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List of Acronyms

CERCLA: Comprehensive Environmental Response, Compensation, and
Liability Act of 1980
In this report, references to the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) mean the law as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA) and the Small Business Liability
Relief and Brownfields Revitalization Act of 2002.

CERCLIS: Comprehensive Environmental Response, Compensation, and
Liability Information System
Superfund data (e.g., facility names, locations, and other information) is stored in the
CERCLIS database. View a graphic model of the CERCLIS database and table and
column information (metadata).

ESD: Explanation of Significant Difference
Under CERCLA, if the USEPA determines that the remedial action at a site differs
significantly in scope, performance or cost from the Record of Decision (ROD), than EPA
shall publish an Explanation of Significant Difference (ESD) between the remedial action
being undertaken and the remedial action set forth in the ROD and the reasons such
changes are being made.

Fund-lead
The term “Fund” or “Trust Fund” means the Hazardous Substance Superfund that
finances the assessment and cleanup of NPL sites. In this case, Fund-lead means those
activities that are federally financed, as opposed to those financed by the State or a
Potentially Responsible Party (PRP).

LTS: Long Term Stewardship
Long-term stewardship (LTS) refers to the management of issues and ongoing
responsibilities at waste sites. Such management is necessary to protect human health
and the environment over time. LTS activities include physical and legal controls to
prevent inappropriate exposure to contamination left in place at sites. This can include
groundwater monitoring, routine site maintenance and repair, ensuring that site
restrictions remain in place, and other tools to preserve the remedy.

Mega Site
EPA defines Mega Sites as NPL Sites with cleanup costs of $50 Million or more, where
cleanup involves total removal and remedial action and is funded by EPA or a PRP.

NPL: National Priorities List
The National Priorities List (NPL) is EPA's list of the most serious uncontrolled or
abandoned hazardous waste sites identified for possible long-term remedial action under
Superfund. The list is based primarily on the score a site receives from the Hazard
Ranking System. EPA is required to update the NPL at least once each year. A site must
be on the NPL to receive money from the Trust Fund for remedial action.
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O&M: Operation and Maintenance
Operation and Maintenance (O&M) activities are those conducted at a site after a State
Superfund site action is completed, to ensure that the action is effective and operating
properly. O&M is an important component of a Superfund response to ensure that the
remedy performs as intended. Actions range from maintaining engineering containment
structures (e.g., landfill covers) to operating ground water remediation systems.
Generally, O&M is the responsibility of the Potentially Responsible Parties, States, or
other Federal agencies. EPA is responsible for ensuring that the work is adequately
performed. EPA also retains funding and operating responsibility for Fund-financed
ground water restoration systems for up to 10 years (called Long Term Response
Actions) prior to transferring these systems to the States for O&M.

PCC: Post Construction Completion
The goal of Post Construction Completion (PCC) activities is to ensure that Superfund
response actions provide for the long-term protection of human health and the
environment. PCC activities also involve optimizing remedies to increase effectiveness
and/or reduce cost without sacrificing long-term protection of human health and the
environment.

PRP: Potentially Responsible Party
A PRP under CERCLA § 107(a) can be: (1) current owners and operators of the
facility or vessel involved; (2) former owners and operators of a facility who were
involved with the facility during the time any hazardous substance was disposed
at the facility; (3) persons who arranged for disposal or treatment of hazardous
substances which they owned or possessed at a facility; and (4) persons who
accepted hazardous substances for transport to disposal or treatment facilities or
sites which they helped select. These categories of liable parties are often
referred to as: (1) owners and operators, (2) former owners and operators, (3)
generators or arrangers, and (4) transporters.

Removal Action
Removal actions are responses performed at NPL and non-NPL sites that eliminate or
reduce threats to public health or the environment from the release, or potential release,
of hazardous substances or pollutants or contaminants which may pose an imminent
and substantial danger to public health or welfare. These risk reduction activities can be
conducted as emergency, time-critical, or non time-critical removal actions.

RI/FS: Remedial Investigation/ Feasibility Study
After a site is listed on the NPL, a Remedial Investigation/Feasibility Study (RI/FS) is
performed at the site. The FS follows the RI phase, and includes a detailed evaluation of
alternatives for cleaning up the site. The FS is the mechanism for the development,
screening, and detailed evaluation of alternative remedial actions.

ROD: Record of Decision
The Record of Decision (ROD) is a public document that explains which cleanup
alternatives will be used to clean up a Superfund site. The ROD for sites listed on the
NPL is created from information generated during the Remedial Investigation/Feasibility
Study (RI/FS).
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Analysis of State Operation and Maintenance Costs
at Superfund Sites

Purpose

The Association of State and Territorial Solid Waste Management Officials
(ASTSWMO) Long Term Stewardship Focus Group (referenced hereafter as “the
Focus Group”) developed this report on State and Territorial costs1 associated
with the long-term operation, monitoring, and maintenance (O&M) of Post
Construction Completion (PCC) activities at sites on the National Priorities List
(NPL) and post-removal action sites. The report compares and analyzes factors
affecting costs at sites where States are responsible for O&M. As a next step, the
Focus Group plans to extend the scope of this research to further determine the
factors affecting State costs associated with providing effective long-term
environmental stewardship at sites with a history of prior contamination.

Introduction

As Superfund matures, a significant number of NPL sites have reached the PCC
phase and entered O&M. Under CERCLA, States are obligated to assume the
O&M costs for Fund-lead sites that are defined in the Superfund State Contract.
Some States have already begun to bear these costs, and all States will face and
realize the full extent of this financial responsibility as additional sites reach O&M.
Recognizing that each State’s inventory of sites represents a different timetable
and range of financial obligations, cataloging each State’s experiences can
provide instructive examples for other States.

For over 2 decades, the Superfund Program has clearly demonstrated that
addressing complex environmental cleanups is expensive, and that achieving
cleanup levels that allow unrestricted use is often not possible or practical. At the
same time, Congress has elected not to renew the Trust Fund that initially
financed Superfund cleanups. As a result, the funding of Superfund response
actions has increasingly been provided by annual appropriation within USEPA’s
budget. As this trend has proceeded, focus has shifted from CERCLA response
to State Response Programs and more risk-based cleanups. Risk-based
cleanups are practical and consistent with the levels of funding currently
available. Using the risk-based approach, more sites can be cleaned up and
redeveloped, which results in improvements to communities as these properties
are returned to the tax rolls.

1 No information was received from the Territories for this research effort. For purposes of this
report, “State and Territorial” costs are referenced as “State” costs.
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With more risk-based cleanup decisions and a shift to State response programs,
States’ cost obligations will continue to accrue. While most State Response
Program sites are not CERCLA sites, many of these sites pose identical or at
least similar challenges. At the time of remedy selection, States must be able to
accurately determine the costs associated with O&M of the remedy, in order to
be able to fund Long-Term Stewardship (LTS) activities at the site. States must
be able to estimate their future financial obligations as accurately as they can
evaluate the technical efficacy of the remedy. Remedy selection must balance
remedial action costs with long-term costs to the State.

This project reflects findings only for those sites that met the criteria for
participation in the project. The data collected represents a subset of the total
number of sites for which States are currently paying for the costs of O&M.
Initially, the Focus Group hoped to compare estimated and actual costs and to
identify factors to help predict increases or changes over time. The initial data
collected by the Focus Group was not adequate to produce quantitative analyses
or predictions for future State costs, but a number of procedural, planning, and
other qualitative conclusions are identified from analysis and discussion of the
data.

Scope

The Focus Group defined the universe of sites for data collection as those NPL
sites that are: Fund-lead and in PCC where States are paying for the costs of
O&M; or, Fund-lead removal sites where the removal action is complete and
States are paying for O&M.

Data collection efforts were aimed at all States and Territories with the goal of
collecting data on enough sites to capture small/large sites, simple/complex sites,
sites where O&M costs were driven by specific media, and sites where O&M
costs were driven by
certain contaminants.
Additionally, the Focus
Group sought to obtain
data on both estimated
costs and actual costs.

Delivery of carbon for groundwater treatment units
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Methodology

The Focus Group identified criteria for the above-defined universe of sites that
would provide information on the costs to States where they have liability for
O&M. These criteria included:

1. A Fund-lead remedial action; or a Fund-lead removal action where the
removal process is complete and there are post-removal site control
requirements; and

2. The site is PCC; and
3. The State is conducting and paying for O&M.

The Focus Group used USEPA data sources (e.g., CERCLIS) to confirm the
existence of a representative sample of sites meeting the qualifying criteria.

A standard data collection methodology and format was developed in an effort to
gather data that was normalized to the extent possible (see attached Excel
workbook). Data collection focused primarily on site characteristics, contaminants
and media affected, remedy components, projected O&M costs, actual O&M
costs, and a description of
any major changes in
annual costs reported. The
Focus Group tested the
research tool by examining
a limited number of sites in
their own Regions to
evaluate whether data
could be collected and
how difficult the tool was to
use. The Focus Group
collected both numerical
and descriptive information
on sites with the
understanding that
different types of data
would have to be
considered and analyzed
in different ways.

Focus Group members used a number of methods to identify sites meeting the
project criteria, including attempts to directly contact States, Territories, and EPA
Regional Staff, and review of information available on-line.

Groundwater treatment system, part of State-funded
O&M at an NPL site.
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General Description of the Data Set

As described earlier in this report, the purpose of the study is to provide a
general understanding of the potential costs associated with O&M activities at
Fund-lead NPL and removal action sites. In order for States to best assimilate
the data for their own purposes, the sites studied should be representative of
the range of sites in O&M nationwide, both by geographic location and site
size. The site data received by the Focus Group included information from 7
of the 10 USEPA Regions (Figure 1). The land size of the sites ranged from 1
acre to 302 acres and averaged 59.12 acres, as shown in Figure 2. The size
of sites is somewhat misleading, as several sites do not have a defined size
due to the nature and extent of surface or subsurface contamination. Some
sites are former mining sites that encompass large tracts of land.

Figure 1: Regional Distribution of Sites in the Study

At 19 sites, groundwater contamination was identified as the primary
environmental media responsible for driving O&M costs. Soil was identified as
a cost driver for O&M at 6 sites, while surface water was identified at 3 sites.
Figure 3 summarizes the number of sites and the primary impacted media of
concern.
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Figure 2: Distribution of Size of Sites in the Study

Figure 3: Impacted Media
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Estimated Operation and Maintenance Cost Data

Only 6 of the 24 sites, or 25 percent, included detailed estimated cost data. Of
the 6 sites providing the detailed estimated cost data, responses for 5 sites
identified the O&M period as extending 30 years while 1 site identified the
O&M period as lasting 9 years. The average estimated cost for the 6 sites is
$11,426,834 and the weighted average is $7,341,570.3 The lowest estimated
cost is $249,000 and the highest estimated cost is $28,656,920.

Actual Operation and Maintenance Cost Data

The Focus Group received detailed actual O&M cost data for 15 sites, or 63
percent. The average cost per year for the sites is $1,479,261. The lowest
actual total cost per site is $9,978 and the highest actual cost per site is
$8,712,890. The average length of time for actual cost data available for
evaluation is 8.93 years. The shortest period of time is 1 year and the longest
period of time is 20 years. Figure 4 illustrates the average actual cost per year
by site.

Figure 4: Average Actual Cost/Year to Number of Years, by Site

3 The weighted average actual cost per year was calculated by multiplying the total number of
years by the total average cost per year for all sites and dividing by the total number of years.
This calculation was accomplished using the Excel function SUMPRODUCT (Total Number of
Years x Total Average Cost) / SUM (Total Number of Years).
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The data were also analyzed to see if there were long-term trends that would
allow States to better plan for future costs, such as a steady decrease or
periodic spikes in O&M costs. Figure 5 shows the Annual O&M Costs from 1
to 20 years. (The costs are averaged across the sites reporting for each
year.) The Figure does not show clear trends. The variability of annual costs
increases as the number of sites decreases (only 3 sites reported costs in
years 17-19), underscoring the importance of site-specific factors on actual
costs. (Note annual costs are present worth.)

Figure 5: Average Annual O&M Costs Over Time

Table 1 identifies 15 sites for which actual O&M costs were provided. The table
also contains reported information on the impacted media, the contaminants of
concern that served as the cost driver for O&M, the remedy components, and
information concerning whether optimization reviews were conducted. The
weighted average actual cost per year per site is $165,589. The minimum
average actual cost per year per site is $2,500 and the maximum is $871,289.
The number of years for which the 15 sites reported actual data varied. Gurley
Pit has only 1 year of actual data while the New Lyme Landfill and Old Mill
Superfund sites have 20 years of actual cost data. The average number of years
for which sites have actual cost data is 8.93 years.



10

In evaluating the data, the Focus Group considered whether the actual costs for
the Central City/Clear Creek Superfund site skewed the data. Although the actual
O&M costs for this site are significantly larger than the other sites in the study
($8.712M), it does not appear to skew the overall actual cost data. For example,
the weighted average actual cost per site per year is $165,589, including the
Central City site data. If this site’s data is removed, the recalculated weighted
average actual cost per site per year is $108,678.

The primary technologies employed at 10 sites include excavation (2 sites),
capping (4 sites), pump-and-treat remedial systems (4 sites), soil vapor
extraction (1 site), and in-situ treatment (3 sites). The total actual cost incurred
for O&M at these sites ranged from $9,978 to $8,712,890, although the average
actual cost for these 23 sites is $1,720,539 and the weighted average is
$1,828,449.

The actual costs by category for each site were calculated as a percentage of the
total costs (see Figure 6 below). Note the categories of personnel, fringe, and
indirect costs were combined and are shown below as “PFI”. The largest
percentage of actual costs is captured by the contractual category. For 11 sites,
the contractual cost category represents more than half of the actual costs
incurred within the O&M phase. Contractual costs were noted as covering a wide
range of activities, including but not limited to, sampling or operation of treatment
systems.

Figure 6: Percentage of Actual Costs by Category
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Table 1: Summary of Research Results

Site Name
Impacted Media / COC

Cost Driver for OM Remedy Components
Optimization

Review/Comments
Total of

Actual Costs

Gurley Pit

ARD035662469

Surface water

The impacted media
have been treated,
stabilized and place in a
RCRA type vault. Any of
the COC can be a cost
driver if it leaks from the
vault to the
groundwater.

A volume of pollutants include 20,000 yd3 of sludge was treated,
stabilized and place in a RCRA type vault.

$9,977.55

Chemical Sales
Co - OU

COD007431620

Groundwater

VOCs - PCE, TCE, and
degradation

products

SVE in place, well ban in place, indoor air sampling done but area
is commercial, looking to ESD for closure of SVE plant and startup
of "pocket" source areas focused remedy (Chem Ox, Fentons,
etc.).

One Five Year Review,
another one coming, trend
charts showing SVE no
longer efficient, ESD to
look at alternate pocket
treatment of source area
soils.

$2,609,001.50

Central
City/Clear Creek

COD980717557

Surface water

Iron, Manganese, Zinc

Active chemical precipitation treatment of mine drainage at the
Argo Tunnel. Capping or other erosion control measures at a
number of mine waste piles.

Not formally, but State
Project Manager, Mary
Scott's focus has been to
reduce annual costs as
we can. Treatment
chemical changed from
sodium hydroxide to lime.
Operations more
automated now than when
plant first started. We
hope to complete a formal
review within the next
year.

$8,712,890.00

Des Moines
TCE site OU

IAD980687933

Groundwater

DCE, PCE

The remedy at this OU is dependent on the installation and
operation of a groundwater extraction and treatment system
consisting of groundwater extraction wells and an air stripper.

OU3 ‘s O&M involves groundwater monitoring of 7 wells in the
north of the site biennially.

$12,500.00
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Table 1: Summary of Research Results

Site Name
Impacted Media / COC

Cost Driver for OM Remedy Components
Optimization

Review/Comments
Total of

Actual Costs

Lake Sandy Jo

IND980500524

Groundwater

Benzene

The remedy is comprised of an on-site disposal of excavated
sediments, construction of soil cover, installation of groundwater
monitoring system, alternative water supply system, and
implementation of institutional controls.

$290,147.00

Madisonville
Wood

LAD981522998

Groundwater

Creosote

1) Dig & Treat on-site; 2) DNAPL Recovery System; 3) Waste
Water Treatment Plant

Five Year Review -
January 2004

$677,815.95

Thomas Solvent

MID039993902

Groundwater

Trichloroethylene,
tetrachloroethylene, cis
1,2 dichloroetheylene,
vinyl chloride

SOILS: SVE operated 1988-1992 w/ ~ 9 mo down time; EPA
collected soil samples in 1992 that indicated soils seemed mostly
clean w/ exception of a few locations. 2005: MDEQ collected
additional soil samples using CH3OH preservation. Results
indicated a few hot spots in the vadose zone and contamination
still present in smear zone. Currently evaluating how to proceed
(possible air sparge pilot).

GROUNDWATER: Ongoing pump and treat (air stripper) since
1987 with off-gas being treated with carbon. Need for continued
carbon and/or air stripper use currently being evaluated.

$784,794.00

Cleburn Street
Site

NED981499312

Soil

PCE

Air stripper use currently being evaluated. For the primary source
area, the former One Hour Martinizing facility, the selected remedy
includes the use of a soil vapor extraction technology to address
source soils. The selected remedies for the other two dry cleaner
source areas include groundwater monitoring and institutional
controls to restrict uses of groundwater in the vicinity of the source
areas.

$441,000.00

Kearsarge
Metallurgical

NHD062002001

Groundwater

1,1,1-TCA and 1,1-DCE

Facility abandoned in 1982. 1990 ROD required excavation of
contaminated waste pile with off-site disposal (completed in 1992).
Groundwater pump and treat (metals removal and air stripping
VOCs) began operation in 1993. In 2002, a concentrated mass of
cVOCs subsurface soil lead to an Explanation of Significant
Differences in September 2003 to remove 5,670 tons CVOC
impacted soil. Concentrations of contaminants in groundwater
dropped significantly after the 2003 soil removal action and in
December 2005 the treatment plant was temporarily shut down to
monitor and evaluate contaminant trends.

Evaluation of
effectiveness of 2003
source removal and
monitored natural
attenuation of residual
contamination in
groundwater is ongoing.

$230,510.66
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Table 1: Summary of Research Results

Site Name
Impacted Media / COC

Cost Driver for OM Remedy Components
Optimization

Review/Comments
Total of

Actual Costs

Keefe
Environmental

NHD092059112

Groundwater

1,4-dioxane

The 1993 groundwater treatment system included metals removal,
pressure filtration, air stripping, vapor treatment, sludge dewatering
and effluent disposal via an on-site leach field and an off-site
infiltrations trench. Discovery of 1,4-dioxane in 2003 required
"freezing" the LTRA clock in order to modify the treatment train. An
ESD was signed documenting a change in treatment technology.
A high pressure oxidation system was installed and deemed
operational at the Site. The chemical feed service has been
discontinued and . The influent flows a high pressure oxidation
system (HiPOx) feed tank. Currently, the air stripper and carbon
adsorption units are being bypassed because the HiPOx unit is
adequately removing all of the contaminants of concern.
Groundwater is pumped from the HiPOx unit feed tank through the
reactor where it is treated with hydrogen peroxide and ozone and
discharged on-site. The Site's O&M was transferred to the State on
June 30, 2005.

$288,685.97

Sylvester

NHD099363541

Groundwater

Arsenic

1982 ROD called for Slurry wall and cap to contain source. 1983
Supplemental ROD called LTR for groundwater pump and treat.
Treatment of for groundwater pump and treat. Treatment of 300
gpm starts in 1985. Attainment of ROD cleanup goals in 1996 and
State O&M begins April 8, 2002. Currently, Arsenic is an issue. No
cleanup goal for Arsenic was in the ROD but concentrations
exceed the State standard both inside and outside the slurry wall.
Monitoring and evaluations ongoing.

Last Optimization Review
was during LTRA.

$448,930.42

Lincoln Fields

OHD000000204
87

Groundwater

PCE

The remedy alternative for this project involved implementation of a
ground water pump and treatment system and development of a
municipal water supply for a community.

$1,760,572.49

Old Mill

OHD980510200

Groundwater

TCE

From the 1985 ROD: Removal and off-site disposal of 95% of the
contaminants in soil; demolition of buildings and silos located on
the site and disposal of debris; ground water extraction and
treatment for an estimated period of 30 years, until a target ground
water risk level of 10E-5 is achieved; and placement of use
restrictions on the ground water for as long as concentrations in the
plume remain above a 1-E-6 carcinogenic risk level.

No formal Optimization
Review was conducted;
however, the MNA will
increase costs initially with
the hope for significantly
reduced costs after the 4-
year pilot study.

$1,238,059.51
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Table 1: Summary of Research Results

Site Name
Impacted Media / COC

Cost Driver for OM Remedy Components
Optimization

Review/Comments
Total of

Actual Costs

New Lyme
Landfill

OHD980794614

Groundwater

tetrachloroethane,
methylene chloride,

and chloroform for
ground water

* Installation of RCRA cap over the landfill with gas vents; *
Installation of extraction/containment wells around the site
perimeter to dewater landfill and eliminate leachate production; *
Onsite consolidation of contaminated sediment under the cap; *
Treatment of extracted ground water using pH adjustment, biodisc,
metals removal by NaOH precipitation, and granular activated
carbon finishing until the treatment system becomes unnecessary
(after about 15 years); * Installation of a ground water monitoring
system around the site perimeter; * Erection of a perimeter fence.

Don't know if a formal
optimization review was
conducted, but the ROD
Amendment changed the
long-term remedy,
decreasing O&M costs.

$3,123,204

Odessa
Chromium -
OU1

TXD980867279

Groundwater

Hexavalent Chromium

Electro-chemical Groundwater Treatment Plant, Ferrous Sulfate in-
situ treatment, Metals Remediation Compound in-situ treatment.

Five Year Reviews were
conducted in July 2001
and in September 2006.

$1,560,826.00

Number of
Sites: 15 $22,188,915
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Comparison of Estimated and Actual Costs

For 6 sites, sufficiently detailed estimated and actual costs were received to
allow for a comparison of the two (see Figure 7). The estimated costs,
generally taken from the Record of Decision (ROD), were most often
expressed as a constant dollar figure for 30 years. For example, the
estimated costs for the New Lyme Landfill were $252,000/year for 30 years.
Actual costs vary year-by-year, but are expressed in Figure 7 as an average
annual cost. While the Focus Group acknowledges that the data set is too
small a data set to generalize nation-wide, the results indicate that the
estimated costs in the ROD often vary significantly from the actual costs.
Further, the estimated costs are not consistently biased in one direction. In 2
of the 6 cases (Cleburn Street and Gurley Pit), actual costs were significantly
less than those estimated. In 3 cases (Old Mill, New Lyme Landfill and
Odessa Chromium), actual costs were higher than estimated. Note, that using
an annual average over 30 years masks substantial year-to-year variability of
State O&M costs.

Figure 7: Estimated vs Actual Costs
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In order to illustrate the year-to-year variability, the actual costs for the New
Lyme Landfill site are presented in Figure 8. Following completion of the
remedy by USEPA in 1994, the New Lyme Landfill has undergone two Five
Year Reviews, a ROD Amendment and the assumption of O&M by the PRP.
As a result, the costs incurred by the State have fluctuated substantially.

Figure 8: New Lyme Landfill Example
The State of Ohio assumed responsibility for O&M at the New Lyme Landfill in 1994. In 1997,
Ohio EPA completed negotiations and signed an order with the PRP group for them to assume
O&M responsibility for the remedial system. In 1998, the first Five Year Review was conducted,
including a significant sampling effort to determine the need for the groundwater
extraction/treatment system. As a result of the Five Year Review, a ROD amendment was issued
recommending deactivation of the groundwater extraction/treatment system. This significantly
reduced the annual cost of O&M. The costs reflected in this chart after 1997 are those that the
State incurs, but are then reimbursed by the PRPs in accordance with the provisions of the 1997
order.

Three sites in this study have undergone Optimization during the State-
funded O&M period: Odessa Chromium, Madison Wood Preserving, and
Chemical Sales. The data provided for these sites offered an opportunity to
look at the effect of optimization on State costs. As illustrated in Figure 9,
costs generally decreased in the years following optimization, although there
may be short-term costs associated with implementing changes to the
remedy.


