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M. R. Shay, S. M. Short, D. L. Stiles

BACKGROUND

In January 1990, the Secretary of Energy announced that the Department of Energy Office of Environ-
mental Restoration and Waste Management (EM) would prepare a Programmatic Environmental Impact
Statement (PEIS) on the proposed integrated Environmental Restoration and Waste Management Pro-

gram. The proposed action for the PEIS is to formulate and implement an integrated EM Program.
The primary focus of the PEIS is the evaluation of strategies for conducting remediation of all Depart-
ment of Energy (DOE) sites and facilities, and the evaluation of potential configurations for Waste
Management (WM) capabilities.

This paper describes the methodologies and data used for estimating the complex-wide impacts of alter-
native strategies for conducting remediation of all DOE sites and facilities, but does not address issues
relating to Waste Management capabilities.

Clean-up strategies and their corresponding goals for contaminated media may be driven by concentra-
tion-based regulatory standards, land-use standards (e.g., residential, industrial, wild life reserve, or
totally restricted), risk-based standards, or other standards determined ;.hrough stakeholder input.
Strategies implemented to achieve these goals usually require the deployment of a) clean-up technol-
ogies to destroy, remove, or contain the contaminants of concern, b) institutional controls to prevent
potential receptors from coming into contact with the contaminants, or c) a combination of the above.

SUMMARY

Evaluation of the advantages and disadvantages of a given strategy (alternative) require some estimation

of the relative performance of the strategy against a set of performance measures. These measures may
be either quantitative or qualitative. The values for most of the performance measures traditionally
addressed under NEPA, and thus useful in evaluating a strategy (i.e., cost, human health, ecological,

socio-economic impacts), are highly dependent on and vary significantly with the technologies
deployed for treatment, storage, and disposal of all primary and secondary waste streams generated by
the action. The identification and selection of applicable remedial technologies will, in turn, depend

upon the nature and extent of the contamination associated with the site and on the physical characteris-
tics of the environment surrounding the site.

The methodology outlined in this paper addresses the estimation of the impacts of alternative ER strat-
egies and provides for a consistent structure for identifying representative technologies or sequences of
technologies and for estimating the volumes and types of wastes that would be generated from remedia-
tion of individual contaminated sites and facilities. The total complex-wide impacts of each strategy

can be estimated after the impacts of the technologies identified for particular strategies at particular
sites are aggregated and extrapolated.



The methodology also provides for the estimation of the construction material and labor requirements

needed to implement the technologies and the expected direct costs of that implementation. In addition,
the methodology estimates and tracks the initial and final contaminant inventories associated with the
original site and the contaminant inventories, contaminant concentrations, and volumes for all primary
and secondary waste streams generated by each technology deployed during the remedial action. These
data can then be (and are being) used to estimate the human health and ecological impacts of each

strategy.

Most of the release sites on DOE installations have resulted from decades of industrial operations and

have not been sufficiently characterized to precisely estimate the extent and composition of the contam-
ination. Information on over 75 attributes pertaining to over 10,000 release sites at DOE installations
throughout the complex was collected to support the analysis of ER alternative strategies. These data
were collected from published and unpublished characterization reports and were reviewed by the staff
at the individual installations. The information collected contains sufficient information to allow for

about 20 % of the release sites complex-wide to be used to evaluate the remediation strategies in the

PEIS. The performance of the strategies on these sites was extrapolated to estimate the complex-wide
impacts of each alternative.

ASSESSMENT METHODOLOGY

Evaluation of the impacts associated with each remediation strategy is based on estimating the impacts
of each strategy for a sampling of individual sites with sufficient characterization data to support
analysis and, using the results of this analysis, estimating the impacts complex-wide. If sufficient data
exist for all sites to support the analysis, no extrapolation is necessary to evaluate the strategies.
Figure 1 gives an overview of the relationship between the Technology Selection Logic, the goals set
by the ER Strategies, the individual release site data, and how the resultant impacts relate to the overall

impacts for the strategies.

Description of Environmental Restoration Strategy

The approach taken for assessing the impact of remediation activities first identifies specific clean-up
goals consistent with the remedial strategy for each contaminant. For example, under a strategy based
on applicable or relevant and appropriate requirements (ARARs), the remediation goal may be a
specific maximum residual concentration for each contaminant. For other strategies, the contaminant-
specific goals may involve the setting of a maximum residual inventory for a contaminant (through the
application of a removal or destruction technology) or the elimination or blockage of a specific trans-
port pathway (through the application of a containment or control technology) to meet a predetermined
risk goal (e.g., 106).

The estimation of the transport pathway by which contaminants reach a given set of receptors and the
extent to which the contaminants have spread through the local environment require some knowledge of
the physical environment surrounding the release site.
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Fig. 1. Needs caption

Site Data

Physical, Contaminant, Environmental setting. Data were therefore compiled on individual contam-
inated sites and buildings located throughout the DOE complex of installations. The data compiled on
each potential release site included attributes describing its physical characteristics (e.g., how big, how
deep, etc.), attributes describing the types and quantities of contaminants present (e.g., concentrations,
inventories, etc.), and attributes describing the surrounding environment (e.g., depth to groundwater,
average annual rainfall, etc.). This site data was then used to estimate the baseline risks associated

with each site and to determine an appropriate technology for remediation.

Technology Selection Logic

_br each strategy to be studied, a methodology was developed for determining which technologies
could be applied in an attempt to meet the goal of the strategy. This methodology was cast in the form
of logic diagrams that identify a representative technology (or sequence of technologies) that could be
applied to each individual release site in an attempt to achieve a clean-up goal. Each technology selec-
tion logic diagram takes into account the end-use goals of the strategy, the extent of the contamination,
the presence of contaminants that could reduce the effectiveness of a technology, and the physical char-
acteristics of the environmental setting of the release site.



Strategy Impact Estimation

The cost, labor, bulk construction material, and transportation requirements are calculated directly for
each applicable technology deployed in the remediation of each site. In addition, the labor require-
ments, initial and final contaminant concentrations and inventories, and waste volumes are sent to the

human health impact assessment team for assessment of the worker and population risk and to Waste
Management for integration into the overall EM system evaluation and assessment of the downstream
treatment, storage, and disposal (TSD) costs and risks.

Aggregate Results, Scale Performance Measures, and Comparison of Alternatives

Each of the performance measures (i.e., cost, risk, and disturbed area) are aggregated and scaled to
provide an estimate of the total cost and risk estimates for each strategy. These results are combined
with the human health, socio-economic, ecological, and other quantitative and qualitative impacts on
the affected environment to estimate the relative advantages and disadvantages of each proposed strat-
egy. (These topics are beyond the scope of this paper.)

DATA

The release site information being used to assess the impacts of various clean-up goals can be divided
into two categories: source term data and environmental setting data. Source term data contain
descriptive information about each individual contaminated site and building located at each DOE
installation that has contaminated sites or buildings. For the PEIS analysis, 34 DOE installations have
been identified and are shown in Table I. Including Formerly Utilized Sites Remedial Action Program
installations to this total adds an additional 22 installations.

Environmental setting data contains information which describes the physical environment surrounding
the contaminated site or building. Although each individual release site in the complex may have a

unique physical environment, multiple release sites that are relatively close together were clustered
together into a single environmental setting.

Source Term Data

All contaminated sites and buildings have been classified into one of six media categories: 1) solid or
buried waste sites, 2) liquid containment structures (e.g., tanks or basins), 3) contaminated soil sites, 4)
contaminated surface water sites, 5) contaminated groundwater sites, and 6) contaminated buildings.

These categories were further subdivided for use in scaling the results of the analyses to estimate the
impacts of contamination sites that have not been sufficiently characterized to provide a basis for
evaluation.

Complex-wide, more than 10,000 potential contamination situations have been identified. For approx-
imately 20 % of these sites, sufficient information was collected to estimate the impacts of alternative
clean-up goals.

The source term information collected in support of the PEIS can be divided into three broad cat-
egories: site identification and background data, physical characteristics data, and contaminant data.



Table I. DOE INSTALLATIONS INCLUDED IN ANAYSIS

• Hanford Reservation • Swannab River Site

• Idaho Reservation • Los Alamos National Laboratory
• Fernald Environmental Management Project • Sandia National Laboratory
• Rocky Flats Plant • Paducah Gaseous Diffusion Plant
• Oak Ridge Reservation (ORNL, Y-12, K-25) • Argonne National Laboratory
• Portsmouth • BrookhavenNational Laboratory

• Lawrence Livermore National Laboratory
• Pantex Plant

• Ames • Battelle-Columbus Laboratory
• Energy Tech. Engineering Center * Fermi National Accelerator Lab
• General Atomics Center * Grand Junction Project Ol_ce
• Hallam Nuclear Power Facility • Inhalation Toxicology Research Institute
• Kansas City Plant • Lab for Energy-RelatedHealth Research
• Lawrence Berkeley Laboratory * Mound Plant
• Nevada Test Site • Pinellas Plant

• Piqua Nuclear Power Facility * Princeton Plasma Physics Lab
• Stanford Linear Accelerator * Vallecitos Nuclear Center

• Weldon Spring Site Remedial Action Proj.

Formerly Utilized Sites Remedial Action Project (No ER Analysis)

Site identification data are compiled to allow cross-correlation of sites identified in the PEIS with sites
that have been identified at each of the DOE installations. This information set also can provide an
overview of the historical use and current status of each site. Physical characteristics data provide
information about the extent and/or volume of contaminated media associated with the site. The

contaminant data identifies the specific constituents known or suspected to be present on the site and
information on the amount of each constituent. If sampling activities have been conducted at the site,
the database captures a summary of the results of these activities. It is important to note that the same
source term database structure does not apply to all contaminated sites and buildings. While the basic
source term data compiled for sites in each media category cover the informational content just
described, the specific database structure and field definitions vary slightly from one media category to
the next.

Environmental Setting Data

The environmental setting information used for the PEIS falls into three major categories for each
setting identified: geology/hydrology data, climatology data, and atmospheric dispersion data. Geo/
hydrology data describe each partially saturated and saturated zone within a DOE installation. The
climatology data provide information on the average temperature, precipitation, wind speed, etc. The
atmospheric dispersion data consist of several tables containing the number of hours within a year that
the wind is blowing from any of 16 different directions and 8 different wind speeds.

The assessment of the baseline risk and the identification of representative remedial technologies to
achieve a spectrum of clean-up goals require at least a minimal amount of information on each



individual release site and environmental setting. The major attributes that were used to describe the
individual release sites and environmental settings at each installation are identified in Table II.

Table II. MAJOR DATA FIELDS IN THE PEIS DATABASE

Site Identification/Background Information

• Release site or building I.D.
• DOE W.B.S. number

• Operable unit designation
• Area on installation within which site or building is located
• Regulatory authority over site
• Start and end date of use or release
• Overview of historical use of site

Physical Description Data

• Dimensions of contaminated site or building
• Contaminated material volume

• Overburden depth
• Volume of liquids discharged to site
• Extent of contamination migration

• Description of containers disposed
• Condition of structures
• Construction material

Constituent Data

• Contaminant name and CAS number

• Contaminant inventory disposed on site
• Contaminant mean and maximum concentration
• Date of concentration measurement

• Overview of contaminants disposed on site

Enviror_nental Setting Information

• Depth to groundwater
• Darcy velocity
• Thickness of partially saturated or saturated zone
• Soil classification

• Bulk density of soil
• Effective and total porosity of soil
• Saturated hydraulic conductivity



Data Compilation Approach and Review Process

The information on each contaminated site and building and environmental setting was assembled from
existing documents. The value, units, reference, and page number within the reference for each quan-
titative characteristic were entered into a database. Six DOE installations (e.g., Hanford, Fernald

Environmental Management Project, Idaho National Engineering Laboratory, Rocky Flats Plant, Oak
Ridge Reservation, and Portsmouth Uranium Enrichment Complex) were prioritized for analysis in the
PEIS. For each of these installations, a report detailing all of the compiled source term data was gen-
erated and sent to the appropriate installation for review and feedback. This information was reviewed

by cognizant DOE managers or contractors for correctness and to ensure that the data used represented
the most current information. Comments and feedback received were incorporated into the database.

An additional 8 DOE installations (e.g., Savannah River Site, Los Alamos National Laboratory,
Lawrence Livermore National Laboratory, Sandia National Laboratory, Argonne National Laboratory,
Brookhaven National Laboratory, Paducah Gaseous Diffusion Plant, and Pantex Plant) were identified
as having a lower priority for analysis. Source term and environmental setting data were also compiled
for each of these installations and these data are currently undergoing review at the appropriate installa-
tions. Consequently, while the data for these installations were used in the analyses for the PEIS, these
data sets have not gone through as many cycles in the discovery process and are not as complete as the
data sets for the highest priority installations.

Finally, source term data, but not environmental setting data, were compiled for most of the remaining
20 DOE installations (e.g., Nevada Test Site, Mound Facility, Kansas City Plant, etc.). While the
source term data for these installations were not specifically included in the PEIS analyses, these data
were used to scale up the results of the previous analyses so that the entire DOE complex would be
represented in the PEIS.

Sources of Information

Compiling the necessary source term and environmental setting data needed for the PEIS analyses
required a labor-intensive activity of locating and reading through documents to extract the appropriate
data. To focus and somewhat limit the scope of this activity, data extraction activities were focused on
documents such as remedial investigation/feasibility studies (RI/FSs), RI/FS workplans, RCRA closure
plans, environmental surveillance reports, groundwater monitoring reports, Federal Facility Agree-
ments, site characterization reports, decommissioning and decontamination plans, etc. The more than
2,000 documents obtained and reviewed during this process were each assigned a unique identification
number. This unique number was then used in the source term and environmental setting databases to
provide full traceability of the data back to the original reference.

DataViewer

The source term and environmental setting data compiled for use in the PEIS analyses are being made
available to the public and interested stakeholders for review through DOE's public reading rooms.
The volume of data collected and entered into the database requires thousands of pages to print. A
user-friendly interface was developed to allow easier access to the data via an IBM-compatible
computer. One of the advantages of this electronic interface is that it allows much faster access to the
data by merely requiring an individual to point and click with the mouse.



The electronic interface itself has a Geographic Information System (GIS) spatial information display
interface. For selected installations, the user can quickly identify the location of a contaminated site or
building and/or identify the characteristics of a release site on the map. This feature can only be util-
ized in conjunction with a compatible GIS package. At this time, this feature is expected to be imple-
mented for the Hanford Reservation, the Idaho National Engineering Laboratory, the Fernald Environ-

mental Management Project, the Rocky Flats Plant, and the Oak Ridge Reservation.

Technology Performance Factors

Key to the evaluation of the performance of any remediation strategy is the ability to estimate the effec-
tiveness of a given technology to separate the contaminants of concern from the contaminated media or
to isolate the contaminant from potential receptors. The algorithms developed for each technology cat-
egory were based principally on the technology descriptions developed for the Remedial Action Assess-
ment System (RAAS) (White et al. 1992). The RAAS methodology is a computer-based, interactive
tool that assists operable unit managers in creating and evaluating various remedial alternatives for a

specific waste site. The RAAS methodology includes sets of expert rules and algorithms that describe
the applicability and effectiveness of each of approximately 90 remedial action technologies. These
rules were used as a basis for developing the algorithms for each of the PEIS technology categories. In

addition, other technical resources were consulted for applicability and effectiveness of specific tech-
nologies (ReOPT, VISITT).

Treatment technologies represented in the PEIS technology categories were chosen because they are
well established (supported by significant amounts of data) and have significant potential for frequent

implementation at DOE environmental restoration sites. Emerging technologies were not included as
part of the logic diagrams for each strategy. The established technologies included in the methodology
for evaluating the PEIS strategies are shown in Table III.

Development of applicability rules and material balance algorithms for technology methods were con-
strained by the data expected to be available for each release site. The applicability rules and the asso-
ciated technologies are only used to identify representative technologies for determining the impacts of
broad policy strategies and are not intended to substitute for the more rigorous CERCLA process for
determining remedial actions.

Once the applicable technologies have been identified and the material balance algorithms have been
applied, the cost and labor estimates for each applicable technology are then determined by applying
appropriate cost and labor factors. These factors were developed for every environmental restoration
technology within each technology category.

After applying the methodology to those release sites that have been sufficiently described in the source
term database, the analysis results for an installation can be summarized as shown in Table IV. The
primary performance parameters used to compare the benefits and impacts of alternative remediation
strategies are cost (billions of 1992 dollars), wastes requiring further treatment in fixed facilities and
subsequent disposal (in thousands of cubic meters), and labor hours (thousands) that are required for
remediation and drive occupational risks.
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Table HI. ESTABLISHED ENVIRONMENTAL RESTORATION TECHNOLOGIES INCLUDED IN THE PEIS

Contaminated Media Liquid Containment
StructuresFacilities _ _

Groundwater __ Surface Water
Technology T¥oe Soil Buried Waste _

In Situ Treatment Capping Capping Hydraulic Controls SW Controls Capping Capping
or Containment Constructed Barriers Constructed Barriers Constructed Barriers Constructed Barriers Building Fill Constructed Barriers

In Situ Solidification In Situ Solidification In Situ Biodegradation In Situ Biodegradation Land Use Restrictions
In Situ Biodegradation GW Use Restrictions Neutralization
In Situ Vitrification

Recovery or Excavation Excavation Extraction Wells Pumping
Removal Dredging Drum Removal In Situ Air Stripping

Soil Vapor Extraction Debris Removal
Soil Flushing

Ex Situ Treatment Dehalogenation Dehalogenation Air Stripping Air Stripping
Incineration Incineration Liquid-Liquid Liquid-Liquid
Thermal Desorption Thermal Desorption Extraction Extraction

Soil Washing Soil Washing Coagulation and Coagulation and
Solvent Extraction Solvent Extraction Flocculation Flocculation

Roasting (Mercury) Roasting (Mercury) Forced Evaporation Forced Evaporation
Solids Classification Neutralization Gravity Separation Gravity Separation

Ion Exchange Ion Exchange

Solidification and Liquid Absorption Liquid Absorption
Stabilization Media Filtration Media Filtration

Vitrification precipitation precipkation
Aerobic Biological Aerobic Biological Aerobic Biological

Treatment Treatment Treatment

Catalytic Destruction Anaerobic Biological
Neutralization Treatment
Oxidation Catalytic Destruction

Neutralization
Oxidation

Equipment Removal Equipment Removal

Decontamination Piping Removal Piping Removal
High Pressure Wash High Pressure Wash/
Scabbling Triple Rinse
Demolition Scabbling
Asbestos Removal Demolition
Reactor Block Removal Concrete Razing
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Table IV. ARAM SUMMARY FOR A DOE INSTALLATION

Cost, SM Volume, .103m3 Labor, 1000 h

ARAR-driven $11.2 13,600 179,000

Land use

Totally restricted 4.2 4,200 100,000
Semi-restricted 7.0 4,000 155,000
Unrestricted 11.2 13,600 179,000

Health risk

Remove/treat 11.2 13,600 179,000
Control 0.5 200 5,000
Combined 10.9 12,200 176,000

As seen in Table IV, the extensive use of removal and destruction remediation technologies required to

satisfy the objectives of ARAR compliance, or of totally unrestricted land use, result in very high
costs, considerable volumes of waste requiring further treatment and disposal in another location, and a

high number of labor hours (which are expected to lead to high occupational fatalities during remedia-
tion). By comparison, a semi-restricted land use option reduces the cost and volumes requiring further
treatment, primarily because fewer groundwater sites require remediation, but does not significantly
reduce the labor hours associated with remediation since the labor intensive activities associated with

buried waste retrieval and soil removal are still required. The most favorable land use strategy for this
installation is the totally restricted option, which further reduces costs and labor hours, since the burial
grounds and contaminated soil sites are contained in place. However, treatment is still required to
address those release sites that pose a risk to boundary receptors.

The alternative driven by health risk, which seeks to achieve the greatest reduction in the dominant
onsite risk pathways, further demonstrates that a realistic strategy for this installation must involve
restricted access. At first glance, the application of control technologies appears to be a very attractive
option. The cost and labor requirements are very low, relative to other strategies, and the volume of
waste needing further treatment is very low. However, upon further examination of the results, it
becomes clear that these technologies are successful in achieving adequate onsite risk reduction at only
a handful of sites. This is demonstrated by the combination case, which allows the application of
control technologies only after enough treatment has been performed to ensure that the controls will
provide adequate risk reduction to achieve the desired onsite risk target. In this case, the costs, labor,
and waste management requirements are essentially equivalent to the ARAR-driven or unrestricted land
use options.

These results illustrate that if the goal is to reduce onsite risks to an acceptable level, a great deal of
treatment will be required and considerable resources (including remediation workers) will be con-
sumed in the process. In addition, these results do not show the costs and occupational risks associated
with transporting, treating, and disposing of the large volumes of secondary waste material that results
from remediation. If these impacts were included in this summary table, the restricted access case
would be even more attractive at this installation.

10
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Further, tb_ results of this analysis show that many of the treatments aimed at achieving an unrestricted
access ob_'ciive are not successful. For this installation, approximately 40 % of contaminated soil and
groundwater sites cannot be treated sufficiently to achieve an unrestricted access risk target using
today's technology. This reinforces the conclusion drawn from the cost and labor results that
continued access restriction is the only reasonable, and feasible, alternative for this installation.

Of course, the results of this analysis might be different for another installation. For an installation
with smaller area and populations that are close to the installation boundary, treating to a level that
mitigates risks to the boundary receptor may actually be as extensive as would be required to achieve
an unrestricted access objective. Such cases would show very similar cost, labor, and waste manage-
ment requirements for all of the land use options.

Such conclusions, supported by results generated by the analysis methodology, should provide signif-
icant insights into the competing objectives for remediating the DOE complex. These analyses will
certainly illustrate that no s,',nglepolicy alternative will be appropriate for all installations throughout
the complex, but will focus the evaluation of objectives for each installation. These results should also
highlight cases where some objectives, such as treatment of entire aquifers, are simply not reasonable.

In addition, these analyses should indicate to DOE those media in which significant advances in the
state of remediation technology are required to achieve any policy objective, as well as existing or

emerging technologies that could greatly improve the cost-effectiveness or reduce risks to remediation
workers.
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