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FOREWORD

The U.S. Environmental Protection Agency has developed this guidance as part of its
Quality System, an Agency-wide program of quality assurance for environmental data. One
component of this Quality System is the requirement that investigators use a systematic planning
process as mandated in EPA Order 5360.1 CHG 1: Policy and Program Requirements for the
Mandatory Agency-wide Quality System (EPA, 1998b). EPA strongly recommends the Data
Quality Objectives (DQO) Process as the appropriate systematic planning process for decision
making. The DQO Process is an important tool for project managers and planners to define the
type, quality, and quantity of data needed to make defensible decisions.

Data Quality Objectives Process for Hazardous Waste Ste Investigations (QA/G-4HW) is
based on the principles and steps developed in Guidance for the Data Quality Objectives Process
(QA/G-4) (EPA, 1994b) but is specific to hazardous waste Site investigations. This guidanceis
also consistent with Data Quality Objectives Process for Superfund: Interim Final Guidance
(EPA, 1993) and Soil Screening Guidance: User’s Guide (EPA, 1996a). Although this
document focuses on EPA applications, such as site assessments under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the Resource
Recovery and Conservation Act (RCRA), this guidance is applicable to programs at the state and
local levd.

This publication is one of the U.S. Environmental Protection Agency Quality System
Series documents.  These documents describe the EPA policies and procedures for planning,
implementing, and assessing the effectiveness of the Quality System and provide suggestions and
recommendations for using the various components of the Quality System.

» Data Quality Objectives Decision Error Feasibility Trials (DEFT) Software
(QA/G-4D) (EPA, 1994c)

» Guidance for Quality Assurance Project Plans (QA/G-5) (EPA, 1998c¢)

» Guidance for Data Quality Assessment: Practical Methods for Data Analysis
(QA/G-9) (EPA, 1996h)

» Data Quality Evaluation Satistical Toolbox (DataQUEST) (QA/G-9D) (EPA, 1997)

These and other related documents are available on the EPA’s Quality Staff’s Web site,
es.epa.gov/ncerga/galindex.html. Questions regarding this or other available system series
documents may be directed to:

Quality Staff (2811R)

U.S. Environmental Protection Agency
Washington, DC 20460

(202) 564-6830

FAX (202) 565-2441

E-mail: gquality@epa.gov
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CHAPTERO
INTRODUCTION
01 PURPOSE AND SCOPE OF THISDOCUMENT

Data Quality Objectives Process for Hazardous Waste Ste Investigations (QA/G-4HW)
provides general, nonmandatory guidance on developing Data Quality Objectives (DQOs) for
environmental data collection operations in support of hazardous waste Site investigations.
Application of the DQO Process will help site managers plan to collect data of the right type,
quality, and quantity to support defensible site decisions.

This document focuses on planning for the collection of environmental measurement data
in support of the more intensive investigations conducted under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA or “Superfund”) and the
Resource Conservation and Recovery Act’s (RCRA’s) Corrective Action (CA) program, such as
RCRA Facility Investigations (RFIs) and Superfund Remedial Investigations (RIs). Persons
conducting hazardous waste site investigations in other, non-regulatory situations, such as real
estate transfers and brownfields redevel opment, may also benefit from using this guidance.

Although this guidance primarily addresses environmental data collection during intensive
investigations such as RFIs and RIs, other stages of data collection operations during hazardous
waste site investigations (e.g., Site assessment phases, remedial operations) can find value in using
this guidance. However, investigators may need to adapt the DQO Process to their specific
problem. For example, during early site assessment phases, where investigators generally examine
existing site information and conduct site reconnaissance, planning teams can benefit from the
gualitative DQO steps, but may have to allow for amore liberal interpretation of the quantitative

steps.
0.2 RATIONALE FOR THE DOCUMENT

The DQO Process can be applied to environmental data collection operations under a
variety of situations. To address the wide range of planning needs in the environmental
community, the U.S. Environmental Protection Agency’s (EPA’s) Quality Staff has developed
several generic documents about the DQO Process: Guidance for the Data Quality Objectives
Process (QA/G-4) (EPA, 1994b) and its related document, Data Quality Objectives Decision
Error Feasibility Trials (DEFT) Software (QA/G-4D) (EPA, 1994c). The genera guidance on
the DQO Process presents basic guidance on the DQO Process for environmental decision making
under arange of genera problem types. DEFT isinteractive software that determines the
approximate number of samples and associated costs that would be needed to satisfy a set of
DQOs. Thisdocument is tailored to hazardous waste site investigations. Use of the DQO
Process satisfies the requirement for systematic planning of EPA Order 5360.1 CHG 1, Palicy
and Program Requirements for the Mandatory Agency-wide Quality System, (EPA, 1998b).
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0.3 INTENDED AUDIENCE

This document was developed for persons involved in the management, investigation, or
oversight of hazardous waste sites. To maximize the effectiveness of the document, users should
consult the specific guidance and requirements of the program under which their site is being

administered.

Prior to initiating the planning of a data collection event, al members of the DQO planning
team should review this document. By becoming familiar with the steps and concepts of the DQO
Process, team members will be better able to participate and contribute to the successful planning
of the investigation. To ensure that all stakeholders (such as private citizens) have an
understanding of the DQO Process, this guidance should be made available in public dockets.

0.4 THE DQO PROCESS

The DQO Process is a seven-step
iterative planning approach used to prepare
plans for environmental data collection
activities (see Figure 1). It providesa
systematic approach for defining the criteria
that a data collection design should satisfy,
including: when, where, and how to collect
samples or measurements; determination of
tolerable decision error rates; and the number
of samples or measurements that should be
collected.

DQOs, outputs of the DQO Process,
are qualitative and quantitative statements that
are developed in the first six steps of the DQO
Process. DQOs define the purpose of the data
collection effort, clarify what the data should
represent to satisfy this purpose, and specify
the performance requirements for the quality
of information to be obtained from the data.
These outputs are then used in the seventh
and final step of the DQO Process to develop
adata collection design that meets all
performance criteria and other design
requirements and constraints.

In the context of a hazardous waste

1. STATE THE PROBLEM

Summarize the contamination problem that will require new environmer)
data, and identify the resources available to resolve the problem; devel
conceptual site model.

ta)
PP

¥

2. IDENTIFY THE DECISION

Identify the decision that requires new environmental data to address th
contamination problem.

¥

3. IDENTIFY INPUTS TO THE DECISION

Identify the information needed to support the decision and specify whi
inputs require new environmental measurements.

¥

4. DEFINE THE STUDY BOUNDARIES

Specify the spatial and temporal aspects of the environmental media tha]
data must represent to support the decision.

th

¥

5. DEVELOP A DECISION RULE

Develop a logical "if. . . then. . ." statement that defines the conditions th|
would cause the decision maker to choose among alternative actions.|

At

¥

6. SPECIFY LIMITS ON DECISION ERRORS

Specify the decision maker's acceptable limits on decision errors, which |are
used to establish performance goals for limiting uncertainty in the data.

)

¥ T

7. OPTIMIZE THE DESIGN FOR OBTAINING DATA

Identify the most resource-effective sampling and analysis design for genel
data that are expected to satisfy the DQOs.

raj

Figure 1. The Data Quality Objectives Process

dite investigation, a planning team may use the DQO Process at many stages of its involvement at
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the ste—from initial early assessments to site investigations and remedia operations. For
example, ateam may wish to determine whether or not a bioremediation technology has been
effective in removing hazardous constituents from land-farmed dudge, and in particular, whether
remediation should stop or continue for another year. There are risks involved in making the
wrong decision in either case. If remediation halts before contaminant concentrations in the
dudge have dropped below regulatory levels, then the land farm area may pose a hazard to human
health and the environment. Conversaly, if remediation continues when it is not needed, resources
such as personnel and money will be spent needlesdy. By using the DQO Process, the team
members can clearly define what data and information about the bioremediation technology are
needed; and they can develop a data collection design to help them obtain the right type, quantity,
and quality of data they need to make a sound decision about whether the technology has been
effective.

0.4.1 Planning and the EPA Quality System

EPA Order 5360.1 CHG 1: Policy and Program Requirements for the Mandatory
Agency-wide Quality System, (EPA, 1998b), requires the use of a systematic planning process for
all data collection and/or use by or for the Agency. The Order states that environmental data
operations should be planned using a systematic planning process based on the scientific method.
The planning process should have a common-sense, graded approach to ensure that the level of
detail in planning is commensurate with the importance and intended use of the work and the
available resources.

Elements of a systematic documented planning approach include:

. | dentification and involvement of the project manager, sponsoring organizations,
officials, project personnel, stakeholders, scientific experts, etc. (DQO Step 1);

. Description of the project goal, objectives, and issues to be addressed
(DQO Steps 2 and 5);
. | dentification of project schedule, resources, milestones, and any applicable

regulatory and contractual requirements (DQO Step 2);

. Identification of the type of data needed and the ways in which the data will be
used to support the project objectives and decisions (DQO Steps 3 and 4);

. Determination of the quantity of data needed and specification of performance
criteria for measuring quality (DQO Step 6);

. Description of how, when, and where the data will be obtained (including existing

data) and identification of any constraints on data collection (DQO Step 7).
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While not mandatory, the DQO Process is the recommended planning approach for many EPA
data collection activities, especialy for the investigation of hazardous waste sites.

0.4.2 TheDQO Processand EPA’s Quality System at the Project Level

A project’s life cycle comprises three phases: planning, implementation, and assessment.
In the planning phase, site investigators specify the intended use of environmenta datato be
collected and plan the management and technical activities (e.g., sampling) needed to generate the
data using the DQO Process. During the implementation phase, investigators put the plan
developed in the first phase into action by constructing a QA Project Plan and collecting and
analyzing samples (or measurements) in conjunction with QA and QC protocols. Inthe
assessment phase, investigators evaluate the results of the sampling and analysis through Data
Quality Assessment (DQA) to determine if the assumptions and performance requirements
specified during planning were satisfied.

The DQO Processisflexible and iterative. Often, especialy for more complicated sites, a
larger planning team may be more efficient because a broader range of technical and stakeholder
issues may arise. Regardless of the complexity of the Site or the size of the planning team, it is
common for the team to return to earlier steps to rethink the DQO outputs. These iterations
through the earlier steps of the DQO Process can lead to a more focused design that can save
resourcesin later field investigation activities.

In Superfund, the outputs of the DQO Process are most often used during the RI to
develop the sampling design for the Field Sampling Plan (FSP) and to prepare the QA Project
Plan. The FSP and QA Project Plan are often combined to create the Sampling and Anaysis Plan
(SAP). In Superfund RIs, the SAP helps investigators ensure that data collection activities are
consistent with previous data collection activities at the site. The SAP also provides a system for
planning and approving field activities and is the basis for estimating the cost of data collection
activities.

In RCRA Caorrective Actions, the DQO Process is used most often during the RFI.
Investigators use the outputs of the DQO Process to prepare the QA Project Plan for the RFI.
Investigators then incorporate the QA Project Plan and the sampling design developed by the
DQO Process into the RFI Workplan. In RCRA Corrective Action, site owners (or permittees)
will most often be conducting the RFI. Therefore, the RFI Workplan allows a permittee to
present to the oversight agency the permittee’s plans to characterize the nature and extent of the
release or contamination. Asthe RFI Workplan should meet with the oversight agency’s
approval, permittees are encouraged to use the DQO Process to demonstrate the defensibility of
their data collection plan.
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0.4.3 Benefitsof the DQO Process

One important benefit of the DQO Processisthat it provides investigators with areliable
methodology for clarifying how decisions about the site will be supported by environmental data
and for establishing site-specific performance criteriafor these decisions. In general, the DQO

Process also:

improves the application and interpretation of sampling designs by using statistical
and scientific principles for optimization;

addresses the right questions early in the investigation by obtaining better
knowledge of the waste constituents;

achieves efficiency through generating the appropriate type and amount of data
necessary to answer the question;

helps investigators conserve resources by determining which data collection and
analysis methods are most appropriate for the data quality needs of the study; and

provides investigators with a stopping rule—a way for the planning team to
determine when enough data of sufficient quality have been collected to make site
decisions with the desired level of confidence.

0.4.4 Statistical Aspectsof the DQO Process

The DQO Process has both qualitative and quantitative aspects. The qualitative parts
promote logical, practical planning for environmental data collection operations and complement
the more quantitative aspects. The quantitative parts use statistical methods to design the data
collection plan that will most efficiently control the probability of making an incorrect decision.

In general, the statistical procedures used in the DQO Process provide:

EPA QA/G-4HW

ascientific basis for making inferences about a site (or portion of a site) based on
environmental data;

abasis for defining decision performance criteria and assessing the achieved
decision quality of the data collection design;

afoundation for defining QA and QC procedures that are more closaly linked to
the intended use of the data;

quantitative criteria for knowing when site investigators should stop data
collection (i.e., when the problem has been adequately characterized);
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. a solid foundation for planning subsequent data collection activities; and
. ascientific and statistical basis to support the investigators ensuing decision.

Although the statistical aspects of the DQO Process are important, planning teams may
not be able to apply statistics to every hazardous waste site investigation problem. For example,
in the early stages of site assessment [e.g., RCRA Facility Assessments, Superfund Preliminary
Assessments/Site Inspections (PAS/SI9)], statistical data collection designs may not be warranted
by program guidelines or site-specific sampling objectives. 1n some cases, investigators may only
need to use judgmental sampling or make authoritative measurements to confirm site
characteristics.

The media being investigated also may determine whether or not the use of statistical
methods will be limited. For example, in ground water studies, investigators may locate
monitoring wells based on prior knowledge of likely contaminant flow pathways instead of a
purely statistical sampling design. The planning team should examine different aspects of the data
collection problem and discuss whether statistical methods are needed with respect to the
decisions being made and extent of inference desired. A discussion of these types of problemsis
presented in Section 0.6 of this guidance.

0.45 Availability and Need for Statistical Assistance

Planning teams that need assistance on the more complex statistical aspects of the DQO
Process should consult an environmental statistician. However, guidance on statistical and
sampling procedures may be found in Guidance for Data Quality Assessment: Practical Methods
for Data Analysis (QA/G-9) (EPA, 1996b). Statistical books of environmental sampling and
analysisinclude: Satistical Methods for Environmental Pollution Monitoring by Richard O.
Gilbert (1987); Satistics for Environmental Engineers by Paul M. Berthouex and Linfield C.
Brown (1994); Geostatistical Error Management by Jeffery C. Myers (1997); and Environmental
Satistics and Data Analysis by Wayne R. Ott (1995). In addition, the Quality Staff also has
developed a PC-based software, Data Quality Evaluation Satistical Toolbox (DataQUEST)
(QA/G-9D) (EPA, 1997). DataQUEST helps investigators assess the data once it has been
collected.

05 THE DQO PROCESSAPPLIED TO RCRA CORRECTIVE ACTION AND
SUPERFUND

0.5.1 Application of the DQO Process
The DQO Process may be applied to any environmental data collection activity performed

a RCRA CA facilities or Superfund sites. Readers will generally find the DQO Process steps and
activities in this guidance are most applicable during the RFI or RI.
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In generd, there are five elements to Superfund and RCRA CA programs (see Figure 2):
initial site assessment, Site investigation, evaluation of remedia alternatives, remedy selection, and
remedy implementation.® Although there are differences between the administration and
regulatory setting of the site assessment, sSite investigation, evaluation of remedial alternatives,
remedy selection, and remedy implementation programs, one of EPA’s current initiativesisto
develop consistency between the policies and procedures of Superfund and RCRA CA. For
further information on the changes proposed to RCRA CA and the program’ s relationship to
Superfund, readers should consult Federal Register Vol. 55, No. 145, July 27, 1990 and Federal
Register Vol. 61, No. 85, May 1, 1996.

Initial Site Assessment. In most cleanup programs, the first phaseisan initia site
assessment. The purpose of this activity isto gather information on site conditions, rel eases,
potential releases, and exposure pathways. Investigators use this information to determine
whether a cleanup may be required or to identify areas of concern for further study. Information
collected during this phase usualy forms the basis for determining whether the next stage, site
investigation, is warranted.

RCRA Corrective Action Program Superfund
Initial Site Assessment RCRA Facility Assessment Preliminary Assessment/Site
(RFA) Inspection (PA/SI)
. . RCRA Facility Investigation Remedial Investigation
Site Investigation (RFI) R))
Evaluation of Remedial Corrective Measures Study Feasibility Study
Alternatives (CMS) (FS)
Remedy Selection Permit Modification or Record of Decision
Y Amended Order (ROD)
Corrective Measures Remedial Design/Remedial
Remedy Implementation . Action (RD/RA); Remedy
Implementation (CMI) ) .
Operation and Maintenance

Figure 2. Comparison of Phases of Hazar dous Waste Site I nvestigations between the
RCRA Corrective Action Program and Superfund

YIn addition, interim actions or emergency-response actions (e.g., stabilization, removal of wastes, ingtitutional
controls, supply of drinking water) may occur at any time during the program administration of a site or facility. Interim
actions are used to control or minimize ongoing risks to human health and the environment.
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In the RCRA CA program, the initial Site assessment is called the RCRA Facility
Assessment. EPA or a state authority conducts the RFA to determine whether there is any threat
to human health and the environment at afacility. During the RFA, investigators identify and
evaluate solid waste management units (SWMUSs) and other areas of concern for releasesto al
media. In addition, investigators determine the need for further investigation and interim
measures. If the facility poses athreat to human health or the environment, investigators may
require corrective action either by a corrective action order or through the facility’ s permit
conditions. For further guidance on the RFA, readers should consult RCRA Facility Assessment
(RFA) Guidance (EPA, 1986).

In the Superfund program, this phase is called the Preliminary Assessment/Site Inspection.
EPA or a state authority conducts a PA on a site listed in the Comprehensive Environmental
Response, Compensation, and Liability Information System. The PA is generaly limited in scope
and consists of collecting available information and conducting a Site reconnaissance. The
purpose of the PA is to determine whether the site may pose a threat to human health and the
environment. If investigators determine through the PA that further investigation is needed, then
an Sl will beinitiated. During the SI, investigators usually collect environmental measurements to
determine what hazardous substances are present at the site and whether or not they are being
released to the environment. One objective of the Sl isto provide a basis for ranking the site's
hazards for possible placement of the site on the National Priorities List (NPL). A second
objective of the Sl isto determine if the Site poses any immediate health or environmental risks
and requires emergency response. For further information on the PA/SI, readers should consult
Guidance for Performing Preliminary Assessments Under CERCLA (EPA, 1991a) and Guidance
for Performing Ste Inspections Under CERCLA (EPA, 1992a).

Site Investigation. The purpose of this phase is to determine the nature and extent of
contamination at a site, quantify risks posed to human health and the environment, and gather
information to support the selection and implementation of appropriate remedies.

In the RCRA CA program, this phase is known as the RCRA Facility Investigation. The
facility owner or permittee generally conducts the RFI with oversight from EPA or a state
authority. Through the RFI, the facility owner characterizes the nature, extent, direction, rate,
movement, and concentration of releases at the facility as well as the chemical and physical
properties of the site that are likely to influence contamination migration and cleanup. For further
information on the RFI, readers should consult RCRA Facility Investigation (RF1) Guidance
(Volumes I-1V) (EPA, 1989b), RCRA Corrective Action Plan (EPA, 1994a), and Soil Screening
Guidance: User’s Guide (EPA, 1996a).

In Superfund, this phase is referred to as the Remedia Investigation. RIs are conducted at
sites placed on the NPL. EPA, state authorities, or potentially responsible parties may conduct
RIs. During the RI, investigators define the nature and extent of contamination at the site and
conduct a baseline risk assessment. For further information, readers should consult Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988), Risk
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Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual, Part B,
Development of Risk-Based Preliminary Remediation Goals (RAGS HHEM, Part B) (EPA,
1991c¢), and Soil Screening Guidance: User’s Guide (EPA, 1996a).

Evaluation of Remedial Alternatives. The purpose of this phase is to assess the
advantages and disadvantages of different potential remedial aternatives for the site or facility. In
generdl, this stage is concurrent with either the RFI or RI, and investigators use data collected
during the RFI or RI to develop options for remedial aternatives. In the RCRA CA program, this
stage is known as the Corrective Measures Study. For more information on the Corrective
Measures Study, readers should consult RCRA Corrective Action Plan (EPA, 1994a) and RCRA
Corrective Action Inspection Guidance Manual (EPA, 1995a). In Superfund, this stage is the
Feasbility Study (FS). For more information on the FS, readers should consult Guidance for
Conducting Remedial Investigations and Feasibility Sudies Under CERCLA (EPA, 1988).

Remedy Selection. During this stage, EPA selects aremedy for the site or facility that
should be protective of human health and the environment, and should maintain that protection
over time. Inthe RCRA CA program, either a permit modification or an amended order isissued
by EPA or a State to support the selection of the final remedy. In Superfund, EPA preparesa
Record of Decision to support the selection of the final remedy and documents data, analyses, and
policy considerations that contributed to the remedy’ s selection.

Remedy Implementation. Remedy implementation consists of severa activities: remedy
design, remedy construction, remedy operation and maintenance, and remedy completion. Inthe
RCRA CA program, these activities are known as Corrective Measures |mplementation. In
Superfund, these activities are called Remedia Design/Remedial Action (RD/RA) and Operation
and Maintenance. Documentation for the remedy implementation should include the
investigators plans and methods to determine whether the remedly is effective and when remedia
goals have been achieved.

0.5.2 Using This Document to Help Plan Studies

Planning teams should be familiar with the guidance before beginning the DQO Process
and should document each step of the planning process, including all inputs and outputs.
However, in some studies, investigators may not be able to complete Steps 6 and 7 in the manner
described in the guidance. In these situations, investigators should aways apply the fundamental
underlying principles of the steps, base their data collection plans on some explicit consideration
of tolerable uncertainty in the data, and document the reasons why the steps were not compl eted.

0.5.3 Other Guidance and Requirements Applicable to Investigations
This guidance provides nonmandatory instructions for applying the DQO Process to data
collection activities at sites and facilities under RCRA Corrective Action or Superfund. Although

this document has attempted to incorporate the programs most current policies and guidelines,
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readers should determine their program’ s latest requirements before conducting an investigation.
In Section 0.5.1, documents useful for different stages of hazardous waste site investigations have
been listed. Readers should refer to those documents as a starting point. To determine what
guidance is the most appropriate and current, readers may wish to consult the RCRA/Superfund
Hotline at (800) 424-9346, or in the Washington, DC, Metropolitan Area at (703) 412-9810.

0.6 SPECIAL CONSIDERATIONSFOR DIFFERENT MEDIA

This section contains a brief discussion of the different types of media that may be
addressed in hazardous waste Site investigations and, in general, some of the various problems
one may encounter when applying the DQO Process. Note that this discussion is not an
exhaustive list of considerations but is intended to give a sample of the types of issues and
challenges that may arise. In all cases, the planning team should have scientific advisors who are
experts in the media and conditions of the study.

0.6.1 Surface Sail

The various hazardous waste programs define surface soils differently depending on the
purpose of the investigation and the exposure pathways for surface soils. In general, surface soils
are considered to be the top 1 inch (or 2 centimeters) of soil. (However, under certain conditions,
some programs aternatively define surface soil as the top 6 inches of soil. Readers should
determine their program’s requirements.) Development of DQOs for surface soil investigations is
generally straightforward because of the relative ease in preparing a statistical sampling designin a
medium that is more stable, static, and readily bounded than other media. In fact, readers will find
that the majority of examples of the DQO Process are presented in the surface soil medium.

However, planning teams may encounter afew problems in the application of the DQO
Process to surface soils. For example, site surface soils may be extremely heterogeneous (e.g.,
soils with awide range of particle sizes from clays and silts to cobbles, and even wastes such as
plastic scrap or fiberglass insulation). Because contamination adheres differently to the various
components of the soil and debris, investigators will have to consider how to develop a sampling
design that will collect measurements that are truly representative of the media and the
contamination. In addition, a highly heterogeneous surface soil presents problemsin the actua
physical sampling of the media. Investigators should determine what methods are most
appropriate for the physical characteristics of the site. For more information on surface soil
sampling considerations, readers should consult Soil Screening Guidance: User’s Guide (EPA,
1996a).

0.6.2 Subsurface Sail
Subsurface soils present a problem to investigators because the soils are difficult to
characterize fully. By most definitions, subsurface soils represent the soil media from

approximately 1 inch below the ground surface to the top of the water table. When using the
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alternate definition of surface soil, the subsurface soil represents the soil media from 6 inches
below the ground surface to the top of the water table. This zone can be afew inches or afew
tens of feet in thickness. The characterization of subsurface soils isimportant because the soils
may affect other media significantly. Contaminants from this zone can migrate to the surface or
to ground water, where contaminants may pose arisk to human health. For athick subsurface
soil, sampling can be very expensive, requiring mobilization of drill crews and collection and
analysis of deep soil cores. In addition, practical considerations such as concern about
transferring contamination to lower soil zones can limit the number of samples taken in the
subsurface soil. Because of these constraints and the natural variability of the subsurface,
planning teams can be faced with a great deal of uncertainty in their subsurface soil data.

The science of and methods used in subsurface investigations are evolving continualy. An
elementary example of the application of the DQO Process to subsurface soils may be found in
Soil Screening Guidance: User’s Guide (EPA, 1996a), and a more complex discussion of soil
sampling in general in Myers (1997).

0.6.3 Ground Water

Ground water is difficult to characterize because aquifers can be geographically and
verticaly extensive and complex. In addition, because ground water is usually flowing,
investigators should be concerned with the tempora boundaries when defining a ground water
population to characterize. Most planning teams encounter problems when trying to develop a
statistical sampling design for ground water investigations. Investigators have developed some
innovative approaches to this dilemma. For example, to determine whether a contaminant source
has impacted ground water, investigators may use a statistical analysis of well measurements
upgradient and downgradient from the source. For determining whether or not a ground water
pump-and-treat technology is effective, investigators may use a statistical time series analysis of
ground water data to assess whether contaminant concentrations are decreasing significantly. A
statistical approach also may be used for locating wells along a point of compliance to ensure that
aplume migrating past that point is detected with a specified level of confidence.

For further information on ground water monitoring, readers may wish to consult
Considerations in Ground-Water Remediation at Superfund Stes and RCRA Facilities (EPA,
1991b), Guidance Document on the Satistical Analysis of Ground-Water Monitoring Data at
RCRA Facilities (EPA, 1989), and Methods for Evaluating the Attainment of Cleanup
Standards, Volume 2: Ground Water (EPA, 1992b).

0.6.4 Surface Water

In surface water investigations, the planning team’ s objective is generally to characterize
the nature, extent, and rate of migration of contaminants to the medium. Like ground water,
surface water can be difficult to characterize because of its three dimensions and its variation over
time. However, surface water is easier to access for measurements than ground water.
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Investigators can often monitor streams and lakes at key locations. Usually, surface water
investigations will require the characterization of not only the water itself but also the bottom
sediments and biota of the environment. The dynamics of sediment analysis with the problem of
thin stratification can be complex. Depending on the hydrologic system, contaminants from the
ground water may aso affect surface water. For further information, readers should consult
RCRA Facility Investigation Guidance (RFI), Volume I11, Air and Surface Water Releases (EPA,
1989) and Guidance for Conducting Remedial Investigations and Feasibility Sudies Under
CERCLA (EPA, 1988).

0.6.5 Air

Air isdifficult to characterize because investigators should consider how to collect data on
athree-dimensiona medium whose properties can change rapidly over time. Meteorol ogical
conditions such as wind speed and direction can greatly affect the concentrations of contaminants
present in the air. In most cases, investigators will be concerned with contaminants such as
volatile organics and airborne particulates, possibly being released to the environment from
surface impoundments, landfills, or contaminated soils. Often, the planning team will need to
determine whether air contaminants are present at the site or facility boundary. Generaly, a
monitoring network is set up along this boundary or models developed to predict exposure.
Readers should consult RCRA Facility Investigation Guidance (RFI1), Volume 111, Air and
Surface Water Releases (EPA, 1989) and Guidance for Conducting Remedial Investigations and
Feasibility Sudies Under CERCLA (EPA, 1988) for more information.

0.7 ORGANIZATION OF THISDOCUMENT

Chapters 1 through 7 describe procedures for implementing the DQO Process at
hazardous waste sites. Each chapter describes a step of the DQO Process, provides background
material on the purpose of the step, and discusses the activities that produce the DQO outputs.
Chapter 8 describes some of the more important activities following the completion of the DQO
Process. This guidance is supported by several appendices. Appendix A compares three different
documents that present versions of the DQO Process—Guidance for the Data Quality Objectives
Process EPA (QA/G-4) (EPA, 1994b), the Department of Energy’s “ Streamlined Approach for
Environmental Restoration (SAFER)” from its Remedial Investigation/Feasibility Study (RI/FS)
Process, Elements, and Technical Guidance (DOE, 1993), and the American Society for Testing
and Materials (ASTM) Sandard Practice for Generation of Environmental Data Related to
Waste Management Activities: Development of Data Quality Objectives (ASTM, 1996).
Appendix B contains a glossary of terms used in this guidance, Appendix C isa DQO Case Study
involving judgmental sampling schemes, and Appendix D isa DQO Case Study involving
probabilistic sampling.
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CHAPTER 1

STEP 1. STATE THE PROBLEM

THE DATA QUALITY OBJECTIVES PROCESS

State the Problem —
‘ STATE THE PROBLEM
entify the Decision Purpose
Summarize the contamination problem that
will require new environmental data, and
] o identify the resources available to resolve the
Identify Inputs ¥ the Decision problem.
‘ \ Activities
d Identify members of the planning team.
Define the Study Boun(%\'{s ® Develop/refine the conceptual site model.
‘ \ ® Define the exposure scenarios.
. s Specify the available resources and constraints.
Develop a Decision Rule
® Write a brief summary of the contamination
‘ problem.
Specify Limits on Decision Errors

it

Optimize the Design for Obtaining Data

1.1 BACKGROUND

The DQO Process may be applied to the investigation of contamination problems at
hazardous waste sites during different phases—from initia site assessment activities to
evaluations of remedia operations. By using the DQO Process, the site manager and the planning
team can develop a framework for addressing specific contamination problems and determine
sampling designs that are intended to collect the right type, quantity, and quality of datato
support decision making.

This step encourages site managers to consider the broad context of the problem so that
important issues are not overlooked. Step 1 activities include forming a description of the
contamination problem, defining the planning team and determining organizational and
management issues (e.g., determining members' roles, financia resources, and constraints).

1.2 ACTIVITIES

The three most important activities are to:
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. describe the contamination problem that presents a potential threat or unacceptable
risk to human health and the environment, and

. establish the DQO planning team,
. identify resources and organization/management issues needing resolution.
1.2.1 ldentify Members of the Planning Team

The DQO planning team usually includes the site manager, regulatory authorities, and
associated technical staff, together with stakeholders from the local community if appropriate.

The site manager? is typicaly the decision maker for the site and should actively
participate in DQO development but may delegate responsibility for accomplishing planning tasks
to the other members of the team. The decision maker also makes the final determination on the
tolerable probability for the risk of decision errorsin Step 6 of the DQO Process.

Regulatory Authorities are entities having policy inputs to the decision to be made. For
example, State environmental organizations, EPA Regiona staff, or local jurisdictions that require
their viewpoints to be incorporated into the process to ensure a successful conclusion.

The technical staff should include representatives who are knowledgeabl e about technical
issues that may arise over the course of severa project phases. Depending on the nature of the
contamination problem, the planning team of multidisciplinary experts may include QA speciaists,
samplers, chemists, modelers, technical project managers, human health and ecological risk
assessors, toxicologists, biologists, ecologists, geologists, soil scientists, engineers, executive
managers, data users or statisticians.

Stakeholders may consist of interested persons from the local community, such as nearby
residents, local government authorities, and local businesses concerned with contamination
problems and subsequent activities at the site.

DQO development does not always require a large planning team that includes every
available area of expertise. For small sites with familiar contamination problems, the site manager
may want to complete DQO devel opment with a small team consisting of, for example, an
environmental engineer, sampling expert, and laboratory manager. However, as the DQO Process
isiterative, further experts can be added as the problem becomes more fully devel oped.

2In the Superfund program, the decision maker will typically be the site manager, also known as the Remedial Project
Manager (RPM). If the RPM is not the decision maker, the person with this authority should be identified. Inthe RCRA
Corrective Action program, the facility’s oversight agency will need to determine a decision maker, because “site managers’ in
this case typically will be facility operators or permit holders who do not have the authority to make decisions such as
acceptablerisk levelsfor the site.
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1.2.2 Develop/Refinethe Conceptual Site Model

A conceptual site model (CSM) is afunctional description of the contamination problem.
The CSM should be initiated at the start of a project and carefully maintained and updated
throughout the life of the site activities. The CSM is often accompanied by a CSM diagram
(Figure 3), which illustrates the rel ationships among:

. locations of contaminant/waste sources or locations where contamination exists,
. types and expected concentrations of contaminants,

. potentially contaminated media and migration pathways, and

. potential human and ecological targets or receptors.

The planning team initially develops the CSM by collecting all available historical site data,
including QA and QC documentation associated with previous environmental data collection
activities. Presenting historical site data in this manner provides afoundation for identifying data
gaps and focuses on where the problems of potentially unacceptable contamination may or may
not exist.

Most hazardous waste programs have certain specific steps for developing CSMs, and
investigators should consult their program’ s requirements. For Superfund, planning teams should
consult Guidance for Performing Ste Inspections Under CERCLA (EPA, 1992a), Guidance for
Conducting Remedial Investigation and Feasibility Sudies Under CERCLA (EPA, 1988), and
Soil Screening Guidance: User’s Guide (EPA, 1996a). For RCRA Corrective Action, planning
teams should refer to Soil Screening Guidance: User’s Guide (EPA, 1996a) which provides a
checklist for developing an extensive, detailed CSM that was developed for use in soil screening
but that investigators may find helpful in preparing CSMs for hazardous waste sites in general.

1.2.3 Define the Exposure Scenarios

At hazardous waste sites, the goal of investigation activities is usualy to define site
conditions that indicate or could lead to an unacceptable threat or exposure to human or
ecologica receptors. Whereas the CSM developed previoudy describes potential pathways, the
preliminary exposure scenario describes the set of pathways that are consistent with future uses or
activities at the site. For Superfund sitesin particular, future uses and activities at the site may be
different from the site's current or past uses and activities. For example, aformer tannery site
may be designated for future residential use. In this scenario, former activities that might lead to
exposure, such as site workers coming into contact with hazardous sludge, may no longer apply;
rather, the planning team may have to consider different activities under which exposure may
occur, such as children coming into contact with contaminants through ingesting soil.

Investigators should combine information on potential human and ecological receptors
around the site with likely contaminant migration pathways to develop preliminary exposure
scenarios. The extent and methods for defining the scenarios may aso depend on program-
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Figure 3. Example of a Conceptual Site Model (CSM) Diagram
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specific requirements that the planning team should determine and consider when defining
exposure scenarios.

For the early phases of investigation activities, it is necessary to establish which complete
exposure pathways exist for each medium and land-use combination. In general, the planning
team will:

. identify currently contaminated media to which individuals or sensitive ecosystems
may be exposed;
. identify potential contaminants of concern based on historical site use, analytical

data, and anecdota information;
. define the current and future land use;

. determine the Applicable or Relevant and Appropriate Requirements (ARARS) for
the site;

. for cases where multiple contaminants exist and ARARSs are not available for al of
the contaminants, develop risk-based contaminant-specific cleanup goals (for
Superfund, these are called preliminary remediation goals or PRGs. Chemical-
specific PRGs are concentrations based on ARARS or are concentrations based on
risk assessment. Risk-based cleanup goals should aso be developed for those
contaminants for which meeting all ARARs is not considered protective); and

. identify available toxicity values for all the contaminants of concern and assemble
these values along with the information obtained in the previous steps into
exposure scenarios that should represent the highest exposure that could
reasonably occur at the site.

More detailed information on accomplishing the above activities under Superfund can be
found in Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation
Manual, Part B, Development of Risk-Based Preliminary Remediation Goals (RAGS HHEM,
Part B) (EPA, 1991c) and Risk Assessment Guidance for Superfund: VVolume I1l—Environmental
Evaluation Manual (RAGS EEM) (EPA, 1991d). Note that the models, equations, and
assumptions presented in Soil Screening Guidance: User’s Guide (EPA, 1996a) to address
inhalation exposures supersede those described in RAGS HHEM, Part B, for residential soils.
More information for completing these activities under RCRA Corrective Action may be found in
RCRA Facility Investigation Guidance, Volumes I-1V (EPA, 1989) and in the Federal Register,
Vol. 55, No. 145, July 27, 1990.
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1.2.4 Specify the Available Resour ces and Constraints

The planning team should specify the approximate monetary budget for the data collection
activity. This estimate should account for developing DQOs, constructing the QA Project Plan,
and implementing the sampling (or taking measurements), chemical anaysis activity, and data
handling and interpretation phases. In addition, the planning team should specify available
personnel, contractual vehicles (if available), and any other additional resources.

The planning team should also look at the “big picture” with respect to the total cost of
investigation and cleanup activities at the site. For example, performing a more thorough and
expensive data collection event at one stage of the investigation may provide the data needed to
make decisions at later stages, thereby eliminating the need for an additional sampling round and
possibly reducing the total cost of the investigation.

In this activity, the planning team also determines the time constraints (e.g., compliance
with RCRA permits) for completing the required site evaluations. Other issues to consider may
include political factors, such as public concern, and whether health and ecological risks are time
critical.

1.3 OUTPUTS

The main output of this step is a description of the contamination problem with its
regulatory and programmatic context, the CSM and an estimate of the budget, schedule, and
personnel necessary to implement the appropriate response for the site. The output should also
identify the DQO planning team members and outline their most important responsibilities.
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CHAPTER 2

STEP 2: IDENTIFY THE DECISION

THE DATA QUALITY OBJECTIVES PROCESS

State the Problem

IDENTIFY THE DECISION

Identify the Decision Purpose

To identify the decision that requires

| —
I
‘ new environmental data to address the
\ . contamination problem.
Identifp)Npputs to the Decision
‘ Activities

® Identify the principal study question.

Define the Study ndaries ® Define the alternative actions that could
result from the resolution of the principal

‘ \ study question.

L N ®  Combine the principal study question and the
Develop a Decision Rule N alternative actions into a decision statement.

; \ ®  Organize multiple decisions.
Specify Limits on Decision Errors

11

Optimize the Design for Obtaining Data

21 BACKGROUND

The purpose of this step isto define the decision statement which combines the key
guestion the study will attempt to resolve with the aternative actions that may be taken. Inthe
DQO Process, the decision statement is abbreviated to ssmply “the decision.”

22 ACTIVITIES

There are four activitiesin this step: identify the principal study question, define the
aternative actions, combine the principal study question and alternative actions into a decision
statement, and organize multiple decisions. Site managers usually address these activitiesin the
order in which they appear in this chapter, but occasionally the team may wish to identify
aternative actions before developing the principal study question. In some cases, the team will
choose a decision statement specific to the requirements of the overall Agency or regulatory
program.
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2.2.1 ldentify the Principal Study Question

The planning team reviews the problem stated in Step 1 and uses this information to
identify the principal study question. The purpose of the principal study question isto alow
investigators to narrow the scope of the search for information needed to address the problem. It
is recommended that the initial iterations of the DQO Process concentrate on only one principal
study question. Secondary study questions may be investigated in subsequent iterations. Some
examples of principal study questions are provided in Table 1.

Table1l. Example Principal Study Questions

Stage Principal Study Questions
Early Assessment Has arelease of hazardous waste that poses a potential threat
Evauations to human health or the environment occurred?

Does the site contamination pose an unacceptable risk to
human health or the environment?

Advanced Assessment Where do the contaminant concentrations exceed ARARS or

Evaluations exceed contaminant concentrations corresponding to the
preliminary remediation goal for the site?

Assessment of Remedial Is the remedial technology performing at alevel that will

Operations ensure remedia objectives are met?

Cleanup Attainment Has the final remediation level or removal action level been

Evaluations achieved?

2.2.2 Identify Alternative Actions that Could Result from the Resolution of the Principal
Study Question

In this activity, the planning team identifies alternative actions that may be taken based on
the outcome of the study and that correspond with the selected principal study question. The
team will need to confirm that the actions associated with the decision will help resolve the
contamination problem and determine if those actions are consistent with and satisfy the
regulatory objectives. In addition, based on the statement of the problem and principal study
guestion, investigators should verify that the actions help achieve the goal of protecting human
health and the environment. Example alternative actions are provided in Table 2.

2.2.3 Combinethe Principal Study Question and the Alternative Actionsinto a Decision
Statement

In this activity, the team combines the aternative actions identified in the previous activity
and the principal study question into a decision statement that presents a choice among alternative
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Table 2. Example Alternative Actions

Stage Alternative Actions

Early Assessment 0] Recommend that the site requires no further evaluation; or
Evauations (i) Recommend that the site warrants consideration of further
assessment or a possible response action.

Advanced 0] Recommend that the site requires no further evaluation; or

Assessment (i) Recommend that the site warrants a possi ble response action.

Evaluations

Assessment of 0] Recommend that the current remedial technology continues

Remedia operation; or

Operations (i) Recommend that a new remedia technology or modifications to
the current technology be considered.

Cleanup 0] Recommend that the site has achieved cleanup goals and proceed

Attainment with delisting procedures; or

Evaluations (i) Recommend that further response is appropriate for the site.

actions. The following standard form may be helpful in drafting decision statements: “Determine
whether or not [environmental conditions/criteriafrom the principal study question] require (or
support) [taking alternative actions].” Examples of decision statements are provided in Table 3.

2.2.4 Organize Multiple Decisions

If several separate decision statements should be defined to address the problem, the team
should identify the relationships among the decisions and the sequence in which the decisions
should be resolved. This activity may be regarded as placing the decision statementsin an order
of relative priority. The team may wish to document the decision resolution sequence and
relationships in adiagram or flowchart.

23 OUTPUTS

The output of this step is a decision statement or set of statements that link the principal
study question to possible or potential actions that will resolve the problem.
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Table 3. Example Decision Statements

Stage Decision Statements
Early Assessment Determine whether a release that poses a potential threat to human
Evaluations health and the environment has occurred and requires further

consideration or aresponse action, or recommend that no further
investigation is necessary.

Determine whether site contamination poses an unacceptable risk to
human health and the environment and requires further consideration
or aresponse action, or recommend that no further investigation is

necessary.
Advanced Determine where contaminant concentrations exceed ARARS or
Assessment PRGs for the site and require further consideration or response
Evaluations action, and where no further investigation is necessary.

Assessment of Determine whether the remedial technology is attaining operational
Remedia goals and should remain in operation, or whether a new technology
Operations or modifications to the current technology should be implemented
Cleanup Determine whether remedial objectives have been met such that no
Attainment further action is required at the site and proceed with delisting
Evaluations procedures, or whether further response is appropriate for the site.

Fina
EPA QA/G-4HW 22 January 2000



CHAPTER 3

STEP 3: IDENTIFY THE INPUTSTO THE DECISION

THE DATA QUALITY OBJECTIVES PROCESS

State the Problem

‘ —
Identifyth/eDeM

i |

Purpose

/ IDENTIFY INPUTS
/

To identify the information that will be required to
support the decision and specify which inputs

Identify Inputs to the Decision require new environmental measurements.
‘ Activities
L]
Defiwtudy Boundaries Identify the information that will be required to
resolve the decision statement.

\ ® Determine the sources for each item of
.. information identified.
Develop a Decision\Rule
[ ]

Identify the information needed to establish the
‘ action level.
Specify Limits on Decision Errors ®  Confirm that appropriate analytical methods
exist to provide the necessary data.

vt

Optimize the Design for Obtaining Data

31 BACKGROUND

The purpose of this step is to identify the informational inputs needed to support the
decision statement and to specify which inputs will require environmental measurements. This
information is necessary so that the proper data may be collected to resolve the decision
statement. To collect data that will be useful to resolve the decision statement, the planning team
should identify what attributes are essential. The action level—such as an ARAR, a soil screening
level (SSL), a PRG, or aRCRA Subpart S Action Level—is another important input that will be
considered during this step.  Once the planning team has determined what needs to be measured,
the team will refine the specifications and criteria for the measurements in later steps of the DQO
Process.

A conceptual understanding of the site (i.e., conceptua site model), as developed in Step
1, “ State the Problem,” which relates contaminant types and their sources to exposure pathways
and receptors, is useful for identifying inputs. This conceptua site model and the decision
statement defined in Step 2, “Identify the Decision,” are previous outputs that are important to
consider during this step.
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3.2 ACTIVITIES
The following subsections describe activities that will help identify inputs to the decision.
3.2.1 Identify the Information That Will Be Required to Resolve the Decision Statement

The type of informational inputs necessary will depend on which approach is used to
resolve the decision statement: sampling, modeling, or a combination of these approaches. For
example, data on soil characteristics and hydrogeology are needed as inputs to model contaminant
transport and dispersion through ground water in order to determine potential risks to receptors.
The conceptual site model serves as aframe of reference for the data collection effort. Based on
available data, the CSM summarizes how site-related contamination may pose a risk to human
health and the environment. Some components of the conceptual site model may be estimated
using mathematical equations and assumptions (i.e., modeling), and other components may be
estimated by directly measuring some characteristic of the site (i.e., inference from a planned
sampling study).

The analytical results of previous data collection activities should be summarized with
respect to contaminants of interest; contaminant concentrations in each medium and the practical
concentration ranges of concern; anticipated anaytical methods; and analytical method
performance characteristics (precision, bias, and method detection limits, etc.) to obtain a
preliminary understanding of the problem.

A ditevisit or possibly a photographic site reconnai ssance should be conducted (or the
results from one recently completed should be obtained) to determine whether observations are
consistent with the current understanding of the site. During this visit, the site should be searched
for signs of contamination, such as discolored or odorous surface water, stressed vegetation, or
discolored soil. Topographic maps should be used to mark locations and to estimate the extent of
source areas or the presence of sensitive environs. The report should include information that will
help assess the apparent stability of the site, such as leaking containment structures or weakening
berms. Limited sampling should be conducted with portable equipment and additiona anecdotal
information gathered from local sources that may reveal disposal areas or practices that were
previoudly unknown and may affect contaminant migration.

The planning team should list all information needed to resolve the decision statement.
Diagraming techniques may help organize the inputs and show logical or temporal relationships.

3.2.2 Determinethe Sourcesfor Each Item of Information I dentified
The planning team should identify existing sources for the informational inputs that will be

required to resolve the decision statement. Sources may include historical records, regulations,
directives, engineering standards, scientific literature, previous Site investigations, professional
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judgment, or new environmental measurements. Those inputs derived from new environmental
measurements will be the main focus of subsequent DQO Process steps.

3.2.3 ldentify the Information Needed to Establish the Action L evel

The planning team will specify the basis for setting the action level.> The action level is
the threshold value that provides the criterion for choosing between aternative actions. Action
levels may be based on regulatory thresholds or standards, such as contaminant-specific ARARs
or RCRA Subpart S Action Levels; they may be derived from site-specific risk considerations,
such as RCRA media cleanup levels, PRGs, or soil screening levels; or they may be based on
other criteria. If no existing source for action levels can be identified during this step, the site
manager should decide how to develop arealistic concentration goal to serve as an action level
for the field investigation design and evaluation. The goal of the current activity is merely to
identify the regulatory or technical basis for setting the action level; the actual numerical value of
the action level will be specified in Step 5, “Develop aDecision Rule.” If the decision will be
stated with respect to a background level, then instead of naming an action level, the team should
identify where the background location will be chosen, and collect information on the
characteristics of this background location. It is of great importance that the characteristics of the
background location be compatible with those of the area under investigation.

3.2.4 Confirm that Appropriate Analytical M ethods Exist to Provide the Necessary Data

The planning team should develop alist of potentially appropriate measurement methods
for each item of necessary information. When data collection involves the chemical or biological
sampling and analysis of environmental samples, it is preferable (if possible) to select alaboratory
that is properly accredited to perform such analyses. Such laboratories are accredited through the
National Environmental Laboratory Accreditation Program, which uses standards set by the
National Environmental Laboratory Accreditation Conference. The main purpose hereisto
identify any situations where it may not be possible in practice to measure what is wanted. By
identifying these situations early in the DQO Process, the planning team can consider other
possible approaches, such as measuring surrogates, indicator variables, or adjustment of action
levels to detection limits. Additional considerations about measurement detection limits are
addressed in Step 5.

33 OUTPUTS
The outputs that will result from Step 3 activitiesinclude alist of informational inputs

needed to resolve the decision statement and the sources of that information, including new
environmental measurements. An exampleisgivenin Table 4.

3In this document, the term “action level” refersto the value chosen in the DQO Process that provides the criterion
for choosing between alternative actions. Readers will note that the RCRA Corrective Action program also uses the term
“action level.” To avoid confusion between the like terms, this document refers to action levels in the context of the RCRA CA
program as “RCRA Subpart S Action Levels.”
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Table 4. Example Inputsfor a Site I nvestigation Decision

Information Needed Potential Source
Concentration values for arsenic, lead, New environmental measurements (soil sampling
and mercury in Site soils and anaysis)

Action level for each contaminant Sail screening levels (SSLs)
Preliminary remediation goal (PRG) calculations
Record of Decision (ROD)
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CHAPTER 4

STEP 4: DEFINE THE BOUNDARIESOF THE STUDY

THE DATA QUALITY OBJECTIVES PROCESS

State the Problem

‘ DEFINE BOUNDARIES
» Purpose
Identify the DeCiSion/ To define the spatial and temporal boundaries that
the data must represent to support the decision.
‘ / Activities
Identify | s to the Decision ®  Specify the characteristics that define the

population of interest.

Define the Study Boundaries o
When appropriate, divide the population into
\ ‘ strata that have relatively homogenous
\ characteristics.
Devewsion Rule ® Determine the time frame to which the
decision applies.

‘ \ ® Determine when to collect data.
[ )

Define the scale of decision making.

® Define the geographic area to which the

decision statement applies.

Specify Limits on Decision Eﬁ%\ .

1t

Optimize the Design for Obtaining Data

Identify any practical constraints on data
collection.

41 BACKGROUND

The purpose of this step isto clarify the site characteristics that the environmental
measurements are intended to represent. In this step, the planning team clearly defines the set of
circumstances (i.e., spatial and temporal boundaries) that will be covered by the decision
including:

. gpatia conditions or boundaries of the site or release that define what should be
studied and where samples should be taken, and

. temporal boundaries that describe what the time frame of the study data should be
and when the samples should be taken.

Practical constraints that could interfere with sampling at the site also are identified in this step.
The planning team should try to anticipate any obstacles that may interfere with the full
implementation of the field sampling plan that will be developed from the DQOs and study design.
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Applicable information from previous DQO steps that will be necessary to develop
boundaries includes information from the conceptual site model developed in Step 1, “ State the
Problem,” such as:

. site contaminants present or likely to be present and their potential sources,
. potential migration pathways, exposure routes, and receptors,
. the site’s physical and chemical characteristics that affect contaminant distribution

and enhance or decrease the likelihood of movement within and among media; and
. future use of the site.

This information is taken into account along with the decision statement or statements identified
in Step 2, “Identify the Decision.”

42  ACTIVITIES

The following subsections describe activities that provide details on specific portions of
the boundaries step. Figure 4 illustrates schematically how boundaries may be defined for soil
contamination problems. An accurate map of the siteis critical.

4.2.1 Specify the Characteristics That Define the Population of I nterest

The planning team should specify the characteristics that define the population of interest
for the field investigation. The term “population” refers to the total collection or universe of
objects, contaminated media, or people to be studied, from which samples will be drawn. Itis
important to clearly define the attributes that make up the population by stating them in away that
clarifies the focus of the study (for example, “2, 3, 7, 8-tetrachl orodibenzo-p-dioxin” (TCDD) is
more specific than “dioxin”). In many cases, it is useful to state both the contaminant of concern
and the matrix in which it is contained. For example, if ateam isinvestigating lead contamination
in soils at a site, the preferred specification of the population would be “lead contained in surface
and subsurface soils.” The possibility of intermedia transport also should be considered.

4.2.2 Definethe Spatial Boundary of the Decision Statement

(D) Define the geogr aphic area and media to which the decision statement
applies. The geographic areais aregion marked by some physical feature (e.g.,
volume, length, depth, width, political boundary) that limits the extent of the field
investigation. Some examples of geographic areas are an operable unit of a
Superfund site, the SWMU of a RCRA facility, the limits of a metropolitan city,
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1. Define Population of Interest.

Soil is the medium that is likely to be contaminated.
Lead is the contaminant of concern.
Intermedia transfer is not considered to be an important

factor at this site.
2. Define Geographic Area of the Investigation and Media of Concern.

Property Boundaries (Defines
Surface Soil (Media of Concern) Area of Investigation)

b |

A

Subsurface Soil

3. Stratify the Site.

Area of Low-Intensity Area of High-Intensity
Activity Activity

N <

4. Define the Temporal Boundaries of the Decision Statement.

Time frame to which decisions apply (make a decision at the end of 4 years).
When to collect data (sample every 6 months).

5. Define Scale of Decision Making.

The scale of decision making for surface soil is based on risk exposure to
residential families living on 1/2-acre lots.

Figure4. Example of Defining Spatial Boundariesfor a Soil Contamination Problem
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(2)

the property boundaries, and the natural habitat range of a particular animal
species. The depth of the geographic area aso should be included as this may bear
on the selection of an action level.

When appropriate, divide the population into strata that have relatively
homogeneous char acteristics. Using existing information, divide or stratify* the
population or geographic area of the study into subsets or smaller areas that
exhibit relatively homogeneous properties within each subset. Strata may be
physically based, such as geologica strata that affect contaminant distribution; or
based on other factors, such as activity patterns that determine the likelihood of
contamination. Stratification is desirable for studying subpopulations or for
reducing the complexity of the problem by breaking it into more manageable
pieces. It aso can improve the efficiency of the sampling design. The site
manager can then choose to make separate decisions about each stratum as well as
the entire population.

4.2.3 Definethe Temporal Boundaries of the Decision

(1)

(2)

Deter mine the time frame to which the study data apply. It may not be
possible to collect data over the full time period to which the decision will apply,
particularly when long-term exposures are assumed in the future-use scenario.
Therefore, the planning team needs to determine the most appropriate time frame
that the data should represent (e.g., the study data will reflect the condition of the
contaminant leaching into ground water over a period of 100 years) and determine
atime frame for data collection that will best represent the full time period within
the study constraints. Time frames should be defined for the overall population
and for any subpopulations of interest. The planning team should note potential
uncertainties due to mismatches between short time frames for sample collection
versus long time periods to which the decision will apply.

Determine when to collect data. Conditions may vary over the course of a study
due to wesather, seasonal variations, or other factors. For example, a study to
measure exposure to volatile organic compounds from a contaminated site may
give mideading information if the sampling is conducted in the colder winter
months rather than in the warmer summer months. Therefore, the planning team
should determine when conditions will be most favorable for collecting data and
then select the time period that will reflect best the conditions of interest.

“Stratification is used to reduce the variability of contaminant concentrations and, therefore, to reduce the number of
samples needed to meet the limits of decision error defined in Chapter 6.
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4.2.4 Definethe Scale of Decision Making

The scale of decision making is the smallest area or volume of the media, or the shortest
time frame associated with the contamination problem of the site for which the planning team
wishes to control decision errors. The goal of this activity is to define subsets of media about
which the planning team will be able to make independent decisions that satisfy the decision error
constraints specified in Step 6. The scale may range from the entire geographic boundaries of the
site to the smallest areathat can be remediated with a given technology. The scale of decision
making is sometimes called a decision unit. The scale of decision making may be based on:

(1)

(2)

3)

(4)

()

Risk. The scale of decision making based on risk is determined by the relative
exposure that an area presents to the receptor (i.e., the size of the decision unit is
determined by the exposure scenario). The scale of decision making based on risk
isreferred to as an exposure unit (EU). An example of an EU isthe %% -acre
residential lot used for the soil ingestion exposure route in Soil Screening
Guidance: User’s Guide (EPA, 1996a). Alternatively, the scale of decision
making for the inhalation or migration to ground water exposure pathway is the
entire contaminant source.

Permits/regulatory conditions. A regulatory scale for decision making may be
applied in RCRA Corrective Actions. The planning team may be required to make
decisions for defined areas such as SWMUSs.

Technological considerations. A technological scale for decision making may be
defined as the most efficient area or volume of the medium that can be removed or
remediated with the selected technology. These areas or volumes are called
remediation units (RUs). An example of an RU isthe area of soil that can be
removed by one pass of a bulldozer or the activities of a stationary backhoe.

Financial. Thefinancia scaleis based on the actua cost to remediate that area of
contaminated land. An extremely large EU, for example, may not be acceptable
owing to the high cost of cleaning such alarge area

Other considerations. Here, the scale of decision making is based on practical
factors or on a combination of risk and technological factors that dictate a specific
size. Examples are “hot spots,” whose size may be based on historical site use and
an acute exposure scenario.  Examples of scales of decision making are included
in Table 5.

A tempora scale of decision making might be necessary for studies where contamination
varies significantly over time. For example, at a site with contaminated ground water,
investigators may be concerned that quarterly sampling of perimeter monitoring wells might
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Table5. Examples of Scales of Decision M aking

Scenario

Scale Chosen

Risk-Based: A lead smelter in Montana has
contaminated approximately 35 acres with lead
tailings and ash. The smelter site is surrounded by
residential homes, and it is likely that the site could
be used as residential lots in the future. The primary
contaminant of concern on the siteislead in the soil,
the exposure pathway is ingestion, and the primary
target receptor is small children. One of the primary
activities of children that exposes them to soil is
playing in their backyardsin play areas that are
devoid of vegetation.

The planning team and the risk assessor want to
control uncertainty in the sampling data related to the
area or volume where children get the mgjority of their
exposure. Therefore, the scoping team sets the scale of
decision making to a 14' x 14’ area, which isthe
average size of a backyard play area.

Technology-Based: A Midwestern coke plant has
discharged process waste water into lagoons on its
property, resulting in the contamination of sediments
with organic chemicals. The lagoons are surrounded
by awetland area that is the primary concern as a
receptor for the contamination, but there are no
human receptors nearby. The cleanup of the lagoons
will involve more than one type of remediation
practice and is most likely to involve bioremediation
and incineration to reduce the influence of the
organic chemicals.

The planning team at this site chooses to evaluate each
lagoon separately based on the assumption that each
lagoon has homogeneous contamination that could be
remediated by a single, but possibly separate,
remediation process. Therefore, each lagoon is
considered to be a distinct RU.

Other: The soil at an abandoned transformer
production and reclamation facility has been

The expected future use of the siteislight industrial,
and the mgjor route of exposure is through soil
ingestion. The site manager is most concerned with
exposure to trespassing children who play on the site.

contaminated with PCBs (polychlorinated biphenyls).

The planning team does not believe that thereis a
strong correlation between the size of a soil area and
the relative amount of exposure that the children will
receive. However, from the anticipated site activities of
the children, they can select a size area (scale) that will
be protective under the reasonable maximum exposure
if that area had an average concentration of PCBs
below the sampling and analysis action level. For this
site, Y2-acre is chosen as the scale of decision making.
While this decision has to be based on some
assumptions of risk and consideration of the receptor’s
activities, the planning team finally must estimate the
size area that will protect the children rather than
relying on a direct correlation between soil area and
risk.
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inadvertently allow rapidly migrating contamination to go undetected for too long and
possibly endanger human health or the environment. Therefore, the investigators may choose a
shorter period, such as a month, between sampling events.

4.2.5 ldentify Any Practical Constraints on Data Collection

The team will identify any constraints or obstacles that could potentially interfere with the
full implementation of the field sampling plan, such as weather conditions when sampling is not
possible; the inability to gain access to sampling locations; or the unavailability of personnd, time,
or equipment. For example, it may not be possible to take surface soil samples beyond one
property boundary of a site because permission is not granted by the owner of the adjacent

property.

43 OUTPUTS

The outputs of this step are:
. adetailed description of the characteristics that define the population of interest;
. adetailed description and illustration of the geographic limits of each

environmental medium (e.g., soil, water, air) within which the field investigation
will be carried out;

. the time period in which samples will be taken and to which decisions will apply;
. the most appropriate scale of decision making for each medium of concern; and
. adescription of practical constraints that may impede sampling.
Final
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CHAPTER 5

STEP 5. DEVELOP A DECISION RULE

THE DATA QUALITY OBJECTIVES PROCESS

State the Problem

]

Identify the Decision

‘ DEVELOP A DECISION RULE
Purpose
Identify Inputs to the D% Develop a logical "if...then..." statement that
defines the conditions that would cause the
decision maker to choose among alternative
actions.
Define Study Boundaries Activities
‘ ¢ Specify the statistical parameter (such as mean,
median, maximum, or proportion) that
.. characterizes the population of interest.
Develop a Decision Rule R Pop
Specify the action level for the decision.
‘ ® Confirm that measurement detection limits will

allow reliable comparisons with action level.

'\
Specify Limits Ws
B
v T~

Optimize the Design for Obtaining Data

® Combine the outputs from the previous
DQO steps and develop a decision rule.

51 BACKGROUND

In this step the planning team continues to build on the previous components of the

decision-making framework established in earlier steps of the DQO Process. Specifically, the
planning team:

specifies the statistical parameter® that characterizes the population of interest;
. specifies the action level for the decision;

confirms that the action level is above measurement detection limits so that reliable
comparisons can be made; and

5The term “statistical parameter” refers to the key characteristics of the population of interest. By definition, it is
unknown and can only be estimated by measuring a similar characteristic from a sample. For hazardous waste site
investigations, the statistical parameters could be the overall mean level of contamination at the site, or upper 1 percent of

contaminants (99" percentile) present on the site. It is standard practice to refer to population parameters using Greek letters,
and their counterparts (sample statistics) by ordinary (Latin) letters.
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. combines the statistical parameter, the scale of decision making, and the action
level into an unambiguous decision rule that addresses the contamination problem.

The decision rule actually states what regulatory response action would be appropriate
depending on whether the statistical parameter is greater or less than the action level. In practice,
environmental datawill be used to estimate the parameter but will almost surely differ from the
true parameter value. Natural variability in data combined with the need to take arelatively small
sample has created this unknown difference.

It isimportant to keep in mind that the decision rulein Step 5 isa“theoretical” decision
rule that is stated in terms of what the decision maker ideally would like to know in order to
choose the correct course of action. This activity is performed this way so that the DQOs are
specified as generic performance requirements that alow flexibility in the statistical sampling
design. In Step 5, the planning team members focus on what they would want to do if they could
know with absolute certainty. One of the consequences of specifying the decision rule in these
theoretical termsis that one need not address statements about the uncertainty of the parameter as
part of the decision ruleitself. The uncertainty that will apply to estimates of the parameter is
addressed in Steps 6 and 7 of the DQO Process.

The decision rule combines the outputs from earlier steps, including the decision statement
from Step 2, “Identify the Decision,” the variables to be measured from Step 3, “Identify the
Inputs to the Decision,” and the scale of decision making from Step 4, “ Define the Boundaries of
the Study.”

52 ACTIVITIES
5.2.1 Specify the Statistical Parameter That Characterizesthe Population of I nterest

The statistical parameter of interest is a descriptive measure (such as a mean, difference
between two means, median, proportion, or maximum) that specifies the characteristic or attribute
that the decision maker would like to know about the statistical population. In some cases, the
study outcome or regulatory objectives state or imply a particular statistical parameter of interest;
in other cases, it should be decided by the planning team.

The best guideline to follow when selecting a parameter of interest isto ask the question
“What would I, the site manager, like to know?’ If the answer is an average, then a mean or
median might be selected. If the site manager would like to ensure that values in the population
of interest fall below some concentration, a proportion or percentile should be used. If the site
manager is interested in hot spots, then the maximum concentration or a certain diameter of hot
spot might be areasonable choice. |If the site manager is interested in comparing the average
between two populations (i.e., the site vs. background), then the parameter of interest is the
difference between the mean of the site and the mean of the background. Choosing more
complex parameters of interest (e.g., the third-highest maximum value) may lead to complex and
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resource-intensive sampling designsin Step 7, “ Optimize the Design for Obtaining Data,” and
should be avoided during the initial phases of DQO development.

The mean, ameasure of central tendency in a population, is useful when the action level is
based on long-term average health effects (e.g., chronic conditions, carcinogenicity) and when the
population is fairly homogenous and has ardatively small variability (variance). Estimating the
mean generally requires fewer samples than other parameters; however, the sample mean is not as
good an estimate when the distribution underlying the population is highly skewed or when the
population contains alarge proportion of values that are less than the measurement method
detection limit.

The population median is an aternative representation of the center of the population and
is defined as that value where 50 percent of the values of the population are smaller than the
median and 50 percent of the values are larger. Unlike the sample mean, the sample medianisa
good estimator of the center of a population that is highly skewed and can be used even if the
population contains alarge proportion of values that are less than the measurement detection
level. However, because statistical tests concerning the median rely on fewer assumptions than do
hypothesis tests concerning the mean, estimating the population median for use in statistical tests
usualy requires large sample sizes.

A proportion represents the number of objectsin a population having (or not having)
some characteristic divided by the total number of objectsin the population. This characteristic
may be qualitative, such as leaking drums versus nonleaking drums; or quantitative, such as drums
with concentration levels of a contaminant greater than some fixed level. A proportion is useful if
the population consists of discrete objects such as drums or finite units.

A percentile represents conditions where x percent of the distribution is less than or equal
to the percentile value. For example, if the 95" percentile of asite is equal to 40 ppm, then 95
percent of the concentration levels at the site are less than or equal to 40 ppm. Statistical tests
concerning percentiles are equivalent to those concerning proportions. Common population
parameters at hazardous waste sites are upper percentiles (upper proportions) because they are
conservative and protect against extreme health effects. A percentile provides controls for
extreme values and is useful when the population contains alarge number of values less than the
analytical method detection limit. However, estimating upper percentiles for use in a statistical
test usually requires large sample sizes.

5.2.2 Specify the Action Level for the Decision

The action level is a contaminant concentration or numerical value derived from ARARS
or risk-based methodol ogies, such as the PRG development process, which, when applied to site-
specific conditions, results in the establishment of a numerical criterion for deciding whether the
contamination levels are unacceptable.
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If the decision maker believes that the final remediation level could be one of two different
levels, then the more stringent one should be chosen for the action level. A more stringent action
level may require selection of more precise anaytical methods—with appropriate detection
limits— than would satisfy the less stringent action level; or it may require replicate anaysis. In
Superfund investigations, the planning team may need to develop PRGs and should refer to the
Risk Assessment Guidance for Superfund, Volume I—Human Health Evaluation Manual, Part B,
Development of Risk-Based Preliminary Remediation Goals (RAGS HHEM, Part B) (EPA,
1991c). Investigators should note that the models, equations, and assumptions used to develop
risk-based action levels in Soil Screening Guidance: User’s Guide (EPA, 1996a) supersede those
described in RAGS HHEM, Part B, (EPA, 1991c) for residential soils. For RCRA Corrective
Action, the planning team may need to develop media cleanup levels as discussed in the Federal
Register, Vol. 55, No. 145, July 27, 1990, “Corrective Action for Solid Waste Management Units
at Hazardous Waste Management Facilities, Proposed Rule.”

There are several types of ARARs that remedial or removal actions may have to comply
with. These include chemical-specific requirements that establish an acceptable residua amount
or concentration of a contaminant, engineering design performance, action-specific requirements,
or location-specific requirements. There are also nonpromulgated advisories or guidance
documents that are not legally binding, referred to as “to-be-considered materials.” In many
instances, to-be-considered materials are part of risk assessment and are used to determine the
level of cleanup necessary for health and environmental protection.

5.2.3 Confirm That the Action Level Exceeds M easur ement Detection Limits

The planning team should examine the potential measurement methods identified in Step 3
and determine the detection limits for those methods. This performance information isused in
this activity to confirm the feasibility of using that method to compare site concentrations to the
action level. For example, if the detection limit exceeds the action level, then either a better
method should be specified or a different approach should be used, such as measuring surrogates
or indicators. This method performance information also will be used in Step 7, “ Optimize the
Design for Obtaining Data.”

There are many different definitions of detection limits. The planning team should use the
definition that is of most use for the decision rule at hand. For example, adecision rule that
merely requires confirmation of the existence of a contaminant would require a detection limit that
assumes a high probability of positive identification and presence in the matrix (and reasonably
low probability of false confirmation). On the other hand, a decision rule that requires
comparison of a mean contaminant concentration to a threshold action level value would require
the detection limit to be defined in terms of the reliability of quantitation [such as alimit of
quantitation or practical quantitation limit (PQL)].
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5.2.4 Combinethe Outputsfrom the Previous DQO Steps and Develop a Decision Rule

The planning team combines the decision statement, parameter of interest, scale of
decision making, and action level into an “if. . .then. . .” statement that describes the conditions
that would lead to a specific regulatory response action.

53 OUTPUTS

The output of this step isthe “if...then...” decision rule. Examples of such adecision rule
are shown in Table 6.

Table 6. Examplesof a Decision Rule

If the mean perchloroethylene (PCE) concentration of each downgradient well is greater than
the PCE concentration in an upgradient well, then further assessment and response are
required; otherwise, no further evaluation is necessary.

If the mean level of arsenic islessthan or equa to 1.0ppb, then the soil will be left in situ,
otherwise the soil shall be removed to an approved site.
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CHAPTER 6

STEP 6: SPECIFY TOLERABLE LIMITS ON DECISION ERRORS
THE DATA QUALITY OBJECTIVES PROCESS

SPECIFY LIMITS

State the Problem ON DECISION ERRORS
‘ / Purpose
. - To specify the decision maker's tolerable limits
Identlfy the Decision / on decision errors, which are used to establish
performance goals for limiting uncertainty in
‘ / the data.
Identify Inputs to thg/Decision Activities
® Determine the possible range of the parameter
of interest.
Define the/Ade Boundaries ® Define both types of decision errors and
their potential consequences and select the
/ ‘ baseline condition.
° Specify a range of possible parameter values
evelop a Decision Rule where the consequences of a false negative
decision error are relatively minor (gray region).

:

Specify Limits on Decision Errors
\ \

L

Optimize the Design for Obtaining Data

Assign probability values to points above and
below the action level that reflect the tolerable
probability for the occurrence of decision errors.

6.1 BACKGROUND

The purpose of this step is to specify quantitative performance criteriafor the decision rule
expressed as probability limits on potentia errorsin decision making. The probability limits on
decision errors specify the level of confidence the site manager desiresin conclusions drawn from
stedata These decision performance criteriawill be used in Step 7, “ Optimize the Design for
Obtaining Data,” to generate a resource-effective field investigation sampling design.

Setting tolerable limits on decision errors is neither obvious or easy. It requiresthe
planning team to weigh the relative effects of threat to human health and the environment,
expenditure of resources, and consequences of an incorrect decision, as well as the less tangible
effects of credibility, sociopolitical cost, and feasibility of outcome. In theinitial phases of the
DQO development, these probabilities need only be approximated to explore options in sampling
design and resource allocation. The effects of altering these probabilities on sampling plans and
resources may be explored using the software, Data Quality Objectives Decision Error
Feasbility Trials (DEFT) Software (EPA, 1994c).
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6.1.1 Sourcesof Error in Hazardous Waste Site I nvestigations

A decision error occurs when the data mislead the site manager into choosing the wrong
response action, in the sense that a different response action would have been chosen if the site
manager had been able to access “perfect data’ or absolute truth.

The possibility of a decision error exists because the parameter of interest is estimated
using data that are never perfect but are subject to different variabilities at different stages of
development, from field collection to sample analysis. The combination of al these errorsis
called “total study error,” and for sampling at hazardous waste sites, this can be broken down into
two main components:

(D) Sampling design error. Thiserror (variability) isinfluenced by the sample
collection design, the number of samples, and the actual variability of the
population over space and time. It isimpractical to sample every unit of the
media, and limited sampling may miss some features of the natural variation of the
contaminant concentration levels. Sampling design error occurs when the data
collection design does not capture the complete variability within the mediato the
extent appropriate for the decision of interest.

2 Measurement error. Thiserror (variability) isinfluenced by imperfectionsin the
measurement and analysis system. Random and systematic measurement errors are
introduced in the measurement process during physical sample collection, sample
handling, sample preparation, sample anaysis, and data reduction.

In some cases, total study error may lead to adecision error. Therefore, it is essential to
reduce total study error to a minimum by choice of sample design and measurement system in
order to reduce the possibility of making a decision error.

6.1.2 Decision Making

The possibility of making a decision error, athough small, is undesirable due to the
adverse consequences arising from that incorrect decision. It can be controlled through the use of
aformal statistical decision procedure, known as hypothesis testing. When hypothesistesting is
applied to site assessment decisions, the data are used to choose between a presumed baseline
condition of the environment and an alternative condition. The test can then be used to show
either that the baseline condition is false (and therefore the aternative condition is true) or that
there isinsufficient evidence to indicate that the baseline condition is false (and therefore the site
manager decides by default that the baseline condition istrue). The burden of proof is placed on
rejecting the baseline condition, because the test-of-hypothesis structure maintains the baseline
condition as being true until overwhelming evidence is presented to indicate that the baseline
condition is not true. For example, the site manager may presume that a site is contaminated (the
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baseline condition) in the absence of strong evidence (data) that indicates the site is clean (the
alternative condition).

A decision error occurs when the limited amount of data collected leads the site manager
to decide that the baseline condition is false when it is true, or to decide that the baseline
condition istrue when it isreally false. These two types of decision errors are classified asafase
rejection error and a false acceptance error, respectively. In some circumstances, a false rejection
error isknown as afase positive error, and a fal se acceptance error as afalse negative error. In
statistical language, the baseline condition is called the null hypothesis (H,) and the aternative
condition is called the alternative hypothesis (H,). A false regjection decision error occurs when
the decision maker rgects the null hypothesis when it isreally true; a false acceptance decision
error occurs when the decision maker fails to reject the null hypothesiswhen it isreally false.

Consider an example where the site manager strongly believes that the overall average
level of contaminant of concern exceeds the action level (i.e., the baseline condition or null
hypothesis states that COC concentrations exceed the action level). If the sampling data, by
chance, contained an abnormally large proportion of low values, the site manager would
erroneously conclude that the COC concentrations do not exceed the action level when in reality
the true average did exceed the action level; the site manager would then be making afalse
rejection decision error.

Statisticians often refer to the false rejection decision error asa Type | error and the
measure of the size of thiserror as alpha (a), the level of significance. Statisticians often refer to
afalse acceptance decision error asa Type |1 error; the measure of the size of thiserror is called
beta (), also known as the complement of the power of atest. Both aphaand betaare
expressed numerically as probabilities.

6.1.3 Controlling Decision Errors

Although the possibility of decision errors can never be totally eliminated, it can be
minimized and controlled. To control the possibility of decision errors, the planning team focuses
on the largest components of total study error. If the sampling design error is believed to be
relatively large, the chance of decision error may be controlled by collecting alarger number of
samples or developing a better sampling design. If the analytical component of the measurement
error is believed to be rdatively large, it may be controlled by analyzing multiple individual
samples, or by using more precise and accurate analytical methods.

In some cases, placing a stringent (i.e., very small) limit on the possibility of both types of
decision errorsis unnecessary for making a defensible decision. If the consequences of one
decision error are relatively minor, it may be possible to make a defensible decision based on
relatively imprecise data or on a small amount of data (e.g., when the consequences of deciding
that areas of a site are hazardous—when in redlity they are not—are relatively minor in early
phases of site assessment). In this case, the site manager may make a decision during this stage of
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the investigation by using a moderate amount of data, analyzed using afield screening anaytica
method, and only using a limited number of confirmatory analyses.

Conversely, if the consequences of decision errors are severe, the site manager will want
to develop a data collection design that exercises more control over sampling design and
measurement error. For example, during the cleanup attainment evaluation phase, deciding that a
giteis not hazardous when it truly is may have serious consequences because the site may pose a
risk to human health and to the environment. Therefore, the decision made during this phase of
the assessment process may need to be supported by a large amount of data, and analyzed using
very precise and accurate analytical methods.

A site manager should balance the consequences of a decision error against the cost of
limiting the possibility of thiserror. It may be necessary to iterate between Step 6 and Step 7
severa times before this balance between limits on decision errors and costs of data collection
designisachieved. Thisisnot an easy part of the DQO Process. The balancing of the risk of
incorrect decision with potential consequences should be fully explored by the planning team.
Resorting to arbitrary values such as “false rejection = 0.05, false acceptance = 0.20” is not
recommended; the circumstances of the investigation may allow for aless stringent choice, or
possibly a more stringent requirement. In the early stages of DQO development, it is
recommended that a very stringent choice be made and the consequences of that choice be
investigated by using the DEFT software (EPA, 1994c).

6.2 ACTIVITIES

The following subsections describe the 