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CHAPTER 1. INTRODUCTION 

In the 1984 Hazardous and Solid Waste Amendments (HSWA) to the Resource 
Conservation and Recovery Act (RCRA), Congress specified that land disposal of 
hazardous waste is prohibited unless the waste first meets treatment standards 
established by EPA or is disposed of in units from which there will be no migration or 
hazardous constituents for as long as the waste remains hazardous. The HSWA 
amendments require that treatment standards must substantially diminish the toxicity or 
mobility of hazardous waste, so that short- and long-term threats to human health and 
the environment are minimized. Today's final rule addresses a set of LOR proposals, 
Notices of Data Availability (NODA), and one final rule, collectively known as "The 
Phase IV Land Disposal Restrictions rule ('Phase IV')." Phase IV is the latest in a 
series of Land Disposal Restrictions (LOR) rules that establish treatment standards for 
newly listed and identified wastes and that address other hazardous waste matters. 

This document analyzes the impact of the Phase IV rulemaking on the treatment 
of contaminated media. The analysis covers: 

• New soil treatment standards for soil contaminated with hazardous 
waste; 

• New LOR treatment standards for media contaminated with riewly 
identified mineral processing wastes; and . 

• New LOR treatment standards for media that exhibit the toxicity 
characteristic (TC) for metal constituents. 

The rulemaking's effect on media contaminated with Manufactured Gas Plant (MGP) 
wastes is analyzed in the "Application of Phase IV Land Disposal Restrictions to Newly 
Identified Mineral Processing Wastes: Regulatory Impact Analysis."1 The rulemaking's 
effect on process waste is analyzed in several regulatory impact analyses. 

Based on the analysis documented in this paper, EPA expects that the 
rulemaking will slightly increase treatment costs for selected volumes of soil that exhibit 
the TC for metals, while slightly decreasing treatment costs for other volumes of soil 
under the new soil treatment standards. The rulemaking is not expected to significantly 
affect the costs of treating contaminated sediment, ground water, debris, or the costs of 
treating media contaminated with newly identified mineral processing wastes. 

1 U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, "Regulatory Impact 
Analysis: Application of Phase IV Land Disposal Restrictions to Newly Identified Mineral Processing Wastes," Jan 
1998. 
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The remainder of this introductory chapter has four parts. The first three parts 
summarize the new soil treatment standards, the new LOR standards for media 
contaminated with mineral processing waste, and the new LOR standards for media 
that exhibit the TC for metals. The fourth section provides an overview of the 
remainder of this report. 

1.1 New Soil Treatment Standards 

Currently, hazardous contaminated soil and other hazardous media are subject 
to the same treatment standards as the contaminated restricted wastes. Hazardous 
contaminated media are subject to the appropriate treatment standards listed in the 
Universal Treatment Standards (UTS) Table in 40 CFR 268.48(a). In the Phase IV 
rule, the Agency is promulgating new soil standards that will apply specifically to 
hazardous soil that is restricted from land disposal, including hazardous soils 
contaminated by TC metals and mineral processing wastes. The new soil standards 
require the concentration of each hazardous constituent to be reduced by 90 percent or 
to 10 times the UTS, whichever less stringent. 

As discussed in the preamble to the final rule, EPA is establishing these new soil 
standards to address specific treatability issues posed by hazardous soil. The UTS 
levels were established with industrial process waste in mind. The composition of 
contaminated soils is quite different from process wastes, which often makes 
attainment of current UTS levels infeasible or inappropriate. While facilities currently 
have the option of obtaining a treatability variance in this situation, obtaining a variance 
often causes delays and increases costs. Additionally, EPA has long recognized that 
the difficulty and cost of meeting the current LOR standards provide incentives for 
facilities to pursue a legal option of capping or treating hazardous contaminated soils 
in-situ to avoid the application of LORs, rather than excavating the soil and treating it 
more effectively using the best demonstrated available technology (BOAT). 

Thus, the Agency is establishing these alternative LOR standards in order to 
provide regulatory flexibility for facilities generating hazardous soil. EPA believes that 
the new soil standards will significantly improve the management of hazardous soil by 
increasing treatment options and reducing procedural delays. EPA also believes that 
these standards will encourage implementation of more aggressive or permanent 
remedies, substantially reduce hazardous constituent concentration, and also 
"minimize threats" to human health and the environment, as required by RCRA Section 
3004(m). 

The new soil treatment standards apply to soil that is hazardous because it 
exhibits a characteristic of hazardous waste or contains listed waste. Other final rule 
provisions also affect soil and other media containing listed waste. Revised 40 CFR 
268.3(c) requires media contaminated with listed hazardous waste to be treated for all 
hazardous constituents reasonably expected to be found in the waste, instead of only 
the primary constituents listed in 40 CFR 268.40, as is currently the case. (If these 
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media also exhibit the toxicity characteristic, they may already be subject to a 
requirement to treat all underlying hazardous constituents.) 

1.2 Standards for Media Contaminated With Mineral Processing Wastes 

In the Phase IV rulemaking, EPA finalizes treatment standards for newly 
identified characteristic mineral processing wastes that are not excluded from RCRA 
under the Bevill Amendment. Under the current requirements, media contaminated 
with these wastes are not subject to the LDRs. Under the final rule, these media must 
comply with the LOR standards for characteristic wastes, that is, the UTS levels for all 
underlying hazardous constituents (UHCs). Debris, however, may be treated using the 
alternative debris treatment standards. Sediment and debris contaminated with newly 
identified mineral processing wastes also must be treated to UTS levels for all UHCs. 
Soils contaminated with newly identified mineral processing wastes must meet the 
newly promulgated soil standards described above. 

1.3 Standards for TC Metals Media 

Until this rule, all process wastes and contaminated media exhibiting the toxicity 
characteristic for metals that also fail the extraction procedure (EP) were subject to 
treatment standards equal to the TC levels. 2 Because the characteristic levels and 
lead and chromium LOR levels are insufficient to minimize human health and 
environmental threats, additional treatment of these remediation wastes left on site is 
normally required. EPA is now requiring that facilities treat TC metal wastes to existing 
UTS standards for all TC metals and UHCs. Sediment and debris exhibiting the TC for 
metals will also have to meet the new standards. Debris, however, may be treated 
under the alternative treatment standards for hazardous debris. Soils exhibiting the TC 
for metals will have to comply with the newly promulgated soil standards described 
above. 

In addition to establishing new treatment standards for eight TC metal wastes 
(arsenic, barium, cadmium, chromium, lead, mercury, and selenium), EPA is revising 
the UTS for nonwastewater forms of the following 12 metal constituents (six TC metals 
and six non-TC metals): 

• Antimony; • Nickel; 
• Barium; • Selenium; 
• Beryllium; • Silver; 
• Cadmium; • Thallium; 
• Chromium; • Vanadium; and 
• Lead; • Zinc. 

2 See 55 FR 22520, June 1, 1990. 
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The Agency also is setting new treatment standards for wastewater forms of barium, 
cadmium, chromium, lead, selenium, and silver TC wastes at levels equal to the 
previous wastewater UTS levels. 

1.4 Outline of This Document 

This report estimates the incremental costs and the cost savings associated with 
the three parts of the Phase IV rule summarized above. The remainder of this report is 
organized as follows: 

• Section 2 presents the methodology and the major limitations; 

• Section 3 describes the results; and 

• Section 4 analyzes the economic impacts of the projected 
incremental costs of the rulemaking on small entities. 

In addition, Appendix A describes the soil and sediment database used in this analysis 
and Appendix 8 presents detailed (e.g. industry-by-industry) results of the economic 
impact analysis. 
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CHAPTER2. METHODOLOGY 

This chapter describes the methodology for estimating the incremental costs and 
cost savings of the application of the Phase IV rule to contaminated media. 

• Section 2.1 describes the development of the contaminated soil 
and sediment database, which contains volume, constituent, and 
constituent concentration data for a sample of Comprehensive 
Environmental Response, Compensation, and Liability Act 
(CERCLA) remedial action and RCRA corrective action sites. 

• Section 2.2 summarizes the formulas used to assign treatment 
methods and costs to soil and sediment in the database under both 
the baseline and the post-regulatory analyses. 

• Section 2.3 explains how and why the database was partitioned 
into three portions for purposes of this analysis: soils exhibiting the 
TC for organics, soils and sediments exhibiting the TC for metals 
only, and non-TC soils and sediments, which are assumed to 
contain listed waste. 

• Section 2.4 describes the estimation of the amount of contaminated 
soil and sediment treated annually under various remediation 
programs. 

• Section 2.5 explains the approach for estimating baseline soil and 
sediment treatment costs. 

• Section 2.6 outlines the approach for estimating the cost savings 
associated with the new soil treatment standards. 

• Section 2. 7 describes the analysis of possible incremental costs of 
the new requirements on soil and sediment contaminated with 
mineral processing wastes. 

• Section 2.8 discusses the approach for estimating the incremental 
costs of treating all UHCs in soils and sediments exhibiting the TC 
for metal wastes. 
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• Section 2.9 presents the analysis of the impact of the new TC 
metal and mineral processing waste treatment standards on the 
management of contaminated groundwater and contaminated 
debris. 

• Section 2.1 O describes the major data limitations of the analysis. 

This methodology is summarized in Exhibit 2-1. 

2.1 Developing the Contaminated Soil and Sediment Database 

In order to assess the cost impacts from the Phase IV rule on contaminated soil 
and sediment, the affected volumes of these media had to be characterized. These 
volumes are generated through CERCLA, RCRA corrective action, RCRA closures, 
state superfund, and voluntary cleanup programs. Characterizing these volumes is 
most reliably done through examining data on volumes of such media generated in past 
remedial actions. Therefore, EPA compiled a database containing available soil and 
sediment data on existing CERCLA remedial action and RCRA corrective action sites, 
as reported in CERCLA Records of Decision (RODs) and several databases compiled 
for analyses of RCRA corrective action initiatives. (Detailed data were not available for 
other remediation programs.) Because this analysis analyzes the effect of the Phase 
IV requirements on cleanups that will occur in the future, EPA does not have data on 
the soils and sediments that will be generated at those cleanups. Instead, the Agency 
developed this database to predict the nature of soils and sediments that will be 
cleaned up in the future. In addition, the database volumes were not used to predict 
the number and size of future cleanups; separate data sources were examined tor 
those estimates, as described in Section 2.4. 

The data for each site include contaminated soil and/or sediment volumes for a 
distinct segment of the cleanup and the types and maximum concentrations of 
hazardous constituents present. Because detailed data on sediment contamination at 
RCRA corrective action sites were not available, the impact of Phase IV on the 
management of sediment at RCRA sites was derived from data for CERCLA remedial 
action sediment and RCRA corrective action soil. The RODs and corrective data 
sources are described more fully in Appendix A. 

The complete database contains data on 535 soil and sediment sites (or 
particular volumes) with approximately 44 million tons of contaminated media. The 535 
sites include 326 CERCLA sites with approximately 9 million tons of contaminated soil, 
88 CERCLA sites with just under one million tons of contaminated sediment, and 
121 RCRA corrective action sites with 34 million tons of contaminated soil. The 
database is further described in Appendix A. 

Page 2-2 Chapter 2: Methodology 



Exhibit 2-1 
Methodology for Analyzing Impact of Phase IV on Contaminated Media 

Step Key Outputs 

1. Develop database for a sample of CERCLA rem1 !~ile-specitic data on volume and maximum constitw n t 
action and RCRA corrective action sites (Section concentrations for: 
2.1) • CERCLA remedial action soil 

• RCRA corrective action soil 
• CERCLA remedial action sediment 

2. Develop approach to assign baseline treatment Formulas for assigning treatment methods and cost 
methods and costs for soil and sediment at sam~ leased on site constituents, concentrations, and 
sites (Section 2.2) volumes. 

3. Partition database volumes based on whether vo la!ites and volumes that: 
exhibit the TC for metals, the TC for organics, or • Exhibit TC for organics or for organics and metals 
no TC (Section 2.3) (soil) 

• Exhibit TC for metals only (soil and sediments) 
• Do not exhibit TC and are assumed to contain liste 

waste (soil) 

4. Estimate volume of contaminated soil and sedim ~Mlnual volume of soil treated at: 
treated annually by various remediation program~ • CERCLA remedial actions 
(Section 2.4) • RCRA corrective actions 

• RCRA closures 
• State superfund cleanups 
• Voluntary cleanups 
Annual volume of sediment treated at: 
• CERCLA remedial actions 
• RCRA corrective actions 

5. Estimate soil and sediment treatment costs in the Average treatment cost per ton for: 
baseline (Section 2.5) • CERCLA remedial action, state superfund, and 

voluntary cleanup soil 
• RCRA corrective action and RCRA closure soil 
• CERCLA remedial action sediment 
• RCRA corrective action sediment 

6 Project Phase IV treatment and costs for soil and Average treatment cost per ton for each partial volur ~ e 
sediment for sample sites for each partitioned volu Tfer: 
(Section 2.6 through 2.8) • CERCLA remedial action soil 

• RCRA corrective action soil 
• CERCLA remedial action sediment 

7. Multiply changes in weighted average treatment Annual costs or cost savings for: 
costs from Steps 5 and 6 by annual volumes fron ~CLA remedial action, state superfund, and 
4 to project total annual cost savings (Sections voluntary cleanup soil 
2.6 through 2.8) • RCRA corrective action and RCRA closure soil 

• CERCLA remedial action sediment 
• RCRA corrective action sediment 

8. Discuss potential changes in treatment costs for • Qualitative discussion of Phase IV impacts. 
contaminated ground water and contaminated de bris 
(Section 2.9) 
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2.2 Assigning Treatment Methods and Costs 

Compliance approaches for both the baseline and the post-regulatory scenarios 
are based on a host of site-specific factors, all of which could not be taken into 
consideration in this analysis. Given the available information, treatment technologies 
were assigned for each site (or particular volume) in the database, for both baseline 
and post-regulatory scenarios, based on three factors: 

• The types of hazardous constituents in the contaminated soil or 
sediment; 

• Their maximum concentration; and 

• The volume to be remediated. 

This approach to projecting soil and sediment treatment methods was originally 
developed to support the analysis of the proposed hazardous waste identification rule 
for contaminated media (HWIR-Media). See the "Economic Assessment" of the 
proposed HWIR-Media rule. 3 The approach has been adapted to analyze the impact of 
the Phase IV rule on contaminated soil and sediment. Although the approach, as 
originally developed, projects both in-situ and ex-situ treatment, the LDRs including the 
Phase IV standards apply to soil and sediment treated ex-situ only. Thus, while the 
modeling described here covers both in-situ and ex-situ treatment, the projected Phase 
IV incremental costs and cost savings reflect only changes in ex-situ treatment. 

The Agency, nevertheless, recognizes that changes in the LDRs also create 
incentives for shifts between in-situ and ex-situ management. For example, less 
stringent soil treatment standards may prompt remediation decision makers at some 
sites to use ex-situ instead of in-situ soil treatment technologies. These shifts could 
occur, despite the generally higher cost of ex-situ versus in-situ treatment, because the 
LOR-compliant ex-situ treatment methods may be less costly under the relaxed LDRs 
then under the baseline. In these situations, treatment costs will be higher under the 
new soil treatment standards than under the baseline because the remediation decision 
maker found the advantages of ex-situ treatment (e.g., greater effectiveness, more 
protective management of the residuals, and a permanent remedy that avoids the 
potential long-term costs of an inadequate remedy) exceeded the disadvantages of 
higher costs. EPA expects that facility managers will use the more expensive ex-situ 
option only if they believe that the long-term financial benefits of more protective 
treatment will exceed the additional short-term expense. In any case, such shifts may 
not occur frequently and EPA has not quantified the additional short-term cost or long­
term benefits associated with the more expensive treatment methods. 

3 U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, "Economic Assessment 
the Proposed Hazardous Waste Identification Rule for Contaminated Media," April 1, 1996. 
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The approach for assigning treatment methods was reviewed by EPA and 
industry remediation experts to ensure that it was reasonable and appropriate for this 
analysis. There are many limitations associated with assigning treatment technologies 
using just a few parameters and without considering other site-specific parameters that 
might influence the selection of treatment technologies (e.g., distance to nearest 
residence or drinking water source). Nevertheless, as is discussed further below, the 
treatment technologies used in this analysis generally reflect the current and expected 
use of the technologies over the next five years and effectively incorporate the use of 
technologies approved under RCRA treatability variances. 

The predicted treatment technologies for soil and sediment and their estimated 
average treatment costs per ton are based on several data sources, including the 
following: 

• Corrective Action RIA Technologies List, Corrective Action 
Regulatory Impact Analysis, Office of Solid Waste, U.S. EPA, 
March 1994: a comprehensive list of innovative treatments and 
treatment costs developed for the corrective action RIA remedy 
selection process. 

• Vendor Information System for Innovative Treatment Technologies 
(VISITT), Office of Solid Waste and Emergency Response, U.S. 
EPA, EPA 542-R-93-001, April 1996: a database containing 
innovative treatments and treatment costs submitted by 
developers, manufacturers, and suppliers. 

• Regulatory Impact Analysis of Phase II Land Disposal Restrictions 
Proposed Rule, Office of Solid Waste, U.S. EPA, September 13, 
1993. 

• Five volumes of the eight-volume series of Innovative Site 
Remediation Technologies prepared by WASTECH, a multi­
organization cooperative project managed by the American 
Academy of Environmental Engineers: Chemical Treatment (Vol. 2, 
1994); Soil Washing/Soil Flushing (Vol. 3, 1993); 
Stabilization/Solidification (Vol. 4, 1994); Thermal Desorption 
(Vol. 6, 1993); and Thermal Destruction (Vol. 7, 1994). 

• Cleaning Up the Nation's Waste Site~. Market and Technology 
Trends, Office of Solid Waste and Emergency Response, U.S. 
EPA, EPA 542-R-96-005, April 1997. 

• Engineering Bulletin: In-Situ Soil Vapor Extraction Treatment, 
Office of Emergency and Remedial Response and Office of 
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Research and Development, U.S. EPA, EPA 540-2-91-006, May 
1991. 

• Innovative Treatment Technologies Overview and Guide to 
Information Sources, Office of Solid Waste and Emergency 
Response, U.S. EPA, EPA 540-9-91-002, October 1991. 

• BCD: An EPA-Patented Process for Detoxifying Chlorinated 
Wastes, Office of Research and Development, U.S. EPA, 1991. 

• Handbook on In-Situ Treatment of Hazardous Waste­
Contaminated Soils, Risk Reduction Engineering Laboratory, U.S. 
EPA, EPA 540-2-90-002, January 1990. 

• EPA's Contaminated Sediment Management Strategy, Office of 
Water, U.S. EPA, EPA 823-R-94-001, August 1994. 

• Selecting Remediation Technologies for Contaminated Sediment, 
Office of Water and Office of Research and Development, U.S. 
EPA, EPA 823-893-001, June 1993. 

• Classification Methods Compendium, Office of Water, U.S. EPA, 
EPA 823-R-92-006, September 1992. 

• Innovative Treatment Technologies: Annual Status Report. 
Application of New Technologies at Hazardous Waste Sites, Office 
of Solid Waste and Emergency ·Response, EPA 542-R-95-008, 
September 1995. 

As shown in the Exhibit 2-2, EPA assigned hazardous constituents to one of four 
constituent treatability groups based upon their amenability to different remediation 
technologies: 

• 

• 

• 

• 
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Volatile organic compounds (VOCs); 

Semi-volatile organic compounds (SVOCs); 

Aromatic halogenated organic compounds and halogenated 
pesticides and herbicides (all labeled AH Cs in this document for 
simplicity); and 

Metals . 
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Exhibit 2-2 
List of Hazardous Constituents by Treatability Group 

Volatile Organic Compound (VOCs) 

1, 1, 1-Trichloroethane 
1, 1 ,2-Trichloro-1,2,2-trifluoroethane 
1, 1,2-Trichloroethane 
1, 1,2,2-Tetrachloroethane 
1, 1, 1,2-Tetrachloroethane 
1,1-Dichloroethane 
1, 1-Dichloroethylene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,3-Dichloropropene 
2-Butanone (MEK) 
3-Chloropropene 
Acetone 
Benzene 
Bromodichloromethane 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chloroform 
Chloromethane 

Cis-1,2-Dichloroethylene 
Cis-1,3-Dichloropropene 
Cumene 
Cyanide (amenable) 
Dibromomethane 
Dichlorodifluoromethane 
Dichloromethane 
Ethyl Benzene 
Ethyl Ether 
Methyl lsobutyl Ketone 
Styrene 
Tetrachloroethylene 
Toluene 
Trans-1,2-dichloroethene 
Trans-1,3-dichloropropene 
Trichloroethylene 
Trichforofluoromethane 
Vinyl Chloride 
Xylenes 

Semi-Volatile Organic Compounds (SVOCs) 

1,2,3-Trichloropropane 
1,2-Dibromo-3-chloropropane 
1,2-Diphenylhydrazine 
1 ,3-Dinitrobenzene 
1,4-Dioxane 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4-Toluenediamine 
2,6-Dinitrotoluene 
2,6-Toluenediamine 
2-Chloro-1,3-butadiene 
2-Ethoxyethanol 
2-Napthylamine 
2-Nitropropane 
2-sec-Butyl-4,6-dinitrophenol (Dinoseb) 
3,3'-Dimethoxybenzidine 
3,3'-Dimethylbenzidine 
3-Methylcholanthrene 
7,12-Dimethylbenz(a)anthracene 
Acenaphthene 
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Acetonitrile 
Acetophenone 
Acrolein 
Acrylamide 
Acrylonitrile 
Aniline 
Benzidine 
Benzo(a)pyrene 
Benzyl Alcohol 
Benzo(a)anthracene 
Bis(2-chloroethyl)ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethlyhexyl)phthalate 
Butanol 
Butyl Benzyl Phthalate 
Chlorodibromomethane 
Chrysene 
Cresols 
Dibenzo(a,h)anthracene 
Diethyl Phthalate 
Diethylstilbestrol 
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Exhibit 2-2 (continued) 
List of Hazardous Constituents by Treatability Group 

Semi-Volatile Organic Compounds (SVOCs) (continued) 

Dimethoate Methyl Parathion 
Dimethyl Phthalate m-Cresol 
Diphenylamine Naphthalene 
Disulfoton Nitro benzene 
Di-n-butyl Phthalate N-Nitrosodimethylamine 
Di-n-octyl Phthalate N-Nitrosodiphenylamine 
Epichlorohydrin N-Nitroso-di-n-propylamine 
Ethyl Acetate N-Nitrosomethylethylamine 
Ethyl Methacrylate N-Nitrosopiperidine 
Ethyl Methanesulfonate N-Nitrosopyrrolidine 
Ethylene Dibromide N-Nitroso-diethylamine 
Ethylene Thiourea N-Nitroso-di-n-butylamine 
Famphur Octamethyl Pyrophosphoramide 
Fluoranthene o-Cresol 
Fluorene o-Toluidine 
Formaldehyde Parathion 
Formic Acid Phenol 
Fu ran Phenylenediamine 
Hexachlorocyclohexane Pho rate 
Hexachlorocyclopentadiene Phthalic Anhydride 
Hexachloroethane Pyrene 
Hexachloro-1,3-butadiene Pyridine 
lndeno (1,2,3-cd) pyrene p-Chloroaniline 
lsobutyl Alcohol p-Cresol 
lsophorone p-Toluidine 
Maleic Anhydride Safrole 
Methacrylonitrile sym-Trinitrobenzene 
Methanol Tetraethyl Dithiopyrophosphate 
Methoxychlor Tribromomethane 
Methyl Methacrylate Tris (2,3-dibromopropyl) phosphate 

Aromatic Halogenated Compounds (AHCs) and Halogenated Pesticides and Herbicides 
1,2,4,5-Tetrachlorobenzene 2378 HpCDFurans 
1,2,4-Trichlorobenzene 2378 HxCDDioxins 
12378 PeCDFuran 2378 HxCDFurans 
2,3,4,6-Tetrachlorophenol 2378 PeCDDioxins 
2,4,5-Trichlorophenol 2378 TCDDioxin 
2,4,5-Trichlorophenoxyacetic acid 2378 TCDFuran 
2,4,6-Trichlorophenol 2-Chlorophenol 
2,4-Dichlorophenol 3,3'-Dichlorobenzidine 
2,4-Dichlorophenoxyacetic acid Aldrin 
23478 PeCDFuran alpha-HCH 
2378 HpCDDioxins Aramite 
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Exhibit 2-2 (continued) 
List of Hazardous Constituents by Treatability Group 

Aromatic Halogenated Compounds (AHCs) and Halogenated Pesticides and Herbicides 
(continued) 

Benzotrichloride 
Benzo(b)fluoranthene 
Benzyl Chloride 
beta-HCH 
Chlordane 
Chlorobenzene 
Chlorobenzilate 
DOD 
DOE 
DDT 
Dia II ate 
Dieldrin 
Endosulfan 
Endrin 
gamma-HCH (Lindane) 
Heptachlor 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 

Heptachlor epoxide (a,b,g isomers) 
Hexachlorobenzene 
Hexachlorophene 
Ke pone 
Octachlorodibenzodioxin (OCDD) 
Octachlorodibenzofuran (OCDF) 
o-Dichlorobenzene 
Pentachlorobenzene 
Pentachloronitrobenzene (PCNB) 
Pentachlorophenol 
Polychlorinated Biphenyls (PCBs) 
Pronamide 
p-Dichlorobenzene 
Silvex (2,4,5-TP) 
Strychnine and salts 
Toxaphene 

Metals 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Source: Cleaning Up the Nation's Waste Sites: Markets and Technology Trends, U.S. EPA, EPA-542-R-
92-012, April 1993, Exhibit A-2. This EPA document relied on U.S. EPA, Test Methods for 
Evaluating Solid Waste, Volume 1A: Laboratory Manual, Physical/Chemical Methods, Third 
Ed~on,November1987. 
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To better identify specific treatment technologies, contaminated soil and 
sediment volumes were also classified into four groups by high or low volume (HV or 
LV) and high or low concentration (HC or LC). The volume cutoff for both the baseline 
and the post-Phase IV analysis is 20,000 tons for each treatability group except the 
four treatability groups that contain AHCs and two or three additional contaminant 
groups (VOCs, SVOCs, and/or metals). For the three treatability groups with AHCs 
and two additional contaminants, the volume cutoff is 50,000 tons. For the treatability 
group with AHCs and all three other contaminants, the volume cutoff is 65,000 tons. 
Contaminated soil and sediment volumes of less than these 20,000, 50,000, and 
65,000 ton thresholds are classified as low volume. Larger volumes are classified as 
high volume. 

Treatment methods vary with soil and sediment volume because economies of 
scale make some technologies (e.g., vacuum extraction) more economical at large 
volumes. Conversely, cost of other technologies (e.g., incineration) may become 
prohibitively expensive for large volumes. The cutoff volumes of 20,000, 50,000, and 
65,000 tons (and the high and low concentration cutoffs) were set both to reflect these 
economies and so that the baseline projections would reflect the expected choice of 
treatment methods in the absence of Phase IV new soil treatment standards. Because 
incineration is used more often to treat soils and sediments contaminated with AHCs 
and the other contaminant types than it is used for other treatability groups, the cutoff 
volume was increased to reflect these differences in management. 

In the baseline analysis, 100 times the UTS was chosen as the dividing point for 
high and low concentration of organic constituents. Treatment-driving constituents 
present in contaminated soil and sediment at concentrations less than 100 times UTS 
were defined as low concentration; while treatment-driving constituents present at 
concentrations at or greater than 100 times the UTS were defined as high 
concentration. (The treatment-driving constituent is the constituent in each constituent 
group with the highest ratio of its concentration to its UTS value.) The 100 times UTS 
breakpoint was chosen to reflect the expected choice of management methods in the 
absence of Phase IV new soil treatment standards. A technology-based criteria, like 
UTS, is an appropriate basis for defining low and high concentrations, because these 
definitions determine the treatment technology selected in the model. Later sections of 
this methodology discuss how and why these baseline concentration cutoffs were 
redefined for the post-regulatory analysis. 

The concentration of metal constituents was not taken into account in assigning 
treatment technologies because the concentration generally is not a significant 
determinant in selecting treatment remedies for metals. For this analysis, 
immobilization is the only treatment method for metals, as described below. The 
Agency does, however, recognize that soil and sediment contaminated with very high 
concentrations of metals may be managed through high-temperature metal recovery. 
This modeling limitation does not significantly affect the analysis. Only relatively small 
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volumes of media are treated in this manner. In addition, the changes in the LDRs 
under Phase IV are not likely to affect the selection of this technology. 

The remainder of this section describes, in general terms, the treatment 
technologies assigned for each treatability group. Because these assignments reflect 
other factors besides the LOR treatment standards, including site-specific cleanup 
goals, the assigned technologies (e.g., incineration) may be more than sufficient to 
satisfy solely the LDRs. 

2.2.1 Treatment Methods for Metals 

Immobilization is currently the only technology that is widely used to treat 
metals. The technology can be used to treat all metal constituents except for 
selenium. 4 Thus, immobilization is used in this analysis as the treatment technology for 
all soils and sediments containing metals. 

2.2.2 Treatment Methods for VOCs 

Vacuum extraction is currently the preferred technology for both halogenated 
and nonchlorinated VOCs. Bioremediation and thermal desorption also are used to 
treat VOCs at some sites. Bioremediation is lower in unit cost than vacuum extraction 
and thermal desorption, but is effective only for biodegradable compounds and can 
take longer to achieve reductions than vacuum extraction. Therefore, this analysis 
assumes both vacuum extraction and bioremediation will be used to treat VOCs. 

2.2.3 Treatment Methods for SVOCs 

Bioremediation and thermal desorption are the most frequently selected 
innovative technologies for CERCLA remedial action sites with SVOCs. Considering 
the increasing use of bioremediation, its ability to destroy contaminants, and its low unit 
cost, this technology is expected to be the preferred technology for low-concentration 
SVOC wastes. For high-concentration SVOCs, other technologies such as incineration 
and thermal desorption are more effective at reducing constituent concentrations. 
These technologies are expected to be the choices for high-concentration, low-volume 
SVOCs. Although these technologies are not necessary to meet the LDRs for soil 
under Phase IV (e.g., to meet the 90 percent reduction standard), their use was 
projected because of the importance of site specific risk factors (e.g., need for 
reductions greater than 90 percent). Because of higher unit costs for thermal 
desorption and incineration, bioremediation is expected to remain the preferred 
technology for high-concentration, high-volume SVOC wastes. 

4 Because there is no method currently available for treating selenium-bearing wastes effectively, 
facilities typically obtain a treatability variance for such wastes. 
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EPA's analysis of treatment technology trends indicates that the use of 
incineration is declining and generally limited low-volume wastes. Thermal desorption, 
effective at achieving reductions of SVOCs at high concentrations, is gaining in use at 
sites treating a range of SVOCs at the same time that incineration is declining. To 
reflect recent treatment trends for high concentration, low-volume SVOC wastes, the 
predicted technologies for this treatment group were assumed to be 75 percent 
incineration and 25 percent thermal desorption. 

2.2.4 Treatment Methods for AHCs 

Bioremediation is predicted to be the preferred technology for low-concentration 
AHC wastes because of its ability to destroy organic contaminants at a low cost. 
Bioremediation, however, may be inhibited by high concentration AHCs. For high 
concentration AHCs, incineration or thermal desorption is more effective at achieving 
reductions. Yet, as discussed above, the use of incineration for large waste volumes is 
cost-prohibitive. Soil washing followed by dechlorination has been used effectively to 
treat AHCs at a number of sites with a lower unit cost than thermal desorption. Thus, 
these methods were assigned as the preferred technology for high-volume, high­
concentration AHCs. Based on available CERCLA data, high-concentration, low­
volume AHCs were assigned treatment technologies in the same manner as SVOCs. 
Although use of incineration and thermal desorption may not be necessary to meet the 
Phase IV soil treatment standards (e.g., 90 percent reduction), use of these 
technologies is projected because of the importance of site-specific risk factors. 

2.2.5 Treatment Methods for Mixed Constituent Treatability Groups 

Treatment assignments for soil and sediments with multiple types of constituents 
were developed by assuming that the treatment-driving organic constituent within a 
treatment group would determine the technologies used to treat the contaminated 
media. In addition, all media contaminated with metals as well as organics were 
assigned to include immobilization. Whether immobilization is in-situ or ex-situ 
depends on whether the organics treatment technology is in- or ex-situ. Thus, the 
treatment trains described in exhibits on the following pages were developed to 
address multiple treatment-driving constituent waste streams. 

2.2.6 Estimating Treatment Costs 

EPA estimated per ton costs for the soil and sediment treatment methods by 
consulting numerous data sources. Where appropriate, costs for excavation, 
treatment, and disposal of residuals were included in the estimates. 5 Exhibit 2-3 
presents these unit costs, the specific source for the estimate, and any specific 
assumptions used in developing the cost. 

5 Excavation and residual disposal costs were factored only into ex-situ treatments. 
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Exhibit 2-3 
Soil and Sediment Treatment Costs Per Ton 

Cost/Ton 
Treatment Method (1997$) Sources Comments 

Bioremediation $67 Vendor Information Svstem for lnnovat .tAverage cost of 31 sites in 
(in-situ) Treatment Technologies NISIID, Offic e:latabase. 

of Solid Waste and Emergency Respo1 se, 
U.S. EPA, EPA 542-R-93-001, 1996: a 
database containing innovative 
treatments and treatment costs submit ~d 
by developers, manufacturers, and 
suppliers. 

Bio re mediation $76 VISITT. Average cost of 39 sites in 
(ex-situ) database. 

Dechlorination $193 Economic Assessment of the Prooose( Assumes 90% of the waste 
Hazardous Waste Identification Rule fc are treated and disposed o 
Contaminated Media, Regulatory Anal\ sB1 site and 10% of the was e s 
Branch, Communications, Analysis anc are treated and disposed o 
Budget Division, Office of Solid Waste off site. 
and Emergency Response, U.S. EPA, l\pril 
1996. 

Immobilization $54 Reaulatorv lmoact Anal\ffiis: Aoolicatio1 -
(in-situ) of Phase IV Land Disoosal Restrictions 

to Newly Identified Mineral Processing 
Wastes. Office of Solid Waste, U.S. EP~, 
January 1998. 

Immobilization $164 Reaulatorv lmoact Analvsis: Annlicatio1 --
(ex-situ) of Phase IV Land Disoosal Restrictions 

to Newly Identified Mineral Processing 
Wastes. Office of Solid Waste, U.S. EP ~. 
January 1998. 

Incineration $1,375 Economic Assessment of the Prooose( Assumes 90% of the waste 
Hazardous Waste Identification Rule fc are treated and disposed o 
Contaminated Media. on site and 10% of the was e s 

treated are disposed of off 
site. 
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Exhibit 2-3 (continued) 
Soil and Sediment Treatment Costs per Ton 

Cost/Ton 
Treatment Method (1997$) Sources Comments 

Incineration and $1,382 Economic Assessment of the Prooosec Assumes 90% of the waste 
Immobilization of the Hazardous Waste Identification Rule fc are treated and disposed 01 
Ash Contaminated Media. on site and 10% of the was~ e s 

are treated and disposed o1 
off site. 

Soil Washing $119 VISITT. Average cost of 19 sites in 
database. 

Assumes 90% of the waste 
are treated and disposed o 
on site and 10% of the was ~ s 
are treated and disposed o 
off site. 

Thermal Desorption $110 VISITT. Average cost for 52 sites in 
database. 

Contaminated Soil Treatment 
Technologies- Analysis of Treatabilitv Assumes 90% of the waste 
Data, Prepared by ICF Inc. under EPA are treated and disposed o 
Contract 68-W2-008, Work Assignmen fl6~jte and 10% of the was ~ s 
Task 4 for Office of Solid Waste, U.S. are treated and disposed o 
EPA, April 1997. off site. 

Innovative Treatment Technologies: 
Annual Status Re12ort (Seventh Ed.) 
81212lications of New Technologies at 
Hazardous Waste Sites, U.S. EPA, EPJ 
542-R-95-008, Sept 1995. 

Field Demonstration of Thermal 
Desor12tion of Manufactured Gas Plant 
Soils, Prepared by Barr Engineering Cc . 
for EPRI, EPRI TR-105927, Sept 1996 

Vacuum Extraction $150 Economic Assessment of the Prooosec --
Hazardous Waste Identification Rule for 
Contaminated Media. 
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Exhibits 2-4 and 2-5 show how baseline and post-regulatory soil and sediment 
volumes were assigned to treatment methods for soil and sediment, respectively. 
Volumes were assigned a treatment method based on the hazardous constituents 
present, constituent concentrations, and contaminated soil and sediment volumes. 
(The difference between baseline and post-regulatory treatment methods depends, in 
part, on difference in the cutoffs between high and low concentrations.) These exhibits 
also present the estimated cost per ton in 1997 dollars of each combination of 
treatment methods. 

Sediments were assumed to be managed in the same manner as soil with two 
exceptions. The cost estimates were increased by $15 per ton to reflect the additional 
cost of dredging before other management costs are incurred; and in-situ treatment 
methods were not considered. 

The selection of treatment methods identified in Exhibits 2-4 and 2-5 were 
reviewed by EPA and industry remediation experts to ensure that they were reasonable 
and appropriate for this analysis. There are many limitations associated with assigning 
treatment technologies using just a few parameters and without considering site­
specific parameters that might influence the selection of treatment technologies (e.g., 
distance to nearest residence or drinking water source). Nevertheless, the treatment 
technologies used in this analysis generally reflect the current and expected use of the 
technologies over the next few years and effectively incorporate the use of 
technologies approved under RCRA treatability variances. The assignment of 
technologies was verified in part by using the frequencies of treatment selection used 
by the Superfund remedial action program, 6 the frequency of treatment selection used 
in the draft March 1993 Corrective Action Regulatory Impact Analysis methodology, 
available published data on the volume of remedial waste managed by selected 
technologies in 1994, 7 articles on use of incineration to treat remediation waste, 8 and 
knowledge of trends towards increasing use of innovative technologies. 9 

6 See, e.g., Innovative Treatment Technologies: Annual Report. Application of New Treatment Technologies at 
Hazardous Waste Sites, Office of Solid Waste and Emergency Response, EPA 540-R-95-008, September 1995. 

7 E.g., John Hanke, "Hazardous Waste Incineration 1995," El Digest, May 1995, and Christine L. Seidel, 
"Mobile Thermal Treatment 1994," El Digest, December 1994. 

8 E.g., John Hanke, "Hazardous Waste Incineration 1996," El Digest, May 1996. 

9 Cleaning Up the Nation's Waste Sites: Markets and Technology Trends, Office of Solid Waste and Emergency 
Response, EPA 542-R-96-005, April 1997. 
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Exhibit 2-4 
Soil Treatment Technologies and Costs 

Constituent Concentration/ Cost/Ton 
Type Volume Treatmenf (1997$) 

voes LC/LV 50% In-Situ Bioremediation & 50% Va< uum $111 
Extraction 

LC/HV, HC/LV, HC/HV Vacuum Extraction $150 

SVOes Le/LV, Le/HV, He/HV 50% In-Situ Bioremediation and 50% E x- $72 
Situ Bioremediation 

He/LV 75% Incineration & 25% Thermal $1,058 
Desorption 

A Hes Le/LV, Le/HV 50% In-Situ Bioremediation & 50% Ex- $72 
Situ Bioremediation 

He/HV Soil Wash & Dechlorination $312 

He/LV 75% Incineration & 25% Thermal $1,058 
Desorption 

Metals Le/LV In-Situ Immobilization $54 

Le/HV, He/LV, He/HV Ex-Situ Immobilization $164 

voes and svoc IS..e/LV, Le/HV, He/HV 50% In-Situ Bioremediation & 50% Va< uum $111 
Extraction 

He/LV 75% Incineration & 25% Thermal $1,058 
Desorption 

voes and AHes Le/LV 50% In-Situ Bioremediation & 50% Ex- $72 
Situ Bioremediation 

Le/HV, He/HV Vacuum Extraction $150 

He/LV 75% Incineration & 25% Thermal $1,058 
Desorption 

voes and Metali Le/LV 50% In-Situ Bioremediation & In-Situ $181 
Immobilization, 50% Ex-Situ 
Bioremediation & Ex-Situ lmmobilizatic n 

Le/HV, He/LV, He/HV Vacuum E~raction & In-Situ $204 
Immobilization 
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Exhibit 2-4 (continued) 
Soil Treatment Technologies and Costs 

Constituent Concentration/ Cost/Ton 
Type Volume Treatmenf (1997$) 

voes, SVOes, a rt:C/LV 50% In-Situ Bioremediation & In-Situ $181 
Metals Immobilization, 50% Ex-Situ 

Bioremediation & Ex-Situ lmmobilizatic n 

Le/HV, He/HV Vacuum Extraction & In-Situ $204 
Immobilization 

He/LV 75% Incineration & Immobilization of $1,064 
Ash & 25% Thermal Desorption 

VOes, SVOes ar dle/LV 50% In-Situ Bioremediation & 50% Ex- $150 
AH e's Situ Bioremediation 

Le/HV, He/HV Vacuum Extraction $150 

HC/LV 75% Incineration & 25% Thermal $1,058 
Desorption 

voes, AHCs, an iLC/LV 50% In-Situ Bioremediation & In-Situ $181 
Metals Immobilization, 50% Ex-Situ 

Bioremediation & Ex-Situ lmmobilizatic n 

LC/HV Vacuum Extraction & In-Situ $204 
Immobilization 

He/HV Soil Wash, Dechlorination, and Ex-Situ $476 
Immobilization 

He/LV 75% Incineration & Immobilization of $1,064 
the Ash & 25% Thermal Desorption 

voes, svocs, LC/LV 50% In-Situ Bioremediation & In-Situ $181 
AHes, and Metal~ Immobilization, 50% Ex-Situ 

Bio re mediation & Ex-Situ lmmobilizatic n 

Le/HV Vacuum Extraction & In-Situ $204 
Immobilization 

He/HV Soil Wash, Dechlorination, & Ex-Situ $476 
Immobilization 

He/LV 75% Incineration & Immobilization of $1,064 
Ash & 25% Thermal Desorption 

SVOes and AHC ~e/LV 50% In-Situ Bioremediation, 50% Ex-S tu $72 
Bioremediation 

LC/HV Soil Wash & Ex-Situ Bioremediation $195 

HC/HV Soil Wash & Dechlorination $312 

HC/LV 75% Incineration & 25% Thermal $1,058 
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Exhibit 2-4 {continued) 
Soil Treatment Technologies and Costs 

Constituent Concentration/ .cost/Ton 
Type Volume Treatmenf (1997$) 

SVOCs and Mete: ltC/LV, LC/HV 50% In-Situ Bioremediation & In-Situ $181 
Immobilization, 50% Ex-Situ 
Bioremediation & Ex-Situ lmmobilizatic n 

HC/LV, HC/HV Soil Wash, Ex-Situ Bioremediation, & $359 
Ex-Situ Immobilization 

SVOCs, AHCs, a 'lOC/LV 50% In-Situ Bioremediation & In-Situ $181 
Metals Immobilization, 50% Ex-Situ 

Bioremediation & Ex-Situ lmmobilizatic n 

LC/HV Soil Wash, Ex-Situ Bioremediation, & $359 
Ex-Situ Immobilization 

HC/HV Soil Wash, Dechlorination, & Ex-Situ $476 
Immobilization 

HC/LV 75% Incineration & Immobilization of $1,064 
Ash & 25% Thermal Desorption 

AHCs and Metal~ LC/LV 50% In-Situ Bioremediation & In-Situ $181 
Immobilization, 50% Ex-Situ 
Bioremediation & Ex-Situ lmmobilizatic n 

HC/LV 75% Incineration & Immobilization of $1,064 
Ash & 25% Thermal Desorption 

LC/HV, HC/HV Soil Wash, Dechlorination, & In-Situ $421 
Immobilization 

* The assignment of treatment technologies reflects the LDR standards and other factors, 
including potential site-specific risk-based cleanup goals. 
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Exhibit 2-5 
Sediment Treatment Technologies and Costs 

Constituent Concentration/ Cost/Ton 
Type Volume Treatmenf (1997$) 

voes LC/LV, LC/HV, HC/LV, HC/1- 'Ex-Situ Bioremediation $91 

SVOCs Le/LV, Le/HV, He/HV Ex-Situ Bioremediation $91 

He/LV 75% Incineration & 25% Thermal $1,074 
Desorption 

AH es Le/LV, Le/HV Ex-Situ Bioremediation $91 

He/HV Soil Wash & Dechlorination $327 

He/LV 75% Incineration & 25% Thermal $1,074 
Desorption 

Metals Le/LV, Le/HV, He/LV, HC/H IA::x-Situ Immobilization $181 

voes and svo /LV, LC/HV, HC/HV Ex-Situ Bioremediation $91 

He/LV 75% Incineration & 25% Thermal $1,074 
Desorption 

voes and AHC Le/LV, LC/HV, He/HV Ex-Situ Bioremediation $91 

He/LV 75% Incineration & 25% Thermal $1,074 
Desorption 

voes and Meta S...e/LV, Le/HV, He/LV, HC/1- 'Ex-Situ Bioremediation and Ex-Situ $255 
Immobilization 

voes, svoes, Le/LV Ex-Situ Bioremediation and Ex-Situ $255 
and Metals Immobilization 

Le/HV, HC/HV Soil Wash, Ex-Situ Bioremediation, $374 
and Ex-Situ Immobilization 

He/LV 75% Incineration & Immobilization o $1,079 
Ash & 25% Thermal Desorption 

Chapter 2: Methodology Page 2-19 



Exhibit 2-5 (continued) 
Sediment Treatment Technologies and Costs 

Constituent Concentration/ Cost/Ton 
Type Volume Treatment' (1997$) 

voes, svoes Le/LV, Le/HV Ex-Situ Bioremediation $91 
and AHes 

He/HV Soil Wash and Ex-Situ Bioremediatic n $210 

He/LV 75% Incineration & 25% Thermal $1,074 
Desorption 

voes, AHes, Le/LV, Le/HV Ex-Situ Bioremediation and Ex-Situ $255 
and Metals Immobilization 

He/HV Soil Wash, Dechlorination, and Ex- $491 
Situ Immobilization 

HC/LV 75% Incineration & Immobilization o1 $1,079 
the Ash & 25% Thermal Desorption 

voes, svoes, Le/LV, Le/HV Ex-Situ Bioremediation and Ex-Situ $255 
AHes, and MetE Is Immobilization 

He/HV Soil Wash, Dechlorination, & Ex-Situ $491 
Immobilization 

He/LV 75% Incineration & Immobilization o $1,079 
the Ash & 25% Thermal Desorption 

SVOes and AHi :l>e/LV Ex-Situ Bioremediation $91 

Le/HV Soil Wash & Ex-Situ Bioremediation $210 

He/HV Soil Wash & Dechlorination $327 

He/LV 75% Incineration & 25% Thermal $1,074 
Desorption 
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Exhibit 2-5 (continued) 
Sediment Treatment Technologies and Costs 

Constituent Concentration/ Cost/Ton 
Type Volume Treatment· (1997$) 

SVOCsand LC/LV, LC/HV Ex-Situ Bioremediation and Ex-Situ $255 
Metals Immobilization 

HC/LV, HC/HV Soil Wash, Ex-Situ Bioremediation, ~ $376 
Ex-Situ Immobilization 

SVOCs, AHCs, LC/LV Ex-Situ Bioremediation and Ex-Situ $255 
and Metals Immobilization 

LC/HV Soil Wash, Ex-Situ Bioremediation, ~ $376 
Ex-Situ Immobilization 

HC/HV Soil Wash, Dechlorination, & Ex-Situ $491 
Immobilization 

HC/LV 75% Incineration & Immobilization o $1,079 
the Ash & 25% Thermal Desorption 

AHCs and Meta S...C/LV Ex-Situ Bioremediation and Ex-Situ $255 
Immobilization 

HC/LV 75% Incineration & Immobilization o $1,079 
the Ash & 25% Thermal Desorption 

LC/HV, HC/HV Soil Wash, Dechlorination, & Ex-Situ $491 
Immobilization 

• The assignment of treatment technologies reflects the LOR standards and other factors, 
including potential site-specific risk-based cleanup goals. 
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2.3 Partitioning the Database 

As previously stated, the soil and sediment database represents an extensive 
compilation of available data on contaminated soil and sediment volumes, constituents, 
and constituent concentrations for CERCLA remedial actions and RCRA corrective 
actions. From this extensive characterization of soil and sediment generation, the 
impacts of the Phase IV rule on soils contaminated with TC metals, mineral processing 
waste, and previously regulated wastes can be determined. As the different 
components of the Phase IV rulemaking will affect soil and sediments contaminated 
with different wastes, EPA partitioned the database into three groups. (The Agency did 
not address media exhibiting the characteristic of ignitability, corrosivity, or reactivity 
because these media volumes are small and are assumed to be not significantly 
affected by Phase IV.) 

Soils and sediments exhibiting the TC for organics. As required by the Phase II 
LOR rulemaking, all wastes exhibiting the TC for organics currently must treat all UHCs 
to UTS levels. The new soil standards will relax the soil treatment standards to 10 
times UTS or 90 percent reduction. Thus, facilities generating TC organic soils 
(including those soils that are TC for both organics and metals) may recognize a cost 
savings because they can use less expensive innovative technologies to treat soils to 
the less stringent LOR levels. Thus, all soils exhibiting the TC for organics or the TC 
for both organics and metals are analyzed for potential cost savings under the new soil 
standards. 

Soils and sediments exhibiting the TC for metals only. Prior to this rule, LOR 
treatment standards for soils exhibiting the TC for metals were set at TC levels; all 
UHCs were not required to be treated. The Phase IV rule revises the UTS levels for 
12 metal constituents and requires that TC metal soils be treated for all UHCs to the 
new soil standards. Soils exhibiting the TC for metals only, can, and often do, contain 
organic UHCs at less than TC levels. Facilities generating soils exhibiting the TC for 
metals only that contain organic UHC's may see additional costs from any treatment 
required for these organic UHCs. 

Soils and sediments contaminated with listed waste. Database volumes that do 
not exhibit the TC for organics or metals may be contaminated with listed wastes and 
therefore hazardous or may be determined not to contain hazardous waste. If 
considered hazardous and subject to RCRA Subtitle C standards if excavated, these 
volumes may be subject to either increased or decreased treatment costs. Treatment 
costs for some volumes of soil and sediment may increase because Phase IV requires 
treatment of all hazardous constituents reasonably expected to be present, rather than 
just the hazardous constituents identified in 40 CFR 268.40 for the listed wastes 
contained in the soil. Treatment costs may decline for other volumes of soil because 
the new soil treatment standards relax required treatment levels from UTS to 10 times 
UTS or 90 percent reduction. 
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Available data did not indicate whether soil and sediment in the database were 
hazardous because they exhibited the TC or were contaminated with listed waste. 
Thus, EPA identified soil and sediment in the database exhibiting the TC by calculating 
soil and sediment concentrations equivalent to the TC regulatory levels found in Table 
1 of 40 CFR 261.24. To calculate the equivalent soil concentrations from the TC 
levels, EPA estimated constituent leaching behavior using the Organic Leaching Model 
(OLM) for organics and constituent-specific C501L:CTcLP ratio for metal. 

If all of the constituents with TC levels have calculated maximum concentrations 
below those levels, then the entire site is assumed to be contaminated with listed 
waste. For sites that have at least one constituent calculated above TC levels, only a 
portion of the soil may be considered to exhibit the TC. The proportion of the 
contaminated soil above TC levels was estimated by the following functional 
relationship, which was derived from a regression analysis of detailed data available for 
a limited number of CERCLA remedial action sites: 10 

Y = X3
; where: 

Y = Proportion of site above the TC level; and 

X = (MC - TC)/MC; where: 

MC = Maximum constituent concentration detected in the site, and 
TC = TC level. 

Analysis of SURFER11 data yielded the Y = X3 relationship based on an 
evaluation of both the theoretical fit and the statistical fit of different functional 
relationships. The theoretical relationship between X and Y should produce an 
intercept value of zero and a dependent variable coefficient of 1. The intercept should 
be zero to ensure that Y equals zero when X equals zero (i.e., there is no area above 
the TC level when the maximum contaminant level equals the TC level). The 
dependent variable coefficient should equal 1 to ensure that Y approaches 1 as X 
approaches 1 . 

To test for the appropriate statistical relationship, EPA ran the regression 
analyses of Y as a function of X2 and X3

. The X3 relationship was the strongest 
statistical fit, yielding an R2 of 80 percent for 42 observations generated by SURFER 
analysis of a limited number of sites with detailed ROD data. EPA also generated 

10 See "Revised Approach to Estimating Proportions of CERCLA and RCRA Corrective Action Remediation Wast 
Above and Below Bright Line Levels," memorandum to Lyn Luben, Office of Solid Waste, U.S. Environmental Protection 
Agency by ICF Incorporated, July 29, 1994. 

11 The SURFER software is a modeling tool that uses a statistical modeling process called the "minimum curve 
method" to draw constituent concentration contour lines for remediation sites. 
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1,248 observations by using the Monte Carlo simulation of site data based on empirical 
site characteristic data from DOE's Superfund Reauthorization (SURE) model. The 
statistical fit (R2

) demonstrated by the SURE model was 85 percent. These data 
indicate that the functional relationship derived from limited SURFER data is consistent 
with the field data used in the SURE model preprocessor. 

By definition, the value of Xis greater than zero and less than one for any 
maximum constituent concentration above the TC level, and the value of X approaches 
1 when the maximum concentration is very high relative to the TC level for that 
constituent. Therefore, the functional relationship used to estimate the value of Y (Y = 
X3

) ensures that Y is also a fraction that approaches 1 when the maximum constituent 
concentration is very high relative to the TC level for that constituent. This relationship 
is consistent with the expectation that a substantial proportion of contaminated soil will 
be above TC levels at those sites where maximum concentrations are substantially 
higher than TC levels. Conversely, the values of X and Y approach zero when the 
maximum constituent concentration is just slightly higher than the TC level for that 
constituent. This relationship is consistent with the expectation that a relatively small 
proportion of contaminated soils will be above TC levels at sites where maximum 
concentrations just barely exceed TC levels. 

If there are multiple constituents in a treatability group, the constituent with the 
highest X value is used to determine the volume managed in that treatability group. In 
addition, the X and Y values defined above must be calculated for each treatability 
group associated with each volume. For example, if the constituents in a certain 
volume include both metals and VOCs, then X and Y values must be calculated for the 
maximum constituent concentrations in each of these treatability groups. If these 
calculations indicate that 70 percent of the soil volume is above the TC level for VOCs 
and 20 percent is above the TC level for metals, then this analysis assumes that 20 
percent of the site soil volume incurs treatment costs for soil contaminated with both 
metals and VOCs, and 50 percent of the site soil volume incurs treatment costs for soils 
contaminated with VOCs only. In effect, this methodology recognizes that different 
treatment technologies may be used for different portions of a site that have different 
combinations of contaminants above TC levels. 

The methodology for allocating volumes to be above or below TC levels was 
performed separately for CERCLA remedial action soil, RCRA corrective action soil, 
and CERCLA remedial action sediment. The results are presented below in Exhibit 2-
6. They show that CERCLA soil tend to have higher levels of TC metals and lower 
levels of TC organics than RCRA soils. 
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Exhibit 2-6 
Partitioned Database Volumes 

(Includes Volumes Managed In-Situ and Ex-Situ) 

Portion of Database Volumes 

Type of Media TC Metals Only TC Organics Non-TC {Listed) 

CERCLA Soil 20% 12% 68% 

RCRASoil 7% 18% 75% 

CERCLA 22% NIA N/A 
Sediment 

2.4 Estimating Amount of Soil and Sediment Subject to LDRs Annually 

Hazardous soil and sediment are subject to the LDRs and may be affected by 
the Phase IV rulemaking if these media are managed ex-situ and are not in a corrective 
action management unit (CAMU) or an area of contamination (AOC). To estimate the 
impacts of the final rule on the treatment of such media, EPA estimated the annual 
generation of contaminated soil subject to the LDRs from the following remediation 
programs: 

• Remedial actions under CERCLA; 

• Corrective actions under RCRA; 

• Closure of hazardous waste management units at RCRA treatment, 
storage, and disposal facilities (TSOFs); 

• State superfund cleanup programs; and 

• Voluntary cleanup programs. 

In addition, the Agency estimated the generation of contaminated sediment from 
CERCLA remedial actions and RCRA corrective actions. The other cleanup programs 
are not expected to generate large volumes of contaminated sediments. 12 

12 In addition, the HWIR-Media proposed rule would exclude hazardous sediment dredged from navigable water 
and managed under the Clean Water Act or Marine Protection, Research, and Sanctuaries Act from application of RCR 
Subtitle C standards. 
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To estimate the incremental costs and cost savings of the rule, the Agency 
projected the volumes of soil and sediment to be treated annually over the five-year 
period following implementation of the final rulemaking, that is, the first five-year period 
when the remediation decisions reflect the new rules. The Agency used this medium­
term estimate because of the uncertainties associated with longer-term projections and 
the pace with which the rule will be fully implemented and reflected in the use of 
different treatment methods. Longer-term projections are subject to substantial 
uncertainties, such as government remediation and enforcement budgets, potential 
changes in the CERCLA statute and budget, and the demand for restoring 
economically valuable contaminated properties (e.g., Brownfields). 

The pace of implementation is subject to two major types of uncertainty. First, 
the pace at which states adopt and implement the less stringent alternative soil 
standards is uncertain. States are not required to adopt less stringent RCRA rules, 
such as the new soil treatment standards. Second, the pace at which remedy selection 
decisions reflect the new rules and are implemented is also uncertain. Because of the 
time period between remedy selection and remedy constructions, treatment 
technologies selected after the Phase IV rules are finalized may not result in soil 
treatment for substantially more than a year. Remedies selected but not implemented 
before the rules become effective may not be reviseq to take advantage of any less 
stringent standards. Some remedies, however, may need to be revised where the 
Phase IV rules are more stringent. 

The Agency used a wide variety of data sources to develop the annual 
generation estimates. Exhibit 2-7 presents the estimated annual volumes of 
contaminated soil and sediment treated at CERCLA remedial actions, RCRA Subtitle C 
corrective actions, RCRA Subtitle C closures at disposal facilities, RCRA Subtitle C 
closures at treatment and storage facilities, state Superfund cleanups, and voluntary 
cleanups. These data sources are described below. 

Considerably more data were available to characterize the CERCLA remedial 
action and RCRA corrective action programs than were available to characterize the 
other remediation programs. For CERCLA, the Agency used the following data sources 
for the data elements identified in Exhibit 2-7. 
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Remediation Category 

CERCLA Remedial Action Soil 

RCRA Corrective Action Soil 

RCRA Closures Soil (Landfills) 

RCRA Closures Soil 
(Storage & Treatment Facilities) 

State Superfund Soil 

Voluntary Cleanup Soil 

Soil TOTALS 
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CERCLA Sediment 

RCRA Corrective Action 

Sediment TOTALS 

Exhibit 2-7 
Contaminated Soil and Sediment Treated Annually 

Site 
Equivalents/ 

Year 
Remediated 

70 

115 

40 

240 

510 

830 

1,805 

70 

130 

200 

I 

I 

I 

I 

I 

I 

I 

Site Equivalents/ 
Year with 

Soil/Sediment 
Treatment 

30 

111 

40 

199 

464 

614 

1,458 

15 

8 

13 

I 

I 

I 

I 

I 

I 

I 

Average 
Tons 

Treated/ 
Site 

28,000 

7,400 

3,900 

1,100 

280 

830 

NA 

9,700 

9,700 

NA 

I 

I 

Annual Tons 
Treated 

840,0008 

820,0008 

160,000 

220,000 

130,000 

510,000 

2,680,000 

150,000 

80,000 

230,000 

I 

Annual Tons 
Treated Outside of 
CAMUs and AOCsb 

240,0008 

230,0008 

40,000 

60,000 

130,000 

510,000 

1,210,000 

60,000 

30,000 

90,000 

• Includes volumes treated in-situ, which are not subject to LDRs and therefore are not projected to be affected by Phase IV. 
b CAMU and AOC adjustment: 72 percent of the volume of CERCLA remedial action, RCRA corrective action, and RCRA closure soil is assumed to be 

treated in CAMUs or AOCs. 



• Site Equivalents Remediated per Year. The estimated number of 
CERCLA remedial actions equivalents13 per year was based on two 
data sources. First, EPA Superfund Remedial Program Managers, 
who oversee CERCLA remedial actions, projected that an average 
of 109 remedial actions will have completed construction per year 
over the period from 1996 to 2000. 14 Second, the EPA report 
entitled "Clean Up the Nation's Waste Sites: Market and 
Technology Trends" (hereinafter cited "Market and Technology 
Trends") noted that in recent years, the Agency has added an 
average of 30 new remedial action sites to the National Priority List 
(NPL). 15 If this rate continues and remedial action occurs at all 
these NPL sites, then an average of 30 sites per year will be 
remediated. For this analysis, the two numbers were averaged 
((109+30)/2 = 70). 

• Site Equivalents with Soil or Sediment Treatment. This figure was 
estimated by multiplying the number of site equivalents cleaned up 
per year by (1) the percentage of these sites with soil or sediment 
contamination (72 and 22 percent, respectively) and (2) the 
percent of such sites with treatment remedies, instead of source 
control remedies such as capping, institutional controls, 
monitoring, or relocation (60 and 100 percent, respectively). All 
these percentages were taken from "Market and Technology 
Trends" data. 16 While these two sets of figures were for non­
federal remedial action sites between 1982 and 1995 and 1992 to 
1995, respectively, EPA believes that these data are reasonable to 
use for federal and non-federal sites remediated in the five years 
after the Phase IV rule is implemented. 

13 The term site "equivalent" recognizes that media may be treated at a site over a period of several years. 
For example, if six sites of equal size were cleaned up over a two-year period, the pace of cleanup would be three 
site equivalents per year. 

14 See Letter from Elliot P. Laws to Congressman John D. Dingell, January 28, 1994 (OSWER Directive 9200.2-
21). 

15 1996 Edition, U.S. EPA, Office of Solid Waste and Emergency Response, #EPA 542-R-96-005. April 1997. 

16 The estimate that all Superfund sites with contaminated sediment are treated ex-situ reflects an 
assumption that such sediment is seldom managed in-situ, but rather is excavated and treated. 
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• Average Volume Treated per Site. The estimates of 28,000 tons of 
soil and 9, 700 tons of sediment per site were taken from the 
remedial action sites in the soil and sediment database described 
earlier. Although the volume of soil includes soil managed both in­
situ and ex-situ, the LDRs do not apply to soil managed in-situ and 
such volumes are not attributed any costs or cost savings in this 
analysis (see the methodology for a further discussion of this 
issue). 

• Portion of Annual Volume Managed Outside of CAMUs and 
AOCs. 17 Based on the preceding estimates, 840,000 tons of 
contaminated soil will be treated annually at CERCLA remedial 
action sites. Using previous analysis of the CAMU rulemaking, 
EPA estimates that 72 percent of this soil will be managed in 
CAMUs or AOCs and therefore will not be subject to the LDRs or 
affected by Phase IV. 18 Thus, about 240,000 tons per year of 
CERCLA remedial action soil are potentially affected by the Phase 
IV rule. The entire volume of contaminated sediment, 60,000 
tons/year, is assumed to be treated outside of CAMUs and AOCs. 

The RCRA corrective action estimates are based primarily on several analyses 
of corrective action rules by the Office of Solid Waste, as described below. 

• Sites Remediated per Year. The estimated number of RCRA 
corrective actions per year was based on EPA analysis of the 
RCRA corrective action program. 19 Specifically, the Agency 
projected that 2,289 facilities would be subject to corrective action 
over a 20-year period or 115 facilities per year. 

• Portion of Sites with Soil or Sediment Treatment. Based on the 
RCRA corrective analysis, 97 percent or 2,227 of the 2,289 RCRA 
corrective action facilities (or 111 facilities per year over 20 years) 

17 This methodology assumes full implementation of the CAMU rule as projected by the CAMU RIA. While availabl 
data indicate more limited adoption of CAMUs, EPA expects the use of CAMUs to increase, particularly if a lawsuit 
regarding the rule is decided in favor of the rulemaking. 

18 RCRA Subtitle C regulations are generally considered as applicable or relevant and appropriate 
requirements (ARARs) at CERCLA remedial actions. As a result, CERCLA remedial actions are generally conducted in 
compliance with RCRA Subtitle C standards and may take advantage of the flexibility offered by the CAMU rule. 
EPA's analysis of the CAMU rule estimated that 72 percent of RCRA corrective action soil would be managed in CAM Us 
See, Regulatory Impact Analysis for the Final Rulemaking on Corrective Action Units and Temporary Units, U.S. EPA, 
Office of Solid Waste, January 11, 1993. This analysis uses the same percentage for CERCLA remedial actions since 
media in both programs also can be managed in CAMUs or AOCs. 

19 "Draft Regulatory Impact Analysis for the Final Rulemaking on Corrective Action for Solid Waste Management 
Units: Proposed Methodology for Analysis," U.S. EPA, Office of Solid Waste, March 1993. 
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would be subject to source control or soil treatment. Data on 
sediments were not directly available from the corrective action 
analysis. Instead, EPA used data from the "Market and 
Technology Trends" indicating that historically, only 6 percent of 
corrective actions have sediment contamination. 

• Average Volume Treated per Site. The estimate of 7,400 tons of 
soil treated per site was taken from EPA's RCRA corrective action 
analysis. For sediments, EPA used the estimate for CERCLA 
remedial action, 9,700 tons per site, in the absence of RCRA 
sediment data. 

• Portion of Annual Volume Managed Outside of CAMUs. This step 
used the same estimates that were applied to CERCLA remedial 
action sites. Seventy-two percent of contaminated soil is estimated 
to be treated outside of CAMUs and AOCs, which are assumed not 
to be used for contaminated sediment. 

Fewer data were available for RCRA closures, state superfund cleanups, and 
voluntary cleanups than for CERCLA remedial actions and RCRA corrective actions. 
For these programs, EPA used the decision science technique of expert judgment 
elicitation to estimate key quantities when reliable data were not otherwise available. 
This structured process included the following steps: 

• Select the parameters to be estimated by the experts; 
• Identify experts for possible interviews; 
• Prepare background information and supply to the selected experts; 
• Conduct the elicitation interviews; and 
• Compile the results and apply statistical analysis. 

Rather than asking experts to directly estimate the total volume of soil and 
sediment managed annually, EPA elicited estimates' for more fundamental parameters 
that affect total volumes, such as the remedial time frame, the projected number of sites 
with remediations over the time frame, the percent of sites with contaminated soil or 
sediment, and the average volume of soil or sediment managed at individual sites. 
Attempting to directly estimate total annual soil and sediment volumes can be less 
accurate because it requires simultaneous consideration all factors that might affect 
total volumes. Through direct experience or knowledge, experts are more likely to 
provide accurate estimates of more basic variables. EPA therefore used these 
fundamental parameters to generate total volume estimates. 

EPA identified persons from government, industry, and academia who 
possessed expertise in CERCLA, RCRA, state, and voluntary cleanup activities. EPA 
also developed a set of initial estimates of the parameters identified above for each 
type of remediation program, including RCRA landfill closures, RCRA treatment and 



storage facility closures, state superfund cleanups, and voluntary cleanups. 
Preliminary estimates of the parameters affecting annual soil and sediment volumes 
were sent to experts with an accompanying letter that provided background information. 
The initial estimates were generated using a variety of remediation data sources. 

Annual volumes of contaminated soil and sediment were calculated using the 
experts' estimates of the remedial time frame, the projected number of sites with 
remediations over the time frame, the percent of sites with contaminated soil or 
sediment, and the volumes of media generated at individual sites over the remedial 
time frame. Because their estimates of these parameters were subject to considerable 
uncertainty, EPA used DEMOS modeling software to calculate the annual volume of 
soil and sediment as a function of the parameters estimated by the experts. DEMOS is 
a decision modeling application that creates an estimate of a desired quantity, such as 
the total annual volume of soil for state superfund cleanups, that depends on uncertain 
factors. For each remediation program, DEMOS calculated a probability distribution 
using the individual expert responses for each of the uncertain input parameters. The 
software was then used to generate the probability distribution of the annual volume of 
soil and sediment for each remediation category. 

In a few cases, EPA subsequently found data sources that were used instead of 
the expert judgments. For example, the estimated number of state superfund cleanups 
per year (510) is based on data from "An Analysis of State Superfund Programs: 50-
state Study, 1995 Update," Environmental Law Institute, December 1995. In addition, 
EPA assumed that soil and sediment at state and voluntary cleanups would be treated 
off-site to avoid the need for RCRA treatment permits and the associated requirements 
for facility-wide corrective action. As a result, none of these volumes are assumed to 
be managed in AOCs or CAMUs. 

2.5 Estimating Baseline Soil and Sediment Treatment Costs 

In order to model the incremental costs and cost savings of the Phase IV rule, 
EPA estimated the cost of treating soils and sediments under current requirements. To 
estimate these baseline costs, the Agency first applied the treatment methods and 
costs explained in Sections 2.2 to the CERCLA remedial action and RCRA corrective 
action sites in the soil and sediment database. This step calculated a per ton cost of 
treating soil and sediment under each program. 

Second, the Agency used these per ton costs to estimate the annual treatment 
cost for soil and sediment potentially affected by Phase IV under the various 
remediation programs. In this extrapolation from the database sample to the national 
universe: 

• The average CERCLA remedial action ex-situ treatment cost per 
ton was multiplied by the estimated annual amount of soil ex-situ 
treated in CERCLA remedial actions, state superfund cleanups, 
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and voluntary cleanups. In other words, soil contamination at state 
Superfund and voluntary cleanup sites are assumed to have similar 
types and concentrations of contaminants as CERCLA remediation 
action sites. State Superfund and voluntary sites, however, have 
considerably smaller average volumes per site. · 

• The average RCRA corrective action ex-situ treatment cost per ton 
was multiplied by the estimated annual amount of soil treated ex­
situ in RCRA corrective actions and RCRA closures. Thus, the 
nature of the contamination at RCRA closures and corrective 
actions is assumed to be similar. 

• The average RCRA corrective action treatment cost per ton also · 
was multiplied by the annual amount of sediment treated in RCRA 
corrective actions. 

• Sediment contaminant data for RCRA corrective actions were 
unavailable. Thus, EPA assumed that such contamination was 
more similar to soil contamination for RCRA corrective action sites 
than sediment contamination for CERCLA remedial action sites. 

2.6 New Soil Treatment Standards 

As explained earlier, the Phase IV new soil treatment standards will make the 
treatment standards for contaminated soils less stringent. EPA expects that ex-situ 
treatment of soil outside of CAMUs or AOCs will shift in three ways: 

• To less effective and less expensive treatment; 
• To no treatment; and 
• To more effective and more expensive treatment. 

Each of these impacts on the cost of treating affected contaminated soils is explained 
below. 

Less Effective and Expensive Treatment 

The new soil standards will be less stringent than the current standards for soils 
with hazardous constituents, which require treatment to UTS levels. Under Phase IV, 
constituents must be treated only to 10 times UTS or to achieve 90 percent reduction in 
their concentrations, which ever concentration is less stringent. As a result, some 
remediation decision makers will select cheaper, but somewhat less effective, 
innovative ex-situ technologies instead of established and more -expensive, but also 
more effective, ex-situ technologies (particularly incineration). This substitution, and 
the resulting cost savings, will occur only if the less expensive technology can meet any 
site-specific risk-based cleanup standards as well as the new soil treatment standards. 
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No Treatment 

Soils containing only hazardous constituents with concentrations below 1 O times 
UTS that also meet risk based standards will not be required to be treated under the 
new soil standards. Where such soils are currently required to be treated to UTS 
levels, treatment costs may be completely avoided under Phase IV, if the soils meet the 
conditions explained above. Soils with constituent concentrations above risk-based 
levels will still require treatment to meet site-specific cleanup goals. 

More Effective and Expensive Treatment 

For soils that do not exhibit a characteristic but are hazardous because they 
contain listed waste, the new soil treatment standards may be more stringent than the 
current requirements. 20 Under Phase IV, non-TC hazardous soils must be treated for 
all UHCs, not just for the constituents for which the wastes were listed (i.e., the primary 
constituents), as specified in 40 CFR 268.40. However, EPA does not believe that the 
additional costs for treating these soils will be significant because: 

• Non-listed constituents will typically not be present in non-TC soils 
containing listed waste at levels exceeding 10 times UTS; or 

• Non-listed constituents may already be treated to new soil 
standard levels because of their site-specific risks or incidentally 
as a result of intentional treatment for the listed constituents. 

20 Soil containing listed waste and exhibiting the TC for organics is not subject to more stringent standards 
because it currently must be treated for all UHCs by virtue of being TC for organics. 
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2.6.1 Methodology for Estimating Cost Savings or Cost 

This section describes the methodology for estimating the three types of impacts 
of the new soil treatment standards on two categories of hazardous soil: soil that 
exhibits the TC for organics and soil that does not exhibit the TC, but is assumed to be 
hazardous because it contains listed waste. The impact of the new standards on soils 
that are TC only for metals is addressed in Section 2.8. 

Less Effective and Expensive Treatment 

Soil that is hazardous because it exhibits the TC for organic constituents is most 
likely to be affected by the new soil standards. Currently, all UHCs in these soils must. 
treated to UTS levels. Under the new soil standards, the TC organic constituents and 
all UH Cs will be subject to less stringent standards of 10 times UTS or 90 percent 
reduction of the original constituent concentration. 

EPA believes that the primary result of the less stringent treatment standards will 
be that some soils currently incinerated will be treated by less expensive ex-situ 
treatment methods (e.g., soil washing, dechlorination, and bioremediation). The 
Agency believes that this will occur because innovative treatment technologies will 
provide a more appropriate and less costly way to meet the new soil standards. 

To estimate the cost savings for TC organic soils under the new soil treatment 
standards, EPA performed the following four steps: 

First, EPA estimated the volume of TC organic soil that will switch from higher­
cost ex-situ treatment technologies, such as incineration or thermal desorption, under 
the baseline to less expensive ex-situ treatment technologies, such as ex-situ 
bioremediation, under the new soil standards. The Agency estimated this volume by 
changing two of the baseline assumptions. First, EPA assumed that hazardous 
constituents with concentrations below the lesser of 10 times UTS or the TC level will 
not be treated under Phase IV, except incidentally as the result of treating other 
constituents above such levels. As described below, all TC organic soil volumes will 
still be treated, but they may be treated for fewer types of constituents. The Agency 
used the lesser of 10 times UTS or the TC level because 10 times UTS is above TC 
levels only for a few constituents (primarily metals) and, in such cases, facilities are 
likely to treat soils that are above the TC level but meet LOR standards to TC levels so 
that the treated soil can be disposed of outside the Subtitle C system. 

The second assumption the Agency changed was the dividing point for high and 
low concentration, which was increased from 100 to 200 times UTS for organic 
constituents. By increasing the cutoff, additional volumes of soil are considered as low 
concentration and projected to be treated with less effective, but also less expensive, 
innovative technologies that can meet the new 10 times UTS or 90 percent reduction 
standard. EPA expects that the affected volumes will tend to have the lowest levels of 
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contamination of all soils that are treated by the more effective technologies (that is, the 
lowest concentration segment of the soil in the high concentration category). The shift 
from 100 to 200 times UTS captures these volumes. 

Changing these two assumptions shifts some CERCLA soil from incineration or 
thermal desorption to less expensive ex-situ treatment technologies. Specifically, 
about half of CE RC LA TC soils (but only 10 percent of all CERCLA soils) managed ex­
situ are projected to be treated with incineration or thermal desorption in the baseline. 
Fourteen percent of these soils, or about seven percent of all CERCLA soils managed 
ex-situ, are projected to shift to less expensive treatment under Phase IV. Negligible 
quantities of CERCLA soil shifted from other higher cost to lower cost ex-situ treatment 
methods. 

For RCRA, negligible amounts of soil shifted treatment categories. Only 18 
percent of RCRA soil exhibits the TC for organics and less than one percent of that soil 
was projected to be incinerated or thermally desorpted. As a result, the remaining 
steps in the methodology were not applied to RCRA soil. In addition, the following 
steps focus on changes from incineration/thermal desorption to less expensive 
treatments because the results of step one did not identify any other significant shifts 
among treatment methods, even though such shifts are feasible. 

Second, the Agency calculated the per ton cost savings for the volumes that 
shifted from incineration or thermal desorption in the baseline to less expensive ex-situ 
treatments under Phase IV. The average baseline treatment cost for such soils was 
$1,064/ton and the average post-regulatory treatment cost was $464/ton, for an 
average incremental per-ton savings of $600 ($1,064-$464). 

Third, EPA applied this per-ton cost s~vings to TC organic soils treated at 
CERCLA, state superfund, and voluntary cleanup volumes that are anticipated to 
switch from incineration/thermal desorption to other ex-situ treatment methods as a 
result of this rule. Specifically, the $600/ton savings was applied to TC organic soils 
that are expected to be managed ex-situ and outside a CAMU or AOC, times the 
portion of these volumes that are incinerated or thermally desorpted in the baseline (52 
percent), times the portion of the incinerated or thermally desorpted volumes that shift 
to other treatment methods (14 percent). 

Soil that is hazardous solely because it contains listed waste (or non-TC 
hazardous soil) may also incur a similar cost savings due to soils switching to less 
expensive treatment methods. Currently, the listeq constituents in such soils must be 
treated to UTS levels. Under Phase IV, these soils will be subject to the relaxed new 
soil treatment standards. Any other hazardous constituents in the soil (i.e., UHCs), 
however, will be subject to the LDRs for the first time under Phase IV. Because the 
available constituent data for CERCLA remedial actions and RCRA corrective actions 
do not distinguish between listed and non-listed constituents, it is impossible to 
determine which constituents are listed constituents. For this reason, this analysis 
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estimates the savings by assuming that the portion of soil incinerated or thermally 
desorpted in the baseline that shifts to less expensive treatment under Phase IV (14 
percent), and the average cost savings per ton ($600/ton) are the same for soil 
exhibiting the TC for organics and soil contaminated with listed wastes. 

No Treatment 

As described earlier, some contaminated soil that is treated in the baseline may 
not require treatment under the new soil treatment standards. This result will not 
typically occur for TC organic soil, because, as noted above, facilities are expected to 
treat their TC soils so that they will be non-hazardous and will not have to be disposed 
of in a Subtitle C facility. A shift to no treatment, however, may occur for soil that is 
hazardous only because it contains listed waste. 

In order to dispose of soils containing listed waste that meets risk-based levels, 
facilities will have to obtain a contained out determination. EPA believes that obtaining 
this determination will be a fairly straightforward exercise, since much of the work 
associated with obtaining the determination will already have been performed during 
site characterization. To the extent that obtaining the contained out determination will 
reduce the cost savings of non-TC soils, this analysis overestimates the savings. 

EPA believes that the following methodology likely underestimates the savings 
associated with soils requiring no treatment because soil contaminated at low levels 
that are treated in-situ in the baseline could be excavated and disposed of off-site in a 
Subtitle D facility if they meet 10 times UTS levels and Subtitle D disposal is less 
expensive than in-situ treatment (which it generally is). However, many state superfund 
or voluntary cleanup programs have a preference for treatment that may minimize such 
shifts. In any case, this analysis does not estimate the savings associated with shifts 
from in-situ to ex-situ treatment. 

To quantify the cost savings for these soils, EPA performed a number of steps. 
First, the Agency estimated the volume of non-TC CERCLA and RCRA soil in the 
database by isolating sites that have non-TC volumes and subtracting the volume of 
TC soil from the total site volume. The resulting total CERCLA non-TC volume in the 
database was estimated to be 5,938,000 tons, or 68 percent of the total CERCLA 
volume, and the total RCRA non-TC volume in the database was estimated to be 
23,417,000 tons, or 75 percent of the total RCRA volume. 

Second, the Agency estimated the volume of non-TC CERCLA and RCRA soil 
in the datab.ase contaminated with constituents present at below concentrations of 1 O 
times UTS. To accomplish this, the Agency: 

• Determined, for each site with non-TC soil, which constituent had 
the highest constituent concentration, relative to UTS levels. 
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• Estimated, for each site with non-TC soil, the volume of soil 
contaminated with the most highly concentrated constituent 
(determined in the previous step) at higher than 10 times UTS 
levels, using the methodology described in Section 2.3 and 
substituting 10 times UTS for UTS levels. 

• Estimated the volume of soil at each site below 10 times UTS 
levels by subtracting the volume of soil calculated in the previous 
step from the total site volume. This step assumes that soils 
contaminated with the most highly concentrated constituent at the 
site at levels above 10 times UTS will include all soils 
contaminated with other constituents above 10 times UTS.21 The 
total volumes of non-TC CERCLA and RCRA soil in the database 
with constituent concentrations below 10 times UTS were 780,000 
and 1, 7 49,000 tons, respectively. 

Third, EPA estimated the volume of database soils below 1 O times UTS that are 
expected to be treated ex-situ by assigning treatment methods using the methodology 
described in Section 2.2. Ex-situ volumes with concentrations below 1 O times UTS 
were estimated to be 408,000 tons for CERCLA and 1,004,000 tons for RCRA. 

Fourth, EPA estimated the percentage of all non-TC CERCLA and RCRA soils 
treated ex-situ that fell out of RCRA Subtitle C regulation by dividing the database 
volume of non-TC soils treated ex-situ with constituent concentrations below 10 times 
UTS (calculated in the previous step) by the total volume of non-TC soil treated ex-situ. 
The total volume of non-TC soil treated ex-situ was estimated by applying the overall 
baseline percentage of CERCLA and RCRA soils treated ex-situ (58 and 48 percent for 
CERCLA and RCRA soils, respectively) to non-TC soils. 22 The resulting ex-situ, non­
TC volumes were 3,444,000 tons for CERCLA (5,938,000 X.58) and 11,240,000 tons 
for RCRA (23,417,000 X.48). 

The formula used for estimating the percentage of non-TC RCRA and CERCLA 
soils treated ex-situ that fall out of Subtitle C regulation was as follows: 

21 See Section 2.3 for more details regarding how soil volumes were estimated. 

22 The percentages of CERCLA. and RCRA soils treated ex-situ in the baseline (58 percent for CERCLA. and 48 
percent for RCRA) were used here because the model was unable to directly project how non-TC soils will be treated. 
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Non-TC soil volume treated ex-situ < 1 O times UTS 
Non-TC soil volume treated ex-situ 

For CERCLA, the percentage was estimated to be 12 percent (408,000 / 3,444,000). 
For RCRA, the percentage was estimated to be 9 percent (1,004,000 / 11,240,000). 

Fifth, EPA estimated the per ton cost savings for the soils expected to fall out of 
RCRA Subtitle C regulation. To accomplish this, the Agency subtracted the estimated 
cost of Subtitle D disposal ($55) from the estimated per ton cost of treating soils with 
concentrations below 10 times UTS under the baseline ($285 for CERCLA and $169 for 
RCRA23

). The cost of Subtotal D disposal was estimated to be approximately $55 per 
ton. This estimate includes costs of excavation, waste transport, and landfill tipping 
fees. Soil excavation costs were assumed to be approximately $16 per ton-. Waste 
transport costs were estimated to average $5 per ton, based on analysis indicating that 
Subtitle D transport costs are approximately four to seven dollars per ton for every 100 
miles of truck or rail hauling.24 A $34 per ton landfill tipping fee estimate reflects a 
recent nationwide survey estimate.25 The resulting per ton cost savings for CERCLA 
and RCRA were $230 and $114 per ton, respectively. 

Sixth, EPA applied the percentages calculated in step four and the per-ton cost 
savings calculated in step five to non-TC soils generated by various remediation 
programs. Specifically, the 12 percent and $230 figures were applied to non-TC soils 
generated at CERCLA, state superfund, and voluntary cleanup sites and the nine 
percent and the $114 figures were applied to RCRA corrective action and closure sites. 

More Effective and Expensive Treatment 

The third type of impact of the new soil treatment standards, more effective and 
expensive treatment, applies only to soil that is hazardous because it contains listed 
waste. This impact will arise only if the following conditions are met: 

• The soil contains hazardous constituents that are not listed 
constituents at levels exceeding 10 times UTS; 

• Any current treatment methods do not meet the new soil standards 
for such constituents; and 

23 The costs of treating soils with concentrations less than 10 times UTS under the baseline was calculated 
using the soil and sediment model. Because all volumes expected to fall out of regulation are expected to only have 
low-concentrations of constituents present, all volumes were assigned the treatment cost appropriate for low­
concentration soils. 

24 Konheim and Ketchum, "Exporting Waste: A Report on Locations, Quantities, and Costs of Out-of-State 
Disposal of New York City Commercial Waste," April 1991. 

25 "The State of Garbage," Biocycle, April 1995, page 2-38. 
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• After being treated using current methods, the soil is considered 
hazardous under the contained-in policy. 

The Agency believes that these conditions will seldom arise for the following 
reasons: 

• Contaminated soil, particularly at the older, more expensive to 
remediate CERCLA remedial action and RCRA corrective action 
sites, will seldom be found to contain listed wastes. This soil will 
often be classified as hazardous because it exhibits a 
characteristic, rather than because it contains listed waste. Soil at 
these sites may seldom be classified as listed because of the 
difficulty of identifying specific listed wastes disposed of many 
years ago. 

• The hazardous constituents most likely to be present in such soil 
and to present a risk to human health and the environment are the 
listed constituents, which already must be treated to UTS levels. 

• Where soil contains non-listed UHCs, the required treatment of the 
listed UHCs or other constituents posing site-specific risks may 
bring the non-listed constituent concentrations to levels that are 
below 10 times UTS or contained-in levels. 

EPA did not estimate the increased costs resulting from applying the LORs to 
non-listed UHCs in soil that does not exhibit a characteristic. For the reasons 
described above, these incremental costs are likely to be small. In addition, estimating 
such costs would be difficult because the available constituent data for CERCLA 
remedial action and RCRA corrective action sites does not distinguish between listed 
and non-listed constituents. As a result, it is impossible to determine which 
constituents are listed constituents. 

2. 7 Media Contaminated With Mineral Processing Wastes 

Media contaminated with newly regulated mineral processing wastes, which 
include wastes from the processing of ores and minerals, must be treated on-site to TC. 
levels before disposal into a Subtitle 0 unit. 26 These media are not required to comply 
with LOR requirements. The Phase IV rule, however, will require media contaminated 
with newly regulated mineral processing wastes to comply with existing LOR standards 
for characteristic wastes. Thus, soils containing these wastes must meet the new soil 
standards and other media must meet the UTS for all UHCs. 

26 54 EB. 36592 and 55 FR 2322 required that facilities dispose of such materials in a Subtitle C unit or treat 
it to TC levels before disposal into a Subtitle D unit. 
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As explained in Section 3.1.1 of "Application of Phase IV Land Disposal 
Restrictions to Newly Identified Mineral Processing Wastes: Regulatory Impact 
Analysis,"27 EPA assumes that mineral processing facilities are in full compliance with 
RCRA Subtitle C requirements (outside of the LDRs) for managing waste materials. 
Thus, this analysis assumes that all media contaminated with mineral processing 
wastes that are excavated under RCRA or CERCLA are currently being treated to 
remove the characteristic, stabilized, and disposed of in a Subtitle D unit. 

In order to project the effects of the Phase IV rulemaking on the cost of 
remediating hazardous media contaminated with mineral processing wastes, EPA: 

• Reviewed documentation on the composition of newly identified 
mineral processing wastes to determine what constituents are 
found in the wastes; 

• Based on the constituents in the media, determined the treatment 
methods most likely to be used to meet the new standards; and 

• Estimated potential cost changes resulting from new treatment 
methods or additional activities required to meet the new 
standards. 

2. 7.1 Composition of Media Contaminated With Newly Identified Mineral 
Processing Wastes 

The vast majority of media contaminated with mineral processing wastes are 
exempted from Subtitle C and the LOR requirements by the Bevill Amendment of the 
Solid Waste Disposal Act Amendments (PL 96-482). 28 Of the media that are 
contaminated with newly identified mineral processing wastes which were brought into 
the Subtitle C universe in 1990, EPA expects only a small portion to be excavated and 
thus fall under the LOR requirements. Thus, the only media contaminated with newly 
identified mineral processing wastes that are potentially affected by the Phase IV rule 
are those that are excavated and managed outside of a CAMU or AOC. EPA expects 
that these media contain primarily metal constituents, including cadmium, mercury, 
arsenic, selenium, chromium, lead, silver, and barium. 29 

2.7.2 Treatment of Media Contaminated with M.ineral Processing Wastes 

27 See footnote 1 . 

28 The Bevill Amendment exempts soils generated from the extraction and beneficiation of mineral ores. 

29 See Section 3.1.1, Waste Management Assumptions of Office of Solid Waste, U.S. Environmental Protection 
Agency 
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As explained above, EPA assumes that facilities currently treat affected soil and 
sediment media to TC levels using solidification/stabilization, the most widely used 
method for treating wastes with metal constituents. EPA anticipates that 
solidification/stabilization will continue to be the primary method used to treat soil and 
sediment contaminated with newly identified mineral processing wastes over the period 
covered by this analysis because it has been found to be effective in treating all metals 
to UTS levels, except for selenium. Because of the difficulties of treating high 
concentrations of selenium, media containing this constituent are recognized as likely 
candidates for a treatment variance under Section 268.44. 

The solidification/stabilization process involves mixing the media with reagents 
that reduce the mobility of its contaminants and/or physically bind or enclose them 
within a stabilized mass (such as cement). Depending on the chemical and physical 
properties of the waste, either or both of these methods may be used to prevent 
leaching. The amount of reagent used depends on the concentration of the waste and 
the target treatment level. 

The results of the final methodology step, examining the potential cost changes 
resulting from new treatment methods, are discussed in Section 3.3. 

2.8 Soil and Sediment that Exhibit the TC for Metals Only 

Excavated soils and sediments that are hazardous only because they exhibit the 
TC for metals are currently treated to site-specific risk-based levels or to the TC level to 
avoid the requirement to manage treated media in a Subtitle C facility. Under Phase 
IV, all hazardous constituents or UHCs in TC metals soil must be treated to reduce 
concentrations either to 10 times UTS or UH Cs or by 90 percent, and hazardous 
constituents in sediments must be treated to UTS. Where existing treatments do not 
meet these new standards, treatment costs may increase. 30 To estimate these 
incremental costs, EPA performed four analytical steps. The first step explains why 
any increased treatment costs for the metal constituents in the volumes that are TC for 
metals only are likely to be low and therefore are not modeled. The other three steps 
model the increased costs for organic constituents in these volumes. 

First, EPA considered the effect of the requirements on metal constituents in 
soils and sediments that are TC only for metals. Currently, TC metal constituents are 
treated to below the TC levels or risk-based levels, whichever is lower, while non-TC 
metal constituents are treated to risk-based levels. Under the Phase IV rule, a// metal 
constituents must be treated to the LDR levels. In many instances, however, these 
constituents will be treated to applicable site-specific risk-based levels or their 
characteristic levels, if more stringent. 

30 With more stringent and potentially expensive treatment standards, some media may be managed in-situ, 
rather than ex-situ, to avoid the LDRs. This shift in management was not captured as an impact of the Phase IV 
rule. 
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For all metal constituents with TC levels except silver, EPA expects the rule to 
have no effect on soil treatment. As shown in Exhibit 2-8, the new soil treatment 
standards are less stringent than TC levels for all constituents, except silver. EPA 
assumes that soils with these constituents will continue to be treated to the lower of 
site-specific risk levels or TC levels and therefore treatment methods and costs will not 
change. 31 

Exhibit 2-8 
Comparison of TC and LOR Levels for TC Metal Constituents 

(mg/I) 

Soil Treatment Sediment 
Standard: Treatment 

Constituent TC Level 10 x UTS Standard: UTS 

Arsenic 5.0 14 1.4 

Barium 100 210 21 

Cadmium 1.0 1.1 0.11 

Chromium 5.0 6.0 0.60 

Lead 5.0 7.5 0.75 

Mercury 0.2 0.25 0.025 

Selenium 1.0 57 5.7 

Silver 5.0 1.4 0.14 

Under Phase IV, silver and non-TC constituents in soil must be treated to 10 
times UTS (which is just below the TC level for silver) or to achieve 90 percent 
reduction. Also, metal constituents in sediment must be treated to UTS levels; the new 
soil standards do not apply to sediment. EPA believes that the incremental costs for 
meeting these new standards should be negligible for the following reasons: 

• Virtually all soils and sediments that are hazardous because they 
exhibit the TC only for metals are currently stabilized or solidified. 

• Current stabilization/solidification methods, designed to meet TC 
levels, often will meet the new standards for all metal constituents. 

31 The Agency recognizes that, in situations where excavated untreated contaminated soils meet the new soil 
standards but not TC levels, it may be less expensive to dispose of the soils directly in a Subtitle C landfill 
without treatment (as LOR standards are met). EPA believes that these situations are unlikely to occur frequently 
and thus did not estimate these potential savings. 
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• Where current practices do not satisfy the new standards, the 
treatment can be adjusted at a limited cost to meet the standards, 
such as by increasing the ratio of reagent to soil. 

Second, EPA modeled the application of the new treatment requirements for 
organic constituents in the database volumes of soils and sediments that exhibit the TC 
for metals only. Currently, EPA believes that these volumes are frequently treated for 
their organic constituents, particularly where the organics exceed site-specific risk 
levels and the treated soil is disposed of on-site. In addition, high concentrations of 
organics may be treated to avoid their interference with the effectiveness of 
immobilization. EPA considered two possible changes in treating organics under 
Phase IV: 

• A shift to more extensive and expensive treatment of organics; and 

• A shift from no treatment to treatment. 

To model the shift to a more extensive and expensive treatment, EPA revised 
the high-low concentration cutoff for organic constituents from 100 times UTS in the 
baseline to 25 times UTS for soil and 15 times UTS for sediment under Phase IV. The 
cutoff for sediment is lower because the new soil standards do not apply to sediment. 
This high-low concentration cutoff determines when volumes are treated with more 
effective and expensive treatment methods, such as incineration. Having a lower "high­
low" concentration cutoff for organics effectively models a shift to more effective 
treatment technologies consistent with the more stringent Phase IV requirements. By 
reducing the cutoff concentration, additional volumes of soil may be treated with these 
technologies and consequently treatment costs will rise. 

This type of treatment impact seems realistic. The 10 times UTS or 90 percent 
reduction standard for organic UHCs may require more extensive treatment for volumes 
of contaminated soil and sediment where: 

• The site-specific risk-based cleanup level for organics is less 
stringent than the Phase IV alternative soil standard; and 

• The organics treatment technology selected based on any site­
specific risk-based cleanup level does not meet the new alternative 
soil standards. 

The Agency expects the affected volumes to be those with the highest levels of organic 
constituent concentrations that are treated with the less effective technologies (i.e., the 
highest concentration segment of the media in the low concentration category). The 
shift in the high-low concentration cutoff from 100 times UTS to 25 or 15 times UTS 
captures these volumes. 

Chapter 2: Methodology Page 2-43 



Changing the concentration cutoff shifted approximately eight percent of the TC 
for metals only of CERCLA soil in the database into categories treated with highly 
effective treatment methods (e.g., incineration/thermal desorption). A negligible 
amount of CERCLA sediment and RCRA soil changed categories. 

EPA did not model the potential shift from no treatment to treatment of organics 
in soil and sediment that are for TC metals only. In some cases, TC metals media may 
not be specifically treated for their organic constituents, if any. This situation may arise 
where the concentration of organics is below any site-specific risk-based cleanup 
levels. Phase IV will require treatment of such constituents if their concentrations are 
greater than 10 times UTS for soil or UTS for sediments. EPA did not model this type 
of change for two reasons: 

• This situation seems unlikely to arise. Where constituent 
concentrations are below risk-based levels prior to treatment, the 
media are likely to be determined not to contain hazardous waste 
even if the concentrations are greater than 10 times UTS. 
Moreover, the soil may be eligible for a site-specific variance from 
the technology-based new soil treatment standards for soils below 
levels that minimize threats to human health and the environment. 

• Our modeling approach projected treatment for organics if any 
organic constituent concentrations were reported in CERCLA 
RODs or RCRA corrective action RIA documentation. This 
approach reflects an assumption that constituent concentrations 
generally would not be reported· if they did not affect remedy 
selection. 

Third, using the revised organics concentration cutoff, EPA reassigned 
treatment technologies and calculated the changes in the per ton ex-situ treatment 
costs. 

Performing these first three steps yielded nine CERCLA sites in the database 
with increased costs (of the 97 CERCLA database sites generating soils that are TC for· 
metals only). The estimated cost increase for CERCLA TC metals only soils managed 
ex-situ at these sites was $19 per ton. This figure was calculated by subtracting the 
average per ton treatment cost for these CERCLA soils under the baseline from their 
average per ton treatment cost under Phase IV 

In contrast, no RCRA soil sites had increased costs because no RCRA soil 
exhibiting the TC only for metals had organics with concentrations greater than 25 
times UTS. In fact, over 95 percent of the RCRA TC for metals only volume did not 
contain any organics. For CERCLA sediments, the average cost per ton increased by 
a negligible $0.05 per ton. This effect was caused by the shift to incineration and 



thermal desorption of only 13 out of 221,000 tons. Thus, the remaining steps described 
were not performed for RCRA soils or CERCLA and RCRA sediments. 

Fourth, EPA extrapolated the per ton cost savings from the database sites to the 
universe of sites remediated annually. The increased cost per ton for CERCLA 
remedial action TC metals only soil, treated ex-situ, outside of a CAMU or AOC was 
applied to the annual volumes of such soil generated by CERCLA remedial actions, 
state superfund cleanups, and voluntary cleanups. No cost savings were attributed to 
RCRA soils and sediments and CERCLA sediments because the model predicted no 
increased costs for these media. 32 

2.9 Contaminated Ground Water and Debris 

The following section presents the methodology used to analyze the impacts of 
the new LOR standards on the management of contaminated ground water and 
contaminated debris. In neither case does the Agency believe that the Phase IV 
rulemaking will significantly increase treatment costs. 

2.9.1 Contaminated Ground Water 

Contaminated ground water is potentially subject to the LO Rs. If water pumped 
from the ground exhibits a characteristic of hazardous waste or contains listed waste, it 
cannot be placed on the land unless it: 

• Is determined not to contain hazardous waste under the contained­
in policy; 

32 Because the database contains no data on RCRA sediments, CERCLA results were extrapolated to the RCRA 
universe. 
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• Has been treated in compliance with the LDRs; or 

• Is exempt from the LDRs. 

The most common method of addressing ground water contamination is 
treatment. Alternative remedies include containment of the contamination through 
subsurface barriers, such as slurry walls, or controlling or limiting direct exposures, 
such as providing alternate water supplies or closing wells. These non-treatment 
methods leave the ground water in place and therefore are not affected by the LDRs. 

Almost all sites with ground water treatment use pump and treat systems. For 
example, 99 percent of non-federal NPL sites with ground water treatment have used 
pump and treat systems. 33 Ninety-three percent of these sites used such systems only, 
while the other six percent also used in-situ treatment methods, such as air sparging, 
bioremediation, passive treatment walls, and dual-surface extraction. Only one percent 
of the sites used in-situ treatment only. 

Following pumping, ground water may be managed in several ways, including: 

• Treated and discharged in a system subject to a National Pollutant 
Discharge Elimination System (NPDES) permit under Section 402 
of the Clean Water Act; 

• Treated in accordance with the pretreatment requirements under 
Section 307 of the Clean Water Act prior to discharge into publicly 
owned treatment works (POTWs); and 

• Returned to the aquifer through a variety of infiltration or injection 
methods. 

Ground water that is hazardous only because it exhibits a characteristic is exempt from 
the LDRs if it is managed in either of the first two manners under 40 CFR 268.1 (c)(4). 

Ground water that is returned to the aquifer also is exempt from the LDRs if it is 
reinjected through a Class IV underground injection control (UIC) well. A Class IV UIC 
well, by definition, injects hazardous waste into or above a formation that contains 
within one-quarter mile an underground source of drinking water. Under RCRA Section 
3020, such reinjected ground water is not subject to the LDRs. Specifically, under 
Section 3020, contaminated ground water from Superfund remedial actions and RCRA 
corrective actions can be disposed of in a Class IV well if it is treated "to substantially 
reduce hazardous constituents prior to such injection" and the cleanup "will, upon 

33 "Market and Technology Trends," 1996 edition. 



completion, be sufficient to protect human health and the environment." EPA has 
interpreted this statutory provision to apply instead of the LOR provisions. 34 

Following pumping and treatment, ground water may be returned to the aquifer 
through methods other than reinjection by a Class IV well, such as infiltration in ditches 
or pipes laid across a field. Such placement of ground water is potentially subject to 
the LDRs. Nevertheless, the Agency believes that these situations are likely to be rare. 

• Treated ground water is unlikely to be placed on the ground if it 
contains hazardous constituents at concentrations exceeding any 
site-specific risk levels (e.g., through volatilization of organics or 
soil contamination). In situations where the treated water is above 
risk-based levels but is returned to the aquifer, an injection well is 
likely to be used because it may avoid these risks. 

• If the treated water does not pose any risks, it may be determined 
to not "contain" hazardous waste. 

In addition, where the LDRs apply to treated ground water placed on the ground, 
current treatment methods may already meet the higher standards imposed by 
Phase IV. 

While the Agency acknowledges that increased ground water treatment costs 
under Phase IV are conceivable, significant cost increases are unlikely and could not 
be estimated with readily available data. 

2.9.2 Contaminated Debris 

Debris contaminated with hazardous waste is subject to RCRA Subtitle C and 
the LDRs. Hazardous debris can be treated to comply with the LDRs under one of two 
primary standards: 

34 OSWER Directive 9234.1-06, December 27, 1989 contains the following guidance: "Although RCRA Section 30 
and the LOR provisions at RCRA Section 3004(f), (g), and (m) arguably can address the same activity, RCRA Section 
3020 specifically applies to all CERCLA and RCRA ground-water treatment reinjections into Class IV injection 
wells. Consistent with traditional principles of statutory construction, RCRA Section 3020-which is directly 
focused on injections of treated contaminated ground water into Class IV wells during cleanups--should control for 
such injections; a contrary reading would render Section 3020(b) meaningless. Where Congress has provided two 
potentially applicable statutory provisions, a choice between them is both necessary and appropriate, and within 
the discretion of the expert agency. Accordingly, EPA construes the provisions of RCRA Section 3020 to be 
applicable, instead of LOR provisions at RCRA Section 3004(f), (g), and (m), to reinjection of contaminated ground 
water into an underground source of drinking water, which are part of CERCLA response action or RCRA corrective 
action." 
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• Treated to meet the standards for the hazardous waste or wastes 
contaminating the debris (assuming the debris is not ignitable, 
corrosive, or reactive); or 

• Treated to meet alternative debris treatment standards that allow 
particular extraction, destruction, or immobilization technologies 
under specified performance and/or design and operating 
standards. 

Debris are generally treated using the second approach. 35 

The Phase IV rule does not amend these alternative technology-based treatment 
standards. It would affect the application of the new soil standards only for hazardous 
debris that contains UHCs that, by virtue of Phase IV: 

• Become restricted contaminants subject to treatment standards; 
and, 

• Are in constituent classes that would make the current debris 
treatment method inadequate to satisfy the new soil standards. 

These situations will seldom, if ever, arise for debris contaminated with TC 
metals. The only acceptable technologies for metals are immobilization or extraction, 
excluding thermal desorption (unless it is used to treat mercury contamination). These 
technologies are also acceptable for any organic constituents, with one exception: 
dioxin-listed waste cannot be treated using high-temperature metals recovery. If TC 
metal debris is contaminated with dioxin-listed waste, it cannot be treated using high­
temperature metals recovery prior to Phase IV or afterwards. Thus, the requirement to 
treat organic UHCs in TC metal debris will not change treatment methods or costs. 

While the promulgation of LDRs for newly identified mineral processing wastes 
may change the management of contaminated debris, the Agency lacks the data to 
project the affected volumes or the increased costs. EPA reviewed CERCLA Records 
of Decisions (RODs) and other documentation of mineral processing site cleanups and 
could not find adequate data to project this impact of Phase IV. EPA, nevertheless, 
expects any such increased costs to be relatively small. 

The Phase IV rule. also may affect the management of debris residuals. These 
residuals are subject to the waste-specific treatment standards for the waste 
contaminating the debris. Thus, these residuals may be subject to additional or 
different treatment under Phase IV. The Agency also lacks the data to estimate the 

35 See, "Cost and Impact Analysis of Land Disposal Restrictions for Newly Listed Wastes and Contaminated 
Debris (Phase I LDRs) Final Rule," U.S. EPA, Office of Solid Waste, June 30, 1992. 



magnitude of these impacts. EPA, however, expects the increased costs to be 
relatively small. 

2.1 O Major Data and Modeling Limitations 

Modeling the impact of the changes in the RCRA land disposal restrictions on 
the treatment of contaminated soil and sediment is inherently difficult because 
remediation decisions reflect a range of critical factors in addition to the federal RCRA 
regulations. 

• Unlike hazardous process waste, hazardous soil and sediment that 
were contaminated prior to the LDRs are not required to be treated 
unless the media are excavated. Thus, remediation decision 
makers may decide, based on site-specific factors, to cap 
contaminated soil or sediment in place without treatment or to treat 
it in-situ, avoiding application of the LDRs. 

• Likewise, based on site-specific factors, soil and sediment may be 
managed in AOCs or CAMUs, avoiding the LDRs. 

• Treatability variances have been issued frequently for hazardous 
soil and sediment because of the stringency of the LDRs, which 
increases the difficulty of modeling the baseline and complicates 
the identification of regulatory effects. 

• When contaminated soil and sediment are subject to the LDRs, 
treatment goals may be more stringent than the LDRs because of 
site-specific risk factors (e.g., residential setting, presence of a 
drinking water source karst terrain). Thus, the changes in the 
LDRs may not change treatment goals and technologies at many 
sites. 

• Furthermore, remediation decisions may vary from state-to-state 
based on factors including state risk-based cleanup standards and 
remediation resources, particularly for state superfund programs. 

In addition to these general concerns, the analysis of the potential soil treatment 
cost savings and incremental costs resulting from the Phase IV rule is qualified by 
several major data and methodological limitations, which are described below. Many of 
these limitations also apply to the limited analysis of the potential incremental sediment 
treatment costs. 
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Use of Sample of Sites 

The contaminated soil and sediment database consists of data from CERCLA 
RODs signed in 1989 through 1996 and a stratified representative sample of RCRA 
corrective actions. 

CERCLA Sites. While remediation decisions at the CERCLA sites in the 
database generally will not be affected by the Phase IV rule,36 the nature of the 
contamination at these sites should be reasonably representative of the contamination 
at CERCLA sites potentially affected by the rule. The severity of risks at newly listed 
CERCLA remedial action (or National Priority List) sites may decline over time, 
assuming that the highest risk sites are generally listed first. This trend may not 
significantly affect the likelihood and magnitude of changes in treatment methods under 
Phase IV. All sites must have a minimum Hazard Ranking System score to be listed on 
the NPL. In addition, the impact of Phase IV depends largely on the types and 
concentrations of hazardous constituents at these sites, which may not change 
significantly over time, particularly during the medium term, five-year projection period 
of this analysis. 

RCRA Corrective Action Sites. Similarly, the sample of RCRA corrective action 
sites should be reasonably representative of future corrective action sites. This sample 
of sites was initially developed for EPA's analysis of the RCRA corrective action 
program in 1990 and 1991 to represent the universe of RCRA corrective actions. It 
remains reasonably representative of future RCRA corrective actions because the 
universe of corrective action sites that remain to be remediated has not changed 
substantially since then. In addition, the original sample, which includes projected 
remedies, was recently supplemented with data for additional cleanups from available 
RCRA Statements of Basis. These new data reflect actual remediation decisions and 
thereby help ensure the representativeness of the expanded sample. 

Applying CERCLA and RCRA Corrective Action Data to State Superfund, Voluntary 
Cleanup, and RCRA Closure Sites 

The methodology applies the average cost per ton savings or incremental costs · 
for soil treated ex-situ at CERCLA remedial actions to soil generated at state superfund 
and voluntary cleanups. State and voluntary cleanup programs generally manage 
smaller volumes per site of less contaminated soil than the CERCLA remedial action 
program and generally treat soil ex-situ and off-site to avoid the need for RCRA 
treatment permits and thereby becoming subject to facility-wide corrective action. 
Whether the types and concentrations of hazardous constituents are different at state 
and voluntary cleanup sites and CERCLA remedial action sites, however, is unclear 

36 Remedies have been selected for all sites in the database, since they all have RODs (Records of Decision). 
These remedies are not likely to be changed by Phase IV, unless Phase IV requires more effective treatment than 
provided by the selected ex-situ treatment remedy and the remedy has not already been constructed. 



because of the absence of detailed site-specific data on the nature of contamination 
and management practices at state superfund and voluntary cleanup sites. Thus, it 
remains unclear whether the methodology overestimates or underestimates the 
increased costs or cost savings at these sites. Similar uncertainty applies to the 
extrapolation from RCRA corrective actions to RCRA closures. This concern is 
important because most soil treated ex-situ outside of CAMUs or AOCs is generated by 
state and voluntary cleanup programs and RCRA closures. 

Definitions of High and Low Concentration and High and Low Volume 

The baseline and post-regulatory definitions of high and low concentration and 
high and low volume determine the projected treatment methods. The cutoffs between 
high and low concentration are multiples of UTS levels (e.g., 100 times UTS). These 
multiples are somewhat subjective. Constituent-specific concentration cutoffs may be 
more appropriate than the cutoffs based on a multiple of the UTS. Constituent-specific 
cutoffs could address the varying toxicity, fate, and transport characteristics of 
individual constituents and their amenability to the use of different treatment 
technologies. In addition, high and low volume cutoffs might be more appropriately 
applied on a technology-specific and/or waste-specific basis. 

EPA did not develop more sophisticated concentration and volume cutoffs 
because of the difficulties involved, the resources required, and the relatively modest 
expected gains in accuracy. The cutoffs used in the methodology were developed so 
that the baseline results are realistic, based on available data. The changes in the 
cutoffs from the baseline analysis to the post-regulatory analysis are designed to 
identify the types of sites that are likely to be require more or less effective and 
expensive treatment under Phase IV. In addition, even constituent-specific cutoffs 
would not reflect the site-to-site differences in meeting either the 90 percent reduction 
standard or the 10 times UTS standard. 

As EPA's approach was not able to examine the effect of the 90 percent 
reduction standard, EPA estimated the volumes of soil which would be able to take 
advantage of this standard. The assessment showed that only 3 to 5 percent of the 
volume had concentrations above 1 OOxUTS levels, and thus would benefit from the 90 
percent reduction standard. Therefore, this limitation in the analysis likely has little 
effect on the overall results. 

Trends in Treatment Technologies 

The analysis does not account for future trends in the remediation of 
contaminated soil and sediment, such as the development of new treatment 
technologies. Baseline treatment methods reflect the current mix of remediation 
treatments and existing trends towards increased use of innovative treatment methods. 
Baseline and post-regulatory treatment methods include only technologies that have 
been successfully used at remediation sites. It is likely, however, that existing 
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technologies will be improved and new technologies developed. The impact of 
technological innovation on the estimated cost savings is unclear because the changes 
would reduce costs under both the baseline and the post-regulatory scenarios. 
However, because this analysis covers only the five years following implementation of 
the rule, EPA believes that the treatment methods projected in this analysis will not 
change dramatically due to technological innovation. 

Affected Volumes 

Contaminated soil and sediment at each site are segregated into volumes that 
are above and below the toxicity characteristic levels and above and below the high 
and low concentration threshold. The proportion of contaminated soil or sediment at 
sites with contamination in these categories is estimated using a functional relationship 
(Y=X3

), as described earlier in this chapter. This equation is based on statistical 
analysis of a limited sample of sites and therefore its representativeness is uncertain. 
To verify the model's validity, EPA compared these results with over 1,200 
observations using a Monte Carlo simulation that was based on empirical site 
characterization data from DOE's Superfund Reauthorization (SURE) model. The 
results indicate that the functional relationship derived from the limited data is 
consistent with field data used in the SURE model. 

EPA, nonetheless, recognizes that the distribution of constituent concentrations 
does not vary uniformly across sites. Sites often have numerous "hot spots" of highly 
contaminated soil. Nevertheless, EPA believes that, consistent with the approach 
used, contaminant concentrations often will decline moving from the area of localized 
maximum contamination. Thus, for simplicity and because the functional relationship is 
representative of the sample of sites analyzed, the Agency used this approach to 
determine volumes. 

The assumption that volumes in the different categories will be segregated and 
managed separately may overestimate or underestimate the costs savings or 
incremental costs. At some sites, these volumes are likely to be managed together, 
using the same technology or technology train. The direction and magnitude of this 
approach's impact on the estimated savings or incremental costs is difficult to gauge 
because the approach is used in both the baseline and post-regulatory analysis. In 
addition, the impact is difficult to determine because the model, consistent with current 
practices, allocates volumes to in-situ and ex-situ treatment methods based, in part, on 
the volumes subject to remediation. Only the volumes treated ex-situ, however, are 
subject to the LDRs. 

Pace of Remediation Nationally 

The numbers that EPA used to estimate the number of sites remediated each 
year were adapted from a number of different sources. There was considerably more 
information for CERCLA and RCRA than for state superfund and voluntary cleanup 



programs, so CERCLA and RCRA estimates may be more accurate. EPA recognizes 
that these numbers may change due to a variety of factors and that the further out the 
analysis extends the less accurate they become. In order to minimize the effect of 
changes to the pace of remediation, the Agency limited the analysis to the five years 
after the requirements begin affecting remediation decisions. 

Soil Contaminated with Listed Versus Characteristic Waste 

The data available for the CERCLA remedial action and RCRA corrective action 
sites in the database do not specify whether soil subject to remediation is hazardous 
because it exhibits a characteristic or because it contains listed waste. The analysis 
determines, based on maximum constituent concentrations, whether the soil is likely to 
exhibit the toxicity characteristic for metals, organics, or both. The analysis also makes 
the simplifying assumptions that soil exhibiting the TC is not contaminated with listed 
waste and that soil not exhibiting the TC is contaminated with listed waste. 

This approach may overestimate the increased costs imposed by requiring soils 
exhibiting the TC for metals (but not for organics) to be treated for any organic UHCs. 
In the baseline, these soils may be treated to UTS levels (rather than risk-based levels) 
for the organic UHCs if the organic UHCs are listed constituents from listed wastes. 
Thus, the analysis may underestimate baseline costs and overestimate the incremental 
post-regulatory costs. EPA, however, does not believe that this overestimate is likely to 
be significant, in part because of the relatively small estimated incremental costs from 
the more stringent requirements. 

This approach may also underestimate the savings associated with the new soil 
standards. As the analysis was performed, no cost savings were attributed to soils 
exhibiting the TC for metals only because it was assumed that these soils were 
considered hazardous because they exhibited a characteristic, not because they 
contained listed waste. Soils contaminated with listed wastes are currently required to 
be treated for listed constituents to UTS levels, so taking listed waste into account 
would increase the total cost savings associated with the new soil standards (as soils 
contaminated with listed wastes will now be able to utilize the less stringent new soil 
standards). 

No Increased Costs on RCRA Soils or CERCLA and RCRA Sediments 

EPA's modeling showed that the volume of RCRA soils and CERCLA and RCRA 
sediments affected by this rulemaking to be insignificant, and thus the Agency 
estimated that the Phase IV rule would not have any significant impacts on these 
media. As explained, EPA believes that RCRA soils and CERCLA and RCRA 
sediments are infrequently incinerated under current requirements and that this will 
continue under Phase IV. However, the Agency recognizes'that some volumes of 
these media may switch treatment categories (i.e., from a less expensive ex-situ 
treatment method to incineration) and will thus be affected by the Phase IV rule. 
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CHAPTER 3. RES UL TS 

This chapter presents the results of the analysis of the incremental costs and 
cost savings resulting from the application of the Phase IV LOR rule to contaminated 
media. It is organized as follows: 

• Section 3.1 summarizes the baseline soil and sediment treatment 
methods and costs; 

• Section 3.2 describes the estimated cost savings under the new 
soil treatment standards; 

• Section 3.3 discusses the lack of changes in treatment costs for 
media contaminated with newly identified mineral processing 
wastes; and 

• Section 3.4 presents the estimated incremental costs for soil that 
exhibits the TC for metals only. 

Exhibit 3-1 summarizes these results. 

3.1 Baseline Treatment Methods and Costs 

As described in Chapter 2, EPA used data from a sample of CERCLA remedial 
action soil and sediment contamination sites and RCRA corrective action soil 
contamination sites to analyze the baseline costs and the incremental costs or cost 
savings of the Phase IV final rule. Exhibit 3-2 presents the constituent types, 
concentration, volumes, and corresponding treatment technologies for the largest 
volume treatability groups across the three remediation categories represented in the 
soil and sediment database. The exhibit demonstrates that a large fraction of CERCLA 
soil is contaminated with multiple constituents types and therefore is relatively 
expensive to treat. Seven percent of CERCLA soil, for example, is contaminated with a 
high concentration and low volume of constituents in all four constituent groups and is 
therefore projected to be managed using incineration or thermal desorption combined 
with immobilization of the resulting residuals at an average cost of $1,064 per ton. 
Another two percent of the volume is also contaminated with all four types of 
constituents having high concentration and high volume. Because incineration may be 
economically infeasible for such high volume sites (greater than 65,000 tons/site for 
this treatability group), the baseline treatment method is soil washing, dechlorination, 
and ex-situ immobilization at $476 per ton. The average treatment cost for CERCLA 
soil managed in-situ or ex-situ is $307/ton. The average ex-situ treatment cost for 
CERCLA soil is $354/ton. 
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Exhibit 3-1 
Summary of Phase IV Costs/Savings for Contaminated Media 

Management Standards Incremental 
Phase IV Media Affected Volumes Cost/Savings (million 

Provisions Analyzed Baseline Post-Regulatory (tons/year) $/year) Comments 

New Soil Soil exhibiting Treat all TC Treat all TC CERCLA = 1000 CERCLA = (0.6) Savings primarily reflects shift from 
Treatment TC for organics constituents and constituents and all RCRA = 0 RCRA = 0 incineration/thermal desorption to 
Standards or TC for both all UHCs to UTS UHCs to 10 x UTS State Superfund = 1,000 State Superfund =(0.7) less expensive ex-situ treatments. 

organics and or 90 percent Voluntary = 5,000 Voluntary= (2.7) 
metals reduction Total= 7,000 Total= (4) 

Soil containing Treat listed Treat all listed CERCLA = 13,000 CERCLA = (3.5) Savings primarily reflect shift from 
listed waste constituents to constituents and RCRA = 11,000 RCRA = (1.2) incineration/thermal desorption to 

UTS UHCs to 10 x UTS State Superfund = 12,000 State Superfund =(3.2) less expensive ex-situ treatments and 
or 90 percent Voluntary= 47,000 Voluntary = (12.8) no treatment for soils less than 10 
reduction Total = 83,000 Total= (21) times UTS. Does not account for 

increased costs from treating non-
listed UHCs. Non-TC soil is 
assumed to contain listed wastes. 

Subtotal For the New Soil Standards CERCLA = 14,000 CERCLA = (4.1) 
RCRA = 11 ,000 RCRA = (1.2) 
State Superfund = 13,000 State Superfund =(3.9) 
Voluntary = 52,000 Voluntary= (15.5) 
Total = 90,000 Total= (25) 

Media Soil, sediment, Treat to TC levels Treat to new soil No affected volumes No cost changes Volumes were not determined 
Contaminated ground water, standards (soils) or predicted because incremental treatment soil 
with Mineral debris to UTS (other cost expected to be negligible. 
Processing media) 
Waste 

Media Soil exhibiting Treat to the lower Treat all CERCLA = 35,000 CERCLA = 0.7 Increased cost primarily reflects shift 
Exhibiting TC TC for metals of TC or site risk- constituents RCRA = 0 RCRA = 0 from less expensive ex-situ 
for Metals only based levels (including UHCs) to State Superfund = 26,000 State Superfund = 0.5 treatments to incineration/thermal 

the lower of TC, Voluntary= 102,000 Voluntary = 2.0 desorption to treat organic UHCs. 
site risk-based, or Total = 163,000 Total= 3 
alternative standard 
levels 

Sediment Treat to the lower Treat all No affected volumes No cost changes Analysis predicted that sediment 
exhibiting TC for of TC or site risk- constituents predicted treatment costs would.not be 
metals only based levels (including UHCs) to significantly affected. 

the lower of TC, 
site risk-based, or 
UTS levels 

Groundwater/ Treat to the lower Treat all Not quantifiable Not quantifiable Analysis predicted that groundwater 
debris exhibiting of TC or site risk- constituents and debris treatment costs would not 
TC for metals based levels (including UHCs) to be significantly affected. 
only the lower of TC, 

site risk-based, or 
UTS levels 



Exhibit 3-2 
Baseline Treatment of Soil and Sediment for Sample Sites* 

Media Type !Constituent Types Concentration/ Volume Treatment CostperTon 
Volume 

CERCLA Metals LCIH\/, HCA...\/, HCA-N 15% Ex-situ immobilization $164 
Soil SVOCs, AHCs, and LC/HV 8% Soil washing, ex-situ $359 

Metals bioremediation, and ex-situ 
immobilization 

~m~m ·· -,. ~ HC/HV 8% Vacuum Extraction $150 
~OCs,SVOCs,AHCs, HC/LV 7% Incineration, or thermal $1,064 

and Metals ~esorption, and immobilization o1 
the ash 

~OCs,SVOCs,AHCs, LC/LV 6% 50% in-situ and 50% ex-situ $181 
and Metals bioremediation and immobilization 

SVOCs and Metals LC/LV, LC/HV 5% 50% in-situ and 50% ex-situ $181 
bioremediation and immobilization 

VOCs and Metals LCIH\/, HCA...V, HCA-i'v 5% Vacuum extraction and in-situ $204 
immobilization 

VOCs,SVOCs,AHCs, LC/HV 5% Vacuum extraction and in-situ $204 
and Metals immobilization 

AHCs and Metals HC/HV 5% Soil washing, dechlorination, and $476 
ex-situ immobilization 

voes, svocs, and LC/HV, HC/HV 4% Vacuum extraction and in-situ $204 
Metals immobilization 

SVOCs and AHCs HC/HV 3% Soil washing and dechlorination $312 
voes LCIH\/,HCA...V,HCJH\J 3% Vacuum extraction $150 

VOCs and SVOCs LC/HV 3% Incineration or thermal desorption $1,058 
Other Treatabilitv Groups 26% Various methods $412 
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Exhibit 3-2 (continued) 
Baseline Treatment of Soil and Sediment for Sample Sites* 

Media Type Constituent Types Concentration/ Volume Treatment Cost per Ton 
Volume 

~CRASoil Metals LCA-t\/, HCA...V, HCJH\i 41% Ex-situ immobilization $164 

SVOCs and Metals LC/LV, LC/HV 25% 50% in-situ and 50% ex-situ $181 
bioremediation and immobilization 

voes LeA-t\/,HCA...V,HCIHV 24% Vacuum extraction $150 

voes and Metals ... CtHV,HCA...V,HCiHV 3% Vacuum extraction and in-situ $204 
immobilization 

SVOes and Metals He/LV, HC/HV 2% Soil washing, ex-situ $359 
bioremediation, and ex-situ 

immobilization 

voes, AHCs, and LC/HV 1% Vacuum extraction and in-situ $204 
Metals immobilization 

Other Treatability Groups 3% Various methods $365 

CERCLA Metals LCtH\/, HCA...V, HCiHV 23% Ex-situ immobilization $181 
Sediment SVOCs, AHes, and LC/HV 13% Soil washing, ex-situ $376 

Metals bioremediation, and ex-situ 
immobilization 

VOCs,SVOCs,AHCs, HC/LV 10% Incineration, or thermal $1,079 
and Metals k:iesorption, and immobilization of 

the ash 

VOCs and Metals LCIH\/,HCA...V,HCtH\I 8% Ex-situ bioremediation and ex-situ $255 
immobilization 

AH Cs HC/HV 7% Soil washing and dechlorination $327 

SVOCs and Metal HC/LV, HC/HV 6% Soil washing, ex-situ $376 
bioremediation, and ex-situ 

immobilization 

voes and svocs LCA...V, LCIH\/, HCIH\i 6% Ex-situ bioremediation $91 

AH Cs HC/LV 5% Incineration or thermal desorption $1,074 

AH Cs LC/LV, LC/HV 4% Ex-situ bioremediation $91 

Other Treatment Groups 19% Various methods $440 

* Totals may not add due to rounding. 

Key: LC = low concentration LV = low volume 
HC = high concentration HV = high volume 
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In contrast, RCRA soil is typically contaminated with VOCs and/or metals, which 
are relatively inexpensive to treat. Therefore, the average in-situ and ex-situ cost for 
treating RCRA soil is only 56 percent of the cost for CERCLA soil, $170/ton versus 
$31 Olton. Similarly, the average RCRA ex-situ soil treatment cost is $179/ton versus 
$354/ton for CERCLA soil. Fifty-seven percent of RCRA corrective action soil is 
contaminated with metals only and is projected to be managed using ex-situ 
immobilization at $164 per ton. Another 24 percent is contaminated with VOCs only 
and is projected to be managed using vacuum extraction at $150 per ton. 

CERCLA soil and CERCLA sediment volumes are contaminated with similar 
types of contaminants. Thus, the average ex-situ treatment costs for CERCLA soil and 
sediment are almost identical, $401 and $403 per ton, respectively. Despite having 
slightly less complex contamination than CERCLA soil, CERCLA sediment is slightly 
more expensive to manage because of the need for dewatering at $15/ton. 

The significant average cost per ton difference between CERCLA soil and 
sediment sites and RCRA soil sites also reflects the prevalence of incineration and 
thermal desorption. About 10 percent of CERCLA soil is projected to require 
incineration or thermal desorption at an average cost of approximately $1,062 per ton. 
This volume is responsible for 33 percent of the CERCLA soil management costs. 
Similarly, the 18 percent of the CERCLA sediment that is projected to be treated by 
incineration or thermal desorption is responsible for 49 percent of the total sediment 
management costs. In contrast, less than one percent of RCRA soil is projected to 
require incineration or thermal desorption and only three percent requires the next 
expensive treatment method, soil washing, which in combination with various 
secondary treatments, costs $312 to $476 per ton. 

Exhibit 3-3 presents the national baseline of soil and sediment ex-situ treatment 
costs. (See also Exhibit A-3 for the percent of media treated by different treatment 
methods.) This baseline excludes volumes managed in CAM Us or AO Cs, since LDRs 
do not apply to these cleanups. As described in Chapter 2, the average treatment cost 
per ton figures for RCRA corrective actions are applied to RCRA closures. Similarly, 
the average ex-situ treatment cost per ton for CERCLA remedial actions is applied to 
state superfund and voluntary cleanups. The CERCLA ex-situ cost is used because 
media generated by state superfund and voluntary cleanups are assumed to be treated 
primarily off-site and therefore are treated ex-situ. The estimated national ex-situ soil · 
and sediment treatment costs, excluding volumes managed in CAMUs or AOCs, in the 
absence of the Phase IV rulemaking, are $306 million/year and $24 million/year, 
respectively. These baseline estimates cover the five-year period following 
implementation of the Phase IV standards, but do not include the impact of Phase IV 
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Exhibit 3-3: National Baseline Ex-Situ Treatment Costs 
(Excludes Volumes Managed in AOCs or CAMUs) 

Remediation Program Tons Treated Ex-Situ AverageCost!Ton Annual Cost 
Per Year ($million) 

Soil 

CERCLA Remedial Actions 140,000 $354 $50 million 

RCRA Corrective Actions 110,000 $179 $20 million 

RCRA Closures 50,000 $179 $9 million 

State Superfund 130,000 $354 $46 million 

Voluntary 510,000 $354 $181 million 

Soil Totals 940,000 $326 $306 million 

Sediment 

CERCLA Remedial Actions 40,000 $403 $16 million 

RCRA Corrective Actions 20,000 $403 $ 8 million 

Sediment Totals 60,000 $403 $24 million 

• These baseline figures do not represent the actual baseline costs attributable to the LDR rules applied to media, in as much as these 
costs are largely attributable to the given cleanup authority under which remediation takes place. 

3.2 Cost Savings Of The New Soil Treatment Standards 

EPA expects that facilities generating soils exhibiting the TC for organic 
constituents and non-TC soils containing listed wastes will most likely recognize cost 
savings as a result of the new soil standards. Some soils that are hazardous because 
they exhibit the TC for organic constituents are likely to incur cost savings because 
they will be treated with less expensive treatment methods. Some non-TC soils with 
constituent concentrations below 10 times UTS could recognize cost savings because 
they will fall out of Subtitle C regulation altogether and will be eligible for disposal in a 
Subtitle D facility. Based on the methodology described in Chapter 2, EPA estimates 
that the Phase IV cost savings for facilities generating these soils will be approximately 
$25 million per year ($4 million for TC organic soils+ $21 million for non-TC soils). 

3.2.1 Estimated Cost Savings for Soil Exhibiting the TC for Organics 

In order to estimate national cost savings from the new soil standards on soil 
exhibiting the TC for organics, EPA extrapolated the per-ton cost savings calculated 
using the database (as outlined in Section 2.6) to the universe of sites remediated 
nationally. In order to estimate the CERCLA soil cost savings, EPA calculated that 12 
percent of all CERCLA soil in the database was TC for organics (roughly 1.05 out of 
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9.09 million tons of CERCLA soil in the database). In addition, about nine percent of 
CERCLA soil projected to be managed ex-situ was TC for organics (473,000 tons out of 
5.24 million tons). The Agency estimates that 52 percent of the TC organic soils 
treated ex-situ will be incinerated or thermally desorpted in the baseline (246,000 
tons/473,000 tons). Finally, of the TC organic soil that is incinerated or thermally 
desorpted, the analysis showed that 14 percent would switch from incineration or 
thermal desorption under the baseline to other ex-situ treatment methods as a result of 
the new soil standards (approximately 35,000 out of 246,000 tons). For these volumes, 
the average cost savings is $600 per ton. The average per ton cost savings was 
calculated by subtracting the average per ton cost of other ex-situ treatments from the 
per ton cost of incineration and thermal desorption. 

The model predicted that no TC organic soil at RCRA sites would shift from 
incineration or thermal desorption to an alternative treatment method. Thus, there are 
no estimated cost savings for RCRA soil. EPA, however, does expect some low level 
of savings for these RCRA soils. EPA believes that the cost savings will be 
substantially lower for RCRA soil than for CERCLA soil because RCRA soils are 
generally less highly contaminated than CERCLA soils. Furthermore, a significantly 
smaller share of RCRA soil is incinerated in the baseline. To the extent that TC 
organics soil at RCRA cleanups will recognize cost savings, this analysis 
underestimates the savings related to the new soil treatment standards. 

Thus, the costs savings shown in Exhibit 3-4 were calculated as follows: 

• CERCLA Remedial Action Soil: $0.6 million/year = 140,000 
(tons/year treated ex-situ outside of a CAMU or AOC) x .09 (portion 
of soil treated ex-situ exhibiting the TC for organics) x .52 (portion 
of TC organic soil treated ex-situ that is incinerated or thermally 
desorpted) x .14 (portion of TC organic soil that switches from 
incineration or thermal desorption to another ex-situ treatment 
method) x $600 (average cost savings per ton for soils shifting from 
incineration or thermal desorption to another ex-situ treatment 
method). 

• State Superfund and Voluntary Cleanup Soil: $3.4 million/ 
year= 640,000 (tons/year treated ex-situ outside of a CAMU or 
AOC) x .12 (portion of all CERCLA soil exhibiting TC for organics)37 

x .52 (portion of TC organic soil treated ex-sitµ with incineration or 

37 EPA assumed that soil generated at state superfund and voluntary cleanups is similar to all CERCLA soil, 
rather than just CERCLA soil treated ex-situ. As a result, EPA assumed that 12% of all state superfund and 
voluntary cleanup soil exhibits the TC for organics, rather than 9%, which reflects only CERCLA soil treated ex­
situ. 
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Exhibit 3-4 
Estimated Cost Savings for TC Organics Soil Under The New Soil Standards 

Portion of TC 
Organic Soil 

Treated Ex-Situ 
Tons Treated Ex- With 

Situ Portion lncineration/T Portion 
Outside of CAMU Exhibiting TC henna I Switching Ex- Cost Savings Cost Savings for TC 

Remediation Category orAoc· For Organics Desorption Situ Treatments Per Ton Organics Soil 

CERCLA Remedial Action Sc I 140,000 9% 52% 14% $600 $0.6 million/yr. 

RCRA Corrective Action Soil 110,000 18% -- 0% $0 -

RCRA Closures Soil 50,000 18% -- 0% $0 -

State Superfund Soil 130,000 12% 52% 14% $600 $0.7 million/yr. 

Voluntary Cleanup Soil 510,000 12% 52% 14% $600 $2. 7 million/yr. 

Totals 940,000 N/A NIA N/A N/A $4.0 million/yr. 

•See Exhibit 2-7 and accompanying text for an explanation of how these volumes were calculated. 



thermal desorption) x .14 (the percentage of TC organic soil that 
switches from incineration or thermal desorption to another ex-situ 
treatment method) x $600 or thermal desorption (average cost 
savings per ton for soils shifting from incineration or thermal 
desorption to another ex-situ treatment method). 

These estimates do not reflect the new site-specific variance from the 
technology-based new soil treatment standards for soils with concentrations above the 
new soil treatment levels that minimize threats to human health and the environment. 
This variance will allow soils that are currently treated below site-specific risk-based 
levels due to the LOR requirements to be exempted from the new treatment levels if 
they can meet the risk based standards needed for the variance. These soils may 
recognize additional savings from the variance, as they may not be required to be 
treated at all or could be treated to less stringent levels than under the new soil 
standards. 

3.2.2 Estimated Cost Savings for Soil Contaminated with Listed Waste 

Soils contaminated with listed wastes are likely to recognize savings from less 
expensive treatment and from no treatment at all. This section first presents the 
estimated savings from less expensive treatment and then the savings from no 
treatment. Overall cost savings for soils contaminated with listed waste are estimated 
to be approximately $21 million per year. 

Savings from Less Expensive Treatment 

As noted in Section 2.6, soil that is hazardous because it contains listed wastes 
will likely achieve some cost savings under the Phase IV new soil treatment standards 
when some constituents already meet the 10 times UTS standard. These savings 
could not be estimated directly using the approach applied to TC organic soil because 
of modeling limitations and because some of these soils also may face increased costs 
(they must now be treated for all UHCs, including hazardous constituents that are not 
listed constituents). To estimate an upper bound of these savings, EPA estimated the 
effects of the percentage of soil shifting from incineration or thermal desorption in the 
baseline to less expensive treatment under Phase IV. The resulting cost savings per 
ton were the same for soil contaminated with listed wastes as for TC soil. These 
estimates represent an upper bound for two reasons: 

• Some of these soils may be considered as non-hazardous because 
they do not "contain" listed hazardous waste under the contained­
in policy; and 

• The soil may contain UHCs that are not primary constituents and 
therefore may be subject to increased treatment costs under 
Phase IV. 
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Using this methodology, the estimated savings apply to soil generated by 
CERCLA remedial action, state superfund, and voluntary cleanups, since no RCRA TC 
soil shifted from incineration to another treatment method. Sixty-eight percent of the 
database volumes of all CERCLA soil were found not to exhibit the TC and therefore 
may be hazardous because they contain listed waste. Seven percent of this soil, or 
11 percent of the volume treated ex-situ, is expected to be treated by incineration or 
thermal desorption in the baseline. Then, using the results from the analysis of TC 
organics soil, 14 percent of the incinerated or thermally desorpted soil is assumed to 
utilize less expensive treatment methods under Phase IV, at an average savings of 
$600 per ton. The resulting estimated cost savings are $4.9 million per year, as shown 
in Exhibit 3-5. 

No Treatment 

As explained in Section 2.6, some contaminated soil that is treated in the 
baseline may not require treatment under Phase IV because it will meet the new soil 
treatment standards and risk based standards upon excavation. Instead of treatment, 
the soils are expected to be disposed of directly into a Subtitle D landfill, assuming that 
site owner/operators obtain a contained out determination for the soil.38 For CERCLA, 
state superfund, and voluntary cleanups, EPA estimated that 12 percent of non-TC (or 
listed) soils will meet 10 times UTS levels upon excavation; these sites will recognize a 
savings of approximately $230 per ton. As shown in Exhibit 3.6, cleanups conducted 
under these programs are expected to save approximately $2.6 million, $2.4 million, 
and $9.6 million, respectively. For RCRA corrective action and closure cleanups, EPA 
estimated that approximately nine percent of non-TC soils will meet 10 times UTS 
levels upon excavation; these sites will recognize savings of approximately $114 per 
ton. As shown in Exhibit 3.6, cleanups conducted under RCRA corrective action and 
closure programs are expected to save approximately $0.8 and $0.4 million, 
respectively. Total cost savings from soils requiring no treatment under the new soil 
standards are estimated to be $15.8 million. 

3.2.3 Potential Additional Cost Savings In Absence of the CAMU Rule 

The results described above for CERCLA and RCRA cleanups assume that the · 
CAMU rule is completely effective in the baseline and under Phase IV and that 36 
percent of soils managed ex-situ (180,000 tons/year for CERCLA, 140,000 tons/year 
for RCRA corrective action, and 65,000 for RCRA closure) is treated in CAMUs and 
therefore not affected by the LDRs, including Phase IV. If the CAMU rule was not in 

38 See page 2-36 for more details regarding the contained out determination. 
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Exhibit 3-5 
Estimated Cost Savings for Listed Soils Requiring Less Expensive Treatment Under The New Soil Standards 

Portion of 
Non-TC Soil 
Treated Ex-
Situ With Portion of This 

Tons Treated Ex- Incineration Non-TC Soil 
Situ Outside of orThennal Switching Ex- Cost Savings Cost SavilQS for L.is1ed 

Remediation Category CAMU or AOC' Portion Non-TC Desorption Situ Treatments Per Ton Soil 

CERCLA Remedial Action So I 140,000 68% 11% 14% $600 $0.9 million/yr. 

RCRA Corrective Action Soil 110,000 75% 0% 0% $0 -

RCRA Closures Soil 50,000 75% 0% 0% $0 -

State Superfund Soil 130,000 68% 11% 14% $600 $0.8 million/yr. 

Voluntary Cleanup Soil 510,000 68% 11% 14% $600 $3.2 million/yr. 

Totals 940,000 N/A N/A N/A N/A $4.9 million/yr. 

*See Exhibit 2-7 for a complete explanation of how these volumes were calculated. 



Exhibit 3-6 
Estimated Cost Savings for Listed Soils With Constituent Concentrations Below 10 Times LITS 

Portion of 
Tons Treated Ex- Non-TC Soil 
Situ Outside of Below10Tmes Cost Savings Cost Savings for Listed 

Remediation Category CAMU orAoc· Portion Non-TC UTS Per Ton Soil 

CERCLA Remedial Action Sc I 140,000 68% 12% $230 $2.6 million/yr. 

RCRA Corrective Action Soil 110,000 75% 9% $114 $0.8 million/yr. 

RCRA Closures Soil 50,000 75% 9% $114 $0 .4 million/yr. 

State Superfund Soil 130,000 68% 12% $230 $2.4 million/yr. 

Voluntary Cleanup Soil 510,000 68% 12% $230 $9.6 million/yr. 

Totals 940,000 NIA NIA NIA $15.8 million/yr. 

*See Exhibit 2-7 for a complete explanation of how these volumes were calculated. 



place in the baseline or under Phase IV, the additional ex-situ soil volumes affected by 
Phase IV would increase by 180,000 tons per year (from 140,000 to 320,000 tons) for 
CERCLA, by 140,000 tons per year (from 110,000 to 250,000 tons) for RCRA 
corrective actions, and by 65, 000 tons per year (from 50, 000 to 115, 000 tons) for 
RCRA closures. Thus, the annual cost savings would increase as follows: 

• For TC organic soils, from $4.0 million to $4.7 million; 

• For listed soils requiring less expensive treatment, from $4.9 
million to $6.0 million; 

• For listed soils requiring no treatment, from $15.8 million to $20.7 
million. 

Thus, assuming no CAMU, the total cost savings for the new soil standards is 
estimated to be $31 million/year ($4.7 million/year+ $6.0 million/year+ $20.7 
million/year). 

3.2.4 Major Differences Between HWIR-Media and Phase IV Cost Savings 

The $25 million per year projected cost savings for the new soil treatment 
standards are substantially lower than the $1.048 billion per year projected cost 
savings for soil for the proposed HWIR-Media rule. This section explains the major 
reasons for this difference. 

No Bright Line 

In the HWIR-Media analysis, 84 percent ($881 million/year) of the projected cost 
savings for contaminated soil were for volumes below the bright line. Under the Phase 
IV soil treatment standards, these volumes are unlikely to experience a shift to lower 
cost treatment methods. This soil has relatively low concentrations of hazardous 
constituents and therefore is currently being treated with low cost treatment methods. 
The same treatment methods are likely to be used under the new soil treatment 
standards. In addition, only a small portion of contaminated soil appears to be below 
10 times UTS for all hazardous constituents and therefore would not be required to be 
treated under the new soil treatment standards. 

Availability of CAMUs 

The HWIR-Media analysis assumed that CAMUs were not available in the 
baseline or under HWIR-Media. It also incorporated the use of AOCs at CERCLA 
remedial actions, but not at RCRA corrective actions or closures. For Phase IV, 
CAMUs and AOCs are assumed to be used in both the baseline and the post­
regulatory analysis for CERCLA remedial actions and RCRA corrective actions and 
closures. These changes from the HWIR-Media analysis reduced the volumes with 
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potential cost savings by almost 50 percent at CERCLA corrective actions and by 72 
percent at RCRA corrective actions and closures. 

These changes did not affect state superfund and voluntary cleanups and 
therefore these cleanups are responsible for a higher portion of the total cost savings 
under Phase IV than under HWIR-Media. Contaminated soil generated by state 
superfund and voluntary cleanups is assumed to be treated off site so that these 
facilities avoid the need for a RCRA permit and the associated facility-wide corrective 
action requirements. By treating the contaminated media off site, no volumes are 
managed in CAMUs or AOCs. 

Less Baseline Incineration 

The Phase IV analysis projects less incineration in the baseline than the HWIR­
Media analysis. Under HWIR-Media, 17 percent of CERCLA remedial action soil and 1 
percent of RCRA corrective action soil, respectively, were projected to be incinerated in 
the baseline. In the Phase IV analysis, these figures have declined to 10 percent and 
less than 0.1 percent, respectively. In addition, a fourth of these volumes are projected 
to be treated using thermal desorption, instead of more costly incineration. 

These changes are consistent with trends towards decreasing use of 
incineration and increasing use of thermal desorption. In addition, they reflect new soil 
contamination data. Since the HWIR-Media analysis was completed, the soil and 
sediment database was expanded to include data from the CERCLA RODs for 1994-
1996 and RCRA statements of basis. (See Appendix A.) These new sites have lower 
levels of hazardous constituent concentrations, on average, than other database sites. 
As a result, treatment costs are lower under both the baseline and post-regulatory 
scenarios (low levels of constituents are less expensive to treat than high levels). 

Slower Pace of Remediation 

Incorporating recent EPA data on the number of remedial action sites added to 
the National Priority List, 39 EPA reduced the projected future number of CERCLA 
remedial action sites remediated per year to 70 from 109 in the HWIR-Media analysis. 
Similarly, the projected number of state superfund cleanups declined from 790 to 510 
based on new data from an Environmental Law Institute report entitled "An Analysis of 
State Superfund Programs: 50-state Study, 1995 Update," December 1995. These 
changes reduced the CERCLA remedial action and state superfund soil volumes, and 
thus lowered the projected savings for the Phase IV new soil treatment standards. 

39 "Cleaning Up the Nation's Waste Sites: Market and Technology Trends," supra footnote 8. 



f:Vo Significant Savings for RCRA Sites or Soils Exhibiting the TC for Metals Only 

Under the HWIR-Media analysis, 40 percent of the soil cost savings were for 
RCRA corrective actions and closures. Most of these savings (37 of 40 percent) were 
for volumes below the bright line. The Phase IV analysis, in contrast, projects no 
significant savings for RCRA sites, largely because less than one percent of these 
volumes is incinerated in the baseline. Similarly, the Phase IV analysis projects no 
savings for the 25 percent of CERCLA remedial action soil that is TC for metals only. 

Ex-Situ Treatment Only 

The HWIR-Media rule would have changed the requirements for in-situ as well 
as ex-situ treatment of contaminated media. For example, facilities conducting in-situ 
treatment of below-the-bright-line soil could avoid the need to obtain a RCRA treatment 
permit. Phase IV will not affect in-situ treatment requirements, because the LDRs 
generally do not apply to contaminated soil treated in-situ. The estimated cost savings 
for Phase IV do not include any savings for volumes treated in-situ. In addition, to 
improve the modeling for Phase IV, EPA disallowed any shifts from baseline ex-situ 
treatment to post-regulatory in-situ treatment. Such shifts in the HWIR-Media analysis 
may have unrealistically inflated the cost savings for volumes above the bright line. 

3.3 No Change In Cost: Media Contaminated with Newly Identified Mineral 
Processing Wastes 

EPA expects that treatment costs for facilities generating media contaminated 
with newly identified mineral processing wastes will not increase significantly under 
Phase IV because: 

• For soils, the new alternative treatment levels for most TC metal 
constituents are higher than existing TC levels, as discussed in 
Section 2. 7; and 

• For media containing metal constituents with new or lower 
treatment levels, the stabilization/solidification treatment process 
currently used also treats non-TC metal constituents. The process 
can be inexpensively modified in order to account for the new 
standards. 

Thus, EPA expects that generators of soils with these constituents will continue to treat 
their contaminated wastes to TC levels to avoid Subtitle C regulation of the residuals 
and will thus have no change in treatment costs. 

For silver and non-TC metal constituents in soils or for media that must meet 
UTS levels, EPA believes that the additional cost of treating wastes to the lower new 
soil standards will not be significant. In order to meet the new standards, EPA expects 
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that facilities will increase the ratio of reagent to media during the treatment process to 
decrease the concentration of constituents in the residue. As this change does not 
significantly modify the treatment process or require any additional treatment steps, the 
Agency does not expect treatment costs for media containing newly identified mineral 
processing wastes to increase significantly. 

3.4 Increased Costs for TC Metals Soil 

EPA expects that facilities managing contaminated soil or sediments exhibiting 
the TC for metals at CERCLA, state superfund, and voluntary cleanups only could incur 
increased costs because all UHCs present must now be treated to the new soil 
treatment standards for soils or to UTS levels for sediments. Based on the analysis 
described in Section 2.8, EPA estimates that the incremental costs of the Phase IV rule 
to generators of such contaminated soil will be approximately $3 million per year, an 
increase of less than one percent of total baseline treatment costs. The analysis 
estimated negligible incremental costs for cleanups performed under RCRA and for 
contaminated sediment managed under both CERCLA and RCRA. 

In order to calculate the incremental national soil treatment costs from the Phase 
IV rule, EPA extrapolated the $19 per ton cost increase for soil treatment calculated for 
CERCLA remedial action sites in the database (outlined in Section 2.8) to the universe 
of CERCLA sites remediated nationally. These calculations and the estimated volume 
of soil treated annually are presented in Exhibit 3-7. The increased costs were applied 
only to soil that exhibits the TC for metals only and is treated ex-situ outside of CAMUs 
or AOCs. About 20 percent of all CERCLA soils exhibit the TC for metals only, and 
about 25 percent of CERCLA soil treated ex-situ exhibits the TC for metals only. Thus, 
the increased cost for CERCLA remedial action soil cleanup is $0. 7 million per year 
(140,000/tons per year treated ex-situ x .25 x $19/per ton). 

To determine national costs of Phase IV at state superfund and voluntary 
cleanups, EPA used the results of the ex-situ analysis of the sample of all CERCLA soil 
volume in the database. Thus, 20 percent of soil generated by state superfund and 
voluntary cleanups is assumed to exhibit the TC for metals only. The average 
incremental cost per ton for treating these soils is assumed to be the same as for 
CERCLA soil ($19/ton). Thus, the increased cost is $0.5 million per year for state 
superfund cleanups (130,000 tons/year x .20 x $19/ton) and $2 million for voluntary 
cleanups (510,000 tons/year x .20 x $19/ton). 

r"'t....--.1.-- ,.,. r-i ........... . I~-



Exhibit 3-7 
Increased Contaminated Soil and Sediment Treatment Costs under Phase IV 

For TC Metal-Contaminated Soils and Sediments 

Percent Additional 
Tons Treated Exhibiting TC Treatment Incremental Cost of 
Ex-Situ Outside For Metals Cost Per Ton Phase IV for TC 

Remediation Category c:ICNllJsaNXs Only' Metals Only Media 

CERCLA Remedial Action Soil 140,000 25% $19 $0.7 million/yr. 

RCRA Corrective Action Soil 110,000 7% $0 -

RCRA Closures Soil (Landfills) 50,000 7% $0 -

State Superfund Soil 130,000 20% $19 $0.5 million/yr. 

Voluntary Cleanup Soil 510,000 20% $19 $2 million/yr. 

CERCLA Sediment 60,000 22% $0 -

RCRA Corrective Action Sediment 30,000 7% $0 -

Totals 940,000 NIA N/A $3.2 million/yr. 

• Reflects only volumes treated ex-situ. 

As explained in Section 2.8, the model predicted no incremental costs for 
treating RCRA soils and sediments that exhibit the TC for metals, primarily because of 
the small volume of RCRA media projected to be incinerated/thermally desorpted in the 
baseline. EPA, however, does expect some low level of incremental costs for these 
RCRA soils. EPA believes that the incremental costs will be substantially lower for 
RCRA soil than for CERCLA soil because RCRA soils are generally less highly 
contaminated than CERCLA soils. Furthermore, a significantly smaller share of RCRA 
soil is TC for metals only and contains organic UHCs. To the extent that there are 
incremental costs at RCRA soil and sediment cleanups, this analysis underestimates 
the overall cost of the Phase IV rule. 

The relatively low level of incremental treatment costs is consistent with the new 
site-specific variance from the technology-based new soil treatment standards for soils 
with concentrations above levels that can be shown to minimize threats to human 
health and the environment. This variance could potentially exempt from the new soil 
standards soils that, in absence of the variance, would have to be treated to below site­
specific risk-based cleanup levels. Thus, the variance may decrease the incremental 
costs associated with the new LOR requirements for some TC metal only soils. 
However, some TC metal soils will have to be treated to levels lower than the site­
specific risk-based cleanup levels applied in the baseline because the minimal threat 
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levels under the LOR variance will be more stringent. For example, current cleanup 
levels, but not the minimal threat levels, may take into account the effectiveness of 
engineering and institutional controls in reducing risk. 

3.4.1 Potential Incremental Costs In Absence of the CAMU Rule 

The results described above for CERCLA remedial actions assume that the 
CAMU rule is completely effective and 36 percent of ex-situ CERCLA soil (180,000 
tons/year) is treated in CAMUs. The CAMU rule allows for the movement, 
consolidation, and treatment of hazardous wastes within designated areas without 
triggering the LDRs. Thus, contaminated media managed within CAMUs would be 
unaffected by the Phase IV rule. If the CAMU rule was not in place, the additional 
CERCLA soil volumes affected by Phase IV would increase by 180,000 tons per year 
(or 129 percent) from 140, 000 to 320, 000 tons per year. Thus, the incremental costs 
for CERCLA remedial actions would increase by $0.8 million/year to $1.5 million/year. 

3.5 Summary of Costs/Cost Savings for Media Impacts of Phase IV LOR Rule 

As shown in Exhibit 3-8, the total impacts of the Phase IV LOR Rule as it applies 
to contaminated media are estimated to be an overall savings of approximately $22 

Exhibit 3-8: Summary of Costs/Cost Savings for Phase IV LOR Rule 

Soil/Sediment Impacts Affected 
Volumes 

(tons per year) 

Baseline Costs 
(million $ per year) 

Post-Regulatory 
Costs 

(million$ per year) 

Incremental 
Cost/Cost Savings 

(million $ per year) 
::: 

TC Organic Soils 7,000 6.9 3.0 (3.9) 

Listed (non-TC) Soils 8,000 8.7 3.8 (4.9) 

Soils below 1 OxUTS 75,000 19.9 4.1 (15.8) 

Subtotal 90,000 36 11 (25) 
... · ·.· •. ·\.•:' .. 

TCMetalContamiriated Soil/SeqiQi~t'IE••••·•·•· ...... ·.····<< >. ·.· 

Soil w/ Organic UHCs1 163,000 57.7 60.8 3.1 

TOTAL/·)<· .... . 

• TC Metal contaminated sediments showed negligible costs, mineral processing waste contaminated media showed no impacts, as did 
groundwater and debris which are contaminated with wastes addressed in this rule. Totals are rounded. 
1 The baseline and post-regulatory costs for TC metal contaminated soils were calculated using the average baseline treatment cost for 
CERCLA soils of $354 per ton, and the incremental difference in costs identified in section 2.8 as $19 per ton. 

million per year. This overall savings is made up of an estimated savings for the new 
soil treatment standards applied to previously regulated wastes contaminating soil of 
approximately $25 million per year, and a cost for TC Metal contaminated soils with 

r-h--1--,,. ,,. o,,....r-, ,1+r" 



organic underlying hazardous constituents present of $3 million per year. (See also 
Exhibit 3-1 for more complete overview of the cost estimates.) These figures are 
rounded to the nearest million dollars. While a sensitivity analysis has not been 
performed on the many assumptions employed for this assessment, the total cost 
savings estimated for the rule is obviously subject to many uncertainties. These 
uncertainties are discussed in section 2. 10 of this document. 

In order to estimate the overall costs for the entire Phase IV LOR Rule, including 
process waste impacts and Manufactured Gas Plant (MGP) contaminated media, 
please see the preamble for the Phase IV LOR Final Rule. 
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CHAPTER 4. ECONOMIC IMPACTS 

This chapter discusses the economic impacts of the Phase IV rule on industry 
and analyzes whether a regulatory flexibility analysis (RFA) is required. The chapter 
contains the following sections: 

• Section 4.1 reviews the requirements for an RFA; 

• Section 4.2 projects the overall number of firms with increased 
costs under Phase IV; 

• Section 4.3 describes the projected distribution of these affected 
firms across different industry sectors; 

• Section 4.4 estimates the number of small affected firms in each 
industry; 

• Section 4.5 estimates the economic impacts of Phase IV on 
affected small firms; and 

• Section 4.6 explains why Phase IV will not impose significant 
economic impacts on a substantial number of small entities. 

This chapter focuses on the economic effects of soil cleanups performed under 
CERCLA, state superfund, and voluntary cleanups because this analysis predicted that 
facilities performing cleanups under RCRA would not see significant additional costs as 
a result of this rule. While EPA recognizes that treatment costs at some RCRA sites 
will increase, it believes that the majority of the increased costs of Phase IV as it relates 
to contaminated media will be at CERCLA, state superfund, and voluntary sites and 
thus focuses on these cleanups. Additionally, this chapter only examines the 
incremental costs of the Phase IV rule and not the cost savings related to the new soil 
treatment standards for contaminated soil. 

4.1 Requirements for a Regulatory Flexibility Analysis 

The Regulatory Flexibility Act of 1980, as amended by the Small Business 
Regulatory Enforcement Fairness Act, requires federal agencies to assess whether 
proposed regulations will have a significant economic impact on a substantial number 
of small entities. According to EPA's Interim Guidance for Implementing the Small 
Business Regulatory Enforcement Fairness Act and Related Provisions of the 
Regulatory Flexibility Act, an RFA is required for any notice and comment rule unless 
the Agency certifies that the rule will not have a significant economic impact on a 



substantial number of small entities. 40 Because EPA does not expect that the Phase IV 
rule will have an effect on a substantial number of small entities, an RFA was not 
prepared. 

4.2 Number of Entities With Increased Costs 

In order to estimate the economic impacts of Phase IV, EPA first estimated the 
overall number of firms that will see increased costs. As discussed earlier, the Agency 
believes that of the sites in the database, approximately 1, 108 could potentially have 
increased costs per year as a result of Phase IV: 30 CERCLA remedial actions, 464 
state superfund cleanups, and 614 voluntary soil cleanups per year. In order to 
estimate the number of firms that could potentially have increased costs from these 
cleanups, the number of cleanups in each cleanup program was multiplied by the 
average number of responsible parties per site, using the following assumptions: 

• For CERCLA remedial actions, an average of 1 O firms are 
responsible for each cleanup. This assumption is based on the 
results of EPA's Remedial Project Manager survey, which indicates 
that about 60 percent of nonfederal sites have 10 or fewer 
potentially responsible parties and about 40 percent of such sites 
have more than 10 potentially responsible parties. 

• For state superfund and voluntary cleanups, one firm is assumed 
to be responsible for the cleanup of a whole site. In reality, more 
than one firm may be responsible and, consequently, this analysis 
may slightly underestimate the number of firms with increased 
costs as a result of Phase IV but conversely overestimate the 
average costs per firm. Firms may also be responsible for cleaning 
up more than one site, which would result in this analysis 
overestimating the number of firms with increased costs but 
underestimating the average incremental costs. 

Additionally, for CERCLA sites, six of the 300 entities affected were assumed to 
be local governments responsible for operating municipal solid waste landfills 
(MSWLFs) and were thus excluded from the universe of affected small firms. This 
figure of six sites was calculated by assuming that 23 percent of all CERCLA remedial . 
action sites previously operated as MSWLFs, as indicated by EPA's NPL 
Characterization Database (which includes all CE RC LA cleanups through 1991 ). 
Therefore, the annual number of CERCLA remedial actions that would have previously 
operated as MSWLFs is approximately seven (30 x 0.23). Not all these sites, however, 
will involve a local government because approximately 80 percent of all MSWLFs 

40 U.S. EPA, "Interim Guidance for Implementing the Small Business Regulatory Enforcement Fairness Act and 
Related Provisions of the Regulatory Flexibility Act," February, 1997. 
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nationwide are owned or operated by local governments. 41 Thus, the estimated number 
of local governments that may be affected by Phase IV is approximately six (7 x .8). 
The effects of the Phase IV rule on these entities are discussed further in Section 4.7. 

This number may slightly underestimate the actual number of local governments 
affected by this rule because: 

• This estimate does not incorporate local government responsibility 
for sites that are not MSWLFs; 

• It does not account for small governments that are responsible for 
state superfund and voluntary cleanups; and 

• Some MSWLFs operated by local governments will have several 
local governments as owners and operators. For example, all the 
cities in a county may be responsible for cleanups at a county 
MSWLF. 

As shown in Exhibit 4-1, the estimated total number of entities potentially 
affected by Phase IV at CERCLA, state superfund, and voluntary cleanups is 1,372. 
This number includes cleanups performed by both private and public (i.e., federal) 
entities. 

Exhibit 4-1 
Annual Number of Entities With Increased Costs Under Phase IV 

Sites Entities Entities 
Potentially Potentially Actually 

Type of Cleanup Affected Affected Affected 

CERCLA Remedial Action 30 294 8 

State Superfund 464 464 13 

Voluntary 614 614 17 

Total 1, 108 1,372 38 

41 Directory and Atlas of Solid Waste Disposal Facilities, 1994, First Edition, Ehartwell Information 
Publishers. According to this directory, in 1994 about 72 percent of all MSWLFs were owned by governments. In this 
analysis, the number was rounded up to 80 percent because the portion of MSWLFs owned by governments has been 
steadily declining from about 80 percent in 1986 and most CERCLA remedial action sites were contaminated prior to 
1986. 



Of these 1,372 entities, only a small portion will see increased costs due to 
higher treatment costs for TC metal soil. To determine the actual number of affected 
entities, EPA applied the percentage of CERCLA sites affected by Phase IV, as 
determined by the analysis of the sample sites in the soil and sediment database, to 
the 1,372 firms potentially affected by Phase IV. Nine sites out of the 326 CERCLA 
sites (2.8 percent) in the database were predicted to see increased costs. As shown in 
Exhibit 4-1, applying this percentage to the total number of entities potentially affected 
yields an annual total of 38 entities with increased costs due to Phase IV requirements. 

To determine the total number of entities with increased costs, EPA used a five­
year planning horizon. As explained in Section 2.4, the Agency used the five-year 
planning estimate because of the uncertainties associated with longer-term projections 
and the pace with which the rule will be fully implemented and reflected in the use of 
different treatment methods. Longer-term projections are subject to substantial 
uncertainties, such as government remediation and enforcement budgets, potential 
changes in the Superfund statute and budget, and the demand for restoring 
economically valuable contaminated properties (e.g., Brownfields). Thus, over the five 
years following implementation of this rule, the total number of entities expected to be 
adversely affected will be 190 (38 x 5). 

4:3 Distribution of Affected Entities Across Different Industries 

To estimate the distribution of industries and firms responsible for cleanups at 
CERCLA, state superfund, and voluntary cleanup sites, EPA used a database compiled 
by Resources For the Future (RFF). The database was developed as part of a study 
estimating the distribution of cleanup costs among responsible parties and the 
Superiund trust fund under a series of alternative liability scenarios.42 The database 
contains data on 1, 134 non-federal National Priority List (NPL) sites obtained from the 
Remedial Project Manager survey conducted by EPA in August 1993 and other 
sources, including EPA's NPL Characterization Database, the Comprehensive 
Environmental Response, Compensation, and Uability Information System (CERCLIS), 
state books of NPL sites, and the Site Enforcement Tracking System (SETS) . 
Database. 43 For each site, the industries most likely to be responsible for cleanup 
costs were identified. The estimated number and percent of CERCLA remedial action 
sites per industry, as shown by this data, are presented in Exhibit 4-2. 44 

42 Probst, K.N. et al, Footing the Bill for Superfund Cleanups: Who Pays and How?, The Brookings Institution 
and Resources for the Future, Washington, D.C., 1995. 

43 The RFF study also identifies 123 federal NPL sites. No data were collected on these sites, however. 

44 EPA did not believe that the industries of the firms identified by the database were representative of the 
industries expected to be affected by this rule for three reasons. First, remedies at the sites included in the 
database have already been approved and, in many cases, have already been completed. Second, because the numb 
affected facilities in the database is so small, it is unlikely that these firms are representative of the 

(continued ... ) 
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As calculated in Section 4.2, an estimated 190 firms will be adversely affected by 
the Phase IV requirements over the period covered by this analysis. These firms were 
apportioned to specific industries based on the percentage of CERCLA remedial action 
sites in each industry. Because data on the industries responsible for state superfund 
cleanups and voluntary cleanups are not readily available, EPA assumed that the 
distribution of firms responsible for these cleanups is the same as that of firms 
responsible for CERCLA remedial actions. The results of this apportionment are shown 
in Exhibit 4-2. Industries most affected by the changes include: 

• Chemicals and allied products (SIC 28); 
• Wholesale trade, durable goods (SIC 50); and 
• Fabricated metal products (SIC 34). 

Approximately 30 percent of the CERCLA sites were not attributed to a specific 
industry. For this analysis, EPA chose to keep these sites separate because the 
industries responsible for these cleanups are unknown. An alternative would be to 
apportion the non-attributed sites to .the industries in proportion to the percentage of 
attributed sites in each industry. Even if EPA took this later approach, the conclusion 
that the new rule does not pose a significant economic impact on a substantial number 
of small firms would not change because the number of small firms with significant 
economic impacts will remain small (see Section 4.6). 

4.4 Number of Affected Small Firms In Each Industry 

The next step in the analysis was to estimate the number of affected small firms 
in each industry. This analysis uses the Small Business Administration (SBA) definition 
of a small business. The SBA defines small businesses at ·the four-digit SIC code level, 
generally in terms of number of employees or annual revenues. Because the available 
data on the firms responsible for CERCLA remedial actions are at the two-digit SIC 
level, this analysis identifies the number of affected firms at the two-digit SIC code 
level. The SBA definition that was most prevalent among the four-digit SIC codes 
under each two-digit SIC code was used to define small firms in each industry. 

44 
( ... continued) 

industries that will be affected in the future. Third, it is difficult to identify all the firms or industries 
responsible for each site because of the age of the contamination and the large number of firms involved. 
Additionally, Chemical Waste Management submitted data to EPA indicating a number of industries expected to be 
affected by the Phase IV rule with respect to process waste. EPA did not use this data for the analysis of 
contaminated media because the Agency believes that there are significant differences between the makeup, 
management, and treatment of the two types of hazardous waste. 



Exhibit 4-2 
Distribution of Firms Affected per Year by Industry 

Percent of CERCLA, State 
CERCLA Superfund, and Entities ISrnallFinnsAffectec 

SIC Remedial VoluntaryCleanup Affected by Upper Lower 
Code Industry Action Sites Sites Phase IV Bound Bound 

07 Agricultural Services 0.2% 2 0 NA NA 
10 Metal Mining 0.7% 9 1 1 0 
12 Coal Mining 0.7% 9 1 1 0 
13 Oil and Gas Extraction 0.7% 9 1 1 0 
14 Nonmetallic Minerals, 0.7% 9 1 1 1 

Except Fuels 

17 Special Trade Contractors 0.3% 4 1 1 0 
20 Food and Kindred Product; 0.5% 6 1 1 0 
22 Textile Mill Products 0.5% 6 1 1 0 
23 !Apparel and Other Textile 0.5% 6 1 1 0 

Products 

24 Lumber and Wood Produc s 3.8% 52 7 7 4 
25 Furniture and Fixtures 0.5% 6 1 1 0 
26 Paper and Allied Products 0.5% 6 1 1 0 
28 Chemicals and Allied 13.6% 187 26 24 5 

Products 

29 Petroleum and Coal ProdL cts 2.0% 27 4 3 0 
30 Rubber and Miscellaneou~ 0.5% 6 1 1 0 

Plastic Products 

31 Leather and Leather 0.5% 6 1 1 0 
Products 

32 Stone, Clay, and Glass 0.5% 6 1 1 0 
Products 

33 Primary Metal Industries 2.9% 40 6 5 1 
34 Fabricated Metal Products 6.0% 82 11 11 6 
35 Industrial Machinery and 0.2% 2 0 0 0 

Equipment 

36 Electronic and Other 4.6% 64 9 8 2 
Electric Equipment 

37 ~ransportation Equipment 0.5% 6 1 1 0 
38 Instruments and Related 0.5% 6 1 1 0 

Products 

40 Railroad Transportation 0.3% 4 1 0 0 
42 ~rucking and Warehousin~ 0.3% 4 1 0 0 
45 Transportation by Air 0.3% 4 1 0 0 
47 Transportation Services 0.3% 4 1 1 0 
49 Electric, Gas, and Sanital) 0.3% 4 1 0 0 

Services 

50 Wholesale Trade, Durable 8.7% 119 16 16 9 
Goods 

72 Personal Services 0.2% 3 0 0 0 
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Exhibit 4-2 (continued) 
Distribution of Firms Affected per Year by Industry 

Percent of CERCLA, State 
CERCLA Superfund, and Entities SmallFirmsAffecte< 

SIC Remedial ~oluntaryCleanup Affected by Upper Lower 
Code Industry Action Sites Sites Phase IV Bound Bound 

75 Automotive Repair, 0.2% 3 0 0 0 
Services, and Parking 

80 Health Services 0.2% 3 0 0 0 

82 Educational Services 0.2% 3 0 0 0 
87 Engineering and Managen ent 0.2% 3 0 0 0 

Services 

92 Public Administration 0.3% 5 1 NA NA 
Justice, Public Order, and 
Safety 

95 Public Administration 0.3% 5 1 NA NA 
Environmental Quality and 
Housing 

97 Public Administration 0.3% 5 1 NA NA 
National Security and 
International Affairs 

99 Nonclassifiable 1.3% 17 2 NA NA 
Establishments 

Not Attributed 29.4% 404 56 NA NA 

Orphan 6.6% 91 13 NA NA 

Federal 9.7% 133 18 NA NA 

Total2 100.0% 1 372 190 93 34 

1 Estimates taken from Probst, K.N. et al., Footing the Bill for Superfund Cleanups: Who Pays and How?, 
The Brookings Institution and Resources for the Future, Washington, D.C., 1995. In some cases, estimates 
were provided for a group of 2 digit SIC codes. The facilities in these groups have been equally 
apportioned among the relevant SIC codes. 

2 Totals may not match due to rounding. 
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Because EPA cannot predict specific entities that will be affected by Phase IV; 
the number of small affected firms could not be determined directly. Instead, the 
Agency first collected Census data on the distribution of facilities by employee or 
revenue size categories (e.g., 1 to 4 employees or $100,000 to $249,999 in annual 
revenues). Appendix B presents the following data by size category for all of the 
potentially affected industries: 

• Number of firms; 
• Total annual revenues; 
• Total employment; and 
• Market share. 

Tables B-1 through B-4 show these data for the industries where small entities 
are defined by the number of employees. Tables B-5 though B-8 show these data for· 
the industries where small entities are defined by their annual revenues. Tables B-9 to 
B-14 presents the same data on a per-firm level: average revenues, average 
employment, and average market share by industry and size category. In these 
appendices, the size categories that correspond with small entities are not shaded and 
the size categories that correspond with non-small entities are shaded. 

EPA apportioned the affected entities in each industry into the various size 
categories under two scenarios, thus developing a range for the number of affected 
small firms in each industry. To project the upper bound of this range, the Agency 
assumed that the affected firms were distributed among the various size categories in 
proportion to the distribution of all firms within the industry in each size category. 
Under this assumption, the total number of affected firms in a specific industry in a 
specific size category is equal to the percentage of firms in the industry that are in this 
size category multiplied by the total number of affected firms in the industry. Under this 
assumption, Appendix B, Tables 8-15 and 8-16 show the distribution of affected firms 
by industry and size category under this assumption. 

EPA considers this assumption to be an upper bound for the number of affected 
small firms because the size of a firm is not taken into account in the apportionment. 
Instead, all firms in a particular industry are assumed to have an equal probability of 
being responsible for cleanup costs. However, many of the waste management 
practices that may result in the responsibility for cleanup costs take place only at 
relatively large firms. For example, a significant portion of the firms that are 
responsible for cleanups have or had on-site waste management units. In general, 
only larger firms have such units. To the extent that the waste management practices 
at larger firms are more likely to result in the responsibility for cleanup than the waste 
management practices at smaller firms, the assumption that affected firms are 
distributed among size categories in proportion to the distribution of firms within the 
industry in each size category will overestimate the number of affected firms in the 
smaller size categories. 
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To estimate the lower bound of the range, EPA assumed that the affected firms 
were distributed among the various size categories in proportion to the distribution of 
revenues within the industry in each size category (i.e., proportional to the market 
share for each size category). Under this assumption, the total number of affected 
firms in a specific industry in a specific size category is equal to the market share for 
that size category multiplied by the total number of affected firms in the industry. This 
assumes that smaller firms (in terms of revenue) have a lower probability of being 
responsible for cleanup costs. There are many reasons to believe that revenues are 
directly related to the probability that a firm will be responsible for cleanup costs. In 
general, EPA believes the lower bound to be a more accurate representation of the 
number of affected small businesses because: 

• Revenues and production are directly correlated; 

• Production and waste generation are positively correlated; and 

• To the extent that firms that generate larger quantities of waste are 
more likely to be responsible for cleanup costs, then revenue and 
the probability that a firm will perform a cleanup are directly 
correlated. 

This estimate is a lower bound, however, because many other factors that may 
influence whether a firm will be responsible for cleanup costs do not depend on size. 
Appendix 8, Tables 8-17 and 8-18 show the distribution of affected firms by industry 
and size category under the lower bound assumption. 

Exhibit 4-2 presents the total number bf affected small businesses in each 
industry under both the upper bound and lower bound assumptions. The Agency 
expects this number to range from 34 to 93. As shown, this estimate is sensitive to the 
assumption regarding how the affected firms are distributed throughout an industry. 
The total upper bound estimate is almost three times the lower bound estimate. The 
difference between the upper and lower bound assumptions varies by industry. In 
some industries (e.g., metal mining, transportation equipment), the upper bound 
estimate may be five or ten times larger than the lower bound estimate but in other 
industries, particularly in many service industries, the two estimates are much closer. 

4.5 Estimating Economic Effects On Affected Small Firms 

The final step of the analysis was to estimate the incremental costs for affected 
small firms as a percentage of revenue. To estimate incremental costs for each small 
firm, EPA divided the total annual expected incremental cost of Phase IV on cleanup 
sites ($3.2 million) by the expected annual number of affected entities (38). The 
resulting total incremental cost per firm is approximately $84,000. EPA then amortized 
this cost over 20 years because the costs of cleanup corrective will be incurred over 
many years in the future. 
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The rationale for discounting is presented in further detail in EPA's RIA 
guidance. 45 The 20-year time period was chosen in order to be consistent with other 
EPA and Office of Solid Waste RIAs. Furthermore, EPA used a seven percent discount 
rate. Although there is no single, correct discount rate, the seven percent real discount 
rate was selected because it approximates the marginal pre-tax rate of return on an 
average investment in the private sector in recent years. The seven percent rate is 
appropriate for cost analyses of public investments and regulatory programs that 
imposes costs on the general public. Public investment and regulations displace both 
private investment and consumption; the seven percent discount rate accounts for this 
displacement. 46 

When annualized over 20 years using a discount rate of seven percent, the 
annual cost to each firm is approximately $8,000. EPA believes that this estimate 
represents an upper bound because it assumes that all firms, regardless of size, will 
have the same incremental cleanup cost. In reality, small firms are likely to have lower 
costs because they are less likely to be responsible for the larger, more expensive, 
cleanups than large firms. 

In order to determine if this rule will significantly impact small firms, EPA 
calculated the annual compliance costs as a percentage of sales revenue for each 
industry. Appendix 8, Tables 8-9 and 8-12 present the average annual revenues by 
industry and firm size category. Exhibit 4-3 shows, for each industry category with at 
least one firm projected to be affected, the average annual compliance costs as a 
percentage of revenue for small firms. The exhibit shows that under the upper bound, 
all affected small firms except for two are projected to have annual cleanup costs that 
are less than one percent of total annual revenue. Thus, EPA projects that very few 
firms will have significant economic effects due to the Phase IV rule. Under the lower 
bound projection, zero small firms will have cleanup costs that are more than one 
percent of total annual revenue. 

45 U.S. EPA, Office of Policy Analysis. Guidelines for Performing Regulatory Impact Analysis: Appendix C -
Analysis of the Choice of Discount Rates, 1989. 

46 Office of Management and Budget. Guidelines and Discount Rates for Benefit-Cost Analysis of Federal 
Programs - Circular A-94, October 29, 1992, page 9. 
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Exhibit 4-3 
Annual Revenue and Cost of Phase IV as Percentage of Revenue· 

Upper Bound Lower Bound AmualCostas 
Esli1iiiEofNl.nmer Estimate of a Percentage 
of Small Firms Nmi>erofSmal AnnuaJSales of Sales 

SIC Code Affected FirmsAffected Revenue Revenue 

07 NA NA NA NA 
10 1 0 2,453 0.3% 

12 1 0 4,883 0.2% 

13 1 0 2,017 0.4% 

14 1 1 2,017 0.4% 

17 1 0 417 1.5% 

20 1 0 7,071 0.1% 

22 1 0 4,485 0.2% 

23 1 0 1,717 0.5% 

24 7 4 1,520 0.5% 

25 1 0 2,064 0.4% 

26 1 0 7,357 0.1% 

28 24 5 7,759 0.1% 

29 3 0 11,906 0.1% 

30 1 0 4,133 0.2% 

31 1 0 2,313 0.3% 

32 1 0 2,337 0.3% 

33 5 1 6,448 0.1% 

34 11 6 2,783 0.3% 

36 8 2 3,837 0.2% 

37 1 0 3,362 0.2% 

38 1 0 3,239 0.2% 

47 1 0 352 2.3% 

50 16 9 3,741 0.2% 

Total 93 34 NA NA 

Only industry categories that EPA projects will have at least one firm affected 
are shown. 
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4.6 Why Phase IV Does Not Impose Significant Economic Impacts On a 
Substantial Number of Small Entities 

To determine if the economic impacts of Phase IV on small entities are 
significant on a substantial number of small entities, EPA used criteria specified in its 
"Interim Guidance for Implementing the Small Business Regulatory Enforcement 
Fairness Act and Related Provisions of the Regulatory Flexibility Act."47 Based on this 
guidance, EPA does not expect that the Phase IV rule will impose significant economic 
impacts on a substantial number of small firms or governments. As shown in 
Exhibit 4-3, the predicted total number of affected small firms over the next five years 
ranges from 34 to 93. Even if the high end of the range is used and all affected firms 
are assumed to have significant economic impacts, the total number of small entities 
experiencing any type of economic impact will not be substantial (e.g., more than 
100).48 Additionally, as shown in Exhibit 4-2, EPA expects that a wide variety of 
industries will be affected and that no particular industry will bear the brunt of the costs. 
Finally, the Agency demonstrated in Section 4.5 that it is unlikely that any small firms 
affected by the rule will experience annual economic impacts greater than one percent 
of their annual revenues. 

With respect to small governments, the Agency estimated in Section 4.3 that 
each year, six local governments could potentially be affected by these requirements. 
Thus, over the five years covered by this analysis, 30 local governments could be 
affected by Phase IV. However, the Agency believes that a substantial number of small 
governments will not be adversely affected by these requirements because: 

• Most of the potentially affected governments will not see increased 
costs because only 2.8 percent of all cleanup sites are expected to 
be affected by Phase IV; and 

• Only a portion of all governments responsible for MSWLFs will 
meet the RFA's of small governments. 

Because a substantial number of small firms or governments are not expected to 
experience significant economic impacts, the Agency did not perform a regulatory 
flexibility analysis for this rule. 

4. 7 Why Phase IV Does Not Impose Significant Economic Impacts On a 
Substantial Number of Large Firms 

47 See Table 2, p. 1-18, "Interim Guidance for Implementing the Small Business Regulatory Enforcement 
Fairness Act and Related Provisions of the Regulatory Flexibility Act," February 1997. 

48 Additionally, for many of the firms with increased costs, the economic impact will not be substantial. 
Because the total number of affected firms is expected to be less than 100, economic impacts on these firms were not 
analyzed. 
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The previous section explained why EPA does not expect that the Phase IV rule 
will impose significant economic impacts on small firms. The Agency does not expect 
that the rule will significantly impact large firms either. Depending on the how small 
and large firms are defined, the number of large firms affected could range from five to 
64. This range was estimated by subtracting from the total number of entities affected 
(190) non-firm entities (federal, orphan, non-attributed entities, total number 92) and 
small firms (34 to 93). 

EPA does not believe that these large firms will be significantly affected by the 
rule because: 

• The analysis predicted the same incremental cleanup costs for 
large firms as for small firms (annualized cost of approximately 
$8,000), as explained in Section 4.5; and 

• These costs will be spread over a higher annual revenue than for 
small firms, resulting in smaller costs as a percentage of revenue. 

As the previous section showed that very few firms will likely be significantly impacted, 
the Agency believes that no large firms will see significant economic impacts as a result 
of this rule. 
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APPENDIX A: SOIL AND SEDIMENT DATABASE 

EPA compiled a database containing available soil and sediment data on 
existing CERCLA remedial action and RCRA corrective action sites, as reported in 
CERCLA Records of Decision (RODs) and several databases compiled for analyses of 
RCRA corrective action initiatives. (Detailed data were not available for other 
remediation programs.) The data for each site include contaminated soil and/or 
sediment volumes for a distinct segment of the cleanup and the types and maximum 
concentrations of hazardous constituents present. Because detailed data on sediment 
contamination at RCRA corrective action sites were not available, the impact of Phase 
IV on the management of sediment at RCRA sites was derived from data for CERCLA 
remedial action sediment and RCRA corrective action soil. This appendix describes 
the development and content of the database. 

CERCLA Records of Decision 

CERCLA RODs summarize sampling data collected for CERCLA remedial 
investigations and feasibility studies, define goals for remediation, analyze remediation 
options, and document the remedy selection. EPA reviewed all RODs signed in federal 
fiscal years 1989 through 1996 and contained in the Agency's Headquarter's collection 
of RODs. Each ROD was examined for data on contaminated soil and sediment. 
Because the circumstances differ from site to site, the number of RODs pertinent to 
each category of data differed. In addition, a single ROD may pertain to several 
distinct volumes of remedial waste with different contamination levels, or a single site 
can have more than one ROD. The database is organized around particular volumes 
of remedial action waste with their own constituent and constituent concentration data, 
which are called "sites" for the purposes of the database. 

The types of RODs data used to develop components of the soil and sediment 
database and particular issues or limitations associated with these data are discussed 
below. 

Soil and Sediment Type. RODs generally identify contaminated soil, 
contaminated sediment, mixtures of contaminated soil and sediment, and mixtures of 
contaminated soil and/or sediment with old wastes and/or debris. EPA partitioned 
mixed soil and sediment volumes. Volumes described as soil or sediment mixed with 
debris accounted for only negligible volumes in the RODs, and were not partitioned, but 
were counted as soil or sediment. 49 

49 EPA's National Sediment Management Strategy (U.S. EPA Office of Water, August 1994) reports that the most 
frequently reported contaminants in sediments are heavy metals and metalloids, PCBs, and AHCs (page 4). These 
same contaminant types also predominate in CERCLA RODs sediment data. 
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Amount of Soil and Sediment Managed. The volumes reported in the RODs and 
contained in the database are those volumes that are planned to be managed. There 
may be some difference between the volumes planned to be managed and the volumes 
actually managed. A brief analysis of predicted management volumes versus actual 
management volumes at 12 sites indicated that the RODs may underestimate volumes 
by approximately 20 percent. 50 These differences, however, should not bias the 
analysis overall, and would be difficult to correct without the scope of this analysis. 

The RODs volume data were not used to estimate the amount of soil and 
sediment treated annually and potentially affected by Phase IV. Instead, a variety of 
other data sources were used to estimate the amount of contaminated soil and 
sediment treated annually under various remediation programs (see Section 2.4). ROD 
volume data, however, were used as a representative sample of the contamination at 
CERCLA, state superfund, and voluntary cleanup sites and therefore were critical 
inputs in calculating the portion of soil and sediment treated using various treatment 
methods and the resulting average treatment wastes under changes in baseline and 
Phase IV treatment costs. 

Maximum Constituent Concentrations. Most RODs contained maximum 
constituent concentration data. These actual maximum concentrations and the 
modeled variation in concentration across the site were used to assign treatment 
technologies. CAS numbers were added to the constituents to eliminate problems, 
such as synonyms and typographical errors associated with constituent names. 
Concentration data for constituent groups (e.g., total volatile organic compounds) were 
not used in analyses because RCRA treatment standards apply to specific constituents. 

In summary, while the RODs data do have some limitations (e.g., data errors in 
the RODs, incomplete records, and other inconsistencies), EPA believes that these 
limitations do not bias data obtained from the RODs. Moreover, the estimates used in 
the Phase IV media analysis are also based on other data sources. 

RCRA Corrective Action RIA Databases 

To estimate the annual volume of contaminated soil and sediment remediated at 
RCRA corrective action facilities and to characterize the contamination at these 
facilities, EPA primarily used data from three databases compiled for analyses of the 
RCRA corrective action initiatives: 

• The remedial database; 
• The RCRA Facility Investigation (RFI) database; and 

50 Memorandum to Lyn Luben, U.S. Environmental Protection Agency, from ICF Incorporated entitled "Updates on 
Contaminated Media and Debris Data," November 5, 1993, pages 4-8. 
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• The Solid Waste Management Unit (SWMU) database. 51 

These databases do not overlap with the CERCLA RODs data since they address 
RCRA corrective action facilities only, excluding CERCLA, state superfund, and 
voluntary cleanup sites. All three databases contain data on individual SWMUs at a 
stratified random sample of 79 RCRA corrective action facilities. The corrective action 
RIA methodology used weighting factors or facility weights for each stratum of the 
sample to extrapolate data and results from sample facilities to national-level totals so 
that the corrective action data can be presented at the SWMU, facility, or national level. 
Subsequently, EPA supplemented the corrective action data, compiled from the 
remedial, RFI, and SWMU databases, with data collected from RCRA corrective action 
Statements of Basis (SBs). 

The remedial database contains information on the corrective action 
management methods for each SWMU at facilities in the corrective action RIA sample. 
These data, compiled in order to estimate the costs of corrective action, were 
generated using expert panels assembled by EPA to decide the most appropriate 
remedy for each SWMU. In addition to specifying remedial activities, the expert panels 
identified, for each SWMU, the timing and duration of cleanup, the media addressed, 
and the cost of the cleanup. When contaminated media or other remedial waste were 
projected to be excavated as part of the remediation, the expert panels estimated the 
media or other remediation waste volumes. Subsequently, volumes also were 
estimated for wastes managed in-situ. Although the database identifies the type of 
media or other remedial waste addressed by most of the remedial activities, media are 
not specifically identified for non-treatment (containment) remedies. Important 
limitations of these volume estimates are described below. 

The RF/ database contains information on contaminated media for SWMUs with 
a release of at least one hazardous constituent at a concentration above Subpart S 
action levels. EPA collected the data from mock RCRA Facility Investigation (RFI) 
packets that were used by expert panels to select appropriate remedies. In turn, data 
in the mock RFI packets were collected from available source documents (e.g., RFls, 
RCRA Feasibility Assessments, or other site studies), or modeling results. Relevant 
data elements include the volume and type of media exceeding action levels and the 
maximum concentrations of constituents in the media. Because these data were 
collected from a wide variety of sources, full data sets are not available for all SWMUs. 

The SWMU database contains data characterizing the physical characteristics of 
each SWMU and the waste it contains. The sources of these data are the same 
sources used to compile the RFI packet database (i.e., available facility studies and 
other documents). These data were collected in order to model contaminant releases 
at each facility and to prepare mock RFI packets for the expert panels. Data fields in 

51 See "Draft Regulatory Impact Analysis for the Final Rulemaking on Corrective Action for Solid Waste 
Management Units: Proposed Methodology for Analysis," U.S. EPA, Office of Solid Waste, March 1993. 
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the SWMU database used in Phase IV contaminated media analyses include the 
constituents present in the unit and the central tendency value of constituent 
concentrations in the waste, as originally generated. The estimates of original waste 
concentrations, however, are highly uncertain. Moreover, the concentration data do not 
represent current waste concentrations because they do not reflect the effect of 
leaching, volatilization, hydrolysis, and other fate processes that would deplete 
constituent mass from the wastes. The Phase IV analysis did not use these constituent 
concentration data, but instead used the RFI database concentration data. 

The balance of this section describes the types of Corrective Action RIA data 
used to project the treatment of contaminated soil and sediment remediated at RCRA 
corrective action facilities and how EPA used SBs to supplement these data. It also 
discusses particular issues or limitations associated with the data. 

Facility Weights. The corrective action RIA analyzes a sample of facilities, 
consisting of two separately selected samples: a federal facility sample and a non­
federal facility sample. The two samples were constructed separately using different 
sampling designs. Both samples were stratified and sampled in order to reflect the 
composition of the potentially affected universe of RCRA Subtitle C facilities and to 
over-sample facilities likely to require corrective action. When facility-specific data 
(e.g., volume of remediated soil) for all 79 sample facilities are multiplied by facility 
weights and the products are summed across facilities, the result is a nation-wide 
estimate for all facilities subject to RCRA corrective action authorities. 

Soil and Sediment Type. SWMUs with soil contamination were identified based 
on remedy codes in the remedial database. Soil, soil mixed with sediment, unspecified 
waste (which may include soil as well as old process waste), and soil mixed with waste 
were included. EPA has assumed that soil mixed with sediment or old waste is likely to 
be managed in a similar manner to soil. Thus, mixed volumes of soil and sediment or 
old waste were not partitioned into individual soil and sediment volumes. 

Volume of Soil and Sediment Managed. Data on the volume of contaminated 
media were gathered from the remedial database. Because data on volumes of 
remediated media, based on monitoring data or engineering estimates indicating the 
actual volume of contaminated material at a facility, were rarely available, all volumes 
are estimated. Volumes of media managed ex-situ were estimated by expert panels. 
In-situ volumes were estimated based on information available from the expert panel 
and from SWMU dimensions. Because volumes are not based on actual remediation 
records, but estimated using assumptions about the area and depth of contamination at 
a sample of SWMUs, sampling error and errors in the assumed extent of contamination 
may cause the volume of media to be over- or under-estimated. 

Hazardous Constituents. The RFI database and the SWMU database contain 
constituent names and CAS numbers. Because modeling for EPA's corrective action 
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analyses was limited to five or fewer constituents per SWMU, some SWMUs contain 
additional constituents that do not appear in the databases. 

Constituent Concentrations. The RFI database identifies maximum 
concentrations detected in soil or sediment, but only for the constituents detected 
above RCRA Subpart S action levels. No concentration data are available for 66 
percent of the total volume addressed by corrective action. EPA considered 
supplementing RFI concentration data with concentration data from the SWMU 
database by assuming that soil concentrations equaled the central tendency (i.e., 
typical) constituent concentrations in the waste, as originally generated. However, 
because these concentrations do not reflect dilution that occurs as spilled wastes mix 
with soil, nor do they reflect the effect of leaching, volatilization, hydrolysis, and other 
fate processes that would reduce concentration in the soil, they are likely to 
overestimate the maximum concentrations in soil. EPA therefore used only RFI data 
for which actual concentrations were present. 

Subsequently, EPA reviewed data contained in the current universe of SBs to 
identify additional data on remediation waste volumes and corresponding constituent 
concentrations to supplement the corrective action sites that were dropped from the two 
original samples due to insufficient data. Since the two original corrective action 
samples, compiled from the remedial, RFI, and SWMU databases, were stratified 
random samples extrapolated to national levels, EPA incorporated data from the SBs 
into the analysis in a way that preserves these conventions. 

First, EPA determined the appropriate sample (federal or non-federal) and strata 
(based on the original sample design) to which each SB belongs. Next, EPA 
supplemented the new sites into the appropriate sample and strata. Finally, EPA 
calculated and applied new facility weights for extrapolating to national levels based on 
the new distribution of sites by strata. In all, EPA supplemented the corrective action 
samples with data from 16 SBs that provided data on both remediation waste volumes 
and corresponding constituent concentrations. 

Complete Soil and Sediment Database 

The complete database contains data on 535 soil and sediment sites (or 
particular volumes) with approximately 44 million tons of contaminated media. The 535 
sites include 326 CERCLA sites with approximately 9 million tons of contaminated soil, 
88 CERCLA sites with just under one million tons of contaminated sediment, and 
121 RCRA corrective action sites with 34 million tons of contaminated soil. 
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Exhibits A-1 and A-2 describe the types of contamination found at all CERCLA 
soil and sediment and RCRA soil database sites, including volumes treated in and ex­
situ and within or outside of CAMUs and AOCs. Exhibit A-1 shows that about 75 
percent of each category of site is contaminated with metals, the most common 
contaminant. Organics are much more prevalent at CERCLA sites than RCRA sites. 
For example, while 62, 61, and 48 percent of CERCLA soil sites contain AHCs, SVOCs, 
and VOCs, respectively, only 3, 29, and 30 percent of RCRA soil sites have soil 
contaminants, respectively. Thus, as shown in Exhibit A-2, only 3 percent of RCRA soil 
sites have 3 or 4 types of contaminants. In contrast, 49 percent of CERCLA soil sites 
have 3 or 4 types of contaminants. These differences result in much higher average 
treatment costs at CERCLA soil sites ($307/ton) than at RCRA soil sites ($170/ton). 

Constituents 

Metals 

voes 

SVOCs 

AH Cs 

Exhibit A-1 
Constituents Found at Database Sites 
(Percent of Overall Database Volume) 

CERCLA Soil RCRA Soil 

73% 75% 

48% 30% 

61% 29% 

62% 3% 

CERCLA 
Sediment 

74% 

22% 

40% 

51% 

* Totals exceed 100 percent because volumes are often contaminated with several types of 
constituents (e.g., both metals and VOCs). 

Number of 
Constituent 

Types* 

One 

Two 

Three 

Four 

Totals** 

Exhibit A-2 
Multiple Types of Constituents at Database Sites 

(Percent of Overall Database Volume) 

CERCLA Soil RCRA Soil 

24% 67% 

28% 30% 

29% 3% 

20% 0% 

100% 100% 

The constituent types are metals, voes, SVOCs, and AHCs. 
Totals may not add to 100% due to rounding. 

CE RC LA 
Sediment 

42% 

29% 

17% 

12% 

100% 
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Exhibit A-3 identifies the prevalence of different baseline treatment methods at 
all database sites, including volumes treated in- and ex-situ. The allocation of volumes 
to ex-situ treatment methods, however, is designed to reflect volumes treated outside of 
CAMUs or AOCs, since volumes treated in CAMUs or AOCs are not directly affected by 
Phase IV. (See also Exhibit 3-1, which presents more detail on the baseline treatment 
methods.) Consistent with Exhibits A-1 and A-2, immobilization is the most common 
treatment method, and organics treatment technologies are used considerably more 
often at CERCLA sites than RCRA sites. In addition, incineration seldom occurs at 
RCRA soil sites for several reasons. A minority of RCRA sites are contaminated with 
organics. Most of these volumes have relatively low concentrations of organics and 
therefore treated by other technologies. In addition, most of this contamination is at 
high volumes, which are treated in-situ. 

Exhibit A-3 
Baseline Treatment Methods at Database Sites 

(Percent of Overall Database Volume) 

Treatment Technology CERCLA RCRA CE RC LA 
Soil Soil Sediment 

Ex-Situ Treatment 

Immobilization 44% 57% 74% 

Soil Wash 27% 3% 29% 

Dechlorination 17% <1% 10% 

B ioremediation 15% 15% 38% 

Incineration/Thermal Desorption 10% <1% 18% 

In-Situ Treatment 

Immobilization 29% 18% --

Vacuum Extraction 28% 30% --

Bioremediation 11% 13% --

* Totals exceed 100 percent because volumes are often treated by 
multiple technologies (e.g., incineration or thermal desorption ion). 
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Exhibits A-4 and A-5 show the prevalence of different treatment methods for TC 
organics and TC metals only soils in both the baseline and post-rule scenarios. The 
use of in-situ treatment methods is not presented because it is not directly affected by 
this rule. Consistent with Sections 3.2 and 3.4, Exhibit A-4 shows a slight shift away 
from incineration toward other ex-situ treatment methods and Exhibit A-5 shows a slight 
shift toward incineration. Additionally, as the analysis predicts that treatment of 
sediments and RCRA soils will not be significantly affected by Phase IV, the volumes of 
these media being treated by the different technologies are not expected to change 
significantly. 

Exhibit A-4 
Ex-Situ Treatment Methods For TC Organic Soils At 

CERCLA and RCRA Database Sites 
(Percent of TC Organic Soil Volume) 

Ex-Situ Treatment 
CERCLA Soil RCRA Soil 

Technology Baseline Post Reg Baseline Post Reg 

Immobilization 21% 28% 35% 35% 

Soil Wash 21% 24% 15% 15% 

Bioremediation 1% 1% 35% 35% 

Dechlorination 21% 24% 0% 0% 

Incineration/Thermal 23% 20% 0% 0% 
Desorption 

* Totals may exceed 100 percent because some volumes are treated by multiple 
technologies (e.g., incineration followed by stabilization) and may be less than 100 
percent because ex-situ volumes are being compared to total volume. 
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Exhibit A-5 
Ex-Situ Treatment Methods at CERCLA and RCRA Database Sites 

For TC Metal-Only Soils 
(Percent of TC Metal Only Soil Volume) 

Ex-Situ CERCLA Soil RCRA Soil 
Treatment 

Technology Baseline Post Reg Baseline Post Reg 

Immobilization 40% 39% 96% 96% 

Soil Wash 4% 4% 0% 0% 

Bioremediation 10% 9% 1% 1% 

Dechlorination 4% 4% 0% 0% 

Incineration/Thermal 11% 12% 0% 0% 
Desorption 

* Totals may exceed 100 percent because some volumes are treated by multiple 
technologies (e.g., incineration followed by stabilization) and may be less than 
100 percent because ex-situ volumes are being compared to total volume. 

EPA did not prepare a table showing treatment methods for non-TC soils 
because the agency was unable to determine the specific technologies used due to 
data limitations. The primary data limitation was that CERCLA RODs and RCRA 
corrective actions data only provided the maximum concentration at the entire site (i.e., 
no concentration data was provided for soil subsets at each site). 
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3,333 

4,377 
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65 
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957 

323 
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3,577 

1,329 

920 

692 

1,778 

1,341 

809 

24,153 

15,947 

Table B-1 
Total Number of Firms by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

1-4 Employees I 5-9 Employees 

237 I 67 

394 I 278 

8,691 I 2,582 

1,093 I 760 

3,853 I 2,688 

1,023 I 665 

5,595 I 3,393 

12,903 I 7,059 

3, 189 I 1,840 

546 I 520 

24,208 I 13,005 

2,218 I 1,458 

249 I 174 

2,389 I 1 ,876 

564 I 275 

3,464 I 2,226 

940 I 713 

7,604 I 5,902 

15,646 I 10,476 

3,420 I 2,251 

2,896 I 1,613 

2,852 I 1,738 

6,213 I 3,077 

2,959 

2,207 

104,893 

61,597 

1,236 

867 

51,217 

27,431 

10-19 
Employees 

39 

350 

1,531 

634 

2,525 

697 

3,401 

5,222 

1,663 

696 

8,231 

1,298 

142 

2,188 

246 

2,187 

838 

6,090 

9,246 

2,109 

1,440 

1,543 

2,345 

Not Available 

797 

663 

35,440 

19,559 

20-99 
Employees 

52 

528 

1,329 

622 

3,755 

1,301 

5,231 

4,589 

2,290 

1,496 

7,818 

1,802 

265 

3,901 

397 

2,605 

1,537 

8,417 

9,569 

3,685 

1,994 

2,078 

2,567 

668 

633 

28,015 

18,442 

100-499 
Employees 

32 

98 

233 

202 

1,369 

583 

1,449 

873 

614 

587 

1,546 

681 

155 

1,345 

142 

569 

688 

2,084 

2,024 

1,421 

731 

799 

589 

500+ 
Employees 

MJ:tII~BIIfafo 
mmmm1r111m1m:i 
m:mrn:'i.Iimimirn 
ffIMN1!ijUflII1 
;::nm::mljmmmrn 
mrnwm•rnmm'1 

':::mmm111mmmm 
imirn:mm:rnmm: 
::::1@1:::::mw~mwi 
:rnmm:;:a;11H:mi 
WM~m:Brm::~~~,, 
;;:,;mm::irium:::rni 
: .. 'ViWW:Ill&iliI!I1 

:·:::rnrn:I1&:1rnrnm:~ 
:rn;:rnt?l:lm@m 
rn:1:mrn::mrni1mm 
:rnrn:rnmm~mrn 
rnmrn11~mm::mi 
@:tf!JJ:t.11Im!!ii1 
iiiMlMmll~M~~l 
~~~tf ~~~1~~*-~!i~~i~! 
1mm%il'11mmi~· 
mmmmmmmmi 

Small Entities 

546 

1,874 

16,052 

3,628 

15,741 

4,804 

22,402 

35,023 

10,557 

4,046 

59,968 

8,082 

1,050 

12,629 

1,772 

12,008 

5,039 

32,302 

50,538 

14,215 

9,594 

9,702 

16,569 

Non-Small 
Entities 

63 

80 

214 

153 

648 

305 

371 

302 

233 

286 

562 

578 

143 

690 

73 

333 

463 

828 

1,014 

733 

467 

511 

220 

Total 

609 

1,954 

16,266 

3,781 

16,389 

5,109 

22,773 

35,325 

10,790 

4,332 

60,530 

8,660 

1,193 

13,319 

1,845 

12,341 

5,502 

33,130 

51,552 

14,948 

10,061 

10,213 

16,789 

Percent 
Small 

Entities 

90% 

96% 

99% 

96% 

96% 

94% 

98% 

99% 

98% 

93% 

99% 

93% 

88% 

95% 

96% 

97% 

92% 

98% 

98% 

95% 

95% 

95% 

99% 

215 

212 l::!:::F;:::::::m:~~~;.;lillllil:~i~lll ::~~~ I ~: I :::; II :: 11 

:,:JI:::::J~lil;::::::nm111:::::i;ill']~::m1 243,718 I 6,544 I 250,262 II 97% 

::::r::::::!ii.N.TB : :rmm::::::m~ . .wm::::mm 142,976 I 5,360 I 148,336 II 96% 



Table B-2 
Total Annual Revenues by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

c;J Percent of 
Revenues al 

0 1-4 5-9 10-19 20-99 100-499 500+ Small Non-Small Small 
Employees Employees Employees Employees Employees Employees Employees Entities Entities Total Entities e 

10 31,830 45,039 34,500 51,657 301,315 875,080 -~9:l1ll.a7~ 1,339,421 9,077,375 10,416,796 13% 

12 173,549 232,975 299,674 963,918 4,388,286 3,091,963 t!Uh72~M®. 9,150,365 15,725,190 24,875,555 37% 

13 496,081 4,359,628 4,342,625 3,992,345 10,343,423 8,849,069 tza~~~1s.z:: 32,383,171 73,558,752 105,941,923 31% 

14 98,544 363,966 580,704 984,611 2,588,421 2,699,692 ff 7te.o.s.~at 7,315,938 7,605,263 14,921,201 49% 

20 912,141 1,690,030 3,265,633 5,880,978 35,665,784 63,884,099 ~,..li$~M}.$4 111,298,665 306,269,534 417,568,199 27% 

22 266,692 277,952 503,210 1,007,201 6,230,946 13,262,181 l$.2t&.22t$.24.:: 21,548,182 52,622,924 74,171,106 29% 

23 875,123 1,211,433 1,568,433 3,222,009 14,232,475 17,362,357 f~~l®'-~1( 38,471,830 32,100,457 70,572,287 55% 

24 944,011 3,270,049 4,763,588 6,814,884 20,091,068 17,366,593 Jll.~tn.at.: 53,250,193 34,260,036 87,510,229 61% 

25 260,172 526,855 903,740 1,686,660 8,367,832 10,043,136 na•1ta1:a:atf 21,788,395 24,131,138 45,9-19,533 47% 

26 239,606 181,436 459,950 1,249,892 9,905,604 17,729,508 mUJ.tUlS.5''03.n 29,765,996 106,955,030 136,721,026 22% 

27 911,123 4,432,933 6,131,977 8,717,980 29,294,288 31,414,600 f$.$.~~i$$.li 80,902,901 90,082,597 170,985,498 47% 

28 565,953 1,423,730 2,472,556 4,746,396 20,275,810 33,220,608 ::aZSil.$.3.ilSQ 62,705,053 275,463,450 338, 168,503 19% 

29 109,596 356,360 591,630 871,176 3,792,784 6,779,758 :1if$l~$.~K$~ 12,501,304 142,255,322 154,756,626 8% 

30 330,157 767,752 1,345,317 3,259,600 19,389,796 27,102,654 m:tmta1~ute2: 52,195,276 68,386,162 120,581,438 43% 

31 26,774 127,313 145,290 254,017 1,615,314 1,929,170 ::::::::$.~~U.Ml.~t 4,097,878 5,930,363 10,028,241 41% 

32 220,218 919,903 1,567,693 3,516,154 12,002,673 9,836,090 iazia1.~r2$2 28,062,731 37,395,232 65,457,963 43% 

33 227,105 328,498 611,418 1,445,255 9,591,195 20,287,470 JlJ,4:l1'.!lal11$,a 32,490,941 114,763,783 147,254,724 22% 

34 731,714 1,751, 153 3,552,353 7,778,455 37,488,219 38,581,626 Jal.!$.$.l:teM! 89,883,520 84,637,868 174,521,388 52% 

35 790,786 2,786,230 5,494,984 10,932,103 39,656,749 41,475,612 UW.ta.e.1!$.J$. 101, 136,464 166,361,642 267,498,106 38% 

36 597,041 909,957 1,649,233 3,009,811 17,434,410 30,940,157 umaa.1a1aa. 54,540,609 169,137,480 223,678,089 24% 

37 673,716 671,120 1,109,044 2,175,656 9,681,439 17,946,569 ::;JQ$.lPll.'l211.i 32,257,544 402,041 ,287 434,298,831 7% 

38 321,195 706,795 1,319,275 2,333,792 10,047,360 16,698,917 'U.ll?.1$1:15. :::::.::-:::: ..... _::;v.:.• . 31,427,334 102,251,936 133,679,270 24% 

39 273,252 1,139,191 1,630,004 2,841,250 9,481,805 10,139,340 tt:!i~a~$.~~::, 25,504,842 15,533,528 41,038,370 62% 

40 Not Available 
44 329,843 1,088,704 1,140,395 1,290,672 3,579,228 5,424,054 . i:a.i.$.l~~e.aru 12,852,896 18,516,820 31,369,716 41% 

45 354,127 714,743 652,855 960,401 3,106,322 5,164,782 'lZ$$5.4a71 :;:: . ·.: ~·- . : ... ·,;: .. · .. :::: ·: 10,953,230 126,854,871 137,808,101 8% 

50 14,746,705 122,860,032 132,422,997 175,084,096 466,685,917 :~M;~1a;mn:= \1il25.l$affi:l~Q. 911,799,747 770,340,856 1,682,140,603 54% 

51 13,662,126 104,823,507 116,281,214 148,305,664 403,990,587 :t.$iliQZ$i$5~: ::e.7$~4$.$~1® 787,063,098 934,541,965 1,721,605,063 46% 



Table B-3 
Total Employment by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

D Percent of 
Employment 

O 10-19 20-99 100-499 500+ Non-Small at Small 
Employees 1-4 Employees 5-9 Employees Employees Employees Employees Employees Small Entities Entities Total Entities I 

I 10 I o 445 431 529 2,136 5,031 :::::m;~~Mtt I 0,510 I 44,221 I 52,199 11 16% I 
12 II 0 I 894 I 1,890 I 4,889 I 20,342 I 16,366 1:1:::'Witi~':i:::ra1 44,381 I 77,828 I 122,209 II 36% 

13 II 0 I 17,498 I 16,834 I 20,567 I 50,869 I 35,735 l''lHi~tiR:Hfilll 141,503 I 187,489 I 328,992 II 43% 

14 II 0 I 2,484 I 5,118 I 8,577 I 20,170 I 18,168 ft::::tif.;m:::r:rn 54,517 I 49,792 I 104,309 II 52% 

20 II 0 I 9,099 I 18,074 I 34,310 I 155,512 I 241,005 l:{::fj:aii~~:r:::u 458,000 I 1,163,565 I 1,621,565 II 28% 

22 II 0 I 2,371 I 4,510 I 9,729 I 59,847 I 113,839 1%'::::~,}m::rnmu 190,296 I 451,m I 642,073 II 30% 

23 II 0 I 12,837 I 22,843 I 47,108 I 226,482 I 263,878 1:It1m;~;;rn:::11 573,148 I 432,558 I 1,005,706 II 57% 

24 II 0 I 28,872 I 46,970 I 70,413 I 177,938 I 136,180 1mtrnmarnrn11 460,373 I 230,337 I 690,710 II 67% 

25 II 0 I 7,245 I 12,421 I 22,905 I 96,873 I 103,566 IW@:i~if.~I@itl 243,010 I 243,416 I 486,426 II 50% 

26 II 0 I 1,302 I 3,596 I 9,879 I 66,881 I 99,426 1:Mmmarnm11 181,084 I 493,869 I 674,953 II 27% 

27 II 0 I 55,398 I 85,520 I 110,306 I 307,577. I 263,457 i:rn::rnai.IEil?tt 822,258 I 758,338 I 1,580,596 II 52% 

20 11 o I 5,101 I 9,012 I 17,634 I 11,200 I 104,872 ff::}iifgff?W 200,625 I 897,006 I 1,105,631 11 19% 

29 II 0 I 561 I 1,156 I 1,835 I 8,551 I 13,039 1IIE:Ill~%hlll 25,142 I 124,355 I 149,497 II 17% 

30 11 o 1 5,655 1 12.021 1 30,398 1 161,151 1 220,211 fi:iilli::DiiiMIIu 444,908 1 506,658 1 951,566 11 47% 

31 II 0 I 1,205 I 1,834 I 3,340 I 17,581 I 23,514 1::1@rm:it~lllMll 47,474 I 61,711 I 109,185 II 43% 

32 11 o I 7,813 I 15,044 I 29,745 I 99,445 I 79,788 1It:t•11jQ.':lRJI 231,835 I 265,740 I 497,575 11 47% 

33 II 0 I 2,188 I 4,878 I 11,541 I 65,354 I 119,519 1tff[[;m~linm11 203,480 I 476,513 I 679,993 II 30% 

34 11 o I 11,040 I 40,074 I 83,464 I 340,011 I 315,210 l{:[:@iti~tiWEill 796,725 I 613,790 I 1,410,515 11 56% 

35 11 o I 35,962 I 10,443 I 125,699 I 367,539 I 297,671 1:::@E~'i.ii#§ll 897,314 I 985,307 I 1,882,621 11 48% 

36 11 o I 7 ,659 I 15,339 I 28,838 I 160,220 I 244,840 l'lfffiliiifif!Ill 456,904 I 1, 113,413 I 1,570,317 11 29% 

37 II o I 6,509 I 10,879 I 19,367 I 83,220 I 123,492 1:@ffji~f@tl 243,467 I 1,482,553 I 1,726,020 11 14% 

38 11 o I 6,536 I 11,660 I 21,053 I 84,065 I 120,246 f::@:!Iiii1f.4.iiifrll 251,s10 I 699,743 I 951,313 11 26% 

39 11 o I 13,683 I 20,546 I 31,732 I 102,594 I 94,528 l''I!iMfi~!i~lt@U 263,083 I 121,255 I 390,348 11 67% 

40 II Not Available 

44 II o I 6,269 I 8, 101 I 10,477 24,779 29,422 l'flltw.;iiilIH 79,048 90,147 169,195 47% 

45 II o I 4,659 I 5,676 I 8,811 24,289 33,7 45 1t:lt:ii~ili::::m::::. 77,180 699,144 776,324 10% 

50 II o I 231,662 I 338,884 I 471,884 993,631 •:::::::::;'~[~iII:t:EIJH~atw 2,036,061 1,587,164 3,623,225 56% 

51 II o I 131,774 I 181,133 I 258,675 656,108 rtr:JM:i.w.tm:umr::~t#11t:1:::::1r 1,227,690 1,407,569 2,635,259 47% 



Table B-4 
Market Share by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

~ 
0 1-4 5:9 10..:19 20-99--if00-499 - 500+ Small- -Non-Small 

Employees Employees Employees Employees Employees Employees Employees Entities Entities Total e 

10 0.31% 0.43% 0.33% 0.50% 2.89% 8.40% ::@\lQ7tt4%111 12.86% 87.14% 100.00% 
12 0.70% 0.94% 1.20% 3.87% 17.64% 12.43% •nn•~2A$.Hl 36.78% 63.22% 100.00% 
13 0.47% 4.12% 4.10% 3.77% 9.76% 8.35% Ht) ~Aa9erm: 30.57% 69.43% 100.00% 
14 0.66% 2.44% 3.89% 6.60% 17.35% 18.09% mrrt. .~~'it®!H? 49.03% 50.97% 100.00% 
20 0.22% 0.40% 0.78% 1.41% 8.54% 15.30% :: ::t ·:a=;g9§f H 26.65% 73.35% 100.00% 
22 0.36% 0.37% 0.68% 1.36% 8.40% 17.88% ?:t:rP.~~~W.#'t 29.05% 70.95% 100.00% 
23 1.24% 1.72% 2.22% 4.57% 20.17% 24.60% :tlil~h4&tH 54.51% 45.49% 100.00% 
24 1.08% 3.74% 5.44% 7.79% 22.96% 19.85% l t.,t.~1:;>.:~%? 60.85% 39.15% 100.00% 
25 0.57% 1.15% 1.97% 3.67% 18.22% 21.87% :r:: ii.1D.9elH 47.45% 52.55% 100.00% 
26 0.18% 0.13% 0.34% 0.91% 7.25% 12.97% ::: • ~~$.ff' 21.77% 78.23% 100.00% 
27 0.53% 2.59% 3.59% 5.10% 17.13% 18.37% ::::=:=:tt~®.:W:t•••· 47.32% 52.68% 100.00% 
28 0.17% 0.42% 0.73% 1.40% 6.00% 9.82% t::::~U4§~Jt= 18.54% 81.46% 100.00% 
29 0.07% 0.23% 0.38% 0.56% 2.45% 4.38% r=mm ~9.2%.=Jt' 8.08% 91.92% 100.00% 
30 0.27% 0.64% 1.12% 2.70% 16.08% 22.48% -f 43.29% 56.71% 100.00% 
31 0.27% 1.27% 1.45% 2.53% 16.11% 19.24% 40.86% 59.14% 100.00% 
32 0.34% 1.41% 2.39% 5.37% 18.34% 15.03% n::t§n1~~1n: 42.87% 57.13% 100.00% 
33 0.15% 0.22% 0.42% 0.98% 6.51% 13.78% =:=•==n:rnmt9emm 22.06% 77.94% 100.00% 
34 0.42% 1.00% 2.04% 4.46% 21.48% 22.11% :::•:=m4'-~§ntt: 51.50% 48.50% 100.00% 
35 0.30% 1.04% 2.05% 4.09% 14.83% 15.51% .··.mmumr 37.81% 62.19% 100.00% 
36 0.27% 0.41% 0.74% 1.35% 7.79% 13.83% ·.·• 24.38% 75.62% 100.00% 
37 0.16% 0.15% 0.26% 0.50% 2.23% 4.13% tt•a;.mm::mm 7.43% 92.57% 100.00% 
38 0.24% 0.53% 0.99% 1.75% 7.52% 12.49% 23.51% 76.49% 100.00% 
39 0.67% 2.78% 3.97% 6.92% 23.10% 24.71% ::t:•e.74.mW:J;:ll 62.15% 37.85% 100.00% 
40 Not Available 
44 1.05% 3.47% 3.64% 4.11% 11.41% 17.29% ::::=:•w.;;n9et=m 40.97% 59.03% 100.00% 
45 0.26% 0.52% 0.47% 0.70% 2.25% 3.75% •:?:i.Z.Q~'*#H 7.95% 92.05% 100.00% 
50 0.88% 7.30% 7.87% 10.41% 27.74% rmm:~H®o/.~HH :•••n:a¥aa9emm 54.20% 45.80% 100.00% 
51 0.79% 6.09% 6.75% 8.61% 23.47% . :::..- ···::::::::::: 45.72% 54.28% 100.00% .. ·:· .. ·.·. 



Table B-5 
Total Number of Firms by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

Less than I $250,000 • I $500,000 - I $1,000,000 - I $2,500,000 • I II Small I Non-Small I II Percent Small 
SIC Code $250,000 $499,999 $999,999 $2,499,999 $4,999,999 $5,000,000+ Entities Entities Total Entities 

07 Not Available 
15 82,120 30,360 22,977 18,746 7,066 :iiliWti1=$$iWM 161,269 7,138 168,407 96% 
16 13,369 6,299 5,134 5,651 2,920 1rn:1ate.0111t 33,373 3,807 37,180 90% 
17 217,495 63,788 41,362 28,889 9,531 tWtli1:1J.lWt 361,065 6,198 367,263 98% 
41 7,424 2,050 1,530 1,263 485 :tMit:37'Mtlt 12,752 377 13,129 97% 
42 37,017 15,118 11,220 9,231 3,799 M@rnailUliMM 76,385 3,303 79,688 96% 
47 21,106 4,987 2,884 1,879 610 :tw:m:1W:m1n 31,466 496 31,962 98% 
49 3,810 1,121 799 763 503 @Nfali&QlMM 6,996 1,601 8,597 81% 
55 21,055 22,349 24,693 27,818 10,391 ::::::rni1.i1121:w 106,306 18,492 124,798 85% 
65 98,171 38,203 25,768 16,357 4,360 ::;f}iai~!Hit 182,859 3,224 186,083 98% 
67 7,237 2,146 1,984 2,018 953 :1:::mn$$am1:::: 14,338 1,563 15,901 90% 

70 ex. 704 17,890 6,518 4,792 3,637 1,452 r:::=:;::::mimrtt: 34,289 1,446 35,735 96% 
72 112,601 17,562 7,681 3,252 773 tit =:@l'IO:Mtt::: 141,869 490 142,359 100% 
73 119,721 37,001 25,812 18,936 6,755 ., t~~~~~ 6,069 214,294 97% 
75 72,193 31,637 15,270 5,902 1,096 698 126,796 99% 
76 36,463 10,576 5,832 3,228 802 503 57,404 99% 
80 150,440 115,694 63,069 32,910 10,621 :::nMn:o.;91rn: 372,734 10,079 382,813 97% 

823,824,829 10,016 . 2,471 1,466 967 365 ::ff:M~l$f%% 15,285 242 15,527 98% 
87 ex. 8733 107,041 31,986 21,186 14,992 4,939 :n:::r:::1:1tu1r:1 180,144 4,271 184,415 98% 

89 6,135 1,873 1,292 804 241 m'''i'':=::r;~rn::m1:= 10,345 200 10,545 98% 
90 to 99 Not Available 



Table B-6 
Total Annual Revenues by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

t'ercem 
Revenues 

Less than $250,000 - $500,000 - $1,000,000 - $2,500,000 - Non-Small at Small 
SIC Code $250,000 $499,999 $999,999 $2,499,999 $4,999,999 $5,000,000+ Small Entities Entities Total Entities 

07 Not Available 
15 8,936, 162 10,600,313 16,084,235 28,686,776 24,257,294 :rn~nee.e.:mm 88,564,780 131,666,435 220,231,215 40% 
16 1,501,197 2,259,805 3,637,836 8,834,980 10,356,805 =rnzi~Qatiaffn 26,590,623 71,937,559 98,528,182 27% 
17 22,823,944 22,408,166 28,741,511 43,744,777 32,790,304 'W~$i$.1tl"5.SB.) 150,508,702 69,816,558 220,325,260 68% 
41 705,582 727,662 1,054,267 1,928,248 1,664,233 :: : m#.$.ll-t~tr 6,079,992 6,286,129 12,366,121 49% 
42 4,558,384 5,343,330 7,880,728 14,363,741 13,155,791 m::95;a1s.;1asn 45,301,974 95,316,195 140,618,169 32% 
47 2,347,927 1,722,070 1,995,506 2,858,796 2,139,558 n:1$;aw.i$1$.:::: 11,063,857 12,358,546 23,422,403 47% 
49 379,320 390,864 559,132 1,175,172 1,822,953 l0&11U.1Ult 4,327,441 306, 189,087 310,516,528 1% 
55 3,023,297 8,175,642 17,698,291 43,608,072 36,199,405 Hl'®w.9}l$1:' 108, 704,707 408,291,760 516,996,467 21% 
65 11,052,518 13,484,418 17,964,663 24,456,853 14,856,414 :::::s.s'l7$l$.QB.@: 81,814,866 55,879,608 137,694,474 59% 
67 611,946 764,027 1,405,907 3,184,398 3,318,583 :J&f1•l~1~ii' 9,284,861 54,946,219 64,231,080 14% 

70 ex 704 2,140,573 2,305,686 3,344,564 5,595,322 5,015,128 ;:6\$:14$ tmat 18,401,273 49,143,862 67,545,135 27% 
72 10,592,008 6,049,579 5,228,054 4,741,407 2,641,495 na2;a:tii1s.ar 29,252,543 12,375,823 41,628,366 70% 
73 12,722,507 13,032,720 18,014,282 28,935,640 23,279,361 MftUl.13.lD.!t 95,984,510 171,373,042 267 ,357 ,552 36% 
75 9,577,698 11,027,478 10,351,271 8,458,945 3,700,059 :n~•~i.11iu.~n 43,115,451 24,519,645 67,635,096 64% 
76 4,200,715 3,685,003 4,017,121 4,805,497 2,713,716 il:ttl;39.1U.8.tl: 19,422,052 10,391,042 29,813,094 65% 
80 22,003,542 40,932,245 43,104,472 49,866,711 36,507,348 ::::•.tJ~tmi~•''~::: 192,414,318 424,082,612 616,496,930 31% 

23,824,82 968,201 871,158 1,014,984 1,485,690 1,270,875 ' ::4;~4.$.'ltla1n1 5,610,908 4,245,637 9,856,545 57% 
87 ex 8733 11,463,570 11,241,736 14,767,233 22,894,717 17,056,973 :4i$MOlUl$.~f 77,424,229 125,104,753 202,528,982 38% 

89 640,851 658,431 902,875 1,221,718 833,257 mra:~§.le.~rr 4,257,132 3,245,853 7,502,985 57% 
90 to 99 Not Available 



Table B-7 
Total Employment by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

SIC Code 
Less than 
$250,000 

$250,000 -1 $500,000 -
$499,999 $999,999 

$1,000,000 -1 $2,500,000 -1 II Small 
$2,499,999 $4,999,999 $5,000,000+ Entities 

07 I Not Available 
15 I 151,617 I 117,006 I 132,650 I 168,848 I 116,722 m=::i1o;t.U~It::u 686,843 
16 I 29,001 I 33,726 I 47,566 I 94,814 I 92,646 t:&:,!$11'~i§'='trn 297,753 
11 I 469,653 I 356, 137 I 408, 152 I 546,694 I 353,599 1·tt&.aifl.e4.Ittll 2, 134,235 
41 I 31,057 I 25,981 I 35,358 I 55,938 I 41,981 n::::@t:$.1~11'~:n:rn 190,315 
42 I 82,201 I 81,339 I 109,975 I 174,ooo I 137,308 !Nf!Q®.~l.®.%:%11 584,823 
4 7 I 65, 110 I 34,686 I 32,287 I 41,041 I 26,644 l@:=:t11t.~l~i!till 199,828 
49 I 9,777 I 5,420 I 6,323 I 10,087 I 11,613 h',:: e.mmma.'JMI 43,220 
55 I 40,333 I 71,838 I 127,440 I 235,282 I 158,373 1:=aas1.~Q$f{fll 633,266 
65 I 184,529 I 142,377 I 172,908 I 218,239 I 124,582 m::::e.s.JiJ.Dtmrn 842,635 
67 I 22,133 I 5,877 I 8,716 I 11,112 I 14,480 l'IIJ~i$.H.Ktill 68,318 

10 ex. 704 I 56.441 I 60,304 I 87,362 I 146,764 I 133,652 m::I!~kltl.tMrn 484,523 
12 I 378,217 I 169,574 I 126,585 I 107,755 I 60,809 FTilii~la.$.@?rn 842,940 
73 383,454 313,784 416,607 690,982 528,102 tJl.illl/lf.3.Wm 2,333,529 

I 
15 168,131 110.015 149,016 101,920 41,547 :::nm11n•1rn;rni 636,689 
76 81,260 56,484 55,038 57,942 28,880 H?l1B.d~f-"'" --- -- -
80 I 385,276 I 576,448 I 560,729 I 751,370 I 658,297 mm1111:~f:llIUI 2,932,120 

823, 824, 829 I 36,227 I 21,873 I 21,806 I 27,964 I 22,948 IJ:tKS:l~IZl!WMll 130,818 
87 ex. 8733 I 240,388 I 111,208 I 205,441 I 294,176 I 208,740 liiM1a~~V.ll@ll 1,125,953 

89 I 11,927 I 8,386 I 9,832 I 10,930 I 7,471 ll@lil{B.l@rnrn 48,546 
90 to 99 I Not Available 

Non-Small 
Entities 

410,016 
501,669 
637,764 
155,315 
958,955 
120,132 
869,002 

1,257,050 
357,426 
98,938 
969,018 
325,335 

3,035,773 
191,841 
134,100 

6,991,416 
56,674 

1,234,999 
28,964 

Total 

1,096,859 
799,422 

2,771,999 
345,630 

1,543,778 
319,960 
912,222 

1,890,316 
1,200,061 
167,256 

1,453,541 
1,168,275 
5,369,302 
828,530 
413,704 

9,923,536 
187,492 

2,360,952 
77,510 

Percent 
Employment at 
Small Entities 

63% 
37% 
77% 
55% 
38% 
62% 
5% 
34% 
70% 
41% 
33% 
72% 
43% 
77% 
68% 
30% 
70% 
48% 
63% 



Table B-8 
Market Share by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

Less than $250,000 - $500,000 - $1,000,000 - $2,500,000 - II Small I Non-Small 
SIC Code $250,000 $499,999 $999,999 $2,499,999 $4,999,999 $5,000,000+ Entities Entities I Total 

07 Not Available 
15 4.06% 4.81% 7.30% 13.03% 11.01% 'Nif$.~i7WWMt 40.21% 59.79% 100.00% 
16 1.52% 2.29% 3.69% 8.97% 10.51% :::rrza;n1mr:rr 26.99% 73.01% 100.00% 
17 10.36% 10.17% 13.05% 19.85% 14.88% ::;:::::a1:~~rtr 68.31% 31.69% 100.00% 
41 5.71% 5.88% 8.53% 15.59% 13.46% ltmlil$.$.f:t 49.17% 50.83% 100.00% 
42 3.24% 3.80% 5.60% 10.21% 9.36% ·w:r1.1~1$.%. mr 32.22% 67.78% 100.00% 
47 10.02% 7.35% 8.52% 12.21% 9.13% :mm52;1as.?t 47.24% 52.76% 100.00% 
49 0.12% 0.13% 0.18% 0.38% 0.59% @ifo~i.).)$1~1@: 1.39% 98.61% 100.00% 
55 0.58% 1.58% 3.42% 8.43% 7.00% ::;:::m1~u~1s.n::: 21.03% 78.97% 100.00% 
65 8.03% 9.79% 13.05% 17.76% 10.79% 'WM4~$.~%ttt 59.42% 40.58% 100.00% 
67 0.95% 1.19% 2.19% 4.96% 5.17% :1:::8&iM$.l:t 14.46% 85.54% 100.00% 

70 ex. 704 3.17% 3.41% 4.95% 8.28% 7.42% '}@1.'a~1$.% tt 27.24% 72.76% 100.00% 
72 25.44% 14.53% 12.56% 11.39% 6.35% ·: ':t!l.i13%.Wt 70.27% 29.73% 100.00% 
73 4.76% 4.87% 6.74% 10.82% 8.71% , ::nmJ.m.w.nrr 35.90% 64.10% 100.00% 
75 14.16% 16.30% 15.30% 12.51% 5.47% :::m:'$.$.it&s.1::n 63.75% 36.25% 100.00% 
76 14.09% 12.36% 13.47% 16.12% 9.10% :::m;::al.i'-$.~:?N 65.15% 34.85% 100.00% 
80 3.57% 6.64% 6.99% 8.09% 5.92% :m:::u.;r.Qs.mm::r 31.21% 68.79% 100.00% 

823,824,829 9.82% 8.84% 10.30% 15.07% 12.89% ::;::::::1a:Q1%:J:r 56.93% 43.07% 100.00% 
87 ex. 8733 5.66% 5.55% 7.29% 11.30% 8.42% :nne.1:;1ms.t:t' 38.23% 61.77% 100.00% 

89 8.54% 8.78% 12.03% 16.28% 11.11% :@lf.~\.'.~$NHI 56.74% 43.26% 100.00% 
90 to 99 Not Available 



Table 8-9 
Average Annual Revenues by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

~ - 11- 0 - ,-··1-4- ,-5-:9 10-19 20-99 100-499 500+ Small 1-Non-Small 
Employees Entities Entities Total SIC Code . Employees Employees Employees Employees Employees Employees 

10 267 190 515 1,325 5,795 27,346 ''lt144.}.m:i.t} 2,453 144,085 17,105 
12 768 591 1,078 2,754 8,311 31,551 t:rmm:•trn 4,883 196,565 12,731 
13 294 502 1,682 2,608 7,783 37,979 

~-I 
2,017 343,732 6,513 

14 311 333 764 1,553 4,161 13,365 2,017 49,708 3,946 
20 588 439 1,215 2,329 9,498 46,665 7,071 472,638 25,479 
22 498 272 757 1,445 4,789 22,748 ~:n11ze1~:mr 4,485 172,534 14,518 
23 263 217 462 947 2,721 11,982 tl'lU.~i?fflt 1,717 86,524 3,099 
24 216 253 675 1,305 4,378 19,893 :nm1ne.D;~::irm 1,520 113,444 2,477 
25 271 165 491 . 1,014 3,654 16,357 :rn:::t.~i§§l@I 2,064 103,567 4,256 
26 1,192 332 885 1,796 6,621 30,204 rnn:;,i~:iB.$.'lt 7,357 373,969 31,561 
27 177 183 472 1,059 3,747 20,320 

iii 
1,349 160,289 2,825 

28 906 642 1,696 3,657 11,252 48,782 7,759 476,580 39,049 
29 1,686 1,431 3,400 6,135 14,312 43,740 11,906 994,792 129,721 
30 355 321 717 1,490 4,970 20,151 ::rnmnttunrnt 4,133 99,110 9,053 
31 181 226 528 1,033 4,069 13,586 :::nm1.11~11r 2,313 81,238 5,435 
32 230 266 704 1,608 4,608 17,287 :::mo:gJ~Iw 2,337 112,298 5,304 
33 703 349 858 1,725 6,240 29,488 wrn1111111:m1 6,448 247,870 26,764 
34 332 230 602 1,277 4,454 18,513 fllNtnzi~Ml 2,783 102,220 5,268 
35 221 178 525 1,182 4,144 20,492 :Mll.M.~~mt 2,001 164,065 5,189 
36 449 266 733 1,427 4,731 21,774 :=:::tm1It.11r: 3,837 230,747 14,964 
37 732 232 688 1,511 4,855 24,551 #MIU'R:Qifif 3,362 860,902 43,167 
38 464 248 759 1,513 4,835 20,900 nmg=ttD.att 3,239 200,102 13,089 
39 154 183 530 1,212 3,694 17,214 @i#lt~l.01@¥ 1,539 70,607 2,444 
40 Not Available 
44 246 368 923 1,619 5,358 25,228 ., 1,781 123,445 4,259 
45 438 324 753 1,449 4,907 24,362 ... · .. 2,032 587,291 24,578 
50 611 1,171 2,586 4,940 16,658 rmtsa.41:::::1= rnm1.1t~vMm1: 3,741 117,717 6,722 
51 857 1,702 4,239 7,582 21,906 :·~1tl@~] J~~~~~:~:~=~~:· . 5,505 174,355 11,606 



Table B-10 
Average Employment by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

r---1 0 1-4 5-9 10-19 
~ Employees Employees Employees Employees 

20-99 100-499 
Employees Employees 

10 0 2 6 14 41 157 
12 0 2 7 14 39 167 
13 0 2 7 13 38 153 
14 0 2 7 14 32 90 
20 0 2 7 14 41 176 
22 0 2 7 14 46 195 
23 0 2 7 14 43 182 

500+ 
Employees 
:::;:;:;:;:;:;::)in< 

rn::nrn:i~H't'' 
•••••• .1 • .1 •. '.l!ill'i 

t:it11~111: :::t 
::::n::::nm;:nm::rtt 

Small 
Entities 

16 
24 
9 

15 
29 
40 
26 

Non-Small 
Entities Total 

702 87 
973 63 
876 20 
325 28 

1,796 99 
1,481 126 
1,166 44 

24 0 2 7 13 
25 0 2 7 14 

~ 
0 2 7 14 

39 156 
42 169 
45 169 

13 763 20 
23 1,045 45 
45 1,727 156 r*!ll I· 1 .. 1, I I I :maww111i: .._: I .. . . .. ... imrtt:Li!llW 

0 2 7 13 
0 2 7 14 

29 0 2 7 13 
30 0 2 7 14 

.31 0 2 7 14 
32 0 2 7 · 14 
33 0 2 7 14 
34 0 2 7 14 
35 0 2 7 14 
36 0 2 7 14 
37 0 2 7 13 
38 0 2 7 14 
39 0 2 7 14 
40 Not Available 
44 0 2 7 13 
45 0 2 7 13 
50 0 2 7 13 
51 0 2 7 13 

39 
40 
32 
43 
44 
38 
43 
40 
38 
43 
42 
40 
40 

37 
38 
35 
36 

170 
154 
84 
170 
166 
140 
174 
151 
147 
172 
169 
161 
160 

137 
159 

rn;;m;~::l~IElE 14 1,349 26 
26 1,552 128 
24 870 125 

:mrn::m1I1111.rnrt • 

35 734 71 
27 845 59 

m:::mmrrunnm' 19 798 40 
40 1.029 124 
25 741 43 

t:rm:im~:n:mn11--------

18 972 37 
32 1.519 105 
:.:'.!> 3,175 172 -- -

26 1,369 93 
16 578 23 

11 I 601 23 
14 138 3,237 
8 243 14 
9 263 18 :1·::.:::·:::::,:·::~:~:;i:~::::::: ) I I I 



Table B-11 
Average Market Share by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

~ --- 0- 1-4 5-9 10-19 20-99 100-499 500+ Small Non-Small 
Employees Employees Employees Employees Employees Employees Employees Entities Entities Total 

10 0.003% 0.002% 0.005% 0.013% 0.056% 0.26% 

Iii' 
0.02% 1.38% 0.16% 

12 0.003% 0.002% 0.004% 0.011% 0.033% 0.13% 0.02% 0.79% 0.05% 
13 0.000% 0.000% 0.002% 0.002% 0.007% 0.04% 0.00% 0.32% 0.01% 
14 0.002% 0.002% 0.005% 0.010% 0.028% 0.09% 0.01% 0.33% 0.03% 
20 0.000% 0.000% 0.000% 0.001% 0.002% 0.01% 0.00% 0.11% 0.01% 
22 0.001% 0.000% 0.001% 0.002% 0.006% 0.03% 0.01% 0.23% 0.02% 
23 0.000% 0.000% 0.001% 0.001% 0.004% 0.02% JfJQ~J~tll 0.00% 0.12% 0.00% 
24 0.000% 0.000% 0.001% 0.001% 0.005% 0.02% nnaMta9&:ttt 0.00% 0.13% 0.00% 
25 0.001% 0.000% 0.001% 0.002% 0.008% 0.04% H@Hl.4.1$.#W 0.00% 0.23% 0.01% 
26 0.001% 0.000% 0.001% 0.001% 0.005% 0.02% :1:::1:0.:1?.i~#tt 0.01% 0.27% 0.02% 
27 0.000% 0.000% 0.000% 0.001% 0.002% 0.01% :::ttl~'DJJ.#@:t 0.00% 0.09% 0.00% 
28 0.000% 0.000% 0.001% 0.001% 0.003% 0.01% t':M'O.:tttt9&:ttn 0.00% 0.14% 0.01% 
29 0.001% 0.001% 0.002% 0.004% 0.009% 0.03% fHJl~H'ittJ 0.01% 0.64% 0.08% 
30 0.000% 0.000% 0.001% 0.001% 0.004% 0.02% :Jtf0.:i~9&:llf 0.00% 0.08% 0.01% 
31 0.002% 0.002% 0.005% 0.010% 0.041% 0.14% ltfM¥1ttilt:t 0.02% 0.81% 0.05% 
32 0.000% 0.000% 0.001% 0.002% 0.007% 0.03% ttt0.:i1%9&:tlt 0.00% 0.17% 0.01% 
33 0.000% 0.000% 0.001% 0.001% 0.004% 0.02% m:::mr:::1~1:nm:rnr: 0.00% 0.17% 0.02% 
34 0.000% 0.000% 0.000% 0.001% 0.003% 0.01% ll'''0.:\l.§9&:lff 0.00% 0.06% 0.00% 
35 0.000% 0.000% 0.000% 0.000% 0.002% 0.01% : :::::::t~¥Vi'itlJ 0.00% 0.06% 0.00% 
36 0.000% 0.000% 0.000% 0.001% 0.002% 0.01% ::t:O.:i1B.llf 0.00% 0.10% 0.01% -
37 0.000% 0.000% 0.000% 0.000% 0.001% 0.01% tlHl4.fif##l 0.00% 0.20% 0.01% 
38 0.000% 0.000% 0.001% 0.001% 0.004% 0.02% :r1wo.:;11.9&:ttt 0.00% 0.15% 0.01% 
39 0.000% 0.000% 0.001% 0.003% 0.009% 0.04% :::J:M¥1~l~W.ltI 0.00% 0.17% 0.01% 
40 Not Available -
44 0.001% 0.001% 0.003% 0.005% 0.017% 0.08% tm::::&~~W5.tlt 0.01% 0.39% 0.01% -
45 0.000% 0.000% 0.001% 0.001% 0.004% 0.02% :n:::rn11.a~1tr 0.00% 0.43% 0.02% 
50 0.000% 0.000% 0.000% 0.000% 0.001% : ::m@%ttm :':tJQ~Qa:tIJ 0.00% 0.01% 0.00% 
51 0.000% 0.000% 0.000% 0.000% 0.001% tt':U~tm%.::::r :::::J}~~?''l' 0.00% 0.01% 0.00% 



Table B-12 
Average Annual Revenues by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

Less than $250,000 - $500,000 - $1,000,000 - $2,500,000 -
$5,000,000+ II 

Small I Non-Small 
SIC Code $250,000 $499,999 $999,999 $2,499,999 $4,999,999 Entities Entities I Total 

07 Not Available 
15 109 349 700 1,530 3,433 ltf'U(fa3.$.JJJ 549 18,446 1,308 
16 112 359 709 1,563 3,547 tll''ta~A~Mt:J 797 18,896 2,650 
17 105 351 695 1,514 3,440 l?i\4!t®.4tlt: 417 11,264 600 
41 95 355 689 1,527 3,431 ::t/llf).~$14.lll 477 16,674 942 
42 123 353 702 1,556 3,463 ::,:::n::;ium.rn::nn 593 28,857 1,765 
47 111 345 692 1,521 3,507 'l'i'li24~i:1J:U::itt 352 24,916 733 
49 100 349 700 1,540 3,624 r:m::111;211rr 619 191,249 36,119 
55 144 366 717 1,568 3,484 :' := :~~~n1Qttn 1,023 22,079 4,143 
65 113 353 697 1,495 3,407 i:rte.aamrtt 447 17,332 740 
67 85 356 709 1,578 3,482 :t: ::::as.~~s.•rr:::n 648 35,154 4,039 
70 120 354 698 1,538 3,454 ::rJ=aa1U.$.tm:m 537 33,986 1,890 
72 94 344 681 1,458 3,417 ffj'i2S.''•• 206 25,257 292 
73 106 352 698 1,528 3,446 n: :2s.ma:rt r 461 28,237 1,248 
75 133 349 678 1,433 3,376 r :as.n21n:: 342 35,128 533 
76 115 348 689 1,489 3,384 ~OtMS.lt? 341 20,658 519 
80 146 354 683 1,515 3,437 : Atra~n1e.:t n 516 42,076 1,610 

823,824,829 97 353 692 1,536 3,482 :: :::::]:if5.44lkl 367 17,544 635 
87 ex. 8733 107 351 697 1,527 3,454 :t m;~Q~~:tnt 430 29,292 1,098 

89 104 352 699 1,520 3,457 J :::::ii.w.atnr:r= 412 16,229 712 
90 to 99 Not Available 



SIC Code 

07 
15 
16 
17 
41 
42 
47 
49 
55 
65 
67 
70 
72 
73 
75 
76 
80 

823,824,829 
87 ex. 8733 

89 
90 to 99 

Less than 
$250,000 

2 
2 
2 
4 
2 
3 
3 
2 
2 
3 
3 
3 
3 
2 
2 
3 
4 
2 
2 

Table B-13 
Average Employment by Industry 

(for those industries where small entities are defined by annual revenues) 

$250,000 -
$499,999 

4 
5 
6 
13 
5 
7 
5 
3 
4 
3 
9 
10 
8 
5 
5 
5 
9 
6 
4 

$500,000 -
$999,999 

$1,000,000 _ I $2,500,000 _ 
$2,499,999 $4,999,999 I $5,ooo,ooo+ 

Not Available 
6 9 17 : ::: r:::m:1tintmtt: 
9 17 32 ::::11:::taz:ttt:n: 
10 19 37 rn=::ma:a.at=::::rtt 
23 44 87 = :::rrwt1~1t::un 
10 19 36 : l\l290Iftt: 
11 22 44 :t:nrr :z.t:z:mmmr 
8 13 23 MM%%141.Mlimm 
5 8 15 n:m:ttunurnmtn 
7 13 29 ftffllM1MfM? 
4 8 15 mn:nt~rnmwn 
18 40 92 :rn:mtt:tllOHfHt::: 
16 33 79 t:tHNi~:nm:rn 
16 36 78 nmt=:110.0.:1::rn=:1: 
10 18 38 :::rn:m::::avs.nrn;rnn 
9 18 36 :mn:mm~rr::mttt 
9 23 62 t=::::nrne.~n:tmn 
15 29 63 N@@tlD.Nii&M 
10 20 42 ::::=t1:m:~a1rnrnrnm 
8 14 31 ttMMit4.iHt%ff 

Not Available 

Small 
Entities 

4 
9 
6 
15 
8 
6 
6 
6 
5 
5 

14 
6 

11 
5 
5 
8 
9_ 
6 
5 

Non-Small 
Entities 

57 
132 
103 
412 
290 
242 
543 
68 
111 
63 
670 
664 
500 
275 
267 
694 
234 
289 
145 

Total 

7 
22 
8 

26 
19 
10 

106 
15 
6 
11 
41 
8 

25 
7 
7 
26 
12 
13 
7 



Table B-14 
Average Market Share by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

Less than $250,000 - $500,000 - $1,000,000·- $2,500,000 -1 II --small I Non-Small 
SIC Code $250,000 $499,999 $999,999 $2,499,999 $4,999,999 $5,000,000+ Entities Entities I Total 

07 Not Available 
15 0.00% 0.00% 0.00% 0.00% 0.00% •FfJMU%.' ] 0.00% 0.01% 0.00% 
16 0.00% 0.00% 0.00% 0.00% 0.00% •=r:::::!¥P2~w1m 0.00% 0.02% 0.00% 
17 0.00% 0.00% 0.00% 0.00% 0.00% : ?(MN.$.:tmt 0.00% 0.01% 0.00% 
41 0.00% 0.00% 0.01% 0.01% 0.03% : : Pl1~%.I''Ji 0.00% 0.13% 0.01% 
42 0.00% 0.00% 0.00% 0.00% 0.00% fl¥Pmm.:tr 0.00% 0.02% 0.00% 
47 0.00% 0.00% 0.00% 0.01% 0.01% -I 0.00% 0.11% 0.00% 
49 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% 0.01% 
55 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
65 0.00% 0.00% 0.00% 0.00% 0.00% .::::::HUUM.VMl: 0.00% 0.01% 0.00% 
67 0.00% 0.00% 0.00% 0.00% 0.01% :=::m::q;B.~fatY 0.00% 0.05% 0.01% 

70 ex. 704 0.00% 0.00% 0.00% 0.00% 0.01% :11.~P.$.'-it=n: 0.00% 0.05% 0.00% 
72 0.00% 0.00% 0.00% 0.00% 0.01% r::mr:~-umrw.:nm 0.00% 0.06% 0.00% 
73 0.00% 0.00% 0.00% 0.00% 0.00% ::rn::=::P.~QJ~tnt 0.00% 0.01% 0.00% 
75 0.00% 0.00% 0.00% 0.00% 0.00% 

• 
0.00% 0.05% 0.00% 

76 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.07% 0.00% 
80 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 

823,824,829 0.00% 0.00% 0.01% 0.02% 0.04% 0.00% 0.18% 0.01% 
87 ex. 8733 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 

89 0.00% 0.00% 0.01% 0.02% 0.05% ::::\:o.;igw.:rnnrn 0.01% 0.22% 0.01% 
90 to 99 Not Available 



~ e 

10 
12 
13 

14 
20 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
44 
45 
50 
51 

0 
Employees 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 

0 

1-4 

Table B-15 
Upper Bound Estimate of Affected Firms by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

5-9 10-19 20-99 Small 
Employees Employees Employees Employees 

100-499 I 500+ 
Employees Employees Entities 

0 0 0 0 0 1 
0 0 0 0 o 1tttt1=:m 1 
1 0 0 0 0 1 
0 0 0 0 0 1 
0 0 0 0 0 1 

I I I~ •I 0 0 0 0 
0 0 0 0 
3 1 1 1 

1 
1 
7 

0 0 0 0 o nJ!,:mtr1=1mimn 1 
0 0 0 0 0 IHtIEMlrn::mI@ 1 
0 0 0 0 0 1:1:t1:r:::[:IMIImr 0 
7 4 4 5 2 UIMW@IFiiiift 24 
1 1 0 1 o 1 .. :=::::n::::::::1rnmr:r:::: 3 

I I I I~-~' 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1 
1 
1 

1 1 1 2 1 5 
3 2 2 3 1 11 
0 0 0 0 0 0 
2 1 1 2 1 8 
0 0 0 0 o 1m:=www:1tmrn1n 1 
0 0 0 0 o 1:r:::i:[:::;rn1:r1ilmm 1 
0 0 0 0 o c:mimI1:111rn1:=M 0 

Not Available 

Non- Percent 
Small Small 

Entities Total Entities 

0 1 90% 
0 1 96% 
0 1 99% 
0 1 96% 
0 1 96% 
0 1 94% 
0 1 98% 
0 7 99% 
0 1 98% 
0 1 93% 
0 0 NA 
2 26 93% 
0 4 88% 
0 1 95% 
0 1 96% 
0 1 97% 
0 6 92% 
0 11 98% 
0 0 98% 
0 9 95% 
0 1 95% 
0 1 95% 
0 0 NA 

0 0 0 0 0 f!lIHIWITIIIIW 0 I 0 I 0 II NA 
0 0 0 0 0 
2 7 3 2 2 
0 0 0 0 0 I I I I I -..~1~1~1:E, 



Table 8-16 
Upper Bound Estimate of Affected Firms by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

ercen 
Less than $250,000 - $500,000 - $1,000,000 - $2,500,000 -

$5,000,000+11 
Small Non-Small Small 

SIC Code $250,000 $499,999 $999,999 $2,499,999 $4,999,999 Entities Entities Total Entities 
07 Not Available 
15 0 0 0 0 0 0 0 0 NA 
16 0 0 0 0 0 0 0 0 NA 
17 0 0 0 0 0 1 0 1 98% 
41 0 0 0 0 0 0 0 0 NA 
42 0 0 0 0 0 0 0 1 96% 
47 0 0 0 0 0 1 0 1 98% 
49 0 0 0 0 0 0 0 1 81% 
55 0 0 0 0 0 0 0 0 NA 
65 0 0 0 0 0 0 0 0 NA 
67 0 0 0 0 0 0 0 0 NA 
70 0 0 0 0 0 0 0 0 NA 
72 0 0 0 0 0 0 0 0 NA 
73 0 0 0 0 0 0 0 0 NA 
75 0 0 0 0 0 0 0 0 NA 
76 0 0 0 0 0 0 0 0 NA 
80 0 0 0 0 0 0 0 0 NA 

823,824,829 0 0 0 0 0 0 0 0 NA 
87 ex. 8733 0 0 0 0 0 0 0 0 NA 

89 0 0 0 0 0 0 0 0 NA 
90 to 99 Not Available 



I~ SIC 
Code 

10 -
12 
13 -
14 
20 -
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
44 
45 
50 
51 

0 
Employees 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

1-4 

Table B-17 
Lower Bound Estimate of Affected Firms by Industry and Size Category 

(for those industries where small entities are defined by number of employees) 

5-9 10-19 20-99 100-499 500+ Small 
Non- Percent 
Small Small 

Employees Employees Employees Employees Employees 

0 

Entities Total Entities 
0 0 0 0 1 1 13% 
0 ~~~-+~~~~f--~~~+--~-0~- I 0 0 0 1 1 37% 
0 0 0 0 0 1 1 31% 
0 0 0 0 0 1 1 49% 

I I I ~ •11 ~I I I : 0 0 0 0 
0 0 0 0 
0 0 0 0 

1 1 27% 
1 1 29% 
0 1 55% 

0 0 1 2 1 c11::;;rnn1rnrnmnm 4 3 7 61% 
0 0 0 0 o 1rn;mmI1M~mmm11 o 0 1 47% 
0 0 0 0 o 1i=mmmamrnurn:11 o 1 1 22% 
0 0 0 0 o E1:@:::1m1rnm;mn1 o 0 0 NA 
0 0 0 2 3 crnm:m11mmm:=n1 s 21 26 19% 
0 0 0 0 o nm::1m111:::::mmm1 o 3 4 8% 
0 0 0 0 o f.Mmmmawmmmm1 o 1 1 43% 
0 0 0 0 o imm:mt11mmm:w:11 o 1 1 41% 
0 0 0 0 o Mi:I:Mi.Htii!IliHIW o 1 1 43% 
0 0 0 0 1 1umrn:1::1imnrnm 1 4 6 22% 
0 0 1 2 3 1:rnr1nm1:1:rnmw:u 6 6 11 52% 
0 0 0 0 o i:::}ttt=:=:1:rnrnmrn11 o 0 0 38% 
0 0 0 1 1 crnii:lidt@rnm:=n1 2 7 9 24% 
0 0 0 0 o rn:mm%11:;mmmm o 1 1 7% 
0 0 0 0 o 1t1rn::rnam::rnmm~1 o 1 1 24% 
0 0 0 0 o biii!Ii@Ig!@lm!DI o 0 0 NA 

Not Available 
0 0 0 0 o nmmrnu1:mmmm11 o 0 0 NA 

0 0 0 0 0 
0 1 1 2 5 
0 0 0 0 0 

0 1 8% 
8 16 54% 
u I u II ~ I I I I I l

0 l-ll 0

I 11 11111'.lll ~ : - _. 
·:·:·:·:·:::·:::::·:·:::::::; ... ·:·:·:::-::::::::~:·:-:·:·: :::··:;:;:-:·:·:·:·:·:·:·:·:· .. :-:-:·:::::·:::·:-:;:::·:::. 



SIC Code 

07 
15 
16 
17 
41 
42 
47 
49 
55 
65 
67 
70 
72 
73 
75 
76 
80 

823,824,829 
87 ex. 8733 

89 
90 to 99 

Table B-18 
Lower Bound Estimate of Affected Firms by Industry and Size Category 

(for those industries where small entities are defined by annual revenues) 

Less than I $250,000 - I $500,000 - I $1,000,000 -
$250,000 $499,999 $999,999 $2,499,999 

$2,500,000 - I II Small I Non-Small 
$4,999,999 $5,000,000+ Entities Entities I Total 

Not Available 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 1 
0 0 0 0 1 1 
0 0 0 0 0 0 
0 0 0 0 0 t@:'EfI{EJI:]IU 0 I 0 0 
0 0 0 0 o rn:rrn:aunn::::n1 o 1 0 0 
0 0 0 0 o 1::i::mi:ir:i::::1i11 o 1 0 0 
0 0 0 0 o nr=:rn:::::::::o.:::r:::::ri11 o 1 0 0 
0 0 0 0 o 1::1::::r::''=:=iur:rmim a 1 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 

Not Available 

Percent 
Small 

Entities 
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