275 Ja5 
Barn,m Seleruum Plant i,rOCffS wuttlWllers U,,kr,o- Unknown 0.985 550 1.03,&96 531 
Banurn Seto<,.,m Pla,,t process wastewaters U,,IU'oOWn UnkroOWn 0.93 550 0.997'3 631 
Banum Selenn,m Plant process wastewaters u,,- UnkroOWn 0.93 550 0.997'3 631 
Barun Tantalum. Columt>un. and ~lumblurT Process wastewater Unnamed Piant Unknown 0.8 '375 6.825 2517 
Banum Tantalum. ColumtMum. and F11T000tumblurr Process wastewater Unkroo- UnknOW!'I 0.5 '375 •26563 2517 
Barn,n Tantalum. Columbium. and Ft1TOC0lumbrurT Process wastewater U,,kroown UnknOWn 0.5 '375 •26563 2517 
Banum T anralum, Columbn.lffl. and FtrT000lumbrurT Process wastewater UnknOwn Unknown 0.5 '375 2517•26563 

•26563Banum Tantalum. C01umtwum, It'd FtrT"000lumb1urT Process wastewater Unknown Unknown 0.5 •375 2517 
Sanum Tantalum. ColumbnJm, and FttT'OCOtumbiurT Process wastewatet" UnknOwn Unk:,own 0.5 '375 •26563 2517 
Banum Tantalum. Columt>tum. and Ft1T0C0lumb1ul'l' Process wastewater UnknOwn UnknOW!'I 0.5 '375 2517 
Banum Tantalum. CoIumbium. and Ferrocotumb,urT Process wutewate, AMA)(., East St Louis IL 0.5 '375 2517 

• 26563 
•26563 

Banum Tantalum. CoIumb1um. and Ferrocolumb1urr Process wutewar. Zmc Corp of Amenca, Monaca PA 0.5 '375 •26563 2517 
earn.,, Tantalum, Columb,um, and Ferrocolumt>,urrProcess wastewllet Unkno'MI Unknown 0.218 '375 1.85981 2517 
Banum Tantalum. Coiumb1um. and Ferrocolumb,urT Process wastewater Unknown UnknOwn 0.083 '375 0.70809 2517
Banum Tantalum. Columb1um, al"ld F11'T'OCClumb1un Fl'roeess wastewater Unknown UnknOwn 0.056 '375 o.•7775 2517 
Banum Tantalum. Columt>tum, and F1rT000tumblUl'T' Process wastewatw Unl<no'M1 UnknOW!'I 0.05 '375 0.,2656 2517 
Banum Tantalum. CoIumbtum. and FetT'CC0MT'lblurr Process wastll'Wltfll Unknown U<lknOwn 0.05 '375 0 42656 2517 
Barium Tantatum. Columbium. and Femx:clumblun Process wutewai. Unknown UnknOwn 0.05 '375 0.42656 2517 
Banum Tantalum. Columblum. af'ld Ftl'f0C0lumb1urr Process wastewatw Unkroown Unkno,wn 0.05 '375 042656 2517 
Banum Tantalum, Columt,1um. an<l Ftrrocolumbful'T Process wastewater Unknown Unknown 0.05 '375 0 42656 2517 
S.nt.rn Tan~m. Cotumb1um. and Ftff'OCOlurnblul'T Process wastewater Unknown U<lkroown 0.05 '375 0.,2656 2517 
S.ni.m Tantalum, ColumtMum, and Fttff"OCdLmbruff Process wastlWltar Unknown Unknown 0.006 '375 0.05119 2517 
Bwytlium 23 Copper Acidplant- Cyprus. Clay Pool AZ 0.5 22083 21.53125 1(,441 
B«ythum Copper Acidplan1- Kennea,tt, e.,gnam Canyon l1T 0.005 22083 0.21531 1C441 
Berythum EI..,,..,,., Pnospnorus AFMriuate Unkroown UnknOwn 0.01 167 0.00325 415 
Berytl1um Elemental Phospnon,s Unknown Unknown 0.025 17500 0.85313 8429 
8tttythum Elernontal PhoslinoNs Unkroown UnknOwn 0.011 17500 0.37538 8429 

Fumace scrubl>er -
Fumaot scrubt>er -

Berythum Elemental Pnosl>horul Fumaotscnbl>er- Urucnawn Unknown 0.005 17500 0.17063 8429 
Berylhum Elemental Phosllhoru1 Fumaotsc:nbeer- Unknown Unl<no,wn 0.005 17500 0.17063 8429 
Berythum Elemental Phospnorus Fum1c:e scrubber btOWdOWn Unkroown UnlU"IOM'I 0.0025 17500 0.08531 8429 
8erythum EIOMental Phosl)I\OtUS Fumace scrubber bk:rwd0'M'I Unkroown Unknown 0.0025 17500 0.08531 8429 
Befyttium Rare Earths Procesawasi- Unknown Unknown 0.05 117 0.01138 385 
Berythum Rare E.anns PrOotsswut_,., Unknown U<lkroown 0.05 117 0.01138 385 
Bery11rum AareEartt'ls Process wastewater Unknown UnknOwn 0.05 117 0.01138 385 
Berythum Rare E.anns Process....,__ UnkrOwn 0.05 0.01138Pr0otsswas1-1er Un- 117 385 
Berythum Rar9 Eanns Znc Co'l> ol Amenca. 1ob1aca P" 0.05 117 0.01138 385 
Berytlium Rare Eanns Process....,_ Unknown Unknown 0.025 117 0.00569 385 
Betylhum Selenium Pla,,t pmoesa -rs Unl<nown Unknown 0025 550 0.02681 631 
e.rytlium S.Wuum Plw,t prOCMl wasl-~ Unknown Unknown 0.005 550 0.00536 631 
Beryllium Selenrum Plamprocouwasr--. Unknown Unknown 0.005 550 0.00536 631 
Berytlium Tantalum, Columbrum. and FeffOOOlumbuT Process wastewat• UnlCnOWII Unknown 0.005 '375 0.°'296 2517 
Betylhum Tantalum. Columb1um. and Femx:olumbiutr Process wastewat• UnknOWn Unknown 0.005 '375 00.256 2517 
Bery1hum Tantalum, Columbium. and Femx:cHurT'OLIT Proc:ea wastewats UnkrOwn Unknown 0.005 '375 0.0.266 2517 
Bery<hum Tantalum. Columbrum. and Flff'OCOlumbUf ProoHs wutewat• Urucnawn Unknown 0.005 '375 0.0.266 2517 
e.,y,.,,m Tantalum, Cotumbtum. and F~mbUT Process wastewat• UnlCnOWII Unknown 0.005 '375 0.- 2517 
~dmovm 49 Coooer Acidpjan1bl0w00Wn CBI CBI 2,.5 22083 1055.03125 1°'41 
Cac,,,1um CoPl)er Acidplln1- CBI CBI 19.9 22083 8569'375 1°'41 
Cadmium Copper A,:;dp1an1- Magma.SanManuel AZ 6 22083 258.375 1°"1 
~dmoum CoPl)el' Aadp!lffl- Magma. San Manuel AZ •.5 22083 193.78125 1°"1 
Cadmium Coooer Acidplanl- Magma, San Manull AZ 2.24 22083 98.'6 1°"1 
Cac,,nrum Coooer Acidplanl- CBI CBI 1'9 22083 84. 16313 1°"1 
~dmium Copper Acidplanl- CBI CBI 1.'6 22083 62.87125 1°"1 
Cadmium Copper Acidplanl- l1T 1.2, 22083 53.3975 1°"1--~Canyon
Cadmium Cope,er Acidpilnl- --- e.,g,,•111 C.,,yon l1T 1.08 22083 '6.5075 10U1 
Cadmium CoPl)ef Ac;dpilnl- Magna.San- AZ 0.52 22083 22.39:25 10U1 
Cadmium CoPl>8f Acidpilnl- Cyprus. Clay Pool AZ 0.5 22083 21.53125 1°"1 
Cadmium Copper Acidpllnt- CBI CBI 0.31 22083 13.3'938 1°"1 
Cadmium Coooer Acidp!lffl- Magma.San Manuel AZ 0.23 22083 9.90'38 1°"1 
Cacsm,um CoPQS Acidpilnl- CBI CBI 0.16 22083 6.89 1°"1 
Cadmium Cope,er Actdl)larit- "4agna.San- AZ 0.05 22083 2.15313 1°"1 
Cadmium Elemental P"°"l>h0NI AFMma» Unknown UnlcncMn ,.12 167 1.339 415 
Cadm,um ElementalP"""""""" Fumaot~- lmlcnOWn UnknCWn 2.07 17500 70.63875 8429 
c-,um Elemental Phool>l>oNI Fu.,_...,__, UnknOWn Unknown U2 17500 '8.'575 8429 
~,um El.,,,.,,tal P"°"l>h0NI FumaotOC..-_, UnkrOwn UnlcnoWn 0.3 17500 10.2375 8'29Fu.._ __ 
cacm1um Elementa!Phol!lhONO UnknOWn Unknown 0.019' 17500 0.66203 8'29 
~,um EJementalPhos;,horua UnknOWn UnknOwn 0.01 17500 0.3'125 8429 
Caam,um Elementa!Phosl>horul Fumaca-- Unl<nOWn UnknOwn 0.01 17500 0.3'125 8Q9 
Cadt,,,um El.,,_1alP""""'10NI FumaotscruDbe<- u- Unknown 0.005 17500 0.17063 8429 
Cadmrum RareEanna Proota- UnknOWn UnknOwn 35.• 117 8.0535 385 
Cadm,um Rare E.anna Proota- Unkroown UnknOwn 16 117 3.84 385 
Cadmium RareEat1P\S Proota- u,,,,.,,,.., Plant Urucnown 11.1 117 2.52525 385 

Cadmium RareE.ar!ns PrOCMI- Unlcno,,n Unknown 2.78 117 0.632'5 385 

Furnaot IC- -

Cadmium UM•mod Plan! Unknown 0.52 550 o.55n 631 
Cadmium Selenium Plant procesa wastNatarl Unknown Unknown 05 550 0.53625 631 
Coanoum Tantalum. Columblum, andFoncc:cunblulTProota- UnlCnOWII UnknOWn 023 '375 1.96219 2517 
Cadmium Tantalum, ColumbUTI, and Fem,columt,iu" Proota - Unknown Unknown 0.198 '375 1.68919 2517 
Coann,m Tantalum. Columcun, and Fem,coiumbluff Proota - Unnamed Plant UnknOWn 0.18 '375 1.53563 2517 
Coanium Tantalum. Columbium, and Fenooolumi.urt Proota.- NJ.AX, Eur SL Le<,• IL 0.<11 '375 0.59719 2517 
Cadmium Tan1alum, Columbium. and F-Proota - Unlcno,,n UnknOWn 0.05 '375 0.42656 2517 
Cadmium Tantalum, Columr.um. ancl"--Procesa- Un1cnc,wn Unknown 0.05 '375 0.'2656 2517 
C-,um Tantalum. Columt,,um, and,,_"" Procesa -

-- PlantptOotUWUl•--1 

Unlcno,,n Unknown 0.05 '375 0.'2656 2517 
Coan,um Tantalum, Columt>oum, and ,=.rroco1um1>1un Proota - Unknown U<lknOWn 0.05 '375 0.'2656 2517 
Coan,um Tantalum. Columr,ium, and,,.__ - Unkroown Unkn0Wn 0.05 '375 0.42656 2517 
c.on,um Tantalum. Columbluffl. and Fem,coiumb,urT Proota - Znc CorP of Amenca. Moniot PA 0.05 '375 0.,2656 2517 
Coanrum Tantalunl. Columblum, and~Procesa - Unlcn0M1 Unknown 0.°'99 '375 0.,2511 2517 
Coanoum Tantalum. Columboum, and~-- l/nlCnOMI Unknown 0.0'32 '375 0.36855 2517 
c.o,,,.,m Twuum and Tan,um Oooxide LNCf1 hQuid & - wun water fJnlcnOWn UnlCnOWII 0.025 .000 0.195 23'1 
C.0,,,um Titanium at\d T¢ar11um O,OJOOt LNCh hQuid & - wut, water fJnlcnOWn U<lkrOwn 0.023 .000 0.179' 23'1 
C-,um TitanlUffl and TDl'll\.lm Oioxdl UnkrOwn 0.018 .000 0.1.a. 23''LNCh liquid & - wut, - fJnlcnOWn 
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~•um 
~,um 

Trtanrum and Trtan,um DIOXJdl 
Trtanrum and Trtan•um 0.oxldl 

Leael> liQud & •- wu,, watat UnknOwn 
Leach !,Qui! & sponge wasn water Unlcnown 

UnknOwn 
UnknOwn 

0.007 
0.005 

4000 
4000 

0.os-6 
0039 

23' 
23' 

Cadmium 
~,um~- Titan""" and nanourn OooXJdl 

1otan11Jm and r.tan,um l);oXJdl 
Lach liQud & spongo WU/I water Unlcnown 
Scrap milng sc111bber water Unlcnown 

UnknOwn 
Unlcnown 

0003 
0.03 

4000 
42 

0.023' 
0.0024" 

23' 
3' 

Titanium and r.tan,um l);oXJdl Sc,ap m,11ng Kl\lbber water UnknOwn UnknOwn 0.025 42 0.00203 34-
Chromun 48 Coc,per Acid plant btowoown CYl)IIIS. Clay Pool ,z 5 22083 215.3125 ,cu 
Chromium Copper Acid plant blowdown Kennecott, !klgNm C.,ycn UT 0.25' 22083 10.93788 1044 
Chn,mium Ccc,per Acid plant blOwdOwn Magma, San Manuel ,z 0.25 22083 10.76563 10"' 
Chn,moum Copper Acid plant btowoown Kennecott, B<ngNm C.,ycn UT 0.241 22083 10.37806 1044 
Chn:,m,um Copper Acod pJanl blOwdOwn Mai;r,a. San Manuel ,z 0.171 22083 7.36369 1()4,4 
Crirom11.1m Copper Acid plant blO- Mai;r,a. San Marni.I ,z 0.1 22083 4.30625 1044 
Ctlromium Copper Acod planl blOwdOwn CBI CBI 0.029 22083 1.24881 1()4,4 
Chromium Copper Acod plant blOwdOwn Magma. San Manuel ,z 0.029 22083 1.24881 1()4,4 
Chromium Copper Acod plant blOwdOwn CBI CBI 0.024 22083 1.0335 1()4,,1 
Chronuum Copper Acldp!antblO- CBI CBI 0.008 22083 034,45 1()4,4 
Chromium Copper Acodplant- Magma. San Manuel ,z 0.005 22083 0.21531 '°"' O,n,m,um Copper Acod plant blo- Magma. San Manuel ,z 0.005 22083 0.21531 ,w· 
Chrt>fflium Copper Acod plant b.,_ CBI CBI 0.005 22083 0.21531 1°'4 
Chromium Copper Acodplant- CBI CBI 0.005 22083 0.21531 1044· 
Chn,mourn 
Chromiwn 

Copper 
Elemental Ph0Sllh0111s 

A,:,dplan1-
AFM Msate 

CBI 
Unknown 

CBI 
UnknOWn 

0.003 
0.278 

22083 
167 

0.12919 
0.09035 

1()4,4,~: 
cnrom,um E-tal PhOSl)hoNs FumaooSCl\lbber- UnknOwn UnknOwn 0.9 17500 30.7125 842'. 
Chromn.m Elemental Phosp!IOl\ls Fumace scrubber blOwd0'M1 Unlcnown Unl<nown 0.841 17500 28.69913 842'. 
Chromium E-ta! Phospl,0111s Furnace scrubblf ~ Unknown Unl<nown 0.5 17500 17.0625 842' 
Chromium Elemental Phospl10111s Fumace scruix:,er bk>wdoWn Unknown Unl<nown 0.22 17500 7.5075 842 
Chromilffl EJ-,1a1 Phospno111s Fumace scrubber~ Unknown Unl<nown 0.05 17500 1.70625 842: 
Chromn.m Elernen1a1 Ph0Sllh0111s FurnaooSC!\Jllber- Unknown Unlcnown 0.05 17500 1.70625 842, 
Ouomu,111 Elemental Ph01jl110Ns Furnace scrubber~ Unknown Unlcnown 0.005 17500 o. ,7063 842' 
Chromium RareEanhs Proalsa-• Unknown Unl<nown 6.45 117 1.46738 38: 
Chn,m1um RareEanhs Proalsa- Unknown UnlcnOwn 0.5 117 0.11375 JS: 
O,rom,um Rare Eanhs Prooosawut_,. Unknown UnlcnOwn 0.5 117 0.11375 JS: 
O,n,m,un, 

Chromn.wn 
Rare Eanhs 
Selenium-- Process-

Plan1P<000UWUI__,. 
Unknown 
Unknown 

UnknOwn 
Unknown 

0.5 
0.5 

117 
550 

0.11375 
0.53625 

38' 
63 

Chrom1Um Plant P<000U wast-ltS Unknown UnlcnOwn 0.5 550 0.53625 63 
O,n,m,un, Selenium Plant process WUINalltS Unknown UnlcnOwn 0.5 550 0.53625 63 
Chromium 
Chromium 

Tantalum. Colurnblum, and FOffOOOlumbiUIT Proalsa --• 
Tantalum, Columbun, and Fem,oolumb,U!T Proalsa -

Lnc Corp of Amonca. Yonaca PA 
Unknown UnknOWn 

0.5 
0.111 

4375 
4375 

4 26563 
0.94697 

25,· 
25,· 

Chrom,um Tantalum, Columbium, and FOffOOOluml><UIT Process WUI- Unknown Unl<nown 0.08 4375 0.6825 25,· 
ChromTUm 
Ct,n,mium 

Tantaun, Columbil.ffl, and FOITOOOlumboun PTooesl --• 
Tantalum, Columbil.ffl, and Fom,columboun Prooosa WUl-.tlt 

Unknown 
Unknown 

Unknown 
UnlcnOwn 

0.08 
0.079 

4375 
4375 

0.6825 
0.67397 

251· 
25, 

Chromium Tantalum, Columbn.m, and FOffOOOlumboWT Proalsa WUI- Unknown Unl<nOWn 0.05 4375 0,42656 251· 

°'""""'"' Tantalum. Columbium, and Ftff0COll.fnboun Pnxan - Unknown Unknown 0.05 4375 0.42656 25,· 

Chromium TantalUm, Columbium, and Fom>columboWT F'nxan - Unknown Un""°"" 0.05 4375 0,42656 25,· 
Chromium Tantalum. Columllii.m, and Forroc:ouno<un PTooesl WUI- Unknown Un- 0.05 4375 0.42656 25, · 
Chromium 
Chromium 

Tantah.m. Columbil.ffl, and Fonocoluml><un Proooos --
Tantalum, Columbil.ffl, and FOff0COlumt>nJn PToc:eu ...,_ 

Unknown 
Unknown 

Unknown 
Unl<nOWn 

0.05 
0.039 

4375 
4375 

0.42656 
o.332n 

25,· 
25,· 

Chromrum 
Chromium 

Tantaum. Columbil.ffl. and FOITOOOlumt>nJn PToc:ela -
Trw,tUffl and Tun,um Otox,c,e L.Ndl liQuld & -

Unknown 
wut, waler Unnamed Plant 

Unknown 
UnknOwn 

0.03 
0.012 

4375 
4000 

0.25594 
0.0936 

25,· 
2Jo<· 

Quom,um 
Chromium 

Titantum and Titanium O.cm:» 
rrtanium and rotan,um O.Oxide 

LMch IIQuod & - wut, water Unknown 
Luch liQuod & spcngo wull water Unnamed Plant Un-

Unknown 
0.005 
0.001 

4000 
4000 

0.039 
0.0078 

234 
234 

Chromium 
Chromium 

Titanium and Titanium Dioxide 
T11ann.m and Titanium 0,ox,de 

LMch liquid & - - -- Unnamed PlantScrap milling ICIUbblt ..1., u-
Unknown 
Unlcnown 

0.001 
0.027 

4000 
42 

0.0078 
0.00219 

2Jo<· 
J,<: 

Chromium Trtanium and Tllanrum Otoxidl Sctao miling ocrulll>lt wat0< >JUJ<, Eur St. Louis IL 0.025 42 0.00203 34· 
Lad "' Cq)po< Ac,dptanl- Kanneoott. a.,g,,am Canyon UT 6.74 22083 290.24125 ,w 
Lad Cq)po< Acldplan1_, Kameooft, Bing,,am Canyon UT 6.47 22083 278.61438 1°'4 
Lad 
Lad 

Co!lc>or 
Cq)po< 

Acidplant-
Acidplant-

Magna. San Manuel 
Magna. San Manuel 

~ 
~ 

5.71 
3.8 

22083 
22083 

245.88688 
163.6375 

1()4,,1 
1()4,,1 

Lad 
Lad 
Lad 

Co!lc>or 
Cq)po< 
Cq)po< 

Acidplant-
Acidplanl-
Acidplant-

Magna. San Manuel 
CBI 
CBI 

~ 

CBI 
CBI 

3.73 
2.89 
2.55 

22083 
22083 
22083 

160.62313 
124 45063 
109.80938 

104A 
,w 
1()4,,1 

LNd C0l)l)Of Acidplant- Cyprus, Clay Pool ~ 2.5 22083 107.6sa:!5 1°'4 

LNd COl)l)O< Acidplant- Magma. San Manuel ,z 2.5 22083 107.65625 tO'-' 
LNd 
Leid 
I.Nd 
Lad 
LNd 
LNd 
Leid 

C0l)l)Of 
C0l)l)Of 
Cq)po< 
Cq)po< 
COl)l)O< 
Copper 
EhomontalPllool,llorua 

Acidplant-
Acidplant-
Acidplant-
Acidplant-
Acidplant-
Acidplant-
AFM,,,_ 

CBI 
CBI 
CBI 
Magna. San Manuel 
Magma. San Ma,,ve1 

CBI 
Unknown 

CBI 
CBI 
CBI 
~ 
~ 
CBI 
Unknown 

2.49 
1.74 

0.896 
0.2!i 

0.2 
0.0'2 

0.19 

22083 
22083 
22083 
22083 
22083 
22083 

167 

10722563 
74 92875 

38.584 
10.76563 

8.6125 
1.80863 
0.06175 

1°'4 
1()4,,1 
1()4,,1 
1()4,,1 
1()4,,1 
1()4,,1 

41 

I.Aid Elemental Pllool,llotu8 Fumaoo~- Unknown Unknown 0.42 17500 14.3325 842 
I.Aid Elemental Phcl!>hONI Fumaoo-- Unknown Unknown 0.42 17500 14.3325 842 

I.Md Elern.,,al Phool>l1CIRII Furnaoe-- Unknown Unknewn 0.357 17500 12.18263 842 
I.Aid E-~ Fumaoo=-- Unknown Unknown 0.217 17500 7.40513 842-
I.Aid Fumaoo-- Unknown Unknown 0.125 17500 4.26563 842 
Lead 
LNd 
I.Md 
Leid 
L8od 

- Phcl!>hONIEJemer,tal ~ 
RareEanhs 
Rare Eattt,s 
Rare Eattt,. 
RareEattt,a 

Fumaoo--

---t•------t• 
Proalsa-• 

Unknown 
Unknown 
Umamodl'llnl 
Unknown 
Unknown 

Unknewn 
Unknown 
Unknown 
u.-
Unknown 

0.11 
2.5 

2.36 
1.99 

17500 
117 
117 
117 
117 

3.75375 
0.56875 

0.5369 
0.45273 
0.2275 

842 
38 
38 
38 
38 

I.Md 
L8od 
L8od 
L8od 
I.Md 
L.eod 

S.ten,um Ptanl process -
Selenil.lT'I Plant process-

Tantalum, Counllium, and --wast_,. 
Tantalum, Columboum, and F-Prooosl -••
Tantaun, tou,,boum, and FonooolurnbiUff Prooosl _,_ 

Tan,alum, Columboum, and F-ProoNa _,., 

AMJ.;f..EulSt. Lcuil 
Unknown 
Unknown 
Unknown 
Unknown 
UnlcnOWn 

IL 
Unknown 
Unknown 
UnlcnOwn 
Unknown 
Unknown 

1 
0.628 
0.5112 

0.25 
0.25 
0.25 

550 
550 

4375 
4375 
4375 
4375 

1.0725 
0.67353 
4.79456 
2.13281 
2.13281 
2.132!1 

63 
63 

251 
251 
25, 
25, 

La<I 
L.eod 
L.eod 

Tantalum, C:OU,,t,,um, and-Proonl-• 
Tantalum, Counboum, and F«TocolumlJiUf Prooosa wast-I• 
Tantalum, Columboum, and Fenocolumbi<lt Proalsa __,., 

Unknown 
Unknown 
UnknOwn 

Unknown 
Unknown 
Unknown 

0.25 
0.221 
0.141 

4375 
4375 
4375 

2.13281 
1885'1 
1.20291 

25' 
25, 
251 

L.eod 
L.eod 

Tantah.m, Counllium. and ForrooolumbuT ProoHa wast-tar 
Tanwum, Columl>ium. and - Proalsa -1• 

Un-
Un_, 

Unknown 
Unknown 

0.1 
0.0911 

4375 
4375 

0.85313 
0.83606 

25' 
25, 
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J.12 

LMd 
Lead 
l.Hcl 
l.Nd 
Lead 
Lad 

Tantal\Jm, C<llumbn,m, lfltl F~WT Proc:ea ....,_,. Un-
Tan!alum. Coiumt,...,, and FttTCCOlumb1WTProcess ..ast- lJnlcno,wi 
Tantarum. Coil.fflbfum . .,., "-Proc:ea wast-•Lucni'qlnd& ____ Un-
Trtanium and Trtanl\lffl ~ Un-
Trtan,um and Trtanium ~ l.ucn liqud & "'°"ge.....,, wale< Unl<nown 
Trtanium and Trtan,um Oion:lt Scrai, m111inQ SC1\J0W water Unknown 

Un-
Unknewn 
Un-
UnknOwn 
UnknOwn 
UnknCWn 

0.025 
0.025 
0.02 
0.01 

0.005 
0.016 

'375 
'375 
'375 
0000 
0000 

'2 

0 21328 
0.21328 
017063 

0.078 
0039 

0.0013 

2517 
2517 
2517 
2341 
2341 
3'0 

Lead T,ur,,um and Trtan,um OioXlde Scrai, mI ling SC1\J00er water Unla>own UnMOWn 001 "2 0.00081 3'0 
Mor=y 47 Copper Acdplant- CBI CBI 0.31 22083 13.34938 1°'41 
Mer,:ury Copper Ac,apiant- CBI CBI 0.26 22083 11.1962.5 1°'41 
Mercury Co?l)Of Acdpiant- Magma. $an Manuel AZ 0.0223 22083 096029 1°'41 
Mercury Copper Acdplar\1- Kennecott. Bingt,am Canyon UT 0.0115 22083 0 49522 1°'41 
Mer,:ury Co?l)Of Acdptant- Magma. San Manuel AZ 0.01 22083 0 43063 1°'41 
MOfOJry Copper AtdPllnl- J<Mv,ocott. Bing\am Canyon UT 0.007 22083 0.30144 10U1 
Mert:Ury CoQper Ac,dplant- MagmL San Manuel AZ 0.005 22083 0.21S31 1°'41 
Mercury 
Mon::ury 

Copper 
Coppor 

Acdplant-
At,dplan1-

MagmLSanMa.-...i 
Magma, San M.,.,_. 

AZ 
AZ 

0.005 
0.005 

22083 
22083 

0.21531 
0.21531 

10U1 
1°'41 

"'-rcury Coppor Acidptant- CBI CBI 0.0013 22083 0.05598 10U1 
Mercury Coppe< Acdptant- CBI CBI 0.0013 22083 0 05598 10U1 
Mer,:ury Copper Acdptant- MogmLS.,~ AZ 0.00CM 22083 001n3 1()U1 
Mercury 
Mon::ury 

CoQpor 
Coppor 

Acdptant0-
Acdptant-

CBI 
CBI 

CBI 
CBI 

0.0003 
0.0003 

22083 
22083 

0.01292 
0.01292 

l()Ul 

1°'41 
Morcu,y Coppor Acdptant- Cyi,Ns. Clay POOi AZ 0.0001 22083 0.00431 1°'41 
Mor=y El.,,,.,tal Pl,ospt,on,1 AFMmute u.- Unknc>#n 0.0005 167 0.00016 415 
Mercury~,n.....-; Elomontal F'IIOSl>l>Onl• 

El.,,,.,tal Pt,osi,norus 
Furnacesc,,__ 

Furnace scrubber -

u.-
Unl<nown 

Unknown 
Un-

0.0005 
0.00015 

17500 
17500 

0.01706 
0.00512 

8429 
8429 

Mercury Elamontal F'llospncn,s Fumace scrubbof - UnlcnoWn Un- 0.00015 17500 0.00512 8429 
Mercury Elomontal Pt,oscnon.s Furnace..-- u.- Un- 0.0001 17500 0.00341 8429 
Men::ury El-I Pl,0Sl)llonls Fumace scrubbot - Unl<noMI Unknown 0.0001 17500 0.00341 8429 
Morcu,y Elomontal Pl,oscno,us Furnace..-- UnknOMI Unknc>#n 0.0001 17500 0.00341 8429 
Mor,:ury RareE&t1hs Proceawutowat• ~ Unl<noWn 0.0065 117 0.001'8 38S 
Mercury RareE&t1hs Procea wutowat• IJmamedP!alll Un- 0.0029 117 0.00066 385 
Mercury RareEarlhl ProoNSwutewal• Unknown Un- 0.0024 117 000055 38S 
Mort:Ury Rare Earlhl Proceawutowat• Unlcnown Un- 0.0024 117 0.00055 385 
Mercury 
Mor,:ury 
Mercury 
Mercury 
Mole\lry 

Flare Earlhl 
Rare Earlhl-s.-- Proc:.ss WUlowat• 

Process-• 
PlantP<OCMI~ 
Plant Plotell -•rs 
Plantl)<oceu-.... 

UMIIT\ed Plant 
UnicnOwn 
~ 

Un-
UnicnOwn 

Unknc>#n 
Unkno,on 

Un-
Unl<nown 
Un-

0.0023 
0.0011 
0.001 
0.001 

0.00088 

117 
117 
550 
550 
550 

0.00052 
0.00025 
0.00107 
000107 
0.00094 

38S 
38S 
63, 
53, 
631 

t,1o,,,..ry 
Mercury 
Mon:ury 
M,on:.,ry 
Mercury 
Me=ry 
Moicury 

Tanw..... ColumDi..,,, ana Fe<Tocoturnbilm Procea -•• 
Tanwum. Col\Jmbium, anel F_,,,DilllT Proc:ea _,., 
Tantall.-, Col\,mt,un, and FO<TOCOIUmoiuff Procea-,• 
Tantalum. Columen.m, and FOIJOCOlumbiuff Procea -•• 
Tantlllln. Columbil.ffl, and FOfl'OOOlulnl>qj ,.,,,.._ --• 
Tan!llluffl. Colurru,u,,, ancl Ferrccotuml>UrPrOOOSI-
Tantalum. Columt>un. anc1 _,,,t>ur Proc:ea-ewat• 

Unlcnown 
Unknown 
Unknown 
Unknown 
Un-
Urucnown 
Urucnown 

Unknown 
unm,,,,, 
UnltnOWn 
Un-----

0.00028 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

'375 
"375 
'375 
"375 
4375 
4375 
'375 

0.00239 
0.00085 
0.00085 
0.0008S 
0.00085 
0.00085 
0.0008S 

2517 
251i 
2517 
251' 
2517 
251' 
251: 

Mereury 
M<on:.,ry 

Tantalum. Co1umi,,um, ancl FonocclumbiurT PrOOOSI -
Tanwum. ColumDium. ana Fo!T000lumDiuff Procea -

Unkno,,n 
Unkr'Own Un-- 0.0001 

0.0001 
4375 
4375 

0.00085 
0 0008S 

251' 
251· 

Mereury Tantalum, Col\,mt,un, and Forrocolumbi<m Procea -• UNcnown 0.0001 '375 0.00085 251· 
Mo,eury 
M,on:.,ry 
Mo=ry 
Momiry 
Mercury 
Mon:ury 

Tantall.-. Colurnbun, and FOIJOC0iumbiuff Pl000SI -• Unl<n<Mn Unknown 
Tantalum, Columbun, ane1 "-U!IOl\lffPTocoa- Un- Unknown 
Titanium and Titanium Otoxida Laocll l<!Ud & - WU/I,...., Z'nc Cot!> cl Amonc:a. 111cn1ca PA 
TrtannJm and Titanium °'°""'9 LaocllliQl,d&-WU/lwa• AMAX.EatStl.DulO IL 
Tun,um Ind TClnlWTI - Sc,apmilr,glCNbblr- UnlcnOMI 
Titanium and Tcanrum OioXJCllt Sctlpm&,g..,,.__ urucnown --

0.0001 
00001 
0.0001 

o.oooos 
0.0001 
0.0001 

4375 
'375 
4000 
4000 

"2 
42 

0.00085 
0.0008S 
0.00078 
0.00039 
0.00001 
0.00001 

25, 
25, 
234 
234 

34 
34 

Nict~ 22 Col>Ptr nidDlanl- Cyp<UL Clay Pool AZ 5 22083 215:3125 104< 
Ntckel ~r AcdDlanl- Kannocoll.l!4nglan,Canya, UT 0.4611 22083 20.06713 104< 
Nidiol 
Niclcol 
Nick~ 
N1CUI 

CoPOor 
Elemental Pl\alcl!ctw 
E-IPIIOllll>ONS 
E-~ 

AcdOIIIII-
"1'Mrinla18 
Fu,,,_..,__ 
Fu,,,_..,,,__, 

,.._L Son Monuol 
urucnown 
Unl<n<Mn 
Urucnown 

AZ 
~---

0.02 
o.oe 
0.25 

0.165 

22083 
167 

17500 
17500 

0.86125 
0.026 

8.53125 
5.63063 

104-

• 
84 
84 

Ntdtel 
Nic:l<ol 
Nd<el 
Nickel 
Nidia! 
Niclcol 
Nickel 
Nidcel 
Nicl<al 
Nd<el 

·NICMI 
Nicl<al 
Nd<el 

E-~ Fu,,,_.,..__ 

El-"'-"" FUINIC81C1Ut>Oor-
~ Pl'loll,tlOlw Fu,,,_ICtllbDor_Fu,,,_ __ 
Elomenlal Phool,l,oNa 
Rare Ear1hl 
FlareEal1l'cl Procea---Rar9Eat111a Procea-
RareEai1111 
S.W,,um --5e<en..,, Pllnt---Pia-It---
Tantalum. Ccunloun, -~--
Tama1um. Ccunbun.and~Procea-
Ta,,talurn, ~. and FerroccunbounProcea-

UnknOWII 
UnlcnoWn 
UnknOWn 
urucnown 
Urucnown 
UnknOwn 
Unlcnown 
UnknOwn 
UnknOWn 

u"""°"" 
Un-
UnltnOWn 
Un-

~------------

0.05 
0.05 
0.03 

0.015 
0.5 
0.5 

0.17 
0.17 
0.05 
0.05 
0.05 
0.05 
0.05 

17500 
17500 
17500 
17500 

117 
117 
117 
117 
550 
550 

'375 
437$ 

'375 

1.70625 
1.70625 
1.02375 
0.51188 
0.11375 
0.11375 
0.03868 
0.03868 
0.05363 
005363 
0.42656 
0.42656 
0.42656 

84 
84 
84 
84 

N,cul Tantalum, Cclurnt>i<lm, and~-- UnlCl'OWII 0.05 '375 042656 
Ni<UI 
Nid<ol _,.,,,,-- 47 

Ta,,talum, Councoi.m. 111'4 Fen1xiclumbuf Procea -
Tantalum, Coklmllo\ln, and Fen1xiclumbuf Pr00NI -
Coclfl« Acidplant-

u"""°"" 
u"""°"" 
Magna.SonManuol 

u-
u-
AZ 

0.031 
0,00,C 

7.113 

'375 
'375 

22083 

0.26'41 
0.03413 

328.56688 1: 

_,..,, _,..,, _,..,, 
_,..,, -_,..,, 
S-,un 

~ 
~ 
eo_, 
~ 
c-
c-
c-
c-

AcidPiall!-
Acidpllllt-
Acidptant-
Acidpllllt-
Acidl)llnt--pilnl-
AcidPiall!-
-Piall!-

Cyi,n,s,ClayPool 
Magna.SanManuef 
Kanr-. l!4nglam canyon 
CBI 
-.8"9wncanyon 
CBI 
C8I 
CBI 

AZ 
AZ 
UT 
CBI 
UT 
CBI 
CBI 
CBI 

5 
2.9 

0.668 
0.e1 

0.444 
0.28 
o.1e 
o.1e 

22083 
220ll3 
22083 
22013 
22083 
220ll3 
22083 
22013 

215.3125 
124.88125 
28.76575 
2e.26813 
19.11975 
12.0575 

6.89 
6.89 

1: 

Selonun_,..,, 
_,..,, --

c-
c-
c-
c-
c-

AcidPiall!-
AcidJ)lant-
-Piall!-
AcidplOrll--1)11111-

CBI 
Magna.San-
~.SonMonuol 
Magna.SanMonuol 
C8I 

CBI 
AZ 
AZ 
AZ 
C8I 

o.oea 
0.05 
0.05 
0.05 

0.028 

22013 
22083 
22083 
22083 
22083 

2.92825 
2,15,313 
2.15313 
215,313 
1.20575 
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Se_,,1um CoPOe< AcJdplant- ~- 5an Manuel AZ 0.005 22083 0.21531 10C,&1 
S.,a,11,M'n 

s..,..,, 
ElemtntaJP~ 
EJamentaJP~ 

AJ:M msate 
Fum•oe--

UnlcnoWn 
UnkrcMl 

urucr.,,,., 
UnknoMI 

1.03 
o.u 

167 
17500 

0.33475 
15.015 

415-S.lln1um 
S..,,urn 

S.ieruum --
S.ilntUffl 

Elomental ""'-l'hOrus 
Elomental~ 
Elemental Phospllotua 
Eiamental P!,os;llotul 
Elemental Ph""""°"'" 

Furnace scruoo.. -
Fumaoe ••M>I•-
Fumaoe scn,t>eer -
Fumaoe scn,t>C« -
Fumace scn.,t:ioer blewdown 

Unknown 
Ulllcnown 
UnkrcMl 
UntcnoMI 
UnkrcMl 

Un-
Unlcnown 
UnknoMI 
Untcnown 
u,,_ 

0.25 
0.05 
0.05 

0.0025 
0.0025 

17500 
17500 
17500 
17500 
17500 

8.53125 
1 .70625 
1.70625 
0.0eS31 
0.0eS31 

8'29-8'29 -
IM29 

Se1an,um 
s.i.,,um 

l'l.!1'1tEar111s 
l'lareEar111s 

Prooess wut..,.t• 
Processwastowallr 

UnkrcMl 
Un>cnown- Un-

Untcnown 
0.5 
0.5 

117 
117 

0,11375 
0.11375 

385 
385 

Se.llnrum Ra1'1t Ear111s Processwast- Un- 0.5 117 0.11375 385 
Selenium 
Selenium-- Ra1'1tEarths 

R::e Ear11ls 
Process wasttwater 
Proceuwast-

Un>cnown 
Unknown 

Untcnown 
Untcnown 

0.5 
0.5 

117 
117 

0,11375 
0.11375 

385 
385 

Selernum 
S..,oum 

l'lare Earths 
Seien11Jm 
Selen.,m 

Proc:as wastewaterPlant prcceu _.,. 

Ptant process -....i_.,. 
Unknown Untcno,,n 
Unkrown Untcnown 
Zinc Co1I> al America. Monaca PA 

0.5 
0.5 
0.5 

117 
550 
550 

0,11375 
0.53625 
0.53625 

385 
631 
631 

Seier>- Tantaillm, COlumbl\lm, and Fe,rocolumt>ur Process wastewater NA,-X.Eu!Stl.o<iis IL 0.2 4375 1.70625 2517 
Seier,..,, Tamaillm, Columboum, and Ferroc:olumbturr Proceu wastowat• Un- Un>cnown 0,095 4375 0.810'7 2517 
Seier>l\lffl 
s.i.n----- "Tantaillm, C<itumbMn. and Fem,cclumbNn' Pr00HI wutowala' 

Tantatum, Columbium, and Fom,cotumbM Process --
Tantaillr,,, Columblum. and Fom,coturnbourT Process wast-

u,,_ 
Unkrown 
Unknown 

UnicnOMI 
Unllnown 
Untcnown 

0.05 
0.05 
0.05 

"375 
4375 
"375 

0.42656 
0."2656 
0.'2656 

2517 
2517 
2517 

Setor,IIA'lt 
Sele\',l\lffl 

Selenium -- Tantalum, Columl>Mn, and Fe,rocolumbtutr Process --
Tanlalum, Cotumt>b,,. and Fom,cotumbtutr Proceu --
Tan11turn, COlumbi\im, and Fom,cotuml>Nn Prooea --
Tan,alulll, CO!umbum, and FlffOCOlumbiuff Pr00HI ....,_,. 
Tan,aklm, Columl>it.ffl, and FlffOCOiumbllll'T Pn>c:.ss wut-• 

Unknown 
l/nlcn0Wl'I 
Un-
Untcnown 
Untcnown 

Untcnown 
Untcnown 
u.-
Unllnown-

0.05 
0.05 
0.05 

0.0311 
0.023 

"375 
4375 
4375 
4375 
4375 

0.'2656 
0.'2656 
0.42556 
0.30713 
0.19622 

2517 
2517 
2517 
2517 
2517 

Selen,um 
SeienlUffl 

Tantalum, Columbium, and Fwrocc!umbturr Prcceu --
Tan1alum, Columbium, and Fem,cclumt,ur Precess-* 

Unllnown 
Unlcnown 

Unta,own 
Unta,own 

0.01 
0.01 

4375 
4375 

0.0eS31 
0.08531 

2517 
2517 

Selo<lium 
Selenium 
SeienlUffl 
Se>onun--

Tantalum. COlumboum. and Fem,c:olumt,u, Process --
T.,,_, Columt>ium, and Fom,cot- Pfoceso wut-• 
Tanwum, Cotumblum, and Fom,cotumbuT Process ....,_,_ 
Tw,ium andT<tanium OioXlde SetapmilhnQ--
Tun,um ana Totanium 0ioxicle Setapmit;ng..,._,_.., 

Unlcnown 
Unnamed Plan1 
Un>cnown 
VmamedPlanl 

. Umamod Plant 

Un""°"" 
Unmown 
Unl<nOWn 
~ 
Un-

0,()()g5 
0.003 

0.0025 
0.001 
0.001 

"375 
"375 
4375 

'2 
'2 

0.05545 
0.02559 
0.02133 
0.00008 
0.00008 

2517 
2517 
2517 
3<0 
3<0 

S1lve, 
s,_ 

49 Copper 
Copper 

Aclclplant-
A.codplan1-

Cyi)n,1, Clay POOi 
"'8!,na.SanM&n,ol 

AZ 
AZ 

5 
0.25 

22083 
22083 

215.3125 
10.76563 

10C,&1 
10C,&1 

Sitve, Copper Acodplan1- CBI CBI 0.2 22083 8.6125 10441 
s--
Sil-- Copper 

~ 
c-

Acldplan1-
Aciclplanl-
Ac.Oplan1-Acldplanl __ 

C8I 
-k,gnarnCallyon 
~San-

CBI 
UT 
f,Z 

0.15 
0.1 
0.1 

22083 
22083 
22083 

8.'5938 
4,30625 
4,30625 

10,W1 
10,W1 
10,W1 

Sil- Copper C8I CBI 0.1 22083 4,3Cl62:$ 10,W1 
Si'- C<,pper Ac.Oplatlt- CBI CBI 0.07 22083 3.01'38 10,W' 
S•'- Copper Acldptam- -Bi'qanCallyon UT 0.05 22083 2-15313 1044' 
Sliver c- Ac.Oplatlt- MagfflLSanManuel AZ 0.0' 22083 1.7225 10,W1 
S•'- Copper Aciaplanl- CBI CBI 0.015 22083 0.64594 10,W' 
S•'- c- Ac.Oplalll- CBI CBI 0.015 22083 0.64594 10,W· 

S•'- Copper Aciaplalll- MagfflL San Manuel AZ 0.005 22083 0.21531 10,W' 
Silver 
s,'-
s,i-
s,i-

~ 
Copper 
E1......-, PhosQllotUIEl...,.,.., Phospt\on,IS 

Ac.Oplanl-
Ac.Oplanl-
AFMMs&1a 

Fumace acn.tlbe<-

MagfflL San Manuel 
Mag,\L San Manuel 
Unlonown 
Unmo,,n 

f,Z 

AZ 
Untcrcwn 
Untcrcwn-

0.005 
0.005 
0.02 
0.25 

22083 
22083 

167 
17500 

0.21531 
0.21531 

0.0065 
8.53125 

1044' 
1044·,,: 
8,Q" 

$11.... 

Silver 
$,Iver 
S11-..r 
s,i-
S11¥91' 

E;..,_1a, Phos""""'8 
Elemental Phoapl',or\ll 
Elemental Phospt,o,us 
E-IPhol~ 
Elemental Phosc,non,s 
RareEartno 

Furnace--
Fumace--
Furnace~-
Furnace..-_, 
Furnace--p,__ 

Unknown 
Un-

UnJcnown ---
Unknown 
lJnlcnown 

Unknown -UnkrcMl 

0.05 
0.05 
0.02 
0.01 
0.01 

0.5 

17500 
17500 
17500 
17500 
17500 

117 

1.701125 
1.70625 
06825 

0.3'125 
0.3'125 
0.11375 

842' 
842 
842' 
842' 
842 

3E 
s,_ 
s,1ver 
Si-
S"-
Silver 
Sitwf 
Si-
Silver 
s,1ver 
Silver
s;i.., 

RareEartno Procest-
RareEartno Prooea-
Rare&tml Procell-
Rare Ear!!,s p,,.__,,__Rare Eartno 
~ Plant--Plant--- Pian!---T-.Columt>on,and_PTOoea_ -Tan,atum.~.and-l'TOoea-
T.,,,.ium.~.and-p,,._-

Unknown UnlcroWn 
UnJcnown Unknown 

Untcrcwn 
Unknown Unknown -Unknown UnlcroWn 
Unl<nown Untcnown 
Zi>c Cori, ol-, Monaca PA 
NA>./., Eu! St. U,uio IL 
Unknown Unknown 
Unknown 
Unknown ---

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.07 
0.05 
0.05 
0.05 

117 
117 
117 
117 
117 
550 
550 
550 

4375 
4375 
4375 

0.11375 
0.11375 
0.11375 
0.11375 
0.11375 
0.53625 
0.53825 
0.07508 
0.'2656 
0.'2658 
0.42658 

3E 
3E 
3! 
3! 
3i 
6, 

6, 

6 
2S 
2~ 
2! 

Sitwr Tantalum.~.and-Pn>cea- Unknown 0,05 4375 0.'2656 2! 
Sitwr Tanl&!um, Coul\buft, and Fenocounbiurr"'-- Un- u~ 0.05 4375 0.'2658 2! 

Si-
Sihiter
s,i.., 

Tant&Jum,ecu,,i,u,,,.andFerrocounbiunPn>oNI-
Tantalum, Columl>ium. and,,_,.__ 
Tantalum.~.and-"--

Un-
Un-
Un-

Untcnown 
Unknown- 0.05 

0,05 
0.038 

4375 
4375 
4375 

0.42655 
0.'2656 
0.32419 

2! 
2' 
2' 

S,twr 
s,twr 

Tantalum,Columl,un,and-...,Pr...--
Tamalum, ~.and-Procell-

Un-
Unknown 

Unknown 
Unknown 

0.025 
0.025 

4375 
'375 

0.21329 
0.21328 

2-
2 

Sitwr Tama1um, C<>unl>ium. and_,.__ Unknown u- 0.02 4375 0.17053 
SliWr 
Sitwr 

Tantalum, Couftl>ium, and Fenocoalnbiun Prooea -
Tanl&lum,Colun,b""";and-..,Prooea-

Unnameell'llnl 
Un-Plant 

Unknown 
Unknown 

0.02 
0.02 

4375 
4375 

0.17063 
0.17053 

s- Tantalum, ColumOtum. and_,,__ Unnamed Plant Unknown 0.015 4375 0.12797 
SdWr 

Sitwr -
ThaRun -Thaiun 
ThaUun 
Thaiium 
Thllium 
Thalun 
Thalun 
Tltelun 

23 

Tantalum, Columboum, and ~P,ooea-
T.,,,.ium, Cduml>oum, andF-..r,Prooea-
Tanwum. Colurnl>un, and Fel'TOCOlolnt>cuf Prooea-
TantaJum,CollrnDun.andFem>c,ounbour!Proc.a-
CoPOe< Aciclplan1-
Ccc,per Acicll)l&nl-
Cq,per Acial)l&nl-
ei.m.,,ai Phcoi,lw)rus N'JAmaa,e 
ei.n-w Phcoi,lw)rus Fumace...-_, 

-_,. Phcoi,lw)rusPhOll>hONI i=vm---Fumaoe...-_,F,imaoe----~ 
u,,-
Un-
Unknown 
Unknown 
Cypn,a.CltyPocl 
~llngl,am~ 

Magna, San --Unknown ---

Unknown 
Unknown 
Unknown 

,z, -UT 
AZ 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

0.0011 
0.005 
0.005 

0.0015 
25 

0.25 
0.25 
0.03 
1.25 

0.455 
0.455 
0.25 

4375 
4375 
4375 
4375 

22013 
22083 
22083 

H!7 
17500 
17500 
17500 
17500 

0.07678 
0.042118 
0.04268 
0.0128 

1078.5625 
10.76553 
10.76563 
0.00975 

42-65625 
15.52688 
15.5U88 
8.53125 

1( 

" 
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Th1U1um EJ__,,.I PhosQl,ONS Fumaco~- U,,krown l)nkno'M, 0.25 17500 8.53125 &&: 
Thallium Elom.,,..IPhosl>'IOtUI Fumaco scrubber - Unl<nown Unicnown 0.01, 17500 0.,1115 &&: 
Thall11.1m Rare Eartt,s Process- Unknown Unicnown 2.5 117 0.56875 3! 
Thalhum Rare Eant,s Procaa-• Unkrown Unknown 2.5 117 .O.56875 3! 
Thalltum Rare Eanhs Procesa wutNat• Unknown Unicnown 2.5 117 0.56875 3! 
Thallium Rare Eanhs Process wut-lW Unknown Unknown 2.5 117 0.56875 3! 
Th111rum Rare Eanhs Process wast-tar Z.nc Co,p of Arnenc:a. Monaca PA 2.5 117 0.515875 3! 
Thallium Rare Eanhs Process wast-I• Unknown Unknown 0.55 117 0.12513 3! 
Thallium Selenium Pl.-,f P'OCftl wastlWllffl Unknown Unknown 0.55 550 0,58988 s:; 
Tharrrum Selenium Plant P'OCftl wutlWll.. Unknown Unicnown 0.25 550 0.26813 s:; 
Thalhum S.i.n,um Plant process wastlWltn Unknown Unknown 0.25 550 0.26813 s:; 
Thalhum Tantalum, Cofumblum. and Ferrocclumb1urT Process wastewat• Unknown Unknown 0.25 '375 2.13281 25' 
Thalhum Ta,,111um. Cofumblum. and FefTOCOlumb1UrT Process wastewatw Unknown Unknown 0.25 '375 2.13281 25· 
Thallium Tantalum. CokJmbaum, Ind Femx:olumbtul'f Process wutewatar Unknown Unicnown 0.25 '375 2.13281 25' 
Thalhum Tantalum. Co-..mb1um. and FelT'OCaumbfurT Process wastewamr Unknown Unicnown 0.25 '375 2.13281 25' 
Vanadn.m 22 Co-, Acldplanl- Cyprus, Clay POOi AZ 5 22083 215.3125 10'4 
Vanactu.m 
Van1ct11.m 
V&nadil.A'TI 
Vanadu.m 

~ 
Elomtnlll PhQSllllotus 
ElomanllJ PhOSChcNl 
ElomonllJPhQsc)llorus 

l>odpiant-
AFt.lmuie 

Furnace scrubber -
Fumaca scrut>ber b6owdown 

Kemeccll. Blngham Canyon 
Unknown 
Unknown 
Unknown 

UT 
Unknown 
Unlcnollln 
Unknown 

0.05 
0.19 

0.794 
0.6 

22083 
167 

17500 
17500 

2.15313 
0.06175 

27.09525 
20.•75 

10'4

•• 
8'2 
8'2 

Vanaci..,, Elemental Phosphot\ls Fumace~-"" u.- Unicnown 0.58 17500 19.7925 8'2 
Var,adi..,, ElomtnllJ Phosllf>ONI Fumace~- Unknown Unknown 0.05 17500 1.70625 8'2 
Vlhlci..,, 
Vanaci..,, 

ei-.ntal Phosllf>ONI 
Elemtnlll Phosphot\ls 

Fumace SCNbber -
FumacesclUbber-

Unknown 
Unknown 

UMnown 
Unknown 

0.05 
0,015 

17500 
17500 

1.70625 
0.51188 

8'2 
8'2: 

Vanadi..,, 
Vanadi..,, 
Vanaci..,, 

Elomtnlal PhOll)horus 
Rare Earltls 
Rare Earltls 

Fumace,er,Jlll>et-

Proceu wast-•· 
Procesawut-r. 

Unknown 
Unicnown 
Unknown 

Unknown 
Unknown 
Unknown 

0.015 
0.5 
0.5 

17500 
117 
117 

0.51188 
0.11375 
0 11375 

8'2'. 
38! 
38! 

Vahlcium RareEanN PYocesswut- Unknown Unknown 0.5 117 0.11375 311! 
Vanadium Rare Eanhs. F'rocessWUlewl!W Unicnown Unknown 0.5 117 0.11375 38: 
Vanact..,, Rare Earltls PTocessWUlewllW Unknown Unknown 0.5 117 0.11375 38! 
Vanacium Rare Ear111s blc Corp ol America. t.lonaca PA 0.5 117 0.11375 38! 
Vanactum 
Vanacium 
Vanacium 
Vanaan.rn 
Vanactum 

S..,,u,n Prooea --··Planlp,ocea-
S..,,urn 
S..,,urn --PlantPlant procesa -ffl 
Tantalum. Columt>um, and FlffOCOlumlJuT Process-• 
Tantalum. Columt>um, and Fem,eo,umt,ur Proo.so -I• 

UnlcnoMI 
Unknown 
Unknown 
Unicnown 
Unknown 

Unknown 
Unknown 
Unknown 
Unknown-

0.05 
0.05 
0.05 
0.05 
0.05 

550 
550 
550 

'375 
'375 

0.05363 
0.05363 
0.05363 
0.'2656 
0.'2656 

63' 
63" 
63' 

2517 
251' 

. Vanadium Tiln1allorl, Col.mbun, and Ferrocol\UnlJII. PYocess WUI- Unkrown Unknown 0.05 '37!i 0 '2656 251' 
Zinc 3' ~ Acidpll"1- CBI CBI ~ 22083 20110.1875 10'4' 
Zinc ~ Acidpll"1- CBI CBI 385 22083 15717.8125 10'4' 
Zane ~ Acidpll"1- CYl)Na, Clay Pool AZ 115 22083 '952.1875 10'41 
Z,nc Coppe, Ac,dpll"1- l.lagmL San lolanuol AZ 22.25 22083 958.1'063 10'4' 
,.,c Coppe, Acidpll"1- CBI CBI 7.47 22083 321.67688 10,U ~ 

Zinc Coppe, Ac,dplln1- Kenneccft,llingllMtc.,yon UT 7.1' 22083 307.06625 1()'40 
Zinc Coi,c,er Acidplanl- l.lagmL San t.lanuol AZ. 7.011 22083 30<.8825 10'41 
Z,,c ~ l>odpll"1- CBI CBI 5.63 22083 285.504311 10'4' 
Z,,c ~ l>ujpll"1- CBI CBI 6.23 22083 268.27938 10'41 
ble 
Zinc 

Coi,per 
ElomamalPhosl)honm 

Acidplanl-
W'Mmsala 

CBI 
Unknown 

CBI 
Unknown 

3.18 
37.2 

22083 
167 

135.on5 
12.09 

10'4' . ,,s 
Z,,c 
Lnc 
Zinc 

Elomamal Phcll)IIONS 
EJ..-IPhosl>l>orua 
Elem-I Phas;,llorus 

Furnace..--
Furnace scn,bber -
Furnace--

Unknown 
Unknown 
Unlcrown 

u,,-
Unknown- 130 

130 
70 

17500 
17500 
17500 

"3625 
"36.25 
2388.75 

8'29 
8'29 
8'29 

Zinc E..,,_1Phosp,orus Fumaco..-- Unlcrown Unknown 3.8 17500 129.675 8'29 
Znc Elemantal Pt>osi,horus FumacolCNbber- Unlcrown Unknown 1.38 17500 '6.'1 8'29 
z.,c e..,,_1 Pt>osi,horus Furnace-- Unknown Unknown O.58 17500 19.7925 8'29 
Zr,c 
Z11c 
Znc 
Zinc 
blc 
Zinc 

- """""'°"' RareEanhs 
Rare Eanhs 
RareEanhs 
Rare Eanhs 
Rare Ear1hs 

FumacoSCNlber-
Process-
Process---------

Unknown 
Unknown 
U<lknown 
Unlcnown 
Unnamed Plant 
Unknown-

Unknown 
UnlcnoM, 
UnlcnoM, 
UnlcnoM, 

Unknown 
Unknown-

O.55 
24 

19.4 
12.5 
10.7 
I.SM 

17500 
117 
117 
117 
117 
117 

18.76875 
5.46,,,35 

2.8'375 
2.'3425 
2.03385 

8'29 
385 
385 
385 
385 
385 

blc Rare Ear1h1 5.17 117 ,..0368 385 
Zinc 
Zinc 
Zinc 

Selenoum_,..., 
Seltn,um 

Planll)f'OmU-
Pilntl)f'OmU-Plan! __.... 

Unknown 
Unknown 
UnlcnoM, 

UnlcnoM, 

Unicnown 
Unknown-

5 
1.911 

0.5119 

550 
550 
550 

5.3625 
2.12355 
0.6'2'3 

631 
631 
631 

blc 
Zinc 
Zinc 
Zinc 
blc 

Tantalum, Counbium, lnd Fenoc0unl:liuff P,,.,..-

Tantalum, Counbium, and - P,,.,.. -

Tantalum, Counbium, and ---
Tanwum,Counbun.lnd_"-_ 
Tantalum.~.lnd,,__P,,.,..wut-

Unknown 
Unknown 
Unknown 
Unknown 
UnmcWI 

Unknown 

Unicnown -u.-

0.5' 
0,5' 
0.5 
0.5 
0.5 

'37! 
'375 
'375 
'375 
'375 

•.60688 
,.soeaa
•·=•·=
•.26563 

2517 
2517 
2517 
2517 
2517 

Zinc 
Zinc 

Tantalum,~. and FenooounburP,,.,.. -
Tantalum.~lndFenooounbur"--

Unknown 
u,.,._, 

Unicnown 
Unknown 

0.371 
O.207 

'375 
'375 

3.16509 
1.76597 

2517 
2517 

NOTES: 

1. v,. (m') • 11, Annual A- Rec:ydod V....,.. (MT)• 0.73411 m', (WU18 ~ • 85b'ft' • 1381 k~') 

2. M,,.(lcg) • C...(ml>1<g)" V,.(m') 0 1.381X10" 11.:isx11).3. 1.311 t.lflm' • 1000 ~ • 1x10• kO'mg) 

3. V. (m') • 1/12 A- AmuaJ Rec:ydod Volume (MT) • 1.0 t.lf/n ~ 0enllly • s:i., b'ft' • 1000 ~') 

•· I.I.. (leg) • C... (nql • ""1 • V. (m') • 1X10" (1X10" • 1.0 IIT/m1 
• 1000k¢,IT' • 1X10'°~ 

5. ~ (leg) • c_ (11'9'1) •, 201o1<g • V (m') • 1.383X10" (20 I/leg• ratio ol lMc:IWa mua to acid llffll)le maa) 

6. ~ (kg) • c_ (mg!. ff911;) • us 1,1cg • Vii (m') • 1.oxtne 11kg • ratio ol -.ction - p1u1 ~ fradicn to ongi'lal u,np1o mua) 
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