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A number of contaminated sites at the Oak Ridge National Laboratory ( O R N L )
require remediat ion. A strategy has been developed to support the remediat ion of
individual sites, while providing an integrated measure of contaminant release from
ail sites and serving as a performance measure for remedial efforts. Most O R N L
facilities a re in one watershed and groundwater pathways a re known to be localized
within the watershed. Thus, the stream system is the receptor for contaminants
released from individual sites and a conduit for contaminant t ransport off site.
Monitoring at key locations in the watershed is linked with information from
environmental investigations to: (1) identify and quantify contaminant fluxes. (2)
identify the pathways of greatest concern for human health and ecological risk, (3)
improve conceptual models of contaminant movement , (4) evaluate remedial
alternatives, (5) prioritize sites for remediation, and (6) document reduced
contaminant fluxes following remediation. T h e contaminants of greatest concern a re
associated with soil and aquatic sediment. T h e subjects of investigations range from
soil processes and bioindicators of contaminant exposure, to p h e n o m e n a at the
watershed-level such as models predicting contaminant movement during large storms
and predicting groundwater transport of contaminants . These efforts provide the
foundation needed to coordinate the remediat ion of individual sites and to assess the
overail performance of remedial actions.

B A C K G R O U N D

Operat ions at the U.S. Depar tment of Energy ( D O E ) O a k Ridge Reservat ion ( O R R )
site began in 1943. Over time, waste management and laboratory opera t ions have
resulted in the releases of radioactive and nonradioactive contaminants . The O R R ,
which includes O a k Ridge National Laboratory ( O R N L ) , is on the National Priorities
List (NPL) . A Federa l Facility Agreement between D O E , the U.S. Environmental
Protection Agency, and the State of Tennessee has been negotiated to coordinate
response actions and corrective measures in order to achieve comprehensive
remediat ion of releases and threatened releases of contaminants . More than 200
remedial action sites have been identified. Because of the large n u m b e r of sites at
O R N L and because of the hydrologic complexity and hydrologic interactions among
adjacent sites, similar and contiguous remedial action sites within small catchments
or watersheds have been combined into waste a rea groupings (WAGs) . These
groupings allow per imeter monitoring for both groundwater and surface water to
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



satisfy regulatory requirements and to support the development of remedial
responses. However, as work proceeded it was recognized that a strategy was needed
to prioritize sites for remediation and to provide a measure of performance for
individual as well as multiple remedial actions.

THE STRATEGY FOR INTEGRATION

The integration strategy is based on the understanding that most contamination from
individual sites moves through a single point [i.e., most ORNL facilities are in the
WAGs located in the White Oak Creek watershed (Fig. 1)]. The drainage system has
been the receptor of a variety of contaminants from ORNL facilities. The portions
of White Oak Creek and its tributaries located downstream of ORNL facilities. White
Oak Lake. White Oak Creek Embayment on the Clinch River, and the associated
floodplain and subsurface environment have been grouped into WAG 2. Because
WAG 2 receives contaminants from upgradient WAGs, the integrator strategy takes
advantage of the function of WAG 2 as a receptor and conduit of contaminant fluxes
(Boston et ai. 1992). Specifically, the objectives of the WAG 2 integrator role are:

1. to implement long-term monitoring and tracking of contaminants leaving other
WAGs (or contaminant source units) which enter WAG 2. and are then
transported off site.

2. to provide a framework for developing and integrating information for
pathways and processes important to contaminant movement at the site or
watershed level;

3. to evaluate and update regularly estimates of the potential human health and
ecological risks associated with contaminant input, accumulation, and release
from WAG 2; and

4. to identify data needs, identify interim actions, prioritize remedial efforts, and
evaluate and document the results of remedial efforts.

This integrated approach allows the management of environmental restoration for a
complex site and provides a means to assess the overall performance of a number of
separate remedial actions.

IMPLEMENTATION OF THE INTEGRATION STRATEGY

The integrator unit strategy evolved from the site conceptual model for ORNL. The
model was based on information indicating that although there is significant
contamination of groundwater in some areas, the contamination apparently is not
widespread. About 90% of subsurface water flux results from lateral flow in the
upper 1 to 2 m of soils (the stormflow zone) roughly corresponding to the root zone
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Figure 1. Waste area groupings (WAGs) at Oak Ridge National Laboratory.

Solomon et ai. 1992), and this shallow subsurface flow is discharged via seeps ana
spnnes. The direction of groundwater flow at the water table generally conforms to
sunace topography and aiso discharges primarily to nearby streams prior to leaving
:he watershed (Moore 1988). Thus, surface water monitoring with consideration of
seeps and springs as natural groundwater discharge areas is the key to evaluating
contaminant fluxes from both shallow and deep pathways. Contaminant fluxes in
zrounawater (in tne permanent water taole interval) are much smaller than those via
tiie stormtlow zone and sunace water because recharge rates are low and ORNL is
underlain by low permeability formations (Solomon et al. 1992). The contaminants
oi greatest concern in WAG 2 (e.g., :37Cs. ^Co, and PCBs) are panicie reactive and
have accumulated in floodplain alluvium and aquatic sediments. The movement of
contaminated soil and sediment primarily occurs during large and infrequent storms.

Implementation of the integrator strategy for WAG 2 was based upon momtonng at
key locations in WAG 2 and at the exit to the Clinch River to determine mass
balances for contaminant fluxes to quantify and track input from source WAGs and
releases off site. The strategy also included investigating processes important in
contaminant fluxes from upgradient or contaminant source WAGs. Developing such
an understanding of WAG 2 aiso supports the development of performance criteria
for future remedial activities.

Implementation of the WAG 2 effon took advantage or: f 1) the ongoing monitoring



conducted in response to state and federal regulations [e.g., National Pollution
Discharge Elimination System (NPDES) permit monitoring], monitoring required by
DOE orders, and monitoring conducted for other purposes [e.g., U.S. Geological
Survey (USGS) surface water discharge monitoring]; as well as (2) the wealth of
technical expertise at ORNL to support environmental restoration efforts and to
provide innovative solutions to environmental and engineering challenges.
Preliminary human health and ecological risk-based contaminant screening was used
to focus WAG 2 efforts on the contaminants, media, and pathways of greatest
concern (Blaylock et al. 1992). An "observational approach" workshop was conducted
for WAG 2 to identify early potential remedial actions. A plan was developed that
focused monitoring, characterization, and investigative efforts in WAG 2 on further
identification and evaluation of potential remedial actions (Boston et al. 1992).

Groundwater. Groundwater data are collected by several programs in response to
regulatory requirements and in compliance with DOE orders. Coordination and
cooperation with these programs is key to the integrator unit strategy. Data from 168
wells located on the perimeters of the WAGs (Fig. 2) are being used to determine
the distribution of contaminants, to identify sources, to evaluate transport, and to
provide data needed to evaluate remedial options. Deep wells (about 400 ft deepj
with multi-level sampling capabilities are evaluating communication between
intermediate and deep groundwater, and deep flow patterns. Three-dimensional
models of groundwater flux are being developed to better evaluate groundwater flow
and to predict responses to remedial actions. Groundwater monitoring and
evaluation take advantage of springs and seeps as natural groundwater exit points.

Surface water. Hydrologic data (e.g., stream flow and precipitation) and water
chemistry data, collected by the WAG 2 project or other groups (Fig. 2) support the
reach-by-reach mass balances for contaminants and support models of contaminant
fluxes. For example, watershed hydrologic models are evaluating how changes in the
watershed might affect aquatic resources or contaminated sediments located
downgradient of areas to be modified. Monitoring of selected seeps and tributaries
is important in identifying contaminant inputs to surface water, evaluating pathways
and processes of contaminant movement to surface water, and supports the
evaluation and implementation of interim corrective measures as appropriate.
Related investigations address the subsurface pathways whereby contaminants flow
to surface water, and the soil processes that influence the rate of transport and the
creation of contaminated areas downgradient of the initial source. These
downgradient areas may act as secondary sources of contaminants after the primary
source has been remediated. This information is needed to design effective remedial
measures and to predict and monitor the performance of remedial actions.

Soil and sediment Uncontaminated soils and sediments become contaminated upon
entering contaminated areas; thus, a watershed-level perspective is required to
address issues related to contaminated sediments. A soil and sediment task force
representing an array of efforts underway at ORNL is supporting a sediment
management strategy for ORNL. Data from all areas cf the watershed are gathered
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Figure 2. Monitoring activities in the White Oak Creek watershed.

;o identify sources of contaminated sediments, to quantify and track contaminant
inventories, and to gather data need to evaluate remedial options. The task force is
developing a series of nested and linked models to evaluate the implications of
actions in any area of the watershed on the mobilization and transport of
contaminated sediment into WAG 2 and through WAG 2 to the Cinch River and
areas farther downstream.

Biota PCBs. radionuciides. and metals in fish in WAG 2 pose a potentially
significant risk to human heaith. Contaminant screening (Blayiock et al. 1992)
indicates that several contaminants are present at concentrations that couid be toxic
to aquatic and terrestrial biota. WAG 2 efforts provide a focal point for integrating
information to suppon ecologicai assessment either at the individual site levei or at
the watershed level. Models of contaminant flow to biota help identify organisms at
risk and identify imponant pathways to humans and heip guide and evaluate remedial
actions. WAG 2 activities aiso suppon the ORNL Biological Monitoring and
Abatement Program (required by ORNL's NPDES permit) that collects data for
aquatic populations, including instream toxicity, bioindicators of contaminant stress,
organism contaminant burdens, and related information (Loar 1992). Additional data
are collected for selected terrestrial biota not being addressed by efforts in other
WAGs. This integrated approach is providing a necessary levei of information thai
is not available from ecologicai investigations of individual sites.



:UMMARY

At ORNL, the watershed is a useful scale at which to manage and evaluate
environmental restoration activities effectively for numerous sites. The environmental
processes that drive contaminant fluxes from discrete areas allow for integration at
the watershed level. The integrator unit strategy developed by the ORNL
Environmental Restoration Program suppons the remediation of individual sites in
a logical and efficient manner and provides a measure of the performance of
remedial efforts for a contaminated watershed. This approach relies on technical
integration, cooperation, and communication among efforts for individual sites; the
efforts of the integrator unit: and other sampling, monitoring, and research efforts
underway at the ORNL site. We believe that environmental characteristics and data
collection activities at other NPL sites provide similar opportunities for technical
interaction and coordination, and we offer our efforts as one model for the
implementation of such a program.
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