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ABOUT ITRC

Established in 1995, the Interstate Technology & Regulatory Council (ITRC) is a state-led,
national coalition of personnel from the environmental regulatory agencies of some 40 states and
the District of Columbia; three federal agencies; tribes; and public and industry stakeholders. The
organization is devoted to reducing barriers to, and speeding interstate deployment of, better,
more cost-effective, innovative environmental techniques. ITRC operates as a committee of the
Environmental Research Institute of the States (ERIS), a Section 501(c)(3) public charity that
supports the Environmental Council of the States (ECOS) through its educational and research
activities aimed at improving the environment in the United States and providing a forum for
state environmental policy makers. More information about ITRC and its available products and
services can be found on the Internet at www.itrcweb.org.

DISCLAIMER

This document is designed to help regulators and others develop a consistent approach to their
evaluation, regulatory approval, and deployment of specific technologies at specific sites.
Although the information in this document is believed to be reliable and accurate, this document
and all material set forth herein are provided without warranties of any kind, either express or
implied, including but not limited to warranties of the accuracy or completeness of information
contained in the document. The technical implications of any information or guidance contained
in this document may vary widely based on the specific facts involved and should not be used as
a substitute for consultation with professional and competent advisors. Although this document
attempts to address what the authors believe to be all relevant points, it is not intended to be an
exhaustive treatise on the subject. Interested readers should do their own research, and a list of
references may be provided as a starting point. This document does not necessarily address all
applicable heath and safety risks and precautions with respect to particular materials, conditions,
or procedures in specific applications of any technology. Consequently, ITRC recommends also
consulting applicable standards, laws, regulations, suppliers of materials, and material safety data
sheets for information concerning safety and health risks and precautions and compliance with
then-applicable laws and regulations. The use of this document and the materials set forth herein
is at the user’s own risk. ECOS, ERIS, and ITRC shall not be liable for any direct, indirect,
incidental, special, consequential, or punitive damages arising out of the use of any information,
apparatus, method, or process discussed in this document. This document may be revised or
withdrawn at any time without prior notice.

ECOS, ERIS, and ITRC do not endorse the use of, nor do they attempt to determine the merits
of, any specific technology or technology provider through publication of this guidance
document or any other ITRC document. The type of work described in this document should be
performed by trained professionals, and federal, state, and municipal laws should be consulted.
ECOS, ERIS, and ITRC shall not be liable in the event of any conflict between this guidance
document and such laws, regulations, and/or ordinances. Mention of trade names or commercial
products does not constitute endorsement or recommendation of use by ECOS, ERIS, or ITRC.
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EXECUTIVE SUMMARY

This technical/regulatory guidance document was prepared by the ITRC Sampling,
Characterization and Monitoring (SCM) Team and serves to introduce new concepts regarding
the manner in which environmental work is conducted. This document is atypical for the
Interstate Technology & Regulatory Council in that it does not report on a new technology per se
but introduces new concepts to the manner in which environmental work is conducted. These
concepts can increase effectiveness and quality and save project money. These ideas aren’t new
but have been developed into a logical approach for environmental project management.

The concepts embodied in the three legs of the Triad approach are (1) systematic project
planning, (2) dynamic work strategies, and (3) real-time measurement technologies. The Triad
approach can be thought of as an initiative to update the environmental restoration process by
providing a better union of scientific and societal factors involved in the resolution of
contamination issues. It does this by emphasizing better investigation preparation (systematic
project planning), greater flexibility while performing field work (dynamic work strategies), and
advocacy of real-time measurement technologies, including field-generated data. The central
concept that joins all of these ideas is the need to understand and manage uncertainties that affect
decision making. The Triad approach consists of ideas that have been formulated previously but
are now united to form a new paradigm for environmental project management.

The Triad approach relies on technological, scientific, and process advances that offer the
potential for improvements in both quality and cost savings. The cost-saving potential is
considered to be significant but is only now being documented by case studies. The challenges
involved in changing from long-established procedures to any new method will be great, and
there will be opposition to the Triad approach from those unfamiliar with its potential.

The SCM team has created this document as a first step to stimulate understanding and
discussion of the ideas embodied in the Triad approach. It explains the relationship of the Triad
to existing guidance such as the data quality objectives process. It lists the advantages and
disadvantages of the Triad and notes regulatory and organizational barriers that may present
obstacles to its use. New Jersey has only recently implemented a formal program to adopt the
Triad approach, and a section is devoted to explanation of that program. Stakeholder issues are
an important consideration for adoption of any technology or approach, and this document has a
section dedicated to that end. Case studies revealing the advantages and potential success of
using the Triad approach are summarized in the text and detailed in Appendix B.

il
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THE TRIAD APPROACH: A NEW PARADIGM FOR ENVIRONMENTAL PROJECT
MANAGEMENT

1.0 INTRODUCTION

The environmental cleanup profession has been in existence for more than 20 years and has
developed a tremendous body of practical and scientific knowledge. However, despite this
experience, environmental restoration remains a lengthy and expensive process. The U.S.
Environmental Protection Agency (EPA) has combined the best elements from a number of
initiatives designed to improve restoration effectiveness and calls the resulting synthesis the
“Triad approach.” This Interstate Technology & Regulatory Council (ITRC) document explains
the advantages offered by the Triad approach and shows how it results in better restorations,
accomplished faster and with less expense. These improvements benefit government regulators,
the regulated community, and the public. Because there is often resistance to change from
established procedures, it is important to involve the stakeholder community from the beginning
of any project utilizing the Triad approach.

1.1 Evolution of the Current Investigation Paradigm

The current methodology for site characterization (created to support early cleanup programs)
includes a multistage investigative process that was intended to provide sufficient understanding
of site contamination issues to take remedial action. This process has proved to be very
expensive and time-consuming. When this methodology was developed in the 1980s, there were
good reasons to adopt a carefully staged approach to site characterization, ranging from the need
to build a base of knowledge in this field to the tremendous complexity involved when predicting
contaminant behavior in natural geologic settings. In addition, analytical methods required the
controlled environment of static laboratories for proper implementation and quality control (QC)
oversight. When this reality was combined with periodic budgeting cycles for government-
funded work, it is not difficult to understand how multiple investigations—each with its own
multiyear cycle of work plan preparation, field work, and report of findings—became the
accepted approach.

Associated with the development of the multistage investigation process was the establishment
of carefully documented analytical procedures (SW-846), which have become a standard in the
environmental industry. Legal defensibility considerations have led to the widespread opinion
that only SW-846 methods are suitable for site decision making. The importance of obtaining
contaminant concentration data of known quality cannot be underestimated; however, the
exclusive focus on analytical quality alone disregards other equally important considerations.

1.2 Why Change the Paradigm?

Many environmental professionals have recognized that the current approach is not always the
most efficient in terms of either financial resources or technical sophistication. Despite this
realization, it was not clear how to move away from multistage investigations. The fact remains
that the complexity of contaminant distribution and geological heterogeneity requires a large
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number of costly samples to reduce uncertainty to acceptable levels. However, recent advances
in field analytical methods, sample collection techniques, and geologic definition now offer the
opportunity to dramatically improve investigation effectiveness. Yet, improvements in
technology alone are not sufficient since they must be combined with changes in approach.
Changes in approach include the following:

e Dbetter initial determination of investigation objectives,

e Dbetter use of conceptual site models (CSMs) during planning and project decision making,

e carly agreement by all project team members and stakeholders on acceptable action
concentrations,

e use of techniques to evaluate data uncertainty, and

¢ real-time management and analysis of data.

These ideals are now within reach of routine investigation, cleanup, and monitoring practices.
All of these considerations revolve around one central concept: understanding and managing
uncertainty. Environmental investigations are truly multidisciplinary endeavors, and this fact
creates a management challenge. The project team must avoid a loss of focus on the specific
investigation objectives while integrating different technical viewpoints. This goal is
accomplished by achieving consensus on the investigation objectives prior to beginning
generation of planning documents that support field work. This vital step of systematic planning
is central to a successful investigation.

2.0 THE TRIAD APPROACH

This section begins by explaining the potential cost savings and quality improvements offered by
the Triad approach. It next describes the type of projects to which this new system will be
applicable. The underpinnings of the Triad approach are described, and the section goes on to
provide additional information on each of the legs of the Triad: systematic project planning,
dynamic work strategies, and real-time measurement technologies.

The primary product of the Triad approach is an accurate CSM that can support decisions about
exposure to contaminants, site cleanup and reuse, and long-term monitoring. The Triad approach
is grounded in science but recognizes that environmental restoration decision making considers
policy, public debate, and negotiation. Because the Triad focuses on uncertainty management, it
ensures that the unknowns impacting our ability to make good decisions are identified and
documented so that all involved parties can openly evaluate the relative risks of each decision.
The Triad encourages strategy and technology options that can lower project costs, while
ensuring that the desired levels of environmental protection are achieved.

2.1 Overview of the Triad Approach

The Triad approach embraces scientific and process improvements in three areas: systematic
project planning, dynamic work strategies, and real-time measurement technologies (Figure 1).
The central principle of the Triad approach is the management of decision uncertainty.
Systematic planning encompasses all tasks that produce clear project goals and decisions;
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describe unknowns (i.e., uncertainties) that 3 =

. Systematic Dynamic
could cause erroneous decisions; and foster Proiect Work
clear communication, documentation, and Pl J_ Strategies
coordination of all project activities. The aunerg

adjective  “dynamic”  describes  work
strategies designed around consensus-
derived decision logic so that real-time
decision making can quickly refine field Real-Time Measurement Technologies
work as new information becomes available.
Real-time measurement technologies include
geophysics and other imaging techniques, on-site technologies and in situ detection techniques,
and rapid turnaround from mobile and fixed labs, as well as software packages for processing,
displaying, and sharing data so that the CSM can evolve while the work crew remains in the field
(EPA 2001f).

Figure 1. The Triad approach components.

The Triad focuses first on establishing clear project goals. That is why “systematic project
planning” (sometimes called “strategic planning”) is the single most important element in the
Triad. After project goals are understood, then the uncertainties that stand in the way of
achieving those goals will be addressed. Usually environmental data will be collected as one
means to manage decision uncertainty. When data are used to make decisions, the sampling and
analytical uncertainties inherent to environmental data generation must be managed to a level
commensurate with project decision needs. Having clear project objectives spelled out up front
improves the quality of investigation activities because data collection becomes more efficient.

The dynamic work strategies element of the Triad is based on real-time decision making. This
element greatly reduces project lifetime costs and duration, making Triad life-cycle costs much
less than traditional life-cycle costs. Project quality is improved because more data is acquired in
exactly the right places to fill important data gaps in the CSM.

Real-time measurement technologies, the third element in the Triad, make real-time decision
making possible. The state of the art is to use software tools that process and display or map data
in real time. Together, real-time technologies and real-time work strategies work hand in hand so
that data collection is focused and informative. Real-time decision making improves project
decision confidence by providing higher-density sampling (more samples) and rapid feedback of
information needed to efficiently mature the project CSM to sufficient accuracy so that exposure
risk and remedial decisions are correct. It is critical to use the CSM to avoid sampling errors and
to interpret results from various data sets, including lower-density (fewer samples) fixed-
laboratory analysis in conjunction with the real-time measurements.

In the broadest sense, the Triad approach is a conceptual and strategic framework that explicitly
recognizes the scientific and technical complexities of site characterization, risk estimation, and
treatment design. In particular, the Triad approach acknowledges that environmental media are
fundamentally heterogeneous at both larger and smaller scales. Heterogeneity can have important
repercussions on sampling design, analytical method performance, spatial interpretation of data,
toxicity and risk estimation, and remedy design and success. Most of the ideas found in the Triad
approach are not new, and many in the environmental community both understand and support
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these concepts. What is new about the Triad is the effort to comprehensively incorporate all these
ideas simultaneously into a next-generation model for cleanup practices supported by EPA.
Table 1 lists the major components of the Triad and the questions answered by each component.
Table 1 should be considered as a process that begins at the top with systematic planning and
continues to decision making, perhaps iterating several times till complete.

Table 1. Triad process overview
Project Initiation

SYSTEMATIC o Assemble project team Answers:
PROJECT e Define project objectives e Who
PLANNING o Identify key decision makers e What

o Define decisions to be made e Why

e Develop initial conceptual site model (CSM)
Project Start-Up

e Ongoing revision of the CSM Answers:
e Draft adaptive work plan and sampling e What
DYNAMIC strategy/decision logic e Why
WORK o Develop detailed analytical strategy: e How
STRATEGY field-based or fixed lab e When
e Develop data management plan e Where
e Develop quality assurance plan e Who
o Develop health and safety plan
Answers:
ADAPTIVE Plan Approval e Who

WORK PLAN o Client/regulator/stakeholder review/approval | e What
IMPLEMENTATION | e Refine project decision logic and finalize plans | e Why

e How
Answers:
REAL-TIME Field Program e When
MEASUREMENT | e Sampling and analysis to fill data gaps e Where
TECHNOLOGIES | e Data validation, verification, and assessment | e Who
e What
e How
Are Proiect Obiectives Met? e Why
DECISION o Evolve/refine CSM e What
MAKING o Modify adaptive work plan e How

o Client/stakeholder/regulatory review/approval | e Who

Central Concept = Uncertainty Management

The Triad approach explicitly focuses on the identification and management of sources of
decision uncertainty that could lead to decision errors. The Triad explicitly manages the
largest source of data uncertainty, which is data variability caused by the heterogeneity of
chemical contaminants and the impacted environmental matrices.
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The ideas contained within the Triad approach are a continuation and synthesis of efforts begun
in the 1980s by the U.S. Department of Energy (DOE) to make site investigation and cleanup
more cost-effective (Burton 1993). Over the years, a variety of governmental, academic, and
private sector innovators continued to contribute to the theoretical and practical considerations
that the Triad approach embraces (e.g., Robbat 1997). Similar efforts in Europe are also under
way. A consortium of European academic and government institutions is pursuing an initiative
(referred to as “Network Oriented Risk Investigation for Site Characterization,” or “NORISC”)
to develop strategies for expediting site characterization that have some similarity to the Triad
approach. NORISC emphasizes early and active stakeholder involvement in the establishment of
cleanup goals and places strong emphasis upon the use of on-site analysis selection software
(more information can be found at the NORISC Web site at http://www.norisc.com/).

2.2 Resource Savings and Investigation Quality

Reducing restoration costs and time are common goals for environmental professionals. The
EPA and other practitioners have shown across a variety of project types that implementation of
the Triad approach will result in significant improvements in both investigation quality and cost
efficiency. Several examples of such projects are described in more detail in Section 9. Cost and
time savings result primarily from reducing the number of investigation field mobilizations
needed to complete the characterization. Significant cost and time savings can result because
characterization can focus on uncertainties that impact appropriate remedial action selection,
design, and associated cost estimation. Improved investigation quality arises from better focus on
project goals, increased sample coverage of the site, fewer unexplored site uncertainties,
flexibility for field activities to adjust to unexpected conditions, and sophisticated data
management tools to analyze and communicate the findings.

The Triad Approach Is Efficient

The Triad approach offers the potential for significant cost savings. Cost savings up to 50%
have been observed. The cost savings potential increases with site complexity.

Time savings can also be significant. Systematic project planning establishes clear project
goals and the associated decision logic so that a dynamic work strategy can reduce the
number of field mobilizations.

2.3 Applicability

In contrast to earlier efforts to improve quality and cost-effectiveness, the Triad approach is not
narrowly focused on a single EPA remedial program. Rather, the Triad integrates the core
principles behind many conceptually similar “expedited,” “accelerated,” or “streamlining”
initiatives developed by federal and state agencies. The Triad approach is applicable to all EPA
programs such as the Resource Conservation Recovery Act (RCRA), Superfund, brownfields,
and the underground storage tank (UST) program, as well as similar state programs. Universal
concepts underlying the Triad approach apply to any site, no matter what stage of investigation
or remediation, and no matter what size or complexity of the site. These concepts include
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managing decision uncertainties and developing a conceptual site model accurate enough to
support cost-effective, yet protective decisions.

The Triad Approach is Broadly Applicable

The Triad approach is a conceptual framework developed by synthesizing various strategic
improvements to environmental investigation planning, execution and evaluation. It is
applicable across all types of environmental programs.

2.4 Triad Approach Perspective

The Triad approach rests on the principle that the quality of an investigation depends on
achieving a level of decision confidence that meets the customers’ (including stakeholders’)
expectations for a successful project outcome. To reach the desired outcome, the project team
makes specific regulatory, economic, and engineering decisions, each with inherent uncertainty.
Detailed planning reveals cost-effective ways to ensure confidence in the project outcome
despite the persistence of uncertainties with some of the decision inputs. Project planning always
involves creating a preliminary or initial CSM. Planning with the “end” (i.e., the desired project
outcome) in view reveals which knowledge gaps in the CSM are truly important. Data collection
to fill those gaps should be tailored to be representative of the decision to be made. With its
focus on managing decision uncertainty, Triad systematic planning allows projects to be done
right the first time.

Significant components of project planning and execution are shown graphically in Figure 2. The
general time order for tackling each of these components during the planning process is reversed
during project implementation. Projects begin with the need to achieve a certain restoration or
reuse outcome. A successful outcome depends on satisfactorily resolving regulatory and
technical decisions about contaminant presence, exposure, and fate.

Systematic Project Planning

Project Outcome Project Decisions Conceptual Site

(Sect. 2.4.1) (Sect. 2.4.2) Model (Sect. 2.4.3) | | D2t (Sect. 2.4.4)

Project Implementation/Resolution

Figure 2. Project planning and execution relationships. Systematic planning tailors data
collection by starting at the highest level (the desired outcome) and working downward into
the details of sampling and analysis (arrow pointing right). As the work strategy is
implemented, the generated data are used to mature the CSM, which is in turn used to make
decisions about whether the outcome can be satisfactorily achieved (arrow pointing left).
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The CSM integrates information about contaminant release, migration, and risk reduction
options into a form that decision makers can use. Information gaps always exist in preliminary
CSMs. Gaps are identified by comparing what is already known with what needs to be known to
make appropriate regulatory and engineering decisions. Data-gathering strategies are then
devised to fill CSM gaps. As the CSM progressively becomes more mature, decision uncertainty
progressively decreases. These ideas are illustrated in Figure 2 and are more fully explained in
the sections that follow.

2.4.1 Project Outcomes

A hypothetical example is used in the following paragraphs to illustrate the Triad approach. The
desired project outcome is construction of a school at a former commercial parcel that is now
being managed as a brownfields site. Project team members and stakeholders will be concerned
about the certainty of a specific outcome, such as ensuring that if a school is built on the
brownfields site, the children will not be exposed to site contaminants.

The decision about whether a school can be safely built is itself dependent on a number of
specific regulatory and engineering decisions about whether contamination is present above
regulatory thresholds, and if so, whether intact exposure pathways might exist after school
construction is completed.

2.4.2 Project Decisions

To achieve the desired project outcome, a number of regulatory and technical decisions must be
made along the way. In practice, project decisions are made using a combination of scientific
data and other inputs. These other inputs include political, economic, and social considerations
that may have local, regional, and national linkages. Different projects will have different lists of
decisions. A partial list of example project decisions includes deciding whether

contamination is greater than background;

there is a threat to groundwater;

the contamination has been adequately characterized,

the extent and variability in contamination distribution has been adequately assessed;
natural attenuation is occurring, and if so at what rate;

people are exposed to the contamination, and if so by what pathways;
environmental (ecological) receptors are exposed;

contamination levels are greater than regulatory action level;

there are cost-effective remedial options;

it is possible to apply new and innovative remedial approaches;

other institutional controls, such as land use restrictions, are appropriate for the site;
a risk-based remedial strategy is appropriate for the site; and

long-term monitoring will be required.

Making these decisions requires knowledge of site contamination issues, collectively referred to
as a conceptual site model. The CSM will be discussed in more detail below, but at this point it is
sufficient to understand that the CSM is constructed with information, much of which consists of
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environmental data for understanding how contaminants are distributed throughout the site,
along with contaminant fate, migration, and exposure pathways.

The project team’s confidence in making correct decisions depends on its ability to assemble an
accurate CSM. To continue with the hypothetical brownfields school redevelopment site, when
evaluating whether it is safe to build the school, the project team must determine whether there
are unacceptable levels of contamination and complete exposure pathways. Assume that the
project team must decide if lead contamination in near-surface soils would pose a risk to school
children if a playground were built. A regulatory action level has been established, and the
limited amount of available data and site history used to create the initial CSM suggests that lead
may be unevenly distributed across the site. The project team must decide whether the average
lead concentration and the concentration of any isolated hot spots exceeding a certain size in the
playground soils exceed established regulatory action levels. To demonstrate with confidence
whether lead concentrations could be high enough to pose a threat, a sampling program is
needed. To have confidence that the sampling design can detect hot spots of concern and produce
an accurate estimate of the mean, the project team needs to develop the sampling program that
estimates contaminant variability and is dense enough to locate any significant hot spots. If there
are doubts about the correctness of a regulatory decision because of excessive uncertainty in
estimates of lead concentrations, then all team members will be in doubt regarding the success of
the school development project from the standpoint of the children’s safety. In other words,
doubts about whether decisions are made correctly create doubts (i.e., uncertainty) about the
success of the project outcome.

As mentioned earlier, it is sometimes possible to manage outcome uncertainty despite unresolved
decision uncertainty. Continuing with the school example, this possibility can be illustrated by
considering how a remedial option might render actual soil lead concentrations irrelevant by
simply blocking the exposure pathway. For example, physically capping potentially
contaminated soil at the playground ensures confidence in the desired outcome that children not
be exposed to contaminated soil. This outcome is achieved without costly soil sampling to
determine the actual lead concentrations. Exposure to any other nonmobile contaminant that may
happen to be present in the subsurface is similarly blocked by this containment option. Selection
of this option is conservative in the sense that all team members will have high confidence in the
desired protective outcome, despite continued uncertainty about whether or not lead
concentrations exceed regulatory thresholds. The benefits of this decision strategy are that
regulatory agencies can quickly confirm the completion of remedial actions, financial institutions
can confidently lend money for redevelopment to proceed, and insurance brokers can provide
coverage at reasonable rates.

This type of decision uncertainty management may be appropriate for some sites but not for
others. It depends on myriad site-specific, economic, social, and regulatory variables. While
conservative protective options may be appropriate and cost-effective in some instances, in other
cases the costs and consequences of overly conservative decisions may outweigh any perceived
benefits. When cost-effective treatment options are available (such as precision removal and
disposal of contamination hot spots followed by evaluating the hazard posed by any remaining
contamination), sampling and analysis to support a cleanup strategy are generally preferable to
preserve a wider range of land use options. In that case, developing a sampling plan that gives an
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accurate picture of lead concentrations becomes a critical component of the project planning.
Tolerable levels of decision uncertainty (how much contamination can be missed by the
sampling program without causing undue risk) must also be established in the work plan.

Decision Strategies Are Determined During Systematic Project Planning

Decision strategies are determined with the input of stakeholders and the approval of
regulators. If too little information is available to know which decision strategy would be
best, the factors driving the selection of one strategy over another (e.g., selecting a cleanup
strategy rather than a containment option) are determined. These factors can be arrayed into a
matrix or decision tree, which is resolved as the needed information is gathered during
implementation of the dynamic work strategy.

An important task of Triad systematic planning is to consider which decision strategy is most
appropriate for a particular project, weighing each strategy’s pros and cons against budgetary and
regulatory constraints and stakeholder interests. Early in the project life cycle there may not be
enough knowledge to determine which decision strategy is best. In that case, systematic planning
focuses on the information needed to decide which decision strategy makes the most sense.
Selection of a decision strategy may be summarized as a series of “if-then” statements that
capture the relationships between drivers such as costs, risk, cleanup versus containment options,
and stakeholder concerns. For example, “If characterization finds that estimates of the highly
contaminated soil requiring disposal (if removed) exceed 100 tons, then capping and restricted
reuse is the only financially viable option. Further delineation of soil contamination will be
aborted, and a decision strategy to support containment design will be instituted. However, if
contamination is found to be low level and disposal is estimated at less than 100 tons,
characterization will continue according to a decision strategy supporting complete cleanup and
unrestricted site reuse.” As long as all stakeholders agree on the decision logic, final selection of
the decision strategy can be a seamless part of field implementation.

2.4.3 Conceptual Site Models (CSM)

Building a CSM begins with information about land use, records of chemical usage, other
historical data, and expectations about how contaminants may have been released to the
environment. Contaminant release mechanisms determine how variable contaminant
concentrations are likely to be across the site. When new data are collected, CSM hypotheses are
tested and confirmed, modified, or rejected. New data are used to “mature the CSM,” that is, to
build an accurate understanding of what contamination is present and where, whether the
contamination can pose current or future risks to potential receptors, and if so, how that risk can
be mitigated. The CSM and “data” are tightly coupled in a feedback loop: the CSM guides the
collection of new data, but the CSM is also changed and refined as those new results are
integrated into it. The updated CSM then guides the collection of more data, which further
refines the CSM. Traditional approaches were forced to update the CSM in separate field
mobilizations. Under the Triad, new technologies allow the CSM update cycle to proceed daily,
with a fully matured CSM emerging in as little as a single field mobilization.
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The CSM creates the setting within which the analytical contaminant data are evaluated and
understood. The CSM consists of chemical, physical and biological data that are organized into
text, graphics, tables, or some other useful representation (or “model”) able to support site
decision making. Key elements typically included in a CSM include the following, adapted from
the Vermont Department of Environmental Conservation:

e General physical site description
e Regional environmental setting
o Geology
o Hydrogeology
o Habitat description
e Land use description
o Current land use
o Proposed land use
o Land use history
e Contaminant regime and site investigations
Results of previous site investigations
Contaminants of concern
Contaminant sources
Contaminant fate and transport
Contaminant susceptibility to various treatment or destruction options
Contaminant variability in time and space (at larger and smaller scales)
e Potential risks and potential receptors
o Exposure pathways
o Activities and risks
e Data evaluation
e Identification of data gaps and data needs to serve various exposure or remedial decisions

0O 00O O0O0Oo

Different decisions may require different representations of the CSM. For example, decisions
about groundwater contamination migration or cleanup need a CSM that emphasizes
hydrogeology and contaminant concentrations and fate information; whereas decisions about
contaminant exposure require a CSM that focuses on identifying all potential receptors and
exposure pathways. Figure 3 shows a simple pictorial CSM representing geologic and
hydrogeologic settings. A geologic cross section is an effective method to show manmade and
natural features that affect contaminant transport and receptor exposure. A complex site may
have several depictions of the CSM, each of which addresses a different medium or subset of the
decisions to be made or represents one of multiple hypotheses that need to be clarified by getting
more data (USACE 2003; ASTM 2002).

The CSM is updated as new information becomes available, generally after completion of each
phase of investigation. Using a dynamic work strategy, a “phase” might be completed one day,
the CSM updated overnight, and the next “phase” begun the next day without a break in field
work. The CSM can be updated whenever new data suggest a significant change to a previous
interpretation or to direct the next sampling or remedial effort. The revision/updating cycle of the
CSM should be a group decision made by team members and stakeholders during the systematic
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Figure 3. Simple hydrogeologic conceptual site model (USACE 2003).

planning. When not performing the CSM updates themselves, it is critical that field personnel be
kept informed of any updates to the CSM.

The CSM becomes sufficiently accurate when there is confidence that the CSM represents actual
site heterogeneity so that decisions about exposure and remediation can be correct and cost-
effective. Spatial heterogeneity occurs because of differing release scenarios, the many diverse

fate and transport mechanisms that affect a contaminant, and the heterogeneity of geologic
environments. Spatial heterogeneity creates areas that can differ widely in contaminant
concentrations. These different areas may constitute different contaminant populations.
Populations can be considered different if the mechanism creating them is different and/or if
decisions are different. For example, for noncontaminated areas, the obvious decision is “no
action required.” For contaminated areas of sufficient size, with concentrations above the action
level or large contaminant mass, the decision is to remediate.

A preliminary CSM considers the site history and physical characteristics to determine what type
of spatial patterning might be expected. The same information can predict whether the
concentrations from place to place within a single population are expected to be more or less
uniform or whether they are likely to be highly variable. This knowledge is critical to designing
cost-effective sampling plans. Statistical sampling plans, such as those used to estimate a mean
for use in risk assessment (where an average concentration over an exposure unit is required), are
much more powerful when data from different contaminant populations are kept separate.
Successful remedial designs are entirely dependent on sampling plans that develop an
understanding of spatial patterns and concentration extremes (e.g., finding a dense, nonaqueous-
phase liquid [DNAPL] source area).

11



ITRC — The Triad Approach: A New Paradigm for Environmental Project Management December 2003

Heterogeneity Is Addressed in the CSM

The CSM is the primary tool used to

e predict the degree of contaminant heterogeneity and the nature of spatial patterning and
migration pathways;

verify whether those predictions were accurate;

assess whether heterogeneity impacts the performance of statistical sampling plans;
understand “data representativeness;” and

integrate knowledge of heterogeneity and spatial patterning into decisions about exposure
pathways, selecting remedies, designing treatment systems, and long-term monitoring
strategies.

The term “data representativeness” is frequently used in a generic sense by environmental
pr