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Abstract

Successful chemical and radiological site characterizations are complex
activities which require meticulously detailed planning. Each layer of
investigation is based upon previously generated information about the site.
Baseline historical, physical, geological, and regulatory information is
prerequisite for preliminary studies at a site. Preliminary studies then provide
samples and measurements which define the identity of potential
contaminants and define boundaries around the area to be investigated. The
goal of a full site characterization is to accurately determine the extent and
magnitude of contaminants and carefully define the site conditions such that
the future movements of site contaminants can be assessed for potential
exposure to human occupants and/or environmental impacts. Critical to this
process is the selection of appropriate measurement and sampling
methodology, selection and use of appropriate instrumentation and
management/ interpretation of site information. Site investigations require
optimization between the need of information to maximize the
understanding of site conditions and the cost of acquiring that information.

Introduction

The Health and Safety Research Division at Oak Ridge National Laboratory
has over a decade of experience in radiological and chemical characterization
of federal sites across the country. There has been a recent recognition and
prioritization to address the problems associated with environmental
contaminants in the Department of Energy (DOE). Vast amounts of federal
resources are required to assess and remediate contaminated sites at DOE sites.
In addition to these high visibility facilities, the Department of Defense and
Department of Interior, as well as the Environmental Protection Agency
(EPA) Superfund Sites. With limited national funding resources, competing
national priorities, and concerns over the United States deficit, it is critical
that cost-effective means be developed and implemented to mitigate costs in
the expensive cleanup process at contaminated sites.
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It is the intent of this paper to discuss generic techniques in planning and
conducting site characterizations to optimize the need for collecting data to
adequately assess the extent and magnitude of contaminants with the cost of
obtaining that information.

This cost-effective optimization is site-specific and requires an iterative
process that develops as the site characterization progresses. The generalized
process of site characterization follows the pathways outlined in Fig. 1.

Preliminary Assessments

It is self-evident that detailed planning is essential to the success of site
characterization; yet, inadequate planning is a frequent occurrence and, based
on our experience, the most common cause of failure. The preliminary
assessment phase is an extended form of active planning for site
characterization. Preliminary assessments have two major components:
historical investigations as to the activities, location, and probable types of
contaminants present at a site (which includes interviews of appropriate
personnel) and a site visit to gathpr preliminary information about the site
(which includes screening measurements and a limited amount of sampling).

The first step in preliminary assessments is investigative. It is important to
obtain all relevant information about the site. This includes: historical use
and operations conducted at the site (often U.S. Geological Survey aerial
photographs are useful); mans and diagrams of the site, any geologic,
meteorologic and hydrologic information; records of potential contaminants
used onsite; previous surveys, sampling or monitoring conducted onsite or
offsite; data on natural background levels of potential contaminants for the
area adjacent to the site; and telephone interviews to provide relevant
anecdotal information who recall operations and disposition of potential
contaminants.

This historical information provides a conception of potential contaminants
and their location, and data about the physical parameters of the site which
may impact the movement of any potential contaminants. It is important to
denote caution when using historical and/or anecdotal information. Often
this information is incomplete, misleading, and, occasionally, inaccurate.
However, this information provides and excellent basis for the site visit
phase of a preliminary assessment.

The site visit provides physicil confirmation of the historical investigation of
the preliminary assessment and initiates preparatory field investigations. The
purpose of initial field investigations is to confirm presence of
contamination, identify contaminants present, and, in broad terms, define the



extent of contamination, such that a detailed site characterization plan can be
developed.

Opportunities to effect cost-savings begin with this initial field investigation.
The conventional approach is to take samples of soil or drill shallow
monitoring wells within or adjacent to suspected areas of contamination.
Confirmation is not necessary if portable instruments show elevated levels of
contaminants present, clear physical evidence of the presence of
contaminants exist or if long-term employees unanimously confirm the
dumping of wastes in that area (Korte et. al., 1989). The more cost-effective
approach is not to sample areas of known contamination or areas that are
obviously clean and unperturbed, but to focus sample collection in those
areas of uncertain presence of contaminants so that the boundaries around
the contaminated area may be established.

Well installation and sample analysis are costly. Minimization of these items
can greatly reduce overall costs. Well installation can add to the spread of
contaminants by penetrating impermeable layers containing the
contaminants and allow them to migrate into previously clean groundwater
regimes. Use of established wells for samples whenever possible (even if not
at ideal locations) can reduce costs. Use of chemical and radiological portable
instrumentation can define areas clearly contaminated so that sampling is
focused in areas of uncertainty. When samples are taken, screening
procedures in the laboratory for the presence of organics and inorganics,
rather than detailed analysis for 129+ pollutants, can save enormous amounts
of time and money.

When the initial site investigation team leaves a site, they should have
confidence that sufficient information has been obtained about the site to
define the physical extent of the site characterization, the general identity,
extent and magnitude of contaminants present, and understanding (of what
is known and needed to be known) of the physical parameters which dictate
the spread of the contaminants in the local environment. One other effort to
be conducted during the site visit and the initial site investigation is meeting
with the local officials and relevant regulators. It is critical that continuous,
direct, honest and frank interactions are conducted to discuss expectations,
needs and concerns over the site characterization process and issues. This
effort will save enormous amount of time, energy and frustrations.

Site Characterization

The key to successful cost-effective site characterizations Lc. to optimize the
number of wells, the frequency of samples (e.g. laboratory analyses) and the
number and length of field survey trips while obtaining sufficient
information to reliably know the identity, areal and vertical extent, and
magnitude of contamination and be able to predict the fate of the



contaminants as it impacts human health and the environment. A
multilayered, iterative, flexible survey which emphasizes in situ
measurements and focuses on contaminant boundaries is critical to this
process. These concepts need to be formalized in the development of the
survey plan.

Planning. The survey plan defines the specific objectives of the site
characterization with clear, direct and specific means to achieve those
objectives. It is during this planning process that the greatest impact to the
design of a cost-effective site characterization can be achieved. Typical actions
taken during both a conventional and a state-of-the-art site characterization
are given in Table 1. In these types of surveys, less emphasis is given to
understanding the physical and dynamic properties of the local contaminated
environment. Additional emphasis is given to nonintrusive and screening
measurements whenever possible to minimize both laboratory analysis and
potential spread of the contaminant.

An important part of the planning process is determining the applicable laws,
guidelines and/or regulations affecting the disposition of the contaminants at
the site under investigation. The identity of the contaminants are the
regulatory levels direct the concentrations of the contaminants to be
measured in the environ~nent. These in turn direct the type of
instrumentation and sampling methods to be used. Details developed under
this aspect of the plan include description of the instrumentation and
sampling, instrument calibration, sampling handling and analytical
requirements. Procedures related to these activities need to be referenced in
detail. A sampling design should be selected on the basis of cost-effectiveness
(National Academy of Sciences, 1977). For this the magnitude of sampling
errors should be evaluated for different sampling designs and levels of effort
(Gilbert, 1987). Such exercises will be able to assess how much greater accuracy
can be achieved by increased sampling effort.

One aspect of the planning process which cannot be streamlined is the health
and safety provisions for the survey team members. Every contingency
should be anticipated in the planning process. Field investigations often turn
up surprises. Staff should be prepared, trained and equipped to deal with
unexpected contaminants and concentrations of contaminants.

There is a current desire from regulatory agencies to have a single work plan.
It is important that within this single plan is layered the flexibility to conduct
numerous survey trips during the site characterization process. Attempting to
conduct a site characterization during a single large field effort is perilous
from the standpoint of obtaining incomplete data. Retrospection (hindsight)
is a great aid in understanding the dynamics of a site, and this process can be
written into a survey plan by making smaller, focused survey efforts where
each subsequent survey is dependent on an earlier survey to best define the



location, number and type of samples and measurements. The expense of
making several survey trips is more than recovered through more selective
sampling based on information garnered from previous surveys.

Field Survey. The field survey stage of site characterization presents several
opportunities to minimize cost and maximize information about the
presence and fate of contaminants. This opportunity is possible primarily
through experienced field staff. Often, as the field survey progresses,
unanticipated events or new information provide opportunities to take
additional samples which enhance survey objectives or eliminate samples
which provide useless or redundant information. Experienced survey crews
can capitalize on these opportunities with legitimacy and confidence. It is
important that site characterization plans are written to allow this flexibility.

During the field survey process, it is important to reiterate the needs to focus
survey efforts at defining the boundary of contamination rather that exert
resources on samples and measurements in areas of known contaminants
(other than to assess the magnitude of contamination). If uncertainty exists
relative to need of a sample, it should be collected and analyses withheld (if
possible) per ding the analysis of other samples.

Sample preparation and analysis can be layered such that broad screening for
key contaminants can be examined. If contaminants (e.g. organics, inorganics,
radionuclides, etc.) are not present at threshold levels, further analysis may
not be warranted.

Data Management. The power and flexibility of microcomputers can ensure
cost-effective management of data and communicating site characterization
results. Drawings of sites undergoing characterization are digitized into
computer software for tracking sample and measurement locations,
displaying geologic/hydrologic features, and for modeling contaminant
transport. Microcomputers can be taken to overlay sample location on
site schematics and initiate data tracking of sample data. Pre-established data
and reporting formats can exist to expedite data management and analysis.
These pre-established data and reporting formats can enhance data quality by
reducing error through the establishment of procedures to ensure proper
management which are auditable. The computers may have integrated
expert systems to ensure that data are being entered properly, there are no
data gaps, that analyses are tracked and entered in a timely manner, and the
integrity of the data can be preserved. The main database can feed into codes
ancillary to the database such that transport of contaminant movement may
be efficiently modelled. Additionally, other ancillary algorithms can be
present to handle data formatting functions for efficient, standardized report
preparation.



Future Needs

There are several areas where effort can be undertaken to further reduce
future cost of site characterization:

• Development of new instrumentation to screen samples in the field and
make in situ measurements to avert costly laboratory analysis.

• Gain uniform regulatory acceptance in new streamlined instrumentation
and methods to conduct site characterization emphasizing monitoring
and screening.

• Development of federal concentration limits of contaminants in air, water
and soil. These limits should define unacceptable levels, acceptable levels
which can be actively reduced if cost-effective, and levels below regulatory
concern.

It is important to optimize the cost of site characterization relative to
information gained. Site characterization is one of the several components
which comprise our national environmental contamination problem. There
is a very large number of known contaminated sites across the United States
which will require an extraordinarily large amount of our national resources
to evaluate and remediate. Cost-effective site characterization can help
conserve these limited resources.

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 responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, 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.
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Table 1. Typical actions taken at conventional and
state-of-the-art site characterizations*

Conventional approach

• Install a few dozen shallow single-completion monitoring wells

• Sample and analyze numerous times for 129+ pollutants

• Define geology by driller's logs and cuttings

• Evaluate hydrology with water-level maps only

State-of-the-art approach

• Conduct geophysical surveys

• Conduct soil-gas surveys

• Define geology by extensive coring and split-spoon sampling

• Evaluate hydrology with well clusters and geohydraulic tests (e.g., pumping tests,
tracer tests)

Install depth-specific well clusters

• Sample and analyze 129+ pollutants initially and selected contaminants in
subsequent samples

• Perform limited tests on solids (e.g., grain size, clay content)

*Taken from Korte et. al., 1989 (modified from EPA, 1987).


