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PREFACE
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EXECUTIVE SUMMARY

INTRODUCTION

This regulatory impact analysis (RIA) was performed in conjunction with
the development of EPA's proposed rule to require corrective action for
releases from solid waste management units at hazardous waste treatment,
storage, and disposal facilities.! The results of this RIA demonstrate that
the proposed corrective action rule is a "major" regulation. Pursuant to the
Regulatory Flexibility Act, the Agency also assessed the impact of the
proposed rule on small businesses and determined that the rule will not have a
significant impact on a substantial number of such businesses.

The proposed regulations analyzed in this regulatory impact analysis are
authorized by Sections 3004(u) and (v) of the Resource Conservation and
Recovery Act of 1976 (RCRA), as amended by the Hazardous and Solid Waste
Amendments of 1984 (HSWA). Section 3004(u) requires that permits issued to
hazardous waste management facilities after November 8, 1984 shall require
"corrective action for all releases of hazardous waste or constituents from
any solid waste management unit at a treatment, storage, or disposal facility
seeking a permit under [Subtitle C of RCRA], regardless of the time at which
waste was placed in such unit."”™ RCRA Section 3004(v) mandates that EPA
require hazardous waste management facilities to undertake corrective action
for releases beyond the facility boundary.

Other elements of EPA's corrective action program include the
requirements under Section 3008(h) of RCRA and standards contained in Subpart
F of 40 CFR Part 264. Section 3008(h), which was added to RCRA as part of the
1984 amendments, authorizes EPA to issue orders requiring corrective action to
any facility authorized to operate under RCRA interim status whenever EPA
determines that there is or has been a release of hazardous waste into the
environment from such a facility. EPA's corrective action program also
includes the Subpart F requirements, which were in effect prior to HSWA and
address releases to ground water from certain types of land disposal units.

EPA expects that corrective actions at interim status facilities taken
under the authority of Section 3008(h) will generally be similar in nature to
actions required by the proposed rule. Moreover, the existing Subpart F
standards are being revised concurrent with the proposed rule to ensure
consistency in-the approach taken to corrective action. For the analysis in
this RIA, therefore, EPA assumed that the proposed rule, under the authority
of Sections 3004(u) and (v), will cover all RCRA corrective action. By making
this assumption, the Agency was able to analyze the impact of the proposed
rule as a single, uniform corrective action program applied to all types of

1 Regulatory impact analyses, mandated by Executive Order 12291, are

required for "major" regulations. Major regulations are defined as those likely
to result in (1) annual effects on the economy of $100 million or more; (2) a
major increase in costs or prices for consumers or individual industries, or
(3) significant adverse effects on competition, employment, investment,
productivity, innovation, or international trade.
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solid waste management units (SWMUs) at all facilities, regardless of permit
status. This RIA, therefore, goes beyond the requirements of the Executive
Order to analyze just the proposed rule and examines the entire RCRA
corrective action program rather than the proposed rule alone.

This RIA is organized into four separate parts, each containing a number
of chapters. Part 1 provides an overview of the RIA and the altermatives
considered by EPA in developing the proposed corrective action rule. Part 2
presents a quantitative analysis of the proposed rule that focuses on ground-
water cleanup. Part 3 contains the economic impact analysis and an overview
of Federal facilities while Part 4 summarizes the RIA.

In addition to this main report, four appendices were prepared.
Appendix A provides a detailed description of the facility data base used in
estimating the effects of the proposed rule. Appendix B discusses the
contaminant concentrations used to trigger corrective action in the
quantitative simulation described in Part 2. Appendix C describes the
methodology used in estimating the economic impacts of the rule. Finally,
Appendix D lists the costs and actions of CERCLA Records of Decision used to
described typical corrective actions in Chapter 4 of the RIA.

The remainder of this executive summary reviews the methodology and
principal results of Parts 1, 2, and 3 of the RIA. This executive summary
concludes with a section highlighting the primary conclusions and limitations
of the entire RIA.

QUALITATIVE ANALYSIS

In developing the RIA for the proposed corrective action rule, the
Agency analyzed both qualitatively and quantitatively several basic
alternatives for the rule. The alternatives studied range from a highly
conservative "cleanup to background" approach, with very little flexibility in
adjusting remedies for site-specific conditions, to an alternative in which
cleanups of releases are triggered in limited circumstances only. For the
qualitative analysis presented in Part 1 of the RIA, three alternative
regulatory strategies were developed and analyzed. Part 1 includes the
definition of the problem, a description of the three strategies, and a
multimedia analysis of the strategies, including a review of case studies.

Problem Definition

In developing the RIA, EPA assembled data to estimate the potential
scope of the RCRA corrective action program. The data used in generating
these estimates were obtained primarily from the Agency's existing database on
RCRA facilities (the Hazardous Waste Data Management System, or HWDMS), and an
analysis conducted for the RIA which examined a sample of 65 RCRA Facility
Assessment (RFA) reports. These reports typically are prepared by EPA or the
States prior to issuance of RCRA permits. The reports provide preliminary
findings as to what releases have or may have occurred and what investigation
should be conducted to verify and/or characterize the releases. These 65
RFAs, referred to collectively as the RFA survey, were used to estimate the
numbers and types of facilities that may require corrective action. Data from
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the reports also were used to support modeling for the quantitative analysis
of the RIA.

EPA estimates that there are approximately 5,700 facilities regulated
under RCRA Subtitle C that are potentially subject to the corrective action
authorities of RCRA Sections 3004(u), 3004(v), and 3008(h) and 40 CFR Part
264, Subpart F. The HWDMS classification scheme organizes these facilities
into three types: land disposal facilities (i.e., hazardous waste management
facilities with a landfill, surface impoundment, waste pile, or land treatment
unit), incineration facilities (i.e., facilities that have an incinerator but
no land disposal unit), and treatment and storage facilities (i.e., facilities
not belonging to either of the above two categories). There are about 1,500
land disposal facilities, 200 incineration facilities, and 4,000 treatment
storage facilities.

Prior to the enactment of HSWA, only certain units at land disposal
facilities were subject to corrective action. As explained above, HSWA
extended corrective action requirements to all SWMUs. Based on the RFA
survey, it is estimated that there are roughly 81,000 solid waste management
units at RCRA facilities, including some 3,000 land-based hazardous waste
management units that were subject to corrective action prior to the 1984 HSWA
amendments. Exhibit ES-1 summarizes the effect of HSWA on the scope of EPA's
corrective action program.

The number of solid waste management units at individual facilities
varies widely, ranging from one to as many as 1,300. Federal facilities,
because of their large size, typically contain many more solid waste
management units than non-Federal facilities. The RIA estimates that Federal
facilities operate an average of 55 SWMUs per facility while non-Federal
facilities operate an average of 12 solid waste management units (including
hazardous waste management units). Exhibit ES-2 presents the average number
of SWMUs subject to corrective action for the different facility types
(Federal and non-Federal combined) both before and after the enactment of
HSWA.

The types of solid waste management units found at facilities are
diverse. More than one-third (36 percent) are tanks used for storage or
treatment of wastes. Landfills comprise 16 percent, and surface impoundments
15 percent. The remainder are units such as container storage areas, piles,
land treatment units, incinerators and other miscellaneous units. The survey
also found a wide diversity within unit categories in terms of size, age,
general condition, types of wastes managed, and other factors.

The RIA also estimates that, on average, 62 percent of all facilities
have indications of possible releases, based on RFA findings, sufficient to
require follow-up remedial investigations (i.e., RCRA Facility Investigations
(RFIs)). Typically, facilities which have Subtitle C land disposal units and
incinerators are more likely to require RFIs than are treatment/storage
facilities (74 percent, 70 percent and 56 percent, respectively). Although
the analysis indicates that roughly two-thirds of all RCRA facilities will not
require corrective action, the Agency's experience with the corrective action
program to date (as confirmed by the RFA survey results), indicates that the
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EXHIBIT ES-2

PRIOR TO HSWA, THE TYPICAL FACILITY HAD FEW SWMUs
SUBJECT TO CORRECTIVE ACTION

Average No. of

Average No. of Land Disposal Units
Units Newly Previously
Subject to Subject to
Facilities Corrective Action Corrective Action a/
Land Disposal 13 2
Incineration 16 0
Treatment and Storage 14 0
All Facilities 15 1

Average
No. of
Total
Units

15

16

14

16

a/ Only RCRA-permitted land disposal units were subject to corrective

action prior to the enactment of HSWA.
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remaining one-third will require some type of corrective action, based on the
confirmation of a release in the RFI.

Potential releases of concern most often noted in RFA findings are
releases to ground water and soil. Of all facilities, 30 percent have actual
or suspected releases to ground water while 34 percent have confirmed or
suspected releases to scil. Facilities with confirmed or suspected releases
to surface water and air are less common, 17 percent and 7 percent
respectively. Finally, based on the results of the models used in the
quantitative analysis conducted for the RIA, approximately 31 percent (1,750
RCRA facilities) will have ground-water contamination requiring remediation.

Regulatory Strategies

EPA considered the following three alternative regulatory strategies in
developing the proposed corrective action rule:

. Strategy l: Cleanup to Background Levels As Soon As
Practicable For All Facilities;

. Strategy 2: Cleanup to Health-Based Levels, With
Flexibility in Timing; and

. Strategy 3: Cleanup to Health-Based Standards Only
Where Actual or Imminent Exposure Exists

Each of these strategies is discussed in turn below.

Strategy 1l: Cleanup to Background Levels As Soon As Practicable For All
Facilities

This strategy represents the most stringent and environmentally
conservative option of the three. Regulations modeled after this approach
would require complete restoration of all contamination back to the unit
boundary as quickly as could be practicably achieved. Contamination would
have to be cleaned up to background (i.e., the background concentration of a
waste in an environmental medium), which would amount to a "zero release"
standard. Under this strategy, extensive source controls would be required,
perhaps often involving treatment or destruction of all wastes that could
cause future contamination, in order to ensure that solid waste management
units would continue to meet the background cleanup standard.

Theoretically, this strategy would achieve the highest degree of
protection by reducing risks to human health and the enviromment. In
practice, however, current technologies cannot achieve consistently cleanups
to background levels. In addition, the economic impacts of such a regulatory
approach would be much greater than the other two options. Strategy 1,
therefore, could cause substantially more owners and operators to become
insolvent than Strategies 2 or 3, thereby placing additional demands on other
funding sources, such as State or Federal cleanup funds.
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Strategy 2: Cleanup to Health-Based Levels, With Flexibility {in Timing

In broad terms, this strategy would require cleanup of releases to the
unit boundary to concentration levels safe for lifetime human exposure (i.e.,
health-based standards). The timing for achieving these levels would vary
depending on a number of site-specific factors, such as the extent and nature
of the contamination, exposure potential, availability of technologies, and
other factors. Source controls would be required in order to prevent further
releases above health-based levels.

Because health-based standards are generally higher than background
levels, this strategy would cost less per unit of risk reduction than Strategy
1. Moreover, this strategy would facilitate technically feasible remedies
based on site-specific conditions more so than would Strategy 1. Therefore,
the economic impacts of this strategy, although substantial, would be
considerably smaller than for Strategy 1.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or
Imminent Exposure Exists

Under Strategy 3, corrective actions would be required only if there was
evidence of actual or imminent exposure to contaminated media (e.g.,
contaminated drinking water wells) above health-based standards. Moreover,
once triggered, the extent of cleanup would be tied to alleviating that
exposure. Cleanup to the unit boundary, therefore, would not be required
unless exposure were actually of concern at that point. Required source
control measures would be less extensive than under Strategies 1 or 2.
Moreover, protection against future exposure to contamination would rely
heavily on institutional controls (e.g., security fencing around a
contaminated facility to prevent access and exposure).

This regulatory approach would achieve a minimum level of protection, as
compared to the other two strategies. By allowing contaminated media to
remain contaminated based on current exposure patterns, protection against
future exposure could not be guaranteed. Thus, Strategy 3 is the least
protective strategy. This strategy would, however, be substantially less
costly to owners and operators relative to Strategies 1 and 2.

Based on an evaluation of these three broad regulatory strategies, which
is described in more detail below, EPA adopted the framework of Strategy 2 for
its proposed corrective action program. EPA developed the proposed corrective
action rule within the context-of Strategy 2 as the best approach for
protecting human health and the environment for releases of hazardous
constituents from SWMUs. In general, EPA followed Strategy 2 because it
provides an optimum balance in ensuring a high degree of protection of human
health and the environment while not placing unnecessary burdens on facility
owners or operators.

It should be understood that crafting a comprehensive rulemaking within
the broad confines of any of the three altermatives listed above would, of
necessity, require addressing a large number of specific policy questions.
Thus, a variety of specific regulatory blueprints could be created under any
one alternative. This is reflected in the proposed rule, which is generally
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patterned after Strategy 2, but also contains certain regulatory requirements
that could be considered to be a part of Strategies 1 and 3.

Multi-Media Evaluation of the Regulatory Strategies

The RIA also analyzes in Chapter 4 the three regulatory strategies
qualitatively by applying them to media-specific hazardous waste release
scenarios and to several actual case studies. In doing so, the RIA first
discusses the sources, transport, and potential threats of hazardous
constituent releases to ground water, soil, surface water, and air and then
describes typical corrective actions taken to address such releases. Second,
the RIA presents four example facilities, each with a release to one of the
four environmental media, drawn from existing RCRA and CERCLA case studies.
Finally, the three regulatory strategies are applied to the example release
scenarios and then analyzed in terms of their effectiveness in addressing the
releases.

The principal conclusion drawn from this qualitative analysis is that
Regulatory Strategy 2 is consistently the preferable strategy for each of the
media-specific scenarios analyzed in terms of flexibility and cost-
effectiveness. In addition to this analysis, the RIA also presents in Chapter
5 a series of case studies involving actual sites with hazardous waste
releases and remedies that would be required under the proposed rule. Both
the general analysis in Chapter 4 and the direct case study analysis of the
rule in Chapter 5 indicate that strategy 2, which correlates to the proposed
rule, is generally protective of human health and the environment. Moreover,
of the possible regulatory strategies, the proposed rule generally is both
protective and the most cost-effective approach.

QUANTITATIVE ANALYSIS

In addition to a qualitative analysis of three regulatory strategies,
EPA analyzed quantitatively five regulatory alternatives related to ground
water that were considered by the Agency in the development of the proposed
corrective action rule. EPA limited this quantitative analysis to ground
water, rather than including other media, primarily because modeling tools for
other media were not readily available. This RIA, therefore, only examines

!quantitat;vely the costs and effectiveness of the regulatory options in terms

of protecting ground water. The ground-water regulatory options are analyzed
using o ! ease, fate and transport, and corrective
action s (the Liner Location Model). This model and other such models
have been used extensively by EPA to, analyze previous hazardous waste
regulations.

The basic approach taken in the analysis involved use of the Liner
Location Model to simulate each of the five regulatory altermatives as it
would be applied at a sample of 65 RCRA facilities. The following section
summarizes the methodology used to model the costs and effectiveness of the
various regulatory alternatives, details the alternatives themselves, and
presents the principal conclusions of the quantitative analysis.
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Methodology

As noted above, sogfie 5,700 RCRA“facilities are potentially subject to
EPA's proposed corrective action quirements. Since it was not possible 6
study the effects of these qidirements at each RCRA facility, a sample of
facilities was chosen and characterized. This sample includes 21 land
disposal facilities, 41 treatment/storage facilities, and three incineration
facilities. Because of the way the sample was selected, these facilities are
intended to represent only those facilities at which the RFA will call for an
RFI. As explained in Appendix A, the model estimates of the extent and costs
of the corrective action program apply to all 5,700 RCRA facilities
potentially subject to the corrective action program, not just the sample
facilities.

Each of the 65 facilities was characterized based on a review of the
information contained in the RFA and, where data were unavailable, based on
best professional judgment. This process yielded the number and types of
SWMUs at the facility, dates of operation of SWMUs, types and quantities of
wastes managed in SWMUs, regulatory status of each SWMU, and other information
related to Federal ownership and type of facility. Using EPA's DRASTIC
system, the hydrogeology and climatic setting of each facility were
characterized.

Exhibit ES-3 presents a schematic diagram illustrating the various
procedures used in the Liner Location Model (LLM). The LLM begins with the
basic characterization of each facility described above. Using these facility
characterizations, facility-wide release profiles are generated. Each release
profile contains the total mass of each contaminant constituent release in
each year of the modeling period. For this analysis, the modeling period
extends for 200 years from 1920 to 2119.

After the releases from all SWMUs have been estimated, the fate and
transport of the released contaminants in the environment is simulated. If
the contaminant concentration at a ground-water monitoring well exceeds a
specific level, the LIM simulates the implementation of a cor tive action
Within the LIM, if corrective action 1is tfIggEfE8T’EEE—EEEET_iiizi;E;;_;EE
costs o c €ctive action and adjusts the contaminant concentrations to
reflect the impact of the action. The specific remedies simulated by the
model include capping, recovery WeII3, excavation, and excavation with
recovery wells. These four remedies were selected to represent the range of
costs and effectiveness of available corrective action technologies.
Combinations of remedies (e.g., capping with recovery wells) or types of
remedies other than those listed here are not used in the model. For some
regulatory options, however, institutional controls may be selected in some
cases.

In choosing an appropriate remedy for a specific facility, the model
evaluates the four ground-water corrective measure remedies using three
criteria, including effectiveness, cost, and feasibility. The different
remedy selection rules used for each of the five regulatory alternatives are
described in detail in the RIA.
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Regulatory Options

In conducting the quantitative analysis, a range of regulatory options
similar to those presented for the qualitative analysis were analyzed. For
comparison purposes, however, the quantitative analysis examined also a
"baseline” option, which reflects the pre-HSWA corrective action program. In
addition, the Agency developed four regulatory options, two of which were used
to approximate the approach of the proposed rule. These options (Options B
and C) provide an upper and lower bound to the costs of the proposed rule and
reflect the Agency's uncertainty about several of the data and assumptions
used in estimating costs, such as the types of remedial measures that will be
ultimately implemented. In structuring the modeling logic for this analysis,
it was necessary to make certain assumptions and use decision rules which vary
slightly from those used in the qualitative analysis. Nonetheless, the broad
regulatory alternatives examined in the qualitative and quantitative analyses
are generally the same. They are:

. Baseline Scenario

. Option A: Immediate Cleanup to Background

" Option B: Immediate Cleanup to Health-Based Standards
- Option C: Flexible Cleanup to Health-Based Standards
. Option D: Flexible Cleanup Based on Actual Exposure

The quantitative analysis examined each of the five regulatory options
in terms of the following criteria: cost, protection of human health and the
environment, flexibility in implementation, and technical practicability.
This analysis evaluates the effects of each alternative only as it would
address contamination of ground water.

Baseline Scenario

This option represents requirements under RCRA prior to enactment of the
HSWA corrective action requirements and is used as the basis for comparison of
costs and benefits of other options. Only land disposal units regulated under
Part 264, Subpart F, were assumed to be subject to corrective action. The
corrective action trigger and target concentrations, either the background
concentration or a Maximum Contaminant Level, are the same.? Only on-site
clean-up within the facility boundary is addressed. Ground-water removal and
treatment, or capping, are the only corrective action remedies considered.

Option A: Immediate Cleanup to Background
This option is the most stringent of those evaluated. All SWMUs, in

addition to regulated land disposal units, are subject to corrective action.
Any detectable release to ground water in excess of background levels would

2 For modeling purposes, the baseline scenario assumed that cleanup targets
would not be established at Alternate Concentration Limits under Subpart F.



ES-12

trigger action. Moreover, both on-site and off-site contamination must be
cleaned up to background levels as soon as practical. Finally, only remedies
that include excavation of the source are allowed.

Option B: Immediate Cleanup to Health-Based Standards

This option is intended to represent the upper bound approach to the
proposed rule. Under Option B, corrective action would be triggered only if
concentrations were detected above a health-based standard, rather than above
background concentrations. This option simulates use of four remedies (i.e.,
excavation, excavation with recovery wells, capping, and recovery cells).
Moreover, a remedy is simulated for every facility that triggers corrective
action regardless of the practicality or feasibility of the remedy. In
addition, unlike the previous option, cleanup of on-site contamination could
be deferred until facility closure, or the end of the post-closure period, at
which point cleanup to health-based levels would be required.

Option C: Flexible Cleanup to Health-Based Standards

This option is intended to represent the lower bound approach to the
proposed rule. As with Option B, it also addresses all SWMUs and uses health-
based standards as both trigger and target levels. As in the previous option,
owners and operators may defer cleanup of on-site releases until facility
closure or the end of the post-closure period. In this altermative, however,
owners and operators have considerable flexibility in identifying corrective
action remedies. Here, remedies less costly than source control can be chosen
if they achieve cleanup targets within a reasonable time frame. As a decision
rule to reflect the fact that the problems of scale and other technical
difficulties will preclude certain remedies at complex sites, remedies that
failed to achieve cleanup in a reasonable period of time (assumed to be about
130 years for this analysis) or that would be extraordinarily expensive (i.e.,
over $150 million) were rejected as "impracticable."” Instead, institutional
controls (e.g., security fences or restrictions on water use) would be relied
upon to prevent exposure in these cases.?

Option D: Flexible Cleanup Based on Actual Exposure

This option is the least stringent of the four post-HSWA scenarios. It
is similar to Option C, except that cleanup of off-site exposure could be
deferred if there is no actual human exposure to the release. If there is an
off-site exposure, corrective action must address the exposure. Again, under
this option, there is a flexible approach towards remedy selection, using the
same remedy selection rules as Option C.

Effectiveness Results

Exhibit ES-4 depicts the likelihood and timing of corrective action
under the regulatory alternatives. As this exhibit illustrates, the analysis

3 This approach is not intended to imply that remedies of this scope would
never be undertaken in practice, nor to define the limits of technical
practicability.
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EXHIBIT ES-4

CORRECTIVE ACTION IS DEFERRED FOR OPTIONS C AND D a/

Year in Which

Corrective Action Options b/

is Triggered c/ Baseline A B c D

1 9.7% 25.7% 12.4% 12.4% 12 4%

2-14 0x 2.9% 3.7% 3.7% 2.7%
15-39 3.6% 3.2% 10. 2% 10.2% 10.4%
40-133 1,22 11% 4. 7% 4. 7% 5,6%
Trigger Subtotal 14.4% 32.9% 30.9% 30.9% 30.9%
Never Trigger B5.6% 67.1% 69.12 69.1% 69.1%

a/ Percentage indicates the distribution of start dates among the total
population of facilities potentially affected by the corrective action program
(i.e., 5,661 facilities).

b/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure

¢/ Year 1 represents the year in which the corrective action program is
implemented.



ES-14

estimated that approximately 31 percent of all RCRA facilities will trigger
corrective action in all the post-HSWA options analyzed, while only 14 percent
trigger under the baseline pre-HSWA scenario. This reflects the requirement
that all SWMUs, not just land disposal units, are subject to corrective action
under post-HSWA options. Note that even in the post-HSWA options,
approximately two-thirds of the facilities will not trigger corrective action
for ground water.

Differences in trigger levels did not result in significant differences
in the number of facilities triggering corrective actions. However,
differences in target levels for the various regulatory options made a
significant difference in how many corrective actions were "successful" in
achieving cleanup levels, as is discussed later in this section.

Exhibit ES-4 lists when corrective action is triggered for each of the
regulatory options. The analysis demonstrates that, for Option A (Immediate
Cleanup to Background), in which corrective action must begin immediately,
approximately 26 percent of all existing RCRA facilities would initiate
corrective action in the first year of the program. 1In Options B, C, and D,
in which on-site corrective action can be deferred, only about 12 percent of
all facilities would initiate corrective action in the first year. The time
of trigger is important primarily because the deferral of on-site corrective
actions results in lower economic impacts.

Another primary output of the quantitative analysis is the distribution
of remedies selected across the five regulatory options. These remedy
selection results are presented in Exhibit ES-5. The remedy selection rules
for each of the options is detailed in Chapter 6 of the RIA. In general, the
selection rules favor reliable, long-term corrective action remedies (e.g.,
excavation) for the more stringent Options A and B (Immediate Cleanup to
Health-Based Standards) and a broader range of remedies and a more flexible
implementation approach for Options C (Flexible Cleanup to Health-Based
Standards) and D (Flexible Cleanup Based on Actual Exposure). For example,
institutional controls, such as security fencing or prohibitions on water use,
are allowed for Options C and D only.

Given the model results with regard to facilities triggering corrective
action, timing of triggering, and remedy selection, the primary measure of
effectiveness generated by the model is the time to reach target
concentration. This effectiveness measure represents the length of time
required for a corrective action to reduce all contaminant concentrations
below the target levels at all wells within 1,500 meters of the unit (i.e.,
the maximum modeled well distance). ‘This measure was developed because it
provides a consistent measure across all remedies and regulatory options. A
corrective action, thus, is defined to be effective for modeling purposes if
all constituents within 1,500 meters of the unit are cleaned up to their
option-specific levels.

Exhibit ES-6 presents the distribution among the baseline scenario and
regulatory options of the time required for the facilities that trigger
corrective action to reach target levels at all wells within 1,500 meters.
The "target not reached" category represents situations where none of the
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EXHIBIT ES-5

REMEDY SELECTION VARIES SIGNIFICANTLY AMONG OPTIONS a/

Options b/

Selected_Remedy Baseline A c/ B c D
Excavation N/A d/ 59.0% 3.1% 9.0X 9.8%
Excavation with wells N/A 20.7% 25.7% 4.6% 3.6%
Recovery wells 28.6% 20.2% 33.42 15.9% 14.9%
Capping 71.4% N/A 37.8% 64 .8% 65.0%
Institutional Controls N/A N/A N/A 5.7% 6.7%

a/ Percentage indicates the distribution of selected remedies at those
facilities triggering corrective action under the baseline scenario and
regulatory options.

b/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure.

c/ Option A is structured to require source control. Thus, capping and
recovery wells without source control (i.e., excavation) are not allowed.
However, for situations where excavation is infeasible, recovery wells alone
are simulated.

d/ N/A: Regulatory option does not allow this remedy.
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EXHIBIT ES-6

DISTRIBUTION FOR TIMES TO REACH TARGET
WITHIN 1,500 METERS VARIES AMONG OPTIONS a/

Baseline Option A Option B Option C Option D

Total Percent
of All
Facilities
Triggering
Corrective Action 14 .4% 32 9% 30.9% 30.9% 30.9%

Duration to
Reach Target

(Years) Percentages of All Facilities Where Contaminants Exceed Triggers
0-10 17 .1% 14.7% 23.7% 18.5% 18.5%
11-25 5.5% 7.0% 9.5% 3.1% 3.1%
26-50 9.7% 6.5% 15.9% 22.9% 21.9%
51-75 1.9% 5.5% 6.4% 6.72 8.0%
76-100 0% 5.1% 1.5% 3.32 1.8%
101-131 0% 0% 0.8% 1.8% 1.8%
Target Not Reached 65.8% 61.2% 42.2% 38.0% 38.3%
Institutional
Controls 0% 0x 0x 5.6% 6.6%
Total 100% 100% 100% 100% 100%

a/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure
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remedies resulted in target levels being reached at all wells within 1,500
meters

Under Options B and C, about 56 percent and 52 percent of the
facilities, respectively, are simulated to reach cleanup targets at all
modeled well distances within 75 years of initiation of the action. For
Option A, the proportion of facilities with corrective action not reaching
target concentrations at all wells within 1,500 meters is greater than the
percentage for Options B, C, and D, because the target levels for Option A
(i.e., cleanup to background) are more difficult to attain than those for the
other options (i.e., cleanup to health-based levels). Moreover, a somewhat
larger number of facilities take corrective action under Option A than under
the other three options.

In summary, based on the results of the quantitative analysis of ground
water, about 31 percent of the population of RCRA facilities subject to the
corrective action requirements are estimated to require corrective action for
ground-water contamination. Moreover, most of these actions appear likely to
be initiated prior to the year 2000. Finally, under the options most similar
to the proposed rule (i.e., Options B and C), over 50 percent of the
facilities undertaking corrective action are simulated to reach cleanup
targets at all modeled well distances within 75 years.

Cost Results

The Agency also developed estimates of the costs of corrective action
under different regulatory options on a per-facility and national basis.
These estimates were derived by the Liner Location Model, which applied
standardized unit cost algorithms to the 65 sample facilities comprising the
RFA survey. These algorithms were developed based on EPA experience, best
professional judgment, and standard construction cost estimation techniques.
The results of these cost calculations are summarized below. Note that all of
the costs were discounted with a rate of 3 percent and all annualized costs
were calculated using a period of 20 years.

Typical facility corrective action costs vary significantly depending
upon the specific regulatory option. The cost analysis demonstrates that the
most stringent post-HSWA regulatory option, Option A (Immediate Cleanup to
Background), is by far the most costly option, with a mean present value cost
of over $281 million per facility, and an annualized per-facility cost of
about $19 million (at a 3 percent discount rate). On the other hand, Option B
(Immediate Cleanup to Health-Based Standards) was estimated to have a mean
present value cost of $26.9 million and annualized per-facility costs of $1.8
million. Option C (Flexible Cleanup to Health-Based Standards) was estimated
to have a mean present value cost per facility of $6.3 million dollars and
annualized per-facility costs of $0.4 million. Option D (Flexible Cleanup
Based on Actual Exposure) was estimated to have a mean present value cost of
$4.8 million and annualized per-facility costs of $0.3 million. Finally, the
baseline per-facility cost is the lowest of all the options at a mean present
value cost of $3.8 million and an annualized per-facility cost of $0.3
million.
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The total national cost for EPA's corrective action program is
influenced by three parameters: the average cost of each action, the number
of facilities required to undertake corrective action, and the cost to
facility owners and operators of undertaking required investigations. Not all
facilities performing RCRA Facility Investigations (RFIs) are assured to
perform corrective actions. These investigative costs, therefore, are
included only in the national cost estimates and not the per-facility
corrective action cost estimates. Moreover, because cost data for RFIs and
Corrective Measures Studies (CMSs) are not available, the Agency assumed for
the sake of analysis that the typical RFI would cost $300,000 and the typical
CMS would cost $100,000. These estimates are based in part on EPA's
experience in the Superfund remedial action program. National costs discussed
below are presented in incremental terms (i.e., after subtracting the costs of
the baseline scenario).

Option A is the most expensive option, with an incremental total cost
above the baseline pre-HSWA scenario of $490 billion. This option was
estimated to have an annualized cost of $32.9 billion. Among the other
regulatory options, the differences in costs are primarily a result of
differences in timing of cleanup and in the flexibility afforded in terms of
choosing corrective action remedies. Option B was estimated at a total cost
of $41.8 billion, with an annualized cost of $2.8 billion. This option is
relatively costly, due in part to modeling assumptions as to the types of
remedial technologies which would be employed to meet these standards. Option
C was among the least costly, with a total cost of $7.4 billion, and an
annualized cost of $0.5 billion. The costs under this option are lower
because, in general, less expensive technologies are assumed and, for many
facilities, final cleanup of contaminated ground water would be deferred for a
number of years, thus reducing the present value costs. Option D, where both
on-site and off-sice cleanup of contamination could be deferred until closure
if there was no actual exposure, was somewhat less expensive than Option C.
Option D had a total cost of $5.0 billion and an annualized cost of $0.3
billion.

It is difficult, however, to validate these cost estimates using data
from the RCRA corrective action program because the program is relatively new.
EPA used data from the CERCLA remedial action program, which began in 1981 and
is similar in focus to the RCRA corrective action program, to verify these
estimates. Using the CERCLA data and correcting for many of the differences
between the two programs, EPA estimated that the estimated total cost for the
proposed corrective action rule is $12.9 billion, for an average per-facility
cost of $4.4 million (this estimate is for total, not incremental costs).

The total cost estimate is higher than the estimate of $10.6 billion in
total costs for Option C (calculated as $3.2 billion in baseline costs plus
$7 4 billion in incremental costs). The main source of this difference is
that the CERClLA-based analysis assumed that a much larger universe of RCRA
facilities would require corrective action. Much of the difference in the
per-facility costs arises from the fact that the CERCLA-based analysis
included many minor (and relatively cheaper) cleanups that were not included
in the estimates developed in the RIA analysis.
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In sum, the proposed corrective action regulation is most similar to
Options B and C. The Agency believes that the results of the quantitative
analysis support the proposed rule as being a flexible, cost-effective
approach that provides a high degree of protection of human health and the
environment.

SUPPORTING ANALYSIS

In addition to the qualitative and quantitative analyses of regulatory
alternatives performed for this RIA, EPA performed several supporting
analyses, including an analysis of national economic impacts due to the rule,
a regulatory flexibility analysis, and an analysis of the corrective action
program at Federal hazardous waste management facilities. All three of these
supporting analyses are summarized below.

Economic Impacts

With the cost information developed from the quantitative analysis, EPA
estimated the financial impacts of the proposed rule on affected firms. These
economic impacts were measured in three different ways, including a measure of
adverse impacts on facilities, a measure of adverse impacts on firms, and an
estimate of corrective action costs left unfunded by responsible parties due
to insolvency. Adverse impacts on facilities were calculated as the
percentage of facilities that would be unable to cover their corrective action
costs required under a given regulatory alternative without facing a high risk
of insolvency. The analysis assumed that a firm faces high risk of insolvency
when the cost of a corrective action reduces the firm's ratio of cash flow to
its total liabilities to less than l0 percent. This ratio, referred to as the
Beaver ratio, and the Egreshold of 10 percent, are commonly used to predict
bankruptcy. Ufuﬁﬁi

ptcy co e D

Under Option C, an additional 345 facilities, or 7 percent of all
facilities, relative to the baseline scenario might be unable to cover their
corrective action costs. Option C would result in less economic impacts than
Options A or B, however, which could create incremental adverse effects on as
many as 18 percent and 10 percent of all facilities, respectively.

In a similar fashion, firm impacts were calculated as the percentage of
firms facing adverse impacts. For this measure, it was assumed that an
adverse impact on a firm occurs when the corrective action costs required of
one or more of the firm's facilities cannot be covered by the firm without
placing it in a high risk of insolvency. Again, the insolvency risk measure
used is the Beaver ratio. Under Option C, the lower bound rule option, an
additional 224, or 9 percent of all firms, relative to the baseline scenario,
might face adverse impacts due to corrective action costs. Option C could
result in less economic impacts than either Options A or B, however, which
incrementally could adversely affect as many as 20 percent and 11 percent of
all firms, respectively.

The final measure of economic impacts used for this RIA was a measure of
unfunded costs. Unfunded costs are expressed in terms of the predicted total
costs left unfunded by facility owners and operators due to insolvency  These
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costs could be faced ultimately by entities other than the immediate owner or
operator of the facility, such as the Superfund (provided that the facility
would be eligible for Superfund funding), State remedial action funds, or,
through price increases, the customers of the firm owning or operating the
facility. The results of this analysis are presented in "undiscounted"”
numbers, since Superfund monies are generally described in undiscounted terms.
For scenarios other than the baseline, costs are presented on an incremental
basis relative to the baseline.

Under the baseline scenario, it was estimated that 9 percent of all
firms owning RCRA facilities would be adversely impacted, creating total
unfunded costs of $97 million (undiscounted) over the next 50 years. Option A
generated by far the highest level of unfunded costs, totaling $74.2 billion
over the next 50 years. Option B results in unfunded costs of over $5.1
billion over the next 50 years. Option C results in unfunded costs of $457
million over the next 50 years. Finally, Option D resulted in a total of $165
million unfunded costs, undiscounted, over the next 50 years.

Based on the RIA analysis, EPA anticipates that the ability to fund
corrective action costs will vary between industries. Industries that may
have a relatively low ability to pay for corrective actions include sanitary
services; coating, engraving, and allied services; and miscellaneous wood
products. These industries have relatively low net income levels. Industries
that show a particularly high ability to pay include petroleum refining, motor
vehicles and motor vehicle equipment, and aircraft and aircraft parts.

Regulatory Flexibility Analysis

The Regulatory Flexibility Act requires Federal agencies to fully
analyze the economic effects of regulations on small entities. For this RIA,
the Agency assumed that a small business is significantly affected if its
excess of cash flow over ten percent of its total liabilities is insufficient
to meet corrective action costs (i.e., if it failed the Beaver ratio test), or
if its net income is insufficient to meet its corrective action costs. These
two tests were chosen because they come close to established EPA criteria for
measuring economic impacts. With regard to measuring significant impacts
nationally, the Agency established in its guidance for performing regulatory
flexibility analyses that a substantial number of small entities are affected
if 20 percent or more of all small entities subject to a proposed rule are
affected adversely.

Using methodology similar to that used for estimating economic impacts,
EPA found that, under the regulatory options intended to represent the
proposed corrective action rule, small firms do encounter more severe impacts
from the corrective action requirements than large firms. These options
result in adverse incremental impacts (i.e., relative to the percentage of
firms affected under the baseline scenario) on approximately 9 to 1l percent
of small businesses owning RCRA facilities. Based on the Agency's guidelines
for implementing the Regulatory Flexibility Act, therefore, the results of the
analysis as summarized above suggest that the proposed rule does not impose a
significant impact on small entities when considered relative to the impact of
the baseline scenario.
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Federal Facilities

The RIA discusses Federal facilities as a separate category because,
although they constitute only 6 percent of the total RCRA facility universe,
they contain more SWMUs per facility (on average, 55 per facility compared
with 12 per facility for non-Federal facilities). Corrective action cost at
these facilities must be funded with public money.

The Federal facility component of the RCRA universe is not characterized
ag_gggéié&glx_gé_ggper components. Consequently, a precise estimate of the
number of Federal facilities requiring corrective action is not possible.
However, EPA estimated the range of the number of Federal facilities
potentially requiring corrective action.

Based on the RIA analysis, EPA estimates that, of the 352 Federal RCRA
facilities, between 30 percent and 100 percent are likely to require ground-
water corrective action under the proposed rule, with approximately 60 percent
representing the most likely estimate (compared to between 17 percent and 23
percent under the baseline). A rough approximation of the costs for these
corrective actions, per facility, ranges from $17 million dollars for the
baseline scenario to $1.3 billion for Option A (Immediate Cleanup to
Background). For Option C (Flexible Cleanup to Health-Based Standards), the
mean per-facility cost is estimated to be $29 million, or in annualized terms,
about $1.9 million per facility.

The analysis indicates also that total corrective action costs
incremental to the baseline for Federal facilities can range widely depending
on the regulatory option considered and assumptions about the number of
Federal facilities requiring cleanup. The lower bound regulatory option,
Option C, is estimated to have a potential total cost of about $6.1 billion
and an annualized cost of about $0.4 billion (i.e., total cost incremental to
baseline of $5.1 billion or $0.3 billion annually).

This analysis thus concludes that, although Federal facilities comprise

only 6 percent of the population affected by the corrective action program,
they will incur roughly 40 percent of the total cost of the rule.

CONCLUSIONS AND LIMITATIONS 7

In conclusion, thig
characterize the costs,

sory impact analysis was performed to

and other impacts of EPA's proposed
corrective action rule. pfieral approach taken was to establish
alternative regulatory >pttefis with varying cleanup targets, types of
remedies, and timing. These regulatory options were then compared and
contrasted both qualitatively, using hazardous constituent release scenarios
and case studies, and quantitatively, using a computer simulation model in
order to yield representative costs and benefits. Based on this analysis, the
following conclusions were reached:

. The qualitative analysis suggests that the regulatory
strategy upon which the proposed rule is based offers
a high degree of protection of human health and the
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environment while not placing unnecessary burdens on
facility owners and operators.

Based on the quantitative analysis, under the
regulatory options most similar to the proposed rule,
over 50 percent of the facilities undertaking
corrective action for ground-water contamination were
simulated to reach cleanup targets within 75 years.

Costs for ground-water corrective action under the
proposed rule were simulated to have a lower bound
mean present value cost per facility of $6.3 million
and an annualized per- facility cost of $0.4 million.
Moreover, under this same option, national costs were
simulated to be about $7.4 billion, or $0.5 billion on
an annualized basis, more than the costs that would
have been incurred for corrective action prior to the
enactment of HSWA.

Based on the economic impacts analysis for Option C,
an additional 7 percent of all facilities and 9
percent of all firms will face adverse impacts from
the corrective action requirements of the proposed
rule, leaving a total of $457 million (undiscounted)
in corrective action costs left unfunded due to
insolvency.

Based on the regulatory flexibility analysis, the
regulatory options most similar to the proposed rule
do not impose significant impacts on a substantial
number of small entities (i.e., only 9 to 11 percent
of entities are adversely affected) when considered
relative to the impacts of corrective action
requirements prior to the enactment of HSWA.

Finally, while Federal facilities comprise only 6
percent of all RCRA facilities, these facilities could
incur up to 40 percent of the total cost of the rule.

In reviewing the results presented by this executive summary, a number
of key limitations to the analysis and assumptions made in the quantitative
analysis and supporting analysis should be considered.
assumptions, which are discussed more thoroughly where appropriate throughout
In general, these limitations fall into three

effectiveness, costs, and supporting analyses.

Effectiveness

These limitations and

Effectiveness measures the degree to which a particular option
achieves the cleanup target. It should not be viewed as a measur

of potential ground-water protection benefits.
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Because the RIA simulated releases to ground water
only, the effectiveness of the regulatory options in
addressing releases to other environmental media is
likely to vary somewhat from the estimates presented
in the RIA.

Due to modeling constraints, the performance of
simulated remedies may diverge somewhat from the
actual performance and effectiveness of such remedies.
For instance, in the model, caps are simulated to fail
in 35 years and recovery wells are assumed to be 95
percent effective in removing ground-water
contamination. In practice, the life of caps and the
efficiency of recovery wells will vary from site to
site, depending on local factors, such as
hydrogeologic conditions.

Because only four remedies were simulated, the model
may not accurately reflect the broader range of
remedies available in practice. Moreover, the model
uses simplified remedy selection rules in selecting
among the range of remedies. In contrast, under the
proposed rule, detailed studies would be used as the
basis for selecting among corrective measure remedies.

In all cases, it was assumed for modeling purposes
that background contaminant concentrations are zero.
It is likely that, at some RCRA facilities, background
concentrations are not equal to zero. Because
concentrations must reach the detection limit before
corrective action can be triggered, it will take
longer to detect a release if background
concentrations are zero than it would if ground-water
supplies were already contaminated to a level higher
than the detection level. As a result, the RIA may
underestimate the likelihood of triggering corrective
action for all optionms.

Because the RIA models the entire corrective action
program (i.e., by including RCRA Section 3008(h) and a
revised Subpart F program in addition to the Subpart S
rule authorized by Section 3004(u)), the costs of the
Subpart S rule itself are overestimated.

The quantitative analysis assumes that the target
cleanup level is equal to the trigger level. Because
the proposed rule actually allows the target cleanup
level to be set at a point higher than the level at
which action is first initiated, the analysis may have
over estimated costs.
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The remedy selection rules used for the model only
approximate the proposed rule and are not as flexible
as the rule, thus potentially overestimating costs

Because the quantitative analysis modeled releases to
ground water only, this analysis underestimates the
costs of corrective action

For modeling purposes, remedies were simulated only
once for a given release scenario (i.e., not for
additional future releases), thus potentially
underestimating costs

Because of modeling limitations, the RIA does not
simulate the use of Alternate Concentration Limits
(i.e., site-specific cleanup standards set under
Subpart F). Thus, the RIA may overestimate the cost
of the baseline scenario and underestimate the
incremental cost of other options.

The RIA simulates off-site land disposal of excavated
wastes. However, the additional costs of treating
land-disposal wastes to the Land Disposal Restrictions
(40 CFR Part 268) were not included in the cost
estimates. Moreover, incineration of excavated wastes
was not simulated. As a result, the RIA may
significantly underestimate costs for the options that
select excavation remedies.

The model did not estimate the costs of institutional
controls where they were selected. As a result, the
RIA may underestimate costs for the options that
select institutional controls.

The RIA derives the costs of RFIs and CMSs from lower-
bound estimates of similar Superfund investigation
steps. If, in practice, the investigative costs for
RCRA corrective actions diverge from these lower-bound
estimates, then the accuracy of the cost estimates
would be reduced.

Using Superfund remedial action program data, total
national costs for the proposed corrective action rule
were estimated to be $12.9 billion (non-incremental to
baseline), compared to $10.6 billion to $45 billion in
total national costs (non-incremental) for the
proposed rule in this analysis.
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Supporting Analyses

. Because the economic impact analysis does not simulate
the availability of alternate funding sources, such as
payouts from financial assurance mechanisms, corporate
parents, price increases, Superfund, or State cleanup
funds, the RIA may overestimate the economic impacts
of the proposed rule.

. In the economic impacts and regulatory flexibility
analyses, corrective action costs are not simulated to
vary with the financial size of the firm required to
take corrective action. Therefore, the RIA may
underestimate the economic impacts of the proposed
rule on small firms.

. Federal facility costs are estimated using a very
imprecise methodology that involves extrapolating from
smaller private facilities to very large Federal
facilities. Actual costs observed at Federal
facilities may differ significantly from those
estimated in the RIA.



1. INTRODUCTION

The Environmental Protection Agency (EPA) prepared this Regulatory
Impact Analysis (RIA) in order to assess the costs and benefits of alternative
approaches to addressing releases from solid waste management units (SWMUs) at
facilities managing hazardous wastes.! Under Executive Order 12291 (issued
February 17, 1981), a Regulatory Impact Analysis is required for every major
Federal regulation. Executive Order 12291 defines a major rule as one that is
likely to result in: (1) an annual effect on the economy of $100 million or
more; (2) a major increase in costs or prices for consumers, individual
industries, Federal, State, or local government agencies, or geographic
regions; or (3) significant adverse effects on competition, employment,
investment, productivity, innovation, or on the ability of United States-based
enterprises to compete with foreign-based enterprises in domestic or export
markets The results of this RIA demonstrate that the proposed corrective
action rule is a "major" rule.

Regulatory Impact Analyses ensure that Federal agencies consider the
trade-offs between costs and benefits of proposed regulations. This RIA
quantifies, to the extent possible, the costs to society of alternative
regulatory approaches to cleaning up hazardous waste facilities, the economic
impacts on such facilities caused by compliance with the proposed regulations,
and the benefits of increased protection of human health and the environment
derived from the alternative approaches. By developing and organizing
information on costs, benefits, and economic impacts of proposed regulations,
this RIA is intended to assist EPA decision makers assess alternative
approaches to regulating hazardous waste release problems.

The proposed regulations analyzed in this RIA are authorized by Sections
3004(u) and (v) of the Resource Conservation and Recovery Act of 1976 (RCRA),
as amended by the Hazardous and Solid Waste Amendments of 1984 (HSWA).

Section 3004(u) requires that permits issued to hazardous waste management
facilities after November 8, 1984 require "corrective action for all releases
of hazardous waste or constituents from any solid waste management unit at a
treatment, storage, or disposal facility seeking a permit under (Subtitle C of
RCRA], regardless of the time at which waste was placed in such unic.”
Section 3004(v) mandates that EPA require hazardous waste management
facilities to undertake corrective action for releases beyond the facility
boundary.

EPA codified the provisions of Section 3004(u) by incorporating the
statutory language in 40 Code of Federal Re atio (CFR) Part 264, Subpart F
(50 FR 28702, July 15, 1985). EPA codified Section 3004(v) by adding 40 CFR
264 100(e) and 264.101(c) to the existing regulations (52 FR 45788, December

1 Throughout this RIA, the term "release" refers to the release of
hazardous wastes or hazardous constituents to the environment.



1, 1987). The proposed rule is intended to replace these codifications of
statutory language with a detailed regulatory program for corrective action
that includes investigative requirements, cleanup standards, and
implementation procedures.

The proposed corrective action rule, based on RCRA Sections 3004(u) and
(v), is just one element of EPA's corrective action program. Other elements
include the requirements under Section 3008(h) and standards contained in
Subpart F of 40 CFR 264. RCRA Section 3008(h), added to the statute by HSWA,
allows EPA to issue orders requiring corrective action to any facilicy
authorized to operate under RCRA interim status (i.e., facilities that have
not received a final Part B permit) whenever EPA determines that there is or
has been a release of hazardous waste into the environment from such a
facility. Finally, EPA's corrective action program also includes the Subpart
F requirements that existed prior to HSWA, which regulate releases to ground
water from regulated land disposal units at permitted facilities.?

For this RIA, the Agency assumed that the proposed rule, under the
authority of Sections 3004(u) and (v), will cover corrective action at all
RCRA facilities regardless of their permit status or the types of waste
management units present. By making this assumption, EPA was able to analyze
the impact of the proposed rule as a single, uniform corrective action program
applied to all types of units at all facilities. As noted earlier, EPA is
required, under Executive Order 12291, to analyze proposed rules and the
alternatives considered in their development. This RIA, however, analyzes
more than just the proposed rule; it examines the entire RCRA corrective
action program. This important assumption is explained briefly below.

HSWA created a statutory requirement that a RCRA permit must address all
releases to all media from all solid waste management units located at the
facility and the proposed rule specifically addresses such releases at
permitted RCRA facilities, except for releases to ground water from regulated
land disposal units subject to Subpart F. EPA is also authorized, under RCRA
Section 3008(h), to require corrective action at RCRA interim status
facilities. Concurrent with the proposed rule, EPA is also proposing
revisions to the Subpart F corrective action standards. The purpose of these
revisions is to ensure that units regulated under Subpart F and units
regulated under the proposed rule are treated consistently with respect to
ground-water releases.

Consequently, this RIA considers the effects of the proposed rule on all
facilities in the RCRA universe based on the following two assumptions:

1. Section 3008(h) corrective action orders at all
interim status facilities will require corrective
actions that are essentially identical to those
imposed at permitted facilities under the proposed
rule; and

2 Regulated units are defined in :0 CFR 264.90(a) as waste piles, surface
impoundments, land treatment areas, anc landfills that received hazardous wastes
after July 26, 1982.
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2. Subpart F will be revised concurrently with the
proposed rule so that regulated land disposal units
will be subject to the same standards as those in the
proposed rule.

The RIA is organized into four separate parts, each containing a number
of chapters. Part 1 contains Chapters 1 through 5 and provides an overview of
the RIA and the proposed corrective action rule. The scope of the hazardous
waste cleanup problem is discussed in Chapter 2. Chapter 3 presents the
various regulatory strategies and approaches considered by EPA in designing
the proposed rule. The qualitative effects of these alternative approaches to
corrective action for each environmental media (i.e., soil, air, surface
water, and ground water) are discussed in Chapter 4. Finally, Chapter 5
describes several case studies illustrating how the proposed rule may be
implemented.

Part 2 contains Chapters 6 through 9 and presents the quantitative
analysis of the proposed rule with respect to ground-water cleanup. Chapter 6
explains how the Liner Location Model (LLM) was used to analyze five
regulatory scenarios. Chapter 7 analyzes the effectiveness achieved through
ground-water cleanup by each regulatory alternative. Then, the costs of
implementing each corrective action alternative are analyzed in Chapter 8.
Finally, the estimated costs are compared to the experience of the Superfund
program in Chapter 9.

Part 3 contains Chapters 10, 11, and 12, the supporting analyses to the
RIA. In general, these supporting analyses are based on the results of the
Liner Location Model (LIM) analysis, and so primarily address corrective
action to ground water, although impacts of correcting releases to soil,
surface water, and air are discussed also. The economic impact of the
alternatives on firms is evaluated in Chapter 10. Chapter 1l evaluates the
effect of the proposed rule on small entities (i.e., small businesses), as
required by the Regulatory Flexibility Act. Chapter 12 assesses the effect of
the regulatory altermatives on Federally-owned or -operated hazardous waste
facilities

Part 4 consists of Chapter 13, the summary of the entire RIA.

In addition to this main report, four appendices were prepared for this
RIA. Appendix A provides a detailed description of the facility data base.
Appendix B discusses the hazardous waste concentrations that trigger
corrective action at facilities. Appendix C describes the methodology used in
estimating the economic impact of the rule. Finally, Appendix D lists the
costs and actions of CERCLA Records of Decision used to describe typical
corrective actions in Chapter 4 of the RIA.



2. PROBLEM DEFINITION

Congress significantly expanded the scope of EPA's corrective action
program in the Hazardous and Solid Waste Amendments of 1984. Prior to the
enactment of HSWA, only certain land disposal units at permitted facilities
vere subject to ground-water cleanup provisions. As explained in Chapter 1,
HSWA now requires EPA to ensure that corrective action is taken for releases
to all media, from all SWMUs, at all types of RCRA facilities, as necessary to
protect human health and the environment.

The proposed corrective action rule is designed to establish a
comprehensive regulatory framework for releases to all media from all SWMUs.
It will establish national consistency for implementing corrective actions,
including evaluating releases, initiating corrective action, and meeting
cleanup standards. Finally, the rule establishes standards for States seeking
authorization to conduct the Section 3004(u) corrective action program. This
chapter briefly describes the size and scope of the regulatory problem to be
addressed by the proposed rule.

2.1 THE PROBLEM

As of April 1987, EPA's Hazardous Waste Data Management System (HWDMS)
identified 5,661 RCRA Subtitle C facilities that are potentially subject to
the corrective action provisions of HSWA.! Of the 5,661 facilities, 5,309
(94 percent) are classified as "non-Federal facilities," which include
privately-owned facilities, State and municipal facilities, and non-profit
facilities. The distinction between Federal and non-Federal facilities is
important because Federal facilities are typically larger and have more SWMUs
per facility than privately-owned facilities; moreover, the types of hazardous
waste managed at Federal facilities tend to be less common (e.g., radioactive
waste mixed with hazardous waste).

Based on the HWDMS classification scheme, the RCRA Subtitle C facility
population is composed of three types of facilities:

1. Land disposal facilities, which are defined as
hazardous waste management facilities with a landfill,
surface impoundment, waste pile, or land treatment
unit;

! The number of facilities subject to corrective action may change as

facilities obtain permits or stop managing hazardous wastes. This estimate is
based on the facility population at the time the RIA commenced; the number of
facilities currently subject to corrective action provisions may be greater or
smaller.
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2. Incineration facilities, which are defined as those
facilities that have an incinerator but no land
disposal unit; and

3. Treatment and storage facilities, defined as all
hazardous waste management facilities that do not
belong to either of the above two categories.

Exhibit 2-1 shows the distribution of facilities by each type; the majority
are non-Federal storage and treatment facilities.

To create a facility data base for this RIA, EPA analyzed RCRA Facility
Assessments (RFAs) for a sample of 65 Subtitle C facilities, referred to as
the RFA survey. Based on the Agency's analysis of these data and other
available information, EPA found an average of 12 SWMUs per non-Federal
facility and an average of 55 SWMUs per Federal facility.? Across all types
of facilities, the average number of SWMUs is 16. Exhibit 2-2 shows the
frequency distribution of the number of SWMUs per non-Federal facility.
Because only 6 of the 65 RFAs used to create the facility data base are from
Federal facilities, there is no similar exhibit for Federal facilities.

Analysis of the facility data base also indicates that about 3,000 units
were subject to corrective action before the enactment of HSWA and that an
additional 78,000 have become subject to corrective action regulations as a
result of HSWA.?® Exhibit 2-3 shows that, prior to the enactment of HSWA, the
typical facility had very few SWMUs subject to corrective action under RCRA.
Similarly, Exhibit 2-4 illustrates the proportions (relative to the total SWMU
population subject to regulation by HSWA) of different types of SWMUs at land
disposal and treatment and storage facilities. The majority of units (about
95 percent) have been subject to corrective action requirements only since the
enactment of HSWA. The approximately 5 percent that were subject to these
requirements before HSWA were land disposal units at land disposal facilities.

About one-third of the total SWMU population are tanks used for
treatment or storage of hazardous waste. Landfills and surface impoundments
together constitute approximately another third of all SWMUs while container
storage units make up 14 percent of the total. The remaining 24 percent are
divided among transfer stations, waste piles, incinerators, injection wells,
recycling units, and other units. Appendix A provides a complete description
of this analysis and the resulting data base.

All hazardous waste management facilities have the potential of
releasing hazardous wastes or constituents into the environment during their
operating lifetime. In many cases, moreover, units may release to several
media simultaneously. For example, hazardous constituents from surface
impoundments may leach into ground water, ultimately reach ‘an outlet to
surface water or drinking water supplies, and release volatile constituents to

2  Chapter 12 of this report contains detailed information on corrective
action for Federal facilities.

3 Note that only a portion of these facilities, however, will require
facility investigations or corrective measures for releases.
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EXHIBIT 2-2

THE NUMBER OF SWMUS PER NON-FEDERAL FACILITY VARIES WIDELY,
FROM 1 TO OVER 30
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Source: ICF Incorporated, September 1987.



EXHIBIT 2-3

PRIOR TO HSWA, THE TYPICAL FACILITY HAD FEW SWMUs SUBJECT TO CORRECTIVE ACTION

Average No. of

Average No. of Land Disposal Units Average
Units Newly Previously No. of
Subject to Subject to Total
Facilities Corrective Action Corrective Action &/ Units
Land Disposal 13 2 15
Incineration 16 0 16
Treatment and Storage 14 0 14
All Facilities 15 1 16

a/ Only RCRA-permitted land disposal units were subject to corrective
action prior to the enactment of HSWA.



EXHIBIT 2-4

Almost all waste management units now subject to
corrective action were not regulated by Subpart F before HSWA.

33,000 Subtitie C treatment/storage

units at treatment/storage facllities 8y : 13,a0unsn-Salie s SWlE

at land disposal facllities b

6,000 Subtitie C
treatment/storage units
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at treatment/storage facillities L}

3/ subtitle C units are defined as active hazardous
waste management units generally subject to

Waste management units subject to RCRA Subtitie C design and operating standards.

corrective action only after HSWA

by Non-Subtitie C units Include closed units and
Waste management units subject to other units generally exempt from the RCRA
corrective action prior to HSWA Subtitie C design and operating standards.
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the atmosphere. Humans may be exposed to hazardous constituents through
several exposure pathways: by drinking contaminated ground or surface water,
breathing contaminated air or dust, ingesting contaminated soils, or coming
into direct contact with wastes.

Because the regulated community is so large (composed of about 5,700
facilities and over 80,000 SWMUs), the range of corrective actions required at
these facilities will be diverse. Several Federal facilities subject to the
corrective action requirements are large sites at which unusual wastes have
been placed in hundreds of SWMUs. Some RCRA corrective action facilities,
including some Federal facilities, will be similar in scope and complexity to
large Superfund sites and will require complex remedial actions. Currently,
about 150 RCRA facilities are on the Superfund National Priorities List.

In contrast, most RCRA facilities will have minor release problems
requiring relatively simple corrective actions. Contamination at some of
these sites will need to be addressed immediately in order to reduce risks to
human health and the environment while other sites will not require immediate
action. The corrective action program, therefore, has been designed to be
flexible enough to address a wide range of site conditions, procedural
situations, and cleanup needs.

In order to determine the overall need for corrective action, available
data and ground-water models were used to estimate the number of facilities
subject to each step of the corrective action process. Based on this
information, EPA estimates that about 3,500 (62 percent) of the 5,661
facilities potentially subject to the corrective action requirements under
HSWA will require a RCRA Facility Investigation (RFI). 1In addition, EPA
estimates that about 50 percent of all facilities conducting an RFI
(approximately 30 percent of the total regulated community) will require
corrective action for ground-water contamination.' Consequently, of the
approximately 3,500 facilities that must perform RFIs, about 1,750 are
estimated to require corrective action. This estimate only considers those
facilities that have triggered corrective action due to ground-water releases,
however, based on a ground-water simulation model. The actual number of
corrective actions required is likely to be higher when releases to other
media are accounted for. Exhibit 2-5 shows how many facilities are estimated
to require ground-water corrective action. EPA further estimates that, of the
approximately 1,750 facilities requiring corrective action, about 40 percent
may require immediate corrective action (i.e., beginning in 1987).°

4 See Chapters 6 and 7 for a complete description of how these estimates

are derived.

5> The bulk of this RIA was developed in 1987. The analysis, therefore,
used 1987 as the assumed first year of the HSWA corrective action program. While
the rule will not be proposed until after 1987, the analytic results are not so
sensitive that this discrepancy will significantly affect the overall results.
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EXHIBIT 2-5

ABOUT 31 PERCENT OF ALL FACILITIES WILL REQUIRE
GROUND-WATER CORRECTIVE ACTION

Total Facilities
(N = 5,661)

Estimated Percentage for which
RFA will Recommend RFI
62%

I

Facilities
Performing RFIs
(N = 3,487)

Estimated Percentage for which
RFI will Require Corrective Action¥*
502

Facilities Taking
Corrective Action
(N = 1,749)

* Estimated number of facilities requiring corrective action
based on ground-water cleanup only.
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2.2 NATIONAL EXTENT OF HAZARDOUS CONSTITUENT RELEASES TO THE ENVIRONMENT

This section presents an overview of the national extent of releases to
all media from hazardous waste management facilities. This overview is based
upon data gathered from the RCRA Facility Assessment (RFA) survey and the
National Priority List (NPL) data base of candidate sites for CERCLA cleanup.

No precise estimates are currently available concerning the number of
facilities that have released hazardous constituents to soil, ground water,
surface water, or air. The information gathered for this RIA from the RFA
survey and the NPL data base, however, provides a valid basis for generally
estimating the size of the national population of facilities that are
releasing or have released hazardous constituents to these media and would be
subject to corrective action requirements.

The RFA survey contains information characterizing 65 RCRA facilities
that have undergone a RCRA Facility Assessment and that were required to
prepare follow-up RCRA Facility Investigations. Assuming that facilities not
required to perform RFIs are not releasing significant quantities of hazardous
waste constituents to the environment, this data base provides the best
available information concerning the current status of hazardous waste
management and release events requiring corrective action at RCRA facilities.
This section also presents the NPL data describing release events from CERCLA
sites as corroborating evidence of the extent of the national problem. The
NPL data base contains information on 951 facilities (as of the date of this
analysis) that have been identified as priority sites for CERCLA cleanup.

The information contained in the RFA survey indicates that roughly 30
percent of all RCRA facilities (1,710 of 5,661) may have releases to ground
water requiring corrective action. In comparison, based upon reported NPL
information, 73 percent (695 of 951 sites) of the NPL sites reported releases
to ground water. This apparent discrepancy in percentages is expected,
however, since releases would necessarily have been discovered at a facility
to place the facility on the NPL, and a greater emphasis has been placed on
ground-water releases in the Superfund program.

The RFA survey indicates also that roughly 34 percent of all RCRA
facilities (1,920 of 5,661) are releasing or have released hazardous
constituents to soil. Although the NPL data base does not explicitly track
hazardous constituent releases to soils, the information on releases to ground
water provide a general indication of the extent of releases to soil, as well.
Hence, the NPL data base indicates that approximately 73 percent of NPL sites
have soil contamination.

Based on the RFA survey, approximately 17 percent of all RCRA facilities
are releasing hazardous constituents to surface water (980 of 5.,661
facilities). In comparison, according to the NPL data base, 42 percent (397
of 951 sites) of the NPL sites reported releases to surface water.

Finally, the information contained in the RFA survey indicates that
approximately 370 facilities are releasing hazardous constituents to air, or
roughly 7 percent of all RCRA facilities. In comparison, based upon reported
NPL scores, 14 percent (137 of 951 sites) of the NPL sites reported releases
to air.
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Overall, both the RFA and NPL data indicate that a potentially
significant proportion of the sites or facilities managing hazardous waste
have released or are releasing hazardous constituents to soil, ground water,
surface water and air, and that there is a significant need, therefore, for
corrective action to address releases to these media.

2.3 CONCLUSIONS

Congress clearly mandated that EPA require owners and operators of
hazardous waste management facilities to implement corrective action to
protect human health and the environment. In developing these corrective
action requirements, EPA recognized that the universe of facilities is both
large and diverse. As a result, the corrective action rule is designed to
provide considerable flexibility to address releases to all media from a wide
variety of releasing units,.

Approximately 1,750 facilities will require ground-water corrective
action to protect human health and the enviromment. The remedies selected and
the timing of corrective action are described in Chapter 6 of this RIA.



3. REGULATORY STRATEGIES

This chapter discusses the general regulatory approaches, or strategies,
that EPA considered in developing the proposed corrective action rule. As
noted in Chapter 2, the Congressional mandate of RCRA Section 3004(u) limits
EPA's discretion in developing its corrective action program. Under this
section of RCRA, EPA is required to address corrective action for releases
from solid waste management units (SWMUs) at facilities seeking a RCRA permit.
Although Executive Order 12291 urges Federal agencies to consider both
regulatory and non-regulatory alternatives when developing new regulations,
non-regulatory approaches (e.g., tax incentives) were not considered in
developing the corrective action regulations. The general regulatory options
that were considered in developing the corrective action rulemaking are
described below.

3.1 REGULATORY STRATEGIES

This section describes the three broad regulatory strategies EPA
considered in developing the proposed corrective action rule. Each strategy
represents a distinctly different approach to implementing cleanups at RCRA
facilities. These strategies focus on several key issues relevant to
addressing contamination at a RCRA facility, including the levels to which the
affected media will be cleaned up, the timing of cleanup requirements, and the
flexibility to address site-specific situations. The three strategies are:

Strategy 1. Cleanup to background levels as soon as
practicable for all facilities;

Strategy 2. Cleanup to health-based levels, with flexibility
in timing; and

Strategy 3. Cleanup to health-based standards only where
actual or imminent exposure exists.

These strategies represent a range of different approaches that EPA
considered in developing its corrective action program. The first strategy
represents a very stringent approach to corrective action that entails
complete restoration of all contaminated media to their condition prior to the
release while, under the third strategy, only contamination that constitutes
an actual threat to an exposed human population or environmental receptors
would be addressed. The second strategy represents a "middle ground"” in terms
of stringency. It requires corrective action whenever contamination exceeds
health-based levels, allowing flexibility in implementing cleanups according
to site-specific conditions.
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EPA's analysis of these three strategies is described briefly below. In
analyzing the three strategies, a number of comparative features were
assessed, including:

Protection of human health and the environment;
Cleanup to either background or health-based levels;
Timing of initiation of corrective action;

Location of the points of compliance;

Cost to the regulated community;

Source control to prevent future releases;
Consistency with CERCLA cleanup objectives; and
Technical practicability.

3.1.1 Strategy 1l: Cleanup To Background Levels As Soon As Practicable for All
Facilities

The objective of Strategy 1 would be to restore all contaminated media
to background levels as soon as possible. The point of compliance for
determining the extent of cleanup for each medium would generally be measured
at the unit boundary. Under this strategy, very extensive source control
measures would typically be required in order to ensure a high degree of
reliability over the long term for ensuring against any future releases in any
concentration. Such source controls would presumably often involve
substantial excavation of units and contaminated soils for treatment (e.g.,
incineration). Such actions would be required of owner/operators as
expeditiously as possible; little flexibility in timing would be allowed.
This strategy would rely on a simple, consistent standard (i.e., cleanup to
background concentrations for all constituents) to achieve the maximum amount
of cleanup possible and provide the greatest degree of protection to human
health and the environment.

Cleanup levels: Under this strategy, cleanup levels would be
established at the "background" concentration levels for all media. Few, if
any, site-specific adjustments to this standard would be allowed. It should
also be noted that in some situations, background concentrations may actually
exceed health-based levels, and thus, requiring cleanup to such levels may not
achieve the goal of yielding "drinkable" ground water.

Timing: Cleanups would take place as soon as possible under Strategy 1.
Owners and operators would be required to achieve cleanup targets, as well as
implement all other remedy requirements (e.g., source controls) as
expeditiously as possible. The exact timing requirements for a facility would
still be established on a case-by-case basis, based primarily on technological
capabilities; actual or potential exposure to contamination, and the ability
of owners and operators to control such exposure, would play little role in
establishing timing requirements for implementing remedies and achieving
cleanup targets.

Points of Co ance: This strategy would require that compliance with
cleanup standards be achieved at the unit boundary for all media. This also
represents the most conservative approach envirommentally by minimizing the
locations where exposures to releases could occur. This approach would impose
a particularly stringent standard for releases to the air medium (see the



discussion in the preamble to the proposed rule on points of compliance for
air releases).

Cost: By imposing very stringent cleanup requirements, Strategy 1 would
impose much higher costs on the regulated community than the other two
regulatory strategies. This would cause more severe economic impacts (i.e.,
bankruptcy of owners and operators), which in turn would impose substantially
greater burdens on the Superfund program to cleanup of those facilities.

Source Control: Very substantial source control measures would be
required under this strategy in order to ensure against future releases that
would exceed the background cleanup standard. It can be assumed that these
source control measures would more often rely on the use of treatment
technologies such as incineration to comply with source control requirements
than would Strategies 2 and 3, and substantially greater volumes of material
would be subject to such treatment. In addition, for any wastes deposited or
left in place, highly effective containment structures would be applied to
protect against migration of contaminants in the future.

Consistency With CERCIA: Strategy 1 would be the least consistent with
the CERCLA remedial action program among the three strategies by imposing a
background cleanup standard, and allowing only minimally site-specific
adjustment factors to influence cleanup decisions. This could create a
significant "disconnect” between the two programs.

Technical Feasibility: Cleanup to background levels would be
technically infeasible, in many cases, due to site-specific circumstances. In
addition, as the precision of analytic detection methods increases, background
levels may be measured at increasingly lower levels (e.g., parts per
trillion). The effective cleanup standards thus would become more stringent
over time. Cleanup standards under Strategy 1 would be technically much more
difficult to attain, therefore, in comparison to the health-based standards
that would be required under Strategies 2 and 3.

Protection: Theoretically, this strategy would provide the highest
possible degree of protection of human health and the environment by adopting
what would in essence be a "zero risk" standard for cleanup. Realistically,
however, achieving such a standard would often be impossible due to technical
and other limitations.

3.1.2 Strategy 2: Cleanup To Health-Based Levels, With Flexibility in Timing

The general objective of this strategy is to allow considerable
flexibility in tailoring remedial requirements to site-specific conditions,
with cleanup standards tied to health-based concentrations in all media. This
approach would be expected to yield a high degree of protection of human
health and the environment, while wminimizing unnecessary economic impacts.

The strategy would allow considerable flexibility in timing, with
cleanups deferred in some cases where owners and operators can assure that
exposure to contamination, as well as further significant envirommental
degradation, will not occur. Cleanup of contamination would generally be
required to the unit boundary, with some limited exceptions such as for



releases to air, where the point of compliance could be established to reflect
more realistic exposure conditions. In setting cleanup standards themselves,
site specific factors would be considered in setting the levels, and some
adjustments would be made in situations where cleanup to health-based levels
would not be a sensible remedial requirement (e.g., for reasons of technical
impracticability). In achieving remedial goals under this strategy, extensive
source control requirements would often be required.

Cleanup levels: Cleanup levels would be health-based standards that
could be adjusted on a site-specific basis. These levels would represent the
scientific consensus about cleanup standards that are protective of human
health and the environment based on very conservative exposure assumptions.

Timing: Flexibility in timing is a key characteristic of Strategy 2.
Cleanups could be conducted immediately, phased in over time, or deferred
depending on site-specific characteristics. For example, cleanups could be
phased in by first implementing source controls and then treating and
disposing the contaminated materials as capacity becomes available.
Flexibility in timing would generally be available only where no significant
risk would be created by deferring cleanups; in general, cleanup of off-site
contamination would not be deferred. Thus, Strategy 2 would be more flexible
than Strategy 1, which requires cleanups as soon as possible.

Points of Compliance: Compliance with cleanup standards generally would
be measured at the unit boundary under Strategy 2. Exceptions to this could
be made in some cases, such as for air releases from operating units, where
compliance with health-based levels might be required at locations that would
reflect more realistic exposure conditions at or beyond the facility.

Cost: Although the costs associated with implementing Strategy 2 would
be substantial, it would be considerably less costly than Strategy 1. This is
primarily because health-based standards are generally higher than background
levels, and therefore are less costly to attain with current technologies. In
additijon, the flexibility in timing allows owners and operators to spread more
costs over time, and would accordingly be expected to cause considerably fewer
bankruptcies than Strategy 1, and correspondingly lesser demands on Superfund
resources.

Source Control: Extensive source controls would often be required under
Strategy 2. However, the volumes of materials that would need to be subjected
to incinerator or other extensive treatment processes could be presumed to be
relatively less than for Strategy 1, since the standard for controlling future
releases (health-based vs. background) is somewhat less stringent.

Consistency W CERCLA: Strategy 2 would be more consistent with EPA's
current approach under the CERCLA remedial action program than either
Strategies 1 or 3. The goals of the two programs would be consistent,
emphasizing source control and long-term remedies. Moreover, both programs
provide flexibility to meet site-specific cleanup situations. Such
consistency is desirable because both RCRA and CERCLA may potentially apply to
particular sites and because EPA intends that environmental problems should be
addressed similarly under the two programs.
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Technical Feasibility: Strategy 2 would provide flexibility to both the
Agency and facility owners and operators in selecting the most appropriate
remedy. Waivers (e.g., for technical infeasibility) would accommodate site-
specific problems while protecting human health and the environment. For
example, where complete cleanup is not technically feasible, other methods to
reduce exposure to contaminants could be required, such as institutional
controls (e.g., restricting access to the site).

Protection: Strategy 2 would ensure a high level of protection of human
health and the environment. Achieving health-based standards would minimize
human health risks from carcinogens and non-carcinogens. In addition,
Strategy 2 would be more protective of the environment than Strategy 3,
because it would reduce the risks of future exposure to releases and prevent
degradation of environmental resources (e.g., ground water of drinkable
quality) regardless of whether human exposures actually occur.

3.1.3 Strategy 3: Cleanup To Health-Based Standards Only Where Actual or
Imminent Exposure Exists

While the goal of this strategy is similar to Strategy 2, Strategy 3
would not require cleanup unless there were actual human exposure to releases
above health-based levels, or actual threats to environmental receptors. If
there were no exposed populations or threats to the environment, no cleanup
would be required. For example, ground-water contamination would generally
not be remedied unless people were drinking the water. Source controls,
however, would be required to prevent continuing releases from degrading
environmental resources. This approach would use risk factors, such as the
location of exposed populations, current and future use patterns, and
environmental fate and migration of contaminants, to estimate human exposure
to releases. Cleanups would have to meet health-based standards at the point
of human exposure to contaminants. Strategy 3 would control future exposures
largely by relying on institutional controls.

Under Strategy 3, for example, an owner of a leaking hazardous waste
treatment tank would have to conduct a risk assessment of the site to
determine the extent of human exposure to the release. If the release
exceeded health-based standards in nearby ground-water drinking wells (i.e.,
the point of compliance), the owner would have to implement corrective action
expeditiously to reduce the contamination below the health-based standards.
For instance, the tank owner could replace the leaking tank, begin a ground-
water remedy, and provide nearby residents with bottled water until
contamination in the ground water falls below the health-based levels.

Cleanup Levels: Cleanups under Strategy 3 would be to health-based
standards (i.e., similar to Strategy 2) where exposure exists above these
levels. These levels are equal to or higher than the background cleanup
standards required under Strategy 1. Adjustments (e.g., technical
impracticability) would be allowed on a case-by-case basis, as under
Strategy 2.

Timing: Cleanups would be required as soon as possible after
determining that human (or environmental) exposure to contaminants above
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health-based standards exists. Where no human exposure or significant threats
to the environment exist, cleanup would not be required.

Points of Compliance: Compliance with cleanup standards would be
measured at the points of human exposure (i.e., where people are exposed to

contamination above health-based levels). Depending on the proximity of the
exposed population, contamination could extend a considerable distance beyond
the facility boundary before compliance with health-based standards would be
required. This approach could be difficult to implement, since estimates of
human exposure to releases often must rely on technically complex fate and
transport modeling procedures and are open to substantial debate, potentially
delaying cleanup actions.

Cost: Strategy 3 would entail the least cost among the three regulatory
strategies. Nonetheless, Strategy 3 could result in more costly cleanups in
cases where contamination is spreading quickly, thus producing a more
extensive cleanup at the time when remedial measures finally begin.

Source Control: Under Strategy 3, source control would be required only
if necessary to achieve the cleanup standards at the point of exposure or to
prevent continuing releases from degrading environmental resources (e.g.,
ground water). Thus, in this respect, Strategy 3 would be less stringent than
either Strategies 1 or 2.

Consistency With CERCIA: The concept of triggering cleanup of
contamination only where actual exposure problems exist is not compatible with
current CERCLA remedial requirements. This strategy would create a
significant disparity in the degree of cleanup -- and ultimately, protection
-- between the RCRA and CERCLA programs.

Technical Feasibiljicy: Strategy 3 would be expected to be the strategy
that would least often encounter problems of technical feasibility, if only
because considerably fewer remedies would be required, and less rigorous
cleanup standards would be applied. Thus, this strategy could be considered
the most "doable" of the three.

Protection: Strategy 3 would protect human health by requiring cleanup
to health-based standards where exposure above such levels exists. It would
be considerably less protective of human health and the environment, however,
than the other strategies. Since contamination would be allowed to remain,
prevention of future exposure to the contamination would often not be
guaranteed. In addition, this strategy would allow considerable resource
damage (e.g., polluted aquifers) to remain uncorrected and thereby unusable
for future generations.

3.2 CONCLUSIONS

Based on an evaluation of these three broad regulatory strategies, EPA
adopted the framework of Strategy 2 for its proposed corrective action
program. This strategy was used as the context for developing the proposed
rule, for several reasons. Of paramount concern was the need to develop a
regulatory approach which satisfied the RCRA statutory mandate of protection



of human health and the environment. EPA believes that Strategy 2 is highly
protective, and offers a level of protection roughly equivalent to Strategy 1.
Strategy 3, by allowing substantial resource damage to remain unaddressed, and
by relying heavily on the use of institutional controls and projections of
future exposure patterns, was rejected as being not sufficiently protective.

The corrective action process is designed to allow decision makers to
design remedies to fit the particular circumstances at the facility. EPA is
persuaded that Strategy 2 offers an optimum degree of flexibility in tailoring
sensible cleanup requirements to site-specific conditions (see above
discussions on points of compliance, timing, cleanup levels, and technical
feasibility). Strategy 1, in contrast, would establish cleanup requirements
in a manner much less sensitive to facility-specific conditiomns.

In terms of cost, Strategy 1 would be expected to have much greater
costs and associated economic impacts than either Strategies 2 or 3. This
presumption was confirmed in the quantitative analysis performed for this RIA
(see following chapters). EPA believes that imposing costs of this magnitude
on the regulated community to obtain what would likely be at best a marginal
effect on the environmental and human health benefits produced by the
corrective action program, would be unnecessary and unwise public policy.
Further, by causing relatively fewer economic impacts, Strategy 2 is expected
to create correspondingly fewer additional burdens on the Superfund program,
since more owners and operators will be able to bear the costs of cleanup.

Finally, Strategy 2 represents a regulatory approach that is designed to
be compatible with the CERCLA program, in terms of yielding similar remedies
for similar environmental problems. This consistency between cleanup progranms
is another important objective of the Agency in developing the RCRA corrective
action program.



4. CORRECTIVE ACTION FOR EACH ENVIRONMENTAL MEDIUM

4.1 OVERVIEW

This chapter addresses corrective action for hazardous waste releases to
all environmental media: ground water, soil, surface water, and air. In
Chapter 3, three regulatory strategies were described which outline alternate
approaches available to the Agency under HSWA to develop the proposed
corrective action rule. This chapter builds upon that discussion by
analyzing how the alternative regulatory strategies would affect corrective
action for releases to each of the environmental media. Each medium is
discussed separately in Sections 4.2 through 4.5. These media-specific
discussions include a description of release mechanisms, transport pathways,
exposure scenarios, and corrective measures under the alternative regulatory
strategies. Finally, the approach adopted in the proposed rule for each of
the media is compared to the regulatory strategies.

In the media-specific sections, the general regulatory strategies are
applied to an example facility requiring corrective action to illustrate how
the broad strategies would influence the conduct of a cleanup in a specific
situation. Because the regulatory strategies describe only general approaches
to corrective action, however, the example cleanups encompass certain
assumptions concerning the course of a corrective action. The clean-up
approaches described, therefore, do not represent all possible approaches
under the respective regulatory strategies, but are intended to depict the
general differences among the strategies.

Exhibit 4-1 illustrates many of the factors governing corrective action
discussed in this chapter and some of the exposure pathways that will be
addressed by the proposed rule. As illustrated in the exhibit, the extent of
the threat to human health and the environment from hazardous waste or
constituent releases is a function of several factors. In general, these
factors include: (1) the source and release mechanisms (e.g., volatilization
of hazardous organics); (2) the environmental transport medium (e.g., air);
(3) the distance to potentially exposed populations (e.g., the presence of a
nearby residential neighborhood); and (4) the route and duration of human
exposure and the toxicity and concentration of the contaminant at the time of
exposure (e.g., inhalation of carcinogenic volatile organics). These topics
are discussed further in the sections addressing the environmental media.

4.2 CORRECTIVE ACTION FOR RELEASES TO GROUND WATER

This section discusses the potential sources, transport mechanisms, and
resulting risks from releases to ground water. The section also describes
typical corrective action activities that could be employed to address
releases to ground water under the alternative regulatory strategies described
in Chapter 3 and then discusses the approach encompassed in the proposed rule.



EXHIBIT 4-1

RELEASES CAN LEAD TO EXPOSURES THROUGH ALL ENVIRONMENTAL MEDIA
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4.2.1 Releases to Ground Water: Sources, Transport, and Potential Threats

Hazardous constituent releases from solid waste management units (SWMUs)
may contaminate ground water through several pathways. For example, water may
infiltrate into a SWMU and produce leachate containing hazardous constituents
which may then move into ground water. In addition, direct releases to ground
water can occur when the water table comes into contact with the hazardous
materials in the SWMU. This may happen if the materials are actually buried
below the water table or, under certain circumstances, when the water table is
drawn up into the SWMU itself, thus bringing the water into direct contact
with hazardous materials. In any of these situations, soluble hazardous
constituents may enter the ground water directly.

Indirect releases occur when contaminants are released to another medium
and migrate into ground water. Indirect releases generally involve releases
to soil, from which constituents leach into ground water, or as releases to
surface waters that are connected hydrologically to ground water. The extent
of leaching or migration after a release from soil or surface water to ground
water will depend both on site characteristics (e.g., porosity of the soil,
depth to the water table, ground-water flow patterns, etc.) and on the
characteristics of the released constituents (e.g., viscosity, ability of the
constituents to degrade or persist, etc.).

The types of SWMUs that may release hazardous constituents directly or
indirectly to ground water include the following: underground injection
wells, surface impoundments, landfills, land treatment units, container
storage areas, tank systems, and waste piles.

Just as contaminants may migrate from soil or surface water into ground
water, contaminants released to ground water may migrate to other media as
well. For example, volatile constituents in ground water may release
hazardous gases into the unsaturated soil zone above the water table.
Likewise, contaminants in one aquifer may flow into other, interconnected
aquifers or into hydrologically connected surface waters. Again, the extent
of migration will depend primarily on both site and hazardous constituent
characteristics. In many cases, the extent of migration also may be affected
by human activities, such as the placement of irrigation or drinking water
wells that affect ground-water flow patterns.

Human exposure to contaminated ground water primarily occurs through the
withdrawal of water from wells for domestic use or irrigation. Hence,
ingestion and dermal contact through bathing or during irrigation activities
are the primary routes of exposure. Exposures also occur when contaminants
migrate to surface waters that are ingested or used for bathing. Moreover,
contaminants may enter surface water ecosystems or agricultural systems,
through the use of contaminated ground water for irrigation, and biocaccumulate
in organisms that are eventually consumed by humans (e.g., shellfish or grain
crops).

Depending on the constituents present in the ground or surface water and
their concentrations, such exposures may result in human health effects
ranging from acute illness or dermal irritation to chronic disease. 1In
addition to these environmental and human health threats, releases to ground



water pose other envirommental threats such as the contamination of wetland
ecosystems.

4.2.2 Typical Activities to Correct Releases to Ground Water

Corrective action to address releases to ground water will involve
activities to control the source of the release and activities to remediate
existing contamination. Because ground water can flow at relatively slow
rates, typically ranging from tens of feet to as little as inches per year,
constituent concentrations at any given location may remain high for long
periods of time if left unaddressed. In contrast, because ground water also
can flow at very high rates (e.g., hundreds te thousands of feet per), a
release can travel quickly and affect large areas. Remediation may be
critical in both of these situations.

The Agency anticipates that corrective action activities taken to
address hazardous waste releases to ground water will be similar to the
activities employed for Superfund cleanups. A summary of Superfund activities
to remediate ground water contamination, described by CERCLA Records of
Decision (RODs), is presented in Appendix D. As this exhibit illustrates,
activities designed for source control may include:

. Excavation and treatment or off-site disposal of SWMU
materials or contaminated soil from which leachate is
entering ground water;

. Removal and off-site disposal of lagoon sediments and
liquids;
. Installation of slurry walls and other systems to

intercept migrating constituents;
. Leachate treatment and off-site disposal;

. Installation of impervious caps to prevent
infiltration of water that can cause leaching; and

. Surface water diversion, treatment, and monitoring.

Ground-water remediation and assessment activities may involve:

. Pumping contaminated ground water;

2 Treating the ground water and either reinjecting it
into the aquifer or diverting it into a nearby surface
water;

. Replacing contaminated drinking water supplies with

alternative sources; and

. Ground-water monitoring.
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Note that because releases to ground water often involve, or occur in
conjunction with, releases to other media, activities taken at a site often
address more than one medium. For example, excavation of contaminated soil
may constitute both the remediation of a release to soil and the control of a
ground-water contamination source. The information presented in Appendix E,
therefore, represents the kinds of corrective action activities taken at sites
with releases to ground water rather than activities taken strictly to address
ground-water releases alone.

4.2.3 Analysis of Alternative Regulatory Strategies to Address Ground-Water
Contamination

The alternative strategies presented in Chapter 3 vary in their
requirements, especially with regard to the extent of cleanup. The following
discussion compares corrective action for ground-water contamination at an
example facility under these alternative regulatory strategies.

Example Facility

The example facility contains a RCRA waste pile unit and is located in a
remote area. Currently, portions of the facility property are being mined for
sand, gravel, and peat deposits. From 1967 to 1978 paint sludge was dumped in
a landfill that was created originally as a gravel pit. The SWMU is
approximately one-half acre in area and as deep as 30 feet in several places.
There are two hardened layers of paint sludge and a layer of five-gallon paint
buckets. Finally, layers of paint mixed with sand are present at various
depths. Altogether, the volume of waste material from which leachate is being
released to the ground water is roughly 15,000 cubic yards.

Because this site is remote, the ground water currently is not used as a
drinking water source or for other purposes. However, the ground water is a
potential drinking water source. Organic contaminants that have been detected
in on-site and downgradient monitoring wells indicate the migration of
contaminants from the landfill into the ground water. The types of
contaminants monitored include: volatile organic compounds (VOCs), organics,
inorganics, base-neutral compounds, TCE, toluene, xylene, and metals. Those
contaminants found in concentrations greater than health-based standards
include: benzene, chloroform, methylene chloride, chlordane, and heptachlor.
No significant surface water or air contamination was detected at the
facility.

Corrective Measures Under the Regulatory Strategies
The following discussion describes the corrective measures that might be
followed at the example facility and the resulting benefits under the

alternative regulatory strategies.

Strategy 1: Cleanup to Background Levels As Soon As Practicable For All
Facilities

This strategy would require the immediate cleanup of the ground water to
bring contaminant concentration levels down to background levels at the edge



of the landfill unit. Site-specific adjustments in the cleanup standards or
the timing of remediation would not be allowed under this strategy.

Potential Corrective Measures: The corrective measures required by this
strategy would include excavation of the entire 15,000 cubic yards of

contaminated waste and soil followed by treatment on-site. Also, the strategy
would require the sinking of monitoring and recovery wells along the unit
boundary to monitor the contamination plume and the installation of a
treatment system to remove, treat, and reinject (or divert to a surface water)
the treated water until contaminant levels at the edge of the landfill were
essentially zero (i.e., background levels given no other sources of
contamination).

Benefits Analysis: This regulatory strategy would impose a corrective
action program that is highly protective of human health and the environment.
Source control would be employed immediately to prevent future releases to
ground water. Furthermore, the requirement to clean up existing ground-water
contamination to background levels represents the most stringent standard
possible.

These extensive cleanup requirements, however, may entail considerable
costs and may be very difficult to complete. The imposition of these costs
may not be justifiable when one considers that the contaminated ground water
does not currently pose a threat to human populations. Moreover, only a
subset of the contaminants detected in the ground water exceed health-based
standards. Because these standards are designed to be protective of human
health and the environment, cleaning up to background may not significantly
improve environmental protection despite imposing prohibitive costs.
Furthermore, even if the costs were incurred, cleaning ground water to
background constituent levels is technically difficult and for certain
constituents may be impracticable.

Strategy 2: Cleanup to Health-Based Levels, With Flexibility in Timing

This strategy is designed to be fully protective of human health and the
environment by requiring cleanup to health-based standards (e.g., maximum
contaminant levels, reference doses, or risk specific doses) rather than
background levels, depending on site-specific exposure pathways. Under this
strategy, the Agency also could allow the use of interim remedies and
institutional controls rather than strictly requiring immediate remediation.
The remedy would have to be completed, however, prior to the completion of
facility closure.

Although the ground water underlying the example facility is not
currently used as a drinking water source, it is a potential source. The
corrective action program required under this strategy, therefore, would
include, first, the cleanup of the contaminated material and soils in order to
prevent future releases. Second, this strategy would require ground-water
treatment to bring the contaminants at concentrations above health-based
standards down to those standards at the edge of the unit boundary.

Potential corrective measures: The corrective measures would include
capping and closing the unit, thereby isolating the entire 15,000 cubic yards



of contaminated waste and soil and the removal of any remaining material
outside the unit for treatment or off-site disposal. 1In this case, a cover
would control continuing releases adequately. If a cover could not control
the release, then more extensive source control might be required (e.g.,
excavation). Also, the strategy would require the sinking of monitoring and
recovery wells along the contamination plume and the installation of a
treatment system to remove and treat the water until the contaminant levels
for benzene, chloroform, methylene chloride, chlordane, and heptachlor (i.e.,
those contaminants in concentrations greater than health-based standards) were
below their respective standards.

Benefits analysis: This strategy would be fully protective of human
health and the environment by treating the ground water to health-based
standards. Isolation of the contaminated wastes and soils also would prevent
future releases to the ground water. Relative to the first strategy, this
second strategy would be less costly and more technically practicable for two
reasons. First, for virtually all contaminants, treating ground water to
reach background concentrations would be very difficult and, therefore, far
more expensive than the lower level of treatment required to reach health-
based standards. Second, requiring that health-based standards be achieved at
the edge of the unit imposes less rigorous remediation than requiring
compliance at all points in the contaminant plume. Hence, this second
strategy is fully protective of human health, but is more practicable and
therefore less costly than the first approach.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or
Imminent Exposure Exists

The requirements of this strategy are similar to Strategy 2 in that
cleanup of the ground water must be to health-based standards. Moreover,
interim remedies and institutional controls also would be allowed under this
strategy by the Agency during the active life of the unit until permanent
remedies could be completed prior to closure. Unlike the health-based
approach, however, compliance with these cleanup standards need only be met at
the point of actual exposure. 1If the Agency determined that site-specific
conditions make exposure to contamination unlikely, then corrective measures
beyond source control may not be required. Ground-water remediation would not
be required as long as there were no potentially exposed populations in the
area. However, the hazardous materials would be consolidated and capped in
order to prevent further contamination from occurring.

Potential corrective measures: Because the ground water underlying the

example facility is not currently used as a drinking water source or for other
purposes during which exposure to contaminants could occur, the corrective
action program for this facility would not include remediation of the ground
water. However, some measure of source control would be required to prevent
the continuing release from further degrading the ground-water resource. This
approach represents a conditional remedy, contingent upon the exposure
pathways that may develop in the future (e.g., placement of a drinking water
well in the aquifer that would trigger ground-water cleanup).

Benefits analysis: As with the health-based strategy, this strategy is
designed to be fully protective of human health and the environment. However,



implementation of corrective action is contingent upon the presence of a
potentially exposed population. The aquifer underlying the example facility
is not a current drinking water source, but is a potential source. Hence, of
the three strategies, this strategy is the least expensive in the short term
because neither extensive source control nor ground-water remediation is
undertaken. However, the presence of a potentially exposed population in the
future may trigger more extensive and expensive ground-water treatment than
would be necessary if taken in the short term. Therefore, implementation of
this strategy may yield short-term savings at the expense of potentially
significant long-term resource damage and ground-water cleanup costs.

Comparison and Analysis of Strategies for Ground-Water Corrective Action

In sum, Strategy 1 offers the greatest protection of human health and
the environment in terms of reducing contaminant concentrations throughout the
aquifer. Requiring such stringent remediation may impose unnecessary burdens,
however, especially since remediation to background levels may be
impracticable, and because it is unlikely that drinking water wells will be
placed within the facility boundary. Strategy 3, on the other hand, may
overleok potential future exposure pathways and, thereby, result in delayed
remediation that could be considerably more extensive than efforts required at
present. Strategy 3 also does not account for the, loss of the ground-water
resource, regardless of whether actual exposures occur. Because Strategy 2
would require source control and the remediation of the contaminated ground
water to health-based standards beyond the point where exposure would likely
occur (i.e., the unit boundary), this strategy would be fully protective of
human health and the environment. Furthermore, it would not impose overly
stringent and potentially impracticable remediation requirements where
exposure to the ground water is not likely to occur.

4.2.4 Corrective Action for Releases to Ground Water Under the Proposed Rule

This section describes the approach to corrective action for ground-
water contamination contained in the proposed rule.

The proposed rule establishes 40 CFR Part 264, Subpart S requirements
for the cleanup of releases to ground water. The current requirements for
addressing releases to ground water are found in 40 CFR Part 264, Subpart F,
which require corrective action for releases from regulated land disposal
units only.! In general, the proposed rule modifies the existing Subpart F
approach for correcting releases to ground water by addressing releases from
all SWMUs and by shifting the emphasis of corrective action from ground-water
pumping and treatment to more comprehensive cleanups, including source
control.

Under the proposed rule, ground-water cleanup will be required to reach
MCLs, where available, or to health-based standards (e.g., Reference Doses or
RfDs). The point of compliance for cleanup under the proposed rule includes
the entire contaminant plume. This may include areas that extend beyond the

! The current Subpart F requirements also will be amended by a companion

Notice of Proposed Rulemaking to the Subpart S proposal.



facility boundary in those cases where the plume has migrated off site and the
owner or operator is able to gain access to the off-site property.

The rule proposes that the final remedy control the source of releases
so as to reduce or eliminate ground-water releases that may cause a threat to
human health and the environment. The timing of the source control may be
deferred, however, depending on the characteristics of the particular site.
The purpose of this source control requirement is to ensure that future
releases to ground water are prevented.

The proposed rule generally adopts an approach similar to Regulatory
Strategy 2. This approach calls for remediation of ground water to health-
based levels at the unit boundary regardless of current exposure patterns and
source control to prevent further degradation of the ground-water resource.

4.3 CORRECTIVE ACTION FOR RELEASES TO SOIL

Cleanups of hazardous constituent releases to soil are needed both to
prevent current exposure to the contamination and to allow for future use of
the contaminated property. Human exposure to soil contamination may occur
either through direct dermal contact with the contaminants or ingestion of the
hazardous constituents in the soil. Furthermore, indirect exposures may occur
following transport of the contaminants from the soil to other environmental
media. The characteristics of the releases and exposure threats addressed by
corrective action, the remedies available under the proposed rule, and
alternative regulatory strategies to address soil contamination are discussed
below.

4.3.1 Releases to Soll: Sources, Transport, and Potential Threats

The typical types of solid waste management units (SWMUs) that may
release hazardous constituents to soil include the following: surface
impoundments, landfills, waste piles, land treatment units, container storage
areas, tank systems, incinerators, and underground injection wells. The
proposed corrective action rule also addresses routine or systematic releases
of hazardous constituents to soil from units not meeting the definition of
SWMU.

Such past and current releases may result from mishandling of wastes or
the disposal of wastes into unlined or open areas, thereby allowing hazardous
constituents to infiltrate directly into the soil. Moreover, water-soluble
hazardous constituents may be leached from waste piles, unlined landfills, or
contaminated surface soils, leading to further soil contamination and
potential contamination of other environmental media (i.e., air, ground water,
and surface water).

Exposure to the hazardous constituents in contaminated soils may occur
under two general scenarios: (l) direct contact with the soil, or (2)
indirect contact with hazardous constituents transported from the soil to
other environmental media. Direct or proximate exposures are more likely to
involve on-site workers or visitors and may involve dermal contact or
ingestion. Soil ingestion is often associated with specific behavior patterns



of children. However, for active, controlled sites with little off-site soil
contamination, children may not have ready access to contaminated soils.
Therefore, soil ingestion may not be a serious problem.

Typical off-site, direct exposure routes also include ingestion,
inhalation, and dermal contact. Contaminated soils may be tracked or
windblown off-site and accumulate where direct human exposure may occur. Such
exposures could involve inhalation of contaminated dust particulates blown
into the air or dermal contact with accumulated contaminants. Exposure could
also occur through ingestion, if soil contaminants migrate off site.

The transport of contaminants from soil to other environmental media
depends upon certain site-specific conditions such as soil characteristics,
topography, adsorptivity of the hazardous constituents to soil particles, and
hydrologic conditions (e.g., rainfall, water table level, etc.). Surface soil
contaminants also may be spread through wind-induced dispersion, or through
human activities such as vehicle-induced saltation of soil particles and
movement of contaminated equipment.

Indirect exposure to contaminated soils may occur through a number of
routes. For example, contaminated scils may be carried into surface waters as
sediments and expose bottom dwelling plant and animal life. Contaminated
sediments can remain toxic for long periods of time, occasionally
recirculating in the water as a result of turbulence caused by storms,
dredging, or recreational activities. Moreover, surface water or wetlands may
be drained for development, thus exposing the contaminated sediments and
increasing the likelihood of human exposure. Contaminated soils also may be
transported to and accumulate in agricultural areas via wind dispersion or
surface run-off. Such contaminated soils may then become concentrated in
crops and livestock through bicaccumulation. Finally, scil contaminants also
may leach into ground water and contaminate drinking water supplies

In sum, releases to soil pose a potential exposure threat through a
variety of pathways. For example, a release of hazardous constituents to soil
may leach into ground water, be transported by runoff into surface water, or
volatilize into the air. Therefore, although it is important to note the
risks from direct human or environmental exposure to a soil release, the
movement of that release to other media also may pose an exposure threat both
at the time of the release and in the future.

4.3.2 Typical Activities to Correct Releases to Soil

The design of an appropriate corrective action to address a release to
soil will depend primarily on the potential routes of hazardous constituent
exposure to human populations, the current and future uses of the site itself,
and the current and potential uses of areas surrounding the site.

Because releases to soil may present a threat to human health and the
environment through the potential to migrate to other media, site-specific
characteristics (e.g., location, topography, and hydrologic conditions) and
the current and future uses of a site are critical considerations in
determining the appropriate corrective measure for a release to soil. For
example, sites with highly toxic constituents, highly vulnerable ground water



or surface water nearby, or large populations with ready access may warrant
immediate, permanent remedies, such as waste excavation and treatment or
incineration. On the other hand, remote sites with low contaminant
concentrations and migration potential or limited human contact may be
addressed adequately with institutional controls (e.g., prevention of public
access or land use restrictions) and site containment, such as waste
consolidation and capping.

The Agency anticipates that the types of corrective action activities
employed to correct soil contamination at particular sites will be similar to
the activities encountered for Superfund cleanups. Appendix D provides
details of the corrective action activities taken at a sample of CERCLA sites
and the costs of those activities. This summary, compiled from Records of
Decision, indicates that corrective action activities typically employed to
alleviate or prevent the effects of soil contamination include:

. Excavation and removal of soils for incineration, treatment,
and/or disposal;

" Treatment of soils in place to remove or immobilize
contamination; and

- Capping contaminated surface soils to prevent direct
contact and limit hazardous constituents from leaching
to ground or surface waters.

Note that these activities will effectively remediate other media, as
well, because releases to soil often can migrate. The summary presented here,
therefore, represents the kinds of corrective action activities taken at sites
with releases to soil, rather than the types of activities taken to remediate
releases to soil alone.

Because corrective action activities vary considerably from site to
site, as described above, the cost of remediation for a site is also highly
variable. Appendix D illustrates this wvariation. In general, costs appear to
be a function largely of the volume of soll requiring corrective action,
although transport of contaminated soils over long distances prior to disposal
also may result in high costs.

4.3.3 Analysis of Altermative Regulatory Strategies to Address Soil
Contamination

The strategies described in Chapter 3 vary in their requirements,
especially with regard to the extent of soil cleanup and the timing of
cleanup. This section compares the timing and level of cleanup associated
with corrective action implemented to address soil contamination at an example
facility under the regulatory strategies. The example is based upon a
description of a "real world” site, which has been modified for the purpose of
this analysis.



Example Facility

The example facility encompasses 120 acres and contains a closed 60-acre
landfill unit. The owner/operator also operates a second landfill on the
facility, which is a RCRA regulated unit. The closed landfill operated from
1958 to 1980 and is currently capped with a layer of clay. Wastes disposed in
the unit include municipal and industrial sludges, spent solvents, and
pesticide containers. A RCRA Facility Investigation indicated that this unit
released hazardous organic constituents, including benzene, dichloroethane,
and dichloromethane, into an area surrounding the northeast side of the unit.
This release resulted in the contamination of three acres of surface soils
(encompassing 7,260 cubic yards) outside the unit itself. Approximately 15
percent of the contaminated soils contain concentrations of organic
contaminants in excess of health-based standards. The site is currently
active, and therefore exposure of off-site individuals to the area of
contamination is controlled. No significant surface water, ground-water, or
air contamination was detected at the facility.

Corrective Action Measures Under the Regulatory Strategies

This section describes the corrective measures that would be followed at
the example facility and the resulting benefits under the regulatory
strategies.

Strategy 1l: Cleanup to Background Levels As Soon As Practicable For All
Facilities

This alternative would effectively require cleanup of all contaminated
soil to the unit boundary to background constituent concentrations.

Potential corrective measures: The corrective measures required under
this alternative would involve excavation to remove all contaminated soil,
followed by treatment of the contaminated soil on-site. The activities are as
follows:

1) Excavate all contaminated soil;
2) Treat the soil on-site in a mobile treatment unit;
3) Backfill the site with the treated soil, cover with a layer of

topsoil and revegetate; and
4) Maintain the site for 30 years.

The costs involved in excavating, treating, and disposing of 7,260 cubic
yards of soil would be high compared to the corrective measures under
regulatory Strategies 2 and 3 discussed below.

Benefits analysis: The corrective action under this altermative is
intended to be a complete cleanup of the site to prevent all future exposures
to the contaminated soil. However, such an extensive level of cleanup may be
neither technically practicable nor warranted in all cases. Because the soil
contamination at this site does not affect any other media, the main exposure
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threat is through direct contact with the soil. If the site remains
controlled or if there are no populations within the vicinity of the facility,
then such direct exposures may be unlikely. Furthermore, because the majority
of the soil at the site contains concentrations of contaminants which are
below health-based standards, exposure to much of the soil at the site would
not produce significant adverse health effects. As a result, the high cost of
requiring complete soil excavation and treatment may not be justifiable.

Strategy 2: Cleanup to Health-Based Levels, With Flexibility In Timing

When determining an appropriate corrective measure for the site under
this strategy, the Agency may consider the likely exposure patterns and tailor
the cleanup level to an appropriate health-based standard. As a result, only
the contaminated soil which exceeds the health-based standard at the site
would be excavated. In addition, conditional remedies may be used, such as
institutional controls, to prevent exposures during the operating life of the
facility, followed by completion of the remedy at closure.

Potential corrective measure: The corrective measure under this
strategy would address only the soil that contained concentrations of
contaminants in excess of health-based standards. The remedy would be
conducted on a multi-year basis with a conditional remedy instituted to
prevent exposures while the remedy was underway. The activities under this
strategy are as follows:

1) Install security fence around contaminated site and maintain
for the active life of the facility (assumed to be ten
years) ;

2) Excavate all soil with contaminant concentrations in

excess of health-based standards;
1) Treat the soil on-site in a mobile treatment unit;

4) Backfill the site with non-hazardous treatment residue
and cover with topsoil;

5) Cap the remaining contaminated soils with a two foot
layer of topsoil;

6) Revegetate the entire site; and

7) Maintain the site (mow, erosion control, rodent
control) for 30 years.

Approximately 975 cubic yards of soil would be extracted from the site
under this alternative. The cost for soil excavation, treatment, and site
cover and maintenance would be less than the costs under Strategy 1, but would
still be high compared to Strategy 3.

Benefits analysis: The clean-up approach under this alternative would
address all contaminated soils that could potentially produce adverse health
effects through direct contact. However, this alternative would not require
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cleanup of soils that do not pose a significant health risk. Such soils would
instead be covered to restrict contact, even though exposures would not impose
a significant risk. In addition, this altermative would allow remedies to be
phased in as long as institutional controls at a site would prevent harmful
exposures. At sites such as the example facility, which are active and could
effectively prevent exposures through the use of inexpensive security
measures, the corrective action could be implemented over a several year
period so long as it were completed prior to closure of the facility.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or
Imminent Exposure Exists

Under this strategy, the need for and type of corrective measure
conducted at a facility would be determined based upon a risk analysis of the
site. The Agency would determine the risk associated with the most likely
exposure scenarios at a facility and design the corrective measure
accordingly. If the Agency finds that the characteristics of the site make
exposure to the contamination unlikely, then corrective measures may not be
required. For example, if a contamination site were located within a
controlled industrial complex, exposure to the contaminants could be limited
and site remediation would not be required. If control of the site were not
feasible and therefore exposure were likely, cleanup to health standards could
be required.

Potential corrective measures: In the case of the example facility, the
corrective measure could involve either no action or simply consolidating and
covering the contaminated soils to prevent direct exposure.

The activities involved in soil consolidation and cover would include
the following:
1) Consolidate the soils that contain concentrations of
contaminants in excess of health-based levels;

2) Cover the area containing the contaminated soils with
a two foot layer of topsoil;

3) Revegetate the entire area; and
4) Maintain the site for thirty years.

The present value for these activities would be low compared to
Strategies 1 and 2. The low cost of this strategy reflects the absence of
soil excavation and disposal activities,.

Alternatively, if the Agency determined that the population patterns
surrounding a site and controls at the site would effectively prevent exposure
to the contaminants, no corrective action could be required under this
strategy. Hence, the cost of corrective action under this strategy could be
essentially zero for some sites.

Benefits analysis: Although this strategy represents the least cost.
option for owners and operators, it also provides for the lowest level of
assurance of protection for human health and the environment. There is no



guarantee that current assumptions concerning likely exposure scenarios will
not change over time. As a result, any contamination left in place could
eventually result in health damage, especially if soil concentrations in
excess of health-based standards were left in place. In addition, this
strategy may not address adequately movement of contaminants from soil to
other media and resulting indirect exposures. Finally, leaving the waste in
place would inherently involve resource damage and a loss of beneficial future
uses of the area containing the contaminated soil.

Comparison and Analysis of Strategies for Soill Corrective Action

Although Strategy 1 theoretically may be more protective than Strategies
2 and 3, cleaning up all contaminants to background levels may not be feasible
at many sites. Moreover, such a level of cleanup may not be necessary to
adequately protect human health and the enviromment. In contrast, the purely
risk-based approach described under Strategy 3 may not be sufficiently
protective if land uses surrounding a site change with time and direct
exposures become more likely. The third strategy also may not account for
other environmental degradation or transport of contaminants from soil to
other media. Hence, Strategy 2 is more protective by virtue of its requiring
corrective action to address contamination in concentrations above certain
threshold levels and is practicable in terms of achieving cleanup to health-
based levels.

4.3.4 Corrective Action for Releases to Soil Under the Proposed Rule

The general extent and severity of the soil contamination problem
addressed under RCRA §3004(u) and the activities that may be involved in
correcting this problem have been outlined above. This section describes the
approach to corrective action for soil contamination contained in the proposed
rule.

The proposed corrective action rule is designed to provide the Agency
with the flexibility to tailor the timing of corrective measures at facilities
with soil contamination based on the threat to human health and the
environment posed at these facilities through either direct exposure or cross-
media impacts. Specifically, the rule proposes to allow consideration of
current and anticipated future land use patterns when setting media cleanup
standards for soil during remedy selection. In addition, the proposed rule
would allow the use of conditional remedies that protect human health and the
environment during the term of the permit, with implementation of the final
remedy phased-in prior to closure.

Soils may pose a threat through the direct ingestion route, either
through consumption of soils or through inhalation of windblown soil
particulates. Under the proposed rule, the owner/operator would be required
to assess these exposure routes and compare likely exposure levels to health-
based standards. If deeper soils are contaminated, the proposed rule may
require that the RFI include an analysis of the risks posed by migration of
hazardous constituents through the soil to other media, such as underlying
ground water or hydraulically connected surface water. If the Agency
determines, based on these investigations, that contaminated deep soil is not
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adversely affecting other media under current or projected future use
scenarios, the Agency could require the owner/operator to place in the
facility deed, or other appropriate instrument, a notice of residual
contamination; active source control and remediation of the contaminated
medium, however, would not be routinely required in this situation.

A Corrective Measures Study (CMS) typically will be required if action
levels are exceeded or if it is determined that either surficial or deep soils
are adversely impacting other media. The proposed rule allows the Agency
flexibility to choose a final remedy which cleans up contaminated soil to
levels consistent with current and plausibie future patterns of land use at or
near the facility. For example, where access to an area would be unrestricted
upon closure, cleanup of contaminated soil generally would be required to
levels appropriate for residential development (i.e., direct contact). In
such a situation, exposure assumptions which assume a residential use pattern
with long-term contact to soils contaminated with carcinogens, as well as soil
ingestion by children of both carcinogens and non-carcinogens, might be most
appropriate to use when setting media cleanup standards. The proposed rule
also requires that the final cleanup standard for soils must be achieved at
any point where direct exposure to the soils may occur,.

In certain situations, the Regional Administrator may select a
conditional remedy that would not necessarily be the final remedy for the
facility, but would protect human health and the environment from exposure to
contaminated soil. For example, where an owner/operator can control direct
access to the contaminated soil, an appropriate conditional remedy for the
site might be the cleanup of contamination to a level consistent with current
exposure, together with permit conditions ensuring that use patterns did not
change. 1In this case, the owner/operator may be required to use institutional
controls (e.g., fences or other physical barriers) to prevent significant
direct exposures to contaminated surficial soil, or to implement engineering
controls to control the source of the release to surficial and/or deep soils
prior to implementation of the final remedy at closure.

As described above, the proposed corrective action rule generally adopts
the approach outlined under Regulatory Strategy 2. This approach is
protective of human health and the environment by reguiring cleanups of soil
contaminated at concentrations in excess of health-based standards.
Furthermore, the approach allows for the use of conditional remedies which may
delay cleanups and reduce costs, so long as adequate and protective
institutional or other controls are used on a temporary basis.

4.4 CORRECTIVE ACTION FOR RELEASES TO SURFACE WATER

This section discusses the potential sources, transport mechanisms, and
resulting risks from releases to surface water; describes representative
corrective action activities that may be employed to address surface water
releases; and outlines the proposed rule and alternative regulatory strategies
for the rule that this RIA has identified.



4.4.1 Releases to Surface Water: Sources, Transport, and Potential Threats

The severity of the threat to human health and the environment resulting
from surface water contamination is a function of the source of the release,
the extent of contaminant transport in surface water, the distance to a
potentially exposed population, and the route and duration of human and
environmental exposure. Each of these factors is discussed separately below.

Hazardous waste releases to surface water arise from four primary
sources: direct releases to the water; continuous or intermittent overland
contaminant discharges flowing into waterways; seepage of hydrologically
connected contaminated ground water into surface water; and deposition of
contaminants from the air. Direct releases may occur as a result of vehicular
accidents invelving carriers of hazardous waste, illegal dumping, or the
release or overflow of wastewater from an impoundment or lagoon. Overland and
ground-water flow also may transport leached hazardous constituents to surface
waters over time. The rate and quantity of contamination increases with
increased rainfall or flooding. Finally, air transport can lead to the
deposition of contaminants in surface waters. Volatile organics and
contaminated particulate matter may tend to disperse in the atmosphere,
however, and reduce the expected concentrations of constituents deposited
downwind.

Sources of hazardous constituent releases may arise from a variety of
SWMUs including the following: surface impoundments, landfills, waste piles,
land treatment units, container storage areas, tank systems, incinerators, and
underground injection wells.

Mechanisms influencing the transport, extent, and impact of
contamination depend upon factors such as the volume, temperature, and flow
pattern of the water and the characteristics of the released constituents.
Some contaminants are dispersed far downstream along with the surface water
discharge. Other contaminants tend to fall out of the water into the
sediments of the stream or lake. Such contaminants may continue to be
released from the sediments back into the water over the long term, however,
through chemical processes and turbulence or through the disturbance of the
sediments by bottom-feeding fish and other organisms. The presence and
composition of plant and animal life in the water also affects the fate of
hazardous constituents through biocaccumulation and biological degradation.

Exposure to hazardous constituent releases to surface water occur
through several pathways. Bioaccumulation (or biological magnification) is
the process in which toxic materials are absorbed by vegetation and small
animals and then passed along the food chain in ever increasing
concentrations. Animals living in contaminated water concentrate soluble
contaminants in their fatty tissues. As a result, many hazardous constituents
can become concentrated in fish and shellfish at levels higher than those
found in the surrounding water. Ultimately, the animals at the end of the
food chain, such as fish and humans, become exposed to high concentrations of
contaminants. Such exposures may pose a serious health risk due to the high
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concentration of constituents frequently found in animals living in
contaminated surface water.?

Human exposure following releases to surface water also occurs either
through withdrawal of contaminated surface water or in-stream contact with the
water. Typical withdrawal exposure points and routes include: drinking water
ingestion and contact with water used for cooking or bathing, consumption of
agricultural crops irrigated with contaminated water or livestock fed
contaminated water, and exposure to contaminated water withdrawn for
industrial use. In addition, individuals are exposed to contaminated water
during recreational use both through dermal contact and ingestion.

4.4.2 Corrective Action Activities to Address Releases to Surface Water

The preceding section characterized the problem of surface water
contamination by providing an overview of release and exposure pathways and
the resulting health risks. This section discusses the activities involved in
corrective action for releases to surface water.

The choice of an appropriate corrective action design to address a
release to surface water at a given site will depend primarily on the
potential routes of hazardous constituent exposure to human populations.
Because releases of hazardous contaminants to surface water often occur
initially as releases to other media (e.g., releases to soil resulting in
contaminated runoff or contaminated sediments and releases to hydrologically
connected ground water), corrective action activities taken to remediate
surface water contamination or to prevent additional surface water
contamination also may involve remediating other media. Moreover, the
potential for human exposure may indicate the appropriate extent of
remediation. For example, surface water which contains contaminated sediments
and which is used heavily as a drinking water supply or for recreational
activities may require extensive water treatment and sediment excavation to
protect the water supply and to control the sediment source. Likewise,
surface water in a remote area contaminated by natural conditions (e.g., high
turbidity), and therefore not a suitable drinking water source, may be
remediated sufficiently by containing the release source (e.g., soil surface
runoff controls) and applying institutional controls (e.g., prohibition of
recreational activities). In general, a wide range of corrective action
activities may be required to adequately address a release to surface water,
depending on the characteristics of the release source and the potential for
exposure of human populations or environmental receptors to contaminants.

The Agency anticipates that the types of corrective action activities
engendered by the proposed rule will be similar to those activities
encountered at Superfund cleanups. Examples of these activities are outlined
in Appendix D. This summary was compiled using Records of Decision for the
sites. As the summary indicates, the corrective actions typically employed to
alleviate or prevent surface-water contamination include:

2 y.S5. EPA, "Superfund Public Health Evaluation Manual," EPA/540/1-86/060.
October 1986.



. Excavation, treatment, or consolidation of bottom sediments;
. Wetland restoration and revegetation;
. Construction of surface water diversions (i.e., levees,

dikes, dams, or drainage ditches);

. Removal of contaminated surface soil to avoid leaching by
surface runoff;

a Extraction, treatment or drainage of ground water which may
drain to surface water;

. Capping soils or landfills to avoid contamination by surface
runoff; and

. Water sampling and monitoring.

Note that many of these activities, while addressing releases to surface
water, also address releases to other media. This summary of activities,
therefore, represents the kinds of corrective action activities taken at sites
with contaminated surface water, rather than activities strictly designed to
clean up surface waters alone.

Because the typical corrective action activities taken to remediate
hazardous waste releases to surface water vary greatly, costs for typical
corrective action activities differ as well, as the summary of activities and
costs in Appendix D illustrates. In general, the corrective action costs for
a site with contaminated surface water appear to be driven most significantly
by the extent of soil or sediment excavation required; the extent of surface
water diversion required; the need for ground-water drainage or extraction;
the need for a cover or cap; and the size of the contaminated area.

Based on the corrective action activities described in Appendix E, the
more costly actions tend to involve extensive sediment excavation, surface-
water diversion, and ground-water treatment. Because of the variety of
factors that influence the cost of a corrective action, however, it is
difficult to predict what a "typical” corrective action addressing surface-
water contamination might cost.

4.4.3 Alternative Regulatory Strategies to Address Surface Water
Contamination

The following discussion compares the level of cleanup required and
points of compliance associated with corrective action at an example facilicy
involving a release to surface water that would be implemented under the
alternative regulatory strategies presented in Chapter 3. Although the timing
of the remedy was raised as an important issue in the preceding sections
describing strategies for ground water and soil corrective actions, for
surface water there is no feasible way to differentiate among regulatory
strategies based upon the timing of the remedy due to the nature of the
medium. In contrast with ground water, contaminated surface water moves and



dissipates very quickly. Therefore, surface-water contaminatioms remediation
relies more on source control than treatment of the medium itself.

Example Facility

A hypothetical facility that has experienced hazardous constituent
releases to surface water is described below. The example is based upon a
description of a "real world"” site, which has been modified for the purpose of
this analysis.

This example involves a 23 acre chemical manufacturing facility situated
along the marshlands of a tidal river. Assorted waste containers, open steel
drums, and manufacturing debris have been stored on site in an open
impoundment approximately 50 yards from the river during the facility's ten
years of operation. Two reported incidents involving the rupture of two 500-
gallon storage tanks containing paint thinning agents and solvents occurred as
a result of flood events during these years. These events, combined with
leaching of soluble hazardous constituents from the surface impoundment,
resulted in PCB, organic solvent, and heavy metal (including lead, cadmium,
and chromium) contamination of the river water and sediments. The receiving
stream does not discharge to ground water in the area of the contamination.
Significant ground-water contamination, therefore, has not been detected at
the site. At the time of the facility investigation, contaminant
concentrations in the water did not exceed drinking water standards or other
applicable health-based standards, but high concentrations of organics and
heavy metals were found in the sediments and wetland soils immediately
dovnstream from the facility. A drinking water intake is located one mile
downstream from the facility.

Corrective Action Measures Under the Regulatory Strategies

This section describes the corrective measures that could be followed at
the example facility and the resulting benefits under the regulatory
strategies.

Strategy l: Cleanup to Background lLevels As Soon As Practicable For All
Facilities

This strategy would require source control to prevent further
contamination and would effectively require treatment of the water and
dredging of sediment and wetland soils to remove contamination, where
practicable. Due to the nature of the surface-water medium, contamination
generally does not remain in place within the water column for extended
periods of time. Consequently, source control is the primary corrective
measure to address surface water contamination. Nonetheless, although the
example described above involves releases to a river which would dissipate
quickly, still water bodies such as ponds and lagoons could tend to retain
contaminants in the water column for longer periods of time. If contaminants
remain in the water body, treatment techniques are available to remove the
contaminants, including liming and the use of polymers as contaminant
precipitants.



Potential corrective measure: The corrective measure would focus on
removing contaminants from the water system, including constituents in the
water column, sediments, and wetland soils. Presumably, only very low levels
of contaminants would remain in the water itself, because the river flow would
continually cleanse the water column. Therefore, water treatment would yield
little environmental benefit. However, contaminants would remain in the
sediments and these contaminated sediments could continue to leach hazardous
constituents into the water over time. These contaminants also could
bioaccumulate in fish and shellfish and result in adverse health effects
through consumption. Hence, the major corrective measure undertaken at this
facility would involve source control to prevent any future releases to the
water, followed by limited sediment and wetland soil dredging and disposal
off-site. Such dredging would be conducted, however, only if the
environmental damage caused by the dredging were not greater than the harm
caused by leaving the contamination in place.

Benefits analysis: If this corrective measure were completed
successfully, it would effectively remove the sources of future contamination
from the site. However, removal of all contamination from such a site would
prove very difficult, costly, and damaging to the environment. Contaminants
can disperse over a large area in a water system. Therefore, a potentially
large volume of sediments and soils would have to be dredged from the site,
thereby causing environmental damage from the dredging itself. Furthermore,
many contaminants become relatively immobile in sediments. Hence, they do not
return to the water column in high concentrations. Once dredged up, however,
the process can resuspend contaminants and lead to additional exposures in the
water column. Finally, removing all contaminants from a water system may not
be warranted on the basis of human health protection. If contaminants are
present in low concentrations in the water (as in the case of the example
facility), the contaminant concentrations may not exceed drinking water or
ambient water quality standards. Hence, under this strategy only such
treatment would be required that would provide human health benefit, while not
adversely damaging the environment.

Strategy 2: Cleanup to Health-Based Levels, With Flexibility In Timing

This strategy mandates source control to prevent further contamination
and cleanup of water systems to prevent exposures above health-based levels
anywhere within the water body, and specifically at the point of entry of the
contaminant. Because contaminant concentrations in the water were measured at
levels below health-based standards, additional activities beyond source
control, such as water treatment and sediment dredging, would not be required.
In this case, sediment resuspension or bioaccumulation in bottom-feeding fish
is not expected to lead to damage to human health and the environment.

Potential corrective measure: No corrective measure beyond source
control would be required at this facility. Hence, no water treatment or
sediment excavation would be required.

efit alysis: Because sediment removal and water treatment is not
required under this strategy, the costs and environmental damage resulting
from such activities would be precluded. However, if long term contamination



and bioaccumulation of contaminants in fish emerged as a problem, it could be
addressed through institutional controls which would limit exposure to the
contaminated fish.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or
Imminent Exposure Exists

This strategy requires corrective action only to limit contaminant
concentrations at actual points of exposure, such as drinking water intakes.
Because the contaminant concentrations in the water columm are very low and
virtually non-detectable at the drinking water intake, no action would be
required at this site. Limited action might be required, however, if
envirpnmental damage were severe. In that instance, source isolation or
removal might be required to prevent further environmental damage.

Potential corrective measure: No action.

Benefits analysis: By only requiring corrective action to correct
measurable exposures above health-based levels, this approach is less likely
to require action than Strategies 1 or 2 and is, therefore, less costly.
However, this strategy is also least protective. It does not address
incidental human exposures in the water body or biocaccumulation. Potential
future contamination of the drinking water source caused by resuspension of
the bottom sediments (e.g., during a storm event) also might not be addressed.
Environmental degradation is not addressed in this instance, because such
degradation is not severe. If environmental degradation were a problem,
however, source control could be required under this strategy. Furthermore,
in certain situations, this strategy could allow for discharges of hazardous
constituents into a surface water to continue so long as the discharge
dissipated before reaching a point of contact, such as a drinking water
intake, or was present at a low concentration.

Comparison and Analysis of Strategles for Surface Water Corrective Action

Due to the nature of the medium, source control should generally prove
to be an adequate corrective measure to address surface water contamination.
In most cases, water treatment and extensive sediment dredging would not be
required because contaminants tend to become isolated in sediments, which
generally limits exposures above health-based standards. Strategy 1l does not
account for this characteristic of the medium by requiring water treatment and
sediment removal when such activities might not be warranted on the basis of
human health and environmental protection. However, in some circumstances,
limited sediment removal may be needed to prevent possible future
contamination of the water body and to reduce bioaccumulation problems and
environmental damage. Focusing only on measuring health-based concentration
levels at readily identifiable points of exposure, such as drinking water
intakes as described under Strategy 3, may overlook other points of exposure
and one time events that could lead to damaging exposure episodes. Strategy 2
avoids this problem by assessing contaminant concentrations at all points in
the water column. Furthermore, while Strategy 2 would rely on source control
as the primary corrective measure for surface water, limited sediment removal
could be required under the strategy to prevent bioaccumulation problems or
resuspension of contaminated sediment.
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4.4.4 Corrective Action for Releases to Surface Water Under the Proposed Rule

The proposed corrective action rule addresses human health risks posed
by direct exposure to contaminated surface water from a variety of sources,
including ingestion of water and consumption of aquatic organisms. The
proposed approach also reflects the fact thdt concentration levels protective
of humans based on such intakes often may be insufficient for protection of
aquatic life or sensitive ecosystems. It does so by relying on State Water
Quality Standards (WQS), which explicitly factor in the State-designated uses
of the surface water and the sensitivity of the environmental system, and on
Federal Water Quality Criteria, which consider human and environmental
exposure to contaminated surface water, in determining action levels which are
protective of human health and/or aquatic life.

If action levels in surface water samples have been exceeded, or if
other investigations indicate that contaminated sediments pose a threat to
human health or the environment, a CMS may be required. The proposed rule
provides the Agency with the flexibility to consider potential uses of the
surface water and all potential routes of human exposure to contamination, as
well as exposure of sensitive environmental species or systems, when setting
media cleanup standards at remedy selection. The Regional Administrator will
specify the locations where surface water or sediment samples must be taken to
monitor surface water quality, and demonstrate that compliance with surface
water cleanup standards has been achieved.

This approach adopted by the proposed rule is similar to the approach
described under Regulatory Strategy 2 above. As with Regulatory Strategy 2,
the proposed rule focuses on source control as the best means of preventing
contamination of surface waters, but acknowledges the need for "in-stream”
corrective measures such as sediment dredging in isolated circumstances.

4.5 CORRECTIVE ACTION FOR RELEASES TO AIR

This section specifically assesses corrective action to address
hazardous constituent releases to air. The section describes air release
sources, transport mechanisms, and exposure pathways, as well as resultant
human health risks. Representative corrective measures to address air
releases are also described, followed by a discussion of the manner in which
releases to air- are addressed by the proposed corrective action rule.

4.5.1 Releases to Alr: Sources, Transport, and Potential Threats

As demonstrated in studies prepared by EPA,? air releases of volatile
organic compounds (VOCs) are known to occur from hazardous and nonhazardous
waste units. Evidence from states such as California indicates that SWMUs can
be a significant source of VOCs, such as chloroform. The level of exposure to
such air releases experienced by a population will depend upon the amount of

3 U.S. Environmental Protection Agency, "Analysis of Air Emissions and
Controls at Municipal Landfills," prepared for the Office of Air and Radiation
by Radian Corporation, July 1987.
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hazardous constituents released, the fate and transport of those constituents,
and the proximity of the potentially exposed populations. Health risks
resulting from exposure will depend on the duration of exposure (i.e., acute
or chronic) and the toxicity and concentration of the contaminants.

The two most typical types of release of hazardous waste or hazardous
constituents to air are the volatilization of organic compounds and the
generation and transport of airborne dust particles from contaminated surface
soils or waste piles.*®

Releases to air may occur from a variety of SWMUs including the
following: surface impoundments, open tanks, landfills, land treatment units,
waste piles, container storage areas, incinerators, and non-RCRA wastewater
treatment ponds.

Typical VOCs, which arise from SWMUs such as surface impoundments,
include benzene, toluene, chloroform, and other organic solvents. Many of
these VOCs are known or suspected carcinogens, or may cause other detrimental
health effects. Organic solvents are found at many units and facilities.
These volatile compounds either may be emitted directly to the air from
uncontrolled waste management sites or migrate from the subsurface.

Dust or particulate emissions also may serve to transport a variety of
adsorbed hazardous constituents. For example, hazardous organic and metal
constituents may adsorb onto soil or dust particles and become airborne
through wind erosion or by the movement of heavy machinery over a waste
management unit.

The mechanisms influencing the transport of constituents in the air to a
point of exposure include wind movement (i.e., air flow patterns), the natural
dispersion of constituents in the atmosphere, wash-out of constituents from
the air through rainfall or deposition, and the decay of certain constituents
over time. Constituents that are adsorbed onto soil or dust particles,
transported through air, and subsequently deposited also may lead to
additional soil or surface water contamination downwind from a unit. Finally,
the height of the release to the surrounding area can have a significant
effect on the distance over which contaminants are transported and dispersed;
higher air releases tend to be dispersed further.

As a general rule, populations in proximity to a release site tend to
receive higher acute and chronic exposures than more distant populations.
However, populations located far downwind of a release site also may receive
potentially threatening exposures over the long term, depending on airflow
patterns.

Potential air exposure points may range from nearby residential to
commercial or industrial areas. For example, in one case, a local school was
temporarily closed as a result of chemical air releases from a facility. 1In a
second case, several VOCs were detected in an adjacent residential community

' U.s. Environmental Protection Agency, Superfund Public Health Evaluation
Manual, EPA/540/1-86/060, October 1986.



and were, at times, present in quantities above the National Air Emission
Standards. The first case also demonstrates that local areas are especially
vulnerable to exposure if located in valleys characterized by temperature
inversions, where a release would be held stationary and close to the ground
for long periods of time. Due to dispersion, however, air releases generally
have a shorter residence period at the point of exposure relative to soil or
water releases. Reductions in hazardous constituent release levels,
therefore, will generally lead to prompt reductions in air pollutant
concentrations.

The primary route of exposure to humans following an air release is
inhalation.’ Exposures may be characterized as either acute or chronic.
Acute exposures involve the presence of high volumes of contaminants over
short durations of time and, depending on the toxicity and concentration of
the contaminant, can lead to health effects ranging from eye and throat
irritation to death. Chronic exposures involve exposure to relatively low
volumes of contaminants over long periods of time, which, depending upon the
toxicity and concentration of the released constituents, can lead to
degenerative diseases (such as cancer, kidney and liver disfunction, and blood
disorders).

4.5.2 Typical Activities to Correct Releases to Air

The appropriate corrective action for a release to air will depend
primarily on the potential routes of hazardous contaminant exposure to human
populations and the types of contaminants being released. Moreover, because
contaminant concentrations diminish relatively quickly as a release disperses,
the frequency with which corrective actions are taken will be a function of
the point chosen to trigger corrective measures studies and corrective
actions.

The typical route of exposure from a release to air is direct exposure
such as inhalation and dermal irritation. Therefore, the threat of an air
release, relative to releases to other media, is primarily a function of the
proximity of human activities surrounding a site. For example, toxic releases
to air at sites surrounded by large, permanent populations may require
rigorous source controls (such as reducing the VOCs in wastewaters entering a
surface impoundment).

The Agency anticipates that the types of activities taken for RCRA
corrective actions may in some cases be similar to the activities taken at
Superfund sites to remediate air releases. In addition, however, many RCRA
corrective actions will involve controls on operating units which will limit
the generation of hazardous particulates and volatile organic compounds.

Such activities at active units may simply involve process changes which lower
the concentrations of VOCs in waste management units or limit their
volatilization in the atmosphere. Further examples of Superfund remedial
activities for air releases are outlined in Appendix D. This summary was
compiled from Records of Decision prepared for the CERCLA sites. Although
many of the activities completed at Superfund sites to remediate air releases

5 U.S. EPA, Superfund Public Health Evaluation Manual, October 1986.
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would not be appropriate for active RCRA units, some of the ROD actions are
illustrative of probable corrective action activities:

. Limiting the placement of wastes into or covering surface
impoundments;

. Waste pile stabilization; and

. Installation of gas ventilation and collection systems.

Note that a number of activities designed to control the source of an
air release are in fact remedial activities for other media (i.e., soil,
ground water, and surface water). Because the corrective action activities
described in Appendix D address the remediation of media other than air, this
summary represents the types of activities taken at sites with releases to air
rather than the typical activities required to clean up air alone.

4.5.3 Analysis of Regulatory Strategies to Address Air Contamination

The regulatory strategies described here correspond with the general
strategy descriptions in Chapter 3. When applying the regulatory strategies
to the air medium, the major distinction among the strategies involve
differences concerning constituent concentrations in air which trigger action
and the point of compliance for measuring the constituent levels. The air
medium differs significantly from the other media, and this difference
influences the choice of an appropriate regulatory strategy. Releases to air
dissipate quickly, relative to the other media. Therefore, source control
alone is the only reasonable action available to addresses air releases.
Cleanup of the medium itself is not a viable option. Hence, the main question
when addressing air releases is whether source control is needed at a
particular site and when such controls should be instituted. Determining
where the point of compliance should be set and what trigger levels should be
measured at that point are the critical determinants of the need for and
frequency of corrective action. In the following discussion, the manner in
which the different regulatory strategies would govern corrective action for
air releases are described by applying the strategies to an example facility.

Example Facility

The example facility contains an active surface impoundment unit.
Manufacturing wastewaters containing soclvents and other organic wastes are
treated in the impoundment. A RCRA Facility Investigation at the facility
measured concentrations of dichlorobenzene, trichloroethylene, and benzene in
the air beyond the facility boundary in concentrations that exceeded health-
based air level standards. As a result, a corrective measures study (CMS) was
instituted at the facility. Based upon monitoring and modeling data, the CMS
found that the air concentrations did not exceed health-based standards in the
vicinity of the nearest residence, which is located 1200 yards from the
facility boundary. No other residences or population gathering places are
located within this 1200 yard radius of the facility.



Corrective Measures Under the Regulatory Strategies

This section describes the corrective measures that would be followed at
the example facility and discusses the resulting benefits under the regulatory
strategies. The only activity generally available to address air
contamination involves source control.

Strategy 1: Background Levels at the Unit Boundary

Under Strategy 1, corrective action would be triggered if constituent
concentrations were measured at the unit boundary in excess of background
levels. This approach is analogous to regulatory Strategy 1 for ground water.

Corrective action would be triggered for the unit at the example
facility because the background levels for the VOCs are exceeded at the unit
boundary.

Potential corrective measure: The volatile emissions are from an active
unit. Therefore, reducing either the volume of the wastes or the volatility
of the constituents should serve as the most effective remedy. Controlling
the source through either removal or capping would not be a viable option for
this unit. Instead, covering the surface of the wastes in the impoundment to
reduce contact with the air or waste treatment to reduce the volatility of the
constituents are the only viable options. Other controls might include
reducing the volume of the most volatile or hazardous constituents or closing
the impoundment and switching to other treatment processes, such as in tanks.
However, reducing the emission of VOCs to background levels probably could be
accomplished only if the unit were closed.

Benefits a S: The stringency of this strategy would force most
units which manage VOCs to close or severely curtail their management
practices. By triggering corrective measures at background levels at the unit
boundary, this strategy is highly protective because it ensures that no off-
site exposures would occur. However, at many facilities air remediations
would be triggered even when there exists only a limited chance of human or
environmental exposure. Furthermore, because air releases disperse rapidly,
even releases that move beyond the unit are unlikely to cause chronic and
excessive human or environmental exposures, unless the constituent is released
in high concentrations and populations are in close proximity to the unit.
Therefore, thig strategy is extremely protective, but also very burdensome.

Strategy 2: Health-Based at Facility Boundary

This strategy would set corrective &ction process triggers and cleanup
target concentrations for hazardous constituents in air at health-based
levels, with the point of compliance set at the facility boundary. This
approach is analogous to regulatory Strategy 2 for ground water.

Under this strategy, typical corrective actions for air could entail
covering the releasing unit, treating wastes prior to their storage or
disposal in these units, or excavating and treating the source of the air
release.
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Corrective action would be triggered at the example facility because air
emissions exceed the applicable health-based standard at the facility
boundary.

Potential corrective measures: The emissions emanate from an active
unit. As with Strategy 1, therefore, reducing either the volume of the wastes
or the volatility of the constituents should serve as the most effective
remedy. Covering the surface of the wastes in the impoundment to reduce
contact with the air or waste treatment to reduce the volatility of the
constituents may serve as adequate controls. Other controls might include
reducing the volume of the most volatile or hazardous constituents or closing
the impoundment and switching to other treatment processes, such as in tanks.
Although the corrective measures used under Strategies 1 and 2 are similar,
the strategies would differ in terms of the frequency with which the measures
are applied and the extent of source control needed at the site.

Benefits analysis: This strategy triggers a corrective measure if
health-based concentrations are exceeded at the facility boundary. Note that
by triggering corrective measures at the facility boundary, many facility air
remediations would be triggered even when actual human or environmental
exposures above health-based levels are not occurring. In addition, this
alternative implies chronic exposure at the facility boundary to air releases,
an unlikely scenario given that air releases typically disperse rapidly. As a
result, this strategy is protective, but may trigger corrective measures when
a unit is not causing harmful exposures.

Strategy 3: Health-Based at the Maximum Exposed Individual (MEI)

This strategy would require corrective measures to address air releases
only if there were actual exposures to individuals in excess of health-based
standards. Hence, this alternative is analogous to the risk-based approach
described under Strategy 3 for ground water.

The actions taken to address air releases under this alternative would
not differ from those described under Strategies 1 and 2. However, the need
for corrective action activities would be triggered less frequently. Under
Strategy 3, corrective actions for air releases could entail covering the
releasing unit or treating wastes prior to their storage or disposal. Source
controls, such as excavation and consolidation of contaminated materials, are
generally not involved in addressing air contamination problems because the
source levels dissipate over time.

Because this alternative requires corrective measures only if actual
exposures of individuals to contaminant air concentrations in excess of
health-based standards are demonstrated, corrective measures would not be
required for the example facility.

Potentjial corrective measures: No action.

Benefits analysis: This strategy differs from Strategies 1 and 2 with
regard to the frequency with which corrective measures would be required and
the extent of source control mandated once the need for corrective measures is
triggered. Hence, Strategy 3 would impose lesser burdens on the regulated
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community. It is less stringent than Strategies 1 and 2, but this strategy is
still protective of human health and the environment by prohibiting exposures
at the MEI at levels that exceed health-based standards. This strategy does
not explicitly account for environmental or property damage. Nonetheless,
placing the point of compliance at the MEI should ensure that releases which
affect environmental receptors will be addressed through corrective action.

Comparison and Analysis of Regulatory Strategies for Air Releases

Each of Strategies 1, 2, and 3 outline an approach that is protective of
human health. The strategies differ in stringency, however, and in the burden
placed on the regulated community, which is measured in terms of the frequency
with which corrective measures are triggered. For example, Strategy 1 is most
stringent and burdensome and would theoretically trigger the most corrective
measures. Strategy 2 is also protective, but would trigger corrective
measures less frequently. Finally, Strategy 3 also prohibits exposure to
constituents at levels above health-standards and is therefore protective, but
would be less likely to trigger corrective measures when they are not needed
to protect human health and the enviromment. Hence, Strategy 3 is least
burdensome.

In addition, however, because Strategy 3 would trigger corrective action
only when human health is clearly threatened, the strategy does not control
exposures at levels below the health-based standards or transient exposures.
On the other hand, setting the compliance point for the corrective action
trigger and target level at the facility boundary is more protective, but such
an approach also would impose costs for corrective action when no populations
are actually at risk. Therefore, using the MEI as the point of compliance for
triggering corrective action imposes lesser burdens and should still be
protective due to the nature of the medium.

4.5.4 Corrective Action for Releases to Air Under the Proposed Rule

Releases to air from solid waste management units present a unique
remediation situation. First, unlike releases to other media, air releases
from SWMUs impact human and environmental receptors within a short time period
after the release, but also disperse rapidly. In addition, corrective
measures controlling the source of the air releases stop adverse exposures
within a similarly short time frame. Corrective action for air contamination
typically will .not involve "cleanup"” of the contaminated medium, but rather
source control to minimize future releases. The Agency anticipates that
source control measures for air may include: covering a surface impoundment
so that volatile organics will not be emitted, or treating wastes before they
are placed in a unit which is releasing hazardous constituents to air.

Under the provisions of the proposed rule, the owner/operator will first
compare air monitoring or modeling data collected during the RFI at the
facility boundary (or another location closer to the unit if necessary to
protect human health and the environment) to action levels for specified
hazardous constituents, assuming exposure through inhalation of air
contaminated with the hazardous constituents. The action levels for air are
based on standard air exposure assumptions typically used by the Agency in



risk assessments (i.e., 20 meters® per day for a 70 kilogram adult for a 70
year lifetime).

1f action levels are exceeded at the facility boundary, the
owner/operator would then measure, model, or otherwise estimate air
concentrations at the most exposed individual (MEI), or other point of
exposure determined by the Agency to be protective of human health and the
environment. Again, the owner/operator would compare facility-generated
concentration data against action levels in order to allow the Agency to
determine the need for corrective measures to address air releases.

1f air releases are of concern, the proposed rule provides the Agency
with the flexibility to set the point of compliance for hazardous constituent
releases to air at the location of the MEI or at a compliance point other than
the MEI. For example, where environmental receptors are threatened by air
releases between the facility boundary and the MEI, the Agency may specify
that the owner/operator demonstrate compliance with facility-specific air
cleanup standards at the location of the most exposed environmental receptor.

A population shift into the area located between a point of compliance
that was based on the MEI point of exposure and the facility boundary would
result in human exposures above health-based levels. In this situation, a
permit modification could require additional source controls to reduce
exposure levels. Similarly, if at any time during the life of the permit air
concentrations exceed the action level at the MEI, the owner/operator would be
required to notify EPA and any individuals who may be subject to exposure to
the contaminated air.

By generally adopting the approach outlined in Strategy 3, the proposed
rule encompasses a protective and reasonable approach for triggering air
release remediation. In addition, the proposed rule contains provisions that
allow the point of compliance to be moved to account for varying exposure
assumptions and uncertainty in exposure modeling. In so doing, the standard
may be made more protective and may account for environmental damage or
transient exposures. As a result, the rule is sufficiently flexible to
account for circumstances that threaten human health and the environment.



5. ILLUSTRATIVE EXAMPLES OF THE
CORRECTIVE ACTION REGULATORY STRATEGY

5.1 INTRODUCTION

This section presents three hypothetical case studies which illustrate
the application of the proposed corrective action regulatory strategy to
specific contamination problems. These case studies have been developed to
demonstrate how the proposed regulation works, show how the alternative
strategies considered by the Agency in developing the regulation would have
worked, and identify some of the differences in results that would be achieved
under the proposed regulation and alternative strategies.

The hypothetical case studies have been designed to illustrate a range
of complexities of site problems and solutions and to demonstrate some of the
variation that may occur in selecting remedies because of the flexibility
built into the proposed regulations. The case studies are not designed to

rovide idance on selecting corrective measures for actual facjilities. The
corrective measures selected in these case studies should not be construed to
be models for corrective measures at actual facilities that may appear similar
to these hypothetical sites. Appropriate corrective measures for actual
facilities can only be determined by a site-specific analysis of numerous
- location, waste, solid waste management unit (SWMU), and release parameters
which affect remedy selection.

Each case study provides background information on the facility, solid
waste management units, wastes, and releases. Then, the studies illustrate
the steps of the investigation and remedy selection process outlined in the
proposed rule, providing summary, hypothetical results of a RCRA Facility
Investigation (RFI) and Corrective Measures Study (CMS) at each facility. A
selected remedy for each case is identified and a brief discussion of why the
remedy was selected, based on criteria in the proposed rule and site-specific
parameters, are provided. These discussions illustrate the types of tradeoffs
that may occur when selecting corrective measures. Estimated costs for the
remedial actions are provided for purposes of comparison. These cost
estimates are based on rough calculations and take into account some site-
specific cost factors particular to each case study facility. These cost
estimates s ot b o ed as era icable to o e sentative
of corrective action costs at actual faciljties; costs of actions at actual
facilities vary greatly according to site-specific factors, such as local
availability of necessary materials. Each study concludes with'a qualitative
discussion of the benefits of the corrective action.

Each case study discusses corrective measures that might have been
selected for the facilities under two other regulatory strategies considered
in developing the proposed regulation -- the Maximum Protection Scenario
(i.e., cleanup to background levels as soon as practicable for all facilities)
and the Exposure-Based Scenario (i.e., cleanup to health-based standards only
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where actual or imminent exposure exists). For each case, corrective measures
are identified that would probably satisfy requirements under the alternative
approach; also provided are estimates of the costs of the corrective measures
(for comparison with costs of the corrective measures selected under the
proposed rule). We also present some of the differences in benefits that
might accrue as a result of the different actions.

5.2 HYPOTHETICAL FACILITY ONE -- AIRCRAFT RESEARCH TECHNOLOGIES
5.2.1 Background

Aircraft Research Technologies (ART) is a 30-acre industrial plant that
manufactures airplane parts. The plant generated hazardous wastes from the
operation of a wastewater treatment facility between 1950 and 1977. These
wastes, consisting of chromium bearing waste sludge, were placed in a landfill
during the operation of the wastewater treatment facility. In 1977, ART
closed the landfill and the wastewater treatment facility because water
conservation and process changes significantly reduced volume and concentrated
the wastes. Currently, the operator stores hazardous waste in two tanks and
then ships the waste, periodically, to an off-site disposal facility. The two
hazardous waste storage tanks are operating under RCRA interim status; ART has
applied for a RCRA permit for these tanks.

Location

ART is located in a rural area about 2.5 miles south of a small city.
The entire facility is surrounded by scattered farm residences, the closest
being located within one-half mile of the facility boundary.

The surface soil at this site is a silty clay loam and is generally
characterized as reddish, moderately well-drained, deep, and medium-textured.
The surface soils extend to a depth of 30 feet and are underlain by low
permeability silty clay soils. These silty clay soils extend to a depth of
160 to 200 feet in the plant area and are underlain by an aquitard. The water
table at the site is at a depth of 40 feet. Flow in the surficial aquifer is
slow (10m/yr) and to the southwest. The aquifer is the primary supply of
water for rural domestic and agricultural uses in the area. The small city to
the north of the plant uses a different source for its water supply. The
closest downgradient domestic water supply wells are located about one-half
mile from the plant's western boundary.

The region has an average annual precipitation of 37 inches. A small
stream is located outside the facility's southeast corner; however, the
majority of the 30-acre site, including the waste management area, slopes to
the west and is in a different drainage area. Wastewater discharged from the
treatment plant entered this stream until 1977.

Solid Waste Management Unlts
The waste management area at the facility covers approximately 10 acres.

The area contains an inactive landfill, a concrete foundation from a
disassembled wastewater treatment unit, and two waste storage tanks.
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. The landfill was used from 1950 to 1977 for the
disposal of semi-solid and solid waste. The landfill
covers approximately one and a half acres with waste
material deposited at depths up to five feet below the
surface. The landfill has not been properly closed
(i.e., capped).

. The wastewater treatment units have been disassembled
and the equipment has been removed. The tank
foundations remain.

s The two waste storage tanks have been used since 1977
to hold hazardous waste which is periodically
transported to an off-site disposal facility. The
operator has applied for a RCRA permit for these
tanks.

There are no regulated land-based units at ART, and therefore, there were no
ground-water monitoring wells at the facility until the RCRA Facility
Investigation was performed.

The waste generated at the site consisted primarily of waste sludge from
the plant's wastewater treatment facility. The sludge (hazardous waste number
DO07) contains chromium. None of the other types of waste in the landfill is
known to contain hazardous constituents.

5.2.2 RCRA Facility Investigation Results

A RCRA Facility Assessment (RFA) was performed by the EPA Regional
Office as part of the review process for ART's RCRA permit application. The
RFA identified the landfill as a potential source of release of hazardous
wastes and/or constituents. No releases were identified from the waste
storage tanks.

As a result of the RFA, the operator was required to perform a RCRA
Facility Investigation (RFI) in the permit schedule of compliance. The
operator developed and submitted a plan for the RFI outlining the overall
approach to the RFI, and the processes to be used in characterizing the
nature, direction, rate, movement, and concentration of releases from the
landfill SWMU. The plan also included procedures for assessing risks to human
health and the environment. The RFI focused on evaluating potential chromium
releases because it was the only Appendix VIII constituent suspected at the
site. Upon approval of the plan, the operator proceeded with the RFI; the
results are detailed below.

Release Characterization
The RFI confirmed the release of hazardous constituents from the
landfill to both ground water and to soil. Sampling results from the RFI are

as follows:

. Soil -- chromium was detected in soil directly below
the landfill. About 80 percent of the total chromium



in the waste was found to be in the more toxic
hexavalent state.

. Ground water -- ground-water sampling results showed a
plume of chromium contamination radiating in a
southwesterly direction from the landfill.

The maximum concentrations detected in the RFI were

. Subsurface soils -- total chromium = 1,000 mg/kg
hexavalent chromium ~ 800 mg/kg

] Ground water -- total chromium = 750 ug/1
hexavalent chromium = 632 ug/1l

These contaminant levels exceed action levels for ground water. The
action level for ground water, based on the maximum contaminant level of 0.05
ppm, was substantially exceeded immediately downgradient from the landfill,
within the facility boundary. The slow flow of the aquifer (10m/yr), and the
slow rate at which chromium migrates, limited the area covered by the
contaminated plume to within 300 feet of the landfill.

Contaminant levels in soil were also high. However, because the soil
contamination was below the landfill, there was no potential threat of direct
exposure to contaminated soil, and the action level for direct exposure was
not considered applicable. The owner/operator was required, however, to
analyze the potential risk through other media (e.g., ground water) posed by
chromium migration from deep soil.

No releases of hazardous constituents to air or surface water were
identified during the RFI.

Health and Environmental Assessment

Given the location of the facility and the localized extent of the
contamination in the soil and ground water, it is unlikely that any exposure
had occurred before the discovery of the contamination. The extent of
contamination is illustrated in Exhibit 5-1.

ART's contractor evaluated the extent of contaminant releases and
potential routes of contaminant exposure to assess possible future exposures
to constituents from the landfill. The results of this assessment are as
follows:

s Soil -- Exposure to the levels of chromium in soil at
the landfill through ingestion or direct contact is
highly unlikely, particularly since the contamination
was only detected in subsurface soil and the facility
is not readily accessible to the public or wildlife.

. Ground water -- The ground water immediately below and
downgradient from the landfill is not a source of
drinking water for the facility or the nearby
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Exhibit 5-1
Extent of Contamination at ART
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residences. Although the aquifer is used as a rural
domestic and agricultural water supply, the nearest
intake is a half-mile from the boundary of the
facility. At the current rate of flow (10m/yr), it
would take over 100 years for the contaminated plume
to reach the intake. Also, chromium moves much more
slowly than the ground water due to adsorption to
soil. Because of the slow rate of flow in the aquifer
and the slow movement of chromium, exposure to
hexavalent chromium through drinking water is not
likely to occur, given present conditions at and near
the facility.

With no current exposure, the contamination at this site does not pose a
direct threat to human health or the environment. The soil contamination does
not extend beyond the landfill and the ground-water plume is still a
significant distance from the facility boundary. Also, the contamination does
not have the potential to migrate rapidly off site, either in the soil or in
ground water. The only potential for future exposure would be if the aquifer
at the landfill site were tapped for a drinking water source at some point.
The probability of such an event is low since ART is likely to occupy the site
for an extended period of time. Given these conditions, interim measures were
not required.

5.2.3 Corrective Measures Study

The ground-water action level for hexavalent chromium was exceeded at
the site, triggering the Corrective Measures Study (CMS) requirements. EPA
required ART to evaluate two options in the CMS. ART submitted a CMS plan to
EPA which detailed the overall approach and objectives of the study,
techniques to be used, and a completion schedule for the CMS.

Upon approval of the plan, ART's contractor evaluated performance,
reliability, ease and timing of implementation, media and cross-media impacts,
and the appropriateness of the remedial technology. The results of the CMS
are described below.

Selected Remedy

Because of the limited current extent of the contamination at ART, the
relatively low risk of current or potential future exposures, and the
expectation (supported by ground-water modeling studies of the contaminant
plume’'s migration) that very limited movement of the plume will occur over the
next several years, a conditional remedy was selected for the ART facility.
The remedy selected for ART has four components:

. Source control -- a RCRA cap on the landfill to
prevent future migration of the contaminants in the
landfill.

. Institutional controls on ground-water use -- ART must

prevent use of contaminated ground water originating
from the site through control over ground-water
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withdrawals. Because the plume is completely within
the boundaries of the ART plant, and there is a
substantial buffer between the plume and the plant
boundary, ART can control ground-water use in the
contaminated area and prevent nearby withdrawals that
might cause the plume to migrate.

» Ground-water monitoring -- ART must continue to
monitor ground water to determine future growth or
movement of the plume. If monitoring results indicate
that significant further degradation of the aquifer is
likely to occur, EPA would reopen the permit to
require additional remedial measures to prevent or
mitigate such damage.

. Financial responsibility -- ART must provide financial
assurance for complete implementation of the final
remedy.

The selected remedy is protective of human health and the environment;
there are no current exposures and contamination is entirely within the
facility boundary. The remedy prevents further significant degradation by
controlling the source of the release and controls are in place to prevent
exposures during the operating life of the facility. Monitoring will allow
EPA to evaluate in the future whether further significant degradation is
occurring. Financial assurance demonstrates that the company will be able to
afford the costs of remediating the facility contamination.

Costs and Benefits

The only major cost involved in the selected remedy is the cost of
installing and maintaining the RCRA cap. This cost is on the order of
$500,000 for a landfill of this size (one and one-half acres). Operation,
maintenance, and capital replacement costs could exceed $100,000 over the time
period of the remedy. The costs of ground-water monitoring are minimal,
amounting to approximately $70,000 in capital costs plus a small addition for
operation and maintenance.

In terms of benefits, the remedy selected ensures that there will be no
exposure to contaminated ground water or to the landfill itself. Although the
ground water contaminant plume is relatively small, the remedy will result in
the eventual restoration of the contaminated ground water to a usable state.

5.2.4 Corrective Actions Under Alternative Regulatory Approaches

The corrective measure selected and discussed above was chosen based
upon the proposed corrective action regulatory option ("Flexible Cleanup to
Health-Based Standards," or Strategy 2 -- see Chapter 3). The corrective
measures selected would be different under alternative regulatory scenarios
designed to achieve a greater or lesser degree of protection to human health
and the environment. In the following sections, we discuss corrective
measures that would be selected under the two alternative regulatory
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approaches considered by the Agency, as outlined in Chapter 3 of this
document. These alternatives are:

. Strategy 1 -- Cleanup to background levels as soon
as practicable for all facilities;

. Strategy 3 -- Cleanup to health-based standards
only where actual or imminent
exposure exists.

Strategy l: Cleanup to Background Levels As Soon As Practicable For All
Facilities

Under Strategy 1, the remedy for the ART facility would likely entail
more extensive source controls and cleanup of the affected media to background
concentrations as soon as practicable. In this case study, the specific
result of this regulatory strategy would be to require the owner/operator to
implement the following source control measures: excavation of wastes and
contaminated soil; treatment to reduce the toxicity and/or mobility of the
hazardous constituents in the wastes and soil; and redisposal of the treatment
residues. Additionally, the owner/operator would be required to implement an
aggressive pump-and-treat system as expeditiously as practicable to restore
the affected ground water to its "background" purity. The pump-and-treat
method would, in this case, restore the aquifer in less time (estimated at 10
years based on site-specific modeling) than required for the natural
attenuation and dilution relied upon in the selected remedy.

The source and ground-water control measures that would be required
under the Maximum Protection Scenario would entail an estimated $7,000,000 in
capital costs. With operation and maintenance costs included, the total net

present value of the remedy over its operating period would be over
$10,000,000.

The main benefit of this more stringent approach is the restoration of
the ground water to usable quality in a shorter time period. Since no current
or anticipated future uses of the ground water are affected by the current
contamination, this benefit would appear to be small based on current
knowledge.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or Imminent
Exposure Exists

In contrast to the above example, Strategy 3 would require minimal
action at ART because no exposures are occurring or likely to occur in the
foreseeable future. The action required under the Exposure-Based Scenario
would be limited to ground-water monitoring of the movement of the plume to
ensure that any migration threatening ground-water wells would be detected in
time to allow actions to be taken to prevent exposures. No source control
would be put in place and the ground water would not be restored.

The cost for monitoring alone would be less than $70,000, making this
the least costly altermative. This alternative would provide only assurance



against future exposures. This option provides no benefits beyond those
benefits outlined in the selected remedy and does not provide the benefit of a
restored aquifer until the contaminant source is depleted and the plume
dissipates through natural processes.

5.3 HYPOTHETICAL FACILITY TWO -- ELECTROMECHANICAL PRODUCTS AND TESTING, INC.
5.3.1 Background

Electromechanical Products and Testing, Inc. (EMPTI) is a 45-acre
electrical equipment manufacturing plant constructed in the mid-1950s. The
plant manufactures several types of electrical equipment, including
capacitors, transformers, and small motors. Operations performed at the plant
include machining and metals fabrication, electroplating, solvent degreasing,
product assembly, and painting.

Wastes generated from plant operations include solvent and metal
contaminated wastewaters, concentrated solvent wastes, cooling and machining
oils, and paint wastes. Process wastewaters are treated in a surface
impoundment and then discharged to a small publicly owned treatment works
(POTW). Non-hazardous cooling and machining oils are evaporated on site.
Concentrated solvent wastes and sludges are packed in drums and shipped off
site for recycling or disposal.

Location

EMPTI is located in a predominantly rural area and is bordered on the
south and east by farmland, with several farm residences located within one-
half mile of the facility boundary. The EMPTI plant is bounded on the north
and west by a community of 5,000 people. A residential subdivision is located
within 600 feet of the northwestern border of the plant. An elementary school
serving the subdivision is 500 feet from the plant boundary. The local
economy is based on agriculture and light industry, and EMPTI is a major local
employer.

The area is a flat, arid alluvial plain composed of inter-bedded sands,
silts, gravels, and clays. Several water bearing units combine to form a
large surficial aquifer system within these inter-bedded deposits. This
aquifer system-extends in depth from 40 to 400 feet below the surface and is
the primary supply of water for domestic, agricultural, and industrial uses in
the community. Horizontal permeabilities in this aquifer range from 107* to
10"3 cm/sec; vertical permeabilities range from 107 to 10°® cm/sec. Around
the EMPTI plant, horizontal ground-water flow is moderately rapid
(approximately 100m/yr) and primarily from the southeast to northwest. A
downgradient municipal water supply well for the community is located
approximately 450 feet west of the facility boundary. A few private domestic
wells serve the surrounding farm residences.

The surficial aquifer is underlain by a clay aquitard extending
approximately from 400 to 600 feet below the surface. Water bearing units
underlying this aquitard contain a confined saline aquifer which is not usable
for domestic, agricultural, or industrial purposes.



The region is arid, with an average annual precipitation of 16 inches
and an average annual evapotranspiration of 40 inches. The nearest surface
water is a river located one-half mile east of the plant. There is no surface
drainage from the facility to any surface water body.

Solid Waste Management Units

The plant has several RCRA permitted waste management units used for
storing and treating hazardous waste generated during manufacturing. These
units are:

= Tank and drum storage units for holding waste solvents
and sludges prior to off-site disposal.

» A double-lined surface impoundment used to treat
process wastewaters.

The plant also has several other operating or closed solid waste
management units. These units cover approximately 15 acres and are as
follows:

. Three closed lagoons used from the 1950s until 1980
for storing, treating, and disposing of process
wastewaters and sludges. These units cover about five
acres. They have not been properly closed (i.e.,
capped) ; however, there is no standing water remaining
in them.

] One operating lagoon used since the 1950s for the
disposal (by evaporation) of non-hazardous machine
coolants, cutting oils (which generally contain about
95 percent water and 5 percent oil) and cooling
waters. This lagoon covers five acres.

s Five landfill trenches used from 1958 to 1978 for
disposing of solid wastes, including paint sludges,
electroplating sludges, sludges from vapor degreasers,
paint solvents, other waste solvents, rags, and other
plant wastes. The trenches cover five acres and have
been covered with about a foot of soil.

Wastes managed at EMPTI have contained trichlorethylene, methylene
chloride, varsol, toluene, xylenes, methyl ethyl ketone, methanol, and other
solvents. Waste polychlorinated biphenyls (PCBs) from transformer and
capacitor production were disposed of in rags, transformer and capacitor
casings, and other wastes. Additionally, wastewater-treatment and
electroplating sludges disposed in the impoundments and landfill contained a
variety of metals, including nickel, cadmium, and copper.

5.3.2 RCRA Facility Investigation Results

The EPA Regional COffice conducted a RCRA Facility Assessment (RFA) of
the EMPTI plant during the review of EMPTI's RCRA Part B permit application.
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The RFA results indicated that the following SWMUs were potential sources of
hazardous waste and/or constituent releases:

. The three closed lagoons that had been used for
treating, storing, and disposing of process
wastewaters.

. The "regulated unit" surface impoundment used for

treating process wastewaters.

a The operating lagoon used for disposal of coolants,
cooling water, and cutting oils.

. The five landfill trenches used for solid waste
disposal.

As a result of the RFA, EMPTI was required to conduct a RCRA Facility
Investigation (RFI) under the permit schedule of compliance. EMPTI developed
and submitted a plan for the RFI which provided for sampling and other
investigations necessary to characterize the nature, direction, rate,
movement, and concentration of possible contaminant releases from these SWMUs.
Upon approval of the plan by EPA, EMPTI carried out the RFI. The RFI results
are summarized below.

Release Characterization
The RFI results demonstrated that SWMUs at EMPTI were releasing

hazardous constituents to the air, soil, and ground water. The following
releases were identified.

- Air -- trichloroethylene was found in air samples
taken at the plant and on adjacent property to the
northeast.

a Soil -- PCBs, cadmium, and nickel were found in

surficial soils surrounding the three closed lagoons.
PCBs, trichloroethylene, methylene chloride,
dichloroethylene, cadmium, and nickel were found in
deeper soils under these lagoons. Trichloroethylene,
methylene chloride, and dichloroethylene were found in
soils under the landfill trenches.

. Ground water -- trichloroethylene, methylene chloride,
dichloroethylene, and vinyl chloride were found in
ground water downgradient of the landfill trenches and
closed lagoons.

A magnetometer survey conducted during the RFI revealed 25 magnetic
anomalies in the landfill trenches. These were assumed to be drums that could
become sources of solvent releases if allowed to remain in the landfill.

It was determined that the lagoon used for management of cooling oils
was not a source of releases of hazardous constituents.



Concentrations of the contaminants found and their action levels
specified in the facility's permit are shown, by medium, in Exhibit 5-2 The
following contaminants were found to have been released at concentrations
exceeding action levels:

. Air -- trichlorethylene, released from the treatment
surface impoundment.

. Soils -- PCBs in soll surrounding the closed lagoons
exceeded action levels for exposure through direct
ingestion of the contaminated soil. Additionally,
soil under the closed impoundments and landfill
contained sufficient contaminants to be of concern as
a source of ground-water contaminatcion.

. Ground water -- trichloroethylene, methylene chloride,
dichloroethylene, and vinyl chlorigde.
Trichloroethylene and methylene chloride were
determined to be released by leaching from the closed
lagoons, the landfill trenches and contaminated soil
under the lagoons. Dichloroethylene and vinyl
chloride were determined to be present as a result of
the degradation of trichloroethylene.

Health and Environmental Assessment

EMPTI's site investigation contractor assessed the extent of contaminant
releases and evaluated potential routes of exposure to released contaminants
through monitoring at potential exposure points and through migration
modeling. The principal routes of exposure evaluated were air and ground
water.

The contractor monitored air quality at nearby residences and at the
elementary school, and determined the prevailing wind direction and velocity.
The contractor periodically sampled the municipal water supply well
downgradient of the plant and installed and sampled additional ground-water
monitoring wells to delineate the extent of ground-water contamination.

The results of the monitoring and data evaluation indicated the
following:

= Air -- Levels of trichloroethylene in exceedance of
action levels were measured at the facility boundary
approximately 50 percent of the time. The prevailing
wind direction was easterly.

] Ground water -- the municipal supply well was
contaminated with trichloroethylene, dichloroethylene,
and vinyl chloride at concentrations below the action
level. Extrapolation of future contaminant migration
indicated that concentrations in the well would exceed
action levels in one to two years.
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EXHIBIT 5-2
COMPARISON OF MAXIMUM CONTAMINANT CONCENTRATIONS AT EMPTI TO ACTION LEVELS
CONSTITUENTS

Trichloro- Methylene Dichloro- Vinyl
MEDIUM ethvlepe Chloride ethylene Chloride PCB's Nickel Cadmium

Ground
Vater:

Maximum Level

Observed

(mg/1) 0.5 0.9 0.4 0.3 N.D. N.D. N.D.

Action Level

(mg/1) 0.005 0.0047 0.007 0.002 - - -
Soil:l

Maximum Level

Observed

(mg/kg) 10.6 12.3 1.1 N.D. 22.4 120.5 15.1

Action Level

(mg/kg) 64.0 93.0 12.0 - 0.091 1,600.0 U R.?2
Air:3

Maximum Level

Observed

(ug/m3) 0.45 N.D. N.D. N.D. N.D. N.D. N.D.

Action Level

(ug/m3) 0.27 - - - - . .

1 Action levels are not applicable because concentrations were observed in
subsurface solls for which there was no plausible route of exposure through
direct contact. No surface contamination was observed for contaminants other
than these for which action levels are provided.

2 This soil action level was under review at the time of preparation of this
document.

3

Measured at the eastern boundary of the faczility property.

N.D. -- Not Detectable
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The results of the investigation are shown on Exhibit 5-3,

Based on these results, the EPA Regional Office determined that interim
measures were necessary at EMPTI to address the potential problem of
contamination of the drinking water supply well. EMPTI was required to close
and replace the well. EMPTI drilled a new well, connected it to the municipal
system, and sealed the old well. EMPTI also supplied an alternative water
source until the new system was operable.

Additionally, the Regional Office determined that wind-blown soil from
the closed lagoons posed a plausible route of exposure to contaminated surface
soil and required EMPTI to sample surface soil near the school and in the
subdivision. The results of this sampling were negative; no surface soil
contamination was found.

5.3.3 Corrective Measures Study

In the CMS, several remedial alternatives were evaluated for addressing
the ground water contamination, including an assessment of a number of
different approaches to controlling the source of the contamination. 1In
addition, measures that could be effective in controlling the air emissions
from the operating surface impoundment were examined.

Selected Remedy

In selecting the remedy for the facility, EPA designated an area
circumscribing the three "closed" lagoons as a corrective action management
unit (CAMU). Since the wastes in the three old lagoons were essentially
identical, and since the soil surrounding the units was also contaminated, the
decision was that it would be sensible to treat this area as a single remedial
unit for the purpose of implementing source control measures. The selected
remedy required EMPTI to excavate the sludges from each of the impoundments,
treat those wastes through a stabilization process, and consolidate them into
a single nearby clay-lined area that was formerly the middle lagoon. A clay-
soil cap over the disposal area was also required.

More specifically, the remedy selected by EPA for implementation at the
EMPTI site consisted of the following corrective measures:

s Source control:

-- A 10-acre clay-synthetic cap was required to be
installed over the .landfill trenches and closed
lagoons. The contractor's study estimated that,
following the removal of any remaining liquid
drummed solvents, the cap should minimize future
releases of contaminants from the landfill and
lagoons by effectively eliminating percolation
through the wastes and contaminated subsurface
soil. Also the cap should also eliminate the
possibility of direct contact with the wastes
and surrounding contaminated soils.
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Exhibit 5-3
Extent of Contamination at EMPTI
Subdivision
Elementary
School
Drum & Tank
Storage Arga
& E~
O ,I/ -
| Landfill enches\]\ LS T
Municipal COOLllanggo :\Il:ter

Supply Well %
Closed Lagoons%

WLi A

\ Surface Impoundm
Ground-Water

Key -

- - Area of Ground-Water Plume Exceeding Action Level

AN Extent of Surface Soil Contamination Exceeding Action Level

Facility Boundary
@ Scale: 400 ft/in




-- Excavation and off-site disposal of 25 buried
drums discovered in the landfill trenches during
the RFI.

. Ground-water remediation:

-- Installation of a ground-water withdrawal system
consisting of eight well points to remove
contaminated ground water.

-- Pumping and treatment of contaminated ground
water with activated carbon. Treated ground
water would be discharged under the facility's
existing NPDES permit, along with the treated
process wastewaters already discharged under the

permit.
. Ground-water monitoring:
-- Installation of twelve additional monitoring

wells throughout the plume area.

.- Sampling and analysis, on a quarterly basis,
throughout the corrective action period to
determine progress in meeting cleanup objectives
and evaluate the effectiveness of the action.

. Air:

-- Although air releases above action levels were
detected at the facility boundary, levels of
concern were not detected at residences or at
the nearby school. Therefore, actual corrective
action for air releases was not required.
Continued periodic monitoring of air emissions
was required, however, and under the terms of a
permit condition, EMPTI is required to notify
EPA if changes in land use surrounding the
facility trigger the need to reconsider remedies
for the air releases.

EMPTI's contractor estimated, through use of a site-specific model, that
the ground-water cleanup would probably require operation of the pump-and-
treat system for 20 to 30 years, with a significant possibility that the
required operating period could be longer. EMPTI has provided appropriate
financial assurances for this duration. We have assumed that the cleanup
would be achieved in 30 years for purposes of estimating corrective action
costs.

The selected remedy minimizes potential human and environmental
exposures to contaminants by controlling the sources of releases and removing
contamination that has been released to ground water. The remedy also
protects against direct contact exposure to contaminants remaining at the
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facility. The alternative does not pose significant risks to the local
population during construction, in part because it does not involve excavation
of contaminated wastes and soil. Excavation of contaminated wastes and soil,
considered as an alternative in the CMS, would liberate buried volatile
organics and could result in significant short-term exposures and risks The
excavated drums will be managed off-site in compliance with applicable RCRA
standards.

Based on the contractor's hydrogeologic investigations, it was concluded
that no technically proven methods are more likely to achieve the ground-water
standard at this site than pumping and treating. However, innovative
technologies under development (such as in-situ bioremediation) could
eventually prove more effective.

The remedy does require long-term maintenance of the RCRA cap covering
the wastes left in the impoundments and the landfill. However, maintenance
should not be extensive because of the arid nature of the region, and EMPTI
has committed resources necessary to maintain the site by establishing a
suitable financial assurance instrument.

Costs and Benefits

The estimated cost for performing the selected remedy is approximately
$5 million in capital costs and $100,000 per year in operation and maintenance
costs. The major capital expense for the corrective action is the cap over
the trenches and the closed lagoons; this accounts for about 90 percent of the
cost. The major cost component for operation and maintenance costs is
operation of the ground-water treatment system. We have assumed a 30 year
operation and maintenance period for the ground-water pumping and treatment
system, and that the cap will not need replacement; however, the withdrawal
system may need to operate longer than 30 years to achieve the media cleanup
standards.

Benefits from the selected action occur in two categories: resource use
and other benefits:

. The principal resource use benefit accrued as a result
of the action is availability of current and future
water supply. The action prevents the spread of
contamination in ground water in the area, preserving
ground water beyond the limits of the plume for
current and future use as a water supply.

. Other benefits of the action are the preservation of
existence and bequest values of the ground water.
Because of the arid nature of the region, ground water
would be expected to be valued highly both as a
current source of water and as a source of water for
future generations. Local residents would be expected
to place a high value on maintaining ground water in
an uncontaminated state, even if it is not currently
used as a water source. Thus, returning the
contaminated ground water to an uncontaminated state,
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and preventing contamination of a larger volume of
ground water, would restore and preserve existence and
bequest values that would be lost if contaminants were
allowed to remain.

5.3.4 Corrective Actions Under Altermative Regulatory Approaches

The corrective measure selected and discussed above was chosen based
upon the proposed regulatory option for corrective actions. The corrective
measures selected for EMPTI would be different under alternative regulatory
approaches which are designed to achieve a greater or lesser degree of
protection of human health and the environment than the proposed option. In
the following sections we discuss the corrective measures that might be
required at EMPTI under the two major regulatory approaches EPA considered in
developing the proposed rule.

Strategy l: Cleanup to Background Levels As Soon As Practicable For All
Facilities

Under this Strategy, EMPTI would be required to use extensive treatment
to control contaminant sources, i.e., the landfill and closed lagoons. Source
control would probably require the removal, treatment, and redisposal of most,
if not all, wastes and soil contaminated above background levels. A ground
water pump-and-treat system would be installed. 1In addition, technology such
as air-stripping with carbon absorption (or the equivalent) would be required
to control air emissions.

We have estimated the incremental costs of removing wastes and
contaminated soil and transporting them off-site for treatment and redisposal,
and the cost associated with air treatment. We have assumed that
approximately a third of the wastes would require treatment, and that the
remainder could be placed in landfills without treatment. We estimate that
the incremental cost of performing the maximum protection alternmative at EMPTI
would be approximately $100 million. Treatment alone accounts for about one
third of the incremental cost. Excavation and transportation are the next
most expensive components, with each contributing about 20 percent of the
cost.

The incremental benefits provided by this type of remedy, although
difficult to quantify, would be in EPA's opinion very small. The contaminated
ground water that would be restored to drinkable levels under the selected
remedy would be marginally purer, but not necessarily more valuable as a
resource. The likely remedy under Strategy 1, however, would be expected to
be more reliable over the long term in preventing further releases of concern.
This is somewhat offset under the selected remedy by the reguirements
specified in the permit for extended monitoring to detect future releases, and
maintenance requirements for the caps.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or Imminent
Exposure Exists

A remedy at EMPTI under Strategy 3 would likely consist of providing an
alternative water supply to the existing supply well and some limited capping
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to minimize further releases to ground water. Access to plant grounds would
be controlled in order to prevent any future exposures through direct contact
with contaminated soil. The estimated cost of these measures is approximately
$200,000.

This alternative does not provide any of the resource use benefits
provided by the selected measure because ground-water contamination would not
be cleaned up. It also does not provide benefits in the form of preserved
existence or bequest value of ground water.

5.4 HYPOTHETICAL FACILITY THREE -- OFFSITE WASTES, Ltd.
5.4.1 Background

Offsite Wastes, Ltd., (OWL) comprises a 150-acre site owned and operated
by an environmental waste management firm. The owner/operator currently
operates a 40-acre RCRA Subtitle C regulated landfill at this site. Only one
other solid waste management unit (SWMU) exits at this site: a 60-acre
landfill that rises about 100 feet above the surrounding topography and
contains approximately 6 million cubic yards of waste. This unit was in
operation from the late 1950s until 1980. Solid and liquid hazardous wastes
and other hazardous substances have been disposed in this SWMU.

Location

The OWL facility is located in a mixed-use area near the southern edge
of the suburban community of Bridgetown (population 30,000). The surrounding
land-use is residential to the east and north; light industrial to the south
along the Route X corridor; and agricultural to the west and northwest. A
recreational area lies about 3,500 feet north of the facility along Berry
Lake. Because of contamination, the recreational area, which was once popular
for fishing, swimming, and water sports, has been reduced over the years to a
picnic area. Berry Lake no longer supports any fish, and the park authorities
have closed the lake to swimming.

Berry Run is a stream that originates in the southwest and flows
northward along the western edge of the landfill, draining into Berry Lake.
From Berry Lake, Berry Run flows into the Woodbine River approximately 3,000
feet further downstream. One quarter mile from the confluence of Berry Run
and the Woodbine River is the Bridgetown drinking water intake.

The closest homes to the site are part of the Berry Lake Subdivision and
are about 2,000 feet from the northeast toe of the inactive landfill. Fifcty
people reside in this subdivision. A second subdivision lies to the south-
east. Several isolated residences lie in the agricultural area to the
northwest, across Berry Run.

The site is located in the Atlantic Coastal Plain Region and overlays
six geologic formations. Sand and gravel, sand, and sandy clay comprise the
majority of sediments in these formations. Within these formations are two
aquifers separated by a clay/sandy-clay aquitard approximately 70 to 100 feet
thick. In the area of the facility, this aquitard is located at a depth of
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approximately 100 to 120 feet below natural surface elevations and is composed
of sandy clays with permeabilities of 1 x 107 cm/sec. There is a small
amount of flow from the upper to the lower aquifer through this aquitard.

Some local wells (in the Berry Lake Subdivision, which is not serviced with
municipal water from Bridgetown) are developed from the upper aquifer. The
lower aquifer is an important source of municipal water for Wytheville
(population 15,000) which lies about one mile south of the OWL facility.

The surficial aquifer is unconfined to semi-confined. Ground water in
this aquifer generally flows north to northwest. The inactive landfill is
situated directly over this aquifer, and in some areas, contacts the saturated
zone. The mean seasonal high water table under the landfill is 10 to 12 feet
below natural surface elevation. Estimated ground-water flow velocity is
between 15 and 60 meters per year; permeability coefficients for deposits
composing this aquifer vary from 5 x 10 to 5 x 107 cm/sec.

The lower aquifer is confined and ground water flows to the south,
towards the Wytheville municipal well field. The ground-water flow rate in
this aquifer is slow, estimated to be 8 meters per year; the permeability
coefficient of deposits in this aquifer is approximately 3 x 1073 cm/sec.

The climate of the area is moist, with average annual precipitation of
45 inches and average annual evapotranspiration of 30 inches per year. The
average temperature is 55°F.

Solid Waste Management Units

The regulated operating unit was opened in 1980. Total estimated
capacity of the unit is 4 million cubic yards; currently, 1 million cubic
yards have been disposed in the unit, covering 10 of the unit's 40 acres. The
unit was subdivided in 1985; the filled cells were capped, and a composite
liner and leachate collection system was constructed for the remaining 30
acres. The composite liner is composed of a three-foot thick clay bottom
liner and 40-mil thick synthetic top liner, separated by a drainage layer.
Since that time, an additional 250,000 cubic yards of waste have been disposed
in the lined section.

The 60-acre inactive landfill operated from 1958 until April 1980.
During the summer of 1980, a cap composed of six inches of clay covered by a
topsoil layer was installed. This unit extends from a depth of 10 to 20 feet
below grade to a height of 100 feet above grade and contains an estimated 6
million cubic yards of waste.

Wastes disposed of in this inactive unit include sludges from municipal
and industrial waste treatment facilities, municipal solid waste, and a
variety of industrial wastes including spent solvents (F001, F002), pesticide
formulations, wood preserving sediment and sludge (KOOl), off-specification
products, and debris. Additionally, residues from a veterinary pharmaceutical
firm were disposed in the unit for a five-year period between 1975 and 1980.
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5.4.2 RCRA Facility Investigation Results

The EPA Regional Office conducted a RCRA Facility Assessment (RFA) of
the OWL site as part of the Part B permit process when OWL applied for an
operating permit. Based upon evidence of surface water contamination obtained
during the RFA, the requirement to conduct a RCRA Facility Investigation (RFI)
was included in a permit schedule of compliance, issued as part of OWL's RCRA
permit. The RFA also noted the potential for contamination in other media;
hence, the RFI also addressed releases to ground water, soil and sediments,
and air. OWL's RFI results are summarized below.

Release Characterization

No releases from the operating regulated unit were identified in
performing the RFI. The following releases from the closed landfill were
identified in soil, surface water and sediments, ground water, and air:

. Ambient air samples taken at the perimeter of the unit
showed very low concentrations of methylene chloride
and 1,2-dichloroethane. Beyond the perimeter of the
landfill, contaminant levels fell below detection
limits.

. Analysis of soil obtained from borings in the
unsaturated zone beneath the unit showed contamination
with phenol, methylene chloride, 1,2-dichloroethane,
and pentachlorophenol.

. During the RFI, OWL noted several leachate seeps on
the west and northwest slopes of the landfill.
Leachate from these seeps contaminated about 10 acres
of surface soil between the landfill and Berry Run.
Pentachlorophenol and phencl were found in the soil
down to one foot below the surface.

. After conducting ground-water sampling, benzene, 1,2-
dichloroethane, methylene chloride, and phenol were
found in the surficial aquifer. Sampling in the
deeper aquifer downgradient of the facility indicated
that there is no contamination in this aquifer from
the units.

. Water quality analyses of samples taken from Berry Run
and Berry Lake found significant levels of hazardous
constituents including benzene, phenol, and
pentachlorophenol.

. Sediments sampled in Berry Run and Berry Lake showed
pentachlorophenol contamination.

The concentration of the contaminants found and their action levels
specified in the facility's permit are shown, by medium, in Exhibit 5-4. The
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EXHIBIT 5-4

COMPARISON OF MAXIMUM CONTAMINANT CONCENTRATIONS AT OWL TO ACTION LEVELS

MEDIUM Benzepe

Ground Water:

Maxipum Level

Observed (mg/1) 1.

Action Level

(mg/1) 0.

Surface Vater:

Maximum Level

Observed (mg/l) 0.

Action Level

(mg/1) 0.
Soil:

Maximum Level

Observed (mg/kg) N.

Action Level
(mg/kg) -

A.lr:l

Maximum Level

Observed (ug/m3)  N.

Action Level
(ug/m3) .

1 Measured at unit boundary of inactive landfill.

005

03

005

CONSTITUENTS

1,2-dichloro-
ethane

0.35

0.005

N.D.

30.0

7.7
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following contaminants were found to be released at concentrations at or
exceeding their action levels:

. Air -- none.

s Soil -- 1,2-dichloroethane, pentachlorophenol from
leachate from the inactive landfill percolating
through or over soils.

. Ground water -- benzene, 1,2-dichloroethane, methylene
chloride, phenol due to leachate from the inactive
unit migrating into the ground water and ground water
contacting about 10 acres of waste deposited below the
high water table. Moniteoring results for the
upgradient regulated unit confirmed that the
contamination originates from the closed landfill.

= Surface water -- benzene, phenocl from leachate flowing
over ground and reaching surface water and discharge
of contaminated ground water into surface water.

. Sediments -- pentachlorophenol in surface water
preferentially adsorbed onto the sediment particles.

Health and Environmental Assessment

In the RFI, OWL's scientists assessed the extent of the releases and
evaluated the potential for exposure to the releases in each of the affected
media. Their investigation identified the following areas with the potential
for exposure to contaminants released from the inactive unit:

] Soil -- There is no direct exposure potential to the
unsaturated zone soil under the inactive landfill;
however, contaminants in this soil may migrate into
ground water. Surface soil contaminated by leachate
and runoff has the potential for direct contact even
though the facility has restricted access..

- Ground water -- The plume extends about 1,500 feet to
the north and laterally to the northeast. It is
cutoff by Berry Run to the northwest and discharges
into the Run. Although the plume extends towards the
Berry Run Subdivision, the plume does not reach any
residential wells. At the current rate of expansion,
it will take about 10 years to reach the nearest
wells, through lateral expansion of the plume.

. Surface water -- Berry Run and Berry Lake do not
support aquatic life; therefore, exposure through fish
consumption is not presently possible. Swimming has
been prohibited by the authorities, limiting dermal
exposure; however, accidental exposure to contaminated
surface water is possible. Berry Run and Berry Lake
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have never been sources of drinking water. None of
the contaminants from the OWL site has been detected
in the surface water intake for Bridgetown. (A
surface water area of approximately 3 acres contacts
contaminated sediments.)

Presently, the only potential exposure is by accidental contact with
contaminated surface water and sediments in Berry Run and Berry Lake. Because
of this potential, additional restricted access to Berry Run and Berry Lake
was initiated as an interim measure.

The extent of the releases is shown in Exhibit 5-5.
5.4.3 Corrective Measures Study

The EPA Regional Office requested OWL to conduct a Corrective Measures
Study (CMS) after results from the RFI indicated that action levels were
exceeded in the following media: soil, ground water, and surface water.
Based on the results of the CMS, the following remedy was selected.

Selected Remedy

. Twenty well points were installed to lower the water
table below the inactive landfill and to capture
ground-water contaminants.

] Contaminated ground water was treated by the addition
of chemical oxidants. Treated ground water was
discharged to Berry Run.

. Ground-water monitoring was in place over the area of
the plume.
. A diversion ditch was constructed to prevent run-on to

the south side of the inactive landfill.

. Contaminated surface soil was excavated and
consolidated into the inactive landfill.

. A cap meeting RCRA §264.310 minimum technology
standards was installed over the inactive landfill.

] Berry Run was temporarily diverted and sediments from
the stream bed were excavated.

. Contaminated sediments were dredged from Berry Lake
and a temporary dewatering impoundment was installed.
Supernatant water was collected and a system designed
for ground-water treatment was put in place. Dried
sediments were disposed of in the regulated unit.
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Exhibit 5-5
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The proposed remedy is intended to control the source of the releases,
capture and treat the contaminated ground water, and restore surface water
quality. Capping as a source control was selected over other options (e.g.,
excavation and treatment of waste in the inactive landfill), because the size
of this unit and limited treatment and disposal capacity made such actions
infeasible. The selected measures, over the time that it takes to implement
the action, will eliminate exposure to surface water and soils and reduce, to
an acceptable degree, the potential for future exposure to contaminated ground
water. Ground-water modeling efforts predict that contaminant concentrations
over the whole plume area will fall below the media cleanup standard within 20
years. The cap and the pump-and-treat controls are well established
corrective actions indicating a high degree of reliability. The removal of
sediment from both Berry Run and Berry Lake is & reliable measure because it
prevents further contamination of the surface waters. Water treatment alone
is not always sufficient to bring surface water quality to an acceptable
level. The wells and treatment unit should operate for 20 years prior to
replacement. The cap is estimated to need replacement after 40 years.

Costs and Benefits

The corrective measures for OWL's solid waste management unit are
estimated to cost close to $60 million in initial capital costs, the majority
of which is the cost of the large cap required for a site of this size.
Annual operation and maintenance costs are estimated to be $4 million, plus
any additional capital replacement costs.

Once implemented, the chosen corrective measures would produce a number
of benefits by preventing further degradation of soil, ground water, and
surface water, and by actually restoring surface water quality. 1In an
uncorrected state, envirommental problems at the site would continue to worsen
considerably. Because the damage is potentially severe, the corrective action
provides substantial benefits:

. Health -- The remedy eliminates the potential for any
future exposure to the contamination at or near the
site and to contaminated drinking water. It can be
assumed that contamination of the residential wells in
the Berry Lake subdivision would be detected, and that
upon detection an alternative supply would be put in
place. However, the remedy eliminates any potential
health damages that could occur from drinking water
prior to detection.

. Use value -- Because the corrective measures restore
the quality of drinking water in the area, a major
benefit of the remedy is preserving the use value of
the water resources. Once the surface and ground
water are returned to a usable state, these resources
are once again available for future drinking water
use. By making these water sources available for
future use, the corrective measures save the cost of
developing alternative supplies.



5-27

» Recreation value -- The corrective measures will
restore the recreational area at Berry lake once the
water quality is improved to levels that will allow
fishing, swimming, and boating. Once the surface
water is no longer contaminated, it is expected that
wildlife will return to the area. The value of these
resources for recreational use is restored. Because
the recreational area was once very large and provided
a recreational area for thousands of nearby residents,
this benefit is likely to be substantial.

. Non-use value -- As with all types of natural
resources, people place a value on preserving a
resource in its natural state and preserving the
option to use the resource in the future. The chosen
remedy will return the area (stream, lake, and
aquifers) to its natural state over time and provide
such a benefit.

5.4.4 Corrective Actions Under Alternmative Regulatory Approaches

The corrective measures selected and discussed above were chosen based
upon the proposed regulatory option for corrective action. The selected
measures would be different under regulatory scenarios that were anticipated
to achieve either a greater or lesser degree of protection for human health or
the enviromment. In the following section we discuss briefly corrective
measures that would be selected under alternative regulatory approaches
considered in the development of the corrective action standards. These
alternatives are the Maximum Protection Scenario and the Exposure-Based
Scenario.

Strategy 1l: Cleanup to Background Levels As Soon As Practicable For All
Facilities

Under Strategy 1, OWL would probably be required to perform much more
extensive remediation. This would require all of the remediation steps in the
chosen remedy, with the addition of requiring removal of the highly
contaminated waste areas from the inactive landfill. This entails
identification of "hot spots,"™ excavation, treatment (assumed to be
incineration), and disposal of the residuals.

The corrective measures for OWL's solid waste management unit under the
maximum protection altermative are estimated to cost $250 million in initial
capital costs. Approximately two thirds of the total cost (approximately $200
million) would be attributable to excavation of hot spots and on-site
incineration. Annual operation and maintenance costs are estimated to be $4
million, as in the chosen remedy.

This type of remedy would decrease the length of time necessary to
attain the ground-water cleanup standard, but modeling efforts predict that
time reduction would be insignificant (18 years instead of 20).
Identification, excavation, and treatment of the hot spots would delay capping
the landfill for at least a year. Preventing infiltration by capping was
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found to be more effective in reducing migration of contaminants to the ground
water than reducing contaminant content of the landfill. The time to
recapture released contaminants in the ground water, which would not be
affected by the excavation requirement, is the major factor in the time period
necessary to reach the media protection standard.

Strategy 3: Cleanup to Health-Based Standards Only Where Actual or Imminent
Exposure Exists

Under this regulatory strategy, OWL's remediation efforts would likely
be limited to the following corrective measures:

s Installation of a single layer clay cap over the
landfill.

] Maintaining restricted access to the stream and lake
indefinitely.

] Monitoring the movement of the ground-water plume and

of the surface water contamination.

. Replacing the water supply to the Berry Lake
Subdivision only when the wells show signs of
contamination.

The present value capital costs of these remedies is less than $20
million. Annual operation and maintenance costs are expected to be less than
$500,000 dollars.

The exposure-based alternative provides no incremental benefit over the
chosen remedy, and in fact, provides no benefit other than maintaining the
access restrictions, thereby reducing the likelihood of accidental contact
with the contamination. None of the resources is restored to a usable state.
Because the resources have not been restored there is no resource use benefit,
and no preservation of option value, existence value, or bequest value.
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6. APPROACH TO QUANTITATIVE ANALYSIS

EPA quantitatively analyzed five regulatory alternatives related to
ground water that were considered by the Agency in the development of the
proposed corrective action rule. This chapter describes the overall approach
to the analysis while Chapters 7 and 8 present the results of the analysis.

EPA limited its quantitative analyses to ground water, rather than
including other media, primarily because modeling tools for other media were
not readily available. This RIA, therefore, only examines quantitatively the
costs and effectiveness of the regulatory options in terms of protecting
ground water. The ground-water regulatory options are analyzed using one of
EPA's hazardous waste release, fate and transport, and corrective action
models (the Liner Location Model). This model and other such models have been
used extensively by EPA to analyze previous hazardous waste regulations. The
focus of previous hazardous waste regulations, however, has been the
protection of ground water.

The basic approach taken in the analysis involved use of the Liner
Location Model to simulate each of the five regulatory alternatives as it
would be applied at a sample of 65 RCRA facilities. This chapter first
describes the facility data base used in the RIA in Section 6.1. Section 6 2
then describes the model used to simulate ground-water contamination and
corrective action costs. The parameters used to distinguish among the
simulated regulatory alternatives are discussed in Section 6.3. The remaining
Section, 6.4, defines the five regulatory alternatives modeled in the RIA.

6.1 FACILITY DATA BASE

As explained in Chapter 2, there are over 5,600 RCRA facilities
potentially subject to EPA's proposed corrective action requirements. Since
it was not possible to study the effects of these requirements at each RCRA
facility, a sample of facilities was chosen and characterized. The
development of the facility data base is described in detail in Appendix A;
this section briefly explains how the data base was developed.

Because of the detailed nature of the RIA, EPA had to obtain a
significant amount of information on each facility included in the sample.
Required information included data on the types of waste management units at
the facility, the dates of operation of each unit, the types of wastes
handled, and the quantities of waste handled. A number of data sources for
this information were considered, including Part A and Part B permit
applications, RCRA inspection reports, responses to Regional requests for
information on solid waste management units (SWMUs), and RCRA exposure
assessments. None of these data sources was readily accessible and available
in a consistent format for use in this RIA. Consequently, RCRA Facility
Assessments (RFAs) were chosen as the primary source of information for the



6-2

RIA. RFAs generally represent a compilation of several data sources on
individual facilities. Further, because RFAs are prepared as part of EPA's
existing corrective action process, they tend to include a great deal of
information relevant to the analysis of corrective action regulations.

Two factors limited the group of facilities in the sample. First, the
sample was limited by the fact that, as of April 1987,! RFAs had been
completed at 624 facilities. Second, of these RFAs, 437 called for the next
step in the corrective action process, the RCRA Facility Investigation (RFI).
The other 187 facilities were determined not to require corrective action.

EPA assumed that facilities for which the RFA did not recommend an RFI pose
negligible environmental and human health damages. A sample was thus drawn
from the 437 facilities where the RFA indicated the need for the RFI. Because
EPA has placed a priority on completing RFAs at land disposal facilities, a
significant fraction of the available RFAs are for land disposal facilities; a
simple random sample of the available RFAs would thus not have produced a
representative sample. Consequently, EPA stratified the sample based on
facility type. As a result, the proportions of land disposal (26.3 percent),
treatment/storage (70.2 percent), and incineration facilities (3.5 percent) in
the sample are approximately the same as in the population of RCRA facilities
assumed to require an RFI.

The final sample includes 65 facilities, of which 21 are land disposal,
41 are treatment/storage, and three are incineration. Because of the way the
sample was selected, these facilities are intended to represent only those
facilities at which the RFA will call for an RFI. As explained in Appendix A,
these facilities are believed to represent about 62 percent of all facilities.
At the other 38 percent of all facilities, environmental damages and
corrective action costs are all assumed to be negligible.

Analytic results related to the entire population of RCRA facilities
presented in Chapters 7 and 8 thus include an adjustment for the fact that, in
addition to the effects observed at facilities represented in the sample,
there will be no impacts on those facilities (i.e., those where an RFI is not
required) not represented in the sample. In calculating the number of
facilities undertaking corrective action, for example, a two-step process was
used. First, it was determined that roughly 50 percent of the facilities in
the sample, i.e., those with RFIs, would trigger corrective action. Second,
because the sample represents only the 62 percent of all facilities likely to
receive an RFI, the proportion of all facilities triggering corrective action
was calculated as 50 percent of 62 percent, or 31 percent. This adjustment
assumes that facilities that do not require an RFI will also not trigger
corrective action. As a result, the calculations accurately represent all
facilities potentially subject to the corrective action program, not just
those where an RFI is required.

Each of the 65 facilities was characterized based on a review of the
information contained in the RFA and, where data were unavailable, based on
best professional judgement. This process yielded the following parameters:

! The sample of facilities was drawn in April 1987.
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. Number and types of SWMUs at the facility;

. Dates of operation of SWMUs;

. Types and quantities of wastes managed in SWMUs;
. Regulatory status of each SWMU; and

. Other information related to Federal

ownership and type of facility.

Using EPA's DRASTIC system, the hydrogeoclogy and climatic setting of each
facilicy were also characterized by locating the geographic coordinates of the
facility within a particular DRASTIC setting. Each DRASTIC setting was
defined in terms of depth to ground water, net infiltration, saturated and
unsaturated zone permeabilities, and ground-water velocity. The facilities in
this data base were then analyzed as described in the following section.

6.2 MODELING OF GROUND-WATER CONTAMINATION AND CORRECTIVE ACTIONS

The quantitative analysis of ground-water regulatory options in this RIA
uses a computer simulation model developed by EPA. This model, the Liner
Location Model (LIM), simulates ground-water contamination at hazardous waste
management facilities. The LIM was developed several years ago by EPA's
Office of Solid Waste to analyze the costs and risks of various hazardous
waste design and operating regulations. The LIM was modified for use in this
RIA and has been used to estimate effectiveness and corrective action costs
for contaminated ground water. As shown in Exhibit 6-1, the LLM consists of
several parts, each of which is briefly described below.?

6.2.1 Facility, Waste, and Environment Characteristics

The LIM begins with a basic characterization of each facility to be
analyzed. This information, which describes the operation of all SWMUs at the
facility, the types and quantities of wastes managed, and the facility
hydrogeologic and climatic setting, is used as an input to the model. For
this RIA, the facility data base described in Section 6.2 provided all
information necessary for facility characterization.

6.2.2 Releases of Hazardous Wastes

Based on the facility characterization, a facility-wide release profile
is generated. This release profile contains the total mass of each
contaminant constituent released in each year of the modeling period. For
this analysis, the modeling period extends for 200 years from 1920 to 2119.
The facility-wide release profile is calculated by summing, on an annual
basis, the release of each constituent from each individual SWMU at the

2 See also U.S. EPA, "The Liner Location Risk and Cost Analysis Model:
Phase II Report," prepared by ICF Incorporated, March 1986.
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facility. The approach used to estimate releases from a specific SWMU depends
on the SWMU type and, as described below, is based on methodologies developed
by EPA in support of previous rulemaking efforts.

For releases from landfills and surface impoundments, releases are
calculated by a stochastic Monte Carlo simulation model that estimates the
timing and magnitude of the contaminant release. These release profiles are
time dependent and the annual quantity of waste released may change over time.
Because of its stochastic nature, the simulation model produces a range of
release profiles which are clustered into relatively homogenous groups. A
release profile is then developed to represent each cluster. A weight, or
probability, for each of the representative release profiles is then derived
based on the likelihood of all profiles contained in the cluster. For this
RIA, EPA selected from among these representative profiles the release profile
with the greatest quantity of waste released that had a relative weight of at
least ten percent. Releases from landfills and surface impoundments are
simulated to continue until a mass balance calculation indicates that no
contaminant mass remains in the unit. '

Releases from tanks are simulated in a similar fashion based on the
results of EPA's Hazardous Waste Tank Failure Model (HWTFM).? The HWTFM is
also a stochastic model and generates several release profiles for each of
several different tank technologies. For each technology, these release
profiles are clustered and representative profiles are developed for each
cluster. A single profile is then selected from among the representative
profiles. The selected profile is the one with the greatest quantity released
and a relative weight of at least ten percent. These profiles were estimated
for an assumed 20 year operating life. Consequently, the profiles must be
adjusted based on the different reported operating lifetimes for the tanks
located at facilities in the sample data base. For tanks in operation less
than 20 years, the release profile is truncated at the year of closure and
releases are set to zero. For tanks operating for more than 20 years, the
annual quantity of waste released every year after year 20 is assumed to be
the average annual profile quantity estimated for years between 15 and 20
years.

Releases from land treatment units, waste piles, and injection wells are
estimated based upon the RCRA Risk-Cost Analysis Model (also known as the
W-E-T model).* For each of these unit types, the W-E-T model estimates a
constant annual release during the unit's operating life. After unit closure,
EPA assumed that releases drop to 10 percent of the constant release and
continue releasing at that rate until all mass in the unit is depleted.

For other units, including container storage areas, waste recycling
units, and incineration units, simple algorithms were developed that estimate
the quantity of waste released as a function of the unit's throughput. EPA

3 See U.S. EPA, "Hazardous Waste Tank Risk Analysis, Draft Report,"
prepared by ICF Incorporated and Pope-Reid Associates Incorporated, June, 1986.

4 See U.S. EPA, "The RCRA Risk-Cost Analysis Model, Phase III Report,”
Appendix D, prepared by ICF Incorporated, March, 1987.
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also developed a method for estimating the quantity of waste released to the
unsaturated zone from a systematic spill of waste on the ground.

6.2.3 Simulation of Fate and Transport

After the releases from all SWMUs have been aggregated into a single
facility-wide release profile, the fate and transport of the released
contaminants in the environment is simulated. Movement of contaminants
downward through the unsaturated zone is simulated using a modified version of
the McWhorter-Nelson Wetting Front Model that accounts for the degradation of
constituents and the delay associated with movement in the unsaturated zone.
Once contaminants reach the aquifer, their movement is simulated using a two-
dimensional random-walk particle tracking model (adapted from Prickett, et al,
1981).° The concentration of each contaminant at each of several down-
gradient wells is then calculated.

6.2.4 Simulation of Corrective Action

If the contaminant concentration at a ground-water monitoring well
exceeds a specific level, the LIM simulates the implementation of a corrective
action. Within the LIM, if corrective action is triggered, the model
estimates the costs of the corrective action and adjusts the contaminant
concentrations to reflect the impact of the action. The specific remedies
simulated by the model are:

1. Capping - Wastes In the unit are capped to prevent
infiltration of precipitation. Capping is assumed to
be up to 100 percent effective in reducing the
concentration of contaminants measured in the ground-
water contaminant plume for 35 years. After 35 years,
the model assumes that the cap will immediately fail.

2. Recovery wel - Ground-water recovery wells pump and
treat contaminated ground water. Recovery wells are
generally assumed to be 95 percent effective in
reducing the concentration of contaminants in the
plume (i.e., the concentration of a hazardous
constituent is reduced 95 percent once the wells
become fully effective). Contaminant concentrations
at exposure wells located within the plume are,
however, reduced by an amount less than 95 percent.

3. Excavation - All wastes ‘and the liner system are
excavated from the disposal unit. Excavation is
assumed to be 100 percent effective in eliminating the
release of wastes to the unsaturated zone. Non-land
based units and associated wastes (e.g., tanks) are
assumed to be excavated as well, using assumptions on

5 pPrickett, T.A., T.C. Haymick, and L.G. Lonquist. 198l. "A 'Random Walk'
Solute Transport Model for Selected Groundwater Quality Evaluations."” Bulletin
##65, Illinois State Water Survey.



average tank volumes. The model assumes that all
wastes excavated from units are disposed off-site.

4 Excavation with recovery wells - The remedy is assumed

to be 100 percent effective at eliminating the release
of wastes to the unsaturated zone, but the
effectiveness of the wells in reducing contaminant
concentrations is generally assumed to be 95 percent,
as noted above.

These four remedies were selected to represent the range of costs and
effectiveness of available corrective action technologies. No other
combinations of remedies (e.g., capping with recovery wells), or types of
remedies, than those listed here are used in the model.

6.2.5 Remedy Selection

The model evaluates the four ground-water corrective measure remedies
and chooses a single remedy for each facility using three criteria. They are:

1. Effectiveness - Measures the number of years after
corrective action is triggered that are required for
the remedy to achieve the corrective action target
level at all wells located within 1,500 meters of the
unit boundary. In some regulatory options, it is
sometimes the case that one or more of the modeled
remedies require more than 132 years (i.e., beyond the
end of the model's time horizon) to achieve the target
level. The effectiveness of such remedies is set at
132 years and the fact that the target was not met is
noted by the model.®¢

2. Cost - Measures the net present value cost of
implementing the corrective measure remedy (discounted
at three percent to 1987). Chapter 8 of the RIA
discusses how the costs for ground-water corrective
action are calculated.

3. Feasibility - Measures the technical feasibility of
implementing a particular corrective action
technology. Remedies that are inappropriate for
particular releases from units are not selected (e.g.,
source control remedies are not selected if all wastes
have been released from the unit).

Different remedy selection rules are used for each of the five
regulatory alternatives described in Section 6.4. These rules are based on
the three criteria listed above.

¢ The assumptions used in measuring the effectiveness of the modeled

remedies are discussed in Chapter 7.
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After the model has simulated the release of contaminants, the fate and
transport of those contaminants in ground water, and the costs and effects of
corrective action, it produces a wide range of output that can be studied in
order to assess the costs and benefits of various regulatory options.

6.3 PARAMETERS USED TO DEFINE GROUND-WATER REGULATORY ALTERNATIVES

The simulated regulatory alternatives differ with respect to several key
model parameters:

Units regulated;
Regulated media;
Corrective action trigger;
Corrective action target;
Point of compliance; and
Extent of contamination.

Each of these parameters is described in turn below.

The units regulated differ among options. Under the baseline scenario,
for example, only active land disposal units that received hazardous waste
after July 26, 1982, known as "regulated units,"” are assumed to be subject to
the pre-HSWA RCRA Subpart F regulations (i.e., standards in effect prior to
1984 and prior to imposition of §264.101 requirements). Under Options A
through D, however, HSWA is assumed to extend corrective action to all solid
waste management units (SWMUs).

Of note is that only about 4 percent of all 83,000 solid waste
management units were subject to Subpart F requirements before HSWA. These
units are simulated to be subject to corrective action both in the baseline
and in Options A through D. The remaining 96 percent of all units that were
not previously required to address contaminant releases are assumed to be
subject to corrective action requirements only in Options A, B, C, and D.

The regulated media can potentially include air, ground water, surface
water, and soil. Prior to the enactment of HSWA, only releases to ground
water were regulated under RCRA; after enactment, releases to all media are
regulated. The quantitative analysis conducted in the RIA is generally
limited to corrective action for ground-water contamination. Thus, the

regulatory opt ed apte and 8 are de
ground-water corxrective action only and therefore underestimate the number of

facilities with other types of releases regulated by the corrective action
requirements.

The co tive act t er used in the model is the ground-water
contaminant concentration that the model uses to initiate cleanup. The
trigger concentration may vary with the stringency of the simulated regulatory
option. Depending on the option being simulated by the model, corrective
action can be triggered by a release that exceeds one or more of the



following: a ground-water protection standard,’ a release in excess of a
background concentration,® or a release in excess of a health-based standard.
In our analysis, the choice of a trigger concentration is closely linked co
the decision about where to monitor for compliance, as described below. The
specific triggers used in the model are listed in Appendix B. The model also
assumes for all options that the effects of corrective measure remedies start
one year after contaminant concentrations in excess of the applicable trigger
level are detected, based on an assumption that ground-water remedies take one
year to plan, construct, and implement.

The corrective action target is the contaminant concentration that the
corrective action must be designed to achieve in the model. When the target
concentration is reached, the simulated corrective action 1is considered
successful. Due to modeling limitations, all options are analyzed assuming
that the target level is equal to the trigger level.? As with the corrective
action trigger, a determination must also be made about where to monitor for
compliance with the corrective action target.

The point of compliance is the physical point at which the corrective
action trigger and target levels are measured in the model. Depending on the
simulated option, several points of compliance are used in the model,
including:

7  The ground-water protection standard is a regulatory concept that is

discussed later in this chapter, under the baseline scenario definiticn.

8 Note that the model assumes for all scenarios modeled that background
levels are zero. As a result, the RIA may underestimate the likelihood of
triggering corrective action for all options and may overestimate the cost of the
baseline scenario and Option A, which both require cleanup to background.

% This assumption may not directly reflect the implementation of the
proposed rule. Under the proposed rule, the corrective action target would be
set by the Director (i.e., the Director of the State environmental agency or the
EPA Regional Administrator) on a case-by-case basis at 1levels that are
protective. In setting the target, the Director may consider:

s Multiple contaminants in the medium;

. Exposure threats to sensitive environmental
receptors;

. Other site-specific exposures or potential

exposures to contaminated media; or

- The reliability, effectiveness, practicability,
or other relevant factors of the remedy.

The analysis included in the RIA is not, however, sufficiently detailed to
discern those situations in which target adjustments would be applied.



. The edge of the waste management area (an
imaginary line circumscribing the waste
management unit or units - assumed to be 10
meters from the unit boundary);

. The facility boundary (the property line of the
hazardous waste management facility - assumed to
be 200 meters from the unit boundary); and

a The point of human exposure (the point of
potential human contact with the contaminated
medium - generally assumed to be 600 meters from
the unit boundary).

The point of compliance in the model is tied to the trigger for some options.
For example, because corrective action is triggered by human exposure in
excess of a health-based standard under Option D, the point of compliance is
at the point of human exposure. Due to dispersion and attenuation of
contaminants in ground water, as the point of compliance is moved closer to
the unit boundary, the likelihood of a corrective action being triggered in
the model for a given contaminant concentration is increased.

The extent of contamination determines whether off-site corrective
action is required in the model. Prior to HSWA, off-site corrective action
was not required under Subpart F. Based on RCRA Section 3004(v), however,
Options A through D are assumed to include off-site cleanup, although the
timing of the off-site action varies among options.

6.4 DEFINITION OF GROUND-WATER REGULATORY ALTERNATIVES

This section describes each of the five regulatory alternatives used in
the quantitative analysis of ground-water contamination for this RIA. Its
major purpose is to focus on the modeling assumptions used in defining the
five alternatives. All of the differences between the five simulated options
and the proposed corrective action rule are not, therefore, described. Where
pertinent, however, comparisons between the proposed rule and the RIA are
drawn and implications for modeling results are discussed.

The RIA considers the following regulatory alternatives for addressing
ground-water releases:

. Baseline Scenario;

. Option A: Immediate Cleanup to Background;

. Option B: Immediate Cleanup to Standards;

. Option C: Flexible Cleanup to Health-Based Standards,

. Option D: Flexible Cleanup based on Actual Exposure.
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The baseline scenario described in this chapter represents the
requirements under RCRA that were in effect prior to codification of the HSWA
corrective action requirements. The remaining four regulatory options (i.e.,
Options A through D) represent different approaches to implementing the
corrective action requirements of Sections 3004(u}, 3004(v), and 3008(h) of
RCRA as well as concurrent changes to the existing Subpart F corrective action
program for regulated land disposal units. The proposed rule is actually
designed to address corrective action only under the authority of RCRA
Sections 3004(u)} and (v) (i.e., by addressing waste management units not
already regulated at permitted facilities and releases to non-ground-water
media from regulated units). The procedures established in the rule for
Section 3004(u) (e.g., establishing media protection standards and selecting
corrective measure remedies) are, however, likely to be similar to those
procedures used in implementing corrective action orders under RCRA Section
3008(h). Furthermore, EPA is planning to revise the existing Subpart F
corrective action program for land disposal units at permitted facilities to
be consistent with the proposed rule. Therefore, the analyses done for the
RIA address the entire RCRA corrective action program (i.e., Sections 3004(u),
3004(v), 3008(h) and the existing program for regulated units).

In short, each of the regulatory options (other than the baseline
scenario) analyzed in the RIA assumes a single corrective action program that
is uniformly applied to all types of units at all RCRA Subtitle C facilirties.
Each regulatory alternative is described in turn below.

6.4.1 Baseline Scenario

The baseline scenario is intended to represent the RCRA corrective
action regulations in effect prior to the codification of the 1984 HSWA
corrective action provisions and is the scenario against which the costs and
benefits of the other options are compared. In developing the proposed
corrective action rule, EPA did not consider an approach that followed the
baseline scenario because it would not have been consistent with the
Congressional mandate in HSWA.

Under the baseline scenario, EPA assumed that only land disposal units
(i.e., the subset of SWMUs that includes surface impoundments, waste piles,
land treatment units, and landfills) that received hazardous waste after July
26, 1982, are regulated under the Subpart F regulations and only contamination
of ground water is regulated. Although only land disposal units managing
waste after January 26, 1983 were subject to Subpart F before HSWA, current
EPA data on such facilities are based on land disposal units that received
wastes after July 26, 1982. Thus, this cutoff date is used for the RIA.

The simulated corrective action target is either background (i.e., the
background concentration of a waste in ground water) or an MCL (i.e., &
Maximum Contaminant Level, defined as health-based concentration limits
established for hazardous constituents under the Safe Drinking Water Act) and
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is assumed to be the same as the trigger.’° For this scenario, EPA assumed

that only on-site cleanup (within the facility boundary) is required.
Moreover, based on earlier work dome by the Office of Solid Waste, it was
assumed that the facility boundary is 200 meters down-gradient of the unit
boundary. Finally, the analysis assumes that ground-water removal and
treatment must be a part of any corrective action in the baseline scenario,
except when it is technically impracticable.

In addition, under the simulated baseline scenario, ground-water
contamination may exist further than 10 meters from the unit boundary since
ground-water monitoring is assumed to begin in 1987 even though facilities may
have been in operation for several years before this date. Releases prior to
1987 thus may have spread to further well distances. Therefore, the model
searches for contamination above the trigger level by examining ground water
contaminant concentrations at points between the 200 meter well, assumed to be
at the facility boundary, and the unit boundary. The monitoring well then is
located at the first on-site well at which contamination above the trigger
level is detected. Of note is that if the monitoring well is located at any
distance other than 10 meters, then contamination has been detected and
corrective action will begin in 1987.

Remedy selection rules were developed for each option in the model using
the selection criteria discussed above (i.e., effectiveness, cost, and
feasibility). The remedy selection rules are applied to each facility modeled
in each option. The selection rules are designed so that only one remedy is
selected at each facility. In the RIA model, the remedy selection rules for
the baseline scenario are:

Rule 1. If recovery wells reach the target within
the modeling timeframe, select recovery
wells.

Rule 2. If recovery wells are technically

impractical (i.e., target concentrations
are not reached within the modeling time
period) and if capping is feasible (i.e.,
contaminants remain in the unit), select
capping. If not, select recovery wells.

6.4.2 Option A: Immediate Cleanup To Background

This option is the strictest option among those considered in this RIA.
It would provide for maximum protection of human health and the environment.

10 Under the Subpart F regulations, the owner or operator may also

request that an ACL (i.e., Alternate Concentration Limits, defined as a site-
specific health-based standard that will not adversely affect human health and
the environment) be used as the ground-water protection standard. ACL's are
determined on a site-specific basis. Since the Liner Location Model is not
currently structured to allow simulation of the use of ACL's, this RIA does
not consider the use o CL's under a of the re ato alternatives. As a
result, the RIA may overestimate the cost of the baseline scenario.
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In comparison to the baseline, it would cover all SWMUs rather than just
regulated land disposal units. Any detectable release to ground water in
excess of background levels would trigger immediate corrective action and
source control remedies (i.e., excavation or excavation with recovery wells)
would be required. The rationale for the option is that requiring strict
cleanup to background levels using source control remedies would provide the
greatest degree of protection to human health and the environment. Source
control corrective action remedies would be required on the grounds that on-
site containment of wastes may cause future releases and require additional
cleanups.

Because of previous waste management activities at a facility,
contamination may already exist in the first year of the corrective action
program. The model is thus structured to mimic the investigative process of
the RFI to locate all contamination at a facility. Under Option A, the model
begins searching for contamination in 1987 at the well located 1,500 meters
from the unit boundary and continues inward toward the unit until
contamination above the trigger level is measured at a particular well
distance. The monitoring well is then located at this well distance and
corrective action is begun in 1987. If there is no simulated contamination
beyond the 10 meter well in 1987, then the 10 meter well is used as the
monitoring well. The difference between the baseline scenario and Option A is
that, under the baseline scenario, the search for contamination simulated to
occur in 1987 does not consider off-site contamination while, due to RCRA
Section 3004(v), Option A includes an analysis of contamination up to 1,500
meters down-gradient (i.e., the limit of the model's estimation of contaminant
concentrations).

The remedy selection rules for Option A are:

Rule 1. Consider only remedies that provide source
control (i.e., excavation or excavation
with wells). If all wastes have been
released from the unit or if excavation is
otherwise infeasible, source control is
not necessary (i.e., select recovery
wells),

Rule 2. If both excavation and excavation with
wells reach target within the modeling
timeframe, select the remedy with the
shortest durationm.

Rule 3. 1f both remedies have the same duration
and achieve the target, select the remedy
with the least cost.

Rule 4. If neither remedy reaches the target
within the modeling timeframe, select the
remedy with the least cost.



6.4.3 Option B: Immediate Cleanup To Health-Based Standards

In contrast to Option A, corrective action under Option B would be
triggered in the model based on a health-based standard (i.e., MCLs, RfDs, or
RSDs at specified risk levels) rather than a release in excess of background
levels.!! Option B provides an upper bound estimate of the costs of the
Agency's proposed corrective action rule. Specific triggers (e.g., RfDs, RSDs,
and MCLs) used in the model are listed in Appendix B. Generally, the triggers
are derived in the following fashion:

a For carcinogens, Risk Specific Doses (RSDs) calculated
to produce 107 risk levels were used in the analysis.
An RSD is a chemical-specific concentration level that
results in a specified risk level for an individual
ingesting contaminated water over a 70-year lifetime.
An RSD is calculated using chemical-specific potency
scores developed by the Agency's Carcinogen Assessment
Group (CAG) and an assumed water consumption rate of 2
liters per 70 kilogram adult per day. For
constituents lacking a CAG potency score, best
professional judgement was used to set the trigger.

. Agency-approved Reference Doses (RfDs) were used for
systemic toxicants. These effects are most commonly
characterized as malfunctions of various organ
systems. An RfD is calculated by adjusting a "no
observed adverse effect level" using an uncertainty
factor. Uncertainty factors are selected on a
chemical-specific basis, and typically, the smaller
the uncertainty concerning the health data, the
smaller the adjustment. For constituents lacking an
approved RfD, best professional judgement was used to
set the trigger level.

Unlike Option A, Option B would allow owners and operators to defer
cleanup of releases that remain on-site (as would Options C and D). The model
assumes that, for land disposal facilities, on-site corrective action would be
delayed until the end of the post-closure period while, for treatment and
storage facilities, cleanup would be postponed until closure. Corrective
action for releases that have migrated off-site is assumed to take place
immediately upon detection.

The rationale for Option B is that no one is likely to be exposed to on-
site releases while the facility is operating or in its post-closure period.
Thus, corrective action for such releases may be postponed. After the post-
closure period or if the releases migrate off-site, people may be exposed to
hazardous waste constituents and corrective action is assumed to begin

1 yYhile the proposed rule provides that the health-based cleanup standards
may be set on a site-specific basis, the model used a more simple approach to
allow consistency. These health-based triggers and targets are intended to
represent the cleanup standards set under the proposed rule.



immediately. The model also assumes that corrective action would be triggered
by any release in excess of a health-based standard. The health-based
standard would not be limited to MCLs, as discussed above.

The model assumes that the ground-water point of compliance would be the
facility boundary (i e., 200 meters from the unit boundary) during the
operating life of the facility. Subsequent to facility closure, at treatment
and storage facilities, the point of compliance would be moved to the edge of
the waste management area (i.e., 10 meters from the unit boundary). For land
disposal facilities, the simulated point of compliance would change from the
facility boundary to the edge of the waste management area at the end of the
post-closure care period.

Again, the model simulates the investigative process by checking in 1987
for contamination beyond the point of compliance. Monitoring for
contamination in 1987 begins at the 1,500 meter well and moves inward until
contamination above the trigger level is detected. However, the model does
not search in 1987 for on-site contamination (i.e., contamination within 200
meters of the unit boundary). If no contamination is detected off-site, the
monitoring well is set at 200 meters until closure or post-closure, whichever
applies, at which time the model looks for on-site contamination and moves the
monitoring well to the 10 meter well.

All four remedies are considered in Option B (i.e., excavation,
excavation with wells, capping, and recovery wells). The remedy selection
rules used to simulate Option B are:

Rule 1. Select the remedy with the shortest
duration to achieve target from among
those that reach target within the
modeling timeframe.

Rule 2. If several remedies have the same duration
and achieve the target, select the remedy
with the least cost.

Rule 3. If all remedies fail to reach the target
within the modeling timeframe, select the
remedy with the least cost.

6.4.4 Option C: Flexible Cleanup To Health-Based Standards

Option C is generally intended to provide a lower bound estimate of
costs and effectiveness of the Agency's proposed corrective action rule.
Options B and C are similar in that both would allow owners and operators to
defer cleanups of releases that remain on-site until facility closure or the
end of the post-closure period and would allow selection of all modeled
remedies. The key distinction between these two options is that, under Option
C, a great deal more flexibility is allowed in the remedy selection process
Facilities are allowed to forego expensive corrective actions that do not
produce tangible cleanup benefits on the condition that institutional controls
are in place to prevent exposure to contaminated ground water.
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Institutional controls are methods used to prevent human exposure to
hazardous waste releases, such as legal or physical barriers. For instance,
institutional controls could include providing bottled water to replace
contaminated ground water, erecting a fence around a facility to prevent
people from entering, or placing restrictions on future land use in the
facility deed. The model selects institutional controls in cases where
either: (1) no remedies reach the cleanup target within the model time
horizon and capping is infeasible, or (2) where no remedies cost less than
$150 million.

The costs of selecting institutional controls, however, are assumed to
be zero in the model. The costs of some institutional controls, such as legal
restrictions, are negligible in comparison to the costs of other corrective
action remedies. Moreover, institutional controls are selected infrequently
in the model. By assuming zero costs for institutional controls, the RIA may
tend to underestimate the costs of Option C (and Option D, which also allows
for institutional controls) in comparison to other optiomns.

Under Option C, remedies are also limited to those with costs below $150
million. The Agency expects that, in practice, cleanup costs could actually
be greater in rare instances at some facilities, such as those undergoing
corrective action for releases to multiple media or facilities in close
proximity to exposed populations. A limitation on ground-water corrective
action costs is, however, necessary for modeling purposes. Without such a
limit, the model would select remedies that would actually be infeasible in
practice due to site conditions or technical constraints (e.g., excavations
could be selected by the model for the entire area of very large sites
whereas, in practice, excavations may only be performed for limited portions
of such sites).

Finally, the model selects the least costly remedy for Option C from
among those that reach the cleanup target within the modeling period. In
contrast, remedies are selected under Option B among those that reach the
target within the shortest duration without regard for cost. In other words,
Option C uses a more flexible approach to selecting remedies than Option B.
This assumption was chosen to approximate the site-specific approach taken in
the proposed rule, which would allow local flexibility in choosing among
protective remedies.

The remedy selection rules used to simulate Option C are:

Rule 1. If no remedies reach the target within the
modeling timeframe and capping is feasible
and costs less than $150 million, select
capping. Otherwise, implement
institutional controls.

Rule 2. If one or more remedies reach the target
within the modeling timeframe but no
remedy costs less than $150 million,
implement institutional controls.
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Rule 3. Select the remedy with the least cost from
among those which reach target and which
costs less than $150 million (i.e.,
excavation plus wells, excavation,
recovery wells, or capping.)

Because these remedy selection rules are somewhat more complex for
Option C than the preceding options, these rules are depicted graphically in
Exhibit 6-2.

As with Option B, the model checks for existing contamination in 1987.
In subsequent years, during the facility operating life (and post-closure, if
applicable), monitoring is at the facility boundary. After this period,
monitoring is performed at the unit boundary.

Under the proposed rule, however, the remedy selection process may
differ because the Regional Administrator has the discretion to select
remedies that meet the remedy selection standards of proposed §264.525(a)
(i.e., remedies must meet cleanup standards, control the source of releases,
and comply with standards for management of wastes). 1In addition, the
Regional Administrator may consider several remedy selection criteria,
including:

Long-term reliability and effectiveness;
Reduction of toxicity, mobility, or volume;
Short-term effectiveness;

Implementability; and

Cost.

Thus, the proposed rule remedy selection standards and criteria provide for
more thorough consideration of site-specific characteristics than do the
remedy selection rules used in the model. The model remedy selection rules,
however, are intended to roughly approximate the remedy selection process
under the proposed rule.

Finally, under the proposed rule, the speed of initiation of corrective
action as well as the speed of its completion would be set by the Director and
could be based on several factors, including the extent of waste management
capacity, the availability of technology, and other relevant factors. This
option would allow EPA or States and the owner or operator flexibility in
determining the timing of corrective action. Thus, the remedy simulated under
Option C for a facility may not be the same as that actually selected in
practice, though these remedy selection rules are intended to roughly
approximate the types of decisions made under the proposed rule.

6.4.5 Option D: Flexible Cleanup Based on Actual Exposure

This option is the most flexible of the regulatory options. It is
similar to Options B and C in that on-site cleanup is assumed to be deferred
until closure or the end of the post-closure period (depending on whether the
facility is a land disposal facility). It is different in that off-site
cleanup is also assumed to be deferred if there is no actual human exposure to
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EXHIBIT 6-2

Remedy Selection Flow Chart For Options C and D
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the release. Thus, although the remedy selection rules are the same for
Options C and D, the point of compliance modeled is different.

The rationale for Option D is that human exposure to hazardous wastes
arises from exposure to releases, therefore, exposure (rather than releases)
should be regulated. Under this approach, releases likely to cause exposures
are assumed to be immediately cleaned up while cleanup of other releases would
be deferred. While human exposure to contamination during the period of
deferral is, by definition, unlikely, environmental contamination may persist
until corrective action is undertaken.

The RCRA statutory mandate to protect human health and the environment
precluded EPA from analyzing a more flexible risk-based option. As discussed
in Chapter 3, the Agency constrained its analysis to options that fulfilled
this Congressional mandate. As a result, human exposure is limited under
Option D by requiring on-site cleanup to health-based standards at closure (or
the end of the post-closure period).

The model also assumes that, during a facility's operating life (and
throughout the post-closure period, if applicable), corrective action would be
triggered by actual human exposure to hazardous waste releases with
concentrations in excess of health-based standards (as defined for Options B
and C). After a facility had closed (or after the end of the post-closure
period, if applicable), the same health-based standard would be used but it
would be applied in the model at the edge of the waste management area rather
than at the point of exposure.

Until the point of compliance reverted to the edge of the waste
management area (at closure or at the end of the post-closure period,
depending on the type of facility), the point of compliance would be the
actual or threatened human exposure point. For each facility, this point is
determined based on available data.!? The point of compliance was modeled at
the 10 meter exposure well for 3 percent of the facilities, at the 600 meter
well for 83 percent of the facilities, and at the 1,500 meter well for 14
percent of the facilities.

The investigative phase of the corrective action program is simulated in
a manner similar to that used in Options A, B, and C. The model looks for
contamination in 1987 beginning at the 1,500 meter well and moves upgradient
to the exposure point. If contamination above the trigger level is detected
at wells near or down-gradient of the exposure point, then corrective action
is triggered. 1If no contamination is detected at the exposure point, the
monitoring well is set at the assumed exposure point until closure or post-

12 The data base for the RIA was obtained from a sample of RCRA Facility
Assessments (RFAs). In some cases, the RFAs noted the nearest human exposure
points. This RFA data, where available, was used in calculating the human
exposure point under Option D. If such data were not available, the model
assumed that the human exposure point was 600 meter from the unit boundary.
The 600 meter point is not based on average human exposure points but is only
a modeling assumption. See Appendix A for detailed information on the
facility data base.
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closure, whichever applies, at which time the monitoring well is moved to the
10 meter well.

The remedy selection rules in the model for the exposure-based approach
are the same as those for Option C (see Exhibit 6-2):

Rule 1. If no remedies each the target within the
modeling timeframe and capping is feasible
and costs less than $150 million, select
capping. Otherwise, implement
institutional controls.

Rule 2. If any remedies reach the target within
the modeling timeframe but no remedies
cost less than $150 million, implement
institutional controls.

Rule 3. If any remedies reach the target within
the modeling timeframe and any remedy
costs less than $150 million, select the
remedy with the least cost from among
those which reach target (e.g., excavation
plus wells, excavation, recovery wells, or
capping.)

The key assumptions used in the RIA for the five regulatory assumptions
are listed in Exhibit 6-3.
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EXHIBIT 6-3

GROUND-WATER CORRECTIVE ACTION REGULATORY ALTERNATIVES
AS SIMULATED IN THE RIA
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3 Option B

4 Option C

5. Option D
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7. RESULTS OF QUANTITATIVE ANALYSIS OF GROUND-WATER REGULATORY OPTIONS

This chapter presents the results of the quantitative analysis of the
ground-water regulatory options presented in Chapter 6. The basic approach
used starts with a sample of RCRA facilities that will be subject to the
proposed corrective action requirements. The extent of ground-water
contamination at these facilities and the effectiveness of corrective actions
is simulated using a modified version of EPA's Liner Location Model (LLM).
The LIM produces several results related to the types of corrective actions
taken at facilities and the effectiveness of these corrective actions.

This chapter summarizes these results in terms of the likelihood that
corrective action will be initiated, the type of remedy selected, the time
required to implement corrective actions, and an effectiveness measure that
reflects the success of corrective action in cleaning up particular sites.!

The analysis of the ground-water regulatory options suggests that
approximately 31 percent of the population of RCRA facilities require ground-
water corrective action under the 4 regulatory options. Under Options B
(Immediate Cleanup to Health-Based Standards) and C (Flexible Cleanup to
Health-Based Standards), more than 80 percent of the actions were fully
implemented within 75 years. Of those facilities undertaking corrective
measures, the selected remedy was successful in attaining the cleanup goals
within 1,500 meters of the source within 75 years for over 50 percent of the
facilities under Option C.?

7.1 LIKELTIHOOD OF INITIATING CORRECTIVE ACTION

The likelihood of corrective action is expressed as the percentage of
facilities that trigger corrective action in a particular year over the 200-
year modeling period.? Facilities trigger corrective action when contaminant
concentrations in ground water exceed specific trigger levels assumed for a
particular regulatory option. For example, under Option A (Immediate Cleanup
to Background), corrective action is triggered as soon as contaminant
concentrations are detectable at the monitoring well.

1 The costs of corrective action were also estimated. These estimates are

discussed in Chapter 8, Ground-Water Corrective Action Costs for Non-Federal
Facilicies, and Chapter 12, Federal Facilities.

2  The 1,500 meter distance was used because it is the maximum distance
simulated by the LIM.

3 In the context of the LIM, each facility is simulated to initiate
corrective action no more than once in one modeling period.
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The timing of corrective action (i.e., the initiation of corrective
actions) differs among the regulatory options. Under Options B (Immediate
Cleanup to Health-Based Standards), C (Flexible Cleanup to Health-Based
Standards), and D (Flexible Cleanup based on Actual Exposure), EPA assumed
that corrective action for releases that have not migrated off-site may be
deferred until facility closure. As a result, although the number of
facilities triggering corrective action may be similar among particular
options, the timing of corrective action may differ.

Under Option A, 33 percent of the population of RCRA facilities subject
to the corrective action requirements (i.e., about 5,660 facilities) trigger
corrective action for ground water. Approximately 31 percent of the
population of RCRA facilities trigger corrective action under Options B
through D, compared to only 14 percent triggering under the pre-HSWA Subpart F
requirements of the baseline scenario. The percentage of facilities that
trigger and initiate corrective action under the baseline scenario and each of
the regulatory options is listed in Exhibit 7-1. Under Option A, most actions
are simulated to begin in the first year of the corrective action program,
while under Options B through D, about half of the actions are deferred until
after the year 2000.

Exhibit 7-2 graphically compares the number of facilities that trigger
corrective action in the baseline scenario and each regulatory option. More
than twice as many facilities trigger corrective action under the 4 regulatory
options (i.e., A through D) compared to the baseline scenario. The reasons
for the difference in the likelihood of triggering corrective action among the
regulatory options are:

n Options A through D trigger action more often than
does the baseline because they are assumed to regulate
releases from all SWMUs, not just those from regulated
land disposal units as under the baseline scenario.

As explained in Chapter 2 of the RIA, the number of
units subject to corrective action has increased by a
factor of more than 20 from about 3,000 units before
HSWA to over 80,000 after HSWA.

. Option A triggers at slightly more facilities because
it requires cleanup to background, while Options B, C,
and D are somewhat less stringent and only require
cleanup to health-based levels.

. Options B and C are identical with respect to the
likelihood and timing of corrective action because
they both involve the same assumptions about trigger
levels and points of compliance; these options differ
only in terms of the remedies selected.



EXHIBIT 7-1

CORRECTIVE ACTION IS DEFERRED FOR OPTIONS C AND D a/

Year in Which

Corrective Action Options b/
is Triggered Baseline A B C D
1987 9.7% 25.7% 12.4% 12.4% 12.4%
1988-2000 0% 2.9% 3.7% 3.7% 2.7%
2001-2025 3.6% 3.2% 10.2% 10.2% 10.4%
2026-2120 _1.,2% _1.12 4. 7% 4 7% _5. 4%
Trigger Subtotal 14.4% 32.9% 30.9% 30.9% 30.9%
Never Trigger 85.6% 67.1% 69.12 69.1% 69.1%

a/ Percentage indicates the distribution of start dates among the total
population of facilities potentially affected by the corrective action program
(i.e., 5,661 facilities).

b/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure
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. Option D triggers corrective action at an identical
number of facilities as Options B and C because it
triggers corrective action at the same healch-based
concentration levels. The only difference among these
options is that, under Option D, the initiation of
corrective action is delayed for releases that do not
threaten off-site exposure pecints until after facility
closure (or the end of the post-closure period, if
applicable).

The timing of corrective action under each of the regulatory options is
presented graphically in Exhibit 7-3. Under Option A, where corrective action
for all releases must begin immediately, 25.7 percent of the facilities
trigger corrective action in 1987. In contrast, under Options B, C, and D,
where corrective action may be deferred until facility closure (or the end of
the post-closure period, as applicable), approximately 12 percent of
facilities trigger corrective action in 1987. As a result, the costs
associated with corrective action are incurred later in the modeling period
under Options B, C, and D than compared to Option A. As explained in Chapter
8, the opportunity to defer action accounts, in part, for the lower present
value costs of Options B, C, and D compared to Option A.

7.2 DISTRIBUTION OF REMEDIES SELECTED

Four remedies are modeled: excavation, excavation with wells, recovery
wells, and capping. Under Options C and D, institutional controls are
sometimes simulated when technical constraints severely limit the
effectiveness of these 4 remedies. Each of these remedies and the method by
which the model selected among them for a facility are discussed in more
detail in Chapter 6. The remedies selected under the baseline scenario and
each regulatory option are presented in Exhibit 7-4.

Under the baseline scenario, only 2 remedial alternatives (capping or
recovery wells only) are candidates for the selected remedy. Recovery wells
are selected at about 29 percent of the facilities. Recovery wells is the
selected remedy in cases where the wells succeed in reducing concentrations at
all wells within 1,500 meters to below trigger levels within the modeling time
horizon.* Capping is selected at about 71 percent of the facilities under
the baseline. Capping is the selected remedy when recovery wells fail to be
effective within the modeling time horizon. However, in situations where
capping is not feasible (because all of the contaminants have been released
from the unit by the time the release is detected), recovery wells is the
selected remedy regardless of its effectiveness.

For purposes of the LIM simulation under Options A and B, the remedy
selected for a particular site is based on the effectiveness of the corrective

4 See Section 7.4 for a more detailed explanation of the measure of
effectiveness.
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EXHIBIT 7-4

REMEDY SELECTION VARIES SIGNIFICANTLY AMONG OPTIONS a/

Options b/
Selected Remedy Baseline A c/ B c D
Excavation N/A d/ 59.0% 3.1% 9.0% 9.8%
Excavation with wells N/A 20.7% 25.7% 4.6% 3.6%
Recovery wells 28.6% 20.2% 33.4% 15.9% 14.9%
Capping 71.4% N/A 37.8% 64.8% 65.0%
Institutional Controls N/A N/A N/A 5.7% 6.7%

a/ Percentage indicates the distribution of selected remedies at those
facilities triggering corrective action under the baseline scenario and
regulatory options.

b/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure.

c/ Option A is structured to require source control. Thus, capping and
recovery wells without source control (i.e., excavation) are not allowed.
However, for situations where excavation is infeasible, recovery wells alone
are simulated.

d/ N/A: Regulatory option does not allow this remedy.
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action and the cost of the corrective action. The RIA assumes that Option A
requires remedies with long-term reliability. Thus, under Option A,
excavation or excavation with recovery wells is selected at about 80 percent
of the facilities. However, in situations where excavation is not feasible
(because all of the contaminants have been released from the unit by the time
the release is detected), recovery wells alone is the selected remedy (i.e.,
at about 20 percent of the facilities under Option A). Under Option B, only
about 29 percent of facilities are simulated to use excavation or excavation
with recovery wells. In contrast to Option A, Option B does not require only
remedies with long-term reliability. Therefore, recovery wells are selected
at about 33 percent of facilities and capping is selected at about 38 percent
of facilities.

Option C (Flexible Cleanup to Health-Based Standards) and Option D
(Flexible Cleanup Based on Actual Exposure) are assumed to allow any of the &
remedies used in the model or institutional controls. The proportions of
remedies selected are similar under both Options C and D. Under Options C and
D, remedies with long-term reliability (i.e., excavation and excavation with
recovery wells) are selected at about 10 percent of facilities. Recovery
wells are selected at about 15 percent of facilities and capping is selected
at about 65 percent of facilities. Institutional controls are selected only
about 6 percent of facilities under Options C and D.

7.3 TIME TO IMPLEMENT CORRECTIVE ACTION

This section presents the analysis of the time necessary to implement
corrective action at specific facilities. The duration of a corrective action
depends on the type of remedy, the extent of contamination, and the cleanup
level. For excavation and capping, the duration is always assumed to be 1
year.

For recovery wells, the duration is dependent on the target
concentration at the monitoring wells and the regulatory option. For Option A
(Immediate Cleanup to Background), pumping must continue until the target has
been achieved for 5 consecutive years. For example, if pumping begins in
1990, and the target concentration is reached in year 2000 and stays below
target, pumping must continue through year 2004. Alternatively, if the
concentration increases above the target again in 2002, pumping must continue
even longer. For the baseline scenario and Options B, C, and D, pumping must
continue while the concentration remains below target for 3 consecutive years.
Option A (Immediate Cleanup to Background) is the most stringent modeled
option (i.e., this option would provide the maximum protection of human health
and the environment) compared to the other options. Consequently, a more
stringent additional pumping period (i.e., 5 years) was assumed for this
option. The targets must be met at all wells within the point of compliance
before a recovery well corrective action is simulated to be terminated.
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The modeled point of compliance is the facility monitoring well (i.e., a
well located at a certain distance from the waste management area).> The
determination of the monitoring well location is based on the regulatory
option. The methodology used to determine the point of compliance for each
regulatory option is explained in Chapter 6.

Exhibit 7-5 presents the durations for corrective actions required under
each of the regulatory options. The proportion of facilities associated with
corrective actions of 1 year represent the facilities undertaking excavation
or capping. All other time categories represent facilities operating recovery
wells or a combination of recovery wells and excavation. The "ongoing at end
of modeling time horizon™ category represents those facilities undertaking
recovery well operations where the corrective action was still ongoing at the
end of the 200 year model time horizon (i.e., the target could not be reached
by the year 2120).

In general, under the baseline and Options A and B, recovery wells that
are still in operation at the end of the model period represent facilities
where the capping and excavation actions were infeasible due to the release of
all the contaminants from the facility prior to detection. (In those cases
where capping or excavation was feasible but all remedies were incapable of
reaching target levels, capping, with a duration of 1 year, was usually
selected because of its cost.) Under Options C and D, the remedy selection
rules are generally structured to allow the use of institutional controls in
situations where none of the available remedies is able to achieve corrective
action targets within the modeling period. Thus, the "institutional controls”
category in Exhibit 7-5 represents those facilities for which an engineering
remedy was foregone.

As shown in Exhibit 7-5, a significant proportion of the actions have
relatively short durations. Under Options B and C, for example, 64 percent
and 82 percent of the facilities, respectively, undertake actions of less than
25 years. For all options, less than 11 percent of the facilities are
simulated to be in corrective action for more than 100 years. Under Option B,
in fact, only about 6 percent of the actions are assumed to last more than 75
years.®

3 In the proposed rule, the ground-water points of compliance represent the

entire area of contamination, therefore, meeting the cleanup standards at the
points of compliance corresponds to cleaning up the entire plume. For modeling
purposes, one modeled point of compliance is used to represent the most
downgradient point of contamination. Contaminants upgradient of this point are
assumed to require cleanup. Any contaminants that migrate beyond this point
after an action is initiated are not simulated to be cleaned up.

¢ Under the proposed rule, EPA has made provisions for situations where
corrective action is technically impracticable. Based on the standards in
proposed 40 CFR 264.525(d)(2)(iii) and 264.531, adjustments in the required
remedy can be made in cases where technical factors make a complete remedy
infeasible. To the extent that such adjustments are made, the quantitative
results provided above may overestimate the length of time associated with
recovery well actions.
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EXHIBIT 7-5

DISTRIBUTIONS FOR DURATIONS OF CORRECTIVE ACTIONS VARIES AMONG OPTIONS a/

Baseline Option A Option B Option C Option D
Total Percent
of All
Facilities
Triggering
Corrective Action 14.4% 32.9% 30.9% 30.9% 30.9%
Time to Imple-
ment Remedy b/
{(Years) Percentages of All Facilities Where Contaminants Exceed Triggers
1 71.4% 59.0% 40.9% 73.8% 74 .82
2-10 11.0% 7.5% 18.8% 7.2% 7.2%
11-25 2.2% 6.0X 3.9% 1.0% 1.0%
26-50 4.4% 6.5% 17.0% 7.7% 6.7%
51-75 0% 6.3% 6.4% 2.8% 1.8%
76-100 0% 4.6% 2.3% 0.8% 0.8%
101-131 0x 1.0% 0.0% 1.0% 1.0%
Ongoing at end of
modeling time
horizon 11.0% 9.2% 10.8% 0.0% 0.0%
Institutional
Controls 0x 0X 0% 5,.7% 6.7%
Total 100% 100% 1002 100% 100%

a/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure

b/ Excavation: Assumed to take 1 year to implement.
Capping: Assumed to take 1 year to implement.
Excavation with recovery wells: Time to implement depends on
contaminant concentrations.
Recovery wells: Time to implement depends on contaminant
concentrations.
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The duration of a corrective action is not, however, a consistent
measure of effectiveness among all options because capping and excavation are
always modeled to have a duration of 1 year. Because these 2 remedies are
source control actions, contamination may persist for many years beyond the
completion of the action. 1In addition, for recovery wells, the duration is
the time required for the target to be reached at the modeled point of
compliance inside the area of contamination where the recovery wells are
located. Because recovery well operations are modeled to be at most 95
percent effective in removing contaminants, the remaining contamination may
still result in the trigger concentrations being exceeded downgradient of the
modeled point of compliance. Over time, in the model the plume area
effectively increases, but the modeled point of compliance does not change.’
Duration is therefore not a good measure of effectiveness because, for some
facilities, corrective action will terminate following cleanup within the
peint of compliance, even though contamination may still exist beyond the
point of compliance.® Consequently, an additional measure of effectiveness
to analyze the effectiveness of corrective actions was developed. This
measure 1s discussed in the next section.

7.4 TIME TO REACH TARGET CONCENTRATION WITHIN 1,500 METERS

This effectiveness measure represents the length of time required for a
corrective action to reduce all contaminant concentrations below the target
levels at all wells within 1,500 meters of the unit (i.e., the maximrum modeled
well distance). This measure was developed because it provides a consistent
measure across all remedies and regulatory options, and it provides an
indication of the effectiveness of corrective actions within a standard area.
A corrective action is thus defined to be effective if all constituents wichin
1,500 meters of the unit are cleaned up to their option-specific levels.

Exhibit 7-6 presents the distributions among the baseline scenario and
regulatory options for the time required for the facilities with corrective
actions to reach target levels at all wells within 1,500 meters. The "target
not reached" category represents situations where none of the remedies
resulted in target levels being reached at all wells within 1,500 meters. As
discussed in Chapter 6, the "institutional controls" category represents
situations where remedies do not reach target and are infeasible or where the
costs of remedies exceed $150 million.

7 The plume area is defined as the area of contamination where the trigger

concentration is exceeded.

8 This situation should be regarded as a model limitation. In the model
simulation, corrective actions are initiated only once (i.e., if contamination
is detected following termination of a corrective action, correction action is
not restarted) and recovery well operations are not expanded to clean up
contamination beyond the modeled point of compliance. This limitation results
in an underestimation of the effectiveness of corrective actions in controlling
ground-water contamination. In reality, the recovery wells would probably be
moved further downgradient such that more contaminants would be controlled and
recovered.
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EXHIBIT 7-6

DISTRIBUTION FOR DURATIONS TO REACH TARGET
WITHIN 1,500 METERS VARIES AMONG OPTIONS a/

Baseline Option A Option B Option C Option D

Total Percent

of all

Facilities

Triggering

Corrective Action 14.4% 32.92 30.9% 30.92 30.9%

Duration to
Reach Target

(Years) Percentages of Facilities Where Contaminants Exceed Triggers
0-10 17 .1% 14.7% 23.7% 18.5% 18.5%
11-25 5.5% 7.0% 9.5% 3.1% 3.1%
26-50 9.7% 6.5% 15.9% 22.9% 21.9%
51-75 1.9% 5.5% 6.4% 6.7% 8.0%2
76-100 0% 5.1% 1.5%2 3.3 1.8%
101-131 0% 0% 0.8% 1.8% 1.8%
Target Not Reached 65.8% 61.2% 42.2% 38.0% 38.3X

Institutional

Controls ox 0% 0% 5,6% 6.6%
Total 100% 100% 1002 1002 100%

a/ Option A: Immediate Cleanup to Background
Option B: Immediate Cleanup to Health-Based Standards
Option C: Flexible Cleanup to Health-Based Standards
Option D: Flexible Cleanup based on Actual Exposure



Under Option B, about 56 percent of the facilities are simulated to
reach cleanup targets at all modeled well distances within 75 years of
initiation of the action. Under Options C and D, about 51 percent attain
cleanup targets in the same period. For Option A (Immediate Cleanup to
Background), the proportion of facilities with corrective action not reaching
target concentrations at all wells within 1,500 meters is greater than the
percentage for Options B, C, and D, because the target levels for Option A
(i.e., detection limits) are lower than those for the other options.? These
facilities that did not reach target levels represent situations where the
cleanup of contaminants to target concentrations may be difficult to achieve.
Moreover, under Options C and D, those facilities with institutional controls
also represent situations where corrective action was unable to attain cleanup
targets.

There are numerous factors affecting the ability of the modeled
facilities to reach ground-water target concentrations. These factors include
physical phenomena likely to affect results in the field and model
limitations. These factors are discussed here. The procedures in the
proposed rule for facilities where cleanup levels cannot be met due to site
characteristics are also presented.

Factors that affect the potential for cleanup of contaminants in the
subsurface enviromment include the chemical and physical properties of the
contaminants, the characteristics of the subsurface environment, and, most
importantly, the interaction between the two factors.!® Together, these
factors determine how far released contaminants will spread, how quickly
contaminants will move in the subsurface environment, how long contaminants
are likely to remain in the ground water, and the potential for cleanup
operations to remove the contaminants from the subsurface environment. For
example, heavy metal contaminants may adsorb to soils while moving through the
unsaturated zone or onto aquifer material once in the ground water. The
presence of clay minerals would increase the likelihood of this adsorption
process occurring. The ultimate fate of the contaminants would depend on the
irreversibility of the adsorption process. If the contaminants did not desorb
from the surrounding clay material, cleanup would be extremely difficult.

% The success of Options B, C, and D (which share the same health-based
triggers) in achieving cleanup is not strictly comparable to the success rate for
Option A (which requires cleanup to background) because Options B, C, and D have
lower cleanup goals (i.e., less stringent target concentrations) than Option A.
Moreover, a somewhat larger number of facilities take corrective action under
Option A than under the other three options.

18 Physical and chemical properties of the contaminants include solubility,
density, viscosity, and degradability. Subsurface environment properties include
the presence of karst formations or highly fractured bedrock underlying a
facility. Specific ground-water properties include velocity and hydraulic
conductivity.
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Within the context of the model analysis, there are several additional
reasons why not all facilities are simulated to attain target levels within
1,500 meters. The model results reflect:

. The choice of the removal efficiency of 95 percent for
recovery well operations. Under actual field
conditions, this efficiency level may be significantly
lower or may approach 100 percent. If this efficiency
level is understated in the model, then more
facilities would be able to achieve complete cleanups
than simulated by the model while, if the efficiency
is overstated, less facilities would reach targerc.

- Situations where constituent concentrations are so
high that the modeled 95 percent efficiency of
recovery well operations is insufficient in reducing
the constituent concentrations below target
concentrations. Such situations are particularly
likely to occur at facilities with extensive and
widespread contamination resulting from large scale
hazardous waste activities, a long history of
operation, or both.

. Situations where the plume area continued to increase
after initiation of corrective action such that
contamination exist at wells down-gradient of the
modeled point of compliance. For such situations in
the model, an action could be terminated even though
the presence of contamination downgradient of the
point of compliance suggests that the action has not
been fully effective.

. Situations where the 200-year modeled time horizon
limits the continuation of recovery well operations.
While these situations did not occur frequently in the
model analysis, for corrective actions simulated to
occur late in the modeling period, the time remaining
in the simulation may be insufficient to complete the
action.

Finally, it is important to recognize that the proposed rule addresses
situations where cleanup does not appear to be technically practicable.
Specifically, there are 2 provisions in the proposed rule that provide for
alternate approaches in these situations:



n Proposed 40 CFR 264,525(d)(2)(iii) allows EPA to
determine that remediation of a release is not
required when it is technically impracticable. In
such cases, the facility owner/operator could be
required to undertake source control, reduce exposure
to the contaminated medium, or remediate to
concentration levels which are technically
practicable.

. Proposed 40 CFR 264.531 allows EPA, in situations
where the facility's best efforts to implement the
selected remedy prove unsuccessful, to require the
owner/operator to examine alternative technologies or
to determine that complete cleanup is not technically
feasible. For example, if a ground-water recovery
system does not appear to be performing as expected,
it may be possible to utilize altermate remedies that
are more effective. However, in cases where EPA
determines that complete cleanup is not technically
feasible, then the facility will not be required to
meet the cleanup standards but may be required instead
to implement institutional controls that prevent
exposure to contaminated ground water,

7.5 CONCLUSION

In short, based on the results of the quantitative analysis of ground
water, about 31 percent of the population of RCRA facilities subject to the
corrective action requirements are estimated to require corrective action for
ground-water contamination. Moreover, most of these actions appear likely to
be initiated prior to the year 2000. Under the options designed to represent
the proposed rule (i.e., Options B and C), over 50 percent of the facilities
undertaking corrective action are simulated to reach cleanup targets at all
modeled well distances within 75 years. About 6 percent are assumed to use
institutional controls because of the limited effectiveness of available
remedies.



8. GROUND-WATER CORRECTIVE ACTION COSTS FOR NON-FEDERAL FACILITIES

This chapter analyzes the ground-water corrective action costs that
would be incurred by non-Federal facility owners and operators under the
corrective action program. Costs at Federal facilities are estimated in
Chapter 12. In summary, this analysis of the costs of the corrective action
program suggest that costs are likely to increase significantly over the
baseline scenario. Under the lower bound option of the proposed rule, total
costs are estimated to increase nationwide by $7.4 billion. On an annualized
basis, this increase is approximately $500 million.

The chapter first describes the methodology for estimating costs at
individual facilities. Results are then presented as typical per-facility
costs for each regulatory alternative and as total national costs.

8.1 DERIVATION OF UNIT COST ESTIMATES

The total estimated cost to the regulated community of EPA's corrective
action program is estimated in this RIA based on the costs of each step in the

cleanup process. Accordingly, this section describes the estimation of these
costs.

8.1.1 Costs of Investigation

As explained in Chapter 2, the EPA corrective action program is divided
into several steps. The first 3 steps are the RCRA Facility Assessment (RFA),
the RCRA Facility Investigation (RFI), and the Corrective Measures Study
(CMS). These steps are of an investigative or analytic nature and are
distinct from the actual implementation of the corrective action.

EPA is responsible for conducting RFAs and plans to do so over the
coming years at all RCRA facilities. Because EPA undertakes the RFA, the
facility owner or operator is unlikely to face significant costs in this phase
of the corrective action process. Accordingly, the cost of the RFA is not
included in the estimates of total corrective action costs.

Should the RFA suggest the need for further analysis at a facility, EPA
may direct a facility owner or operator to undertake an RFI. Because the
specific steps of the RCRA corrective action program are a relatively recent
addition to the program, there is little information on the costs to the
regulated community of each step. Given, however, that the RFI is similar in
scope and content to the Remedial Investigation (RI) phase of the Superfund
cleanup program, available data on the cost of the RI were reviewed. In doing
so, it was determined that RI costs may range widely. Based on conversations
with contractors associated with the CERCLA program, RI costs were estimated
to range from $300,000 to $1,300,000 per site. In general, an assessment of
environmental threats at the typical RCRA facility is likely to cost less than
a similar assessment at the typical uncontrolled Superfund site because
sampling and monitoring activities may have been performed at RCRA facilities
(e.g., RCRA land disposal facilities must comply with ground-water monitoring
and hydrogeologic characterization requirements to obtain a RCRA permit).
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Moreover, information on the wastes disposed or handled on-site may be more
readily available for a RCRA facility than a Superfund site due to the record-
keeping requirements under RCRA. Accordingly, RFI costs are assumed to be
lower than Superfund RI costs. For the purposes of this RIA, therefore, the
cost of a RFI is assumed to be the same as the lower bound estimate for a
Superfund RI, or $300,000.

If, based on the results of the RFI, EPA determines that contaminant
concentrations in the environment exceed the health-based standards specified
in the proposed rule, an owner or operator may be compelled to undertake a
Corrective Measures Study. Again, EPA's experience in the Superfund program
was used to develop an estimate of the cost of the CMS. A CMS is roughly
analogous to the Feasibility Study (FS) done at each Superfund site.
Available information suggests that the cost of a FS may range from $100,000
to $200,000. Because the specific requirements for a CMS are somewhat less
prescriptive than for a FS and, given the earlier assumption that RCRA
facilities are likely to be less complex sites than Superfund sites, the
estimated CMS cost is taken from the low end of the range of FS costs; that
is, the typical CMS is assumed to have a cost of $100,000 to the RCRA
faciliey.

8.1.2 Costs of Corrective Action

After the CMS has been completed, EPA may select a particular corrective
action alternative from among those studied in the CMS. The facility owner or
operator is then responsible for implementing the particular remedy. As
described in Chapter 6, this RIA has analyzed the costs and effectiveness of 4
corrective action remedies that address ground-water contamination:

Capping;

Recovery wells;

Excavation; and

Excavation with recovery wells.

Other remedies have been used in the Superfund remedial program and are likely
to be used in the RCRA corrective action program; nonetheless, these 4
remedies were selected to be representative of the range of available
remedies. As discussed in Chapter 6, for Options C and D, the RIA assumes
that institutional controls will be selected in lieu of 1 of the 4 remedies in
cases where remedies do not reach target and are infeasible or where all
remedies exceed $150 million to implement.

In the analysis done for the RIA, the Liner-Location Model (LIM) was
used to estimate the cost of each of these actions for facilities in the data
base simulated to trigger corrective action using standardized algorithms.!
These algorithms were developed based on EPA experience, best professional
judgment, and standard construction cost estimation techniques. Within a
model run, the LIM computes the cost of each remedy available for a particular
facility; based on a series of remedy selection rules, the model chooses a

! Liner Location Risk and Cost Analysis Model: Phase II Report, Appendix,
March 14, 1986, prepared by ICF Incorporated, hereinafter cited as Phase Il
Report.
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single remedy for each facility. The remainder of this section describes the
cost calculations for each remedy, while Section 8.2 presents cost estimates
for those remedies that were actually selected.

Capping involves the placement of a relatively impermeable layer (i.e ,
2 feet of clay and a synthetic layer) over the top of the particular SWMUs
subject to corrective action. The costs of capping reflect the costs of site
preparation, materials, installation, and indirect costs such as engineering
design, inspection and testing, overhead and profit, contingencies, and a
health and safety allowance. As modeled, the cost of the cap is a function
only of the total surface area of the unit, with total costs equal to $71.40
per square meter.?

Recovery wells are used to withdraw contaminated ground water for the
purposes of treatment. As modeled for this RIA, the cost of recovery wells
reflects both the installation and operation of the wells and the construction
and operation of an appropriately sized effluent treatment system. The costs
of this remedy reflect a complex set of several calculations.® In general,
though, the recovery well remedy simulated by the LIM involves several steps.
First, a series of detection wells are drilled to delineate the plume and to
provide a method for assessing the performance of the remedy while it is
underway. Next, the actual recovery wells are installed along with the
required infrastructure such as pumps, piping, and electrical lines. Based on
the estimated volume of water to be recovered, a treatment plant of sufficient
capacity is constructed. After adding the same types of indirect costs
associated with capping, the model calculates the first year cost of the
remedy. Finally, the model estimates the annual cost of operating the
recovery well and treatment plant systems. This annual cost is then incurred
in each year that the remedy is underway. In general, the remedy is continued
until contaminant concentrations reach the target levels associated with the
particular regulatory alternative being analyzed.

Excavation involves the removal and off-site disposal of all
contaminated wastes within the SWMUs subject to corrective action. Costs
reflect various preparatory activities, the actual excavation of the wastes,
transportation to an off-site landfill, and landfill disposal costs. A series
of indirect capital costs such as engineering design and inspection and
overhead are then added to the direct capital costs. The cost of excavation
at a particular site is a function of both the surface area and the volume of
material excavated.® The total cost of the excavation is estimated as $95.04

2 Capping costs consist of two components. The first is the direct costs,

estimated at $34 per square meter. Direct costs are based on data provided by
Sobotka and Company, Inc. in a memorandum dated August 9, 1985. The second
component is indirect costs, estimated at 110 percent of the direct cost.
Indirect costs, which include engineering, testing, overhead, health and safety,
and contingencies, are drawn from the Phase II report.

3 See Phase I1I Report.

! The costs of off-site disposal were developed based on prices prevailing
at the time the model was developed; such costs do not include the increased
prices associated with limitations on disposal capacity brought about by EPA's
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times the surface area (in square meters) plus $574.56 times the volume of
waste (in cubic meters).?

Excavation with Recovery Wells involves a combination of 2 specific
remedies. Its costs are estimated based on the algorithms for each of the 2
remedies. The cost of the excavation portion of the remedy is the same as
when excavation by itself is simulated. The cost of the recovery well actionm,
however, differs depending on whether excavation has been included. The
reason for the difference is that the excavation is often successful in
significantly reducing the total contaminant mass released to ground water
and, thus, the duration over which the recovery wells must be operated.

8.1.3 Estimation of Costs Per Facility

After the Liner-Location Model has simulated each of the remedies that
are available at a particular facility in a manner that is consistent with the
particular regulatory alternative being analyzed (e.g., certain remedies are
not allowed for some alternatives), the LIM estimates the following 3 key
parameters for each of the simulated remedies:

. Effectiveness;
. Cost; and
. Feasibility.

As described in Chapter 6, these parameters are then used in conjunction with
a series of remedy selection rules to assign a particular remedy to a specific
facility. The selected remedies and their cost may vary among the regulatory
alternatives for several reasons:

. The set of allowable remedies and the rules for
selecting remedies are not the same for each
alternative (e.g., institutional controls may be
selected under Options C and D);

= Some facilities trigger corrective action under some
alternatives but not under others;

. The triggers and targets for corrective actions may
vary between alternatives and the same facility may be
simulated to use a different remedy under each of 2
alternatives. Even if the same remedy were simulated,
its costs might vary due to differences in the start
and end years.

Land Disposal Restrictions Program (LDRP) or the costs of treating land disposed
waste using Best Demonstrated Available Technology, as required by the LDRP. As
a result, the model may underestimate costs for the options that select
excavation remedies.

5 See Phase II Report.



8.1.4 Discounting

Because the costs of the corrective action may be incurred over time, we
discounted these costs to a consistent basis to allow for comparison. Three
different discount rates were considered for use in this analysis: 3 percent,
5 percent, and 9.49 percent. A rate of 3 percent reflects standard
assumptions used in other Office of Solid Waste Regulatory Impact Analyses; 5
percent is the rate used in the recent CERCLA National Contingency Plan (NCP)
RIA; and 9.49 percent represents the weighted average cost of capital
calculated in the economic impacts chapter of this RIA. Although there is no
single correct discount rate, the 2 lower rates are meant to reflect a social
discount rate which might be appropriate for a societal investment in a public
good such as environmental protection. These rates are arguably represented
by the after-tax real rate of return on risk-free savings. The weighted
average cost of capital measures the return on private investment by firms in
the regulated community.

Although 3 discount rates were considered, a single rate of 3 percent
has been chosen for the remainder of the analysis. Unless otherwise noted,
all discounted results are calculated using a 3 percent rate. The primary
reason for using a single rate is to simplify the analysis and because of the
general insensitivity of the relative performance of the regulatory
alternatives to the discount rate. This insensitivity results largely from
the fact that a significant proportion of corrective action costs are incurred
in the first several years of the program and are relatively unaffected by the
discount rate. The 9.49 percent rate is discarded on the grounds that it is
more appropriate for assessing private, rather than social, investments.®
The rate of 5 percent is not used because it generates results quite close to
those of 3 percent. Because the 3 percent rate is generally consistent with
many other analyses of various regulatory elements of the RCRA program that
have already been done, it is used as the sole discount rate.

8.2 RESULTS FOR COSTS PER FACILITY

This section presents results on the estimated per-facility cost of
corrective action at non-Federal facilities for each regulatory alternative.
It is divided into 2 subsections. The first explains how costs vary among
regulatory alternatives while the second evaluates the effect of facility
characteristics (such as age or number of SWMUs) on costs.

8.2.1 Per-Facility Costs by Regulatory Alternative
This subsection discusses the mean and annualized per-facility cost by

each regulatory alternative and notes that Option A is by far the most costly
option.

¢ The rate of 9.49 percent is, however, used throughout the economic

impacts analysis presented in Chapter 10 to represent the weighted average cost
of capital. As explained in Chapter 10, this rate measures the cost of funds to
firms and is appropriately used when simulating a firm's internal financial
decision making.
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Mea er-Facility Cost

As demonstrated by Exhibit 8-1, the simulated corrective action cost
incurred by the typical non-Federal facility varies significantly among the
regulatory alternatives under consideration. The highest cost per facility
occurs under Option A, which has a mean per-facility cost of over $281 million
when discounted at 3 percent. Such costs are not surprising given the
stringency of this alternative. Under this alternative, corrective action is
triggered sooner, lasts longer, and involves more expensive remedies than with
the other regulatory scenarios.

Option C was estimated to have a mean cost of $6.3 million. Options C
and D have low per-facility costs because of the associated remedy selection
rules. Under Options C and D remedy selection hinges primarily on costs when
faced with a choice of more than 1 effective remedy. Also, institutional
controls (the costs of which are not calculated in the model) are enacted when
the selected remedy exceeds a cost of $150 million. In comparison, the mean
per-facility cost of the baseline scenario ($3.8 million) is socmewhat lower
than the costs associated with all regulatory options. The lower baseline
costs are due in part to the fact that the baseline scenario assumes cleanup
on-site only, while Options A through D assume both on- and off-site cleanup.
Moreover, as noted in Chapter 7, the baseline scenario selects inexpensive
remedies (e.g., capping) in comparison to some options, which may select
expensive remedies. For instance, excavation and excavation with recovery
wells is selected at about 80 percent of the facilities under Option A.

u ed Per-Fac OStS

We examined the annualized cost of the typical per-facility corrective
action cost because the costs of corrective action will be incurred over time
and because firms in the regulated community may be expected to spread costs
over time through internal and external financing methods. The process of
annualizing these costs involves amortizing costs using a certain interest
rate and a specific time period (a 20 year period is used in this analysis).
We have computed annualized costs using a 3 percent interest rate, the
baseline discount rate used throughout this RIA. The annualized per-facility
cost of corrective action at a typical non-Federal facility is presented in
Exhibit 8-2. For the lower bound proposed rule option (i.e., Option C),
annualized costs are approximately $422 thousand at a 3 percent discount rate.

8.2.2 Effect of Facility Characteristics on Costs

In addition to analyzing the mean per-facility cost for the entire
population of facilities, we also considered the effect of 3 facility
characteristics on costs:

. Facility age,
Number of SWMUs at facility, and
Ground-water flow field setting.



Cost In Mliitons of Dollars

290

280

270

260

Mean Cost Per Facility Is Greatest For Option A
(Non-Federal Facilities)

(Discountrate of 3 percent)

]

A\ A\

20

10

$3.8 million

$26 1.9 million

P —
P00 %e % %% % % %!
0007020765022 %%
peleledee e el
020202020765 %%%
Yo lele e % %%,
0262026262622 %%
ele%e%%% %%
000202002 %%%%
Hedele%e e e 2% %
020%0%0%0%% %%
000202620 % % %%
02020 % %0207 % %%
eletete 06 0%
00000 0 0 0% % e
126262 % %% %%
0 %0%0%0% %% %%
elet0% 0 0 %%
050 00%6% %% % %%
126%0%% %% %% %
0002020%%%%%
et 2020205 %%
02070 %0 % %
120 2000%20% 2%
02020202 %%
26%0%% %%
0 %% %%
KRR
/)
RS

14

A

)

A

07600 %%
OXRRK
070%0% %% % %%
0%6%6%6%%%2%%
Pete%e%e e e el %
02000 %% 0% % %%
1020202020 %0%0%0 %%
KRR
oosotetelde!

-

020%0 %6 %% % %%}
Oesegeiesetotel
020265650 %6%6% %%
100%0%% % % 0% %
00 000 % 20 0% %%
20202 % %0 e %
10%090%6% % %% %%
1%6%% %% % %0 %%
00000000 e %0 % %%
12020000 %0 20 %0 %
00020 % %0 0% %%
2022 %% % %%
000050 % %% e %%
20%0%% %% 0 %%
020207070 0 %% %%
Petele%e% % %%
202020 %% %% % %%
1202000000 % e %%
0200070 %0 %% %%
%620 %0900 %%
126%%6%6%6%% %%}
020007020 % %% %%
5 25
S

&S
070% %% % %%
262622020 % %%
DISRARILIS
10.20% %% %% % %%
]

»

20%0%6%% %%
BISERRRRKNEKS

A

$26.9 million

$6 3 million

$£4 8 miltion

Baseline
Scenario

, IBRBKA

Option A:

Immediate
Cleanup to
Background

|
OptionB

Immediate
Cleanup to
Health-Based
Standards

T
Option C
Flexible
Cleanup to

Health-Based
Standards

[
Option D

Flexible
Cleanup Based
On Actual
Exposure

Costs Include implementation of corrective action only, do not include RCRA Facility Investigation or Corrective Measures Study

L-8



Cost In Millions of Dollars

EXHIBIT 8-2
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There were no clear patterns associating these 3 facility characteristics with
corrective action costs. Older facilities showed a tendency to have higher
corrective action costs. The mean cost under Option C (Flexible Cleanup to
Health-Based Standards), for example, for facilities that were between 1l and
20 years old was $698,000, while facilities with an age between 21 and 30
years had a mean cost of §1.5 million. The relationship between facility age
and mean per-facility cost was somewhat erratic, however, suggesting that
factors other than age have a more direct influence on costs. Such factors
include the extent of contamination, the nature of the particular SWMUs to be
addressed, and the remedy selected for the facility.

Similarly, the per-facility costs are only somewhat influenced by the
number of SWMUs at the facility. Again, the relationship was generally in the
expected direction; facilities with 6 to ten SWMUs faced a mean cost of $1.8
million under Option B (Immediate Cleanup to Health-Based Standards) while
facilities with between eleven and twenty units had an estimated mean cost of
$7.9 million. These costs did not, however, vary uniformly with respect to
the number of SWMUs either within a single regulatory altermative or across
all 4 regulatory options.

There are several reasons why the number of SWMUs may not directly
affect the cost results. Most importantly, not all SWMUs pose an equal threat
to the environment. A single large surface impoundment of several acres may
be much more likely to trigger a major corrective action than 1 small above-
ground tank. Similarly, even if an action is triggered, response costs for
small units are likely to be lower than for big units. And, for a remedy that
does not include source control (e.g., recovery wells), costs are driven
primarily by the extent of the contaminant plume. While it is certainly
likely that as the number of SWMUs at a facility increases, potential plume
sizes will also increase, the relationship is not direct. Finally, the cost
estimating methodology of the model does not account for economies of scale in
corrective actions.

Ve also examined the degree to which the particular ground-water flow
field setting influenced the mean corrective action cost. These flow fields
are defined in detail in Appendix A. As with the other factors discussed
above, there was no clear pattern of costs among ground-water settings.

In short, it seems that several factors have the potential to affect
corrective action costs, Iincluding the nature and extent of the contamination,
the hydrogeologic characteristics of the site, the time period over which
contaminants have been released, the nature of the waste management practices
leading to the release, and the particular corrective action remedy selected.
While these factors are simultaneously incorporated in the facility-by-
facility cost simulation that produced the mean per-facility cost shown in
Section 8.2.1 above, it is not possible, given the data available from the
model outputs, to isolate the effect of these various facility-specific
factors.



8.3 RESULTS FOR TOTAL NON-FEDERAL COSTS

The total national non-Federal cost for EPA's corrective action program
represents an interaction of 3 important parameters: the average cost of each
action, the investigative costs of the RFI and CMS, and the number of
facilities required to undertake corrective action. Section 8.1 explained our
calculation of average corrective action costs for each regulatory
alternative. After briefly summarizing the number of facilities subject to
corrective action, this section describes our estimation of the total costs of
the corrective action program for non-Federal facilities. Results for the
costs of corrective action at Federal facilities are presented in Chapter 12.

8.3.1 Background

As explained in Chapter 7, the number of facilities that trigger
corrective action varies among the regulatory alternatives analyzed. Exhibit
8-3 again summarizes how many facilities undergo corrective action in each of
several time periods. 1In general, the baseline scenario has significantly
fewer facilities with corrective action because, prior to the enactment of
HSWA, only regulated land disposal units were subject to corrective action.
Option A (Immediate Cleanup to Background) has the highest number of
facilities with corrective action, an unsurprising result given its stringent
nature. Options B, C, and D all have the same number of facilities
undertaking corrective action because each involves eventual cleanup to the
same level (i.e., a health-based target measured at the 10 meter well).

8.3.2 National Non-Federal Costs

Exhibit 8-4 presents the total national non-Federal costs of each
regulatory option relative to the baseline scenario (i.e., the baseline
scenario cost of $3.2 billion is subtracted from each option to obtain the
total incremental cost of the option). For those facilities that trigger
corrective action, the costs of the investigative phases of the corrective
action process (i.e., the RFI and CMS) have been added to the total costs
associated with the actual implementation of the corrective action. CMS costs
are simulated to occur in the same 10 year period in which corrective action
is triggered. RFI costs are assumed to be incurred in the first 20 years;
half in the first decade and half in the second decade. Exhibit 8-5 depicts
the investigative costs for each option. Those RFI and CMS costs, described
in Section 8.1.1, are combined with the mean per facility costs and multiplied
by the number of facilities that trigger corrective action to obtain the total
national costs shown in Exhibit 8-4.

Option A (Immediate Cleanup to Background) is, by far, the most
expensive of the alternatives analyzed and has an incremental cost of over
$490 billion. This result occurs because about 80 percent of the facilities
are simulated to selected excavation or excavation with recovery wells, which
are often the most expensive remedies considered by the model, and because the
stringent trigger levels cause more than 100 additional facilities to trigger
when compared to Options B, C, and D. The least cost alternative (although by
only a slight difference) is Option D (Flexible Cleanup Based on Actual
Exposure) with a cost of $5.0 billion.
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EXHIBIT 8-3

TIMING OF CORRECTIVE ACTION VARIES ACROSS REGULATORY ALTERNATIVES

Number of Non-Federal Facilities Requiring Corrective Action
Under Each Alternative

Option D:
Option B: Option C: Flexible
Immediate Flexible Cleanup
Option A: Cleanup to Cleanup to Based on
Corrective Baseline Cleanup to Health-Based Health-Based Actual
Action Timing Scenario Background Standards Standards Exposure
1987
Engineering remedy 515 1,364 658 621 606
Institutional Con-
trols NA a/ NA NA 37 53
1988-2000
Engineering remedy 0 154 196 180 118
Institutional Con-
trols NA NA NA 16 27
2001-2025
Engineering remedy 191 170 542 499 522
Institutional Con-
trols NA NA NA 43 32
2026-2120
Engineering remedy 64 58 250 250 288
Institutional Con-
trols NA NA NA 0 0
770 1,747 1,646 1,646 1,646

a/ NA: Institutional controls may not be selected for this option.
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EXHIBIT 8-4
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EXHIBIT 8-5

RFI AND CMS COSTS FOR EACH REGULATORY OPTION

(in millions)

Option
Baseline Scenario

Option A: Immediate Cleanup to
Background

Option B: Immediate Cleanup to
Health-Based Standards

Option C: Flexible Cleanup to
Health-Based Standards

Option D: Flexible Cleanup
Based on Actual Exposure

RFI and CMS Costs
$286.6

$876.9

$845.9

$845.9

$843.1
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Option C has an incremental cost of $7.4 billion ’ Options B

(Immediate Cleanup to Health-Based Standards) and D have incremental costs of
$48.1 billion and $5 billion, respectively. The difference between the costs
of these 3 scenarios and Option A is due to the postponement of many
corrective actions taken immediately under Option A, and the level to which
cleanup must be performed. The difference between the costs of Options C and
D compared to Option B is attributable to the flexibility used in remedy
selection described in Section 8.2.1. For example, remedies involving
excavation (i.e., more costly remedies) are selected at about 29 percent of
facilities under Option B compared to about 14 percent under Option C.
Similarly, less expensive remedies, such as capping, are selected at about 38
percent of facilities under Option B but at about 65 percent of facilities
under Option C.

Exhibit 8-6 presents the annualized national costs associated with the
corrective action relative to the baseline. These results show that
implementation of the RCRA corrective action program may generate annual costs
of approximately $500 million (Option C, Flexible Cleanup to Health-Based
Standards) to $2.8 billion (Option B, Immediate Cleanup to Health-Based
Standards). As with total national costs, this cost is a result of the
specific modeling assumptions used in the analysis to reflect each regulatory
alternative. To the extent that a significant number of facilities are
allowed to use interim remedies, to postpone corrective action, or to use
institutional controls in lieu of prohibitively expensive cleanup
technologies, the costs of implementing the corrective action program may be
closer to those of Option C than to the other options modeled.

7 The total non-incremental cost of Option C is $10.6 billion (i.e , $3.2
billion in baseline plus $7.4 billion incremental to baseline costs).



Total Cost in Bllllons of Doliars

*®
Annualized National Costs Relative To Baseline Vary Among Options

(Non-Federal Facilities)

(Discount rate of 3 percent annualized over 20 years)

34

33 $32.9 blllion

[ X AKX AAAX AN
0200000 %0 0 Yo e e’
0962020 %0% % % % %%
020% %0222 %% % %%
0%0%0%0%0 %0 % % % %%
%0000 %0 %0 %% % %%’
0202020202000 %%
12002002020 0% %%
0%0%0 %% % %0 %06 %
1020202626226 %% %%
020220 %% % %0 %%
0002002022020 % % %%
020902020 % %6 %% %%
0902020202020 % %0 % %%
070207076202 %% %%
1096 % %% %% %%
02020 %% %% %%
BOSRRKS
0 %% % %%
0000000058
100005
0%

@.

.'

1200020t 0% 0% % e
0000000762 % %% %
0502020705620 %0% %%
00036200767 %% %%
090%%%6%0% %% %%
0200070 %0 0% %% %%
0007020207 2% %%
0000020000220 %%
0205020200620 %0 %% %
0000070262 % %% %%
05070 %% %0 %0 %% %0 %%
000707050 % %% % %%
0007020 %0 %0005 % %%
02000000 %02 % %%
00000 %0 % %0 %0 0% e %%
120202020 %0 %0760 % %%
02020065562 % % %%

Q) 0.0.-

\/

X X

$2.8 blliton

@

o000 %0t %200
0007027 %0 %0 %%% %
0070700 % % %% %%
o%ele 020 0002 % 0%

\/

7
@.

RRRAURIRANK
12020200626 % %% %0 %
0000050 %0 0 0% %% %
1200000 %0 %0 %% % e %%
000%0%0%0%%0 %% %%
1000656260620 % % % %%
6%0%07%07¢%6% %% %%
070%0% %070 % %% %%
0707626226 % % %%
002626 %%0%6 2% % %%
056%6%6%0%6%6 %% % %%

$0 5 billlon

pleleteleloloteleteled
SR0KK
[RARHAXRARA
POLRRRRRRRRA

$0 3 billion

0 T )
Option A: Option B:

immediate Immediate

Cleanup to Cleanup to

Background Health-Based
Standards

Costs Include RF), CMS, and Implementation of corrective action

T
Option C
Filexible
Cleanup to
Health-Based
Standards

T
Option D
Flexible
Cleanup Based
On Actual
Exposure

¢1-8



9. COMPARISON OF SIMULATED COSTS TO CERCLA EXPERIENCE

Based on results from the Liner-Location Model (LIM), Chapter 8
estimated that the incremental costs incurred at non-Federal facilities under
the proposed RCRA corrective action rule could range from $7 4 billion to
$41 8 billion, for a total national cost of between $10 6 billion to $45
billion (i e., the baseline is $3 2 billion). The RCRA corrective action
program is relatively new, it is difficult, therefore, to evaluate these
results using existing RCRA data. The CERCLA remedial action program, begun
in 1981, is similar in focus to the RCRA corrective action program and
provides data that can be used to assess the Chapter 8 estimates. CERCLA
sites and RCRA facilities differ considerably, however, and several
adjustments are necessary before making such a comparison. This chapter
presents the relevant CERCLA remedial action cost estimates and develops a
methodology to compare these estimates to those derived in Chapter 8 using the
LIM.

In response to the Superfund Amendments and Reauthorization Act of 1986
(SARA), EPA developed proposed revisions to the National Contingency Plan
(NCP). The NCP provides guidelines, operating procedures, and
responsibilities for response actions under CERCLA. In developing the
revisions to the NCP, EPA prepared a Regulatory Impact Analysis (RIA) which
estimated the costs associated with post-SARA remedial and removal actions.!
Although the methodology used in the NCP RIA differs from that used in this
RIA and involves a different EPA program, the cost estimates in the NCP RIA
provide the basis for a useful check on the Chapter 8 estimates.

9.1 DEVELOPMENT OF CERCLA COST ESTIMATES

The NCP RIA estimated the costs associated with a typical cleanup that
complied with the provisions of SARA. These costs were based on a sample of
Superfund Records of Decision (RODs). The RODs represent actual remedial
actions selected for sites (both fund-lead and enforcement-lead), and provide
cost projections based on detailed engineering plans.

The cost estimates in the NCP RIA were derived from data contained in
RODs that were signed between FY 1982 and FY 1986. The NCP RIA restricted its
analysis to 30 RODs because of the alternatives considered and the format of
the data presented in some of the RODs. The NCP RIA stated that there was no
information to determine the extent to which this sample is representative of
all ROD sites.

The NCP RIA estimated that, based on these RODs, treatment-based CERCLA
remedies incur, on average, $17.2 million in capital costs and $340,000 in
annual operations and maintenance (0&M) costs per site; containment-based

1 U.S. EPA, "Regulatory Impact Analysis in Support of the Proposed
Revisions to the National Oil and Hazardous Substances Pollution Contingency
Plan,” Office of Solid Waste and Emergency Response, prepared by ICF
Incorporated, 1988.
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CERCLA remedies incur, on average, $4 5 million 1in capital costs and $610,000
in O&M costs per site. The NCP RIA assumed that 80 percent of the post-SARA
remedies are treatment-based and 20 percent are containment-based. This
yields a weighted, per-site average cost of $14 7 million in capital costs and
$394,000 in O&M costs.

The cost estimates in the NCP RIA and in Chapter 8 cannot be compared
directly. As explained in Section 9.2, however, the NCP RIA estimates can be
used to check the Chapter 8 estimates. There are three major factors that
affect this process. First, the NCP RIA considers costs for contamination of
all media, whereas the quantitative analysis in Chapter 8 considers only
ground-water contamination Second, the NCP RIA cost estimates are only for
operable units; there may be more than one operable unit at a single site.?
The Chapter 8 cost estimates are for the entire RCRA facility. Third, the
typical Superfund site is likely to require more complex cleanup activities
than the typical RCRA facility. The methodology presented in this chapter
attempts to correct for the third factor (i.e., the complexity of the
cleanup), but the appropriate data to correct for the other two factors were
not available.

9.2 METHODOLOGY FOR ADJUSTING CERCLA COST ESTIMATES

With certain adjustments, the NCP RIA cost estimates can be used to
project the costs associated with RCRA corrective action activities.® This
section presents a methodology to apply the CERCLA cost estimates to RCRA
facilities and calculate total and per-facility costs for non-Federal
facilities.

Categorization of RCRA Sites

There are currently 5,309 non-Federal RCRA facilities. As discussed in
Chapter 2, based on preliminary RCRA Facility Assessment (RFA) findings,
approximately 62 percent, or 3,292 facilities, are projected to require a RCRA
Facility Investigation (RFI). In Chapter 8, about half of these facilities
are assumed to require corrective action for ground-water contamination. For
the purposes of this analysis, another 40 percent are assumed to require
corrective action for contamination of other media, such as surface water,
air, and soil. The modeling effort described in Chapter 8 only considered

2 In the remedial process, a typical Superfund site may be broken down into

components, or operable units. For example, one operable unit may address the
source of contamination at a site, while another operable unit addresses a
contaminated ground-water plume. RODs, therefore, may provide costs either for
an entire site or for a single operable unit at a site.

3 Certain aspects of the LIM model were compared with algorithms and data
used in the Superfund Cost of Remedial Action (CORA) model. The CORA model
incorporates CERCLA experience to date, best engineering judgment, and a
computer-assisted decision-making algorithm used to guide Superfund remedy
selection. Based on this comparison, a few limited revisions to the LIM were
made to reflect knowledge gained in the CERCLA program.
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ground-water contamination; EPA believes that many facilities may have
contamination of other media that is not necessarily associated with ground-
water contamination. Thus, for the purposes of this analysis, approximately
90 percent, or 2,962, of these 3,292 facilities are assumed to require
corrective action of some sort.

In order to apply the CERCLA cost estimates to these RCRA facilities,
key assumptions must be made regarding the magnitude and complexity of the
contamination, and hence the cleanup, at the facilities. Corrective action at
RCRA facilities is likely to range from relatively inexpensive activities that
address minor contamination to very large scale cleanups Based on EPA's
experience with the RCRA program and a qualitative analysis of the RFAs
included in the sample survey, approximately 20 percent of the facilities
requlring corrective action are assumed to involve remedial actions of a
magnitude equivalent to that of a Superfund site, 30 percent are assumed to
involve substantial (i.e., of a magnitude equivalent to half that of a
Superfund site) remedial actions, and the remaining 50 percent are assumed to
involve minor cleanup activities. These calculations are summarized in
Exhibit 9-1.

Not all cleanups are likely to take place in the first year of the
corrective action program. For the purposes of this analysis, the timing is
assumed to be the same as that estimated by the LIM. The projected timing of
RCRA corrective action is presented and analyzed in Chapter 7. The same
timing assumptions are used in this analysis.

Cost Estimates for Categorized RCRA Facilities

For the purposes of this analysis, the costs associated with a
Superfund-like cleanup of RCRA facilities are assumed to equal those estimated
in the NCP RIA (i.e., $14.7 million in capital costs and $394,000 in O&M
costs). This analysis assumes that a substantial cleanup will incur capital
and 0&M costs equal to half of those incurred in a Superfund-like cleanup.

The Superfund removal costs incurred from FY 1985 through FY 1987 can be
used to estimate the minor cleanup costs. Conversations with EPA Superfund
personnel indicated that the removal actions, other than "classical
emergencies,”™ undertaken during this period incurred average costs of
approximately $325,000. This analysis uses that estimate as a proxy for the
costs incurred by a minor cleanup. There are no O&M costs associated with a
minor cleanup.

* The timing assumptions contained in Exhibit 7-1 (for Options B and C)
have been simplified by further assuming that corrective actions will be
initiated at the midpoint of the indicated time periods and that the distribution
over time will be the same for each category of RCRA facility.



Exhibit 9-1

Categorization of RCRA Facilities Requiring Corrective Action3

Category of Facilicty Proportion® No. of Facilities
Superfund-like Cleanup 20 % 592
Substantial Cleanup 30 % 889
Minor Cleanup 50 X 1,481
Total 100.0 % 2,962

5 The totals in this and all other exhibits in this chapter have been
corrected for rounding errors.

6 These proportions are of the number of RCRA facilities requiring
corrective action; they do not include the 2,347 facilities that will not require
corrective action.



The present value (using a 3.0 real interest rate) of the capital costs
with ten years of O&M is $18.1 million for the Superfund-like cleanup and $9.1
million for the substantial cleanup. The present value cost of the minor
cleanup is simply $325,000 because all the costs are incurred in the first
year. Applying these present value estimates to the time distributions in
Exhibit 7-1, and calculating the weighted average yields the present value
cost of each of the three types of remedial actions. These calculations are
summarized in Exhibit 9-2.

9.3 RESULTS AND CONCLUSIONS

Based on these estimated costs for the three types of remedial actions,
and the number of RCRA facilities expected to fall into each of the three
categories, the estimated total costs for the proposed corrective action rule
are $12.9 billion, for an average per-facility cost of $4.4 million. These
results are summarized in Exhibit 9-3.

The NCP-derived total cost estimate of $12.9 billion falls between the
Chapter 8 estimates of $10.5 billion (Option C) to $45 billion (Option B).
The per-facility costs differ as well: the NCP-derived per-facility estimate
is $4.4 million compared to the range of $6.3 million to $26.9 million
estimated in Chapter 8. Most of the difference between the per-facility
estimates arises from the fact that this analysis includes many minor (and
relatively cheaper) cleanups that were not included in the estimates developed
in Chapter 8

There are a number of limitations that should be considered in comparing
these two estimates. First, the estimates presented in Exhibit 9-3 are very
sensitive to the assumptions regarding the categorization of sites presented
in Exhibit 9-1. As Exhibit 9-4 demonstrates, plausible ranges for the cost
estimates in Exhibit 9-3 are §7.6 to $18.1 billion for total costs, and $2.6
to $6.1 million for per-facility costs. Second, as discussed in Section 9.2,
this analysis does not correct for the fact that NCP RIA considers costs for
contamination of all media, whereas Chapter 8 considers only ground-water
contamination, nor does this analysis correct for the fact that the NCP RIA
cost estimates are only for operable units.

On balance, however, this analysis demonstrates that the methodology
used in Chapter 8 appears to have produced a reasonable approximation of the
actual costs associated with EPA's proposed corrective action program.



Calculation of

Exhibit 9-2

Cleanup Costs (in millions)

Present Value Weighted
of 10 Years Average
Category of Capital o&M of O&M Plus Cost Per
Facility Cost Cost Capital Cost Facility’
Superfund-like $14.7 $0.394 $18.1 $12.1
Cleanup
Substantial 7.4 0.197 9.1 6.1
Cleanup
Minor Cleanup 0.3 None 0.3 0.2

7 The weighted average cost per facility reflects the effects
discounting the costs at 3.0 percent to incorporate the timing of the initiation
of corrective action as presented in Chapter 7.

of



Exhibic 9-3

Present Value Cost Estimates of RCRA Corrective Actions
Based on NCP Estimate (in millioms)

Weighted

Average

Cost Per Number of
Category of Facility Facilicy Facilities Total Cost
Superfund-like Cleanup $12.1 592 $ 7,163 1
Substantial Cleanup $6.1 889 5,402.1
Minor Cleanup $0.2 1,481 322 2
Total (2,962 facilities) 4.4 2,962 $12,887 4
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Exhibit

9-4

Sensitivity Analysis of Site Categorization (in millions)

Lower-bound

Upper -bound

Percentage of

Total Percentage of Toctal

Category of Facility Facilities Cost Facilities Cost

Superfund-like Cleanup 10% $3,581.5 30% $10,744 .6
Substantial Cleanup 202 3,601.4 40% 7.202.7
Minor Cleanup 702 451.1 30% 193.3
Total (2,962 Facilities) 100% $7.634.0 100% $18,140.7
Per-facility Average Cost $2.6 $6.1




PART 3

SUPPORTING ANALYSIS



10. ECONOMIC IMPACTS

Previous chapters of this analysis have established the range of
potential corrective action costs for which treatment, storage, and disposal
facility (TSDF) owners or operators may be responsible under various
corrective action regulatory scenarios. This chapter measures the economic
impacts of these regulatory costs on the firms affected by the rule.
Specifically, this part of the analysis estimates the degree to which affected
firms may encounter significant financial difficulties when attempting to pay
for the corrective action costs at their facilities under the regulatory
options assessed in the quantitative analysis for the RIA (see Chapter 6 for a
description of the regulatory options).

EPA's corrective action program will require owners or operators of
TSDFs to absorb the costs of corrective action. By placing the burden on
owners or operators, this approach ensures that the costs of cleanups are not
passed to future generations when the extent of contamination and level of
costs may be much more substantial. On the other hand, as demonstrated in
Chapter 8, the costs of corrective action can be quite large and may add
significantly to the costs of doing business for affected firms. Results may
include reduced profitability for firms owning hazardous waste facilities,
changes in the structure of affected industries by limiting firm entry or
hastening firm exit, changes in firm decisions related to prices and outputs,
and changes in consumer demand for products produced by firms generating
hazardous waste.

Because the corrective action regulations have the potential to affect
thousands of firms, each producing a variety of goods and services that are
bought and sold in a myriad of markets, a complete analysis of potential
economic impacts is not within the scope of this RIA. Instead, as an
approximation of economic impacts, this chapter concentrates on the fipancial
impacts of the regulation on affected firms. Economic impacts are, however,
discussed in qualitative terms in Section 10.1.2.

In summary, the analysis of the financial impacts of the corrective
action rule indicates that the baseline and four regulatory options vary
significantly in terms of the potential impacts on firms, facilities, and
alternate sources of funding for corrective action. Option A (Immediate
Cleanup to Background) leads to the highest level of economic impacts; as
compared to the baseline, an additional 20 percent of firms may experience
adverse impacts from corrective action requirements under this option.

Option B (Immediate Cleanup to Health-Based Standards), may lead to adverse
impacts for an additionsal 11 percent of firms. Under Options C and D
(Flexible Cleanup to Health-Based Standards and Flexible Cleanup Based on
Actual Exposure, respectively), an additional 9 percent of firms may
experience some adverse impacts due to corrective action costs. For this
analysis, a firm is assumed to experience adverse impacts if the firm faces a
significantly higher risk of bankruptcy (as measured by a bankruptcy predictor
known as the Beaver ratio test) due to corrective action costs.
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In terms of facility impacts, Option A again leads to the highest level
of economic impacts.! Under this option, an additional 18 percent of
facilities over the baseline level of 5 percent may be unable to cover their
corrective action costs. Options B and C lead to an additional 10 percent and
7 percent, respectively, of facilities that may be unable to cover their
costs. Under Option D, an additional 7 percent of facilities may be unable to
fund their corrective actions.

If a firm cannot cover its corrective action costs, alternate sources of
funding may have to be tapped to perform the corrective action. EPA estimates
that the potential burden on alternate sources of funding for corrective
action ranges from an additional $74 billion over the next 50 years
(undiscounted) for Option A to an additional $160 million for Option D.

Option C, which represents the lower bound estimate of the proposed rule,
could result in an additional burden of $460 million over the next 50 years
(undiscounted).

The approach for estimating these impacts is summarized in Section 10.1;
Section 10.2 provides more detailed results of the analysis. The conclusions
are presented in Section 10.3 along with key limitations to the results.

10.1 METHODOLOGY

This section describes the approach for estimating financial impacts of
the corrective action rule. Sections 10.1.1 through 10.1.4 correspond to the
four major steps of the analysis as follows:

1) Section 10.1.]1 identifies the firms affected by the
rule and discusses the financial data used for this
analysis.

(2) Section 10.1,2 describes the estimation of the abilicty

of affected firms to pay for a range of potential
costs using different measures of ability to pay; one
ability-to-pay test is selected for use in the
detailed analysis of financial impacts.

3) Section 10.1.3 discusses the calculation of after-tax
present value and annualized costs for corrective
actions from the corrective action cost data presented
in previous sections.

! Facilicty impacts differ from the firm impacts described in the previous
Ty p

paragraph because the number of facilities owned by a single firm varies widely,
from 1 to over a hundred.
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(&) Section 10.1.4 describes a stochastic computer model
that EPA used to estimate financial impacts based on
firms' ability to pay for corrective action costs.?

10.1.1 Universe of Firms Examined

As described in Chapter 1, the corrective action rulemaking is assumed
to affect owners or operators of all RCRA facilities regardless of permit
status. The analysis does not reflect facilities that came into operation
after April 1987 and thus does not consider impacts on new facilities. To
characterize the universe of facilities for the economic impact analysis, EPA
used information from ICF's firm/facility/financial data base (F3DB). The
F3DB is described in detail in Appendix C. This section briefly describes the
F3DB and discusses the limitations of the data base for this economic impact
analysis.

The F3DB links active TSDFs identified by EPA's Hazardous Waste Data
Management System (HWDMS) with their owners and operators, and maintains
financial data on a substantial fraction of firms owning RCRA facilities.
This analysis of economic impacts uses information on owners or operators of
the 3,945 active TSDFs for which financial information was available as of
October 1986.

Using the F3DB for this analysis entails limitations that should be
considered when interpreting the results presented in later sections of this
chapter. As detailed in Appendix C, the major limitation is that the data
base has complete financial information on owners or operators of only 3,945
facilities, whereas the total number of facilities owned and operated by for-
profit firms is currently estimated to be 5,208. In addition, financial
information for a portion of the firms examined was not available from the
data sources that were consulted; rather, financial information for some
privately-held firms were imputed from industry average data according to
Standard Industrial Classification (SIC) code and firm size. Finally,
although the F3DB contains only one year of financial data, firms' performance
may vary from year to year. Predicting the future impacts of corrective
action costs based on one year of data may affect the accuracy of the results.

10.1.2 Ability-to-Pay Analysis

A firm's ability to pay for regulatory costs is best defined as the
availability of financial resources to cover those costs. This section
discusses EPA's quantitative analysis of firms' ability to pay for potential
regulatory costs, as well as a qualitative analysis of economic factors that

2 The approach used in this Regulatory Impact Analysis does not use the

model developed by OSW to analyze the impacts of the proposed financial assurance
for corrective action rulemaking (the FACA Model) for two reasons. First, this
effort focuses on ground-water modeling and remedy selection; the FACA Model
makes several simplifying assumptions in these areas. Second, the FACA Model 1s
a dynamic model that assesses corporate financial decision-making on an extremelv
detailed level. Thus, the model is highly resource intensive to use; the model
used for this analysis is based on a more simplified approach.
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may affect firms' ability to pay. The quantitative analysis established an
appropriate ability-to-pay test for use in the assessment of financial impacts
presented in Section 10.1.4.

Quantitative Analysis of Abllity to Pay

As described in detail in Appendix C, EPA performed a quantitative
analysis of firms' ability to pay for potential regulatory costs using five
ability-to-pay rules. Based on this analysis, EPA selected the Beaver ratio
test for use in the detailed financial impact analysis presented in Section
10.1.4. The Beaver ratio test assumes that firms can pay for corrective
action out of their cash flow up to that amount where their Beaver ratio
{ratio of cash flow to total liabilities) equals the critical value of 10
percent, the point at which firms would no longer have sufficient cash flow to
assure that bankruptcy will not occur in the future. The selection was based
on the following two points:

. Throughout most of the likely range of corrective
action costs, firms' ability to pay using the Beaver
ratio test did not vary significantly from other
potential tests.

. The Beaver ratio test has been validated by previous
studies as a predictor of bankruptcy.

Note, however, that while firms that do not pass the Beaver ratio test face an
increased risk of bankruptcy, such firms may not actually declare bankrupctcy.
Firms may fund corrective actions despite falling below the Beaver ratio
threshold, although it is unlikely that firms could fund costs in excess of
the cash flow ratio measure for more than a few years. Thus, the analysis
defines adverse impacts from the rule in terms of increased potential for
bankruptcy as measured by the Beaver ratio test, but does not predict actual
bankruptcies.

The analysis examines ability to pay of immediate owners of TSDFs only
and does not consider the resources of any corporate parent. Although EPA
intends to vigorously pursue corporate parents through litigation when
immediate owners fail to provide funds for corrective action, the success rate
of such activicy is difficult to predict. The approach used in this analysis
will, however, somewhat underestimate the number of facilities for which
ability to pay is demonstrated.

Qualitative Analysis of Ability to Pay

The ultimate incidence of regulatory costs is an important variable in
determining the economic impact of those costs on the regulated community.
The "incidence"” of regulatory costs refers to the point at which the costs are
ultimately paid. Specifically, the costs associated with a regulation may be
borne directly by firm owners in the form of lower returns on capital, or the)
may be "passed through®" to consumers in the form of higher prices or to
workers in the form of lower earnings. The greater the degree to which a firm
can pass through regulatory costs to other parties, the greater will be its
ability to pay for those costs.
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The key determinants of whether a firm will be able to pass through
regulatory costs to other parties include the scope of the regulation, the
types of costs imposed by the regulation, the elasticities of supply and
demand for the output of the industry, and the ease of entry into and exit
from the industry.?® This analysis focuses on the scope of the regulation and
the types of costs imposed. The elasticities of supply and demand and the
ease of entry and exit depend on the structure of a particular industry;
analysis of the hundreds of industries affected by the corrective action
rulemaking is beyond the scope of this chapter. However, some important
conclusions may be reached by examining the broad effects of the scope of the
regulation and the types of costs imposed.

The scope of a regulation, or the degree to which a regulation affects
firms in an industry, plays a large role in whether costs may be passed
through to other parties. Theoretically, if a regulation affects all firms in
an industry, tne firms are likely to pass the costs through to purchasers of
the products because all firms face increased costs and no firm will be able
to undercut increased prices without suffering decreased profit margins. On
the other hand, if a regulation affects only a portion of firms in an
industry, the costs are unlikely to be passed through because other firms will
be able to undercut any attempt to do so. Moreover, new entrants to the
industry, if unaffected by the regulation, will prevent the possibility of
passing through costs.

The costs of performing corrective action are contingent costs; firms
face the costs only in the contingency that a release requiring cleanup
occurs. Therefore, the corrective action rulemaking does not entail costs for
all firms covered by the rulemaking. Moreover, it is unlikely that all firms
in an industry will have an on-site hazardous waste facility (i.e., be subject
to the proposed rule). As discussed above, it may thus be difficult for firms
required to take corrective action to pass through the costs of the cleanup.

There is, however, a difference between existing costs of corrective
action and potential costs of corrective action. Some firms will discover
prior releases at the outset of the regulation; those releases were caused by
past waste management practices. In general, only a portion of firms in a
particular industry will discover prior releases; such firms are unlikely to
be able to pass through the costs of the required corrective action.
Corrective action liabilities in these cases are likely to result in a
reduction of profits for the affected firms.

In contrast, all firms with SWMUs have the potential to face corrective
action costs in the future resulting from their future hazardous waste
management practices. Consequently, all firms in an industry in which SWMUs
are currently part of the production process, including new entrants, will
likely behave in one of two ways. First, they may continue to use SWMUs in
the production process and view corrective action as a long-term cost of doing
business. These firms might purchase insurance or set aside funds according
to their estimates of potential costs. Second, they may develop and implement

3 See "Principles of Regulatory Cost Incidence," ICF Incorporated, prepared
for U.S. EPA, Office of Solid Waste and Emergency Response, January, 1986
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an alternative to managing waste in SWMUs. These firms might choose to ship
wastes off-site or alter production processes to minimize or cease waste
generation. In either case, the firms will likely experience increased costs
and a corresponding industry-wide price increase will follow. If all firms in
an industry behave in the above manner, then the costs of potential corrective
action are likely to be passed through to consumers.

The degree to which large and small firms exist in an industry may
further determine the opportunities for passing through costs. If an industry
is dominated by large firms due to the capital intensity of the industry or
other barriers to entry, those firms are all likely to expect solvency in the
future and engage in long-term planning for potential costs. Therefore, firms
in these types of industries may pass through expected costs of corrective
actions because all firms behave similarly. The commercial waste management
industry provides an example of this situation.

If an industry is dominated by small firms whose resources would be
entirely exhausted in meeting potential corrective action requirements, some
of those firms may decide not to plan for the costs. Instead, they may take
the chance that their facility will not experience a release and, if a release
occurs, they may have no alternative to declaring bankruptcy. In these cases,
the pass-through of regulatory costs may be negligible; sources of funds other
than the immediate owners, including public dollars, may be the only resources
available to perform the cleanups.

In summary, the degree to which the costs of corrective action may be
passed through depends on the specific industries of affected firms. In
general, however, it can be assumed that when cleanups occur, their costs will
be passed on only {f all firms in an industry incur cleanup requirements.
Moreover, it is likely that expected future cost outlays will be passed on if
all firms in an industry plan for these costs in similar fashion.

Because the corrective action rule will impose significant costs only on
firms that actually require cleanup and because the need for corrective action
is most directly related to prior waste management practices which vary among
firms, the rule is likely to affect firms in the RCRA universe unevenly.
Therefore, the stochastic model used to estimate economic impacts does not
include a factor for the pass-through of regulatory costs. This approach may
overstate the economic impacts of the corrective costs on firms; it is
possible firms in some industries may be able to increase prices to reflect
the expected value of the future costs of corrective action.

10.1.3 Calculation of Corrective Action Costs

Because firms can smooth the incidence of corrective action costs by
borrowing equivalent amounts and repaying them on a yearly basis, the cost
information from previous chapters must be allocated evenly over an
appropriate number of years, or annualized, before the financial impacts of
the costs can be assessed. This analysis uses two steps to annualize cost
information: (1) estimating a cost of capital; and (2) discounting the cost
flows and annualizing them.
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The discount rate (or cost of capital) used in this analysis i{s the
weighted average cost of capital (WACC). The WACC is a common measure used to
estimate the cost of capital for firms or industries. A complete description
of the methodology used to calculate the WACC is presented in Appendix C. As
explained in this Appendix, EPA has estimated the WACC for firms subject to
the proposed rule to be 9.49 percent.

Once the proper discount rate has been established, the costs of
corrective action developed in previous chapters may be discounted to present
value costs and annualized to simulate the financing that a firm may use to
pay for the costs. The annualization period used is the period for the
corrective action cost flows for each facility, up to a maximum of fifty
years. For actions lasting less than ten years, EPA assumed an annualization
period of ten years. EPA assumed that cost outlays after the fifty-year time
period are beyond a firm's financial planning horizon. Moreover, only those
corrective actions that begin in the first 10 years are examined; firms are
unlikely to begin planning for later actions at the outset of the regulations.

The assumption that all owners and operators can spread their costs over
a given number of years may be somewhat inaccurate. The analysis does not
account for the possibility that financial differences between firms exist and
can affect the cost flow faced by a firm.

10.1.4 Simulation of Economic Impacts

EPA performed the simulation of economic impacts using a stochastic, or
Monte Carlo, computer model (described in detail in Appendix C). The model
simulates the variability involved in the number and types of facilities that
a firm may own, the range of potential corrective action costs that a
particular facility may face, and a firm's ability to cover costs at its
facilities. The model accounts for uncertainty by randomly selecting
parameter values, such as number of facilities or level of costs, from a range
of possible values with each value having a certain probability. By running
the simulation numerous times, economic impacts can be estimated within an
acceptable margin of error. The model performs this analysis for the baseline
scenario and each of the four regulatory alternatives detailed in Chapter 6
and assesses economic impacts in three major areas: firm impacts, facility
impacts, and impacts on sources of funding other than immediate facilicty
owners.

The firm impacts and the facility impacts are measured on both an
absolute basis and an incremental basis relative to the pre-HSWA baseline
scenario. Financial data in the F3DB generally reflect firms' status at some
point between 1983 and 1986. EPA believes that very few Subpart F corrective
actions were underway during the years for which the data were ‘collected.
Thus, the analysis assumes that the financial strength of the regulated
community as measured by the F3DB do not reflect the effects of complying with
the baseline scenario.

(1) Firm Impacts -- The model estimates the impacts of the corrective
action requirements on firms using two measures: percentage of firms with no
adverse impacts and percentage of firms with adverse impacts. The resulcs
generally are estimated within one percentage point with a 95 percent degree
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of confidence. This level of precision was achieved by running the simulation
for 5,000 iterations (i.e., for 5,000 simulated firms). The percentage
estimates were then multiplied by the total firm population to obtain firm
estimates (see Appendix C for more detail).

Firms encountering "adverse impacts" from the corrective action
requirements are those that in the course of the simulation are unable to
provide funds for corrective action for all facilities owned without falling
below the critical threshold defined by the Beaver ratio test. The firms that
can pay for all corrective action costs (including financial assurance) at all
facilities without significant risk of bankruptcy are considered to have "no
impacts.” Firms with no corrective action costs are considered to have no
impacts, regardless of their current financial state.

ac t ac -- The model also has three measures of impacts on
a facilicy basis: percentage of facilities for which neither a RCRA Facility
Investigation (RFI) nor corrective action is required, percentage of
facilities for which an RFI and/or corrective action are required and the
immediate owner covers all costs, and percentage of facilities for which an
RFI and/or corrective action are required and the immediate owner fails to
cover costs. Again, the results are generally accurate within one percentage
point at a confidence level of 95 percent. As with firm impacts, the
percentage estimates were then multiplied by the total facility population to
obtain facility estimates (see Appendix C for more detail).

The percentage of "facilities for which neither an RFI nor corrective
action is required" is calculated because some facilities will not require
RFIs and will not undergo corrective action. As described in Chapter 2, about
39 percent of facilities under Options A through D are expected to be in this
situation. Although no facilities are required to perform RFIs under the
baseline, a release characterization similar to an RFI is required for all
land disposal facilities with potential releases. The 74 percent of
facilities that are not engaged in land disposal activities will not require
release characterizations or corrective action in the baseline scenario.

The remaining facilities are assumed to either require an RFI (or
release characterization under the baseline) yet not require corrective
actions or to have an RFI and require corrective action. If a firm can fund
all costs at all of its facilities, the facilities are counted as "covered."
In addition, if a firm can only cover a portion of its facilities, then that
percentage of facilities is counted as "covered." The facilities that cannot
be covered, either when a firm cannot cover any facilities or when it can only
cover a portion of facilities, are counted as "not covered."

The results for facilities not covered should be interpreted with
caution. They do not reflect the actual number of facilities at which firms
are unable to pay for corrective action; rather, the calculations reflect the
facilities at which corrective action cannot be funded without the immediate
owner failing the Beaver ratio criterion. Firms may choose to pay the costs
of corrective action even if such payments endanger the firm as a going
concern (as reflected by an inability to meet the Beaver test) and hope that
future income will offset the reduction in cash flow entailed in paying for
the regulatory costs. Because the Beaver ratio is a proven bankruptcy
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predictor, however, it is unlikely that a firm could sustain payments in
excess of the calculated amounts for more than a few years.

3 acts o lternate Sources o unds -- The model calculates the
average cost per facility of facilities not covered in each year analyzed
(over a fifty year period). To translate this result into the total costs
that are unfunded by immediate owners, the average cost per uncovered facility
is multiplied by the number of facilities left uncovered by firms. The
results of this calculation provide an estimate of the costs for which sources
of funds other than the immediate owner may have to be tapped to perform the
corrective action.

One source of such funding may be the CERCLA Hazardous Substance
Response Trust Fund (Superfund). Thus, in a general sense, the results of
this analysis provide an estimate of the level of costs that may be turmed
over to Superfund. However, to be eligible for Superfund monies, the
corrective action in question must not only go unfunded by the facility owmer,
but it also must meet a number of other criteria including a score of at least
a 28.5 on the Hazard Ranking System. Because it is unlikely that all
facilities with unfunded corrective action will achieve this score and meet
other criteria, the estimate of facilities at which Superfund monies may be
expended will be overestimated. Other sources of funds may include State
Remedial action funds, corporate parents of facility owners and operators, or,
through price increases, the customers of the firm owning or operating the
facility.

The average yearly costs calculated in the model will generally be much
higher in the early years of the regulation than in later years; the average
corrective action requires the most substantial costs (capital costs) at the
outset of the remedial activities. Therefore, although the burden on
alternate funding sources may be in the billions of dollars in the early years
of the regulation, it should be noted that the costs over time are lower.
Moreover, the model estimate of total unfunded costs is the summation of
undiscounted costs over all 50 years; discounting the costs to present value
would reduce the estimate.

10.2 RESULTS

The following section presents the results of the stochastic simulation
of economic impacts for the baseline and each regulatory option, followed by a
comparison of the results among the options.

10.2.1 Baseline Scenario

Exhibit 10-1 presents the firm and facility impacts of the baseline
scenario. The analysis suggests that 213 firms, or 9 percent of all RCRA
firms, are estimated to encounter some adverse impact in meeting the
corrective action costs. Conversely, 2,184 firms (91 percent) suffer no
adverse impacts.
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EXHIBIT 10-1

BASELINE HAS THE LEAST ECONOMIC IMPACT

Fi esults
Adverse lmpacts 213 ( 9%)
No Impacts 2,184 (91%)

Facility Results

Corrective Action and Release
Characterization Not Required 3,902 (75%)

Corrective Action and/or Release

Characterization Required 1,309 (25%)
Costs Covered 1,040 (20%)
Costs Not Covered 269 ( 5%)

Total Costs Unfunded by All Firms
(in thousands of dollars)

Range Total
of Costs in
_Years _Range
1 -5 $64,000
6 - 10 5,000
11 - 15 7,000
16 - 20 5,000
21 - 25 5,000
26 - 30 4,000
31 - 35 2,000
36 - 40 2,000
41 - 45 2,000
46 - 50 2,000

Total $97,000



10-11

On a facility basis, 3,902 facilities, or 75 percent, are estimated not
to require release characterizations or corrective action. This number is
different from the four regulatory options because only land disposal
facilities are subject to the corrective action requirements under the
baseline. 1In addition, 1,040 facilities, or 20 percent, have release
characterization and/or corrective action costs that are covered by immediate
owners. Only 269 facilities (5 percent) have release characterization and/or
corrective action costs that are not covered by immediate owmers.

The total cost not covered by immediate owners is about $60 million in
the first year of the regulation. After the first year, however, the costs
drop significantly to under $1 million per year, resulting in a total cost of
$97 million, undiscounted, over the next 50 years.

10.2.2 Option A -- Immediate Cleanup to Background

Exhibit 10-2 presents the estimated economic impacts for Option A, the
Immediate Cleanup to Background scenario. Under this alternative, which
requires the most expensive remedies and is therefore costlier than any other
option, the economic impacts of the corrective action regulations are the
greatest. An estimated 696 firms (29 percent) will face adverse impacts under
this alternative, as compared to 9 percent under the baseline; this results in
an incremental firm effect of 20 percentage points. The facility impacts are
also highest; 1,177 facilities (23 percent) are not covered by immediate
owners. This compares to 5 percent of facilities under the baseline,
resulting in an incremental impact of 18 percentage points.

Not unexpectedly, the total cost at unfunded facilities is highest under
this option as well. Because of the high capital expenditures required by
Option A in the first year, the total first year cost not covered by
facilities is estimated at about $74.0 billion. Again, however, the costs
drop sharply after the first year to an average of about $11 million per year,
resulting in total costs of $74.3 billion, undiscounted, over the fifty year
period analyzed. This compares to a total unfunded cost of $97 million under
the baseline, resulting in an incremental impact of $74.2 billionm,
undiscounted, over 50 years.

10.2.3 Option B -- Immediate Cleanup to Health-Based Standards

Option B (Immediate Cleanup to Health-Based Standards) induces economic
impacts that are second in magnitude only to Option A. As shown in Exhibit
10-3, 469 firms (20 percent) encounter adverse impacts. When compared to 9
percent of firms under the baseline, this results in an incremental effect of
11 percentage points. Moreover, 775 facilities (15 percent) are not covered
by the firms facing adverse impacts, as compared to 5 percent under the
baseline. This results in an incremental facility effect of 10 percentage
points.

The total costs not covered by facilities are estimated to be $4.7
billion in the first year, followed by average yearly costs of about §ll
million. The total cost unfunded by immediate owners for the 50-year period
analyzed is approximately $5.2 billion, undiscounted. Relative to the
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EXHIBIT 10-2

OPTION A LEADS TO HIGHEST LEVEL OF ECONOMIC IMPACTS

Relative
to the
Absolute Baseline
Firm Results
Adverse Impacts 696 (29%) 483 (20%)
No Impacts 1,701 (71%)
Facility Results
Corrective Action and RFI Not Required 2,099 (40%)
Corrective Action and/or RFI Required 3,109 (60%)
Costs Covered 1,932 (37%)
Costs Not Covered 1,177 (23%) 908 (18%)

Total Costs Unfunded by All Firms
(in thousands of dollars)

Range ot ts

of Relative to
Years —Absolute Ihe Baselipe
1 -5 $73,812,000 $73,748,000
6 - 10 91,000 86,000
11 - 15 96,000 89,000
16 - 20 52,000 47,000
21 - 25 39,000 34,000
26 - 30 36,000 33,000
31 - 35 36,000 34,000
36 - 40 36,000 35,000
41 - 45 36,000 35,000
46 - 50 36,000 34,000

Total $74,271,000 $74,174,000
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OPTION B LEADS TO SECOND HIGHEST LEVEL OF IMPACTS

esults

Adverse Impacts
No Impacts

ty Results

Corrective Action and RFI Not Required

Corrective Action and/or RFI Required

Costs Covered
Costs Not Covered
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EXHIBIT 10-3

469
1,928

2,099
3,109

2,334
775

ute

(20%2)
(80%)

(40%)
(69%)

(45%)
(15%)

Total Costs Unfunded by All Firms
(in thousands of dollars)

Range
of

Jears
1 -5
6 -10
11 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 - 45
46 - 50
Total

Total Costs ip Range
Relative to

—Absolute =~ The Baselinpe

$5,082,000
30,000
35,000
16,000
16,000
14,000
13,000
12,000
11,000
9,000

$5,238,000

$5,0

18,000
25,000
28,000
11,000
11,000
11,000
11,000
10,000

9,000

7,000

$5,140,000

Relative
to the

Baseline

256 (11%)

506 (10%)
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baseline value of $97 million, then, Option B is associated with $5.1 billion
(undiscounted) in unfunded corrective action costs over the next 50 years.

10.2.4 oOption C -- Flexible Cleanup to Health-Based Standards

The economic impacts of Option C (Flexible Cleanup to Health-Based
Standards), presented in Exhibit 10-4, are less than those of Options A or B.
Under Option C, 437 firms, or 18 percent, encounter adverse impacts, as
compared to 9 percent under the baseline. Thus, this option creates an
incremental effect of 9 percentage points on the firm level. These impacts
translate to 614 facilities with costs that may not be funded by immediate
owners, or 12 percent of all facilities. With 5 percent of all facilities not
covered under the baseline, this option causes an incremental effect of 7
percentage points on the facility level.

The total costs not covered are also less than those of Options A or B.
After a first year total of about $200 million, the average annual costs drop
to about $7 million, resulting in total costs over the entire 50-year periocd
of about $550 million, undiscounted. Relative to the baseline, a total of
$457 million over the baseline level of $97 million may not be covered over
the next 50 years.

10.2.5 Option D -- Flexible Cleanup Based on Actual Exposure

Exhibit 10-5 shows the estimates of economic impacts for Option D
(Flexible Cleanup Based on Actual Exposure). Under this alternative, 431
firms (18 percent) are estimated to face adverse impacts, or an incremental
effect of 9 percentage points from the baseline estimate of 9 percent. This
firm impact translates to 608 facilities (12 percent) that are not covered by
immediate owners, or an incremental effect of 7 percentage points from the
baseline estimate of 5 percent.

Total costs not covered for Option D are less than those in Options B
and C. In the first year of the regulation, the total cost is $200 million,
followed by average annual costs of about $1 million, resulting in total
estimated unfunded costs of $262 million, undiscounted, over the next 50
years. Compared to the baseline level of $97 million, then, an incremental
effect of $165 million (undiscounted) in unfunded costs over the next 50 years
is associated with this option.

10.2.6 Comparison of Financial Impacts Among Alternatives

Exhibit 10-6 shows a comparison of the key measures of firm and facility
impacts for the baseline and each regulatory option discussed above. Below
each measure, the relative ranking of altermatives in terms of magnitude of
impacts is shown. For both firm and facility level impacts, Option A creates
the greatest level of impacts, followed by Option B. Both Options C and D
have greater impact than the baseline, but less impact than Options A and B.
On both the facility level and the firm level, Option C has virtually
identical impact to Option D; thus, no clear conclusions on ranking can te
drawn for Options C and D based on these twc measures alone. However, Exhibit
10-7, which compares and ranks the baseline and each regulatory option
according to the costs estimated to be unfunded by immediate owners, indicates
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EXHIBIT 10-4

OPTION C HAS LESS IMPACT THAN OPTION B

Relative
to the
Absolute Baseline
Firm Results
Adverse Impacts 437 (18%) 224 ( 9%)
No Impacts 1,960 (82X)
Fac ty Results
Corrective Action and RFI Not Required 2,099 (40%)
Corrective Action and/or RFI Required 3,109 (60%)
Costs Covered 2,495 (48%)
Costs Not Covered 6l4 (12%) 345 (7%

Total Costs Unfunded by All Firms
(in thousands of dollars)

Range t ost

of Relative to
Yeaxrs —Absolute The Baseline
1 -5 $477,000 $413,000
6 - 10 12,000 7,000
11 - 15 18,000 12,000
16 - 20 7,000 2,000
21 - 25 7,000 2,000
26 - 30 7,000 3,000
31 - 35 7,000 5,000
36 - 40 6,000 4,000
41 - 45 6,000 5,000
46 - 50 6,000 5,000

Total $555,000 $457,000
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EXHIBIT 10-5

OPTION D HAS LESS IMPACT THAN B OR C

Relative
to the
S te Base e
Fi esults
Adverse Impacts 431 (18%) 218 ( 9%)
No Impacts 1,966 (82%)
Facility Results
Corrective Action and RFI Not Required 2,099 (40%)
Corrective Action and/or RTI Required 3,109 (60%)
Costs Covered 2,502 (48%)
Costs Not Covered 608 (12%) 339 ( 7%)

Total Costs Unfunded by All Firms
(in thousands of dollars)

Range otal Cost ange

of Relative to
Years = __Absolute == The Baselipe
1 -5 $211,000 $147,000
6 - 10 8,000 3,000
11 - 15 15,000 8,000
16 - 20 4,000 *
21 - 25 4,000 *
26 - 30 4,000 *
31 - 35 4,000 2,000
36 - 40 4,000 2,000
41 - 45 4,000 2,000
46 - 50 4,000 2,000
Total $262,000 $165,000

* Relative cost of less than $1,000,000.
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EXHIBIT 10-6

OPTIONS ARE SIMILARLY RANKED FOR FIRM AND FACILITY IMPACTS

Flexible
Immediate Flexible Cleanup
Immediate Cleanup to Cleanup to Based on
Cleanup to Health-Based Health-Based Actual
Background Standards Standards Exposure
Baselipe (Option A) __ (Option B)  (Option C)  (Option D)
Firm Impacts
Adversely Impacted 9% 29% 20% 182 18%
Ranking* 1 5 4 3 2
Facility Impacts
Facilities Not
Covered 5% 23% 152 12% 12%
Ranking* 1 5 4 3 2

* Ranking from 1 through 5: 1 represents lowest level of impacts and 5 represents
highest level of impacts.



otal Costs

1

6

11
16
21
26
31
36
41
46

50 Year

Ranking*

-5
- 10
- 15
- 20
- 25
- 30
- 35
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- 50

Average
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EXHIBIT 10-7

COSTS NOT COVERED BY FIRMS VARY GREATLY BY ALTERNATIVE

ea Base

$64,000
5,000
7,000
5,000
5,000
4,000
2,000
2,000
2,000
2,000

$2,000

1

* Ranking from 1 through 5:
represents the highest level of impacts.

Immediate

Cleanup to

Background
o

$73,812,000
91,000
96,000
52,000
39,000
36,000
36,000
36,000
36,000
36,000

$1,485,000

5

Immediate
Cleanup to
Health-Based
Standards
tio

$5,082,000
30,000
35,000
16,000
16,000
14,000
13,000
12,000
11,000
9,000

$105,000

4

Flexible

Flexible Cleanup
Cleanup to Based on

Health-Based Actual
Standards Exposure
tion C tion D
$477,000 $211,000
12,000 8,000
18,000 15,000
7,000 4,000
7,000 4,000
7,000 4,000
7,000 4,000
6,000 4,000
6,000 4,000
6,000 4,0n"
$11,000 $5,0uvy

3 2

1l represents the lowest level of impacts and 5
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that Option C clearly has greater impact than Option D based on unfunded
costs. Therefore, the alternatives can be ranked from greatest to least
impact as follows: Options A, B, C, D, and the baseline.

For the impacts shown in Exhibit 10-6 and 10-7, the rankings of
regulatory alternatives in order of magnitude of economic impacts are not
surprising considering that they reflect the order of alternmatives in terms of
total costs for non-Federal facilities, as described in Chapter 7. Option C
(Flexible Cleanup to Health-Based Standards), as discussed in Chapter 6,
represents the lower bound estimate of the proposed rule. The baseline
represents the set of regulatory standards that would have been in effect had
the post-HSWA regulatory changes not been made. The key points of comparison,
therefore, are between the baseline and Option C. The baseline shows lower
impacts than Option C because it reflects only the Subpart F regulations and
thus requires fewer facilities than any other alternative to undergo
corrective actions. As discussed in Chapter 7, 770 non-Federal facilities
will require corrective action under the baseline, whereas the other
alternatives require from 1,646 to 1,747 facilities to undergo corrective
actions.

10.3 CONCLUSIONS AND LIMITATIONS

The results of the stochastic model for estimating ecomomic impacts show
that the baseline and four regulatory options vary significantly in terms of
the potential impacts on firms, facilities, and alternate sources of funding
for corrective action. Option A, the Immediate Cleanup to Background
scenario, is by far the most costly of the alternatives with the baseline
scenario and all other options are orders of magnitude below Option A. Option
C (Flexible Cleanup to Health-Based Standards) entails costs unfunded by
immediate owners of over $550 million over the next 50 years, or $460 million
more than the baseline regulations produce.

In evaluating the potential impacts of the baseline and four regulatory
options on the immediate owners of facilities, several important
considerations must be mentioned. First, as discussed in Section 10.1.4,
firms may choose to fund RFIs and/or corrective actions despite falling below
the Beaver ratio threshold used to assess adverse impacts. The level of costs
that other sources of funds may have to cover may therefore be overestimated.

Second, some firms may be able to pass the costs of corrective action on
to consumers In the form of higher prices. As discussed in Section 10.1.2,
the pass-through of costs was not modeled because of the variety of industries
being analyzed and the fact the initial imfpacts of the corrective action
requirements will be on facilities suffering the effects of past waste
management practices. However, it is possible that firms in heavily affected
industries will be able to pass through costs and reduce the potential burden
on alternate sources of funds.
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Finally, the timing of costs is important in assessing the impacts of
A significant number of corrective actions are

the corrective action program.
To the extent that technical,

projected to begin in the very near future.
programmatic, and budgetary constraints delay the implementation of corrective

action at a significant number of facilities, the associated financial impacts

on firms may be lower.



11. REGULATORY FLEXIBILITY ANALYSIS

The Regulatory Flexibility Act requires Federal agencies to analyze
fully the economic effects of their regulations on small entities. To meet
the requirements of the Act for the corrective action rulemaking, this chapter
provides an analysis of the effects of the rulemaking on small entities It
does so by analyzing the regulatory options intended to represent the proposed
rule (i.e., Options B and C)

The Act specifically requires the regulatory flexibility analysis to
determine whether a regulation has "a significant economic impact on a
substantial number of small entities" and to estimate the magnitude of the
effects on those entities. This analysis involves the following four steps.
define small entities, develop criteria for measuring significant economic
impacts; calculate the after-tax present value and annualized costs of
corrective action, and simulate the economic effects of corrective action
costs on small firms. Using the above steps, the number and percentage of
small firms and facilities for which corrective action costs may exceed the
firms' ability to pay are estimated. Finally, economic impacts on small
entities are compared to the economic impacts on large entities. The general
approach for testing economic impacts parallels the approach used to estimate
overall economic impacts in Chapter 10. As with the economic impacts chaprter,
this analysis focuses on financial impacts on the entities affected by the
rule rather than economic impacts in general.

The analysis concludes that the proposed rule does not have a
significant impact on a substantial number of small entities. Based on EPA
guidelines for implementing the Regulatory Flexibility Act, a regulation is
defined to affect a substantial number of small entities if more than 20
percent of small entities affected by the regulation suffer significant
impacts as a result of the regulation. Only 9 to 1l percent of small firms
are estimated to face significant additional impacts from the proposed rule
that would not have occurred under the baseline scenario.

11.1. IDENTIFYING SMALL ENTITIES

A three-step process was used to identify the small entities affected by
the proposed regulations: (1) determine the industries and firms potentially
affected; (2) define a small business for the regulated industries; and (3)
identify actual small businesses in these industries based on this definition.
Each of these steps is described in more detail below, followed by a
discussion of the limitations inherent in the approach.

11.1.1 Determining the Industries and Firms Potentially Affected

The corrective action rulemaking will affect owners or operators of all
RCRA facilities that have treated, stored, or disposed of hazardous waste at
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any point since November 19, 1980. To approximate this universe for the
Regulatory Flexibility Analysis, information from ICF's firm/facility/
financial data base (F3DB) was used. The methodology and content of the F3DB
is explained in detail in Appendix C. 1In short, the F3DB links active TSDFs
identified by EPA's Hazardous Waste Data Management System (HWDMS) with their
owners or operators, and maintains financial data on almost all firms owning
RCRA facilities. The F3DB has complete financial information on 1,838 firms
owning 3,945 facilities; these facilities were the subject of the economic
impacts analysis in Chapter 10 and were the starting point for testing the
economic impacts of the corrective action rule on small entities. This
analysis separates the 1,838 owners or operators of the 3,945 facilities into
small and large entities, as discussed below.

11.1.2 Defining a Small Business

The definitions of small entities are based on Regulatory Flexibility
Act guidelines prepared by EPA in 1982.! These guidelines state that small
entities include:

. Sm usi ses -- any business which is
independently owned and operated, and is not dominant
in its field as defined by the Small Business
Administration (SBA) regulatioms (13 CFR Part 121).

. Sm o tions -- any not-for-profit enterprise
that is independently owned and operated and is not
dominant in its field.

. ma ove t jurisdictio -- any government of
a districct with a population of less than 50,000.

The F3DB is dominated by private sector firms, thus the SBA definitions
of small businesses are the primary criteria used to define small entities.
The economic impacts of the proposed regulations on small non-profit or
government entities owning or operating TSDFs were not analyzed. Relevant
data on these entities are not available from the F3DB; for example, the F3DB
has no information on population of govermmental jurisdictions. Moreover, the
standard measures of ability to pay for firms are generally inapplicable to
government and non-profit entities; for example, a government does not earn
net income, making a cash flow figure based on net income impossible to
calculate.

The lack of financial information on government and non-profit entities
will not significantly affect the accuracy of the ability-to-pay estimates of
this section. These entities account for only 8 percent of the facilities in
the data base. Moreover, because the Federal government is responsible for 75
percent of these facilities, the potential impact on small non-business
entities will be minimal.

! "Guidelines for Implementing the Regulatory Flexibility Act," Memorandum

from Allen L. Jennings, U.S. Environmental Protection Agency, February 17, 1982,
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SBA regulations define small businesses in terms of either maximum
number of employees or maximum revenues by four-digit Standard Industrial
Classification (SIC) codes in 13 CFR Part 121. The definitions used for this
analysis are current through December 31, 1986; this cutoff date corresponds
to the latest employment and sales data available on the F3DB. The F3DB
contains sales and employment data on the majority of firms analyzed, which
may be compared to the SBA rules to determine the set of small businesses.

For this analysis the definitions of small businesses were applied only
to privately-owned firms. The analysis of all publicly-owned firms in the
data base indicates that they are far too large to meet the criteria for the
definition of a small business. Although some subsidiaries of publicly-owned
firms meet the size requirements of a small business, they were alsoc excluded
because they are owned by a larger entity that does not qualify as a small
business. Therefore, the small business definitions were applied only to the
1,108 privacely owned firms in the F3DB.

Every privately-owned firm in the F3DB is linked to information on
employment levels; about 150 of those firms were missing sales data. For
those firms that were missing sales data and that were in industries for which
the SBA definition of small firms is based on sales, sales figures were
estimated using Ward's Corporation Reports, 1986 (Ward's). Ward's contains
total employment and sales figures for surveyed corporations by three-digit
SIC code. To estimate the sales for a particular firm in this analysis, total
sales for the closest three-digit SIC code in Ward's were divided by the total
number of employees to obtain an average sales per employee figure for that
SIC code.? The estimated average sales per employee figures for the relevant
three-digit SIC codes were then multiplied by the actual number of employees
in each firm to arrive at an estimated sales level by firm. As a result of
this process, each of the 1,108 privately-owned firms has the data necessary
for classifying firms by size.

11.1.3 Identify Small Businesses

Of the 1,108 privately-owned firms analyzed, 869 met the SBA definition
of small business. The remaining 239 firms were added to the group of
publicly-owned firms and subsidiaries of publicly-owned firms to form a group
of "large" firms totalling 969. The economic impacts of the corrective action
rulemaking on these two groups of firms are analyzed and compared in Section
11.6.

This analysis focuses only on immediate owners of TSDFs. A corporate
parent that owns subsidiaries is not tested unless it directly owns
facilities; otherwise, parent firms of immediate owners are not examined. The
rationale for this approach parallels the rationale in the economic impact
analysis of Chapter 10.

2 The F3DB has four-digit SIC codes for each firm. The information from
Ward's is presented by three-digit SIC codes, which are broader in scope than
four-digic codes. However, the three-digit codes were matched as closely as
possible to the relevant four-digit SIC codes; this approximation should nroct
result in significant error.
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11.1.4 Limitations

The most significant limitations to the approach for defining small
businesses are, in large part, limitations inherent in the use of the F3DB.
These limitations, described in detail in Appendix C, center around the fact
that owners or operators of only 3,945 facilities are examined, whereas about
5,308 facilities owned by for-profit firms are currently believed to be in
existence. This limitation is due to: (1) recent additions to the list of
active facilities by EPA that have not been reflected in the F3DB and (2) a
lack of available financial information on some firms.

As discussed previously, the limitations inherent in the approach to
defining small businesses, namely, the lack of information on government and
non-profit entities and the approximations necessary to estimate sales in some
instances, are not expected to significantly alter the results of this
analysis.

11.2 CRITERIA FOR DETERMINING SIGNIFICANT IMPACTS ON SMALL BUSINESSES

The EPA guidelines for implementing the Regulatory Flexibility Act
require a determination of whether a regulation has "a significant economic
impact on a substantial number of small entities."” The criteria used for
measuring both significant impacts and substantial numbers of entities are
explained in this sectionm.

11.2.1 Criteria for Determining Significant Impacts

For this analysis, two rules for testing significant impacts are used.
These rules were used to establish ability to pay probability distributions
for the stochastic computer simulation described in Section 11.4.

In this analysis, a small business is assumed to face a significant
impact if its:

. Excess of cash flow over ten percent of its total
liabilities (i.e., the Beaver ratio test) is
insufficient to meet its corrective action costs; or

. Net income is insufficient to meet its corrective
action costs.

These criteria are explained in detail in Appendix C. The discussion below
compares and contrasts the criteria used in this analysis with the rules
suggested by EPA for regulatory flexibility analyses.

EPA guidance states that significant impacts on small entities occur
whenever one or more of the following criteria are mect:

. Annual compliance costs (annualized capital,
operating, reporting, etc.) increase total costs of
production for small entities for the relevant process
or product by more than five percent;
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. Compliance costs as a percent of sales for small
entities are at least 10 percent higher than
compliance costs as a percent of sales for large
entities;

. Capital costs of compliance represent a significant
portion of capital available to small entities,
considering internal cash flow plus external financing
capabilities; or

. The requirements of the regulation are likely to
result in closures of small entities.

Other relevant criteria may be used if appropriate.

The first criterion suggested by EPA compares annual compliance costs to
the costs of production and sets a five percent threshold for significance.
The corrective action regulations, however, are directed primarily towards
cleanup of existing hazardous waste releases rather than current production
processes or products. Comparing corrective action costs to current
production costs is potentially misleading because hazardous waste releases
may be related to a firm's past waste management practices and not to its
current levels of production. Therefore, this criterion does not appear to be
appropriate for this regulatory flexibility analysis.

The second criterion suggested by EPA compares compliance costs as a
percent of sales for small and large entities and sets a 10 percent difference
as significant. The sales test is intended to measure the degree to which
small firms in a particular industry are disadvantaged in the marketplace
relative to large firms. However, for this analysis, corrective action costs
as a percentage of sales may not accurately measure the difference in abilicty
to pay between small and large firms. If the returns on sales (income) are
sufficient to provide funds for corrective action, then a firm will be able to
pay regardless of the percentage of sales that the costs represent.

Therefore, the net income ability-to-pay rule is used as a surrogate for the
suggested approach.

The third criterion compares the capital costs of compliance with the
sum of internally and externally available capital for each firm. The
internally available cash is easily measured by net income and adjustments for
non-cash items; the externally available cash depends on a firm's relationship
with financial institutions and is difficult to predict. However, the net
income ability to pay rule used in this analysis parallels this suggested
criterion. As discussed in Chapter 10, net income measures internally
generated funds. Yet, it also includes the estimacted amount of investment
required to sustain the current operations of the firm. Because the
investment required to sustain the firm is related to the requirements for
external financing, the two approaches are comparable.

Moreover, the methodology for estimating annualized costs of corrective
action, discussed in Chapter 10, assumes that the firm will smooth the
incidence of regulatory costs by borrowing from financial institutions. The
discount rate used to annualize the costs is different for small and large
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firms (see Appendix C) to account for the potential differences in borrowing
costs. Therefore, the costs used in this analysis already incorporate an
expectation of external financing under terms typical for small firms.

The final EPA criterion for assessing small firm impacts measures the
potential for closure of the facility due to the costs of compliance. Both
decision rules used in this analysis measure the potential for closure of a
facility. The first rule, a modified Beaver ratio, is known as a predictor of
firm bankruptcy (see Chapter 10 for more details). If a firm is predicted to
have an inordinately high risk of bankruptcy due to corrective action costs,
then we assume that the firm would close the facility.® The net income rule
forecasts an inability to pay for corrective action if total costs exceed
available cash flow. If the firm is unable to pay for the obligation, its
only option may be to declare bankruptcy, effectively closing the facility.

In summary, the two ability-to-pay rules used for this analysis cover
three of the four criteria suggested by EPA to assess small business impacts;
as explained above, the other criterion, related to production costs, is
inappropriate for this particular analysis. The ability-to-pay rules serve a
dual purpose in that they meet requirements for determining the existence of
significant impacts and at the same time enable estimation of the magnitude of
impacts on small firms using the stochastic computer simulation model
described in Appendix C.

11.2.2 Criteria for Determining Substantial Number of Small Entities

EPA guidance for regulatory flexibility analyses establishes a 20
percent rule for defining a substantial number of small entities; that is, a
regulation is designated as having significant impacts on small entities if
more than 20 percent of small entities affected by the regulation meet the
criteria for encountering significant impacts. This rule is used in this
analysis to evaluate whether the corrective action regulation creates
"significant impacts."

11.3 CALCULATION OF CORRECTIVE ACTION COSTS

Previous sections of this chapter have established the set of small
firms to be analyzed and the set of criteria for testing significant impacts.
This section explains how the corrective action costs faced by small firms
were estimated.

The corrective action cost information provided by the Liner Location
Model must be adjusted to accurately represent the flow of costs facing an
owner or operator required to perform corrective action. Specifically,
because firms can smooth the incidence of costs by borrowing equivalent
amounts and repaying them on a yearly basis, the costs must be allocated
evenly over an appropriate number of years, or annualized. The cost data,

3 In this context, closure of a facility means ceasing the operations of

the facility, not necessarily performing closure activities as required bv RCRA.
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therefore, were converted into annualized amounts for use in the analysis of
economic impacts on small businesses.

The methodology for calculating the costs of corrective action is
similar to the methodology used in the economic impact analysis. First, for
small and large firms, respectively, a weighted average cost of capital (see
Appendix C) was established. Second, using the estimated cost of capital, the
corrective action cost flows developed in Chapter 8 were discounted to present
value figures. Finally, the present value costs were annualized to simulate
the financing approaches that firms are likely to use.

11.4 SIMULATIOR OF ECONOMIC IMPACTS

As in Chapter 10, a stochastic, or Monte Carlo, computer model was used
to estimate the economic impacts of the corrective action rulemaking on small
entities. The model simulates the variability involved in the number and
types of facilities that a firm may own, the range of potential corrective
action costs that a particular facility may face, and a firm's ability to
cover costs at its facilities. The model accounts for these uncertainties by
randomly selecting parameter values, such as number of facilities or level of
costs, from a range of possible values with each value having a certain
probability. By running the simulation numerous times, the possible error of
the results are reduced to an acceptable level.

In the model runs for this analysis, 5,000 iterations are conducted for
both small and large firm impacts (i.e., for each run, 5,000 firms and the
facilities they own are simulated). The 5,000 iterations reduce the possible
error of the results to within one percentage point with a 95 percent degree
of confidence. As explained in Chapter 10, the model produces results for the
simulated population of firms and facilities. Therefore the results are given
in terms of percentages rather than actual numbers. These percentages can
then be multiplied by the actual number of small or large firms (or the number
of facilities owned by those firms) to obtain approximations of economic
impacts on the two groups of firms.

The model used for this analysis is the same as that used for the
analysis in Chapter 10. The only differences are the probability
distributions associated with parameters such as ability to pay, use of
financial test, and number of facilities owned, which are altered based on
whether the small or large firm groups are being examined. For example, the
ability-to-pay probability distribution for small firms may differ markedly
from the distribution for large firms; this difference is likely to make the
estimated economic impacts different as well. Therefore, this analysis breaks
the population of firms examined into two populations (large and small firms)
and uses separate ability-to-pay and facility owmership probability
distributions to examine economic impacts for each group.

Because the focus of this chapter is on testing the effects of the
proposed rule on small businesses, this analysis, in contrast to Chapter 10,
examines the economic impacts of only two regulatory options: Options B and
C, which are intended to reflect the bounds of flexibility afforded by the
proposed rule. In order to examine the incremental effects of the option
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beyond the current Subpart F regulations, the baseline scenario is also
included in this analysis. (See Chapter 10 for furcther discussion of the
baseline scenario's role in assessing incremental effects.)

The other contrast with Chapter 10 is that because two different
ability-to-pay rules are required to comply with Regulatory Flexibility Act
requirements, simulations of economic impacts were conducted for each of the
two rules, the Beaver ratio criterion and the net income criterion, to create
estimates of economic impacts for Option C and the baseline scenario.

11.5 MEASURES OF ECONOMIC IMPACTS

The measures of economic impacts for this analysis concentrate on two
areas: firm-level impacts and facility-level impacts. The measures relating
to these two areas are the same measures used in Chapter 10 and are described
there in detail. The measures are briefly described below.

11.5.1 Firm Results

Firms encountering "adverse impacts" are those that in the course of the
simulation are unable to provide funds for corrective action for all
facilities owned based on the ability-to-pay rules. Firms encountering "no
impacts” are those that can pay for all corrective action costs at all
facilities while passing the ability-to-pay rules; this category includes
firms with no corrective action costs, regardless of their financial status.

The number of small and large firms encountering adverse impacts is
determined by multiplying the percentages of small and large firms adversely
affected (estimated by the model) by 1,102 and 1,295, respectively, which are
approximations of the number of small and large firms owning RCRA facilities

11.5.2 Facility Results

Facilities for which neither corrective action nor an RFI is required
are those where no release sufficient to trigger an investigation or a
corrective action exists. Facilities incurring costs of RFIs or corrective
actions may either be "covered" or "not covered" based on whether or not each
firm can afford all or a portion of costs at facilities that it is simulated
to own.

The percentage of facilities in each category is multiplied by cthe
number of facilities owned by small or large firms to obtain the number of
facilities in each category. The number of facilities owned by small and
large firms, respectively, is 1,323 and 3,885; these numbers are extrapolated
from available ownership information (again, see detailed explanation in
Chapter 10).

As discussed in Chapter 10, the results for facilities not covered
should be interpreted with caution, because firms may choose to pay for
facilities to the point where they no longer pass the Beaver ratio or net
income criteria. Therefore, the estimate of the number of facilities at which
costs may not be covered may be overestimated.
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11.6 RESULTS AND CONCLUSIONS

For this analysis, the stochastic simulation model yields estimates of
economic impacts of the corrective action requirements on the previously
defined groups of small and large firms owning RCRA facilities. Section
11.6.1 presents the results of the analysis for Options B and C and the
baseline scenario and compares the impacts on small firms with the impacts on
large firms; these results are interpreted for purposes of the Regulatory
Flexibility Act in the concluding Section 11.6.2.

11.6.1 Firm and Facility Impacts

This section presents the results of the stochastic simulation of
economic impacts for the baseline scenario and the two regulatory options,
using both ability-to-pay rules. In each case, the results are interpreted to
evaluate the level of economic impact of the corrective action program on
small businesses.

Exhibits 11-1 and 11-2 show the firm and facility impacts under the
baseline scenario for the Beaver test and net income test respectively. These
exhibits show that small firms encounter more severe impacts from the existing
corrective action requirements than large firms. On a firm basis, 7 percent
of small firms under the net income rule and 10 percent of small firms under
the Beaver rule face adverse impacts, whereas only 4 percent of large firms
under the net income rule and 8 percent of large firms under the Beaver rule
encounter adverse affects. Similarly, 6 to 9 percent of facilities (depending
on the ability-to-pay rule) owned by small firms face costs that are not
covered by those firms, whereas only 2 to 4 percent of facilities owned by
large firms are in a similar situation.

The results of the baseline analyses indicate that the net income rule
is less stringent than the Beaver ratio test in evaluating the extent of
economic impacts. In fact, this relationship is true among all options
tested, thus providing a sensitivity range for the results of the analysis.

Exhibits 11-3 and 11-4 present the economic impact results for Option B,
Immediate Cleanup to Health-Based Standards. The total results and the
incremental results (relative to the baseline) are presented. Option B
results in an additional 10 to 12 percent of small firms being adversely
affected relative to the baseline, compared to 6 to 10 percent of large firms,
depending on the ability-to-pay test used. On a facility basis, an additional
9 to 13 percent of facilities have corrective action costs that are not
covered by small firm owners, while only 6 to 9 percent of facilities have
corrective action costs that are not covered by large firm owners. On an
absolute basis (i.e., not incremental to the baseline), 17 to 22 percent of
small firms face adverse impacts under Option B, depending on the ability-to-
pay measure used.

Exhibits 11-5 and 11-6 present the results for Option C, Flexible
Cleanup to Health-Based Standards. The results are presented both as total
results and as incremental results relative to the baseline. Depending on the
ability-to-pay test considered, this option results in an additional 8 to 10
percent of small firms being adversely affected relative to the baseline,
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EXHIBIT 11-1

BASELINE -- BEAVER TEST

Firm Results:

Adverse Impacts

No Impact

Facility Results:

Corrective Action and RFI Not Required

Corrective Action and/or RFI Required
and Costs Covered

Corrective Action and/or RFI Required
and Costs Not Covered

—Laxge Small
109 ( 8%) 105 (10%)
1,186 (92%) 997 (90%)
2,914 (75%) 988 (75%)
831 (21%) 209 (16%)
144 ( 4%) 126 ( 9%)
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EXHIBIT 11-2

BASELINE -- NET INCOME TEST

Firm Results: Large
Adverse Impacts 56 ( 4%)
No Impact 1,239 (96%)

Facility Results:
Corrective Action and RFI Not Required 2,914 (75%)

Corrective Action and/or RFI Required
and Costs Covered 913 (23%)

Corrective Action and/or RFI Required
and Costs Not Covered 58 ( 2%)

Small

77

1,025

959

283

79

( 7%)

(93%)

(73%)

(21%)

( 6%)



11-12

EXHIBIT 11-3

OPTION B -- BEAVER TEST

INCREMENTAL RESULTS

Firm Results: Large

Increase in Adverse Impacts Relative to
the Baseline 10%

Facfility Results:
Increase in Corrective Action and/or RFI

Required and Costs Not Covered Relative to
the Baseline 91

ABSOLUTE RESULTS

Firm Results: Large
Adverse Impacts 227 (18%)
No Impact 1,068 (82%)
Fac t esults:
Corrective Action and RFI Not Required 1,570 (40%)
Corrective Action and/or RFI Required
and Costs Covered 1,830 (47%)
Corrective Action and/or RFI Required
and Costs Not Covered 486 (13%)

Small

12%

13%

Small
242 (22%)

860 (78X)

529 (40%)

504 (38%)

290 (22%)
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EXHIBIT 1l-4

OPTION B -- NET INCOME

INCREMENTAL RESULTS

Firm Results:

Increase in Adverse Impacts Relative to
the Baseline

Facility Results:

Increase in Corrective Action and/or RFI
Required and Costs Not Covered Relative to
the Baseline
ABSOLUTE RESULTS
Firm Results:

Adverse Impacts

No Impact

Facility Results:

Corrective Action and RFI Not Required

Corrective Actioen and/or RFI Required
and Costs Covered

Corrective Action and/or RFI Required
and Costs Not Covered

]

6%

6%

Large
130 (10%1)

1,166 (90%)

1,554 (40%)

2,020 (52%)

311 ( 8%)

Small

10%

9%

516

609

198

(39%)

(46%)

(15%)
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EXHIBIT 11-5

OPTION C -- BEAVER TEST

INCREMENTAL RESULTS

Firm Results: Large Small

Increase in Adverse Impacts Relative to
the Baseline 8% 10%

Facility Results:

Increase in Corrective Action and/or RFI
Required and Costs Not Covered Relative to
the Baseline 5% 11%

ABSOLUTE RESULTS

Firm Results: large Small
Adverse Impacts 212 (16%) 225 (20%)
No Impact 1,083 (84X) 877 (80%)
Fac t
Corrective Action and RFI Not Required 1,570 (40%) 529 (40%)
Corrective Action and/or RFI Required
and Costs Covered 1,970 (51%) 525 (40%)
Corrective Action and/or RFI Required
and Costs Not Covered 346 ( 9%) 269 (20%)
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EXHIBIT 1ll1-6

OPTION C -- NET INCOME TEST

INCREMENTAL RESULTS

Firm Results: Large

Increase in Adverse Impacts Relative to
the Baseline

Facility Results:
Increase in Corrective Action and/or RFI

Required and Costs Not Covered Relative to
the Baseline

ABSOLUTE RESULTS
Firm Results:
Adverse lmpacts

No Impact

Facjility Results:

Corrective Action and RFI Not Regquired

Corrective Action and/or RFI Required
and Costs Covered

Corrective Action and/or RFI Required
and Costs Not Covered

4%

3%

Large

109

1,186

1,570

2,133

179

( 8%)

(92%)

(40%)

(55%)

( 5%)

Sma

8%

8%

Small

170 (15%)

932 (85%)

519 (39%)

622 (47%)

183 (14%)
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compared to 4 to 8 percent of large firms. This proportion is significantly
below the threshold of 20 percent used to define a substantial number of small
entities under EPA’s Regulatory Flexibility Act guidelines. Moreover, an
additional 8 to 1l percent of facilities have corrective action costs that are
not covered by small firm owners, whereas only 3 to 5 percent of facilities
have corrective action costs that are not covered by large firm owners. Of
note is that in absolute terms, 15 to 20 percent of small firms face adverse
impacts under Option C.

11.6.2 Conclusions

Following the EPA guidelines for regulatory flexibility analyses, the
proposed corrvective action rule options analyzed did not meet the criteria for
imposing significant impacts on small entities. Using ability-to-pay measures
as tests of significant impacts, an incremental increase of over 20 percent of
small firms (i.e., a "substantial number") were not adversely affected.
Regardless of the ability-to-pay rule used, no more than 12 percent of small
firms suffer adverse impacts under the proposed rule options, relative to the
baseline scenario. Given that the baseline scenario represents the financial
effects of the existing corrective action regulations (as described in Chapter
10), this analysis demonstrates that the proposed corrective action program is
unlikely to significantly affect a substantial number of small businesses
using EPA-mandated definitions of significant impact.

If, however, the impacts on small businesses are assessed on an absolute
basis, then Options B and C are sufficiently costly to meet the 20 percent
rule for creating significant impacts. The absolute impacts to small firms
under the options range from 15 to 22 percent. Absolute economic impacts to
small firms are significant only when using the Beaver test. 1In all other
cases, the proposed rule options do not result in a significant impact on a
substantial number of small entities (i.e., on more than 20 percent of all
small firms) when evaluated without the effects of the baseline scenario



12. FEDERAL FACILITIES

In earlier chapters of this report, the population of RCRA Subtitle C
facilities was discussed, and the number of facilities likely to require
corrective action was estimated. In that discussion, the population of
Subtitle C facilities was divided into two groups: privately-owned or
operated facilities (including municipal and non-profit facilities) and
Federally-owned or operated facilities. Federal facilities are of special
concern and are examined in this chapter in more detail for several reasons:

(1) While constituting only six percent of the total
population of RCRA facilities affected by corrective
action requirements, Federal facilities typically
contain more SWMUs per facility than non-Federal
facilities and may incur higher corrective action
costs;

(2) Ownership by the Federal government implies that
corrective action will be funded from public money and
is subject to overall Federal funding priorities.

In this chapter, the population of Federal facilities is analyzed in
terms of the following: the size of the population of Federal facilities; the
composition of Federal facilities; and the number of SWMUs per Federal
facility. Also, this chapter estimates the number of Federal facilities that
will undergo RFIs, the number of Federal facilities that will need to take
corrective action, and the cost of corrective action for the Federal facilicy
population.

12.1 OVERALL POPULATION OF FEDERAL FACILITIES

A complete characterization of Federal facilities is not currently
available; however, this analysis is based on verified data in EPA's Hazardous
Waste Data Management System (HWDMS). Exhibit 12-1 summarizes the
distribution of Federal facilities listed in HWDMS across the agencies that
own or operate the facilities. This exhibit also shows the distribution of
different types of facilities (i.e., land disposal, treatment and storage, and
incineration) among these agencies.

As of August 1987, HWDMS indicates that there are 352 Federally-owned or
operated facilities. Of this total, 277 facilities (79 percent) belong to the
Department of Defense (DOD). The remaining facilities are split among various
civilian agencies: 34 facilities (10 percent) for the Department of Energy
(DOE); 6 facilities for the National Aeromnautics and Space Administration, and
7 facilities for EPA (about 2 percent each); and fewer facilities distributed
among other civilian agencies. Within the DOD, there is a roughly even
apportionment of facilities among the US Army (34 percent of the DOD toctal),
the US Air Force (31 percent of the DOD total), and the US Navy (29 percent of
the DOD cotal). Six percent of the total DOD facilities could not be
categorized into one of these three branches.
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EXHIBIT 12-1

DISTRIBUTION OF FEDERAL FACILITIES ACROSS AGERCIES

Treatment
Storage and Land
All Disposal Disposal Incineration

Facjlities [Facilities [Facjlicties _Faciliries
DEPARTMENT OF DEFENSE (DOD):

US Army 93 59 25 9
(26%) (24%) (21%) (43%)

US Air Force 87 70 16 1
(25%) (28%) (20%) (5%)

US Navy 81 67 11 3
(23%) (27%) (14%) (14%)

Unspecified DOD 16 11 3 2
£3%) 6 ey 10%)

DOD TOTAL 277 207 55 15
(79%) (82%) (69%) (71%)

CIVILIAN AGENCIES:

Dept. of Energy 34 17 15 2
(10%) (7%) (19%) (10%)

Environmental Pro-

tection Agency 7 4 0 3
(2%) (2%) (0%) (12%¢)

National Aeronautics
and Space Administra-

tion 6 2 4 0
(2%) (1s) (5%) (0%)
Dept. of Transportation & 1 3 0
(1%) (0s) (48) (0%)
Dept. of Agriculture 2 1 1 0
(1%) (0%) (2%) (0%)
Unspecified Civilian 22 19 2 1
(6%) (€1 5 N & X 3] I&1)]
CIVILIAN TOTAL 75 44 25 6
(219) (18%) (31%) (29%)
TOTAL FEDERAL FACILITIES: 352 251 80 21
(100%) (100%) (100%) (100%)

Source: HWDMS, August 1987.
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Exhibit 12-2 presents the number of land disposal, treatment and
storage, and incineration facilities for both the DOD population and the
civilian agency population. The relative distribution of facility types is
consistent between the total DOD and civilian agency populations; that is, for
both populations, there are more treatment and storage facilities than land
disposal facilities, and even fewer incineration facilities. However, the DOD
population has a greater proportion of treatment and storage facilities than
the civilian agency population. Seventy-five percent of DOD facilities are
treatment and storage facilities compared with 59 percent of the civilian
agency population. Also, 20 percent of DOD facilities are land disposal
facilities compared with 33 percent of civilian facilities, and 5 percent of
DOD facilities are incineration facilities compared with 8 perzent of civilian
agency facilities.

12.2 CHARACTERIZATION OF RCRA FEDERAL FACILITIES

While it is important to know how many Federal facilities will be
subject to the corrective action program, it is equally important to
understand the potential environmental problems these facilities pose.
Section 12.2.1 below suggests that Federal facilities are larger (i.e.,
comprise more SWMUs per facility) than privately-owned or operated facilities,
and in Section 12.2.2, estimates suggest that a higher proportion of Federal
facilities may require corrective action as compared with private-sector
facilities.

12.2.1 Average Number of SWMUs per Facility

At present, there are relatively little data available on the actual
number of SWMUs at each Federal facility. Without such information, estimates
of the average number of SWMUs per facility must be based on the limited
information available.

In creating the facility data base for this RIA, 65 RCRA facility RFAs
were examined in detail. Six of these 65 RFAs were for DOD facilities. While
the sample was selected to be as representative as possible for RCRA
facilities, the fact that RFAs are not yet available for all RCRA facilities
limits the sample in certain ways. (See Appendix A for a full explanation of
the development of the facility data base.) Omne should not assume that the
six Federal facility RFAs represent all Federal facilities; however, they do
constitute nine percent of the total RFA sample. As stated above, the Federal
facility population is approximately six percent of the total RCRA facility
population. Thus, Federal facilities are represented in the hypothetical data
base in approximate proportion to their distribution among all RCRA
facilities.

An examinarion of the six Federal facility RFAs produced an average of
29 SWMUs per Federal facility. However, no DOE facilities were represented in
the Federal facility sample. EPA's experience with DOE facilities suggests
that they are much larger than facilities owned by other Federal agencies;
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EXHIBIT 12-2

DISTRIBUTIOR OF FEDERAL FACILITIES BY FACILITY TYPE

TYPE OF FACILITY:

Treatment and Storage

Land Disposal

Incineration

TOTAL FEDERAL FACILITIES:

Source: HWDMS, August 1987.

All Federal

Facilicies

251
(71%)

80
(23%)

21
(6%)

352
(100%)

All DOD
Federal

Facilities

207
(75%)

55
(20%)

15
(5%)

277
(100%)

All Civilian
Federal

Facilities

44
(59%)

75
(100%)
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however, there are no data to accurately calculate the difference in size
between large DOE and non-DOE Federal facilities. There is some anecdotal
information about the number of SWMUs located in DOE facilities: the DOE
Hanford Site, located in Richland, Washington, has 1,200 identified SWMUs; the
Idaho National Energy Laboratory has 352 SWMUs; the Savannah River Plant in
Aiken, South Carolina, and the Oak Ridge National Laboratory have
approximately 350 SWMUs each; and the Lawrence Livermore National Laboratories
have over 180 SWMUs. Thus, the calculated average of 29 SWMUs per facility
grossly underestimates the condition of DOE facilities.

To estimate the number of SWMUs per Federal facility, it is assumed that
non-DOE facilities average 29 SWMUs (based on the RFA data base), and DOE
facilities average 290 SWMUs; that is, DOE facilities are, typically, ten
times the size of other Federal facilities. This estimate is clearly
speculative, but it represents a reasonable assumption given the available
data. Exhibit 12-1 shows that DOE facilities constitute 10 percent of the
total Federal facility population; thus, for an overall average of SWMUs per
Federal facility, we estimate the number to be 55 (i.e., 90 percent have 29
SWMUs and 10 percent have 290 SWMUs).

12.2.2 Estimate of RCRA Federal Facilities that will Require Ground-Water
Corrective Action

The Federal facility population is not as completely described as the
non-Federal population. Because limited information is available, an exact
estimate of the number of Federal facilities requiring corrective action
cannot be provided; to do so would presume a greater accuracy than the sample
data allow. However, a range for the number of Federal facilities requiring
corrective action, based on various assumptions, can be estimated. These
assumptions are presented as the following five cases:

Case I -- (Wo -Case Es : Assumes all Federal facilities (i.e.,
352) would require an RFI and would then be found to require some degree of
corrective action for contaminated ground water.

Case -- : Using information from 625 completed RFAs
(used to create the facility data base as described in Appendix A) it was
found that 22 were for Federal facilities. Nineteen of these Federal facility
RFAs (86 percent) indicate the need for an RFI. Therefore, it is assumed that
86 percent (303) of all Federal facilities will require RFIs, and all of these
facilities would require corrective action for ground water.

Case -- ed : As in Case II, 86 percent will require an
RFI and approximately 50 percent (depending on the option selected)! of all
facilities requiring an RFI may need to take corrective action, regardless of
whether the facility is Federal or not. Therefore, it is assumed that 139 to
161 Federal Facilities would require corrective action.

! The variation is slight: 53 percent for Option A; 50 percent for Option
B; 47 percent for Option C; and 46 percent for Option D.
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v -- we stimate): This case assumes that the likelihood of
an RFI and of a corrective action as estimated in Chapter 2 for the overall
RCRA population are applicable to Federal facilities as well. This suggests
that 62 percent of the 352 Federal facilities, or 218 facilities, would
require an RFI, and approximately 50 percent (again, depending on the option
selected) of these facilities, or 100 to 116 facilities, would further require
corrective action for ground-water contamination.

Case V -- (Midpoint Estimate): It may be more reasonable to assume the

actual number of Federal facilities requiring corrective action lies somewhere
between the worst-case and lower estimates, stated above in Cases I and IV.
Although it seems unlikely that every Federal facility will require corrective
action, it is also unlikely that Federal facilities will require the same
proportion of RFIs and corrective actions as non-Federal facilities.

Therefore the analysis assumes that the probability of triggering an RFI lies
midway between the estimates given above (i.e., between 0.62 and 1.0), that
is, 0.81,% and that the probability of a Federal facility moving from an RFI
to corrective action is midway between 0.50 and 1.00, or 0.75. Thus, for Case
V, 80 percent of the 352 Federal facilities (285) require an RFI, and
approximately 75 percent of these facilities (208 to 217) would further
require corrective action.

Exhibit 12-3 summarizes the five cases analyzed in this chapter. Taken
together, these cases imply that somewhere between 100 and 352 Federal
facilities will require corrective action. Given the lack of complete
information, it is estimated that 211 (i.e., Option C for Case V above)
represents the most likely number. It is important to remember that the above
discussion is based on ground-water corrective action only. As with non-
Federal facilities, when releases to other media are considered, the numbers
of both RFIs and corrective action are likely to be higher.

12.3 ESTIMATE OF CORRECTIVE ACTION COSTS AT FEDERAL FACILITIES

Corrective action costs can be considered in two ways: (1) the cost of
cleanup at individual Federal facilities; and (2) the total cost to the
Federal govermment for cleaning up all Federal facilities. The following
sections estimate these two costs for Federal facilities.

12.3.1 Per-Facility Cost of Corrective Action at Federal Facilities

The per-facility cost results developed in Chapter 8 of this RIA were
not directly applied to Federal facility cleanups. While the cleanup
technologies are the same, and the regulatory alternatives are the same, the
per-facility costs of Federal and non-Federal facilities may differ because of
differences in the number of SWMUs per facility.

2 Note that this is not very different from the result obtained from the
22 Federal facility RFAs.
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EXHIBIT 12-3

ESTIMATED NUMBER OF FEDERAL FACILITIBS REQUIRING

GROUND~WATER CORRECTIVE ACTION

Case ] (Worst-Case Bstimate):

Number Requiring?®
Corrective Action
(N = 352)

Number Requiring*
Corrective Action
(R = 303)

Number Requiring»
Corrective Action
(N = 142)

Number Requiring»*
Corrective Action
(K = 102)*~

Number of 100% Number Re- 100%
Facilities quiring RPI
(R = 352) (R = 352)
Case II (Upper Estimate):
Number of 86% Number Re- 100
FPacilities quiring RPI
(N = 352) (N = 303)
Cage III (Mixed Rstimate):
Number of 86% Number Re- S50s
Pacilities quiring RPI
(N = 352) (N = 303)
Case TV (Lower Rstimate):
Number of 62% Number Re- 50%
Facilities quiring RPI
(N = 352) (N = 218)
se V - t Est a):
Rumber of 81s Rumber Re- 75%
Pacilities quiring RPI
(R = 352) {N = 285)

Number Requiring+*
Corrective Action
(N = 211)e>

* Estimated number of facilities requiring corrective action based on ground-
water cleanup only.

** These numbers represant Option C; numbers for other options for Cases III,
IV, and V vary slightly (see text).
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The cost estimates developed in Chapter 8 were pro-rated to account for
the fact that Federal facilities average about 4.6 times the number of SWMUs
(i e., 55 divided by 12) as non-Federal facilities, with the understanding
that this is a rough approximation.

The estimated per-facility cost at Federal facilities varies with the
regulatory option chosen. For example, the per-facility cost (i.e., net
present value cost) of the baseline, or pre-HSWA scenario, is $17 million.
Similarly, for Options A through D, the Federal per-facility costs are
approximately: $1.3 billion; $123 million; $29 million; and $22 million.?

It may be useful, especially when considering agency or facility budgets, to
convert these costs into annualized costs.® Options A through D correspond

to the following approximated annualized costs per Federal facility: §$87
million; 58 million; $2 million; and $1.5 million. The annualized baseline or
Pre-HSWA cost is approximately $1 million.

12.3.2 Total Cost of Corrective Action at Federal Facilities

The total cost of taking corrective action at Federal facilities depends
on two factors: the number of facilities requiring corrective action and the
cost for each cleanup. While the analysis above has estimated a single per-
facility cost (for each of the four regulatory options), the analysis
estimates a range of facilities requiring corrective action, in Section 12.2.2
above. Consequently, the total cost will also be a range. The range has been
narrowed by emphasizing two of the five cases presented above; in particular,
cost estimates are derived for Cases III and V. Exhibit 12-4 shows the total
Federal facility cleanup costs, for each of the four regulatory options,
associated with these two cases (i.e., "Mixed Estimate” and "Midpoint
Estimate”).®

3 These cost estimates have been discounted at three percent to 1987 and

are based on the same financial assumptions (e.g., timing of cost, use of
institutional controls) as are non-Federal facilities. See Chapter 8 for more
detail. More important, these costs do not include RFIs or CMSs. The above
estimates are rough, and these investigative costs are overshadowed by
calculation error and rounding.

* Annualized costs throughout this chapter are calculated at 3 percent for
20 years.

3> These figures only represent ground-water cleanup costs; they do not
include costs for cleaning up other contaminated media or associated
investigative or administrative costs.
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EXHIBIT 12-4

COST OF CORRECTIVE ACTION AT FEDERAL FACILITIES*

COST FOR REGULATORY OPTION: **

A B c D
Immediate Flexible Flexible
Immediate Cleanup Cleanup Cleanup
Cleanup to Health- to Health- Based on
Baseline*** to Back- Based Based Actual

Scenario ground Standards Standards Exposure
(billions) (billions) (billions) (billions) (billions)

Case ixed Esti e

Total Cost 1.2 209.3 18.7 4.1 3.0
Incremental Total Cost -- 208.1 17.5 2.9 1.8
Annualized Cost 0.08 14.1 1.2 0.3 0.2
Incremental Annualized Cost -- 14.0 1.1 0.2 0.1
Case V dpo stimat

Total Cost 1.0 282.1 26.3 6.1 4 6
Incremental Total Cost -- 281.1 25.3 5.1 36
Annualized Cost 0.07 19.0 1.8 0.4 03
Incremental Annualized Cost -- 18.9 1.7 0.3 0.2

* These figures only represent ground-water cleanup costs; they do not
include costs for cleaning up other contaminated media or associated
administrative costs.

** In billions of dollars; discounted at 3 percent to 1987 and annualized
for 20 years.

%** Based on 80 Federal land disposal facilities.
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Excluding the baseline estimate, total ground-water cleanup costs range
from approximately 3 to 209 billion dollars for the "Mixed Estimate” Case III,
and approximately 5 to 282 billion dollars for the "Midpoint Estimate" Case V.
These ranges are broad and reflect the divergent environmental strategies
incorporated into Options A through D. Using the "Midpoint Estimate" Case V,
for example, the upper limit of 282 billion dollars assumes an immediate
cleanup to background at all affected facilities. Option C, however, which
represents flexible cleanup to health-based levels, would cost approximately 6
billion dollars. These figures are based on total discounted costs.

Using the lower bound estimate of the proposed rule (i.e., Option C), total
Federal facility costs can be narrowed to 4 to 6 billion dollars for Case III
and Case V, respectively. This represents an annualized cost incremental to
the baseline of approximately 200 to 300 million dollars per year. <Compared
with the cost estimates presented in Chapter 8, Federal facility cleanups will
constitute approximately 39.5 percent of the total cost of this rule.



PART 4

SUMMARY



13. CONCLUSIONS AND LIMITATIONS

This regulatory impact analysis was performed to characterize the costs,
benefits, and other impacts of EPA's proposed corrective action rule. The
general approach taken was to establish altermative regulatory options with
varying cleanup targets, types of remedies, and timing. These regulatory
options were then compared and contrasted both qualitatively, using hazardous
constituent release scenarios and case studies, and quantitatively, using data
compiled through a sample of 65 RCRA RFAs in order to yield representative
costs and benefits. Based on this analysis, the following conclusions were
reached:

. The qualitative analysis suggests that the regulatory
strategy upon which the proposed rule is based offers
a high degree of protection of human health and the
environment while not placing unnecessary burdens on
facility owners and operators.

s Based on the quantitative analysis, under the
regulatory options most similar to the proposed rule,
over 50 percent of the facilities undertaking
corrective action for ground-water contamination were
simulated to reach cleanup targets within 75 years.

. Costs for ground-water corrective action under the
proposed rule were simulated to have a lower bound
mean present value cost per facility of $6.3 million
and an annualized per- facility cost of $0.4 million.
Moreover, under this same option, national costs were
simulated to be about $7.4 billion, or $0.5 billion on
an annualized basis, more than the costs that would
have been incurred for corrective action prior to the
enactment of HWSA.

s Based on the economic impacts analysis for Option C,
an additional 7 percent of all facilities and 9
percent of all firms will face adverse impacts from
the corrective action requirements of the proposed
rule, leaving a total of $97 million (undiscounted) in
corrective action costs left unfunded due to
insolvency.

. Based on the regulatory flexibility analysis, the
regulatory options most similar to the proposed rule
does not impose significant impacts on a substantial
number of small entities (i e., only 9 to ll percent
of entities are adversely affected) when considered
relative to the impacts of corrective action
requirements prior to the enactment of HSWA.
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In reviewing the results presented by this analysis, a number of key
limitations to the analysis and assumptions made in the quantitative analysis
and supporting analysis should be considered. These limitations and
assumptions, which are discussed more thoroughly where appropriate throughout
the RIA, are summarized below. In general, these limitations fall into three
categories: effectiveness, costs, and supporting analyses.

Effectiveness

. Effectiveness measures the degree to which a
particular option achieves the cleanup target. It
should not be viewed as a measure of potential ground-
water protection benefits.

. Because the RIA simulated releases to ground water
only, the effectiveness of the regulatory options in
addressing releases to other environmental media is
likely to vary somewhat from the estimates presented
in the RIA.

s Due to modeling constraints, the performance of
simulated remedies may diverge somewhat from the
actual performance and effectiveness of such remedies.
For instance, in the model, caps are simulated to fail
in 35 years and recovery wells are assumed to be 95
percent effective in removing ground-water
contamination. In practice, the life of caps and the
efficiency of recovery wells will vary from site to
site, depending on local factors, such as
hydrogeclogic conditions.

. Because only four remedies were simulated, the model
may not accurately reflect the broader range of
remedies available in practice. Moreover, the model
uses simplified remedy selection rules in selecting
among the range of remedies. In contrast, under the
proposed rule, detailed studies would be used as the
basis for selecting among corrective measure remedies.

. In all cases, it was assumed for modeling purposes
that background contaminant concentrations are zero.
It is likely that, at some RCRA facilities, background
concentrations are not equal to zero. Because
concentrations must reach the detection limit before
corrective action can be triggered, it will take
longer to detect a release if background
concentrations are zero than it would if ground-water
supplies were already contaminated to a level higher
than the detection level. As a result, the RIA may
underestimate the likelihood of triggering corrective
action for all options,



Costs
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Because the RIA models the entire corrective action
program (i.e., by including RCRA Section 3008(h) and a
revised Subpart F program in addition to the Subpart S
rule authorized by Section 3004(u)), the costs of the
Subpart S rule itself are overestimated.

The quantitative analysis assumes that the target
cleanup level is equal to the trigger level. Because
the proposed rule actually allows the target cleanup
level to be set at a point higher than the level at
which action is first initiated, the analysis may have
over estimated costs.

The remedy selection rules used for the model only
approximate the proposed rule and are not as flexible
as the rule, thus potentially overestimating costs.

Because the quantitative analysis modeled releases to
ground water only, this analysis underestimates the
costs of corrective action.

For modeling purposes, remedies were simulated only
once for a given release scenario (i.e., not for
additional future releases), thus potentially
underestimating costs.

Because of modeling limitations, the RIA does not
simulate the use of Alternate Concentration Limits
(i.e., site-specific cleanup standards set under
Subpart F). Thus, the RIA may overestimate the cost
of the baseline scenario and underestimate the
incremental cost of other options.

The RIA simulates off-site land disposal of excavated
wastes. However, the additional costs of treating
land-disposal wastes to the Land Disposal Restrictions
(40 CFR Part 268) were not included in the cost
estimates. Moreover, incineration of excavated wastes
was not simulated. As a result, the RIA may
significantly underestimate costs for the options that
select excavation remedies.

The model did not estimate the costs of institutional

.controls where they were selected. As a result, the

RIA may underestimate costs for the options that
select institutional controls.

The RIA derives the costs of RFIs and CMSs from lower-
bound estimates of similar Superfund investigation
steps. If, in practice, the investigative costs for
RCRA corrective actions diverge from these lower-bound
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estimates, then the accuracy of the cost estimates
would be reduced.

Using Superfund remedial action program data, total
national costs for the proposed corrective action rule
were estimated to be $12.9 billion (non-incremental to
baseline), compared to $10.6 billion to $45 billion in
total national costs (non-incremental) for the
proposed rule in this analysis.

Supporting Analyses

Because the economic impact analysis does not simulate
the availability of alternate funding sources, such as
payouts from financial assurance mechanisms, corporate
parents, price increases, Superfund, or State cleanup
funds, the RIA may overestimate the economic impacts
of the proposed rule.

In the economic impacts and regulatory flexibility
analyses, corrective action costs are not simulated to
vary with the financial size of the firm required to
take corrective action. Therefore, the RIA may
underestimate the economic impacts of the proposed
rule on small firms.

Federal facility costs are estimated using a very
imprecise methodology that involves extrapolating from
smaller private facilities to very large Federal
facilities. Actual costs observed at Federal
facilities may differ significantly from those
estimated in the RIA.
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APPENDIX A

DEVELOPMENRT OF FACILITY DATA BASE

This appendix describes the development of the facility data base used in
the RIA to estimate the costs and risks associated with various regulatory
approaches to corrective action. The data base reflects, in part, information
collected on each of 65 actual RCRA facilities. We supplemented the data
collected on the 65 facilities using best professional judgement to make
assumptions where there were data gaps. As a result, we developed a partially
hypothetical facility data base for this analysis. While not statistically
representative of the actual universe of facilities, we selected the sample of
facilities to be as representative as possible of the facilities subject to
the SWMU corrective action proposal.

This appendix is; divided into three primary sections. The first section
describes the survey of actual facillicies, the second provides an overview of
the hydrogeologic mapping of the facilities, and the third explains how we
supplemented the data to complete the database.

A.1 PFACILITY SURVEY
We developed the facility data base used for the RIA from a survey of

actual RCRA facilities. This section explains how we developed the sampling
approach and executed the survey. It is divided into the following sections:

. Section A.1.1 discusses the general characteristics of
facilities subject to the proposed corrective action
regulations;

. Section A.1.2 briefly discusses the availability of data
on facilities and SWMUs and discusses the data sources
used in this analysis;

s Section A.1.3 describes the universe of facilities
represented by the survey sample;

. Section A.l.4 discusses the methodology used to make the
survey sample as representative of the overall population
of facilities and SWMUs as possible;

s Section A.1.5 discusses the general approach used for
analyzing each individual facility; and

. Section A.l1.6 presents the primary characteristics of the
survey sample.
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A.1.1 Facilities Subject to RCBA Corrective Action Regulations

As explained in Chapters 2 and 4, the RCRA corrective action program as
amended by HSWA applies to all RCRA Subtitle C land disposal, incineration,
and treatment/storage facilities that are either currently operating, in the
process of closing, or already closed. The corrective action program extends
to all units at these facilities that have been used for management of solid
wastes from wvhich hazardous wastes or constituents may be released. Areas
where wastes have routinely and systematically been released, wastewater
treatment units, and waste recycling units are also regulated by the RCRA
corrective action program.

EPA has estimated the national population of Subtitle C facilities
subject to the RCRA corrective action regulations to be 5,661 facilities.l
According to the Hazardous Waste Data Management System (HWDMS), approximately
26 percent of the Subtitle C facilities (1,487 facilities) are classified as
land disposal facilities, 3.5 percent (196 facilities) as incineration
facilities, and 70 percent (3,978 facilities) as treatment/storage
facilities.? The majority of these facilities are currently interim status
facilities with either permit status or closure status pending approval by the
appropriate authorities. Approximately 21 percent of the facilities have
submitted a closure plan that has either been approved or is currently under
review.

A.1.2 Data on Facilities Subject to RCRA Corrective Action Regulatiouns

For the RIA, the primary data sources on SWMUs were RCRA Facilicty
Assessments (RFAs). RFAs are prepared as the first of three phases in the
RCRA corrective action program. The purpose of an RFA is to: (1) identify
and gather information on releases at a Subtitle C facility, (2) evaluate
SWMUs and other areas of concern for the potential for releases to the
environment, (3) make preliminary determinations regarding releases of concern
and the need for further actions and interim measures at the facility, and (4)
screen from further investigation all those SWMUs which do not pose a
significant threat to human health or the enviromment.

1 u.s. EPA, "Summary Report on RCRA Permit Activicies for March 1987."
Prepared by State Programs Branch and Information Management Staff, Office of
Solid Waste, April 13, 1987, based on OSW tracking data.

2 Land disposal facilities are defined as any hazardous waste management
facility with a landfi{ll, surface impoundment, waste pile, or land treatment
unit. Any facility that has an incinerator but no land disposal units is
considered an incineration facility. All other hazardous waste management
facilities are defined as treatment/storage facilities.

3 U.S. EPA, "RCRA Facility Assessment Guidance.” Frepared by the Qffi.
of Solid Waste, October 1986.



A-3

RFAs generally consist of brief descriptions of the industrial processes
at the facility, the location of the facility and its surrounding environment,
the design of each SWMU, the types of wastes handled by each SWMU, and the
release history or potential for releases at each SWMU and the facility in
general All units potentially subject to Sections 3004(u), 3004(v), and
3008(h) are evaluated in the RFA. The units evaluated include spill areas,
recycling units, wastewater treatment units, and units that were closed prior
to the enactment of RCRA or HSWA. Depending upon the size of each facility
and the number of SWMUs at the facility, RFAs may range from a few pages to
several hundred pages per facility.

RFAs represent a compilation of several data sources on individual
facilities. 1In preparing RFAs, several sources are consulted including RCRA
Part A and Part B permit applications, responses to Regional requests for
information on SWMUs, RCRA inspection reports, RCRA exposure information
reports, and other sources (e.g., correspondence, waste manifests, notices to
local authorities, reports of releases, and so forth) as appropriate. In
addition, other scurces such as CERCLA Remedial Investigation/Feasibility
Study and CERCLA Preliminary Assessment/Site Investigation reports, if they
exist, are also consulted. Many RFAs also Include actual site visits to
verify information and gather visual evidence on each SWMU. Because RFAs
represent a single concise document that attempts to synthesize a wide range
of data on a particular facility, we used RFAs for the purposes of developing
a facilicy database for the RIA.

EPA has been conducting RFAs over the past two years and ultimately
intends to prepare an RFA for each facility subject to the RCRA Subticle C
program. Exhibit A-1 shows the number of RFAs that had been completed as of
April 16, 1987. The exhibit shows that EPA has completed RFAs for
approximately eleven percent (624 of 5,661 facilities) of all Subtitle C
facilities. More than 74 percent of these facilities (464 faclilities) are
land disposal facilities, five percent (33 facilities) are incineration
facilities, and 20 percent (127 facilities) are treatment/storage facilities.

Because HSWA greatly expanded the scope of the RCRA corrective action
program, the data on facilities and SWMUs subject to the corrective action
requirements are often sketchy and unverified. The quality of data contained
in each RFA varies greatly according to the amount of data available on a
facility and the surrounding environment. Some RFAs contain a large amount of
useful information on each unit and are very detailed. Others contain more
limited information. Our approach to addressing the data limitations is
presented in Section A.3 of this appendix.

A.1.3 TUniverse of Subtitle C Facilities Represented

A detailed analysis of the RCRA corrective action program at each f the
5,661 Subtitle C facilities was infeasible given the complexity of the
program, the difficulcy in determining when actions are necessary, and the
limited availability of data. Thus, only a sample of facilities was
investigated.



EXHIBIT A-1

COMPLETED RFAS BY REGION AND FACILITY TYPE
(As of April 16, 1987)

Land Treatment
Region Rispesal Inciperatox and Storage ota
1 42 1 16 59
2 44 2 25 71
3 50 6 22 78
4 86 4 23 113
5 114 9 19 142
6 73 8 9 90
7 11 0 4 15
8 15 0 4 19
9 19 3 0 22
10 10 0 5 15
Total 464 Kk 127 624

Source: U.S. EPA, Hazardous Waste Data Management Retrieval System, Retrieval
Number F87043, April 16, 1987.
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Two factors limited the universe of facilities represented in this
analysis. First, given that RFAs were the best source of information, the
universe was limited to the 624 facilities with completed RFAs. Second,
because corrective action regulations affect primarily facilities requiring
corrective action (i.e., they have only a limited effect on facilities where
corrective action is unnecessary), the universe of facilities from which we
drew the sample did not include facilities for which the RFA indicated that
there is no need for corrective action. If the evidence uncovered during the
RFA supports continued investigation of the facility, the RFA recommends the
preparation of a RCRA Facility Investigation (RFI). An RFI is a detailed
characterization of a facility and the extent of its releases to determine 1f
corrective measures are necessary.

We assumed that corrective measures were not needed at those facilities
for which the RFA did not recommend an RFI. Therefore, we limited the sample
universe to facilities for which an RFA had been completed and for which the
RFA recommended an RFI.# Exhibit A-2 shows, for different types of
facilities, the number and proportion of RFAs that recommend RFls. The
exhibit indicates that nearly seventy percent (437 facilities) of all
completed RFAs recommend RFIs. The majority of facilities for which RFIs are
recommended are land disposal facilities (342 facilities), followed by 72
treagmen:/storage facilities and 23 incineration facilities, all requiring an
RFI.

A.1.4 Methodology Used to Select Representative Survey Sample

In most circumstances, a representative survey sample can be selected by
taking a random sample from the sample universe. In this instance, however,
selection of the survey sample was complicated by the fact that the sample
universe was not entirely representative of the total population of facilities
that might require corrective action. Because the sample universe was limited
to those facilities for which RFAs had been completed and for which the RFA
recommended an RFI, we had to develop a more sophisticated methodology for
selecting the survey sample to ensure that our sample would be

4 as explained below these facilities are believed to represent about 62
percent of all facilities. At the remaining 38 percent, environmental damages
and corrective action costs are assumed to be negligible. Analytic results
presented {n the RIA, thus, include an adjustment for the fact that, in
addition to the effect observed at facilities represented in the sample, there
will be no effects at facilities not represented in the sample (i.e.,
facilities where an RFI is not required).

5 Because of the HSWA permitting deadlines for land disposal facilities,
most regional EPA offices have focused priorities toward land disposal
facilities. The impact of the deadline is demonstrated by the fact that 31
percent of all land disposal facilities have had an RFA completed, compared
with only three percent of all creatment/storage facilities.



EXHIBIT A-2

SEVENTY PERCENT OF ALL COMPLETED RFAs RECOMMENDED RF1s
(As of April 16, 1987)

Facility RFA RFI Percent RFI
—Iype _ Completed Recommended Recommended
Land Disposal 464 342 74%
Incineration 33 23 70%
Treatment and 127 72 57%
Storage —— —_—
Total 624 437 70%

Source: U.S. EPA, Hazardous Waste Data Management Retrieval System, Retrieval
Number F87043, April 16, 1987.
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as representative as possible of the overall population of Subtitle C
facilicies.

The methodology that we developed for selecting the survey sample
consisted of three steps. First, because we expected the characteristics of
SWMUs at each facility to differ across the types of facilities (e.g., land
disposal versus treatment/storage facilities), it was important that the
distribution of facilities within the sample accurately reflect the
distribution of facility types in the actual universe of facilities. Second,
the survey sample also had to reflect the fact that the probability of an RFA
recommending an RFI may differ by facility type (e.g., land disposal
facilities may be more likely to require corrective measures than
treatment/storage facilities). Third, we combined the results of the first
two steps to form a distribution of facility types for selection from the
actual universe of facilities. We then adjusted the distribution to reflect
the fact that our sample was chosen only from those facilities with RFAs
calling for RFIs. These three steps are discussed below.

SIEP 1. ADJUSTMENT FOR DISTRIBUTION OF FACILITY TVPES

Exhibit A-3 compares the distribution of RCRA Subtitle C facilities for
which an RFA had been completed, by type of facility, with the actual
distribution of facilities. The exhibit shows that the distribuction of types
of facilities for which RFAs were completed is not the same as the
distribution of types of all facilities. The sample universe contained a
disproportionately large number of land disposal and incineration facilities
relative to treatment/storage facilities. For example, more than 70 percent
of all Subtitle C facilities are treatment/storage facilities, but only 15
percent of the facilities in the sample universe are treatment/storage
facilities. Therefore, a simple random sample from the subset of facilities
with RFAs may have included too few treatment/storage facilities relative to
land disposal and incinerazion facilities.

To adjust for this problem, we stratified the survey sample according to
the .three broad categories of facilities (i.e., land disposal, incineration,
and treatment/storage facilities). The ultimate goal of the stratification
process was to generate the appropriate number of facilities that should be
sampled from each stratum of the survey sample in order to reflect the actual
distribution of facilicty types. Therefore, based on the data presented in
Exhibit A-3, we adjusted the sample to reflect the fact that 26 percent of the
facilities are land disposal facilities, 4 percent are incineration
facilities, and 70 percent are treatment/storage facilities.

The second adjustment was necessary to reflect the varying probabilicies
of an RFA calling for an RFI (i.e., the likelihood that there is a potential
for a corrective action) across different types of facilities. For example,
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EXHIBIT A-3

COMPARISORN OF ACTUAL DISTRIBUTION OF FACILITIES
VITH DISTRIBUTION OF FACILITIES HAVING COMPLETED RFAS
(As of April 16, 1987)

Type of Number of Facilities with

Facility Facilities 1/ Pexcent  Completed RFAs 2/ Percent
Land Disposal 1,487 26% 464 75%
Incineration 196 4% 33 5%
Treatment and 3,978 70% 127 20%
Storage - -

Totals 5,661 100% 624 100%

l/ U.S. EPA, "Summary Report on RCRA Permit Activities for March 1987."
Prepared by State Programs Branch and Information Management Staff, Office of
Solid Waste, April 13, 1987.

2/ U.S. EPA, Hazardous Waste Data Management System, Retrieval Number F87043,
April 16, 1987.
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because many land disposal facilities dispose of wastes directly in or on
land, land disposal facilities may be more likely to have an RFA recommend an
RFI than a treatment/storage facility that may typically store wastes in
above-ground containers for shorter periods of time. To reflect such
differences, we assumed that the percentages of RFAs calling for an RFI
presented in Exhibit A-2 for the first 624 RFAs can be used to predict the
likelihood of an RFA calling for an RFI for all facilities. According to
these figures, about 73.71 percent of the RFAs done at land disposal
facilities can be expected to call for an RFI, while at incineration and
treatment/storage facilities the percentages are 69.70 percent and 56 69
percent, respectively. Statistical tests for differences of proportions
suggest that the type of facility is a statistically significant factor in
determining the likelihood that an RFA will call for an RFI.® Therefore, we
adjusted the sample to reflect the probability of an RFA recommending an RFI
for each facility type.

STEP 3. CALCULATION OF STRATUM WEIGHTS

We made the adjustments described above by multiplying the distribution
of RFAs recommending RFIs for each facility type by the actual distribution of
facilicty types. For example, as shown in Exhibit A-2, approximately 73.71
percent of all Subtitle C land disposal facilities will need to conduct an
RFI. And, as shown in the second column of Exhibit A-3, approximately 26.27
percent of all Subtitle C facilities are land disposal facilities. By
multiplying 73.71 percent by 26.27 percent, we determined that the unadjusted
"stratum weight" for land disposal facilities in this case was 0.1936. As
shown in Exhibit A-4, we completed this procedure for the other two facility
types, by computing unadjusted stratum weights of 0.0241 and 0.3984 for
incineration and treatment/storage facilities, respectively.

The unadjusted stratum weights represent, by type of facility, the frac-
tion of facilities in the total population that will have RFAs recommending
RFIs. As Exhibit A-4 reveals, 62 percent of all facilities (i.e., the sum of
the unadjusted weights) may require an RFI once all of the RFAs are completed.
Because we drew our sample only from those facilities with RFAs calling for
RFIs, and not from the entire population of facilities, we adjusted the
weights by scaling them to add to one (e.g., we calculated the adjusted weight
for land disposal as 0.1936/0.6161, or 0.3143 out of 1). Exhibit A-4 shows
the adjusted weights for each type of facility. Based on these weights, we
selected a sample with 31 percent land disposal facilities, 4 percent
incineration facilities, and 65 percent treatment/storage facilities.

6 Using a standard difference of proportions test, we determined that
the difference between the proportion of RFAs calling for an RFI at land
disposal facilities and at treatment/storage facilities was significant at the
0 05 level. The differences between land disposal facilities and incineraction
facilities and between incineration facilities and treatment/storage
facilities were not statistically significant at the 0.05 level.
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EXHIBIT A-4

CALCULATION OF STRATUM WEIGHTS

Probability
that

RFA will
Type of Recommend Unadjusted Adjusted
Facilicy Percentage —PREL —Weight _Weight
Land
Disposal 26.27% 73.71% 0.1936 0.3143
Incineration 3.46% 69.70% 0.0241 0.0391
Treatment and
Storage 70.27% 56.69% 0.3984 0.6466

Totals 100.00% 0.6161 1.0000



A-11
S CTION v S

The number of available RFAs for each facility type limited the size of
the survey sample. In general, with a sample size of 29 or more
observacions,statistical confidence intervals can be constructed that are
about as precise as those based on a larger sample. Because the survey
sample for this analysis essentially represented three separate survey samples
(i.e., land disposal, incinerator, and treatment/storage facilities), the
ideal survey sample would contain at least 29 observations in each of the
three sub-samples. However, as noted previously, the three facility type
groups must exist in the survey sample in fixed proportions to reflect the
actual national distribution of facility types. Because the smallest of the
three sub-samples, incineration facilities, represented only 3.9 percent of
the sample, the requirement that there be fixed proportions among the three
facility type groups meant that the size of an "ideal" sample would have been
at least 736 (i.e., 29 divided by 3.91 percent). However, a sample of this
size does not exist since only 624 RFAs have been completed.

The number of available RFAs for treatment/storage facilities further
limited the sample size. Because 65 percent of the sample had to be
treatment/storage facilities and only 72 RFAs recommending RFIs had been
completed for these facilities, the sample size could be no larger than 111
facilities. We sought a total of 123 facilities for the sample, including all
available RFAs calling for RFIs at treatment/storage facilities. With a
sample of this size, inferences about the total population of facilities can
be made with reasonable confidence; only conclusions based on small subsamples
are potentially limiced.8

We randomly selected the sample of land disposal and incineration
facilities from a list of RCRA Subtitle C facilities with completed RFAs that
recommended an RFI. The procedure for random selection involved assigning

7 A confidence interval for the mean value of a particular variable in a
large sample can be constructed using the normal distribution. With the
normal discribution, a 95 percent confidence interval is developed by
multiplying the standard error of the estimate by 1.96. For samples of less
than 120 observations, the t-distribution (which reflects the greater
imprecision associated with small samples) is used instead of the normal
distribution. When estimating a 95 percent confidence interval using the t¢-
distribution, the standard error of the estimate is multiplied by a
coefficient that depends on the sample size. For a sample size of 29 (i.e ,
with 28 degrees of freedom), the appropriate coefficient is 2.048. At two
significant digits, this is essentially the equivalent to the normal
coefficient (i.e., both 1.96 and 2.048 round off to 2.0).

8 Because of the small size of the incineration subsample, we drew no
conclusions about incinerators but grouped them with treatment/storage
facilities for our analysis.
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each facility a random number using a random number table. We then selected
the appropriate number of facilities within each strata based on the random
number assigned to each facility. This procedure avoided statistical
preference for facility size, location, or ownership status (e.g., private
versus public). In some instances, however, we eliminated facilities because
certain data (such as geographic coordinates necessary for hydrogeologic
mapping) were unavailable.

We attempted to obtain the RFAs for each facility selected for the sample
by either contacting or visiting the EPA Regional offices. In some instances,
RFAs were either unavailable or insufficient for use in the survey. Of the 77
useable RFAs that we received, only 41 were for treatment/storage facilities.
In order to preserve the fixed proportions among the facility groups we
included only 21 of the 30 available land disposal facilities and three of the
four available incineration facilities in the sample. For the
treatment/storage stratum, however, we included all 41 treatment/storage
facilities in the final survey sample. We dropped two facilities (one land
disposal and one treatment/storage facility) at a later stage due to
insufficient data. Thus our final sample consisted of 21 RFAs for land
disposal facilities, cthree for incineration facilities, and 41 for
treatment/storage facilities.

A.1.5 General Approach Used for Analyzing Each Facility

We analyzed each of the facilities in the final survey sample using a
series of standardized questionnaires. We used the first questionnaire, shown
in Exhibit A-5, to assimilate data at an aggregate facility level. We
completed these forms for each facility in the final survey sample. We
completed the second questionnaire, shown in Exhibit A-6, for each SWMU at
each facility in the survey sample. We developed these forms using actual
RFAs as a guide. We designed the forms to provide as much information as
possible in a format that would facilitate subsequent analysis.

A.1.6 Overview of Collected Data

This section provides an overview of the data collected in our survey of
RFAs for the sample of 65 faclilities. A variety of aggregate statistics on
both the facilities and the 893 individual SWMUs at the facilities are
discussed below. Note that, in many cases, data were not available to fully
characterize all units. Section A.3 describes how we supplemented this
information before we modeled the costs and risks associated with corrective
action.

QPERATING STATUS OF THE FACILITIES

The RFAs provided data on the operating status of 58 of the 65 facilities
in the database. Of these 58 facilities, 52 facilities (90 percent) are still
in operation and 6 facilities (10 percent) have been closed. Of those
facilities that have closed, all were reported to have been closed between
1982 and 1986. Note, however, that several of the facilities that were
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EXHIBIT A-5

SUND CORRECTIVE ACTION SURVEY QUESTIONNAIRR
FOR FACILITY INFORMATION

Answer all questions below for each RFA reviewed. Where data are either
insufficient, unavaillable, ambiguous, or inappiicable, enter "-99" In the
appropriate space.

[V I SR VSR S B

= )

10.

11

i3

14

15.

16.

i7.

18.

19.

ICF Staff Person completing questionnaire (init:ials)
RFA Contractor-

Date of RFA (mo/day/year) 7
iCF Scaff Person entering data to PC (1nitials)
Date Questionnaire Sntered (mo/day/year) / /

EPA Faciiity Identification Number

Facility Name.

Facility Cicty and State

SIC Code (Use & digits even i1f only 2 or 3 digits are available)
9a Primary - 9b. Secondary -
9¢c Ilf SIC Code 1s unavailable, describe activities of
facility.

Year industrial activity (1 e., nct necessarily wasre management)
began at facility:

Year industrial activity ceased at tdcility (encter "0" 1f still open)
Distance to nearest drinking water well from facility boundary- mecers
[s well downgradient? Yes (1) __ No (0) __ Unknown (-99)

Approximate number of individuals using drinking water well:

Distance to nearest surface water (e.g., lake, stream, or raver)
from facility boundary: meters

Is surface water downgradient? - Yes (1) ___ No (0) ___ Unknown (-39)

Distance to nearest population potentially exposed to air releases
(distance from facility boundary): meters

Size of population potentially subject to air exposure:

Number of SWMUs identified at facilicy:
19a. Unregulated SWMUs whose existence 1s confirmed by RFA.
195> Regulated Subtitle C SwWMUs (a.g., all SWIfUs that have
managed hazardous wastes since November 19, 1980).

19¢ Total nuaber of confirmed SWMUs (equal to 19a plus 19b)

19d. SWMUs whose existencs 18 speculated about
but not confirmed by RFA:
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EXHIBIT A-5 (CONTINUED)

20 Are there upgradient monitoring wells which show ground-water
contamination? ___ Yes (1) __ No (0) (skip Q21) __ Cnknown (-99)
(skip Q21)
21. [f yes, list constituents and concentrations:

#1 #2 #3 fi6 5 6

2la Constituent.

21b Concentration

w=-* (At this point, complete one SWMU questionnaire for each SWMU at the
facility The number of SWMU questionnaires completed should be equal to the
number entered for question 19¢ on the previous page (1.e., do not complete a
questionnaire for SwWMUs whose existence 1s unconfirmed). Fcllowing completion
of all SWMU questionnaires for this facility, decide whether you have obtained
definitive release 1n ‘'ormation for all SWMUs. If you have, o not complete
questions 22 through 24 below. Otherwise, 1f def:-nitive release information
has not been obtained for one or more SWMUs, proceed to questions 22 zo 24 )

22. Have there Lcen any noted releases from facility: __ Yes (1) _ Neo (0)
— Unknown (-99)

23 Facility-wide Release Information* (£ill in as appropriate)
#1 #2 3 1o "3

23a. Waste/constituent released

23b. EPA waste code, 1f available

23c. Quantity of waste released

23d. Release to (check all that apply):
(1) Soal

(2) Groundwater

(3) Surface Water

(4) Air

(S) Other

(-99) Unknown

23e. Is release confirmed (''C")
or suspected (''S")?

24. If soil at facility is contaminated, how much soil (throughout facilaity)
18 currently contaminated? (cubic yards)

* This question refers to wastes/constituents which have escaped from the
facility into the environment.



EXHIBIT A-6

SWMU CORRECTIVE ACTION SURVEY QUESTIONNAIRE
FOR UNIT INFORMATION

{Answer all questions betow for ocach unit at each facility reviewed Whsre data are eirther insuldicient, wnavaslable, aabiguous,
or inspplicable, enter *-99” in whe sppropriate space 1f nu alternative 1» provided)

V. ICF Swaff Person comploting quustionnaire (iniLials) . 2 ICF Stalfl Person enterning data tuo PL (inrtials) —
3. EPA facllity identification numbor: [ facility nome. R .
5 Sequential SWMU aumber (start w/ 00V for each fac.) I 6 SWMU name (+f specitied «n HIA)

7. SWMU Siatus (Check one).

(1) Unreguiated SWMU whiose existence s confirmed by HIA
{2) Regulatod Subtitie C land disposal SWHMU (I e , landfili, surface impoundment, waste pile, or land Lisatsunt unit
that managed hazardous waste after 1/26/82)
_ {)) Other regulated Subtitio C SWMU (i o., a umit used Lo manage hazardous waste atl sowe Liaw after Noveaber 19, 1980
which is not included in (2) sbove)

8. Vvoar SWMU was first used. __ 9 Mhen did use of SWMU stop {enter "0 ot sLell 0 use)

10 If no ionger In use, how was umit closed?

(V) Unig dismantied snd removed ___ (2) Excavation and decontaminat iun C o 13) Containment systemm anstalled
§) Unit capped {5) Mo closure mseasures Laken ___ 16) impoundment ciosed w/ waste in place
1) Other - Describe 1-99) Unknown Or unavailabile

11. SWWU Unit type and Design lype
11a. 3-digit code from unit/design type coding shect

t1tb I Qlla is 065, 066, 061, or 068 (I e , miscellanceous wiit), dyscribe _

12. SWMU Capacity Information {Provide as many 512€ pas « ~is as possible based upon unit/design Lype coding sheet)

12a. Size varisble V.

12b. Size variable 2:

12¢c Size Variasbie )}

S1-v



EXHIBIT A-6 (CONTINUED)

13. Types snd Quantities of Westes/Constituents Contained 1n or Handled by Umit,
Note for Qi) Unlihe the siz2v questions (n Q12, which rofer to SWMU capacity, Qi) (ofers to wastes aciuwddly handled or

13b.

13c

1, swy

contained in the unit. Also, use suppiemcniary form 11 LIore are more Lhan (ive waste Lypes

Waste lype ) Waste Iype 2 Waste lypo 1 Waste Jype & Waste lype 5

lype of Waste/Constituent P _ — -
EPA Waste code, if avaiiable
Quant ity of waste contained in unit

(@etric tons) or handled by unit {metric
tons/yesr) —_— - —— e -

Is 13c in terms ol Mi {(enter "1™) or
Mi/yc fenter “2%)7 R

Year wasLe resoved froa unit (enter
0" ir stit) in uniL; "-99" f unknown;
“1* Ir inspplicabie, 0.9., Incinerstor) o _

Relesse Informstion
. Has the SWMU released any wastes/constituents Lo the environment? ___ Yes (V) ___ Suspected (2) __ No (0) ___ unkaown|-99)
. Were corrective sctions taken for these reienses? ____ Yes (1} No {0) Unknown {-99)
If s0, for what mediuml {check all that apply} _ %0i) ___ Croundwater ___ Surface water ___ Awr ___ Other ___ Unknown
Are there stilt wastos/constitients that are currently a rthrext Lo Lthe environment? __ Yes (1) _ Suspucred (2)

__. N0 (0} ___ unknown{-99)

If so, answer questions 1h4e. through 14h, Use supplementary form If more than five waste cons:tutents have been released

t4e.

wr.

9.

19h

Constituent Constituent 2 Canstituent 3 Constituent L Constituent 5

lype of waste/constituent released

EPA waste code, If svallable e

Quantity of waste released

Reloase to (check atl that appliy):
(1) Soil e e _ .
Groundwater - ——— R e
Surface wWater — e o T

)
)
) Alr [, e I . e
}
)

Other e — . e e —— e
Unknown ——

O = o
OPE

15 if sosl around SWMU is contaminated, how much s061? {cubic yards)

16 Briefiy describe the activities suggested by the RFA for this umit

(1} NO fuither acLion {2) AddivLional investigation Lo deLerming appiopriate delivn
{3) Specific remedisl sction

91-v



Upis/Pesign lype (G11)

00) )ined Londfil)

002 unlined Landfil

003 Unspecified Landfitl
uoh Land lreatmeny
Pitle =

Plie -
Piie -

005
006
00?7
ouvs
009

wWasto
Wasto
Wasto
Maste
Waste

Ireatmeng Surfece impoundmonts

010 Lined Treateunt lmpoundsent
011 Unlined frostment lmpoundmsat
012 Unspecified Irecatment tmpoundment

impermusbie pad
Other Pad

No Pad

indoor
Unspecified

Plie
Plie

a i1 £ I
013 Lined SiLorage Impoundment
014 Uniined Siorege iapoundeent

015 Unspecified Storage iaspoundment
Unspecified Surface |mpoundments

Lined Impoundment - lreataent
Storage not specified
Unltined Impoundment - freaLmunt
or Stotn?o not speciflled
Unspecified tapoundment - lIreat-
ment or Storege not specilied

016 ur

017
018

Iapermseable Pad
Other Pad

No Pad

tndoor
unspecified

019
020
021

Cont .
Cont.
Cont.
022 Cont.
023 Cont.

lreptmont Tenks

024
025
026
0217
028
029
030
L1 3] ]
02
Ul
o
035
036

Storage -
Storage -
Storege -
Storage -
Storage -

Above ground tanks - Casbon
Above ground tashks - Steel
Above ground tanks - Conc.
Above ground tanks - Unspec
Surface tsnks - Carbun
Surface tanks - Steel
Suilace tanks - Concrule
Surface tanks - Unspec
Underground tanks - Carbon
uUndecground tenks - Steel
undecground tanks - CounLrete
Underground tanks - Unspoc
Unspecified trestment Lank

EXHIBIT A-6 (CONTINUED)

G /Design Type Coding Sheen

S1ze Variablg g1_,412A)

Surtace
Surface
Swilave

Sus face

Surface
Surface
Surlace
Surlace
Surface

Surface
Suiface
Surface

Surface
Surface
Surface

Surtace
Surface

Susface

Susface
Surface
Surtace
Surtace
Sutface

Lanks
tanks
Lanks
Lanks
tanks
tanks
tanhs
LAikS
tanhs
tanks
Latths
Lanks
tanks

LL L L LT T L 2 %2 21 9

aiea
ared
ared

arcd

arca
ai1ed
ataa
a1ed
ares

arca
ated
area

| XK-I
Bsieca
area

aread

arva

aice

ared
asea
area
arca
ares

{50
{5y
(R3]

(54

[
(s
{sq
{sy
(sa

(sq
(59
{(sq

{sq
(sq
(sq

(5q
{sq

(sq

{sq
{s4
(sq
[sq
(sq

LISRY]
LIYEY]
mirs)

oLrs)

mi1s)
mes

F ..
LINRY]
mes)

mLes)
aLrs)
etrs)

aLrs)
LIYRY]
mLs)

arrs)
mirs})

meLars}

mL(S)
LINEY]
atrs)
eLrs)
ars)

S1zu Varisbie g2 (41on]

Depth
Depth
Depth

DepLh

Cubic
Cubic
Lbic
Cubic
vubic

acLees
®eLers
|elers
@aelees
seters

Depth
Depth
Oeptlh

Depth
Degth
Depth

(meters)
{mrters)
(meLers)

{aters)

dispoused
dispused
disposcd
dispust d
dispused

[merers)
{nuteds)
[maters)

{meteis)
{metees)
{serors)

Veplh {aeters)

UeptLh

Depth

# Dwmpsters
# Dumpsters
# Dumpsters
# Dumpstors

# ODumpsiLers

lotal
fotal
lotai
Yer at
tutat
lotal
latal
lotat
Jutay
Toval
lows)
fodals
lTotai

combined
combinud
comb i ned
c2nbined
Cumb s nad
cumb.ined
toubinud
combinug
tumsh, ned
cumb i ned
Lumb ped
combined
cumbined

{meters)

{octers)

capacity
LapaCiLy
CapraL i Ly
Cdjrit t Ly
CdpaL Ly
Caprdd 1ty
CapdLiILy
Capat Ity
CapaL Iy
capacity
CapaCily
Capdl i Ly
capacLiLy

ofl
ol
ol
ul
ot
al
ul
ut
ul
ot
ol
at
ot

St Va

fotal
folal

Metric tons/
Metinac
Mot ad
Hetosce
MeLric
MeLric

LOUS
Luns

tons
Lons

Lallons/year
Galluns/ycar
Guilluns/year

yeds

mable #) {qiecy

dispuascd (M)
dispused [MI1)
lotad disposid [MI)

disposed
disposcd

tonss disposed

dispoused
disposed

Galluns

talbtans

Gul lons

Gal luns

Gallons

Gallouns

# Y yalion diuas
¥ 5 gstton dioms

2 55 galion drums

¥ 55 galion drums

# 55 gation diums
all tanks 10 SWMU
all tanks 10 SWMU
dll tanks 1 SWMU
all tanhs sn SWHU
dll Ltaniks s SYHD
di )l tdnkhs 1 SHMD
all Lauks 1 SHMI
41 tanks i SHMY
sl 1anks »n SWHU
8l tanks 1 SWHU
il tanks i SWMY
dald Lanks 1 SWHU
all tanks 1 SWHU

1g9atlons)
{9atiuns)
{yalions}
{g9aliuas)
{yations)
lgations)
(galilung)
{yailans)
{yalituns)
(yaltuns})
(yslluns)
(gatlilans}
(gailons}
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Unit/Desian Ivee 1Q12)
sSitoreqe Ianks

03}
038
039
0h0
onl
042
0N}
oNN
0h%
(1113
ou?}
ous
o9

Above ground Lanks - Carbon
Above ground tsnks - Sicul
Above ground tanks - Conc.
Above ground tanks - Unspec.
Surface tanks - Carbon
Surface tanks - Stesl
Surface tenks - Concrete
Surface tanks ~ Unspec.
underground tanks - Carbon
Underground tenks - Steel
Underground tsnks - Concrete
Underground tenks - Unspec.
Unspecified storsge Lank

unspecified lanks

061!

[V.1.)

Above ground tanks - Carbon
Above ground tanks - Stoel
Above ground tanks - Conc.
Above ground tanks - Unspec.
Surface tenks - Carbon
Surfsce tanks - Steel
Surface tanks - Concrete
Surface tanks - Unspec.
Underground tenks - Carbon
underground tanhs - Steel
Underground tsnks - Concrete
Underground tenks - Unspec.
unspecified storego tank

incinerator

injection Well

Weste Transfor Station
Waste Recycling Operation

Spill sred

Oother

EXHIBIT A-6 (CONTINUED)

unit/Vusign lype Coding Sheer (cuntinued)
$120 Yh11abip 42 19)288)

Si2e yariable 41 1Q12A)

Lanks
tanks
tanks
Lanks
Lauks
tanks
tanks
tanks
tanks
tanks
tanks
tanks
tanks

L A L L L L L L L L L]

tanks
tanks
tanks
tanks
tanks
tanks
tanks
tanhs
tanks
tanhks
tanks
tanks
tanks

Syt S By S B S S

Ihroughput capacity (MI/hour)

DepLh (eeters)

Describe in Qb

Describe in QiIb

Describe in Q1D

DesLribe n QD

Total
Total
Totai
fotal
Towal
lotsl
lotsl
ltowat
fotal
Totsl
Totai
lotsl
lotal

fotal
loual
foLal
Total
Towal
lotal
lotal
Total
luial
iowal
lotal
iotal
Totsld

Below

combined
cumbined
coab sned
comb ined
combined
combsncd
comhined
coab i ned
comb inued
coabined
conb ined
combinied
comb 1ned

coabined
comb rned
comb 1ned
comb s ned
combined
combined
comb 1 ned
coabined
cowmbned
cosb i ned
combined
comb ied
coabl.nad

CapacLy
Capdl i LY
capacity
(apacity
capacsly
capacaity
LapaciLy
capaciLy
Lapacity
capacity
capaciLy
capacily
cdapacity

capaciLy
capacily
capacily
capacily
capacity
capacity
capacity
capacity
cCapacity
capacily
capacity
capacity
cspaciLy

af
of
of
ol
ol
ol
ot

ol
ol

of
vl

conflining layer? (IT

all
all
IR
ahl
ali
al)
all
als
il
all
all
all
all

all
all
atl
atl
all
all
all
all
atl
aill
all
all
albl

no,

tanks
LakS
Lanks
Lanks
tanks
tanhs
Lanks
tanks
tanks
tanks
tanks
tanks
Lanks

Lanths
tanks
tanhks
tanks
LBtk
Lanks
tanks
tonks
tanks
LBNnks
tanhks
tanks
tanks

"
in
in
o
1
[
"
(X1)
in
in
in
"
"

(X1]
"n
(X1}
"n
in
in
0
"n
"n
in
"m
(X1}
in

SHMU
SWHU
SWHU
SwWHY
SWHI)
SWMU
SWMu
SWMU
SHMU
SHMU
SWMU
SWHu
SHMU

SWHU
Swhu
SWMU
SkHy
SWHU
SHMUY
Swin
SWMU
SWMU
SWMU
SHMU
SWMU
SHMU

enter "0%; f

1gallons)
(galiovns)
tyailions}
{gallans)
{ysllons})
(yaliovus)
{g9altlons)
{g9alions)
{gations)
tyallons)
(gattons)
(gaillons)
(gatlions)

(galtons)
{gallons)
{galions)
{galions)
{gations)
fyations)
{gallons)
{g9allons)
(galions)
(galions)
{9ations)
{g9ations)
(gavions)

yes, enter "i%)
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recorded as still in operation have submitted closure plans but have not yet
closed.

The average first year of operation among the 37 facilities with opening
dates is 1948. The average age of these 37 facilities is approximately 39
years, while the 6 facilities that have closed had an average operating life
of 32 years. The oldest facility began operation in 1854, while the newest
facility began operation in 1980. Note that the periods of operation refer
only to the period during which the facility was used for the current
production purposes; years during which facilities were used for other
purposes (e g., when owned by other companies or used for making different
products) are not included in the operating age statistic. Also note that the
period of operation does not necessarily reflect the period during which the
facility handled hazardous wastes or constituents.

(¢] S c C

The results of the survey suggest that there are an average of 14 SWMUs
per facility. We classified the SWMUs into three types of units based on
their regulatory status: (1) newly regulated SWMUs, (2) regulated Subtitle C
land disposal SWMUs, and (3) other regulated Subtitle C SWMUs. Newly
regulated SWMUs are regulated under RCRA only by virtue of the HSWA corrective
action requirements (i.e., RCRA Sections 3004 (u) and 3008 (h)). Subtitle C
land disposal SWMUs are landfills, surface impoundments, waste piles, and land
treatment units that managed hazardous waste after July 26, 1982. We
classified any other Subtitle C units that managed hazardous waste after
November 19, 1980 as other regulated Subtitle C SWMUs. Exhibit A-7 shows the
average and median number of SWMUs by type of facility and type of unit. On
average, of the 14 SWMUs per facility, approximately half are newly regulated
by HSWA corrective action provisions. Approximately six SWMUs per facility
are regulated Subtitle C units: one land disposal unit and five other
Subtitle C units, including treatment and storage units. Note that the number
of SWMUs at each federal facility (an average of 29 per facility) is higher
than the average number of SWMUs at all other types of facilities.

Exhibit A-8 shows the frequency distribution of the total number of SWMUs
located at all facilities surveyed. The exhibit suggests that there are three
broad types of facilities: facilities with approximately six or fewer SWMUs,
facilities with approximately 9 to 15 SWMUs, and facilities with twenty or
greater SWMUs. The total number of SWMUs per facility range from one to 42
SWMUs .

Where available, we collected information on the proximity of the
facility to drinking water wells, surface waters, and populations potentially
at risk of exposure to air releases. We also collected some information
regarding the approximate numbers of individuals using these water supplies
and the sizes of populations at risk of releases to the air.



EXHIBIT A-7

DISTRIBUTION OF SWUMUS BY FACILITY TYPE

PR L L L R LR LR A R L R e R AR Il R R R R R L L R
Neuly Subtitle C Land Other Subtitle C
All Types of Units] Regulated Units Disposal Units Units

Wumber [-----ccosecememcanafoiieemrinncacteaooforneaensii e |l e

of Avg. No.|Median No.|Avg. Wo.|Median No.|Avg. No.|Median No.(Avg. No.|Median No.

Facs. [Per Fac.] Per Fac. |Per Foc.] Per Foc. |Per Foc.) Per Fac. |Per Fac.] Per Fac.

ALl Facilities 65 " 12 4 5 1 0 5 4
tand Disposal Facs. 21 1% 13 10 8 2 1 3 2
Incinerator Facs. 3 114 22 10 10 0 0 7 (3
T8S Facilities 13 12 1 6 2 0 0 7 4
Federal Facllities 6 2 28 17 16 0 0 12 1"

................................................................................................................
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EXHIBIT A-8

THERE ARE THREE BROAD CLASSES OF FACILITIES BASED ON

FREQUENCY OF SWMUs
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Dripking Water

The RFAs provided data on the distance from the facilities surveyed to
nearby drinking water wells for 17 facilities. The data suggest that the mean
distance to drinking water well systems located both up- and down-gradient
from the facility boundaries is approximately 13,000 meters. One facilicty is
located as far as 100,000 meters from the nearest drinking water well, while
two facilities are located directly above aquifers used by drinking water
wells.

Data on the approximate number of individuals using drinking water wells
located near the facilities surveyed were available for twelve facilities
The data suggest that there are an average of 18,383 individuals using wells
near the facilities surveyed. The largest number of people served by a
drinking water well near a facility is 70,000 individuals.

Nine of eleven facilities for which data on gradient were available were
located upgradient of drinking water wells. For these nine facilities, the
average distance from the facility boundary to the drinking water well system
is approximately 1,400 meters. The mean population using these wells is
estimated to be approximately 30,600 people based on information that was
available for five facilities.

Surface Waters

The survey provided data on the distance from the facility to the nearest
surface water for 38 facilities. The data suggest that the average distance
to the nearest surface vater from the facility boundary is 550 meters. The
distance varies from a low value of zero (where surface waters run through a
facility) to a high of 6,400 meters. Of the 27 facilities for which data on
hydraulic gradient were available, 26 facilities were located upgradient of
surface waters.

Alr Expogsure

Finally, we obtained information on the distances to populations
potentially affected by releases of hazardous wastes or constituents to the
air for 25 facilities. The data suggest that the mean distance to populations
is approximately 1,400 meters. The sizes of the populations potentially
affected by air releases at two facilities are 70 people and 30,000 people.

No data were available on sizes of the populations at the other facilities.
In many instances, the RFAs described small populations in close proximity to
the facility that were potentially at risk of exposure to air borme
pollutants, but did not provide adequate information on the precise locationms
and sizes of these populations for inclusion in the survey results
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The Liner Location Model (I..I.M)9 was used in the RIA to estimate costs and
risks associated with each regulatory alternative under consideration. The
LIM aggregates all of the surface areas of the units at a particular facilicy
in order to estimate releases. In reality, of course, the units are not
aggregated together as a single unit but are spread across the facility To
correct for this, we developed a correction factor called the inter-unit area
factor to measure the area between the units at the facilicy

To determine the appropriate inter-unit area factor for each facility, we
consulted any available facility maps in the RFAs that were properly scaled
and legible. We used the 13 available maps to determine the ratio of the
total facility area to the total unit area, which is the inter-unit area
factor. We found inter-unit area factors ranging from a low of 1 to a high of
21.7. The median inter-unit area factor is about 5.0.

REGULATORY STATUS OF SWMUS

Data on the regulatory status of the 893 SWMUs in the database were
available for 889 units. Of these units, 486 units (55 percent) are regulated
under RCRA only by virtue of the HSWA corrective action requirements, 76 units
(9 percent) are regulated Subtitle C hazardous waste land disposal units, and
327 units (37 percent) are other regulated Subtitle C treatment or storage
hazardous waste management units.

OPERATING STATUS OF SWMUS

Data on the operating status of SWMUs were available for 746 SWMUs. The
data suggest that 53 percent of all units (471 SWMUs) were still in operation
at the time of completion of the RFA. Of the 275 units (31 percent) that are
no longer in use, 25 percent were closed within the past three years. Fifty
percent have been closed since 1980. The average date of first use was 1970,
with the oldest unit first used in 1900 and the newest unit yet to begin
operation. For the 190 units with opening dates that had closed by the time
of completion of the RFA, the average operating life was 12 years, ranging
from 1 year to 73 years of operation.

PROCEDURES USED TO CLOSE UNITS

Data on the procedures used to close SWMUs no longer in use were
available for 258 units (29 percent). These data suggest that the most common
procedure used to close units was a cap, which was used to close 34 percent of
the units for which data were available. Dismantling and removing the unit
was the second most common closure method used; this method was employed at 16

9 y.s. EPA, "Liner Location Risk and Cost Analysis Model Phase II
Report." Prepared by ICF Incorporated for Economic Analysis Branch, Office of
Solid Waste, March 14, 1986.
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percent of the units for which data were available. The third most common
closure procedure was excavation of wastes and decontamination of remaining
equipment, which was used to close 14 percent of the SWMUs for which data were
available. The degree to which these closure procedures were done in
compliance with RCRA closure standards is unknown. Finally, no closure
measures were taken at 21 percent of the units that are no longer in use and
for which data on closure were available.

S S1G

The distribution of design types among all 893 SWMUs is presented in
Exhibit A-9. These statistics suggest that the most prevalent type of SWMUs
in the survey population is unlined landfills (12 percent of all units),
followed by above ground storage tanks (l0 percent), underground storage tanks
(8 percent), and container storage areas with pads (8 percent). Other more
prevalent types and designs of SWMUs include unspecified container storage
areas (7 percent), above ground treatment tanks (7 percent), unlined storage
surface impoundments (5 percent), and waste transfer stations (4 percent).
Types of units in the miscellaneous category include units ranging from
drainage pipes and drum crushing operations to trash compactors. Taken as a
group, however, tanks dominate the population of SWMUs, with tanks
constituting more than a third (36 percent) of all units.

Exhibit A-9 also presents the distributions of design types by regulator,
status. These data indicate that unlined landfills are the most common type
of previously unregulated unit (12 percent of all previously unregulated
units), followed by unlined storage surface impoundments and above ground
tanks. Only 2 percent of all regulated Subtitle C units, however, are unlined
landfills. Among the regulated Subtitle C units, container storage areas with
pads are most prevalent (6 percent), followed closely by above ground storage
tanks (5 percent) and unspecified container storage areas (4 percent). In
general, Subtitle C SWMUs seem less likely to be landfills or surface
impoundments than do the newly regulated SWMUs.

SWMU CAPACITY INFORMATION

Data on the sizes and capacities of individual SWMUs were available for
several units. We gathered different information for different types of
units. For example, we gathered throughput capacity data for incinerators and
volume data for landfills. In some instances, we obtained both size and
capacity information for a given unit type. The actual parameters that we
sought for each unit type are listed on the unit and design type coding sheet
from the unit questionnaire in Exhibit A-6. Exhibit A-10 provides a summary
of the data obtained on the sizes of various types of SWMUs.

Where available, we gathered data for each SWMU om: (1) the types of
wastes and constituents contained in or handled by the unit; (2) the relevant
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EXEIBIT A-9

SWMU TYPES AND DESIGNS

All unfts

.....................

S Type and Design

...................................................

Newiy
Reguisted Units

---------------------

...................

Landfills
Lined 12 1.3% ] 0.6%
unt 1ned 111 12.4% o8 11.0%
Ungpecrfied 21 2.6% 16 1.8
Treatment Surface [mpoundments
Lined 10 1.1% b] 0.6%
unl ined 16 1.8% 7 0.8%
Unspecified 19 2.1% 13 1.5%
Storage Surface Impoundments
Lined 15 1.7 6 0.7%
unl ined 43 4.8% 39 &.6%
ungpectfied ] 0.6% 3 0.3%
Unspecified Surface |mpoundments
Lined 10 1.1% 10 1.1X
uniined 14 1.6% 1n 1.2
Unspec)fied 4 0.4X% 1 0.1%
Container Storsge Ares
Ped 72 8.1% 17 1.9%
No ped 11 1.2% &4 0.4%
unspecified 60 6.7 22 2.5%
Trestment Tanks
Above Ground 60 6.7 28 3. 1%
surfsce 20 2.2% 8 0.9%
Underground 10 1.1% 6 0.7X
Unspecified 1 1.6% 'Y 0.4%
Storsge Tanks
Above Ground 14 .7 30 4.4X
Surfsce Fa | 2.6% 3 0.3%
Undergroud e | 8.2 3 4.0%
Unspecified 16 1.8% é 0.7
Unspecified Tanks
Above Ground 8 0.9% 2 0.2%
Surface 1 0.1% 0 0.0%
Underground [ 3 0.4% 1 0.1%
Unspecified ] 1.0% 6 0.7%
Land Trestment Units 10 1.1% 6 0.7
wWaste Piles 29 3.2 21 2.4%
Incinerators 21 2.6% 12 1.3%
Injection vells 11 1.2X 8 0.9%
Waste Transfer Statiors 34 3. 20 2. X
Waste Recycling Operations 14 1.62 4 0.4%
Spitl Ares 14 1.6% 1" 1.2
Other Units 12 1.3% 10 1.1%
Totals: o3 100.0% 458 54.6%

Regulated
Subtitle C Units

.....................
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EXHIBIT A-10

LANDFILLS REPRESENT THE LABRGEST AND MOST
OBSERVED SWMU TYPE

SWMU Type and Degign
Landfills

Treatment Surface Impoundments

Storage Surface Impoundments

Container Storage Areas

Land Treatment

Waste Piles

Injection Wells

Number of

Observations
60

17

32

42

Capaciry

82,047 square meters

(surface area)

23,624 square meters

(surface area)

16,648 square meters

(surface area)

463 55-gallon drums

76,387 square meters

(surface area)

3,750 metric tons
(total disposed)

529 meters deep
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EPA waste codes; (3) the quantity of wastes handled by or contained in the
unit; and (4) the year the wastes were removed from the unit (if applicable)
Some data on the types of wastes and constituents contained in or handled by
the unit were available for 661 SWMUs (74 percent of the units surveyed),
although the quality of the data was frequently poor. Approximately 16
percent of the units had wastes described with EPA waste codes and, for a
significant fraction of the units, only vague waste descriptions (such as
"wastewater" or "rinsewater”) were available. Because of these data
limitations, we used professional judgement based on the available data co
assign waste streams to each unit for the modeling of costs and risks
associated with the corrective action rule. The imputation of waste streams
and summaries of waste streams assigned to each unit are presented in Section
A.3.

Data on the quantities of hazardous wastes or constituents handled by or
contained in the unit were available for 67 SWMUs (8 percent). Finally, the
years in which wastes were removed from units that have been closed were
available for 70 SWMUs. The years of waste removal ranged from 1965 to 1986;
over 77 percent of the units with waste removal dates had their waste removed
after 1980.

SWMU RELEASE INFORMATION

The survey data suggest that of the 658 SWMUs for which data were
available, 183 units (28 percent) have had confirmed releases of hazardous
wastes or constituents to the environment. An additional 139 units (21
percent) were also suspected to have had a release. Corrective measures were
taken for approximately 18 percent of the releases (58 corrective measures at
the 322 SWMUs with confirmed or suspected releases).

The data also suggest that 71 percent of the units with confirmed or
suspected releases (230 SWMUs of the 322 units with confirmed or suspected
releases) may be considered a threat to the environment because they are
currently releasing hazardous wastes or constituents. Of these units, 51
percent are a confirmed threat to the environment, while 49 percent are
suspected of being a threat to the environment. Of the SWMUs that may
represent a threat to the environment, the majority were releasing to soil and
ground water, with releases to surface waters and air somewhat less common.
The most common release was to ground water (115 of the 230 SWMUs that may be
a threat to the environment, or 50 percent). Releases to soil were the second
most common (47 percent), followed by releases to surface waters and air (20
and 6 percent, respectively). Note that many units released to more than one
media. At five SWMUs, the RFAs noted contaminated soil around the unit,
ranging from 1 cubic yard of contaminated soil to 2,700 cubic yards of
contaminated soil.

In general, data on types and quantities of wastes released were quite
limited. For this reason, we performed no further analysis on types and
quantities of wastes released. The modeling of costs and risks associated
with the corrective action rule includes modeling of quantities of waste
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released. Section A.3 discusses the waste stream assigned to each unit for
the modeling effort, which determines the types of wastes released.

G v S

Finally, each RFA typically made a recommendation regarding further
actions needed at each SWMU. In general, these recommendations varied from no
further action required, to specific remedial actions, to additional
investigation (such as ground-water monitoring or soil testing) to determine
appropriate action. According to the data available for 883 SWMUs, at 424
SWMUs (48 percent) the RFAs recommended additional investigations to determine
appropriate remedial action. At 376 units (43 percent) no further action was
recommended and at 83 units (9 percent) the RFAs recommended specific types of
corrective measures.

A.2 OVERVIEV OF HYDROGEOLOGIC MAPPING

To characterize the hydrogeology of the 65 facilities in the survey, we
identified the most appropriate DRASTICLO hydrogeologic setting for each
facility using topographical maps and other geologic sources, including soil
surveys and rock maps. The DRASTIC system provides generally recognized
values for Depth to ground water, net Recharge, Aquifer media, Soil media,
Iopography (slope), Impact of the vadose zone, and hydraulic Gonductivity of
the aquifer for each hydrogeologic setting.

Once we had chosen the appropriate DRASTIC setting for each facility, we
napped the characteristics of the setting to the key hydrogeologic parameters
required for modeling the fate and transport of contaminants at the facilities
using several assumptions. First, we approximated the actual depth to ground
wvater with the midpoint of the range of water table depths provided for each
DRASTIC setting. Similarly, we estimated the aquifer permeabilicy
(conductivity) at each facility as the midpoint of the range of hydraulic
conductivities provided for the chosen DRASTIC setting. We converted the
range provided for each DRASTIC setting’s net recharge to the nearest LIM
infiltration setting of 0.5 inches per year, 1 inch per year, 10 inches per
year, or 20 inches per year.

In addition, we used field experience and engineering judgement to
develop a consistent methodology for determining the appropriate vadose zone
permeability associated with each DRASTIC setting. We first matched DRASTIC's
description of the setting and impact of the vadose zone to the appropriate

10 y.s. EPA, "DRASTIC: A Standardized System for Evaluating Ground
Water Pollution Potential Using Hydrogeologic Settings." Prepared by Robert
S. Kerr Environmental Research Laboratory, Office of Research and Developmen
February, 1985.



A-29

type of rock or unconsolidated deposit in Freeze and Cherry's Groundwater 11
Exhibit A-11 summarizes the rationale that we then used to derive a vadose
zone permeability from Freeze and Cherry for each setting. Finally, using
engineering judgement based on the description of the setting, we associated
each DRASTIC setting with up to six of the eleven generic LIM flow field
scenarios depicted in Exhibit A-12. Note that each flow field defines an
aquifer configuration and a set of ground-water velocities. Exhibit A-13
summarizes all of the hydrogeologic parameters associated with each of the 31
DRASTIC settings assigned to facilities, along with the distribution of
facilities across each setting.

A.3 DEVELOPMENT OF HYPOTHETICAL FACILITY CHARACTERIZATION

Because many RFAs contained limited information on facilities and SWMUs
subject to the corrective action requirements, we found that many facilities
in the sample were missing information that would be needed for modeling
releases at the facilities. Because of these data gaps, we could not
accurately model the actual facilities found in the sample. Consequently, we
could either develop completely hypothetical facilities based on the data that
we had found or we could fill in the data gaps at the actual facilities with
information from other SWMUs in the sample or outside sources. Because the
development of a reasonable number of completely hypothetical facilities would
require numerous simplifications and assumptions, we decided to supplement the
survey findings at each of the 893 SWMUs with representative data from other
SWMUs or other data sources.

Section A.3.1 describes the SWMU characteristics that were required for
the modeling effort and provides an overview of the gaps in the survey data.
Sections A.3.2 through A.3.7 describe the methodologies that we used to fill
in the missing information.

A.3.1 Overview of Missing Data

In order to estimate the costs and risks associated with the regulatory
options, we needed the following information for each of the 65 facilities:

. Hydrogeologic characteristics;

. Annual rainfall (infiltration);

. Distance to the nearest downgradient drinking water well, and
. Inter-unit area factor.

The hydrogeologic mapping described in Section A.2 provided the hydrogeologic
characteristics and annual rainfall for all facilities. The RFA survey

11 R. Allen Freeze and John A. Cherry, Groundwater, (New Jersey
Prentice-Hall, Inc., 1979) p. 19.



EXHIBIT A-11

ASSIGNMENT OF VADOSE ZONE PERMEABILITIES

VYedose lone
DRASTIC Permeability Retionsle for Choice of vadose lone Permecabllity
Code Description of Code lspact of Yadose Zone (CavSecond) Within Aange Provided by Freete and Cherry *
1%b Vest Vide Aliuvisl Yelleys Sand & gravel 4.7T160€ 0V Midpoint of renge for clean send
AMluvial Bountsin Valleys Sand § gravel 4.760E 0V  Midpoint of renge for clean sand

Ploya Lakes Sand & gravel with significant silt and clay &4.7160E 05 (Low end of silty sand range
Attuvial Nountsin Velleys Send & gravel with significant silt and clay 4&.7160¢ 05 Low end of silty sand range
fountain Flanks Sedded limestone, sandstons, & shale 4.71606-05 midpoint of fractured limestone L sandstone range

2

2% .

: .

&0s Alternating 83, L8, 8 58 - Thin Soil Bedded Limestons, sandstone, & shale 9.4)20E 07 Low end of |imestone & sandstone range

60d Alternating 88, L8, § 88 - Deep Regolith BSedded (imestons, sandstone, & shele 4. 71606 05 Midpoint of fractured limestone L sandstone range
éfs  River Alluvium with Overbank silt/cley 4.T160E-03  Midpoint of silty send range

&> River Alluvium without Overbenk Sand & grevel 471606 01  Midpoint of range for clean sand

Tae Glacisl 11l Over Bodded Sedimentary Rock Silt/cley 9.43206-07 Midpoint of placial till renge

1 [T Glacial Till Over Outuwash Sile/cley 9.43206 07 midpoint of glacial thll range

The Glacial Till Over Solution Limestone sitt/clay 9.4320€ 07 midpoint of glacial till renge

b Outussh Over Sedkiad Sedimentary Sond § grevel L.7160E 01 #idpoint of range for clean sand

c Roralne sitt/clay L. TV60E-04 tigh end of glacial till range

TEe fiver Alluvium with Overbenk Deposit sitlt/cley &.T160E O3 Nidpoint of silty sand cenge

TED River Altuviun without Overbank Deposit Sand § gravel 4.T160E 01 Widpoint of renge for clean sand

(] Glacisl Lake Deposite Sand § gravel with aignificant silt and clay 4.71606-05 Low end of si{ty sand range

(1 thin Till Over Bedded Sedimentary silescloy 9.43206 07 Midpoint of glaciat till renge

[} Thick Regolith silt/clay 4.71606 0% MNidpoint of renge tor silt

of Nountain Crests Netamorphic/igneous 4.7160E-04 NWidpoint of fractured igneous & metamorphic rock
oC Mountaln Flanks Sedded |imestone, sandstone, L shale 4.7160E 05 Midpoint of frectured |imestons & sandstone range
s Glacial T{{l Over Crystalline Bedrock Silt/clay 9.43206-07 Mmidpoint of glacial till renge

S0b Glaclal TiLl Over Outuash Silt/clay 9.43206-07 Widpoint of glacial till range

9%Ga tiver Alluwium uith Overbenk Deposit slit/clay 4.7160€6 03 midpoint of silty send range

9 River Alluium Without Overbenk Deposit Sand § gravel 4.T\60E 01  Midpoint of renge for clean send

10Ab uUnconsol. § Semi-consol. Shallow Surf. Aq. Send & gravel 4.T1606-01 Ridpoint of range for clean send

1088 River Alluviun uith Overbank Deposit stlescloy 4.T160E-03 NMidpoint of silty send range

1oc Suamp Sand & gravel 4. TI60E-01  Nidpoint of range for clesn sand

1A Solution L inestone Kerst (imestone 4. T60E-02 Nidpoint of kerst limestone range

1¢ ::" Karst (imestons 4.7160E 02 Widpoint of kerst (imestone rengs

1o and Sars Sand £ gravel 4. N60E-0'  Nmidpoint of renge for clean send

* . Allen Freeie and John A, Cherry, Grounduater, (New Jersey:

Prentice-Wsll, Inc., 1979), p. 19.

0e-v
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EXHIBIT A-12

ELEVEN GENERIC GROUND-WATER FLOW FIELDS
USED IN SATURATED ZONE MODELING
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EXHIBIT A-13

HYDROGEOLOGIC SETTINGS

Satureted
Depth to Net one Vedose lone Percent

DRASTIC Grounduster Infiltration Permeability Permeability Flow Nusber of of atl
Code Description of Code (Meters) wyr) (CaySecond)  (Ca/Second)  Fields Facilities Facilities
1£d West Wide Alluvial Valleys 3.0 10 4.00866-02 4.71606-0V CDO F 2 31X
a8 Alluvial Bountain valleys 12.2 t 2.3580€-02 4.7166c-0f ABC 1 1.5%
. 3 Plays Lakes 26.7 1 4.00866-02 4.71606-05 F 1 1.5%
& Alluvisl Nountain Valleys 6.9 10 2.35806-02 4.71606-05 BCOF 1 1.5%
6C Nountain Flanks 12.2 1 2.3816£-03 4.7T1606-05 B8 CO 1 1.5%
6Da Alternating §S, LS, & S84 - Thin Soil 6.9 10 2.3816€-03 9.43206-07 B8 CO 1 1.5%
&b Alternating 33, LS, £ Sit - Deep Regolith 6.9 10 2.3816£-03 4.71606-05 B8 CD 2 3.1x
éFe River Alluvium with Overbenk 6.9 10 7.07406-02 4.71606-03 B C F 2 3.1%
6Fb River Atluvium without Overbenk 3.0 10 7.0740€-02 4.T1606-01 B C 2 3.1%
ThAs Glacial THll Over Bodded Sedimentary Rock 12.2 10 9.4319€-03  9.43206-07 ABCK 3 4.6%
TAb Glacial Till Over Outwash 6.9 10 7.07406-02  9.4320€-07 F K 3 4.6%
TAc Glacisl Till Over Solution Limestone 12.2 10 9.43196-02 9.43206-07 € F ] 1.5%
) Outuash Over Bedded Sedimentary 6.9 20  9.4319¢-03 4.7606-01 ACDO 1 1.5%
c Noraine 6.9 10 2.3560E-02 4.7V160E-04 CD F 1 1.5%
TEa River Alluvium with Overbenk Deposit 6.9 10  4.0084E-02 4.7TV606-03 B CF 3 4.6%
TEb River Alluvium without Overbenk Deposit 3.0 20 4.0086E-02 4.71606-0Y B C S .m
T¥ Glacisl Lake Deposits 6.9 10 9.4319¢-03 4.TV60E-05 C F 4 6.2%
] Thin Titl Over Bedded Sedimentary 6.9 10 9.43196-03 9.43206-07 ABCK 2 3.1x
& Thick Regolith 3.0 10 2.3816E-03 4.71606-05 ABCFJK 2 3.1x
of Hountain Crests 30.5 1 2.3186£-03 4.T160€-04 B C 1 1.5%
9 Mountein Flenks 12.2 10 9.43196-03 4.71606-05 BCDE 1 1.5%
s Glacial T{ll Over Crystelline Bedrock 6.9 10 2.38166-03 9.43206-07 a8 C 1 1.5%
b Glacial Till Over Outuash 12.2 10 7.07406-02 9.43206-07 F K 3 4.6X
%G fiver Alluvium wuith Overbenk Deposit 6.9 10 7.07406-02 4.71606-03 B CF 1 1.5%
96b fRiver Alluvium Without Overbank Deposit 3.0 20 7.0740€-02 4.7T1606-01 B C b 7.7}
10Ab Unconsol. & Semf-consol. Shallow Surf. Aq. 3.0 20 4.0086E-02 4.71606-01 CDO 4 6.2%
108a fiver Alluvium with Overbenk Deposit 6.9 10 4.0086E-02 4.TV60E-03 B CF 6 ?.x
10C Suamp 0.8 20 7.0740€-02 4.T\60E-01 CF 1 1.5%
1A solution Limestons 3.0 20 9.4319€-02  &.71606-02 € 1 1.5%
1c ::2 0.8 20  9.4319€-02  4.71606-02 € 1 1.5%
110 es and Bars 3.0 20 4.0086E-02 4.7V606-01 CD F] 3.1

Totals: 65 100.1Xx

e-v
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provided inter-unit area factors for 13 facilities and downgradient drinking
water well distances for 17 facilities. Section A.3.2 describes our
methodology for completing the facility data for the remaining facilities

In addition to the facility-specific information, we also needed the
following characteristics for each unit at any given facility:

. Type of waste managed by the unit (i.e., the unit’'s waste stream);
. Years of operation;

s Type of unit;

. Year of waste removal;
s Regulatory status; and
s Size of unit and quantity of waste managed by the unit.

For three types of units, we could not adequately determine all of the
characteristics required for modeling: waste transfer stations (34 SWMUs),
spill areas (14 SWMUs), and "other® units (12 SWMUs). From the RFAs we could
not adequately determine quantities of wastes handled by waste transfer
stations nor could we find other sources with average waste transfer
quantities. In many cases we could not determine whether a particular station
was transferring waste into the facility or out of the facility. Because
spill areas and "other” units had extremely diverse characteristics, we also
could not adequately model these units. For example, one spill area was a
truck washing area, while another was an old spill of unknown origin. "Other"”
units ranged from a paper and packing operation to a centrifugal pump. For
these reasons, spill areas, waste transfer stations, and "other" units were
not modeled and their characteristics were not completed. Our methodologies
for completing the missing information for all other units are described
below.

Based on all of the information given in the RFA, we assigned a waste
streaml? to each of the units using the methodology described in Section
A.3.3. Approximately 48 percent of the units had valid opening dates from the
RFA Survey, while 31 percent of the SWMUs had valid closing dates and 33
percent of the units were still open at the time of the RFA. Section A.3 4
discusses our methodology for determining opening and closing dates for the
remaining units. From the RFAs we classified all SWMUs into the 68 unit types
listed in Exhibit A-6. In many cases, these unit types were not identical to
the types of units that could be modeled by the Liner Location Model (LIM) and

12 yaste streams characterize the types of waste managed by a unit
Each waste stream contains up to six hazardous constituents at different
concentrations.
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the RCRA Risk-Cost Analysis (UET)13 model; Section A.3.5 discusses our
assumptions for converting these unit types into LIM and WET unit types.

The RFA survey provided actual dates of waste removal for 8 percent of
the units. Approximately 22 percent of the SWMUs still contained waste when
the RFA was conducted. For some types of units (e.g., deep well injection),
waste removal is not possible. Section A.3.6 describes our methodology for
determining dates of waste removal based on these facts. From the survey we
knew the regulatory status of over 99 percent of the units. We assumed that
any units with unknown regulatory status would be clder units that were
unregulated prior to HSWA. Finally, each type of unit required different size
and waste quantity information. Section A.3.7 discusses the informatiom
available from the RFA survey for each type of unit, as well as our
methodology for determining sizes of units and quantities of wastes wanaged by
SWMUs .

A.3.2 Methodology for Completing Facility Information

The RFA survey and the hydrogeologic mapping provided some information on
all of the required facility characteristics, but inter-unit area and
downgradient drinking water well data were missing for some facilities.

We assigned the median inter-uni¢ area factor, 5.0, to the 52 facilities with
missing inter-unit area factors. At the 48 facilities with missing
downgradient drinking water well distances, we assumed a well at 400 meters.
This distance reflected a conservative assumption that is generally consistent
with available summary data on the distance from facilities to nearby wells.
Because the LIM does not model wells at distances greater than 1,500 meters,
we also assigned the 8 facilities with well distances greater than 1,500
meters, a well distance of 1,500 meters,

A.3.3 Inference of Waste Characteristics

To characterize the wastes managed at the modeled SWMUs, we assigned a
waste stream tc each unit from the WET model waste stream data base. The WET
model estimates costs and risks associated with different technologies,
wastes, and environments. Each of the 265 waste streams in the model
represents wastes generated by an average plant or facility within an
industry. In order to model costs and risks associated with corrective
action, we assigned waste streams to each SWMU using the following four steps:

1) Determining the physical characteristics of the SWMU waste (i.e.,
whether the stream is a solid, a liquid, or a sludge);

13 y.s. EPA, "The RCRA Risk-Cost Analysis Model Phase III Report "
Prepared by ICF Incorporated for Economic Analysis Branch, Office of Solid
Waste, March 1, 1984.
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2) Determining the chemical characteristics of the waste (i.e, whether
the waste is organic or inorganic),

1) Determining the hazardous constituents in the waste; and

4) Assigning a waste steam characterization from the WET model waste
stream data base to each SWMU stream for which Steps 1, 2, and 3 had
been completed.

In reviewing the RFAs to obtain information on waste stream
characteristics, we found that information was often incomplete or too general
for completing all of the above steps. Therefore, we developed a consistent
set of assumptions for completing the waste stream characteristics. These
assumptions are described below.

To determine the physical characteristics of the waste stream, we
reviewed RFA information describing the waste and the SWMU. When adequate
information was not available for determining the physical characteristics of
the waste, we made the following assumptions: (1) all wastes managed in
tanks, surface impoundments, and land treatment units are liquids; and (2) all
wastes managed in landfills, waste piles, and containers are solids.

When adequate information was not available for determining the chemical
characteristics of a waste stream, we made the following assumptions: (1) all
wastes managed in surface impoundments and land treatment units are dilute
aqueous organic wastes; (2) all wastes managed in tanks are aqueous inorganic
wastes; and (3) all wastes managed in landfills and waste piles are inorganic
solids. Finally, when enough information was not available to determine the
hazardous constituents in the waste, we assigned the SWMU the most prevalent
hazardous constituent among all other SWMUs at the same facility.

Once the physical and chemical characteristics and hazardous constituents
for a stream were determined, we assigned a waste stream to each unit using
best professional judgement. For 124 SWMUs, however, we assigned no waste
stream because the unit contained non-hazardous waste or, in a few cases, we
could not adequately determine an appropriate waste stream. We did not model
the costs and risks associated with corrective action at these units. Exhibit
A-14 shows the 10 most common waste streams assigned to the units, including
the hazardous constituents contained in each stream. Exhibit A-15 provides
the distribution of all units across waste streams aggregated by waste stream
category.

In general, there is no simple way to verify the accuracy of the
assumptions used in the process of characterizing SWMU waste streams. The

14 The first four digits of the six digit waste stream code provide the
general category of the waste.



EXHIBIT A-14

MOST PREVALENT WASTE STREAMS ASSIGNED TO UNITS

Vaste Stream Description of

Number

03.01.02

01.0v.16

03.03.01
03.01.10

04.01.01

01.02.06

03.01.01

01.01.12
03.01.06

Waste Streem #

vWaste stream contains no hezardous constituents

1,1,1-Trichioroethane spent solvents and

sludges from degreesing

Wastewater treatment sludges from

electroplating operstions
Paint spplication siudiges

Methyl Ethyl Ketona spent solvents from
merufacture of peint and sllied products

Dissolved sir flotation (DAF) floet from
the pstroleum refining indumtry

Waste lesching solution from acid lesching of emission
control dust/sluige from secorciary lesd smelting

Trichloroethens spent solvents end sludges

from degressing

Sludge from tin plating aitl operstions

Dichloromethane spent solvent

Hezerdous Constituents

------------------------------

None

1,1,1-Trichloroethane

Nickel, Copper, Chromium (V1),
Lead, Cocmium

Tolusne, Methyl Ethyl Ketone,

Chromium (VI), Leed, Mercury
Nethyl Ethyl Ketone

Chromium, Lesd
Codnium, Leed, Chromium (V1)
Trichloroethene

Lead, Chromium (V1)
Oichloromethane

Totals:

* jote that units with no weaste stresa mumber contained non-hazardous weste or,

in & few ceses, the dats were inadequate for weste identification.

Number
of Units

24

21

18
18
n

Percent
All Umit

&1
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EXHIBIT A-15

SUMMARY OF ALL WASTE STREAMS

Vaste Stream Number percent of
Category Description of Category of Units ALl Umts
Nong * Vaste stream conteine no hazardous constitusnts 126 13.9%
01.01 netal slucges 109 12.2X
01.02 Solutions containing heavy metals m” 8.6%
01.03 Cyanide studge é 0.7%
01.04 Brosludges containing hesvy metals 14 1.6%
01.0S Metal sludges with organics 19 2.1%
02.01 Phenols é 0.7X
02.02 Vasteuater from organic chemicel production 104 11.7%
02.03 Wastewster trestmsnt sludge fram pesticide production 4 0.5%
02.04 Other sqeous organtcs 3 0.3%
03.01 Spent solvents 188 21.1%
03.02 Still bottoms from solvent recovery 25 2.5%
03.03 Organic/metal sludiges 36 4£.0%
03.04 Liguid residuess from orgenic chemical production 13 1.5%
03.05 Solid residues from organic chemical production 18 2.0%
03.06 Other concentrated ocrganics 9 1.0%
04.01 Oily wastes from petroleum refining 80 9.0%
04.02 Other oily wastes 21 2.4%
03.01 Residues from metal smelting and refining é 0.7%
05.03 Other inorganic solid residues 6 0.7X
06.01 Inorganic sotids 7 0.8x
06.03 Organic solids b 0.6%
06.04 Organic liquids 12 1.3%
06.05 Gases 1 0.1%

Totels: a3 100.0%

Note that units with no waste stream category contained non-hazardous westes or,
In some cases, the dats were inmdecqumte for waste identification.
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characterizations were, however, completed using best professional judgement
and are based on what we believe to be reasonable assumptions.

A.3.4 Estimation of Unit Operating Life

Based on the information that was available from the RFA survey, we
developed an algorithm for completing the operating lives of the 703 SWMUs
that were missing either an opening date or a closing date. We applied the
following steps for each unit consecutively until both the opening and closing
dates were determined:

1) If the SWMU was missing an opening date, we substituted the earliest
opening date of all other SWMUs at the same facilicty.

2) If the SWMU was still missing an opening date, we substituted the
facility opening date.

3H If the SWMU was a newly regulated unit and was missing a closing
date, we assumed that the more stringent regulatory environment
created by HSWA would have forced the unit to close by 1987. As a
conservative assumption, we assumed that all such units closed in
1987 so that the waste would remain in the unit as long as possible.

4) If the SWMU was still missing a closing date, we substituted the
facility closing date (if the facility had already closed when the
RFA was conducted).

5) 1f the opening date was still missing and the unit may have closed
prior to the completion of the RFA, we calculated the opening date
by subtracting the average operating lifel>® from the closing date.

6) If the closing date was still missing and the unit may have closed
prior to the completion of the RFA, we calculated the closing date
by adding the average operating life to the opening date.

D) If both the opening and the closing dates were missing, we
subscituted the latest closing date of all other units at the same
facility. In a few cases, no other units at the facility had
closing dates. -From the RFAs, though, we knew that these units were
all closed. As a conservative estimate, we assumed that they closed

15 To determine average operating lives for this and all subsequent
steps, we first calculated the average operating lives of all similar types of
units (e.g., we calculated the average operating life of all landfills). If
this estimation of average operating life was statistically valid (i.e., the
standard error was less than one), then we applied the estimate to all units
of that particular type. Only the estimate for container storage units was
statistically valid. For the other types of units, we used the average
operating life of all units in the survey, 12 years.
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in 1986. We then calculated the opening date by subtracting the
average operating life from the new closing date.

8) If the opening date was still missing but we knew that the SWMU was
still open, we calculated the opening date by subtracting half the
average operating life from 1987. We then calculated the closing
date by adding half the average operating life to 1987.

9) In many cases we knew when the SWMU opened and that it was still
open, but we had to estimate when the unit would close in the
future. Because many units had already been open for longer than
the average operating life, we could not simply add the average
operating life to the opening date to determine the closing date.
Instead, we found the average operating life of all units that had
operating lives longer than the current operating life of the unit
in 1987. 1f, for example, the unit opened in 1950 and was still
operating in 1987, we calculated the average operating life of all
units that were open for more than 37 years. We then added that
average operating life to the opening year to determine the closing
year. 1f no other units were operating for longer than the current
operating life of the unit, we assumed that the unit would close in
1988,

10) 1If the SWMU was a regulated Subtitle C unit, its year of closure
could be no earlier than 1980 (the year in which RCRA was enacted)
or the unit would not have been regulated. If the above steps
assigned a closure date prior to 1980, we changed the date to 1983,
as a more realistic assumption.

The above procedure resulted in an average opening year of 1963; the
units’ opening years ranged from 1900 to 1987. The assigned closing years
ranged from 1920 to 2011, with a mean of 1991. The average operating life of
the SWMUs was 28 years; the median operating life was 24 years. Note that the
average operating life after the above calculations was greater than the
average operating life in the original data (which was 12 years) because many
of the 110 units that are still open began operation many years ago; the
operating lives of these units are not included in the survey estimate of
operating life.

A.3.5 Assusptions Abocut Unit Types

In order to model the costs and risks associated with corrective action,
we mapped the 68 types of units in the RFA survey to the 13 unit types in
Exhibit A-16. It was necessary to describe each unit in terms of one of these
unit types because the modeling tools used for the RIA simulate releases for
only a limited set of specific design types. We based the assignment of these
unit types on several assumptions. First, release profiles for landfills and
surface impoundments were only available for two liner designs: double
composite and unlined. Because double composite liners were not widely used
and were not required before HSWA was enacted in 1984, we assumed that only



EXHIBIT A-16

SIMULATED MODEL UNIT TYPES

Lined Landfill

Unlined Landfill

Lined Treatment Surface Impoundment
Lined Storage Surface Impoundment
Lined Disposal Surface Impoundment
Unlined Treatment Surface Impoundment
Unlined Storage Surface Impoundment
Unlined Disposal Surface Impoundment
Tank

Deep Well Injection

Waste Pile

Land Treatment

Spill Area
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the most recently lined landfills and surface impoundments that were opened
after 1980 and not closed before 1985 could be modeled accurately as double
composite lined units. We modeled all other landfills and surface
impoundments as unlined units. Under these criteria, we found that two of the
12 lined landfills and one of the 35 lined surface impoundments in the survey
could be considered double composite lined. We modeled the remaining lined
landfills and surface impoundments as unlined.

Second, we assumed that all units with no design description (e.g.,
unspecified landfills and unspecified treatment impoundments) were older units
with no liners or pads. We also modeled surface impoundments that were not
specified as treatment or storage as disposal impoundments. Waste piles
required an additional classification based on waste pile design types.
Exhibit A-17 lists the WET model design types that we assigned to each of the
survey waste pile types. In addition, we modeled incinerators, waste
recycling operations, and container storage areas as spill areas. Finally,
tanks required specific tank design types from the Hazardous Waste Tank
Failure (HWTF) model.lé Because these design types included sizes, we discuss
the assumptions required for the assignment of tank design types in Section
A.3.7.

A.3.6 Methodology for Determining Dates of Waste Removal

The RFA survey provided actual dates of waste removal for 8 percent of
the 893 units. In addition, the model did not require dates of waste removal
for incinerators, injection wells, or waste recycling operations. We assumed
that releases at these units are a function of throughput, and that the waste
is removed at the end of the operating life. The methodology that we
developed for determining the dates of waste removal for the remaining units
is described below.

For the 451 previously unregulated SWMUs with no date of waste removal,
we assumed the waste remained in the unit at closure. However, if the SWMU
was a regulated Subtitle C treatment and storage unit, then the regulations
require clean closure. For the 305 such units, we assumed that the waste
would be removed during the year of closure. Regulated land disposal units
are not required to remove the waste at closure; we assumed that the waste
would remain in the 67 land disposal units with no removal date after closure

A.3.7 Estimation of SWMD Sizes and Quantities of Wastes Managed by SWMUs

As Exhibit A-18 reveals, each type of unit required several size and
waste quantity parameters. In reviewing the RFAs to obtain the necessary
information, we found several data gaps. Because little reliable information
was available on quantities of wastes managed by the units, we estimated waste
quantities from unit sizes. The methodologies that we developed for

16 y.s. EPA, "Hazardous Waste Tanks Risk Analysis." Prepared by ICF
Incorporated and Pope-Reid Associates for Office of Solid Waste, June 1986



EXHIBIT A-17

MAPPING OF SURVEY WASTE PILE TYPES
TO WET MODEL WASTE PILE TYPES

Survey Design d es

s Impermeable Pad s Impermeable Liner with
Periodic Inspections

s Other Pad » Synthetic with Clay Liner

s No Pad s No Liner

s Indoor s Indoor

Unspecified

e No Liner
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EXHIBIT A-18

REQUIRED SIZE PARAMETERS BY UNIT TYPE

Surface
Simulated Unit Type Area Depth  Throughput
Lined Landfill X X X
Unlined Landfills X X X
Line Surface Impoundments X X X
Unlined Surface Impoundments X X X
Tanks X X X
Deep Well Injection NA L X
Waste Piles w X X
Land Treatment Units W X X
Spill Area S S X

X = Derived from the RFA data base.

W = Calculated by the WET model based on selected WET model unit design
S = Calculated based on size of release by the spill area algorithm

L = Calculated by the LIM based on the depth to ground water

NA = Not Applicable
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completing the missing size information and estimating waste quantities are
described below for each unit type.

LANDFILLS

We applied the following methodology to assign sizes and waste quantities
to the 144 landfills in the sample:

1) For the 27 units with surface area and depth information available:
. Size = Volume = Surface area x Depth; and
. Throughput = Size x Specific gravity / Operating life.
The specific gravity depends on the type of waste managed in the
unit; the WET model waste stream data base provided the specific
gravities used in this and all subsequent specific gravity
calculations.
2) For the 33 units with surface area information only:
° Size = Volume = Surface area x LIM default depth; and
. Throughput = Size x Specific gravity / Operating life.
3) For the 84 units with no surface area information:
. Size = Median surface area x LIM default depth; and
] Throughput = Size x Specific gravity / Operating life.
The LIM default depths depend on the surface area of the unit; the depths
ranged from 3 to 7 meters. We calculated the median surface areas used in
Step 3 from the original data as 4,226 square meters.
The mean surface area for the completed data was 47,382 square meters,

although the median surface area was only 4,226 square meters. The mean depth
was 3.6 meters and the mean throughput was 25,416 metric tons per year.

LAND TREATMENT UNITS

Ten SWMUs in the RFA sample were land treatment units. In order to
assign sizes to these units and to determine the quantity of waste that they
manage, we applied the following methodology:

1) For the 3 units with surface area information:

s Size = Surface area; and
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. Throughput = Land treatment waste application rate from the WET
model (i.e., 206 MT/acre/year) x Size.

2) For the 7 units with no surface area information:

. Size = Median land treatment unit size from Pope Reid
Associates (PRA) data, 17 acres;17 and

. Throughput = Land treatment waste application rate from the WET
model (i.e., 206 MT/acre/year) x Size.

Because land treatment units can be no deeper than 5 feeC,18 we conservatively
assigned all land treatment units a depth of 5 feet. The completed units
handled a mean quantity of 6,213 metric tons per year.

WAS S

There are 29 waste piles included in this analysis. The WET model
creates several waste piles from each waste pile unit. The new piles are
either small (60 cubic meters) or large (2,830 cubic meters), and the sum of
all the waste contained in the piles is the quantity specified for the
original waste pile unit. We used the following methodology to determine the
waste pile sizes and to determine the quantity of waste in the original units:

1) For the 14 units with surface area information:

. Size = Large waste pile size modeled in the WET model (2,830
cubic meters); and

. Throughput = Surface Area x Estimated height of each pile x
Specific gravity / Residence time.

We estimated the height of each pile to be 3.75 meters, based on the
WET model default value for the height of the 2,830 cubic meter
waste pile size.

2) For the 15 units with no surface area information:

17 vy.s. EPA, "Draft Document, Engineering Cost Documentation for
Baseline and Proposed Double Liner Rule, Leak Detection System, and CQA
Programs. Cost For Landfills, Surface Impoundments and Waste Piles."
Prepared for Economic Analysis Branch, Office of Solid Waste, March 20, 1987
by Pope-Reid Associates.

18 40 CFR 264.271(c)(1)
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. Size = Small waste pile size modeled in the WET model (60
cubic meters); and

] Throughput = Median waste quantity from PRA data (140 cubic
meters) x Specific gravity / Residence time.

For both steps we used the WET model estimate for residence time of 22.5
days. Because waste piles are found on the surface, we assumed that waste

pile depths below the surface would be 0 meters for all units.

After the above calculations, the mean quantity of waste managed at each
unit was about 45,000 metric tons per year.

S C OUNDM S
There are a total of 136 surface impoundments in this analysis (including
storage, treatment, and disposal impoundments). We used the following
methodology to determine sizes and waste quantities for these units:
1) For the 41 units with surface area and depth information:
. Size = Volume = Surface area x Depth; and
. Throughput = Size x Specific gravity / Residence time.
We assumed disposal impoundments would hold waste for the entire
life of the unit (i.e. residence time is equal to the operating life
of the unit). Waste at treatment and storage impoundments, though,
would remain in the unit for five and ten days, respectively.
2) For the 14 units with surface area information only:

s Size = Surface area x LIM default depth; and

. Throughput = Size x Specific gravity / Residence time.

3) For the 81 units with no surface area information:
s Size = Median surface area x LIM default depth; and
. Throughput = Size x Specific gravity / Residence time.
We calculated the median surface area for Step 3 from the original data as
2,000 square meters. The default LIM depth for surface impoundments is 2.5
meters.
The mean surface area after completion of the data was 8,124 square

meters. The mean depth was 2.6 meters and the mean quantity was 650,000
metric tons per year.



TANKS

The RFA sample included 280 SWMUs that consisted of one or more tanks
We modeled the releases from these tanks using release profiles from the HWTF
model. Because the number and types of tanks within these SWMUs are quite
variable and the HWIF model contains only seventeen tank design types (see
Exhibit A-19), we developed the following methodology for determining the
number of tanks within a SWMU and for matching each tank to the appropriate
HWTF model design type:

1) We divided the tank SWMUs into two categories:
] Units handling organic waste only; and
. Units handling aqueous wastes only.
2) We further divided each of these categories into two subcategories:
] SWMUs with treatment tanks; and
] SWMUs with storage or accumulation tanks

3) Based on the survey design type, any RFA size information, and the
tank subcategory from Step 2, we assigned the most appropriate HWIF
model tank design type from Exhibit A-19 to each tank SWMU,
adjusting the number of tanks in the SWMU to compensate for any size
differences. For tanks with unspecified survey designs, we selected
the most prevalent design type among all similar units. In some
cases, the number of tanks in the SWMU was unknown. We assumed that
such SWMUS would each contain one tank, and selected the design type
accordingly.

Exhibit A-19 presents the number of tanks that we assigned to each HWIF
model design type. Note that the 31 tanks which contained non-hazardous waste
are not included in this exhibit because they were not included in the
modeling effort. The surface area and depth of the tank units are inherent in
the chosen design. Because the modeling of costs and risks associated with
corrective action assumes that releases from a tank are to the ground area
directly beneath the horizontal tank area, we used the following calculation
to obtain this surface area:

Surface area = Length x Diameter.

Based on the volume given for each type of tank (see Exhibit A-19), we
calculated the length and diameter of the tank for use in the above equation.
To calculate the diameter we assumed an aspect ratio (ratio of length to
diameter) of 3, and that the tank was in the shape of a cylinder. Based on
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these assumptions, we derived the following equation for the diameter of the
tank:
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EXHIBIT A-19

HWTF MODEL TARK TYPES

Number Percentage

HWTFM of Tank of All

Code esi esc io Units Tank Units

16 5500 gallon, above ground, cradled, carbon steel 75 25.5
storage or accumulation tank

2 Open 2300 gallon, above ground, cradled, carbon steel 40 13 6
treatment tank

20 4000 gallon, underground, carbon steel storage or accumulation 37 12.6
tank

23 4000 gallon, underground, stainless steel storage or 30 10.2

accumulation tank

3 Closed 2300 gallon, above ground, cradled, carbon steel 26 8.8
treatment tank

15 5500 gallon, above ground, cradled, carbon steel 25 8.5
storage or accumulation tank

18 210,000 gallon, above-ground, ongrade carbon steel 15 5.1
storage or accumulation tank

25 2100 gallon, in-ground, concrete storage or accumulation tank 15 5.1

9 3700 gallon, in-ground, concrete steel treatment tank 12 4.1

7 60,000 gallon, above ground, ongrade, carbon steel 8 2.7

treatment tank

24 4000 gallon, underground, stainless steel storage or 5 1.7
accumulation tank

27 2100 gallon, in-ground, carbon steel storage or accumulation 4 14
tank
17 210,000 gallon, above-ground, ongrade carbon steel 2 07

storage or accumulation tank
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Diameter = (4/3 x Volume) 173

For above ground tanks, we assigned a depth below the surface of zero (i e ,
the tank was at ground level). For in-ground tanks, we assumed that the depth
would be half the height (i.e., half of the tank was in the ground). Finally,
for underground tanks, we assigned a depth equal to the diameter (height) plus
1.52 meters (i.e., we assumed the top of the tank was five feet underground).

CONTAINER STORAGE AREAS

The RFA survey included 143 container storage areas. At 21 units, the
survey provided the number of dumpsters in the container storage area, and at
42 units the survey included the number of 55-gallon drums. Using these data
and the assumption that each dumpster held 7,640 liters (based on field
experience), we calculated the total storage capacity of the unit. We used
the median capacity among all units with data for units with no volume
information.

To calculate the quantity of waste managed in the container storage areas
(throughput) from these capacities, we used an assumed residence time for the
containers of either 90 days or one year. Prior to the enactment of RCRA in
1980 there were no restrictions on the time during which a container could
remain in the storage area, but after 1980 restrictions existed on the storags
time. Therefore, we assumed a 90 day residence time for units that opened
during or after 1980, and a one year residence time for units that opened
before 1980 to calculate the quantity of waste managed as follows:

Quantity = Total storage capacity / Residence time.

If the facility opened before 1980 but operated after that date, we assumed
that the quantity of waste handled each day would be unchanged after the
effective date of the regulations were implemented. However, we included the
effect of the decreased residence time in the calculation of quantities
spilled.

INCINERATORS

The RFA survey provided little information on quantities handled by the
21 incinerators included in the survey. Four inclinerators had capacity
information, but extrapolating capacity to all other incinerators from only
four values would not be statistically valid. For this reason, we assigned
all incinerators with no capacity information the average throughput of 7 000
metric tons per year for incinerators during 1981 from the Westat Survey“’.

19 y.s. EPA, "National Survey of Hazardous Waste Generators and
Treatment, Storage and Disposal Facilities Regulated Under RCRA in 1981."
Prepared by Westat, Inc., for Office of Solid Waste, April 1984,



WAST CLING ITS

We found 14 waste recycling operations at the 65 facilities in the
survey. Five of these units contained non-hazardous waste and, thus, did not
require quantity information for modeling. Of the 9 waste recycling
operations handling hazardous waste, information was available on quantities
of waste handled by 5 units. We used engineering judgement based on
qualitative descriptions in the RFAs to provide quantity estimates for the
remaining four units. The quantities handled by the 9 waste recycling units
with hazardous waste ranged from 55 gallons per day to 20,000 gallons per day.

JEC 1LS

The RFA survey included 11 injection wells, but no information was
available on quantities of wastes managed by these units. We assigned all
injection wells the WET model default throughput value of 138,000 cubic meters
per year. We converted this value to metric tons per year using the specific
gravity for each type of waste; the final quantities managed by the wells
ranged from 344,000 to 1,361,000 metric tons per year, with a mean of 662,000
metric tons per year.



APPENDIX B

CORRECTIVE ACTION TRIGGERS

This appendix identifies the constituent-specific concentrations that
trigger corrective actions for the baseline scenario and four regulatory
options analyzed in the RIA. 1In addition, the appendix explains how
corrective action triggers were developed. The use of different corrective
action triggers is a significant factor in determining the health risk and
costs associated with the baseline scenario and four regulatory options.

Appendix B is comprised of four sections. The first section discusses
the guidelines used in selecting the constituents modeled in the RIA. Section
B.2 then discusses technical detection limits used in the RIA. Section B.3
describes the various possible health-based corrective action triggers used in
the analysis (Maximum Contaminant Levels, Risk Specific-Doses, Reference
Doses, and Liner Location Model calculated 10°% and 10°6 risk level
concentrations) for each of the 120 constituents modeled. Finally, Section
B.4 discusses the process used to select the appropriate health-based
concentration level for each constituent and identifies the health-based
corrective action concentration used for each regulatory option.

B.1 CONSTITUENT SELECTION

In this RIA, the human health risk and corrective action costs associated
with ground-water contamination were analyzed using EPA’s Liner Location Model
(L1M). 1In the LIM, 120 hazardous constituents are modeled. These
constituents are listed in Exhibit B-1. These constituents were selected
during the development of the LIM in 1984 by using Agency background documents
on waste streams and information obtained from RCRA facility site
questionnaires.l In addition, occasional updates have occurred in conjunction
with various applications of the model.

EPA narrowed its focus to 120 counstituents, despite the fact that waste
streams frequently contain a large number of constituents, because "there are
usually one or two constituents that produce much higher (orders of wmagnitude)
risk projections than the other waste stream constituents. Thus, a few
constituents of concern can be selected and used as indicators of the overall
risk of a multi-chemical waste stream."? One-hundred eighteen of these
"constituents of concern" were chosen from a list of chemicals that were
either priority pollutants or included in Appendix VIII of 40 CFR 261.
Constituent selection was based upon relative concentration in industry waste

1 y.s. EPA, "Appendix H to EPA’'s Liner Location Risk and Cost Analysis
Model," 1987.

2 1bid, H-4.
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EXHIBIT B-1

MODELED CORSTITUENTS

CHRYSENE

COPPER

CYANIDES
CYCLOHEXANE

DIBENZO (A,H) ANTHRACENE
1,2 DICHLOROBENZENE
1,4 DICHLOROBENZENE
1,2 DICHLOROETHANE
1.1 DICHLOROETHENE
1,2 DICHLOROETHENE
D1CHLOROMETHANE

1,2 OICKLOROPROPANE
D ICHLOROPROPANOL S
1,3 DICHLOROPROPENE
2,4 DICHLOROPHENOL
2,6 DICHLOROPHENOL
DIMETHOATE

DIMETHYL ALKYLAMINE
2,6 DIMETHYLPHENOL
1,3 DINITROBENZENE
2,6 OINITROTOLUENE
DINOSEB

ENDOSUL FAN
EPICHLORONYDRIN
ETHYLBENZENE
ETHYLENE OXIDE
FLUORANTHENE
FLUORIDES
FORMALDEHYDE
HEPTACHLOR

&6

I3

S3BEIRERER2E

HEXACHLOROBENZENE
HEXACHLORQBUTAD IENE
HEXACHLOROE THANE
HEXACHLOROCYCLOPENTADIENE
HEXANE

HYDROQUINONE
INDENO(123-CD)PYRENE
LEAD

L INDANE

MALEIC ANHYDRIDE
MERCURY

METHANOL

METHOMYL

METHYL CHLORIDE

METHYL ETHYL KETONE
METHYL 1SOBUTYL KETONE
METHYL ISOCYAMATE
METHYL METHACRYLATE
MOL YBDENUM

NAPHTHALENE
NAPHTHOQU I KONE

NICKEL

NI TROBENZENE
4-NITROPHEROL
PARALDEHNYDE

PARATHION

PCB-1254

PENTACHLORONI TROBENZENE
PENTACHLOROPHENOL
PNENOCL

91
92
93
94
95
96
97
98

100
101

162
103
104
108
106
107
108
109
110
m

112
13
114
115
116
117
118
119
120

PHORATE

PHTHALIC ANHYORIOE
2-PROPANOL
PYRIDINE

1C0D

1,1,1,2 TETRACHLROETHAN
1,1,2,2 TETRACHLORCETHA
TETRACHLOROETHENE
THALLIUM

TOLUENE

TOLUENE OTAMINE
TOLUENE 011SOCYANATE
TOXAPHENE

1,2,4 TRICHLOROBENZENE
1,1,1 TRICHLOROETHANE
1,1,2 TRICHLOROETHANE
TR1CHLORGETHENE

2,4,6 TRICHLOROPHENGL
2,4,6 TRINITROTOLUENE
VANAD [ UM

VINYL CHLORIDE

XYLENE

ZINC

ETHYLENE DIBROMIDE
TETRAETHYL LEAD
NITRATE

CHLORIDE

SODTUM

BERYLLIUM

IRON



streams, toxicity (type of effect and potency), and overall environmental
persistence. The remaining two constituents, iron and chloride, are not
considered hazardous and, consequently, were not modeled to assess health
effects. They were left in the data base for completeness of available
constituent information.

B.2 DETECTION LIMITS

Due to the limics of analytic chemistry, not all concentraticns of a
particular constituent can be detected with certainty. For each constituent,
the LIM includes a detection limit. The model user can decide whether or not
to override the corrective action triggers developed for the different
regulatory options with the detection limits. If this model option is used,
modeled concentrations below constituent detection limits do not trigger
corrective action. In some cases, detection limits are used as corrective
action triggers for all constituents (as discussed in Section B.4). These
detection limits are identified in Exhibit B-2. 1In this exhibit, the column
labeled "detectable concentration” displays the original detection
concentrations assigned to each constituent for use in the LIM by EPA in 1985,
and the column labeled "PQLs" contains EPA’s recently developed Practical
Quantification Limits for each constituent where available. These values were
obtained on the basls of one of two sources, as described below.

B.2.1 Practical Quantification Limits

Practical Quantification Limits (PQLs) were developed by EPA and
generally represent the lowest concentration of analytes in ground waters that
can be determined reliably within specified limits of precisions and accuracy
by specified merhods under routine laboratory operating conditions.3 PQLs
were used as constituent-specific detection limits, where available (i.e., for
85 constituents). The Agency has developed PQLs for constituents for which it
is feasible to analyze in ground-water samples and for 17 chemicals routinely
monitored in the Superfund program. PQLs have been developed for guidance
purposes and do not constitute regulatory requirements.

B.2.2 11M Detection Limits

Where PQLs were unavailable, detectable concentration levels established
during development of the LIM were used as detection limits. LIM detectable
concentration levels were used for 33 organic and inorganic constituents.

For the most part, the detectable concentration values for organics represent
the minimum analytic detection limite specified for Superfund contractor
laboratories. However, the detectable concentration developed for inorganics

3 40 CFR Parts 264 and 270, as amended by 52 FR 25942 (July 9, 1987).

4 Two additional constituents modeled {iron and chloride) were not
assigned detection limits because they were not modeled to assess health
effects.



EXHIBIT B-2

DETECTION LIMITS

4 ACETORE

S ACETOMITRILE

6 ACROLEIN

T ACRYTLOMITRILE

8 ALDICARS

9 ALLYL ALCONOL

10 ANILINE

11 ANT (oY

12 ARSENIC

13 BARIUN

14 SEnzENe

15 GENZOCAIANYNRACESE
16 SENZOCA)PYRENE

17 BENZO(B)FLUORANTHENE
18 RENZOTRICHLORIDE

19 MENZYL CHLORIDE
20 BIS(CNLOROETNYL )ETHER
21 BISC2)ETHTLEXNYL PHTRALATE
Q2 CADHIUR

3 CARSON DIWLFIDE
24 CARSON TETRACHLORIDE
3 cm.oeDam

26 CHLOROACETALDEWYDE
7 CmLOoRoBENZINg

28 CRLORDPrORN

29 2-CHLORDPEENOL

30 Cmonun

31 Cmvsg

32 coremR
53 CYasides
34 CrCLoNMDA

35 OIOENTO (A,N) ANTWRACEMNE
34 1,2 OlCHMLOROBENZENE
37 1,4 DICRLOROBENZENE
38 1,2 vlcmomos TS
¥ 1,1 DICELORCETRENE
40 1,2 dicm.ecETIENE
41 DICHLORCIETRANE
42 1,2 S1CHLOROPROPANE
43 DICHLOROPROPANDLS
& 1,3 o1CuLOROPROPENE
43 2,4 O1CMLOROPWENOL

Limtts
(ag/\)
12-02
1€-02
5€-03
1®€-0
1z-0n
5€-03
58-03
Se-03
-0
18-
3¢-02
1€-02
2-02
=-03
18-02
1€-02
1£-02
58-03
sg-03
5¢-03
1e-02
1€-03
st-03
1-a
1804
52-08
2-0
52-04
SE-03
n-u
12-02
6k-02
«&-02
t-03
1-02
2-03
n-03
5E-0
12-03
12-03
S¢-03
SE-04
SE-03
St-03
se-03



EXHIBIT B-2 (Contimued)

b14
58
59

3282IBAIEBTARSBIIIFAIFIIIITEIESEER

DETECTION LIMITS

2,6 DICNLOROPHENOL
OIMETHOATE
DIMETHYL ALKYLANINE
2,4 OIMETHYLPHENOL
1,3-01n1 TROBENZENE
2,4 DInITROTOLLENE
(4L -1}

EDOSULFAN
EPICNLORONYDRIN
ETHYLBENZENE
ETHYLENE Ox10€
FLUCRANTNERE
FLUORIDES
FORMALOENTDE
NEPTACALOR
NEXACHLORORENZENE
HEXACHLOROBUTAD [ EXE
NEXACNLOROR THANE

NDACHLOROCYCLOPENTAD { ENE

NEXANE

MYDROQU I RONE
HOEND(123-C0 )PYRENE
LEAD

PUTHAL IC ANNYORIDE

Ostection

Limits
(mg/L)
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EXHIBIT B-2 (Contipuegd)

DETECTION LIMITS

Detection
Linite
Corstituents (mg/\)
93 2-PROPANCL [T
S PYRIDIM se-03
9 TCoo St-08
9 1,1,1,2 TETRACKLROETRANE se-03
97 3,1,1,2 TETRACNLORCET AN 506
98 TITRACHLORQETNENE SE-08
99 TRALL I 102
100 TOLUEne &-0
101 TOLUENE DTANINE Se-a3 ¢
16 TOLUENE D! ISOCYAMATE SE-03 e
103 TOXAPRENE &-a8
104 1,2,4 TRICHLOROBENZENG 1®-R
103 1,1,1 TRICHLORGETHARE S¢-03
1086 1,1,2-TRICHLOROETUANE =x-04
107 TRICHLOROETENE 1°8-a3
108 2,4,6 TRICHLOROPHENOL st-03
109 246~ TRIKI TROTOLUENE 5t-03 v
110 vAMAD I £8-02
111 VINTL CHLOR(DE 2-03
112 xvigng -3
13 218 2-R
114 ETHYLENE DI1ORONIDE 5-03 v
113 TETRASTNTL B0 5E-03 v
114 RITRATE 2-02
117 cmoniog A
118 s Ske00
119 sETLLIUN SK-03 *
120 1M A
* LW detection Limit.
- D able retion for this constituent is unichown. Cancentretion

set to defeult veluss of 0.003 mg/L for orgenics and 0.02 mg/l for inorganics.

M These coretitunts hove nOt been GUOBLED tO Rssess human Mealth stfects.



are recorded directly from the Post-Closure Liability Trust Fund Model data
base.’ A detectable concentration of 0.02 mg/l was assigned to all inorganics
listed in this data base. However, not all LIM inorganic "constituents of
concern” were listed in the Post-Closure Liability Trust Fund Model data base.
To those inorganics not contained in the data base, a default value of 0 02
mg/l was assigned. These assignments resulted in all modeled inorganic
constituents having a detectable concentration of 0.02 mg/l. In addition, a
default value of 0.005 mg/l was used for organic constituents.

B.3 HEALTH-BASED CORRECTIVE ACTION TRIGGERS

Tbe RIA identifies Agency-developed health-based standards for use as
corrective action triggers for certain regulatery options. (A discussion of
the specific corrective action triggers used under the baseline scenario and
each regulatory option is provided in Section B.4.) These triggers were
determined based on a combination of three sets of EPA concentration values
including: Maximum Contaminant Levels, Risk-Specific Doses, and Reference
Doses. In addition, for those constituents lacking an Agency approved health-
based standard, the LIM was used to calculate constituent concentrations that
would result Iin risk levels for use as corrective action triggers. Each of
these health-based standards is described in more detail in the preamble to
the Proposed Corrective Action Rule.

Maximum Contaminant Levels (MCIs) for 18 hazardous constituents used in
the RIA are listed in Exhibit B-3. Drinking water standards under the Safe

Drinking Water Act are promulgated as MCLs. Generally, MCLs represent the
allowable lifetime exposure to the contaminant for a 70-kilogram adult who is
assumed to ingest two liters of water per day. However, an MCL is also
required by law to reflect available technology and the economic feasibility
associated with removing a given contaminant from the water supply.

Risk-Specific Doseg (RSDs) that were used in the RIA are listed in
Exhibit B-4. An RSD is an exposure level that corresponds to a specified

cancer risk level. An RSD is calculated using chemical-specific potency
factors developed by the Agency’'s Carcinogen Assessment Group and an assumed
water consumption rate of two liters per 70-kilogram adult per day over a 70-
year lifetime. RSDs used in the RIA analysis would result in an approximate
risk of 10-%-

5 u.s. EPA, "Appendix H to EPA's Liner Location Risk and Cost analysis
Model, 1986."

6 This concentration falls within the middle range of the Contract
Required Quantitation Limits for the Target Compound List of Superfund. The
list for Superfund sample analysis can be found in "Appendix H of USEPA
Contract Laboratory Program" (Revised 8/87).



B-8

EXHIBIT B-3

MAXTMUM CONTAMINANT LEVELS

Constituent
12 ARSENIC
13 BARIUM
14 BENZENE
22 CADMIUM
24 CARBON TETRACHLORIDE
30 CHRORIUM VI
37 1,4 DICHLOROBENZENE
38 1,2 DICHLOROETHANE
39 1,1 DICHLOROETHYLENE
58 FLUORIDES
68 LEAD
&9 LINDANE
71 MERCURY
103 TOXAPKENE

105 1,1,1 TRICHLOROETHANE

107 TRICHLOROETHELYNE
111 VINYL CHLORIDE
116 NITRATE

NCL

(mg/L) (1)

4E-03
2E-03
SE-03
2€-01
SE-03
26-03
1E+01

(1) Concentration values for Appendix IX constituents obtained from EPA memorancum
dated April 13, 1987 from Mercias Willisma, Director, Office of Solid Waste to
David vegorer, Director, Waste Manegement Division, Region VII. WNemorandum
(isted Agency established MCLs, RfDa, and RSDs based on the Integrsted Risk

Concentration values for non-Appendix IX constituents

Information System (IRIS).
cbtained from recent EPA rulemsking.
are shown here; MCLs do sxist for other constitusnts.

for 26 comatituents.)

Only constituents modeled for this analynis

(MCL3s have been establ ished



EXHIBIT B-4

RISK-SPECIFIC DOSE BASED CONCENTRATIONS IN WATER

RSD
Constituent (mg/l) *

7 ACRYLONITRILE 7E-Q3
10 ANILINE 1€-01
12 ARSENIC 2E-D4
14 BENZENE 1E-01
15 BENZO(A)ANTHRACENE 1E-03
16 BENZO(A)PYRENE 3E-04
22 CADMIUM 2E-05
24 CARBON TETRACHLORIDE 3e-02
25 CHLORDANE 2E-Q3
28 CHLOROFORM 4E-02
35S DIBENZO (A,H) ANTHRACENE T7e-05
38 1,2 DICHLOROETHANE 4E-02
39 1,1 DICHLOROETHYLENE 6€-02
41 DICHLOROMETHANE 3g-01
51 2,4 DINITROTOLUENE 1€-02
54 EPICHLOROHYDRIN 4E-01
56 ETHYLENE OXIDE 1E-02
61 HEXACHLOROBENZENE 2E-03
62 HEXACHLOROBUTAD I ENE SE-02
63 HEXACHLOROE THANE 3E-01
88 PENTACHLORON! TROBENZENE 1E-02
97 1,1,2,2 TETRACHLOROQETHANE 2E-02
106 1,1,2 TRICHLOROETHANE &€-02
107 TRICHLOROETHELYNE 3E-01
108 2,4,6 TRICHLOROPHENOL 2E-01
111 VINYL CHLORIOE Z-01

* RSDs were calculated using scores developed by the Cancer
Assessment Group to result in & 10E-4 lifetime risk.

Source: RSDs derived from data presented in EPA memorandin dated
April 13, 1987 from marcia Williams, Director, Otfice of
Solid Waste, to David Wegoner, Director, Waste Mansgement
Division, Region Vi1, Memorendum listed Agency-established
MCls, RfDs, and RS0s based on the Integrated Risk Information
System (IRIS).
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Reference Dose (RfD) based concentrations used in the analysis are listed
in Exhibit B-5. Reference Doses (RfDs) are "acceptable" exposure levels that
have been established and verified by EPA for many noncarcinogens (analogous
in concept to the Acceptable Daily Intake, or ADI). An RfD represents the
level of exposure which is not likely to result in any adverse effects to
human health. An RfD is calculated by using an uncertainty factor to adjust a
"no observed adverse effect level" (NOAEL). RfDs are reported in mg/kg/day.
However, we have converted appropriate RfDs to concentration levels (mg/l for
use in this analysis) assuming a water consumption rate of 2 liters per day
for a 70-kilogram adult over a 70-year lifetime.

Risk-based Concentration levels were also calculated for use as triggers

for constituents for which there were no MCLs, RfDs, or RSDs. For
carcinogens, the concentration levels are based on a 10°% risk (as calculated
by the LIM). For noncarcinogens without an Agency-approved potency factor, we
approximated an effects threshold by calculating the dose associated with a
10-6 risk level, which provides a better approximation of the NOAEL than a
10°% risk level. The approximation is done using a continuous dose-response
function for non-carcinogens incorporated in the Liner Location Model.’ These
concentration values are listed in Exhibits B-6 and B-7.

The RIA employed corrective action triggers, similar to the action levels
included in the proposed rule, to determine the year in which corrective
action begins, if at all at a specific facility. In general, the health-
based concentrations used to trigger corrective action under Options B, C and
D in the RIA are the same concentrations used as action levels under the
proposed rule. Differences in the RIA corrective action triggers and the
proposed rule action levels are due to several reasons:

. For carcinogens without MCLs or Agency-approved
potency factors, the risk-based concentration
level is based on a 104 risk level as
calculated by the LIM rather than the 10°8 risk
level used for the proposed rule action levels.

. Constituent-specific health data are constantly
updated, and the corrective action triggers used
for the RIA were developed using available data
in August 1987.

- For constituents where the detection limit is
greater than the health-based concentration
level, the detection limit is used in the RIA to
trigger corrective action.

7 Ssee U.S. EPA Draft Report, "Appendix D to EPA’s Liner Location Risk
and Cost Analysis Model, January 1985."
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EXHIBIT B-5

REFERENCE-DOSE BASED CONCENTRATIONS IN WATER

R0 BSssec
Concentration

Levels

Corstituent (mg/L)(1}
& ACETONE 4E+00
8 ALOICARS S€-02
9 ALLYL ALCONOL 2¢-01
11 ANTIMONY 1€-02
13 gadium 2E-00
21 si1s(2tNP) Te-0V
23 CARSON DISULFIDE €00
2b CARBON TETRACHLORIDE 3E-02
25 CMLORDANE 2£-03
27 CHLCROBENZENE 1E+00
28 CHLOROFORN 3e-01
30 CHROMTUNM &0
33 CraniDes 7E-0
39 1,1 DICHLOROETHYLENE 3g-01
&1 DICHLORGMETHANE 2E+00
43 2,4 OICHLOROPNENOL 18-01
&7 DIMETHOATE -0
$2 DINCSER 4E8-02
$4& EPICHLORONYDRIN TE-02
S EYNYLBENZENE LE«CO
58 FLUDAIDES 2600
62 MEXACHLOROBUTAD IENE ™e-02
64 WENACHLOROCYCLOPENTAD 1ERE 2E-01
&9 LINDANE 1€-02
T2 METHANGL 2E+01
73 METHOMYL 9e-01
7S METHYL ETHYL KETOME 00
76 METHY( [SOBUTYL KETONE 28+00
&3 wiTROSENZINE e-02
68 PENTACHLORON | TROBENIENE 3E-01
89 PENTACHLOROPHENOL TE«00
90 PuENL 1800
94 PYRIDINE 7e-02
98 TETRACHLOROET WENE 7e-01
100 ToLLENE 18401
106 1,2,4 TRICHLOROBENZENE 7e-01
103 1,1,1 TRICHLOROETHANE 38400
106 1,1,2 TRICHLOROETHAXE 2x-0
110 VANAD IUN TE-01
119 TTE-LEAD 3£-06
116 NITAATE 4E+01
119 BERTLL UM 2-01

(1) Corcentration valuss for Appengix 1X corstituents cbtaimed from EPA aamdrarhm
asted Aprii 13, 1987 from mercie Willigms, Olrector, Office of Solid Waste to
David vegormr, Director, Waste Raragumant Division, Region Vi{. Nemcewcs
Listed Agenty established WCLs, Rf0s, and ASDs Dased on the Integreted Riek
{nformation System (IRIS). Concentrstion valuss for nmon-Appendix [X constituents
obtairgd from the IR]S dets Dese. Oniy coretituants andeled for this anelysis
are shown here; R103 do eaist for other cormtitusrts.
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EXHIBIT B-6

LIM CALCULATED 10E-4 RISK CORCENTRATIONS IN WATER FOR CARCINOGENS

Concentration Resulting
in 10E-4 Risk Level

Constituent (mg/l)

1 ACENAPHTHENE 3E-04

2 ACENAPHTHYLENE 3E-04
17 BENZO(B)FLUORANTHENE 3E-04
20 BIS(CHLOROMETHYL JETHER 4E-07
31 CHRYSENE 3E-04
42 1,2 DICHLOROPROPANE 9E-02
43 DICHLOROPROPAXOLS 9€-02
57 FLUORANTHENE 3E-04
60 HEPTACHLOR 1€-03
67 INDENO(123-CD)PYRENE 3E-04
87 PCB-1254 8E-04
95 TCDO 2£-08
101 TOLUENE OIAMINE 1E-02
102 TOLUENE O11SOCYANATE 8E-01
114 08 9E-05

Source: U.S. EPA, "Appendix H to EPA's Liner Location Risk and Cost Analysis
Model," 1987.
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EXHIBIT B-7

L1M CALCULATED 10E-6 RISK CONCENTRATIONS IN WATER FOR NONCARCINOGEN®S

Concentration Resulting
in 10€-6 Risk Level

Constituent (mg/L)

3 ACETALDEHYDE 4E+00
5 ACETONITRILE 8E-01
& ACROLEIN 4E-02
18 BENZOTRICHLORIDE 2E-02
19 BENZYL CHLORIDE 8E-N
26 CHLOROACETALDENYDE 9E-03
29 2-CHLOROPHENOL 6E-01
32 COPPER 1E+00
34 CYCLOHEXAME TE+00
36 1,2 DICHLOROBENZENE 3E+00
40 1,2 DICHLOROETHENE 1€+00
&4 1,3 DICHLOROPROPENE 2£-02
46 2,6 DICHLOROPHENOL 1E+00
48 OIMETHYL ALKYLAMINE 2E-01
49 2,4 OIMETHYLPHENOL TE-02
S0 1,3-DINITROBENZENE 2E-01
53 ENDOSULFAN 8E-01
59 FORMALDENYDE TE-02
65 HEXANE TE+00
64 HYDROQUINONE 1€-01
70 MALEIC ANNKYDRIOE 4E+01
T4 METHYL CHLORIDE 9€-01
T7 METHYL ISOCYAMATE 2E-02
78 METHYL METHACRYLATE 1E+01
79 NOLYSDEMUN 3e-03
80 NAPHTHALENE 18401
81 NAPHTHOGUINONE 1E-00
82 NICKEL 4E-02
84 4-0]TROPHENOL 4201
85 PARALDENYDE 4E+00
86 PARATHION Te-08
91 PHORATE 3g-04
$2 PNTHALIC AMMYDRIDE 42+01
93 2-PROPANOL 1E-01
9 1,1,1,2 TETRACHLROEY SE+00
99 THALLIUM 18-02
109 266-TRINI TROTOLUENE ge-02
112 XYLENE 2E8+00
113 21MC 3g+00
118 DIUN Te+01

* Used to approximate "No observed adverse effect level."
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B.4 TRIGGERS FOR BASELINE SCENARIO AND BEGULATORY OPTIONS

Different corrective action triggers are employed under the baseline
scenario and four regulatory options analyzed in the RIA. Chapter 6 of the
RIA details the four regulatory options considered in the analysis. Below we
discuss the triggers used for the baseline scenario and regulatory options.

Baseline Scenario employs MCLs as well as detection limits as corrective
action triggers. These values are displayed in Exhibit B-8. Prior to the
establishment of HSWA, facilities were required to clean up to either
background levels or MCLs. This alternative used MCLs as triggers when
available. Otherwise, detection limits were used. (All MCL concentrations
exceed the respective detection limits.) Implicit in the use of detection
limits is an assumption that there are no background contaminant
concentrations. A facility must release sufficient quantities of waste to
cause contaminant concentrations in ground water to exceed detection limits
and thereby trigger corrective action.

Option A (Cleanup to Background) used detection limits as corrective
action triggers. A list of these detection limits are provided in Exhibit
B-8. (PQLs were used when they existed.)

ons C, and ediate Cle o) th-Based Standards

Agency approved detection levels to trigger cortective action Exhibit B-8
identifies the constituent concentrations used as corrective action triggers
for these options. The Agency considered MCLs to be the controlling health-
based standards. Under Options B, C, and D, these MCLs are used as corrective
action triggers.

0f the remaining 100 constituents (two constituents were not modeled), 40
constituents used RSDs or RfD-based concentration levels as corrective action
triggers. Specifically, corrective actions were triggered by RSDs for 14
constituents, and 26 constituents used RfDs as triggers. Some of the
constituents are carcinogens as well as systemic toxicants and have associated
RfDs, as well as RSDs. In those cases, we decided to use RSDs as corrective
action triggers. This decision was based upon Agency policy. For
carcinogenic constituents without Agency-approved levels, triggers were set at
risk levels of 10-%4 using LIM potency factors. For noncarcinogenic
constituents without Agency-approved levels, triggers were set at 1076 risk
levels to approximate the noc observed adverse effects level.® we assigned
these concentration values as triggers for 40 constituents. Detection limits
were used as corrective action triggers for 20 constituents. This resulted
from the detection limit being higher than the appropriate RSD, RfD, or
calculated LIM 1076 or 10°%4 risk level.

8 U.s. EPA Draft Report "Appendix D to EPA’s Liner Location Risk and
Cost Analysis Model, January 1985."



Constituents

2
3
4
5
(-]
7
8
9
10
11
12
13
14
15
16
17
18
19
20

-

25
26
27
28

o
45

ACENAPTHENE
ACENAPNTHYLENE
ACETALDERYDE

ACETONE

ACETONITRILE
ACROLEIN
ACRYLONITRILE
ALDICARS

ALLYL ALCOROL
ANILINE

ANT I MONY

ARSENIC

BARIUM

BENZENE
BENZO(CA)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZOTRICHLORIDE
BENZYL CHNLORIDE
BIS(CHLOROMETHYL JETHER
BISC2IETHYLEXYL PHTHALATE
CADNILM

CARBON DISULFIDE
CARBON TETRACHLORIOE
CHLORDANE
CHLOROACETALDEXYDE
CHLOROBENZENE
CHLOROFORM
2-CHLORCPHENOL
CHROMIUN V1

CHRYSENE

COPPER

CYANIDES

CYCLOHEXANE

DIBENID (A,H) ANTHRACENE
1,2 DICHLOROBENZENE
1,4 DICNLOROBENZENE
1,2 DICHLOROE THANE
1,1 DICHLOROETHENE
1,2 DICHLOROETHENE

O ICHLOROME THANE

1,2 DICHLOROPROPANE
DICHLOROPROPANCL S
1,3 DICHLOROPROPENE
2,4 DICHLOROPHENOL
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EXHIBIT B-8

BASELINE SCENARIO AND FOUR REGULATORY OPTIONS

Bageline
CA Source
Triggers For
(mg/L)(1) Trigger
1E-02 PaL
1€-02 PaL
SE-03 88}
1E-01 PaL
1E-01 PQL
SE-03 PoL
5¢-03 PaL
5E-03 LM
S5e-03 LLM
1E-02 PoL
3e-02 PaL
SE-D2 McL
1€+Q0 neL
5g-03 el
1€-02 PaL
1E-02 PaL
1E-02 ML
SE-03 LLM
SE-03 L
SE-03 LLM
1E-02 PaL
1E-02 ncL
S€-03 PeL
5€-03 “cL
1E-04 PaL
5€-0% L
26-03 PaL
SE-04 PaL
SE-03 PalL
SE-02 neL
1E-02 pPaL
6E-02 PaL
48-02 PaL
SE-03 Lin
1€-02 ML
ZE-03 PaL
Te-02 “cL
SE-03 neL
TE-03 neL
1E-03 PeL
SE-03 LM
SE-04 PaL
5E-03 LiM
3€-03 PL
Se-03 PaL

Option A
CA Source
Triggers For
(mg/L)(2) Trigger

1€-02 PQL
1E-02 pPaL
5€-03 LN
1€-01 PaL
1€-01 AL
SE-03 PQL
5E-03 PaL
S5€-03 LLn
S5€-03 LiM
1E-02 PoL
3e-02 PaL
1E-02 PaL
28-02 18
2E-03 PaL
1E-02 PaL
1E-02 PaL
1E-02 PaL
SE-03 LLn
5e-03 LiLn
5e-03 LLN
1€-02 PaL
1E-03 PaL
SE-03 pPaL
1€-03 PaL
1E-04 PaL
SE-05 (41 ]
2E-03 QL
SE-04 pat
SE-03 -
1E-02 PaL
1E-02 PaL
6E-02 PaL
&4E-Q2 paL
SE-03 Ll
1E-02 paL
2E-03 PaL
26-03 PaL
SE-04 PQL
1€-03 paL
1E-03 PaL
Se-03 LM
SE-04 PaL
S€-03 LLM
SE-03 PaL
5€-03 PaL

Options 8,C,0
Ca Soyrce
Triggers For
(mg/sL{3(3) Trigger
1€-02 PQL
1E-02 PaL
4E+CO HOAEL Approx. (4)
4E+Q0 rRf0
8E-01 KOAEL Approx.
4E-02 NOAEL Approx.
7E-03 RSO
5€-02 RfD
2E-01 RfO
1E-01 RSD
3e-02 PaL
SE-02 meL
1E+Q0 neL
SE-03 NCL
1€-02 PQL
1€-02 PaL
1€-02 PaL
2E-02 NOAEL Approx.
8E-01 NOAEL Approx.
S€-03 LLM OET
Te-01 RfD
1€-02 MCL
4E+00 RfD
Se-03 neL
2E-03 RSD
9€-03 NOAEL Approx.
1E+00 RfD
4E-02 RSD
6E-01 NOAEL Approx.
SE-02 neL
1E-02 PoL
1E+00 NOAEL Approx.
TeE-01 R1D
TE+00 NOAEL Approx.
1€-02 PaL
3E+00 NOAEL Approx.
TE-02 MCL
SE-03 L
Te-03 neL
1E+00 NOAEL Approx.
3g-01 RSO
SE-02 LLN 10E-6
$€-02 LiM 1CE-4
2E-02 NOAEL Approx.
1E-01 (§;]



Conatituents

46
&7
48
49
50
51
52
53
54
55
56
57
58
59
60
61

-4

4

IREEER2BIJIIS

338

Ll
92

2,6 DICHLOROPHENOL
DIMETHOATE
DIMETHYL ALKYLAMINE
2,4 DIMETHYLPHENOL
1,3-0DINI TROBENZENE
2,4 DINITROTOLUENE
DINOSEB

ENDOSUL FAN
EPICHLORONYDRIN
ETHYLBENZENE
ETHYLENE OXIDE
FLUORANTHENE
FLUORIDES
FORMALDEKYDE
HEPTACHLOR
HEXACHLOROBENZENE
HEXACHLOROBUTAD 1ENE
HEXACHLOROE THANE
HEXACHLOROCYCLOPENTAD 1 ENE
HEXANE

KYDROQU [ NONE
INDEXO( 123-CD )PYRENE
LEAD

L INDANE

MALEIC ANMYDRIDE
MERCURY

NE THANOL

NETHOMYL

METHYL CHLORIDE
METHYL ETHYL KETONE
METHYL [SOBUTYL KETOME
KETHYL 1SOCYANATE
METHYL METHACRYLATE
MOL YBO ENUN
NAPHTHALENE
NAPHTHOQUINONE
NICKEL
N1TROBENZENE
4-NITROPHENOL
PARALDEHYDE
PARATNI1OM

PCB- 1254
PENTACHLOROM I TROBENZENE
PENTACHLOROPHENOL
PHENOL

PHORATE

PNTHALIC AMNYDRIDE

EXHIBIT B-8 (Contimued)

BASELINE SCERARIO AND FOUR REGULATORY OPTIONS

Seseline
CA Source
Triggers For
(mg/13(1) Trigger

1E-02 PaL
1E-02 PaL
SE-03 LM
SE-03 PaL
1€-02 PaL
2E-04 PaL
1€-03 PaL
5E-05 PaL
SE-03 LLM
2E-03 PaL
SE-03 LLM
1€-02 PaL
4E+Q0 mcL
SE-03 LLM
SE-05 PatL
SE-04 PaL
Se-03 PaL
5€-04 PaL
5€-03 PaL
5€-03 LLM
S€-03 LN
1E-02 PaL
Se-02 ncL
4E-03 MCL
SE-03 LLM
2E-03 ncL
SE-03 LLn
Se-03 LLN
1€-03 PaL
18-02 PaL
S¢-03 LN
5¢-03 LM
28-03 PaL
28-02 LLN
1£-02 PaL
1€-02 pPaL
Se-02 PaL
1€-02 PaL
1E-02 PAL
SE-O3 LLN
1€-02 PoL
5€-02 PaL
1€-02 PaL
5e-03 PaL
1£-03 PaL
2E-03 PaL
SE-03 LM

Option A
CA Source
Triggers for
(mg/Ll)(2) Trigger

1E-02 PQL
1€-02 PaL
SE-03 LLm
SgE-03 PQL
1E-02 PaL
2E-04 PaL
1€-03 PaL
SE-05 PaL
SE-03 LM
2E-03 PaL
Se-03 LLM
1€-02 PaL
2E-02 LM
5e-03 LLN
SE-05 PaL
SE-0h PaL
SE-03 PaL
SE-04 PaL
SE-03 PaL
Se-03 LLM
SE-a3 LLM
1€-02 PaL
1€-02 PeL
SE-06 LM
Se-03 LLN
ZE-03 PaL
SE-03 LLN
SE-03 LLN
1€-03 PaL
1€-02 POL
SE-03 LN
Se-03 LM
2E-03 PaL
2E-02 LLN
1e-02 PaL
1€-02 paL
Sg-02 PaL
1€-02 pat
1E-02 PaL
Se-03 LLN
1E-02 pat
SE-02 PaL
1e-02 PaL
Se-03 paL
1€-03 PaL
-3 PaL
SE-03 LN

Options 8,C,0
CA Source
Triggers fFor
(mg/13(}) Trigger
1E+00 NOAEL Approx.
Te-01 RfD
2€-01 NGCAEL Approx.
7E-02 NOAEL Approx.
2E-01 NOAEL Approx.
1€-02 RSO
4E-02 RfD
8E-01 NOAEL Approx.
4E-01 RSO
4LE+00 RfD
1E-02 RSO
1€-02 PaL
4E+00 MCL
7E-02 NOAEL Approx.
1€-03 LiM 10E-4&
2E-03 RSD
SE-02 RSO
3e-01 RSO
2E-01 RfD
TE+CO NOAEL Approx.
1E-01 NOAEL Approx.
1€-02 PaL
SE-02 ncL
4E-03 MCL
&E+01 NOAEL Approx.
2E-03 MCcL
ZE+01 RfD
9€-01 RO
9€-01 NOAEL Approx.
Z2E+00 RD
2E+00 RfD
2E-02 NOAEL Approx.
1E+01 NOAEL Approx.
2£-02 LLM DET
1€+01 NOAEL Approx.
1E-01 ROAEL Approx.
SE-02 LLM DET
2E-02 R0
&E-01 NOAEL Approx.
4E+00 NOAEL Approx.
1€-02 LLM DET
5e-02 PaL
1€-02 RSO
1E+00 RO
1E+00 RO
2E-03 PoL
4E+01 NOAEL Approx.



EXHIBIT B-8 (Contimued)

BASELINE SCENARIO ARND FOUR REGULATORY OPTIONS

Baseline Option A Options 8,C,D
CA Source CA Source CA Sourcse
Triggers For Triggers For Triggers For
Conat) tuents (mg/1)¢1) Trigger (mg/L)(2) Trigger (mg/1)(3) Trigger
93 2-PROPANOL SE-03 LM sg-a3 L 1€-09 NOAEL Approx.
94 PYRIDINE SE-03 PoL se-a3 AL Te-02 (3,4
95 TCDO SE-06 PaL SE-06 PaL SE-06 (- §
96 1,1,1,2 TETRACHLROETRANE SE-03 L Se-03 L SE+00 NOAEL Approx.
97 1,1,2,2 TETRACHLOROETHANE SE-04 PaL SE-04 PaL 2£-02 RSD
98 TETRACHNLOROETHENE SE-04 PaL SE-04 PaL 7e-01 RfD
99 TRALLIUM 1E-02 PaL 1€-02 PaL 1€-02 PaL
100 TOLUENE 2E-03 PaL Z-03 faL 1E+01 RO
101 TOLUENE DIAMINE SE-03 L 5€-03 LN 1€-02 LN 108-4
102 TOLUENE D!ISOCYAMATE SE-03 LN 5e-03 LN 8€-01 LLW 10E-4
103 TOXAPHENE SE-03 MCL 28-08 ML S5e-03 NCL
104 1,2,4 TRICHLOROBENZENE 1E-02 PaL 1€-02 PaL Te-01 RYD
108 1,1, TRICHLOROE THANE -0 NCL 5¢-03 PoL 2E-01 mcL
106 1,1,2-TRICHLOROETRANE 2E-04 PaL 2E-04 PaL 68-02 RSO
107 TRICHLOROETHELYNE Se-03 neL 1E-03 PQL sSe-03 necL
108 2,4,56 TRICNLOROPNENOL SE-03 PoL Se-03 PoL 2E-01 RSO
109 246-TR1N1TROTOLUENE SE-03 LLR Sg-03 LN 8E-02 NGAEL Approx.
110 VAMAD 1UM 4E-02 L 6E-02 POL Te-01 RO
191 VINYL CHLORIDE x-3 ncL 2E-03 Pt ZE-03 ncL
112 XYLENE SE-03 L Se-03 PaL ZE+00 NOAEL Approx.
113 2ixC Zx-02 paL ZE-02 PaL 3g+00 NOAEL Approx.
114 ETHYLENE DIBROMIDE SE-O3 LLN se-Q3 L 5e-03 LLM DET
115 TETRAETHYL LEAD Se-03 LN Se-a3 Lin SE-03 LLN 0BT
116 NITRATE 1E+01 ey 28-02 (XN ] 1€+01 ncL
117 CuLORIDE NA WA W NA WA HA
118 s0O 1M SE+00 L SE+00 L TE+01 MAEL Apprax.
119 BERYLLIUM SE-03 LLR $€-03 LN <E-01 RfD
120 1ROM KA [ "1 NA NA NA NA

1 Corrective sction triggers are NCLa where svailable. Otherwise, technical detection levels sre used
ss trigger concentrations.

2 Corrective sction triggers sre Practical Guantification Limits where evailable. Otheruise, LLM detection
limits sre usad as triggers.

3 The trigger concentration for each comstitusnt fs the MCL If one exists; the RSD if the constituent is &
carcinogen for which no MCL has been derived; the RfD {f the constituent is a noncarcinogen for which no
MCL has been derived; en LLN cslculated concentration resulting in @ 10E-6 risk in the sbsence of the NCL,
end RfD for noncarcinogens; end an LLN calculated concentration resulting in @ 10E-4 risk in the sbeence
of the NCL end RSD for carcinogens. 1f the sppropriate heslth-bssed concentration is lower than the
respective detection Limit, the detection limit is used es the trigger.

6 No cbserved sdverse effect Level. LLN approximeted besed on & 10€-6 risk level.

NA These corstituants were not modeled for health purposes.
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Recently, the Agency revised several constituent health-based action
levels and presented these new levels in the preamble to the proposed
Corrective Action Rule. Their constituent action levels from the preamble
were compared to the trigger levels for options B, C, and D of the RIA, and,
in general, these levels were found to be consistent. The discrepancies that
were found can in large part be explained by the RIA’'s use of detection limits
when the health-based triggers are below the detection limit, and the RIA‘s
use of a carcinogenic risk level of 10"% versus the proposed rule’s use of
1073 or 10°® risk levels. 1In addition, a few differences arose because some
of the constituent RSDs and RfDs obtained from the April 13, 1987 EPA
Memorandum from Marcia Williams, Director, Office of Solid Waste to David
Wagoner, Director, Waste Management Division, Region VII have been revised.
The Agency has also issued entirely new RSDs and RfDs for several
constituents. These updates and additions, however, lead to a difference of
more than one order of magnitude in the trigger level for three of the 120
constituents modeled: endosulfan, heptachlor and xylene.



APPENDIX C

METHODOLOGY FOR ECONOMIC IMPACT ANALYSIS

This appendix presents the methodology developed for the economic impact
analysis portion of the corrective action RIA. The appendix is divided into
four sections. Sections C.1, C.2, and C.3 present the preliminary analyses
used in the Monte Carlo simulation. First, Section C.l1 describes ICF's
firm/facility/financial data base (F3DB), which provides extensive information
on owners of hazardous waste treatment, storage, and disposal facilities.
Next, Section C.2 outlines the methodology developed to determine the weighted
average cost of capital (WACC) used in our financial analysis. Section C.3
provides a summary of the ability-to-pay analysis used in the Monte Carlo
simulation. Finally, Section C.4 details the steps performed in the actual
Monte Carlo model.

C.1 FIRM/FACILITY/FINARCIAL DATA BASE (F3DB)

The firm/facility/financial data base (F3DB), a computerized data system,
provides easy access to financial and ownership data concerning owners of
active treatment, storage, and disposal facilities (TSDFs). This system links
data on active TSDFs obtained from EPA’'s Hazardous Waste Data Management
System (HWDMS) with data on the owners of the TSDFs. The F3DB identifies TSDF
owners based on data from the HWDMS that has been verified using public and
private financial services. The data base also provides information, obtained
from various financial sources, on the finances and ownership of firms that
own TSDFs. For many firms, complete financial data were not available; we
imputed financial variables for these firms.

The purpose of this section is to provide detailed documentation of the
sources used to develop the firm/facility/financial data base and the
methodology used to impute financial variables where data were unavailable.
This section is divided into five main subsections: C.l.1 briefly describes
the data base, C.1.2 presents an overview of the data sources used, C.1.3
outlines the imputations methodology, C.1.4 lists and describes the F3DB data
elements, and C.1.5 discusses the limitations of the F3DB.

C.1.1 Overview

This subsection identifies the types of facility, facility ownership,
firm ownership, and firm financial data contained in the F3DB. The subsection
also presents a breakdown of the current ownership and financial status of the
firms in the data base.

C.1.1.1 Facility Data

The firm/facility/financial data base includes the 4,958 facilities
defined as active TSDFs on EPA's Hazardous Waste Data Management System
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(HWDMS) in October 1986. For most of the facilities in the data base, the
following data are included:

. Facility name;

. EPA facilicy ID number;

. Facility address;

. Facility latitude and longitude; and

. Facility process codes (i.e., storage or
treatment tank; container; waste pile; landfill;
land treatment; treatment, storage or disposal
surface impoundment; incinerator; ocean
disposal; underground injection well; other
treatment).

C.1.1.2 Ownership and Financial Data
For most facility owners, the data base contains:

. The name and owner type (i.e., publicly- or
privately-owned firm; federal, state, or
municipal government; non-profit; bankrupt;
discontinued operations) of the immediate owner;

] The name and owner type of the ultimate owner
(i.e., corporate parent), if applicable.
Consistent with the definition of corporate
parent used for the 40 CFR Part 264 Subpart H
financial assurance regulations, an ultimate
owner must own 50 percent or more of the
immediate owner’s voting stock.l If a corporate
parent is foreign based, we have indicated that
the facility has a foreign ultimate owner but
have included financial information for the top
domestic corporate parent.

. Selected financial variables for the latest year
that data are available:

-- Net income;

-- Net worth;

.- Current assets;

-- Current liabilities;

1 40 CFR Sections 264.141(d) and 265.141(d) define parent corporation a
"a corporation which directly owns 50 percent of the voting stock of the
facility which is the facility owner or operator.”



-- Total assets;

-- Total liabilities;

-- Depreciation, depletion and amortization;

-- Tangible net worth;

-- Cash flow;

-- Net working capirtal;

-- Common equity, ticker symbol, and
auditors opinion for publicly-held
firms only;

. The date of the financial information;

. The company's fiscal year end date;

s The company'’'s Standard Industrial Classification
(SIC) Code;

. The number of TSDFs owned by each firm;
. The year in which the company was founded; and
. The number of employees.

C.1.1.3 Status of TSDFs in the Data Base

Ownership Status. The data base currently includes 4,958 facilities
identified as active TSDFs on the October 1986 HWDMS, classified as follows:

. 1,928 are owned directly by publicly-held firms;

. 2,340 are owned directly by privately-held
firwms;

. 139 are owned directly by bankrupt firms;

. 133 are owned directly by firms with
discontinued operations;

s 7 are owned directly by non-profit firus;

. 291 are owned directly by the Federal

government;
. 53 are owned directly by State governments; and
s 67 are owned directly by municipalities.

For the 4,540 facilities owned by the private sector ({.e., all TSDFs
excluding those owned by Federal, State, or municipal governments, or non-
profit firms), we have identified 2,305 immediate owners. We have also
idenctified 484 corporate parents or ultimate owners of immediate owners which



do not directly own any active TSDFs on the data base. Approximately one-
third of all immediate owners (i.e., 735 of the 2,305 firms) are subsidiaries
of private sector parent companies. The ownership status of the 2,789 firms
currently included on the F3DB may be broken down as follows:

. 535 firms are publicly held;

- 2,027 firms are privately held;

. 8 firms are non-profit;
. 96 firms are bankrupt; and
s 123 firms have discontinued operationms.

Financial Status. The F3DB contains financial data on 2,222 of the 2,562
solvent public or privately held firms. Financial information is not included
on the data base for 227 firms which have been identified as either bankrupt,
discontinued operations, or non-profit, as well as an additional 340 firms for
which we have not obtained financial data. Of these 340 firms, 27 are
publicly held and 313 are privately held.?

C.1.2 Data Sources

This subsection describes the various data sources used to compile the
F3DB. The ownership and financial data gathered from these sources have been
entered directly into the data base. Where the required data were missing
from these sources, the available data have been used to assist in the
imputation of missing values.

C.1.2.1 Owmnership Characteristics

Ownership information, obtained from HWDMS for each of the TSDFs, has
been checked and verified using Standard & Poor’'s Compustat financial

services, Buginess Information Repoxts (BIRs) from Dun & Bradstreet, the

Directory of Corporate Affiliations, the Wall Stxreet Jourmal, Mergers and
Acquisitions, Corporate Action, and other financial newspapers and magazines.

Ownership information not available on HWDMS has been researched and
collected. For example, for facilities whose immediate owners are
subsidiaries of other firms, ownership information has been provided on their
direct corporate parents and, if the parents are also subsidiaries, ownership
information has been provided for the highest domestic-based corporate
entities associated with the immediate subsidiary owners.

2 pun & Bradstreet is unable to provide financial data on 123 privately
held firms. For the remaining privately held firms, we are currently imputing
financial data where firm-specific data are not included in the BIRs.



C.1.2.2 Fipancial Characteristics

We obtained financial data for all publicly-held firms from Compustat
Data were based on fiscal year-end financial statements filed with the SEC
Financial information for privately-held firms was obtained from BIRs where
available. Where data were not available, we have imputed financial
variables. BIRs do not supply a figure for "depreciation, depletion and
amortization"; therefore, this figure has been imputed in all instances for
facilities owned by private firms.

C.1.2.3 Data Sources Used for Imputations

Where financial variables were not available from the BIRs, the
information for private firms has been imputed using three sources: Dun &
Bradstreet Industry Norms (D&B Norms), Robert Morris Associates Annual
Statement Studies (RMA), and Ward' ecto of 49,000 ivate U.S, Companies
(Hard’'s). Each of these sources is briefly described below:

s obe o so s ua tement
Studies (RMA) is published by Robert Morris
Associates, a national association of bank loan
and credit officers. It contains composite
financial data for manufacturing, wholesaling,
retalling, services, and contracting industries.
RMA collects a large sample of firms’ financial
statements for various SIC codes. The data are
averaged and grouped into four asset-size
categories ($0-1 million, $1-10 million, $10-50
million, and $50-100 million). Not all SIC
codes are represented in RMA.

. Dun & Bradscreet Industry Norms (D&B Nogpms) have
been used to supplement RMA when the appropriate
SIC code was not available. Like RMA, D&B Norms
consist of industry averages presented by SIC
code by asset size. However, D&B Normg contains
fewer size categories than RMA.

. ! 4 v u
Companies (Ward’'s) includes sales information
for a large group of small privately-held
companies of approximately $1-10 million in
annual sales in 21 manufacturing and 37 non-
manufacturing SIC industry categories. Sales
information for parent companies of
subsidiaries, divisions, groups, joint ventures
and affiliates are provided, regardless of size.
The directory provides data on the latest sales
figures, address and phone number of the €irm,
name of the chief executive officer, and number
of employees by sales size within their
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respective SIC codes. Apggregate data on total
assets and total number of employees are
provided by SIC code. Ward'’s generally does not
supply information on small firms with fewer
than 100 employees.

C.1.3 Imputations Methodology

Where complete financial data were not available for private firms, we
have imputed financial variables using industry-average data from RMA and D&B
Norms. This subsection first discusses our approach for imputing financial
variables and then presents the formulae used for most imputations.

C.1.3.1 Approach

Our overall objective in imputing financial values was to derive a value
as close to the actual firm’s financial conditions as possible within the data
constraints. Therefore, we have derived missing variables from the
application of accounting and mathematical identities to the available firm-
specific data wherever possible. The following are some of the accounting and
mathematical identities included on balance sheets that have been used to
impute missing financial variables:

1. Total Assets = Total Liabilities + Net Worth;

2. Total Assets = Current Assets + Fixed Assets +
Other Assets;

3. Total Liabilities = Current Liabilities + Long
Term Liabilities; and

4, Net Worth = Capital Stock + Paid-In Capital +
Retained Earnings.

For example, using identities 1 and 3 above, we have derived total assets
as the sum of current liabilities, long term liabilities, and net worth, if
all three financial varisbles were known. As will be discussed next, these
accounting identities were also used in our imputations formulae.

For variables that could not be derived from accounting or mathematical
identities due to limited firm-specific data, we have imputed values by
applying industry-average ratios of financial variables to the data that were
available. In order to impute values that reflect as closely as possible the
firm’'s actual financial conditions, we have used industry-average data from
RMA or D&B Norms that corresponded to the industry SIC code where the firm had
a large percentage of its business (i.e., the primary or secondary SIC code),
and to the firm’s asset size. The firm-specific SIC codes were available from
the BIR. If it was not possible to determine the appropriate asset size
category, we have used average data for all asset sizes for the SIC code that
corresponded to the one in which the company had a large percentage of its
business.



Exhibit C-1 illustrates a sample page of industry-average data from RMA
for firms with $1-10 million in assets in SIC #8541 (machine tools and metal
working equipment). As shown in the exhibit, for this group of firms, total
current assets are 62.4 percent of total assets. Therefore, where firm-
specific data for total assets were available for a firm in SIC #8541 with $1-
10 million in assets, we were able to impute current assets using RMA
industry-average ratios.

Finally, for firms for which no firm-specific data were available, we
have imputed financial variables from the industry-average sales figure for
that company’s largest business sector.

C.1.3.2 Imputations Formulae

The following presents seven cases in which formulae have been used to
impute financial variables in the firm/facility/financial data base. The
formula used for a particular imputation depends on the amount of firm-
specific financial data that was available from the BJRs. The seven cases are
presented by decreasing availability of financial data. For example, in Case
I, all but one of the financial variables are available from the BIR; Case VII
describes the steps we have used to impute data when no firm-specific
financial information is available from the BIJR. The seven cases are
described below.3

Case I -- The BIR provided all of the fipnancia)l data -- i.e., net income,
net worth, current assets, current liabilities, total assets, and total
liabilities -- except for depreciation, depletion, and amortization (DD&A).

DD&A has been imputed by multiplying the company’s sales figure by the ratio

of DD&A to sales (see (7) in Exhibit C-1 for an example of this ratio). BIRs
never include DD&A figures. Therefore, this imputation method has been used

for all imputations in addition to any others that were required.

he . Ars orf complete data ox all other Vs able

ud et w . In the first case, total assets have been derived by
adding current assets, fixed assets, and other assets. In the second case,
the company’s net income has been derived by subtracting the net worth of the
previous year from the current year’s net worth. This method has been used
only where data from the BIR suggested that a change in retained earnings was
the primary cause for a change in net worth. We have also examined trends of
the firm and other firm-specific data for this imputation.

Case III -- co ned the follow a ata; current
ssets u t ixed asset othe t d net worth. Net

3 The following cases assume that the imputations are based on industry-
average data from RMA. The formulae used for imputing with D&B Norms are
slightly different.
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EXHIBIT C-1

SAMPLE DATA FROM RMA FOR SIC CODE #8541 (42, 45)
MACHINE TOOLS AND METAL WORKING EQUIPMENT+

Income Data:
Net Sales
Cost of Sales
Gross Profit
Operating Expenses
Operating Profit
Other Expenses
Profit Before Taxes (4)

SENMNOUVWNO

- on Asse e Co Pect, | Ratios _
I
Assets: |
Cash 8.2 |
Accounts Receivable 23.4 | Percent Profit Before Taxes/ 7.9
Inventory 28.4 | Tangible Net Worth (5)
Other Current 2.5 |
Total Current (1) 62.4 |
Fixed Assets 29.7 | Sales/Total Assets (6) 1.5
Intangibles 1.0 |
Other Non-Current 6.9 |
i
Total Assets 100.0 |
:
Liabilities: | Percent Depr., Depl., 3.4
Notes Payable 8.7 | Amort./Sales (7)
Cur. Mat L/T/D 3.7 ]
Accounts Payable 11.7 |
Accrued Expenses 7.2 |
Other Current 5.2 |
Total Current (2) 36.5 |
Long Term Debt 15.7 |
Other Non-Current 1.8 |
Net Worth/(Tot. Liab. + N.W.)(3) 46.1 |
|
Total Liabilities and Net Worth 100.0 |
I
I
I
I
I
|
|
|
!
I
I
|

* Numbers in parentheses refer to text.
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worth has been used to impute net income and the other missing financial
variables. Net income has been imputed by multiplying net worth by the ratio
of profit before taxes to tangible net worth (see (5) on Exhibit C-1). The
product is equal to imputed profit before taxes. We have applied a 46 percent
tax rate to derive after-tax profit -- i.e., net income. We have derived
total assets by adding fixed assets, current assets and other assets from the
BIR. Where fixed assets, current assets, and other assets were not available,
we have imputed total assets by dividing current assets by the ratio of
current assets to total assets (see (1) on Exhibit C-1). Where current assets
were not available, total assets have been imputed from net worth by dividing
net worth by the ratio of net worth to total liabilities plus net worth (see
(3) on Exhibit C-1). Where current assets were not available, current assets
have been imputed by multiplying imputed or derived total assets by the ratio
of current assets to total assets (see (1) on Exhibit C-1).

Current liabilities have been imputed using the following formula:4
Current Liabilities = Total Liabilities x

C e ab es ota ab ties + Net Wort
1 - [Net Worth/(Total Liabilities + Net Worth)]

Ratios enclosed in brackets have been taken directly from RMA (see (2) and (3)
on Exhibit C-1).

Case IV -- The BIR included only sales data. In this case, sales data

have been used to impute missing financial variables. To impute net income,
sales has been multiplied by the percentage ratio of profit tefore taxes to
sales (see (4) on Exhibit C-1). The result is imputed profit before taxes.
To adjust to an after-tax basis, we have applied a 46 percent tax rate to
derive imputed net income.

Net worth has been derived from imputed net income. First, the
percentage ratio of profit before taxes to tangible net worth (see (5) on
Exhibit C-1) was multiplied by 54 percent to adjust to an after-tax basis.
Imputed net income was then divided by this ratio to produce imputed net
worth.

Because current assets and net worth were not available, total assets
have been imputed by dividing sales by the ratio of sales to total assets (see
(6) on Exhibit C-1). Total liabilities have been derived by subtracting
imputed net worth from imputed total assets. Current assets, current
liabilities, and DD&A have been imputed in the same manner as in Case I1I.

4 (CL(TLANWY) . TL X (CL/TA) CL/TA cL
CL=TL=x ._NW IA. W -Tlxqmma-TlxTiac
(TL+NW) TA TA



Case V -- The BIR contained at least three months of interim data and the
fiscal year end date was known. Interim balance sheet variables have been
incorporated into the data base directly from the BIR without modification
Balance sheet variables (i.e., net worth, total assets, total liabilities,
current assets, and current liabilities) report the financial position of a
company at a particular point in time; therefore, their validity is the same
whether the data pertain to an interim period or the fiscal year end. Annual
sales, net income, and DD&A figures have been extrapolated to the fiscal year
and based on the interim figure. Where sales, net income or DD&A were not
available from the BIR, they have been imputed using the same methods
described in Cases III and IV.

Case VI -- e contained no -specifi ancia ormatio ut

rovided the number of emplovees d C code. Financial variables have been
imputed from the firm’s sales figure if it was available from Ward's. 1If
sales data were not available from Ward’s, the average value of sales per
exmployee figure for the applicable SIC code included in Ward’'s has been used.
This figure has been multiplied by the number of employees to obtain an
estimate of sales for that company. For the remainder of the variables, the
approach described in Case IV has been used.

Case VII -- The BIR reports only the company's SIC code. In these cases,
a sales figure has been assigned by obtaining the average sales figure for
that SIC code from RMA. Average sales has been obtained by dividing net sales
for all companies by the number of firms within the SIC code. This produces
an industry average sales per firm figure, which has been used to impute the
other variables as described in Case IV.

C.1.4 Data Elements

This subsection lists and describes the elements of the F3DB as found on
a display or printout of the database.

C.1.4.1 TSDF Ownership and Financial Data on the Firm/Facility/Financial
Data Base

The following data elements are included on the firm/facility/financial
data base:

. TICK is the ticker symbol for the owner firm. Tickers for publicly-held
firms are provided by Securities & Exchange Commission filing lists.
Tickers for privately held firms are assigned sequentially.

. SEQNO i{s the sequence number of the ticker symbol for the immediate owner
firm, used to identify multiple subsidiaries of a parent firm. Each
subsidiary of a firm will have a unique SEQNO; the TICK for the
subsidiary will be that of the parent. A SEQNO with a zero value
indicates a firm with no corporate parent. Such a firm may or may not
have subsidiary firms.
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INTERSEQ is the sequence number of the ticker symbol for the direct
parent of the immediate owner.

IMMEDNAM is the immediate owner name. An immediate owner name
accompanied by a blank ultimate owner name identifies a firm that has no
corporate parent.

INTERNAM is the direct parent owner name. A facility with a parent is
always accompanied by an immediate owner and an ultimate owner name. The
ultimate owner is the highest domestic-based corporate entity associated
with the immediate and the parent owners. Tickers and sequence numbers
are derived from the ultimate owner.

ULTNAM is the ultimate owner name. If there is no direct parent between
an immediate owner and an ultimate owner, then the ultimate owner is the
direct parent of the immediate owner. An ultimate owner can own
facilities directly (i.e., in some cases it will be an immediate owmer),
or indirectly through its subsidiaries.

OWNTYP is the owner type of the firm (1 = Federal, 2 = State, 3 =
municipal, 4 = public firm, 5 = private firm, 6 = nonprofit firm, 7 =
bankrupt firm, 8 = discontinued operations).

JOINTOWN flags subsidiaries with joint owners (i.e., two parents that
each own 50 percent of the subsidiary). If a subsidiary has joint
owners, then JOINTOWN = "Y*",

FCID is EPA's 12-digit facility identification number. The first two
digits are the abbreviation for the State in which the facility is
located.

FOROWN flags firms which have foreign parents. If a firm has a foreign
parent, then FOROWN = "Y",

FORNAM {s the name of the foreign owner identified by the FOROWN flag.
Financial data for foreign owners are not included,

FACNAM is the name of the facility associated with a specific FCID.

FIRMDATE is the year the firm came into existence. (Available for
private firms only.) A missing value is represented by a zero.

LOWFAC is the number of facilities owned immediately by a firm.

INFODATE is the date of the financial data. A missing value is
represented by a zero.

FYREND is the month ending the fiscal year for the firm. A missing value
is represented by a zero.
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EMPLOYE is the number of employees at the firm. (Available for private
firms only.} A missing value is represented by a pnegative zero.

SIC identifies the firm’s primary Standard Industrial Classification Code
taken directly from the BIR or from Compustat.

NETWRT is the net worth value. Net worth is often referred to as
stockholders’ equity or owners’ equity, and represents the sum of paid-in
capital, or the stated value of the capital, including both common and
preferred stock, retained earnings, and appropriated surplus. A missing
value is represented by a negative zero.

NWFOOT is the footnote indicating method of imputation for the net worth
value, 1f the net worth value has been imputed. If net worth has not
been imputed, NWFOOT is blank.

TOTASS 1is the total assets of the firm, representing total liabilities
plus net worth. A missing value is represented by a pnegative zero.

TAFOOT is the footnote indicating method of imputation for total assets,
if total assets have been imputed. Otherwise, TAFOOT is blank.

TOTLIB is the total liabilities of the firm. TOTLIB is set equal to
TOTASS minus NETWRT.

CURASS 1s the current assets of the firm. Current assets include those
tangible assets that can be readily turned into money (e.g., cash on
hand). A missing value is represented by a pegative zero.

CAFOOT is the footnote indicating method of imputation for the current
assets value, if current assets have been imputed. Otherwise, CAFOOT is
blank.

CURLIB is the current liabilities of the firm. Current liabilities are
short-term liabilities tc be paid within one year or less, such as
salaries, taxes due, accrued interest, or accounts payable.

CLFOOT is the footnote indicating method of imputation for the current
liagbilities value, if current liabilities have been imputed.

NETINC is the net income value for the firm. Net income, also referred
to as net earnings, represents the difference between total sales and
total costs of goods sold plus expenses over a given period. A missing
value is represented by a pnegative zero.

NIFOOT is the footnote indicating method of imputation for the net income
value, if net income has been imputed. Otherwise, NIFOOT is blank.

DDANDA is the depreciation, depletion, and amortization value for the
firm. Depreciation reflects the decline in the value of a physical ass
resulting from normal usage and wear; depletion refers to the allowance



made for the shrinkage or exhaustion of a product, nearly always a
natural resource; amortization of assets is a method of gradually
reducing the book value of a fixed asset by spreading its depreciation
over a period of time, and amortization of debt refers to gradually
retiring an obligation by making regular payments of both principal and
interest over a period of time. A missing value is represented by a

negative zero

DDFOOT is the footnote indicating method of imputation for the
depreciation, depletion and amortization, if DDANDA has been imputed.
Otherwise DDFOOT is blank.

TANNWRT is the tangible net worth value for the firm. If tangible net
worth is missing, then it is set equal to net worth.

CSHFLOW is the cash flow value for the firm. Cash flow, or a firm’s net
profits plus allowance for depreciation, is set equal to DDANDA plus
NETINC.

NWCAP is the net working capital value for the firm. Net working capital
is set equal to CURASS minus CURLIB.

TOTDBT is the total debt value of the firm. (Available only for public
firms.) A missing value is represented by a pegative zero.

COMEQTY is the common equity value for the firm. (Available only for
public firms.) A missing value is represented by a ve zero.

USAASS represents assets in the U.S. for the firm. (Available only for
public firms.) A missing value is represented by a pegative zero.

OPNION is the auditor's opinion of the firm. (Available only for public
firms.) A missing value is represented by a pegative zero.

C.1.4.2 Other Data Items On The Firm/Facility/Financial Data Base

The following data elements are also included on the firm/facility/

financial data base:

Locational data items:
. Facility Street
. Facility Cicy
. Facility Zip Code
. Facility County Code

] Facility Owner Street Address
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. Faci{lity Owner City
. Facility OQuner State
. Facility Owner Zip Code
] Facility Operator Name
. Facility Operator Street Address
. Facility Operator City
. Facility Operator State
] Facility Operator Zip Code
. Owner/Operator Zip Code
e status date e
» RCRA Permit Application or Permit Status
. Part B Flag

. Loss of Interim Status Flag

[s) code t te
» Permit/Closure Process Indicator
a Permit/Closure Process Code

. Interim Status Capacity Process Code
C.1.5 F3DB Limitatiouns

The major limitation of the F3DB is that the data base has complete
financial information on owners or operators of only 3,945 facilities, whereas
the total number of facilities is currently estimated to be 5,661. This
limitation arises for several reasons:

. The F3DB does not contain information on about
700 facilicies. These facilities were not
considered active facilities subject to RCRA at
the time of the last F3DB update; in the
intervening months, EPA has added this group of
facilities to its list of regulated facilities
as tracked by HWDMS. The F3DB has yet to
reflect this change.
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® Although govermnment-owned facilities are not
excluded from the corrective action rulemaking,
financial information on government owners or
operators is not available from the F3DB. The
standard measures of ability to pay for firms
are generally inapplicable to government
financial information; for example, a government
does not earn net income, making a cash flow
figure based on net income impossible to
calculate. The impact of the regulation on
municipalities is, however, discussed in general
terms in the Regulatory Flexibility Analysis
presented in Chapter 1ll.

a Of the 4,540 facilities in the F3DB owned by
private sector firms, the owners or operators of
only 3,945 facilities are actually examined. As
discussed earlier, 272 of these facilities are
owned by bankrupt firms or are discontinued
operations of solvent firms; thus, there is no
current financial information available on the
owners or operators of these facilities. The
other 323 facilities are excluded mainly because
recent changes in facility ownership have made
existing financial information obsolete. These
facilities are owned or operated by a diverse
array of firms, including small firms with
multiple name changes that HWDMS has been unable
to track, as well as very large firms that have
become privately owned through buyouts and do
not publicly disclose financial details.
Therefore, it is not expected that the group of
firms excluded have any particularly unusual
financial characteristics.

Another limitation {s that some or all of the financial information for a
portion of the firms examined was not available from data sources that were
consulted; rather, financial information for some privately-held firms were
imputed from industry average data according to SIC code and firm size.?
These imputations represent the best available estimate of financial data for
these firms, but the actual data may vary from the imputed data.

Finally, although the F3DB contains only one year of financial data, a
firm's performance may vary from year to year. Predicting the future impacts
of corrective action costs based on one year of data may affect the accuracy
of our results.

5 Imputations were done for at least one variable for about 79 percent
of firms owning facilities in the data base.



C.2 METHODOLOGY FOR CALCULATING WEIGHTED AVERAGE COST OF CAPITAL

This section presents our methodology for estimating the weighted average
cost of capital (WACC) used in our analyses. The first part, subsection
C.2.1, describes the procedure we used to estimate the WAAC for the total
economic impact analysis. The second part, subsection €C.2.2, provides a
summary of the methodology used to determine the WAAC for the assessment of
small business impacts in the regulatory flexibility analysis.

C.2.1 WVeighted Average Cost of Capital -- Total Analysis

This analysis uses a two-step procedure to determine the discount rate,
or real cost of capital, for obtaining present value amounts for corrective
action costs. The first step is to derive the nominal cost of capital for 20
industries representing a substantial percentage of firms in the F3DB using
the standard weighted average cost of capital (WACC) formula. The second step
is to derive a real cost of capital by dividing the estimated nominal cost of
capital by the expected inflation rate.

The 20 industries used to determine a weighted average cost of capital
were chosen based on their relative importance in the F3DB; they represent
over 50 percent of the facilities in the data base. These industries were
identified by their three-digit SIC codes. Firms in over 100 other industries
own the rest of the facilities; these industries were excluded to simplify the
analysis.

The WACC has been used to estimate the cost of capital for many years.6
As typically derived at the firm level:

where:
Vp = Value of long-term debt in the firm's capital structure;
Vg = Value of equity (or net worth) in the firm’s capital structure;

Kp = Expected cost of debt (this is the same as the bondholders’ expected
rate of return);

t = Corporate income tax rate (assumed to equal 34 percent -- the
maximum federal income tax rate for corporations); and

6 See Richard Brealey, Stewart Myers, (4 of Co ate Finance
(New York: McGraw-Hill, Inc., 1981) pp. 411-415.



Kg = Expected cost of equity (the same as the shareholders expected rate
of returm).

While cost of capital calculations are typically made at the firm level,
this analysis is conducted at the industry level. An industry cost of capital
is merely the aggregation of its component firms’ cost of capital. The
estimated industry cost of capital is derived here by finding each variable in
the WACC equation for each firm in an industry and averaging each variable for
input into the equation.

Firm-specific data for the firms within each industry are drawn
primarily from the F3DB and from the Value e vestment Su
Information from the F3DB is used to calculate the debt and equity weights in
the industry capital structure. For each firm in the F3DB in the SIC codes
examined, the debt and equity weights, or [Vp/(Vp + Vg)] and [Vg/(Vg + Vp)],
are weighted by that firm’'s proportion of total assets in the group of F3DB
firms; these weighted debt and equity weights for the component firms are then
added to obtain the industry debt and equity weights, presented in Exhibit
c-2.

These debt and equity weights from data in the F3DB are in book value
terms rather than market values, which financial theorists suggest using.
However, financial managers, lenders, and credit rating agencies typically
characterize a firm’s capital structure in terms of book value weights8 it is
believed that the use of book values has little impact on the results.

Having estimated the relative weights for debt and equity, we next
estimated the cost of equity using the capital asset pricing model (CAPM).

As typically derived at the firm level:
KE =« Rf + B (Rm - Rf)
where:

Kg = Expected cost of equity;

Rg¢ = Expected risk-free rate of return;

7 Value Line, Inc., The Value Line Investment Survey (New York: Value
Line, Inc., 1987).

8 J.K. Butters, W.E. Fruhan, Jr., D.W. Mullins, T.R. Piper, Case
oblems in ce, (Illinois: Richard D. Irwin, Inc., 1981), pp. 106.

9 Brealy and Myers, p. 131.



EXHIBIT C-2

INDUSTRY DEBT AND EQUITY WEIGHTS

3-digic
SIC Industry Name v VE+ VD/(VD+V
249 Miscellaneous Wood Products 0.536 0.464
281 Industrial Organic Chemicals 0.448 0.552
282 Plastics Materials and Synthetic 0.373 0.627
Resins, Synthetic Rubber, Synthetic
and Other Man-made Floors, Except
Glass
283 Drugs 0.576 0.424
284 Soap, Detergents, and Cleaning 0.436 0.564
Preparations, Perfumes, Cosmetics,
and Other Toilet Preparations
285 Paints, Varnishes, Lacquers, 0.460 0.540
Enamels, and Allied Products
286 Industrial Organic Chemicals 0.519 0.481
287 Agricultural Chemicals 0.464 0.536
289 Miscellaneous Chemical Products 0.513 0.487
291 Petroleum Refining 0.390 0.610
307 Miscellaneous Plastics Products 0.402 0.598
331 Blast Furnaces, Steel Units, 0.309 0.691
and Rolling and Finishing Mills
347 Coating, Engraving, and Allied 0.446 0.554
Services
349 Miscellaneous Fabricated Metal 0.476 0.524
Products
367 Electronic Components and 0.487 0.513
Accessories
371 Motor Vehicles and Motor Vehicle 0.425 0.575
Equipment
372 Alrcraft and Parts 0.426 0.574
495 Sanitary Services 0.514 0.486
516 Wholesale Trade Chemicals and 0.313 0.687
Allied Products
739 Miscellaneous Business Services 0.421 0.579

Source: F3DB
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R = A measure of the volatility of the expected return on the firm’'s
stock relative to the market’s volatility; and

Ry = Expected return on the market portfolio.

We are interested in aggregating an industry’s cost of equity rather than
determining that of an individual firm in the industry. Therefore, we
developed an estimate of an industry’s beta by aggregating over all
component firms in an industry. Betas for firms listed in the F3DB were

obtained from Value Line.

Betas are only meaningful and available for firms whose stock is publicly
traded. Further, betas are not readily available for all publicly traded
firms. For most industries, therefore, only a very small number of betas
could be obtained for firms in the F3DB. 1If these betas were used to
calculate industry averages, the results would be subject to substantial error
due to the small sample size.

To alleviate this problem, SIC code-defined industries were matched to
industry groupings in Value Line. The firms in Yalue lipe industries that
were close to the SIC industries were used for obtaining betas for the
industries. The SIC code industries are matched with Value line industries in
Exhibit C-3. Value lLine has many more betas for each industry grouping than
were available for F3DB firms, therefore, the average betas should be more
reliable indicators of the true average among the F3DB firms.

The betas for each firm in the Value Line groupings had to be adjusted
before using them in the weighted average cost of capital formula. Because
each firm is financed with a combination of debt and equity, a stock’s beta in
Value lLine measures both the financial risk of the firm (the risk of having to
meet interest payments on debt) and the business risk of the firm (the risk
that the business will generate a satisfactory rate of return). However, the
debt/equity structure of the Value Line firms may be very different from the
debt/equity structure of the F3DB firms for which we are estimating a cost of
capital. When averaging betas for Value Line firms to estimate an expected
rate of return, the main concern is the business risk of the industry; the
financing risk depends on the level of debt firms decide to use and is
unrelated to the business risk. Therefore, we adjust the Value Line betas for
financial risk, then readjust according to the average financial risk of the
F3DB firms.



3-digit
SsIcC

249
281
282

283
284
285
286
287
289
291
307
331
347
349
367
371
372

495
516

739
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EXHIBIT C-3

SIC CODE/VALUE LINE INDUSTRY COMPARISON

SIC
Industry Name

Miscellaneous Wood Products

Industrial Organic Chemicals
Plastics Materials and Synthetic
Resins, Synthetic Rubber, Synthetic
and Other Man-made Floors, Except Glass
Drugs

Soap, Detergents, and Cleaning
Preparations, Perfumes, Cosmetics,
and Other Toilet Preparations
Paints, Varnishes, Lacquers,
Enamels, and Allied Products
Industrial Organic Chemicals
Agriculcural Chemicals
Miscellaneous Chemical Products
Petroleum Refining

Miscellaneous Plastics Products

Blast Furnaces, Steel Units,
and Rolling and Finishing Mills
Coating, Engraving, and Allied
Services

Miscellaneous Fabricated Metal
Products

Electronic Components and
Accessories

Motor Vehicles and Motor Vehicle
Equipment

Alrcraft and Parts

Sanitary Services

Wholesale Trade Chemicals and
Allied Products

Miscellaneous Business Services

Value Line
Industry Name

Furniture/

Home Furnishing
Chemicals * (specialty)
Chemicals *

(speclalty)

Drugs
Household
Products

Chemicals *

(speclalty)

Chemicals (diversified)
Chemicals (basic)
Chemicals * (specialty)
Petroleum (Integrated)
Furniture/Home
Furnishings

Steel (integrated)

Metal Fabricating
Metal Fabricating
Electronics

Auto & Trucks;

Auto Parts

Aerospace and Defense
(selected)

Ind. Servces.
Chemicals
(diversified)
Industrial Services

* Firms within the Chemicals-Specialty Value Line grouping were selected
according to relevant SIC codes.
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To adjust betas for business risk (by "removing" financial risk), each
beta must be multiplied by the ratio of [VE/(VE + VD)].lo The betas are then
averaged for each industry. The average betas for business risk of a given
industry must then be readjusted for the average debt/equity mix of all of the
F3DB industries, thus adjusting the average beta for the average debt/equity
mix in any given industry.

We used each industry beta together with the expected excess return on
the market (R; - Rf) to determine the total industry risk premium. In other
words, the industry premium is measured as the degree to which the overall
market return exceeds the risk-free return, adjusted for the risk of the
industry. The long-term (1926-1976) average excess return on the market of
8.8 percent as measured_ by Ibbotson and Sinquefield is an estimate of this
expected excess return. By use of this value, we assumed that the excess
return is fairly constant over time.

We estimated the expected risk-free rate using a govermment bond rate.
U.S. Treasury debt is considered to be the most risk-free investment available
on the market. An examination of the Wall Street Jourmal revealed that long-
term government bonds currently provide a yield of about 8.5%.

The last rate needed to calculate the WACC is the expected return on
debt. We used a typical return on a long-term medium grade industrial bond.
An analysis of rates of industrial bonds rated BB b{ Standard and Poor’'s
suggests this rate is now approximately 1l percent.

10 The beta for a firm is a weighted average of the debt and equity
betas: B firm = B debt * [Vp/(Vp +VE)] + B equity * [Vg/(Vg + Vp)]. The beta
for debt, however, is usually assumed to be zero (the returns are guaranteed
barring bankruptcy). Therefore, the equation narrows to R firm = 8
equity * [Vg/(Vg + Vp)]. The beta from Value Line is the beta of the stock,
or B equity. The beta of the firm, or the beta that reveals the risk of the
business, is therefore equal to the beta of equity from Value Line multiplied
by the proportion of equity in the value of the firm. See Brealy and Myers,
p. 175.

11 R.G. Ibbotson, R.A. Sinquefield, Stocks, Bonds, Bills, and
Inflation: Histoxical Returng (1926-1978), (Virginia: Financial Analysis

Research Foundation, 1979), p. 23.

12 This 1s the average of five 30-year Treasury bonds as found in the
Wall Street Jourpal, June 22, 1987.

13 From Standard and Poor's Monthly Bond Book, June, 1987.
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The final step in estimating a real cost of capital is dividing the above
derived nominal cost of capital by an expected inflation rate.14 vy e Line
forecasts an average 4 percent annual inflation rate, as measured by the GNP
deflator, over the next three to five years.ld Correspondingly, a 3.5-4.0
percent inflation rate is forecast by the 1987 Economic Report o
gges;dent.lé Thus, we used an inflation rate of 4 percent for this analysis.

Exhibit C-4 presents estimates of the current real cost of capital for
the 20 selected industries. As shown in the exhibit, the average real cost of
capital among all of these industries is 9.49 percent. This is the discount
rate assumed to be used by the universe of firms in analyzing corrective
action costs.

C.2.2 Veighted Average Cost of Capital -- Regulatory Flexibility Analysis
ethodolo or calculat weighted aver costs capita

The regulatory flexibility analysis uses the same two-step procedure as
in Section C.2.1 to determine the cost of capital for discounting corrective
action costs. First, we derive a nominal cost of capital using the standard
weighted average cost of capital formula; second, we derive a real cost of
capital by adjusting the nominal rate by the expected rate of inflation.

The weighted average costs of capital derived separately for small and
large firms are different from the rate derived for all firms in the economic
impact analysis. Small and large firms may have different discount rates
because the financial risks of the firms may be different; specifically, small
firms may have a higher percentage of debt than large firms because investors
perceive more risk of bankruptcy and, therefore, may be less willing to invest
equity capital in small firms. This difference is reflected in the
calculation of the weighted average cost of capital for small and large firms.
Exhibits C-5 and C-6 show the difference in these calculations.

As in Section C.2.1, the weighted average cost of capital was calculated
using the standard formula by averaging data from key industries. To develop
the costs of capital as shown in the Exhibits C-5 and C-6, we established the
10 most prevalent SIC codes for the large and small groups, and calculated
debt to equity ratios weighted by asset size for industry. Note that the
industries used for small firms were all represented in the calculation of

14 The equation is: (1 + (Nominal cost of capital/100)]

[1 + (Expected Inflation Rate/100]

15 yalue Line, March 6, 1987, p. 1.

16 Council of Economic Advisors, Economic Report of the President,
(Washington, D.C.: U.S. GPO, 1987), p. 58.



EXHIBIT C-4

VEICHTED AVERAGE COST OF CAPITAL

WALC = [Vd/(VdeVe)IKd(1-1) ¢ (Ve/(Vd+Ve)lKe

Ke s Rf « B(km - Rf) RF28.5% m-R(=8.8X Kd=11X taliX  {(nflation=4.0X

INDUSTRY LMDUSTRY AVG

sSic Ve/(Vdeve) Wd/(VeeVd)  AVG BETA  BETA ADJ Ke = HOMINAL REAL

CODE (VALUE LINE) FOR DEBT B(km-Rf) Rf+B(Rm-RI) Kd(1-t) WACC WACC

249 0.536 0.464 o.m™ 1.47 12.936 21.438 1.26 14.858 10.449
a1 0.448 0.552 o.n 1.63 14344 22.844 r.28 14.242 9.848
282 0.373 0.627 0.73 1.96 17.248 25.748 1.2 14,136 9.765
203 0.576 0.424 0.85 1.48 13.024 21.524 1.26 15.476 11.035
284 0.436 0.564 0.63 1.4 12.672 21.172 T.26 13.326 8.967
285 0.480 0.340 0.58 1.8 11.083 19.588 rT.28 12.931 8.587
206 0.519 0.481 on .9 12.058 20.556 T.26 14.16% 9.770
F{14 0.464 0.536 e.n 1.53 13.640 2.1 T.26 14.164 9.773
09 0.513 0.487 0.3 1.42 12.496 20.99¢ 7.26 14.307 9.910
™ 0.39%0 0.610 0.3¢ 1.44 12.872 a.ar r.28 12.684 8.352
307 0.402 0.5%¢ 0.63 1.37 13.0816 2.316 7.26 13.313 8.954
m 0.309 0.0 0.38 1.23 10.824 19.324 1.26 10.968 6.7T\9
ur 0.446 0.554 0.59 . 11.616 20.116 1.26 12.99% 0.648
X9 0.476 0.524 0.39 1.24 10.912 19.412 7.26 13.044 8.696
367 0.487 0.513 0.86 . 15.576 24.076 1.26 15.449 11.009
m 0.425 0.573 0.6% 1.62 14.256 22.756 1.26 13.846 9.467
L1/ 0.426 0.574 0.78 1.83 16.104 24.604 7.26 14.649 10.239
495 0.514 0.484 0.76 1.48 13.024 21.524 1.26 14.592 10.184
516 0.313 0.487 o.n 2.2r 19.976 28.476 T.26 13.901 9.520
739 0.421 0.579 0.76 1.8 15.928 24.428 T.26 14.488 10.084

........................................................................................................................

VEIGHTED AVERAGE
OY MMBER OF FIRNS 1N SIC CODE 13.873 9.493

£C-D
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EXHIBIT C-5

WEIGHTED AVERAGE COST OF CAPITAL FOR SMALL FIRMS

WACE * (Vd/(VdeVe)IKd(1-t) + [Ve/(Vdeve)]lks

Ke = Rf « B(Rm - Rf) R{=8, 5% Rm-Rfu8.8X Kdwi12X ta3iX Inflationss . 0X
TMOUSTRY [WDUSTRY AVG

sic Ve/(Vdeve) Va/(Vesvd)  AVG BETA  BETA ADJ Ke = NOWINAL REAL
cone (VALUE LINE) FOR DEBT  B(Rm-Rf) Rfe@(Rm-Rf) Kd(1-t) wACT WACC

%9 0.536 0.464 0.7 1.47 12.936 21.436 7.92 15.165 10.73%
28 0.4648 0.552 0.73 1.63 14.344 22.044 7.92 14.606 10.198
286 0.519 0.481 0.n 1.37 12.0%6 20.556 7.92 14.478 10.075
29 0.513 0.487 0.73 1.462 12.496 20.99 7.92 16.628 10.219
331 0.309 0.691 0.33 1.2 10.824 19.32¢ 7.92 11,444 7.158
%7 0.646 0.554 0.59 1.32 11.616 20.116 7.92 13.359 8.

367 0.487 0.513 0.8 1.77 15.576 24.076 7.92 15.788 n.gp
495 0.516 0.486 0.76 1.48 13.02¢ 21.52¢ 7.92 14,912 10.4

516 0.313 0.687 0.7 2.27 19.976 28.476 7.92 14.354 9.9%6
39 0.421 0.57 0.76 1.8% 15.928 %.428 7.92 14.870 10.452

WEIGNTED AVERAGE

“esvsccccse “eccescsoe seeveescencsnonse ®esssoccansce eeevssssssns sescscnsscne esseesesnovevanuanse ecece

8Y WUMBER OF FIRNMS I SIC CODE 14.329 9.932
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EXHIBIT C-6

WVEIGHTED AVERAGE COST OF CAPITAL FOR LARGE FIRNMS

WACC = [Vd/(Vdeve)IKd(1-t) + (Ve/(Vdeve)lKe

Ke = Rf « B(Rm - Rf)  Rf=8.5%  Re-Rf=8.8X Kd=11X ts34X%  Inflationms 0%
T TROUSTRY  [WOUSTRY AVG

sic Ve/(Vdeve) Vd/(Vervd) AVG BETA SETA ADJ Ke » WORINAL REAL

Ccong (VALUE LINE) FOR DESTY S(Rm-RF) Rf+B(Rm-Rf) Kd(1-t) WACC WACC

a3 0.576 0.424 0.83 1.48 13.02¢ 21.524 7.2 15.476 11.035
209 0.513 0.487 0.73 1.42 12.496 20.996 7.26 14.307 9.910
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cost of capital in Section C.2.1; moreover, only two industries in the large
firm group were not in the Section C.2.1 calculation, SIC codes 366
(Communications Equipment) and 491 (Electric Utilities).

The only other difference from the Section C.2.1 cost of capital
calculation is the estimated cost of debt. Because small firms have more risk
of bankruptcy, they tend to have higher costs of debt. To accommodate
thisassumption, the cost of debt_for small firms was increased by one
percentage point to 12 percent.

The betas for firms in an industry, as in C.2.1, were adjusted for the
debt/equity ratio of that firm, then averaged for the industry.18 Next, the
average industry betas were readjusted for the average debt/equity ratio for
firms in the industry. The betas were then multiplied by the market premium
and used in the weighted average cost of capital formula.

Exhibits C-5 and C-6 present the calculations. We calculated a cost of
capital of 9.932 for small firms and a cost of capital of 9.456 for large
firms. As would be expected, the cost of capital used in Chapter 10 (9.49) is
between the costs of capital developed for small and large firms; the cost of
capital in Section C.2.1 is an average of these two groups.

Once the proper discount rates have been established, the costs of
corrective action developed in the analysis may be discounted and annualized
for both small and large firms. We used the annualization period equal to the
period for the corrective action cost flows for each facility, up to a maximum
of fifty years. This is the same approach that was used in Section C.2.1.

C.3 ABILITY TO PAY ANALYSIS

This section is divided into four parts, starting with a discussicn of
the types of owners and operators evaluated. Next, we discuss the general
concept of ability to pay, followed by a description of the five ability to
pay rules considered for use in this analysis. In the fourth section, the
five rules are used to test ability of RCRA firms to pay for regulatory cests,
along with a breakdown of the results by important SIC codes. Based on these
results, we specify an ability to pay test for the financial analysis.

17 1t 1s difficult to estimate the cost of debt for small firms because
it often depends on a firm's relationship with a bank; small firms rarely use
the debt markets. The 12 percent level was deemed appropriate because it is
currently about 3 1/2 points above the prime lending rate, a typlical spread
for commercial lenders.

18 As in C.2.1, the betas were not available for actual firms in the
F3DB, therefore betas were obtained from firms {in similar industries providec

by Value Line.



C.3.1. Corporate Structure -- Types of Owners or Operators Examined

Because many firms that directly own TSDFs are in turn owned by parent
corporations, a key aspect of this analysis is determining which entity will
fund potential corrective action costs when there are multiple layers of
ownership. For example, parent firms may allocate their funds only to
facilities owned directly or they may spread their resources to facilities
owned by their subsidiaries as well. This subsection discusses the
assumptions made in this analysis regarding the resources available from
parent and subsidiary owners of TSDFs,.

The F3DB identifies both immediate and ultimate owners of TSDFs. A
facility’s immediate owner is defined as the firm that is the direct owner of
the facility. The ultimate owner, if one exists, is defined as the corporate
parent of the firm that owns the facility, or, if the chain of ownership
involves more than one firm, as the firm that is the most senior of the
corporate parents. This analysis tests the ability to pay of jmmediate owners
only and does not consider the resources of any corporate parent.

Although EPA intends to vigorously pursue corporate parents through
litigation when immediate owners fail to provide funds for corrective action,
the success rate of such activity is difficult to predict. "Piercing the
corporate veil" provided by the legal structure of the parent-subsidiary
relationship and forcing ultimate owners to pay may be a complex and resource-
intensive task. Therefore, our analysis addresses only the ability to pay of
immediate owmers.

s w weve ome underestimate the ber o
a W to pa a . Some parent firms will
most likely provide financial resources for corrective action at facilities
owned by their subsidiaries.

C.3.2 The Concept of Ability to Pay

A firm’s ability to pay for regulatory costs is best defined as the
availability of financial resources to cover those costs. This definition
reveals the approximation inherent in measuring a firm’'s ability to pay
because the financial resources available to meet regulatory costs may be
evaluated in a number of different ways.

The first step in an ability-to-pay analysis is determining the
appropriate threshold for separating firms that are able to pay from those
that are not. For example, a firm could be considered to have sufficient
reserves up to the point at which it becomes insolvent, i.e., the point at
which it is unable to meet its other cash obligations such as interest
payments and accounts payable. This threshold considers the firm able to pay
only until the obligation induces bankruptcy. In contrast, a firm could be
considered to have sufficient reserves up to the point at which it has
sufficient cash to reinvest to maintain current plant and equipment. This
threshold considers the firm able to pay only until it can no longer sustain-
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its ongoing operations; it is thus likely to be less stringent than the first
measure. Either measure could potentially be a valid indicator of a firm's
ability to pay, depending on how one wants to assess the burden on the firm.

Five ability-to-pay rules were examined for potential use in this
analysis. These rules, described in the next subsection, are varied according
to the different possible thresholds of ability to pay. There is no single
"correct” measure of ability to pay; therefore, in the following discussion,
we present the pros and cons of each type of measure and the ability-to-pay
threshold it involves. Then, after analyzing preliminary ability to pay
results for each rule, we specify one rule to be used in the analysis of
impacts of corrective action costs.

C.3.3 Ability-to-Pay Rules

This subsection describes the five ability-to-pay rules that we
considered using for the economic impact analysis. The following subsection
discusses how we selected one rule from this group for use in the analysis.

ule 1; o pa equ ow usg ten percent of tota
liabilities: This formula is derived from the "Beaver ratio,” which is a
ratio of cash flow to total liabilities greater than or equal to 0.1.19 The
Beaver ratio tests a firm's ability to pay based on a bankruptcy threshold; it
has been found in at least two studies to be among the best single predictors
of firm bankruptcy.zo Cash flow is measured as net income plus depreciation,
depletion, and amortization, or NIDDA.

A Beaver ratio greater than 0.1l assures a substantial margin of safety in

a firm’'s cash flow position, and indicates that the firm currently has
sufficient excess cash flow to meet both the normal investment needs of a
business and the possibility of deterioration in future cash flows. The
implicit assumption in this rule is that firms can pay for corrective action
out o whe eaver ratjo equals the
c wo e ve

W e future.

Rule 2: Abjlity to pay is equal to pet income: Using net income as a
measure of ability to pay is a modification of the Superfund Financial

19 Named for its developer, William Beaver, "Financial Ratios as

Predictors of Failure," Empirical Research in Accounting: Selected Studjes,
1966.

Qg;g Appendix A, U, S EPA November-30 -1981 where the Beaver ratio was
found to be one of the most effective single ratio tests among bankruptcy pre

cc
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Assessment System (SFAS).21 Under SFAS, a firm’s ability to pay is considered
to be equal to its predicted future residual cash flow, which is measured as a
weighted average of cash flow (net income plus depreciation) for the past
three to five years, minus the amount of investment required to sustain the
firm at its current earnings. By assuming that the amount of required
sustaining investment is equal to the firm's annual depreciation, the SFAS
measure of future residual cash flow becomes equivalent to the weighted
average of net income for the past three to five years. The threshold for
this ability-to-pay test is the level of resources above that required to
sustain a firm’'s current operations, as opposed to the bankruptcy threshold of
the previous test.

Because the financial data base used to perform this analysis only
contains one year of data for firms, time series data were not available to
predict net income. Therefore, the amount firms are considered to be able to
pay under Rule 2 is assumed to be equal to the firms’ latest year of net
income.

s _equal to 50 ce o ome: This rule
is based on the same assumptions as the second ability-to-pay rule, differing
only in that a portion of net income is assumed to be available for corrective
action costs. This test is intended to test the sensitivity of the second
ability to pay rule. Moreover, it is possible that net income does not
accurately represent the cash flow available to pay for regulatory costs. For
example, if a company used straight-line depreciation of its fixed assets, the
assumption that depreciation represents the required sustaining investment of
the firm may be inaccurate (i.e., the replacement cost of assets may be much
more substantial). An ability-to-pay rule of only 50 percent of net income
may offset the potential for inaccuracies in the net income figure.

Rule 4: Abjlitcy to pay is equal to three percent of total assets: This

measure reflects the assumption that over the long term, firms’ net income
will average a given return on assets. Therefore, the measure is similar to a
measure of net income. Under this abllity-to-pay rule, it is assumed that an
average return on assets is six percent and that half this return, or three
percent, is available for corrective action costs. The threshold level for
ability to pay is that necessary to sustain current operations; the average
return on assets is not set at a level to test for bankruptcy.

Rule 5: ADbLlity to pay is equal to five percent of total assets: This
rule is based on the same assumptions as the fourth ability-to-pay rule,

21 See D€ nd na B ASSesSS
Industrial Economics, Inc., prepared fo
Resource Msanagement, May 25, 1982.

Y] A IDPO

r U.S. EPA Office of Policy and

22 gee "Flexible Regulatory Enforcement Policies for Corrective Action,”
prepared by ICF Inc. for U.S. EPA, Office of Policy, Planning and Evaluation,
September 12, 1985. The six percent figure represents an average return on
assets for all manufacturing firms over the period 1970 to 1983.



differing only with respect to the percentage return on assets that is
available to firms for corrective action costs. It was designed to test the
sensitivity of ability to pay Rule 4.

Each of the ability-to-pay rules reflects different aspects of a firm's
financial situation. The two rules (Rules 4 and 5) that are based only on
total assets characterize ability to pay in terms of a stock of resources,
which reflect resources built up over past years, rather than in terms of its
flow variables (e.g., net income, cash flow) which represent a current
period’'s performance. Ability-to-pay Rules 1 through 3, by contrast, focus on
the flow variables of a single year to determine ability to pay. Thus, one
unprofitable year for a firm resulting in negative cash flow (Rule 1) or
negative net income (Rules 2 and 3) would result in the firm being considered
unable to meet its corrective action obligations. Although stock variables
reflect the pool of resources available to the firm at a particular time, flow
variables may better reflect the ability of the firm to generate resources in
the future.

C.3.4 Estimated Ability to Pay

This section examines the ability of F3DB firms to pay for regulatory
costs in general using the different ability to pay rules presented in Section
C.3.3. This preliminary analysis enables us to choose an appropriate ability-
to-pay rule for use in the computer simulation model (described in Section
C.4) that generates our final results. As a supplement to our analysis of
F3DB firms, we also present a breakdown of firms by selected industries (SIC
codes) to demonstrate the widely different potential effects of the corrective
action rulemaking on different industries.

1) e -to-

A stochastic computer simulation model, described in Section 13.4, is
used in this analysis to test the degree to which firms affected by the
corrective action rule may be able to pay for the costs of the regulation. To
choose the appropriate ability-to-pay rule for use in the model, we
preliminarily tested the firms described in Section 10.l1 for their ability to
pay for a range of generic costs without regard for the probability of those
costs being incurred. We repeated this analysis for each of the five abilicy-
to-pay rules described in Section C.3.3 to determine how different rules
affected the results. As discussed in Section C.3.1, we tested only immediate
owners of TSDFs.

In order to determine the amount of funds available for a specific
facility, some assumptions must be made about the manner in which the
resources of the immediate owner of the facility are allocated. For this
portion of the analysis, two scenarios were developed which represent
different assumptions about the allocation of funds from firms to facilities:
either all funds are divided equally among facilities (equal allocation) or
available funds are applied to successive facilities until exhausted
(successive allocation).
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The results of this analysis are shown in Exhibits C-7 through C-10. In
Exhibits C-7 and C-8, the firms are tested by the five ability-to-pay rules
assuming that they allocate resources equally among facilities. Exhibit C-7
shows the number of facilities for which regulatory costs are fully funded for
costs ranging from $0 to $10 million; Exhibit C-8 provides a close-up view of
the low end of the cost range. Because many firms own more than one facility,
the percentage of firms passing an ability-to-pay test for a given cost level
is translated into the percentage of facilities for which regulatory costs can
be met by immediate owners. Exhibits C-9 and C-10 reveal the number of
facilities at which compliance costs can be paid given the successive resource
allocation assumption for the same cost range.

The results are very similar between the two allocation principles. In
each case, the percentage of facilities covered decreases steadily as the
costs increase, with sharper declines in the lower cost intervals (see
Exhibits C-8 and C-10). The declines in the lower cost intervals may be
attributed to the fact that some firms have very low or negative incomes; they
will fail the tests measuring net income for almost any compliance costs,.

The different ability-to-pay tests behave similarly under both the equal
and successive resource allocation approaches. The Beaver ratio test is the
most stringent in the lower cost intervals (less than $100,000), but it is
soon overtaken by the 50 percent of net income test. The 5 percent of total
assets test is the least stringent; it projects about 20 percent more
facilities to be covered than the most stringent test.

Of the five ability-to-pay tests examined, the Beaver ratio test is the
most attractive test to single out for the economic impact analysis. There
are two major reasons for this cheoice:

1. Throughout most of the cost range, under both
allocation principles, the Beaver ratlio test
results are within 5 percent of the net income
test and the 3-percent of total assets test, and
within 10 percent of the other two "sensitivicy”
tests. Therefore, results for the Beaver ratio
test are unlikely to vary significantly from
other potential tests.

2. The Beaver ratio test has been validated by
previous studies as a predictor of bankruptcy.
Firms with a Beaver ratio less than the critical
value face a significantly higher chance of
bankruptcy than firms that have cash flow in
excess of 10 percent of total liabilities.

The Beaver ratio test, as discussed earlier, assures a margin of safety
in a firm’'s cash flow position for meeting its obligations. A firm could be
expected to pay for corrective action costs up to the point at which its
Beaver ratio equals the critical value of 10 percent. At that point, the firm
could commit more funds to corrective action costs (either by using any



PERCENT OF FACILITIES FUNDED

EXHIBIT C-7

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS ARE FURDED
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PERCENT OF FACILITIES FUNDED
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EXHIBIT C-8

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS ARE FURDED
(For First $100,000 of Costs)
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PERCENT OF FACILITIES FUNDED

EXHIBIT C-9

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS ARE FUNDED
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PERCENT OF FACILITIES FUNDED
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EXHIBIT C-10

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS ARE FUNDED
(For first $100,000 of Costs)
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positive income or by liquidating assets), but it would likely be in danger of
eventually going bankrupt. Therefore, in the computer simulation model the
Beaver ratio test iIs used to measure the funds available to pay for corrective
action costs. If a simulated firm is unable to provide funds for corrective
action for all facilities owned without failing the Beaver ratio test, it is
counted as facing an "adverse impact." A firm facing an adverse impact may be
able to pay for costs by allowing its Beaver ratio to fall below the 10
percent threshold, but such a firm would face an increased risk of bankruptcy.
Thus, our analysis does not make predictions of bankruptcy per se; rather, it
assumes that firms suffer significant impacts if the costs of corrective
action threaten to reduce their Beaver ratio past the critical point.

b o o Pay in Selected dustries

To assess how the corrective action regulations may affect different
types of industries, we analyzed the performance of firms for several common
SIC codes. Although this analysis does provide an indication of how some types
of industries may be able to cover the corrective action costs more easily
than others, it does not assess the actual impacts of the regulations on these
industries. To perform the analysis, we used two of the ability-to-pay tests,
the Beaver ratio test and the net income test. The Beaver test, as discussed
above, is the test selected for the simulation of economic impacts; the net
income test is added to test the sensitivity of the results of the industry-
specific analysis.

The results of our analysis are depicted in Exhibits C-11 through C-16.
Each exhibit depicts the percentage of facilities with costs covered by firms
in an SIC code group. Note that in some industries, not all firms are able to
pass the tests even with no corrective action costs. For example, over 20
percent of facilities in the petroleum refining industry (Exhibit C-14) cannot
pass the Beaver test with zero corrective action costs.

Exhibits C-11 through C-13 show industries that have a relatively low
ability to pay. For these industries, the number of facilities with adequate
funding by immediate owners drops severely in the lower cost range, indicating
that net income levels are low. For example, for the sanitary services
industry, the percentage of facilities at which costs can be funded drops from
close to 100 percent at $1,000 to 25 percent at $1 million. A similar pattern
occurs for both the coating and engraving industry and the miscellaneous wood
products industry. The fact that net income levels are low may mean that
firms in these industries are relatively small or it may mean that industry
returns are relatively poor.

Exhibits C-14 through C-16 show industries that have a higher ability to
pay; these industries maintain a higher percentage of facilities covered than
the entire universe of firms for a given level of costs. For example, the
petroleum refining industry is estimated to be able to fund costs at 70 to 80
percent of its facilities even at cost levels above $5 million. Firms in the
motor vehicle industry and the aircraft industry are estimated to be able to
pay for compliance costs up to $10 million for about 80 percent of facilities
In comparison, the entire sample of firms owning TSDFs is able to fund costs



EXHIBIT C-11

INDUSTRIES WITH RELATIVELY LOW ABILITY TO PAY:
SIC 495 -- SANITARY SERVICES

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS CAN BE MET
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PERCENT OF FACILITIES AT WHICH COSTS CAN BE MET

EXHIBIT C-12

INDUSTRIES WITH RELATIVELY LOW ABILITY TO PAY:
SIC 347 -- COATING, ENGRAVING, AND ALLIED SERVICES
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EXHIBIT C-13

INDUSTRIES WITH RELATIVELY LOW ABILITY TO PAY:
SIC 249 -- MISCELLANEOUS WOOD PRODUCTS

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS CAN BE MET
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EXHIBIT C-14

INDUSTRIES WITH RELATIVELY HIGH ABILITY TO PAY:

SIC 291 -- PETROLEUM REFINING

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS CAN BE MET
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EXHIBIT C-15

INDUSTRIES WITH REIATIVELY HIGH ABILITY TO PAY:
SIC 371 -- MOTOR VEHICLES AND MOTOR VEMICLE BQUIPMENT

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS CAN BE MET
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EXHIBIT C-16

INDUSTRIES VITH REIATIVELY HIGH ABILITY TO PAY:
SIC 372 -- AIRCRAFT AND PARTS

FACILITIES FOR WHICH CORRECTIVE ACTION COSTS CAN BE MET
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of $5 million to $10 million for only about 30 to 50 percent of its facilities
(see Exhibits C-7 through C-10).

C.4 MONTE CARLO MODEL

Based on the previous analyses (Sections C.l1 through C.3), we developed a
Monte Carlo model to simulate the economic impacts of the corrective action
regulations. The major steps in the stochastic approach are detailed below.
The corresponding steps are depicted in a flow diagram in Exhibit C-17.

(1) Simulate a Firm -- The program begins by simulating a firm with a
certain level of ability to pay (using the Beaver ratio test) and a certain
number of facilities owned. These parameters are simulated for each firm by
draving from probability distributions based on the data in the F3DB. The
probability distributions for ability to pay and number of facilities,
therefore, are set up using actual data, ensuring that the random values
chosen will be realistic. Exhibits C-18 and C-19, respectively, present these
distributions. Note that the ability to pay distribution is actually
presented as an "inability to pay" distribution, with all firms (i.e., 100
percent) being unable to pay at the highest cost.

S ate Facfilit -- Once the firm’s ability to pay and its number
of facilities have been selected, we simulate each facility owned by the firm.
Using a probability distribution based on the corrective action cost data from
the LIM, a facility is randomly assigned a flow of corrective action costs,
called a cost stream. Only the first fifty years of costs are used because
the planning horizon for a firm is highly unlikely to exceed fifty years.
Moreover, only those corrective actions that begin in the first ten years are
examined; firms are unlikely to begin planning for later actlons at the outset
of the regulations.

The model keeps track of the costs for each simulated facility so that it
can test the firm’s ability to pay against the costs of all facilities owned
by the simulated firm. Some facilities will not have to face corrective
action costs; the probability of a facility having no corrective action costs
is incorporated into the probability distribution from which faclility costs
are randomly selected. The cost distributions for simulated facilities will
vary depending on which regulatory alternative is analyzed.

£3) Simulate Financial Assurance Costs foxr Firm X -- 1If a facility seeks
a permit under RCRA Section 3004(u), it will be required to provide financial
assurance in the event of a corrective action, representing an additional cost
of the rulemaking that must be estimated.23 In addition, if a facility does

23 40 CFR 264.101 currently requires owners or operators of TSDFs to
provide financial assurance for corrective action. The October 24, 1986
proposed rule (51 FR 37854) gives details on the financial assurance
requirements, including the amount of coverage required for a facility and the
types of mechanisms allowed for providing coverage.



EXHIBIT C-17

FLOM CHARTY FOR SIMULATION OF ECONOMIC IMPACTS
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EXHIBI. <-17 (Continued)
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