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be revised or withdrawn at any time without prior notice.

ECOS, ERIS, and ITRC do not endorse the use of, nor do they attempt to deter-
mine the merits of, any specific technology or technology provider through pub-
lication of this guidance document or any other ITRC document. The type of
work described in this document should be performed by trained professionals,
and federal, state, and municipal laws should be consulted. ECOS, ERIS, and
ITRC shall not be liable in the event of any conflict between this guidance docu-
ment and such laws, regulations, and/or ordinances. Mention of trade names or
commercial products does not constitute endorsement or recommendation of
use by ECOS, ERIS, or ITRC.
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Data Management, Analysis, 
and Visualization Techniques

“The most expensive sample ever collected 
is the one whose results are never used.”

Patricia Ottesen,
Lawrence Livermore National Laboratory Data Administrator

Introduction
This overview introduces the reader to the basic concepts of Data
Management, Analysis and Visualization Techniques (DMAVT). In 2004, the
Interstate Technology and Regulatory Council (ITRC) Remediation Process
Optimization (RPO) Team developed a technical regulatory guidance docu-
ment titled, Remediation Process Optimization: Identifying Opportunities for
Enhanced and More Efficient Site Remediation. Based on feedback to the RPO
training and continued research into the topic, the RPO team identified the
need for detailed information on DMAVT. Data Management, Analysis, and
Visualization Techniques in some ways are important tools in successfully
measuring the progress of a remediation or a monitoring program. This
overview will further develop the basic concepts of DMAVT and their poten-
tial application to site rehabilitation projects.
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Figure 1. A common means of data storage even in 2005 in many agencies. 



Why is there a need for DMAVT? Many project managers are not familiar
with these techniques. Several of these reports are stored in file rooms and
stacked in hallways as shown in Figure 1. and not much information is
extracted out of them. Vast amounts of data are collected at a typical
cleanup site and submitted to regulatory agencies in thick reports. Over a
period of years, these data accumulate and become unmanageable, without
any decisions toward project management being made. In many cases not
many useful inferences are drawn from these data. It is also common to see
that these data are not converted into a form that can be easily presented to
stakeholders in order to assess the progress (or lack there of) made toward
achieving cleanup goals at a site. This document summarizes useful tech-
niques to manage data gathered in the field including existing data avail-
able to project managers, techniques to extract useful information out of
those data, be able to analyze data, and make important decisions through
appropriate data visualization and presentation techniques. 

Who We Are and the Intended Audience
The ITRC is a state-led coalition of regulators, industry experts, citizen stake-
holders, academia, and federal partners that work to achieve regulatory accept-
ance of innovative environmental technologies. This coalition consists of 46
states and a network of some 7,500 people who work to break down barriers,
reduce compliance costs, and make it easier to apply new technologies to solve
environmental problems. ITRC helps maximize efficient use of state resources by
creating a forum where innovative technology and process issues are explored.
Together, the team members are building the environmental community’s ability
to expedite quality decision making while protecting human health and the
environment. 

This overview has the following intended audience who are involved in either
remediation process (RPO) or PBM of hazardous site remediation projects:

• State and federal regulators
• Facility owners and operators
• Engineers and consultants
• Interested stakeholders

States and federal agencies play multiple roles in the RPO and PBM
processes: as regulators, and as facility owners and operators when public
funds are used to conduct site remediation work. As regulators, state and
federal agencies are charged with protecting human health and the environ-
ment. Also, facility owners, private or public, have the greatest interest in
achieving the goals of the specific site remediation project. In addition, the

2



engineering and consulting community who guide and provide professional
opinions to the owners must have a deep working knowledge of techniques
that can ensure fast and effective site remediation. To understand PBM and
be full participants in environmental remediation efforts, public stakehold-
ers must not only understand technologies used at sites, but also the
underlying technical basis that supports the decision-making process. This
document is intended as an introduction to the DMAVT, however, users are
encouraged to refer to the references provided at the end of the overview
for additional information.

This overview is part of a five booklet series: Performance-based Management,
Analysis of Above Ground Treatment Technologies, Exit Strategy Analysis, Data
Management, Analysis, and Visualization Techniques, and Life Cycle Cost Analysis;
each is an excellent resource for moving forward on their RPO and PBM projects

Why a need to understand Data Management,
Analysis, and Visualization Techniques?
As the technology associated with data management has evolved, terms that
were appropriate in the past have also evolved to take on more specific
meanings. Prior to the powerful visualization tools that are now available at
the desktop PC level, the term Data Management (DM) was sufficient to
cover much of the work conducted under what may now be more appro-
priately seen as data management - the physical movement and control of
data. Data visualization (DV) provides means to better present the data
gathered at a site in order to effectively communicate the processes that are
taking place at a site as well as provide visualization of the outcomes of
various proposed remedies to broad groups of stakeholders. Charting,
graphing, contour plots, etc are examples of visualization tools. Data
Analysis (DA) on the other hand is the process through which meaningful
inferences are made in order to develop conclusions from these data. These
DMAVT of course consider into account the experience levels of various
intended end user audiences and the needs of organizations involved in
data management. Detailed definitions and discussions of the concepts are
discussed below.

Data From the Field
Most parties involved in investigations and remediation at contaminated sites
have Quality Management Plans for their organizations and Quality Assurance
Project plans for detailing the Quality Assurance and Quality Control (QA/QC)
program for individual sites. These QA/QC programs are essential for generating
data of known and defensible quality. Each aspect of the environmental moni-
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toring program, from sample collection to data management must address and
meet applicable quality standards.

Field sampling QA involves many practices that minimize error and evalu-
ate sample performance, including using standard operating procedures,
chain-of-custody procedures, instrument cleaning and calibration, and use
of QC samples. Laboratories also have extensive, written QA/QC programs
including instrument calibration procedures, analysis of duplicate, blank
and spiked samples, and this QA/QC data is usually reported with the
monitoring results. Verification and validation of field and analytical data
collected for environmental monitoring and restoration programs are neces-
sary to ensure that data conform with applicable regulatory requirements.
Validation of field and analytical data is a technical review performed to
compare data with established quality criteria to ensure that data are ade-
quate for intended use. The extent of project data verification and valida-
tion activities is based upon project-specific requirements.

Electronic Data
Electronic data are an important and integral part of any environmental
Data Management, Analysis, and Visualization (DMAV) systems. Although
implementation and maintenance of these systems can appear costly and
require specialized resources and skills, the benefits of increased abilities
for analysis and communication are significant. The term “electronic data”
incorporates both the data stored and manipulated as part of the tool sys-
tem, and the transmittal of data to interested parties (e.g., regulatory agen-
cies). The pros of electronic data include:

• Easier analysis of large datasets 
• Ability for more accurate and up-to-date information 
• Increased ability to combine data from multiple projects

On the other hand, the primary drawbacks to electronic data include: 
• Change from previous practices 
• Required information management procedures and standards that require 

specialized skills
• Agreement on reference codes and standards to facilitate interoperability (i.e.,

data dictionary and entity relationships)

Currently, a number of formats for electronic environmental data exist (EPA
2005) and agreements between the state, federal, and owners/projects need to
be achieved. Also, implementation and/or pilot testing of new systems are not
insignificant and require significant planning and resources.
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Using the Internet to transmit and access data is preferred as it facilitates
standardization of formats/views and allows timely data uploading, analy-
sis, and retrieval. However, special considerations may be necessary for
large projects where transmittal of data on CDs may be more appropriate.
Access of data via the Internet needs to also consider security issues to not
allow changes without proper authorization, and viewing restrictions may
also be appropriate in some cases for proprietary and legal reasons. These
issues should be worked-out between the projects and regulatory agencies
with clear roles and responsibilities. Data validation requirements should
also be crafted, in particular to define what data should be used for deci-
sion making. On this line, accommodation for different qualities of data
and different data usage should be made.

Data Management
Data Management is a set of processes and procedures that an organization puts
in place to ensure that its data are providing their maximum usefulness to the
organization. The activities include: 

• Strategic data planning 
• Data element standardization 
• Information management control 
• Data synchronization 
• Data sharing 
• Database development 

According to the West European Road Directors Guide for Data management, 

“Data management at its simplest level is purely good housekeeping - ensur-
ing the data you want are accessible when you want them, and provided at a
cost and quality that meets your needs. … Most importantly, data manage-
ment is about understanding data - turning data into useful information.”
(WERD 2003)

Also, data management system is a computer application used to input, store,
process, analyze, and output data.

What are the benefits of good data management?
The benefits of good data management are reflected through: more efficient and
cost effective decision-making, maximizing use of the data, avoiding duplica-
tion, integration and interoperability, improving access and communication, and
facilitating collaborations. Organizations are accountable for their decisions, and
good data management provides the necessary audit path to demonstrate the
basis for their decision-making.
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As part of a remediation process optimization (especially the monitoring
optimization) review, it is often an opportunity to evaluate an existing
cleanup system. In many cases, evaluation of gathered data would be possi-
ble using a DMVAT and suggesting recommendations on the effectiveness of
remediation systems. For a new system that is put in place, a good DMAVT
can make tracking the progress toward cleanup an easier task. This will in
turn help in effective and efficient cleanups at contaminated sites. For
example, a series of plume isoconcentration maps over a period of time can
provide valuable insights into the progress towards cleanup goals at a con-
taminated site.

Traditional data management practices used to be confined to data gather-
ing and storage. Most often, these were just a data storage or warehouse
kind of systems. Nowadays, advances in computer data storage and
retrieval have made data more accessible to project managers and to make
meaningful use of such data. Simplified tools (e.g., an excel spreadsheet or
an access database) to sophisticated packages (GIS tools) can be used to
manage and manipulate data, to visualize from an objective perspective,
and to make more appropriate decisions about the remediation processes.

Data Analysis
Data analysis can be loosely divided into classical and probabilistic statistical
models. Classical statistical models work well when the object of the model
is well defined (for example, when playing cards, one would never expect
to draw a 3 of clubs). Since the beginning of the 20th century, a different
form of statistics, probabilistic statistics, has had a growing impact for
modeling less regular systems such as environmental systems. It is not hard
to imagine that the selection of an underlying statistical model will have
strong bearing on the type of data required for collection. As well, the visu-
alizations that are possible from various types of data collection schemes
can vary significantly. 

Another set of terms that is frequently used in conjunction with statistical
models is analytical versus numeric. Although the use of these two sets of
terms (classical versus probabilistic and analytical versus numeric) are not
identical, often classical models use analytical analysis (solving a single, 
linear equation such as Darcy’s flow equation) while probabilistic models
use numeric analysis (such as Monte Carol simulation).

Data Visualization
“Data” always has the problem of providing only a subset of the whole. In a
sense then, even the data contained in a database or a statistical analysis is
a form of visualization. However, in this document, the ITRC RPO team
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considers visualization to be a further step removed from the data. The per-
son or people responsible for creating visualizations carry an extra respon-
sibility because the visualization must try to convey an accurate, precise
and representative view of the data, while making that visualization suffi-
ciently refined for the intended end user.

Data visualization generally falls into three categories – charts, graphs, and multi-
media. Charts are perhaps the oldest type of data visualization. Charts include
products such as bar charts, histograms, scatter plots, box and whisker plots
and a host of other chart types. Some samples are generated from visualization
tools are shown in Figure 2. Their basic objective is to compare the rate of
change between one value and another, for example the price of gasoline per
month or the temperature per hour. 

Graphs, including what have been traditionally called maps, include more vari-
ables than charts, often conveying a relational component. A Venn diagram is a
good example of a graph. Its purpose is not so much to convey the relationship
between two variables such as in a chart, but rather to convey the relationships
between a variety of variables. A traditional map provides the spatial relation-
ships between various points on the map. 

More recently, due to
the rapid increase of
power at all levels of
computing, multime-
dia visualizations
have become a practi-
cal reality. Multimedia
includes movies,
sound and other less
traditional forms of
visualization. One of
the most interesting
areas of visualization orbits around the power of using “traditional” data in new
ways of display and analysis.

A rather recent view moves all visualization to the mathematically based
idea of mapping. Mapping defines the algorithmic relationship of moving
one or more data points onto a new surface. Generally, the mapping algo-
rithm must maintain the data topology – the relationship of one ”point” to
all other points. A standard example of topology is that a coffee cup and a
doughnut have the same topology.
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While the number of database management systems and to some extent the
number of decision support tools are limited, the number of data visualization
tools is quite substantial. Although data visualization constitutes only a part of
the entire analytical chain, it is generally not possible to entirely separate the
visualization aspects of a data analysis from the analytical aspects. Rather than
provide a subjective subset of tools, this overview will provide a structure to
assist the reader with the selection process.

Considerations for Selecting 
Data Visualization Software
Although data visualization (DV) could easily tax a low end computer, gen-
erally speaking most business level hardware is capable of supporting a rich
variety of DV software. This overview does not cover hardware require-
ments but as a generalization, hardware costs are not prohibitive. It is also
true that there are hundreds if not thousands of visualization programs to
serve many different users.

Some general considerations look at the process of bringing data into the
system, filtering that data and then producing a visualization as an output
product. Another set of considerations concerns the operation and mainte-
nance (O&M) of the system over time. A third set of technical specifica-
tions is also provided. 

General Considerations
• What types of data will the software import? Having more options for file

import types will reduce the pre processing needed for the data package to be
readily used. 

• In conjunction with the first bullet, what types of GIS capabilities does the
software have? Depending on the needs of the users, does the package meet
the GIS needs of the user?

• Is the system user friendly for the intended user(s)? Depending on the expert-
ise of the users in an organization, the package should be able to cater to their
needs.

• How fast can the software render an image? Rendering a final image can be
time consuming even on relatively powerful machines.

Operation and Maintenance Considerations
• Does the software operate within the current environment? Is the software

compatible with the Operating System and various data sources? Do we need
to invest in a new software or OS?

• Are the manuals useful? How well the documents are explained for a user to
be able to make use of it? 
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• Is there training offered/required? If the training is needed and is not included
in the package, this may end up being an expensive part of the package.

• Is the software support available and reliable?

Technical Considerations
• Does the software provide 2D, 3D, and 4D capabilities? See (http://research.

esd.ornl.gov/CRERP/VISUALIZ/INDEX.HTM) for an example of 4D visualization.
Not every application requires all types of visualizations. 

• What is the largest image size possible? Some images can be very data dense.
• Will the data be available to special needs users? 

Attachment
The attached table shows a comparison of several data management pack-
ages. These were selected from internet searches and probably do not
include all the programs out there. Main criteria used in selecting these
programs are: The program must have specified and defined fields, it
should be easily available, transferable and ready to be used by users who
can download it. The table shows, for each program, the operating system
on which the program runs, number of tables that are in each program, the
number of defined and the number of undefined fields. For each program,
a general comment is provided that gives a brief description of the pro-
gram, its capabilities and its limitations. Of course, these are only programs
for data management and similar tables can be generated for data visualiza-
tion and data analysis packages. As mentioned earlier, there are many more
packages that can be compared for analysis and visualization. The RPO
team is planning to maintain the list on their team website. However due to
the page limitations within the overview those others are not included here.
A good resource that compliments this document is available at EPA’s web-
site (EPA, 2004) on decision support tools, where a matrix for the data
management is provided. 

Summary & Conclusions
In this document, the ITRC-RPO team has made an attempt to put together
introductory information on the DMAV tools. This is intended as a first source
on these topics and is aimed at educating the state, federal, and other private
agency regulatory and project management professionals who are interested in
RPO and DMAV tools in particular. The importance of these tools is becoming
more obvious in determining and implementing more efficient cleanup deci-
sions at contaminated sites.
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