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INTRODUCTION

The Council of the North Atlantic Treaty Organization (NATO) established the Committee on the
Challenges of Modern Society (CCMS) in 1969. CCM S was charged with devel oping meaningful
programs to share information among countries on environmental and societal issues that complement
other international endeavors and to provide leadership in solving specific problems of the human
environment. A fundamental precept of CCM S involves the transfer of technologica and scientific
solutions among nations with similar environmental challenges.

The management of contaminated land and groundwater is a universal problem among industrialized
countries, requiring the use of existing, emerging, innovative, and cost-effective technologies. This
document reports on the fourth meeting of the Phase |11 Pilot Study on the Evaluation of Demonstrated
and Emerging Technologies for the Treatment and Clean Up of Contaminated Land and Groundwater.
The United States is the lead country for the Pilot Study, and Germany and The Netherlands are the Co-
Pilot countries. The first phase was successfully concluded in 1991, and the results were published in
three volumes. The second phase, which expanded to include newly emerging technol ogies, was
concluded in 1997; final reports documenting 52 completed projects and the participation of 14 countries
were published in June 1998. Through these pilot studies, critical technical information was made
available to participating countries and the world community.

The Phase |11 study, which concluded in 2002, focused on the technologies for treating contaminated land
and groundwater. The study addressed issues of sustainability, environmental merit, and cost-effective-
ness, with continued emphasis on emerging remediation technologies. The objectives of the study were to
critically evaluate technologies, promote the appropriate use of technologies, use information technology
systems to disseminate the products, and to foster innovative thinking in the area of contaminated land.
The Phase 11 Mission Statement is provided at the end of this report.

The Phase I11 pilot study meetings were hosted by several countries and at each meeting, a specia session
was held for the discussion of a specific technical topic. The meeting dates and locations were:

February 23-27, 1998: Vienna, Austria
May 9-14, 1999: Angers, France

June 26-30, 2000: Wiesbaden, Germany
September 9-14, 2001: Liége, Belgium
May 5-10, 2002: Rome, Italy

= A —a —a _—a

The special session topics were:

Treatment walls and permeable reactive barriers (Vienna)
Monitored natural attenuation (Angers)

Decision support tools (Wiesbaden)

Performance validation of in situ remediation technologies (Liege)
Monitoring and measurement (Rome)

= A —a —_a _—a

This and many of the Pilot Study reports are available online at http://www.nato.int/ccms/ and
http://www.clu-in.org/intup.htm. General information on the NATO/CCMS Pilot Study may be obtained
from the country representatives listed at the end of the report. Further information on the presentationsin
this special session report should be obtained from the individual authors.

Stephen C. James
Walter W. Kovalick, Jr., Ph.D.
Co-Directors
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HOW TO APPROACH ENVIRONMENTAL PROBLEM-SOLVING
Eric Koglin®
1. INTRODUCTION

Environmental problems associated with the improper disposal of hazardous, industrial chemicals have
existed for along time in the United States; however, very little effort was spent on them until the
creation of the U.S. Environmental Protection Agency in 1971. In the early 70's there was much emphasis
placed on air and surface water pollution problems. Then, in the late 70's, a national concern for
protecting human health and the environment arose as a result of the discovery of seriously contaminated
land that was formerly used as a chemical landfill and was home to a portion of the Niagara Falls, New

Y ork community. This area, known as Love Canal, thrust the issue of environmental protection into the
forefront and forced the Nation to develop and adopt new methods and approaches for solving
environmental problems.

The public demanded action, especially in light of the fact that other communities were actively
identifying additional contaminated lands. The Resource Conservation and Recovery Act (RCRA) was
passed in 1978 to establish a means to regulate the disposal of industrial chemicals. But RCRA did not
address the problem of cleaning up uncontrolled hazardous waste sites. The U.S. Congress responded by
passing the Comprehensive Environmental Response, Compensation and Liability Act of 1980, more
commonly known as Superfund. The passage of Superfund signaled a new awareness of the fragile nature
of the environment and the potentially grave consequences to the public of prolonged exposure to
industrial chemicals.

2. WHAT DID WE KNOW ABOUT “CLEANING UP" THE ENVIRONMENT?

Many people thought that the tools and approaches that had been developed in the course of
implementing the mandates of the Clean Air Act and the Clean Water Act would prepare us for tackling
the cleanup of contaminated soil and water and industrial wastes. Unfortunately, the parallels between the
needs of Superfund and the air and water programs were few.

Of course it was naive to assume that it would be a simple problem to solve. It quickly became apparent
that technologies had to be created to safely treat, store, and dispose of wastes, aswell as measure their
concentration and distribution. The number and diversity of contaminated sites was daunting. The most
obvious sites represented the biggest concerns. Along with Love Canal, there were other sites that drew
national attention such asValley of the Drumsin Kentucky, Stringfellow Waste Pitsin California, and the
PCB (polychlorinated biphenyls) contamination in the Hudson River. However, the list of sites rapidly
grew into the thousands and included many small sites such as gas stations, dry cleaners, and wood
preservers. The variety of sites brought along a myriad of contaminants, which included organic solvents,
heavy metals, pesticides, and PCBs and dioxin.

For most sites there was a general lack of useful information and trustworthy data. This lack of data was
further confounded by our fledgling scientific understanding of waste migration. In addition, there were
some other basic ingredients missing for remediation that included:

A lack of appropriately trained engineers and scientists. Thisinvolved two aspects: Limited training
in applying geologica and hydrological skills to environmental management; and the absence of
project management skills

A poor understanding of the toxicological and ecological effects of the 60,000+ known industrial
chemicals

! U.S. Environmental Protection Agency, Las Vegas
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f No suitable administrative processes or approaches for addressing problems
f 1lll-defined and poorly understood |egisl ative mandates

Another important shortcoming was the lack of suitable technologies for all aspects of environmental
cleanup including technologies for:

Assessing the problem

Collecting and treating wastes and contaminated soil and water
Disposing of treated and untreated materials

Protecting the hazardous waste site workers from harm

= —a —a —a

3. INTRODUCING SITE CHARACTERIZATION AND MONITORING

This new demand for environmental protection gave rise to a new environmental industry that introduced
the notions of “site characterization” and “monitoring,” among other things. Characterizing and
remediating a contaminated site appeared to be relatively simple tasks. Initially the goals focused on
determining whether a hazard existed; if one did exist, then there was a need to determine the risks to
human health and the environment; and, finally, to gather the necessary information to select the
appropriate remedy and to support long-term monitoring.

The early approach to site characterization focused on reviewing past records, drilling one upgradient and
three downgradient wells (to assess ground-water quality), sending samples to an off-site chemical
analytical laboratory, occasionally conducting a geophysical survey, and then waiting for results.
Typically, afew months after the samples were collected the data would be pulled together only to
discover that there remained significant data gaps resulting in another costly visit to the site to collect
more samples. It was not uncommon for the field crews to be called back to sites three or more times to
gather sufficient information about the nature and extent of contamination so as to be useful in the
selection of aremedy. This approach constituted accepted practice for over 20 years. Our motives were
good and there was a genuine desire to eliminate, or at least minimize, environmental harm and
undesirable exposure. We approached every site the same way and were anxious to get the remedy in
place as quickly as possible. The “one sizefitsall” approach did not provide the flexibility necessary to
account for the oftentimes unique attributes of contaminates sites. The data collection efforts were slow
and costly because the real cleanup goals were not well defined at the outset the project.

4. TAKING SITE CLEANUP TO THE NEXT LEVEL

Initially, we did not fully understand the complexities of site cleanup, how to plan a cleanup project, nor
did we have the best tools to do the job. The task at hand appeared to be to simply restore the site to its
original or nearly original condition. The goal was basically to clean the site by removing the hazards and
eliminate the risk posed by the exposure to toxic chemicals. We were so consumed with bringing out the
dust pan and the broom, that we often lost sight of the importance of sufficiently understanding the nature
and extent of the problem to select the right size dust pan and a big enough broom. Our site investigative
and cleanup tools were, by today’ s standards, relatively primitive.

Early on, data quality was amost exclusively linked to the laboratory analytical methods. Therein liesan
important misconception — that using regul ator-approved methods to produce “definitive data” was
suitable for decision making. A further misconception was that the quality assurance needs of the project
would be satisfied by the quality assurance/quality control program used by the analytical laboratory
during sample analysis.

It has taken years of trial and error to realize that the quality of data used for project decision-making is

affected by more factors than just sample analysis. It seems obvious now, but perfect analytical chemistry
combined with poorly collected and/or non-representative samples can only result in one thing - bad data.
It took awhile, but it is clear that analytical data quality has to be distinguished from overall data quality.

5
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We have reconsidered our approach in light of our past trials and tribulations in site cleanup. We have
redefined data quality to mean the data’ s ability to support site decisions. Clearly, the
“representativeness’ of the datais afunction of the sampling and the analytical representativeness, so
anything that compromises data representativeness compromises data quality (Crumbling, 2002). Further,
the up front project or site-specific planning must match the scale of data generation with the scale of
decision-making.

So where have these revel ations lead us? Our field-based site characterization philosophy has changed
dramatically due, in large part, to our better understanding of the data needs of decision makers.
Crumbling (2001) pulls this new-found understanding together into a concept she coins as “ effective
data” She states that “ This concept embodies the principle that the information value of data (i.e., data
quality) depends heavily upon the interaction between sampling design, analytical design, and the
intended use of the data.”

Understanding and embracing this concept is key in building a strong scientific foundation for project
decision-making that will result in achieving the true goals of environmental protection. We must
abandon our previous notions concerning how we characterize contaminated lands because they cannot
produce results that meet the needs of most characterization and cleanup projects. There has been a
gradual transition to afield-based characterization approach that is intended to:

streamline the site characterization and response action process

minimize mobilizationsto asite

produce more data on a site at lower costs (relative to conventional approaches)
produce datain near-real-time

produce measurable data quality

= A —a —a _—_a

Later in this Special Session | will address a new approach to streamlining site investigations and cleanup
decisions that incorporates three elements; (1) systematic planning, (2) dynamic work plans, and (3) the
use of on-site analytical tools. This approach has been called the Triad Approach and will be discussed in
much more detail over the next day and a half.

5. RESOURCES

1. Crumbling, D.M. 2002. Getting to the Bottom Line: Decision Quality vs. Data Quality. Presented at
the 21% Annual National Conference on Managing Environmental Quality Systems, Phoenix,
Arizona, April 8 - 11, 2002.

2. Crumbling, D.M. 2001. Current Perspectives in Ste Remediation and Monitoring: Applying the
Concept of Effective Data to Environmental Analyses for Contaminated Stes. EPA 542-R-01-013.
October. Available at http://cluin.org/tiopersp



NATO/CCMS Pilot Project on Contaminated Land and Groundwater (Phase lll) January 2003

7. PRESENTATION VISUALS ~ presented by Eric Koglin
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Or these?
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PREDICTING NAPL SOURCE ZONESIN FRACTURED ROCK
Gary P. Wealthall', David N. Lerner? and Steven F. Thornton®
1. ABSTRACT

Two case studies are presented that describe integrated site characterisation methods for defining NAPL
source zones in fractured rock aquifers. Thefirst case study illustrates the use of stochastic modeling to
examine the effect of fracture network heterogeneity in the prediction of DNAPL penetration depths. The
second case study redefines the established conceptual model for LNAPL behaviour in fractured rocks.
Adoption of the proposed methodol ogies incurs higher up-front costs, but is likely to provide improved
confidence in the prediction of NAPL source zones.

2. INTRODUCTION

Fractured bedrock aquifers are a valuable source of groundwater in Europe. These aquifers provide
capacity to store large volumes of water in the porous matrix and to deliver groundwater to wells though a
high transmissivity network of fractures. However, these aquifer properties leave them vulnerable to
pollution from arange of industrial and agricultural activities. A major threat to groundwater results from
agroup of pollutants termed non-aqueous phase liquids (NAPLS). NAPL s include light non-aqueous
phase liquids (LNAPLS), which are often assumed to float on the groundwater surface, and dense non-
aqueous phase liquids (DNAPLSs), which penetrate bel ow the water table. When released to the subsurface
NAPLs form adiscrete pollutant source that may exist for decades to centuries (Pankow and Cherry,
1996). Furthermore, dissolution of the NAPL source results in dissolved plumes with contaminant
concentrations that can exceed relevant drinking water limits by several orders of magnitude.

Characterising NAPL source zonesin fractured bedrock aquifersis a significant challenge to scientists
and engineers involved in the assessment and remediation of groundwater pollution (Cherry et al., 1996).
Thisislargely due to the uncertain distribution of NAPL within a source zone (Sale and McWhorter,
2001). NAPL movement is highly susceptible to the physical properties of the rock mass and is controlled
by both large- and small-scale features in the subsurface. NAPLs will preferentially migrate along
pathways which represent the lowest capillary resistance to flow - in fractured bedrock aquifersthisis
typically the fracture network (Kueper and McWhorter, 1991). However, the distributions of fracturesin
the subsurface are generally poorly known. This results from a number of factorsincluding physical
constraints due to the limited 3-D exposure of fractures, and economic constraints resulting in restrictive
Sl budgets. The uncertainty in our understanding of the distribution of fracture networks, and hence
NAPL migration pathways, affects our ability to predict NAPL source zones.

The aobjective of this paper isto evaluate methods for predicting NAPL source zones in fractured bedrock
aquifers based on the availability of site-specific data. We illustrate this using two case studies. Thefirst
reports a method to estimate the penetration depth of DNAPLs in a fractured sandstone aquifer, and
focuses on the effect of uncertainty on the range of predicted values. The second case study describes the
behaviour of LNAPL in afractured dual porosity aquifer. It challenges the conventional conceptual model
for LNAPL behaviour in the subsurface. The implications of the findings are discussed.

3. CASE STUDY 1. DNAPLsin Fractured Sandstone
This case study details a methodology for estimating DNAPL penetration depth in fractured sandstone

aquifer. The approach has three elements - field data acquisition, constructing geometric fracture models,
and invasion percolation modeling. The novelty of thiswork isthe application of stochastic methods to

! Environment and Hazards Directorate, British Geological Survey, Nottingham, UK (E-mail: g.wealthall @bgs.ac.uk;
Tel:+44-115-936-3541)

2 Groundwater Protection and Restoration Group, University of Sheffield, Sheffield, UK

3 Groundwater Protection and Restoration Group, University of Sheffield, Sheffield, UK
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study the propagation of uncertainty in measuring fracture network properties to the prediction of DNAPL
behaviour.

A. Methods

Fieldwork at aresearch site in southwest Scotland, UK, involved multi-scale fracture characterisation.
Outcrop mapping identified fracture type, intensity, orientation, dip and dip direction. These data were
compared to fracture logs from rock core samples and borehole televiewer logs at a nearby industrial site.
Packered pumping tests were used to determine vertical profiles of aquifer transmissivity and calculate
hydraulic aperture (Wealthall and Lerner, 2000).

The fracture network spatial geometry was reconstructed using a 3-D stochastic discrete fracture network
model (Dershowitz et al., 1988). Multiple fracture network realisations were generated. The fracture
network in each realisation becomes the conductive elements for simulating fluid flow.

A 3-D invasion-percolation model (Wealthall et al., 2002) simulates the macroscopic invasion of a
DNAPL in afractured rock aguifer. Invasion proceeds as a succession of equilibrium capillary pressure
steps, but does not account for flow resistance due to viscous forces (Keller et al., 2000; Kueper and
McWhorter, 1992; Pruess and Tsang, 1990). Bulk retention capacity is determined for each capillary
pressure step. The profiles of bulk retention capacity are qualitatively similar to the capillary pressure
saturation curves measured in fractured rocks (Reitsma and Kueper, 1994) or derived using numerical
simulation of DNAPLs in naturally fractured media (Keller et a., 2000); (Zhou, 2001). The plot of
capillary-pressure versus bulk retention capacity is used with hypothetical spill volumes and inferred
aquifer geometries to estimate the depth of penetration of the DNAPL.

B. Results and Discussion

Ninety-nine models were generated with 340 fractures per realisation and, depending on individual model
geometry, up to 1500 fracture intersections. Bulk retention capacity is positively correlated with capillary
pressure (Figure 1). At low capillary pressure values the bulk retention capacity islow, asonly alimited
number of low entry pressure fractures are accessible by the invading fluid. The break in slope at
approximately 3000 N m is the maximum value where all connected fracturesin the fracture network
have been invaded, the lowest fracture aperture has been encountered, and increasing the capillary
pressure does not change the bulk retention capacity.

Figure 1. Bulk retention capacity for 99 model realisations
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Hypothetical spill volumes were applied to the bulk retention capacity curves to define the DNAPL
penetration depth (Figure 2).

Figure 2. DNAPL penetration depth for 99 model realisations
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In the absence of detailed information on the geometry of the aquifer, a cubic block geometry was used to
estimate potential DNAPL penetration depth. DNAPL penetration depth isinversely proportional to
capillary pressure. Thisreflects the low storage capacity at low capillary pressures and indicates that a
given volume of DNAPL will travel much further in alow storage capacity rock mass than in ahigh
storage capacity system. The modeling results define an envelope of values that represent the most likely
range of PCE DNAPL storage capacity and penetration depths in this type of formation. These values
(reported in Sl units) are summarised in alook-up table (Table 1) for the given hypothetical spill volumes
of PCE DNAPL. Outlier values are not included in this reference table.

Table 1. Bulk retention capacity and DNAPL penetration depth ranges

Low capillary High capillary

pressure release pressure release

Capillary pressure (N m™?) 799 3197

Equivalent PCE DNAPL pool height (m) 5 20
Bulk retention capacity (m® m™) 8x10° 2x10°

PCE DNAPL storage capacity (ml m?) 0.008 20
200 | spill: DNAPL penetration depth (m) 325 23
50000 | spill: DNAPL penetration depth (m) 2050 146

4. CASE STUDY 2. LNAPLsin the Chalk Aquifer

This case study describes an integrated methodology for the investigation of contaminant fate in dual
porosity aquifer to understand dissolved contaminant migration and the NAPL source zone
characteristics. The approach includes the analysis of geological, hydrogeological and hydrochemical
characteristics using rock core, geophysical (down-hole) fracture logging, vertical hydraulic profiling and
multilevel sampling (MLS) of vertical solute profiles. The monitoring borehole network was constrained
by restricted access and difficulty of installing monitoring boreholes at optimum locations in an urban
setting - the site is adjacent to a busy main highway and surrounded by industrial and residential
buildings.

A. Methods

A network of long-screen monitoring boreholes was installed at the site prior to the initiation of this
study. Groundwater samples from these boreholes show dissolved phase contamination between 20-30 m
depth, with amixed oxygenate/BTEX plume close to the site and oxygenate-only plume further
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downgradient. Additional site investigation was undertaken, which included the drilling of cored
boreholes, hydraulic testing and installation of ML S upstream of the site, in the oxygenate/BTEX plume,
30 m from the site, and in the oxygenate-only plume, 115 m from the site.

The spatial distribution and properties of the fracture network (type, aperture, intensity and orientation)
were measured using undisturbed rock core and downhole geophysical logging of monitoring boreholes
prior to well completion. Packered pumping tests were used to characterise the aquifer hydraulic
properties (transmissivity, storativity, hydraulic gradient), with atest-zone (inter-packer) spacing of 1-2
m. Vertical profiles of solute distribution were obtained from the ML S installation. Monitoring intervals
on the MLS were determined using profiles of VOCs (from rock core and pumping tests), relative
transmissivity (from pumping test flow rate and relative drawdown), lithology and fracture intensity (from
rock core and geophysical logs). The MLS were installed up to a depth of 55 m and the boreholes were
completed using sand packs and bentonite seals.

B. Results and Discussion

The fracture network characterisation identified bedding-parallel fractures with a dominant ENE-WSW
strike and dip of 2-29 to the SSE. A subordinate bedding-parallel fracture set with E-W strike and N dip
of 10-30 isalso present. High angled fractures include sets with a ENE-WSW or E-W trend and NNW
dip of 30to 80 , and sets with a NW-SE trend and NE dip of 35-75 . The mean fracture spacing for
combined bedding-parallel and high-angled fracturesis 0.23 m.

Fractures form preferential pathways for the migration of LNAPL and dissolved phase contaminantsin
the Chalk aquifer. The main controls on the subsurface geometry of the LNAPL source term are
transverse spreading of the LNAPL, penetration to below the water table, and redistribution within the
vadose zone due to water table fluctuations (smearing). The high concentrations of dissolved phase
contaminants (Figure 3) to ca. 40 m depth and negligible vertical hydraulic gradient at this depth (figure
4) imply penetration of LNAPL below the water table along vertical fractures.

Figure 3. Organic contaminant profiles for ML S boreholes 30m from site (a) and 115m from site (b)
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Figure 4. @) Transmissivity (closed circle) and hydraulic head (closed triangle€) in the upstream ML S
borehole and b) Transmissivity (closed circle) and hydraulic head (closed triangle) in the MLS 30 along
the plume flowpath plus transmissivity (open circle) and hydraulic head (open triangle) inthe MLS
borehole 115 m aong the plume flowpath.
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An‘indirect’ estimate of the depth of LNAPL penetration, using an inverse-projection of the plume base
(Figure5) indicates that the base of the source term may be 37.0 to 38.8 mbfl, equivalent t016.5-18.3 m
depth below the water table. The base of the plume defines dip values (3.1 to 6.6°) which are in the range
of the bedding-plane fracture structural dips determined from the televiewer logs. Adopting asimple 1-D
force balance model (Hardisty et al., 1998), fuel density of 750 kg m™ and negligible capillary forces (due
to large fracture apertures, ca. 1 mm), indicates that a 5.5 to 6.3 m height of LNAPL above the water table
is required to produce the inferred penetration.

Figure 5. Estimation of LNAPL source term depth using an inverse-projection of the plume base
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The dominant NE-SW to E-W trending high angled fractures suggests that LNAPL may be distributed
transverse to the plume orientation, producing a more widely dispersed source zone. Thisis also implied
by inverse projection of the plume envelope, based on changes in flow direction, which suggests a source
zone width of 40-60 m.

Limited direct information is available on the geometry and mass distribution of the source term, as
observed in many SlIs. However, the fracture porosity is ca. 1% of the bulk rock volume and it is clear that
even small volumes of LNAPL may pervade the fracture network. Direct evidence is not, however,
available to define the true source width. Buoyancy forces may also redistribute LNAPL, particularly in
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the higher angled fractures and, when present below the water table, lead to capillary trapping of LNAPL.
Water table fluctuation may also act as a mechanism for pumping LNAPL both vertically and laterally.
The depth of aquifer contamination is controlled by LNAPL penetration below the water table. This
vertical migration of product will form a deeper source zone for dissolved phase contaminants in addition
to residual product present in the vadose zone.

5. CONCLUSIONS

Integrated site characterisation approaches which combine appropriate, and often novel, techniques are
required to devel op the lines-of-evidence from which we can predict NAPL source zones with greater
confidence. Adoption of the methodologies described in the two case studies incurs higher “up-front”
costsin site investigation. However, this provides a higher-quality dataset, improved confidence in the
interpretation of contaminant fate, reduced uncertainty in risk assessment and assists in realistic cost-
benefit analysis of the treatment of groundwater polluted by NAPLSs.
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NON-DESTRUCTIVE TECHNIQUESIN ENVIRONMENTAL SURVEYING
IT'SFINE... BUT WHAT DO WE SEE?

Dr. Jurjen K. van Deen®
1. INTRODUCTION

In this paper we will consider the term ‘non destructive’ in aliberal sense. A surgeon who applies a
needle to look into one' s knee or abdomen is performing an intrusive measurement but is certainly not
supposed to do anything destructive. It is good to understand that penetrating the subsoil with push-in
instrumentation and measuring in situ is quite comparable, apart from the scale of the operation. Even
drilling and sampling would be called in medical terms ‘taking a biopt’, and even that is not supposed to
be a destructive or even disruptive activity. All these techniques are non-destructive in the sense that they
leave the process at study largely undisturbed.

Push away techniques are much better known than surface techniques and will therefore be given less
attention in this paper. It is however good to realise that the question ‘what do we see? applies aswell to
the push away techniques (and, by the way, to drilling and sampling as well). What we ‘se€’ isan
accurate number at an accurate location, but that is strength and weakness in one: it is also only on that
location and only that number.

Geophysical or surface techniques determine physical properties of the subsoil, measuring from the
surface. Thereis alarge gap between this type of information and the answers that are wanted on specific
guestionsin environmental or civil engineering projects. In environmental issues the questions vary from
‘where are the borders of thislandfill’ (or even: ‘where are the landfills'), ‘are there any drumsin this
landfill (and are they leaking)’ to ‘what is the concentration of pollutant X at thislocation’. To bridge the
gap generaly alot of interpretation is needed, making the results less objective and proneto ‘errors'. This
can easily lead to disappointment for both the principal and the geophysical contractor.

It isthe purpose of this paper to argue that the strengths of geophysicsin environmental surveying can be
employed twofold. In the first place geophysics should always be applied as an element of an integrated
survey strategy and should focus on the delineation of geometrical features more than trying to detect
‘pollution’ directly. In the second place geophysics is important for monitoring purposes as it interferes
little in the processes at hand.

The focus of the paper will be on basic understanding more than on casuistry. Survey results are so
dependent on the site circumstances that relying on cases may easily lead to misunderstanding.
Heterogeneity, type of soil (or rock) and groundwater level are primary determinants of the applicability.

The paper is organized in six parts. After the introduction follows a very short sketch of push away
techniques concluding in some general statements on the possibilities of push away techniques. After that
arough overview of shallow geophysical methodsis given, with typical application areas. In the next
section a number of typical environmental problems will be indicated and analyzed which contribution
the abovementioned methods may have. The fourth and fifth section will discuss and conclude on why,
when and where to apply geophysical methods.

2. PUSH AWAY TECHNIQUES

The mother of all push away techniquesis the standard cone penetration test (CPT), which measures the
forces on the tip and the friction jacket of a 36 mm diameter cone and thereby generates valuable
information about mechanical properties and layering of the subsoil. Especially when combined with
measurement of the pore water pressure, the method is very informative of the type of soil and can
discriminate sands, silts, clay, and peat soils into considerable detail (Cheng-hou and Greeuw, 1990).

1 Research Associate GeoDelft, Delft, the Netherlands
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However, virtually every conceivable measurement method can be converted to a push away version; a
(little bit outdated by 2002) overview is given by Stienstra and Van Deen (1994). Five examples sufficein
this context.

A first step from the traditional well sampling is taking ground water samples with a push away probe. By
the multilevel ground water sampling probe a number of samples can be taken along one vertical linein
one push away operation. Evaporation of volatile compounds is avoided by using a pressure pump ‘down
under’ instead of a suction pump at the surface. Cross contamination between different levelsis
effectively prevented by flushing the filter and drying with nitrogen before pushing through to the next
level. The measurement is fast since there is no such thing as awell volume, which has to befilled or
flushed.

The next step is obvioudly to transfer the measurement also downwards. the chemoprobe measures
chemical macroparameters like pH and EC ‘at location’ by sucking a minute amount of ground water into
the probe and performing the measurement, again at multiple levels and avoiding cross contamination by
flushing and drying.

An example of athird type of measurement is the monopole permeability probe. This probeisa
stimulus/response-type of instrument: a known discharge of water is introduced (pumped) into the
subsoil, and the resulting pressure gradient a few centimeters below isregistered by a differential pressure
transducer. This device measures the local hydraulic conductivity at that specific location, and, if
necessary, along the complete vertical profile.

The fourth and quite recent development in this family is the camera probe. Thisisthe real counterpart of
the surgeon’ s needle with fibre optics to peep into one’s knee. The soil and the pore volume is visually
observed asit flows along the push away probe. Grain sizes can be estimated, the interface between clay
and soft underlying chalkstone is easily seen and colored substances like creosote oil in the soil are
recognized immediately. The strength of the camera probe is the richness of the really visua ‘picture’ one
obtains.

A final and very recently developed probe to be mentioned here is the M1 P-probe which is opening
possibilities of direct in situ detection and measuring low concentrations (ppm level) of VOC. The system
consists of a hydrophobic membrane mounted at the side of a probe, which is heated in order to promote
diffusion of volatile compounds through the membrane. The volatile molecules are transported by a gas
flow to the detection apparatus at the surface.

These exampl es suffice to show that where it concerns the type of measurement there are virtually no
restrictions. On the other hand the local circumstances are restrictive. Push away techniques can be
applied very well in (soft) soils. However their use hasto be discouraged when there are pebblesin the
soil — or worse. Fortunately, large parts of densely populated areas (North Western Europe, Mississippi,
Japan) are situated on really thick deposits of soft soils. One should redlise that also stiff sands and soft
chalks can often be considered as ‘ soft soil’.

All the push away techniques of course also have the restriction that they measure only at that specific
location. However, in any type of soil investigation one always has to start from a conceptual subsoil
model. Sound engineering judgment on what can be expected from an environmental point of view isan
indispensable tool in this respect, asis athorough knowledge on the geology of the site. Consultation of a
geologist with local expertise always pays off!

3. OVERVIEW OF GEOPHYSICAL METHODS

Geophysical methods can be divided in several ways. In the first place we discriminate between passive
and active methods, the former utilizing natural phenomenal like the earth’s magnetic field or its thermal
radiation. The active methods can be divided once more in volume methods and imaging methods.
Separately we will pay attention to tomographic techniques.
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Gravimetry and magnetometry are typical examples of passive methods. Gravimetry measures the local
strength of the earth’s gravity field. Differences in density in the subsoil cause (generally minuscule)
differencesin gravity. The method is sensitive to (large) holes like Karst phenomena, but also abandoned
mine workings. The presentation is a contour map of gravity. Ambiguity isaproblemin the
interpretation, different origins may cause comparable effects. Recent development is an increased
sengitivity of the instruments, however, not solving the ambiguity problem.

Magnetometry measures the local strength of the earth’s magnetic field. Asthisfield isinfluenced
strongly by ferromagnetic objects (iron and steel) the method is employed frequently for detection of steel
drums and unexploded bombs. Here ambiguity is also a problem: a bomb isindiscernible from a
transformer as are an empty steel drum and an oil leaking drum. Although one might wish to have less
false-positive results, the correct-positive results can reduce risks greatly. Recent developmentsin data
processing have increased the effectiveness of large-scale bomb tracing greatly.

Remote sensing surely belongs to the geophysical methods. Aerial photography and infrared sensing can
contribute to the large scal e detection of features. On the one hand visual images are relatively easy to
interpret because a human interpreter can understand what he sees, on the other hand the penetration in
the soil isvirtually nil and subsoil features remain undisclosed. Infrared pictures sketch athermal image
that may be influenced by features at some depth, either because heat is generated or because the heat
balanceislocally disturbed.

A.Volume Methods

Electromagnetic and geoel ectric measurements both determine the bulk electrical specific resistivity
(often in terms of its reciprocal: the conductivity) of avolume of soil. Typical dimensions of the volume
are meters to tens of meters (and in mineral exploration work even larger). Geoel ectric measurements use
electrodes physically implanted at the surface of the ground. The electromagnetic (EM) method uses coils
to induce currents in the subsoil; this does not need physical contact with the ground. In the first place
these methods are sensitive to differences in soil composition because most soils have characteristic and
different conductivities. Also the groundwater and the chemical content of the groundwater determine the
conductivity. Thisleads to information on e.g. leachate plumes, but it will be clear that ambiguity often
existsin the interpretation.

The effective penetration depth of the measurement can be controlled by varying the distance between the
electrodes resp. the EM-coils and by using several distances a more or |ess accurate depth profile can be
generated. Besides the ambiguity in interpretation a second problem of resistivity methodsis the
equivalence problem: athin highly conductive layer gives nearly the same response as a thicker, less
conductive layer.

The resolution of the methods decreases rapidly with depth. The presentation of EM and geoelectric
methods can be in maps or vertical sections where regions of different conductivities are outlined. In
vertical sectionsit is often not clearly indicated how large the inaccuracy isin the isoconductivity-lines,
and often oneis not even aware of a problem. Although the use of iso-lines can suggest a high accuracy
(in the few- %-range), in practice the depth accuracy is not better than 30-50% of the depth due to the
ambiguity mentioned above.

Developmentsin these methods are the multi-electrode methods which have become popular after
computer controlled measurements on large number of electrodes became possible, also in combination
with sets of electrodes in boreholes and applying tomographic techniques. This hasimproved the lateral
continuity of the measurement results considerably. Also different variants of the resistivity methods
(spontaneous and induced polarization) using natural electric fields and the time dependence of induced
fields have been applied to characterize the subsoil.
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B. Imaging Methods

Thethird and final group of geophysical methods consists of the imaging methods. In principle these
methods can give the most accurate picture of the subsoil with aresolution, which deteriorates only
dightly with depth. The methods are so called pulse-echo methods; they are based on the measurement of
the travel time (and sometimes also the amplitude) of areflection from atransmitted pulse. The
reflections observed at alarge number of |ocations are combined numerically to a synthetic image of the
subsail.

The basic difference between volume methods and imaging methods is that volume methods determine
primarily an average value of soil properties between the surface and some effective penetration depth.
Depth information is gained by subtracting values from different penetrations. On the other hand the

pul se-echo methods generate echoes from interfaces between layers or other heterogeneities. In principle
this is a depth-independent process and the deterioration of results with depth is caused by signal
attenuation which decreases the signal to noise ratio.

The imaging methods have an acoustic and an electromagnetic variant, reflection seismics and ground
probing radar (GPR). Reflection seismics has been developed to agreat extent in oil and gas exploration
since the penetration in the soil is many kilometers. Downscaling the method to ground water exploration
depths (100 m) has been performed successfully. However, application to shallower depthsislimited
because of instrument related problems, which have not yet been solved. Recent developments are
focused on better controlled sources (vibration units) for compressional and shear waves.

The information that is acquired by seismicsis related to mechanical properties. Reflections arise from
acoustic discontinuities. Depth to bedrock, or in case of marine seismic surveys depth to bottom, isan
easy target. Soil interfaces are sometimes discernable but it appears often difficult to relate seismic
‘horizons’ asthey are called, to hard information from borings or CPTs. Pollution is generally invisible
for seismic methods. A severe disadvantage on land is that the method is time consuming because one
needs physical contact with the soil to generate the acoustic pulse or wave and to detect the reflections. In
practice this means pushing a large number of geophones into the ground.

The hardest restriction from the point of view of environmental applicationsis the depth range which in
fact just starts at 30 - 50 m, which istoo deep for most problems. The second restriction is that pollution
hardly influences the acoustic parameters; the information obtained is therefore of a general, geologic
nature more than the distribution of pollution.

The electromagnetic counterpart of seismicsis ground penetrating radar (GPR). The first difference with
seismicsisthat the pulseis an electromagnetic wave instead of acoustic. The reflections originate
therefore from electromagnetic contrasts instead of acoustic. The second difference is an operational one:
the lack of need of tight physical contact. In GPR it is possible to drag the transmit and receive antenna
over the surface; this makes the measurement less time consuming. As with seismics, data processing is
essential to generate an image. The most important development in the last years is the introduction of 3D
techniques where echo data from several parallel tracks is combined. This hasled to a significant
improvement in resolution and reliability.

GPR echoes are generated primarily by changes in the dielectric permittivity, a parameter that is largely
determined by the water content and the compoasition of the soil. This means that the primary information
ison layering and heterogeneity of soil strata. In principle the presence of organic contaminants (DNAPL
aswell asLNAPL) will change the water content or influence the shape and thickness of the vadose zone.
Therefore the presence of these substances may be (and has claimed to be) visible in the echograms. The
second electric parameter that influences GPR isthe electrical conductivity. It is generally this parameter
that limits the application of the method because of the signal attenuation. As clay has a high
conductivity, the penetration through clay and clayey soilsis rather [imited. On the other hand conductive
polluting substances in ground water may give themselves away by the attenuation they generate in GPR
signals.
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Pulse-echo methods are usually presented in the form of vertical sections below the survey tracks. One
should be aware, however, that echo’s from ‘aside’ the track are indiscernible from echoes down under,
although the presentation suggests otherwise. This makes interpretation often cumbersome. Introduction
of 3D data acquisition has proven to be an essential step forward, but of course increases the amount of
work and therefore the cost of a survey considerably. On the other hand it may be worthwhile when it is
important to have a 3D image of the location’ s subsoil.

C. Borehole Techniques/ Tomography

Many of the abovementioned techniques can, with or without adaptations, be applied from boreholes or
between boreholes. In the first place, the soil geometry as well as the pollution are viewed from a
different angle when working in a borehole. Especially for deeper locations this may be an advantage
without compromising the resolution. Moreover, working between two boreholes and applying
tomographic techniques opens new possibilities: for GPR, where attenuation is generally a problem, the
penetration increases greatly since one measures in transmission, not reflection. However, the great
advances that have been made in medical tomography cannot be expected to occur in geophysics as the
number of measurement positions remainstoo small for a satisfactory coverage. Therefore in many cases
the resolution remains the bottleneck in application of tomography in geotechnology.

The above overview islargely based on an inventory (CUR, 1996), containing 22 four-page fact sheets on
the different techniques (in Dutch). A similar fact sheet collection was made afew years earlier by
BRGM (1992) (in French). The CUR report also has a special section on tomography.

4. TYPICAL ENVIRONMENTAL PROBLEMS

In order to estimate the significance of geophysicsin environmental engineering, a number of typical
application areas were defined in a brainstorm session in 1999 in the context of the NOBIS program,
NOBIS being the predecessor of the current SKB-program (CUR/NOBIS, 1999). Thislist may serve as
well to illustrate the possibilities and limitations of the several methods. The typical problem areas are:

1- mapping the preferential air channels during sparging in sandy soil
2 - detection of physical objects (cables, UXO)

3 - monitoring of processesin a contaminant plume near a landfill

4 - detection of hot spots DNAPL in the subsoil

5 - detection of oil contamination in industrial area.

For these five problems a check was done on the performance of the geophysical techniques. The result is
summarized below.

Area | Geophysical Applications
1 | GPR canimage heterogeneity at 10 cm scale, application from surface or borehole
multi electrode geoelectric (preferably from borehole or push away system) cheaper but less
detailed
aspect ‘monitoring’ (changes from the time zero situation) is helpful
2 | GPR: in sand adequate, in clayey soils of limited use, ‘al’ type objects (also synthetics).
EM for conductive objects (metal)
magnetometer (for iron/steel objects)
3 | extent of plume (if conductive) by GPR, EM, geoelectric
processes in the plume: little options available
4 | GPR: detection of first non-permeable layer and irregularities therein. If within depth range:
perhaps direct detection of DNAPLs
reflection seismics: ‘deep’ (20m+) heterogeneity
5 | GPR: some claimsthat direct detection is possible.
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A recent study on the feasibility of geophysical investigations of small landfills was published by the
geophysics group of ETH Zurich (Green, 1999). The main result of that study is summarized in the figure
below. Refraction seismic, which is a specific application (interpretation) of seismics, is mentioned
separately in this study. This reflects that site specific circumstances (Switzerland overburden on bedrock
- vs. Netherlands only soft soil) influence the feasibility of technigues heavily.

Bedrock | Sediment | Ground | Very Lateral Thickness | Classification
at 200 m | structure | water shallow boundaries | of waste of waste
50-200m | table sediment | of water site contents
structure

Reflection

seismic

Refraction

seismic

GPR

Geoelectric

Magnetic

EM

Excellent... -:l:l:| ... No information

Comparison of information content of different geophysical data sets (taken from Green, 1999).

An important conclusion from Green (1999) is that integration of the datasetsis crucial in order to abtain
aconsistent picture of the landfill and the surrounding sediments. No single dataset was capable of
providing all of the necessary information.

5. DISCUSSION

The optimism in the beginning of the 1990’ s for specific application of geophysics on environmental
problems has disappeared gradually. A typical example is the extended study on the Borden sitein
Canada, where a controlled spill of DNAPL was monitored by all possible techniques, geophysical as
well as traditional. Numerous publications show that is very well possible to follow the process. The real
problems become manifest when we try to survey an unknown site without a clean, time-zero reference.
Geophysical results are generally ambiguous with respect to natural heterogeneity and pollution, soitis
difficult to state the extent of the pollution, not to speak of concentrations. The number of ‘pollution
detection’ papers in the SAGEEP conferences which have been and are the primary channel for thistype
of results, has decreased over the years. Incidentally one finds claims of separate companies that success
has been achieved.

The basic contribution of geophysicsisin delineating the geometry of a site: layering, the ground water
table, heterogeneity e.g. fissuresin hard rock and either sandy or clayey beds and lenses in soft soil, and
the location of objects as (possibly leaking) drums. Because of the overview one gets by the geophysical
methods they are useful in an early stage of a site investigation also in order to guide the more traditional
sampling and in situ measurements. Moreover traditional techniques are always necessary to check and
specifically to depth calibrate the geophysical results. It isimportant that the investigators think in terms
of a conceptual subsoil model and try to ‘colour’ that model with help of all pieces of information
available, including arough or a detailed process model of the subsoil and the pollution: the geometry of
the sources of pollution, groundwater flow, dissolution, adsorption and desorption are the key factors. A
suitable strategy is outlined in the ETH paper mentioned earlier (Green, 1999). An important advantage of
geophysicsin environmental engineering is the non-intrusive character, lessening the risk of cross
contamination along the vertical direction.
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In the near future the most important contribution of environmental geophysics can be expected in
monitoring applications. measurement and process control of rehabilitation projects. In the world of oil
exploration the development of monitoring techniques and strategies is under way and can be found in the
literature under key words like *4D-techniques’ (time being the 4th dimension) or 'time lapse
measurements’ (Tura, 2001). In the oil world it becomes more and more important to depl ete existing
reservoirs more fully and therefore to monitor the depletion process. It can be expected that the R& D
results will gradually disperse through the open literature and can so be transferred to the civil and
environmental engineering business where R& D budgets are always orders of magnitude behind those of
oil exploration.

6. CONCLUDING REMARKS

R& D papers and case histories are prone to stress successes and underrate failures. Success stories are in
9 out of 10 cases controlled situations or monitor cases. Within that context they are successful and
valuable; they can however not be extrapolated to reconnaissance tasks at ‘new’ sites. Monitoring is
surely the field where environmental geophysicsin the next years will contribute most.

An important aspect of environmental measurements in general and environmental geophysicsin
particular isthe validation of the measurements. Of course there is never a‘golden standard’ to which the
results can be calibrated. It istherefore crucia to think from a subsoil model perspective and try to fit the
results within that model, understanding that individual results sometimes can be faulty or inaccurate.
What is needed is a best guess of the overall situation, based on the best available evidence. Unfortunately
it isnot clear beforehand which method will deliver which part of the information.

It will be clear that geophysical methods are not a panacea for every problem. It should be understood,
however, that thisis the case for sampling and in-situ methods as well. On the other hand, oil and mineral
exploration isinconceivable without geophysical surveys, although only afraction of the locations
indicated by geophysics really leads to actual exploitation. It would be a good thing when this was kept in
mind in environmental and civil engineering applications as well.
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SAMPLING TECHNOLOGIESFOR SITE CHARACTERIZATION AND
LONG-TERM MONITORING

Robert L. Siegrist®
1. OVERVIEW

Contamination of soil and groundwater by toxic chemicalsis a widespread problem at industrial and
military sites around the world. Effective site characterization and long-term monitoring that manage
uncertainty are fundamental to remediation practices that protect public health and environmental quality
with cost-effective expenditures of limited resources (Crumbling et al. 2001). For example, when asiteis
first discovered or alleged to be contaminated, site characterization activities must accurately delineate the
current nature and extent of contamination in the subsurface and provide appropriate and adequate data to
enable site cleanup goals to be established. Once cleanup goals are defined for a contaminated site,
remediation technol ogies may be implemented and process monitoring is commonly critical to ensure
proper operations. Following cleanup to a given end-state, longer term monitoring may be required to
ensure no changein risk evolves during periods of years to decades.

Site characterization and monitoring involves several components and specific activities. Environmental
sampling is one of the most critical components that can provide data to:

Characterize contamination, if any, at asite following itsinitial discovery,
Enable risk assessments to determine the need for cleanup and set cleanup goals,
Enable control of technology function during cleanup operations,

Help verify achievement of cleanup goals and termination of active cleanup, and
Ensure that short-term cleanup performance is sustained over the long-term.

= = —a —a _—_a

Sampling involves the definition of a problem domain and the observable members or population units
within that domain (Figure 1). In specifying observable units within the domain requires consideration of
the representative elemental volume (REV). Thisis avolume of environmental media that embodies all
relevant features so that sampling and analyses of asingle REV unit can be used for inferences about a
site or a subpart thereof. The problem domain is normally comprised of multiple replicates of REV’s that
represent that domain. The size of aREV can vary from micro- (e.g., mm to cm) to macro-scales (e.g., m
to km) and the number representing a site is highly dependent on the properties of the site and the
contaminant release and distribution properties within that site. Sampling then involves specifying a
position in space and time (known as a space-time framework) often followed by the physical acquisition
and removal of a specimen upon which a measurement can be made either onsite or at aremote location.
The samples so collected can include different media and be in the form of discrete samples (independent
single pointsin space and time) or composite samples (combined multiple points in space and time), or
subsamples of either of these. Sampling may also involve direct sensing or observation of a property of
interest without physically acquiring or removing a“sample” per se from the environment. For example,
volatile organic compounds (V OCs) can be measured using a probe that is inserted into groundwater
within amonitoring well.

! Professor and Division Director, Colorado School of Mines, Environmental Science and Engineering Division, Golden, CO. USA 80401-1887.
Phone : 303.273.3490. Telefax: 303.273.3413. Email: siegrist@mines.edu.
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Figure 1. Features of a space-time framework for sampling at contaminated sites.
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The toolbox for sampling technologiesis large and still growing (e.g., USEPA 2002). It includes awide
array of devices and systems, many of which are designed for shallow subsurface sampling, drilling for
sample acquisition, and direct-push insertion for sampling. Factors affecting which technologies and
methods to are most suitable include (1) site location and access, (2) media to be sampled, (3) properties
to be measured in the sampled media, (4) size and geometry of the domain to be sampled, and (5)
duration and frequency of sampling required. Effective technologies enable acquisition of samples that
are representative, meaning (1) the attribute of interest does not change as aresult of sample acquisition
and pre-analyses handling and (2) the attribute measured in a sample can be used to infer an attribute for
the larger domain from which it was taken. Sampling technol ogies should minimize the cost of
acquisition to maximize the number of space-time locations that can be observed, should be compatible
with the property to be measured, and should enable measurements to be made in situ or onsite.

Effective sampling for characterization and monitoring at contaminated sites becomes more challenging
under the following circumstances:

T Absence of information about the characteristics of the origin of contamination,

T Increasing size of the domain of interest in space and time,

T Increasing spatial and temporal heterogeneity of the environmental media and contaminant
distribution,

! Contaminants are unstable and/or extremely costly to quantify (e.g., VOCs, redox-sensitive
metal's, and dense nonaqueous phase liquids (DNAPLS)), and

1 Sampling isrequired to support critical and costly decisions that must necessarily be based on
detailed and highly certain results.

Field investigations and laboratory research have demonstrated the importance of sampling to achieve
accuracy and certainty when quantifying subsurface contamination (e.g., Siegrist and van Ee 1994,
Crumbling et al. 2001). Examples of research involving sampling effects on quantifying VOCs and
DNAPLsin soils are given in this presentation, including: (1) sampling and spatia modeling of
trichloroethene (TCE) and 1,1,1-trichloroethane (TCA) in silty clay soil at afield sitein Ohio (West et al.
1995), (2) sampling and analyses of TCE in sandy vadose zone soil during alaboratory study (Sheldon et
al. 2000), and (3) sampling effects on quantifying DNAPLs in sand from a site in Florida. Some
implications of these and related studies include the following. In subsurface samples containing VOCs
like TCE, to avoid serious negative bias in quantifying concentrations, sampling must be done such that it
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minimizes media disruption and atmospheric exposure and samples must be immediately immersed
directly into the analysis solvent (e.g., methanol). At DNAPL sites, under some conditions sampling
effects (e.g., bias) can cause overestimates of the mass depletion of the DNAPL source that is actually
achieved. In unsaturated soils, quantification errors may be more serious due to volatilization effects
exacerbating negative bias. These and other results affirm the need for great care in sampling practices
and also support the need for onsite and in situ measurements.

Sampling is a major component of site remediation and is critical to characterization and monitoring.
Sampling includes issues and activities related to sample quantification (whether it involves physical
acquisition or direct sensing) and also estimation of properties at un-observed locations in space and time.
The toolbox for sampling technologiesis large and growing. In general, technologies must minimize
sampling-induced changes in the environmental media or properties of interest. As aresult, direct-push
sampling is equivalent to or better than conventional drilling and sampling methods and in situ and
integrating approaches are needed. Careful application of multiple toolsis critical to cost-effective
characterization and long-term monitoring.
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THE SELECTION AND USE OF FIELD ANALYTICAL TECHNOLOGIESFOR
TECHNICALLY SOUND DECISIONSAT CONTAMINATED SITES
AN ANNOTED OUTLINE

Wayne Einfeld*

The following outline discusses some critical issues in a question and answer format that should be
considered prior to the deployment and use of field analytical technologies for contaminated site
characterization or monitoring. A summary overview of the various field portable analytical technologies
isalso included.

1. WHAT ARE THE KEY COMPONENTSIN THE DATA QUALITY OBJECTIVE PROCESS?

Application of the data quality objective (DQO) processis fundamental to the successful use of field
analytical methods. The DQO process is a methodical approach used to facilitate technically sound
project decisions and the ultimate achievement of an acceptable project end point. The key element in the
DQO processis the development of adecision rule, which is essentially a quantitative statement of the
project objective. Other key components in the process that support the devel opment and use of the
decision rule are given below:

Qualitatively define the decision that needs to be made

Further define the decision in quantitative terms using a decision rule
Define the limits on the error associated with the decision rule

I dentify the measurement data necessary to support the decision rule
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2. WHAT DECISION NEEDSTO BE MADE USING THE DATE FROM ON-SITE
MEASURMENTS?

The data quality objective process (DQO) can help in the transition from a qualitative problem statement
to a quantitative framework through the use of decision rules and their associated margins of error. This
guantitative problem statement or decision rule helps sets the stage for selection and use of field analytical
methods.

Example qualitative decision rule: If TCE levelsincrease in the down-gradient monitoring wells,
remedial action may be required

Example quantitative decision rule: If the average concentration of TCE at any down-gradient well is
greater than 50 mg/L then remedial action isrequired. A 5% chance of designating awell sample
“clean” whenin fact it is“dirty” is acceptable. Similarly, a 15% chance of designating a“clean”
sample “dirty” is also acceptable.

The development of such adecision rule will help in the selection of measurement technologies and in the
determination of the sample size necessary to generate the data needed to make the decision. Field
analytical methods may be an appropriate choice to generate the data that are used to make these critical
decisions. Some typical applications are listed below:

 Identify a“clean” or “dirty” site

 Identify or map a subsurface contaminant plume

f Conduct areal-time, on-site determination of the adequacy of an ongoing treatment process for
contaminant removal

! Sandia National Laboratories
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Generate data that will support a decision as to whether contaminant cleanup levels have been
reached and formal site closure can occur.
f Conduct periodic long-term monitoring for assessment of contaminant stability at a closed site

3. WHAT LEVEL OF UNCERTAINTY ISTOLERABLE AT THE DECISION POINT?

All measurements have associated uncertainty and these may transate into decision errors. For example,
declaring a site clean when in fact it is dirty (false negative) or, declaring a site dirty whenin fact it is
clean (false positive) are both decision errors influenced by sampling and analytical uncertainty. The
acceptable errors, set during the DQO process will influence both the choice of the sampling and
analytical method and the number of samples needed from the site. Important concepts and considerations
related to overall uncertainty include:

Confidence interval about a mean measurement value

Tolerance for false positives (declaring dirty when in fact clean)

Tolerance for false negatives (declaring clean when in fact dirty)

Tolerable error levels may be specified in regulations or may require good judgment (e.g. statistical

best practice)

I Performance measures of candidate analytical methods, such as accuracy and precision, are necessary
in order to best apply the DQO process.

' The combination of sampling error and analytical error will strongly influence the overall uncertainty
in a measurement

Often the sampling error islarge in comparison to the analytical error

' The combined accuracy and precision of the candidate sampling and analytical methods should be

known in order to best apply the DQO process.
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4. WHAT ARE THE VARIOUS CONSTRAINTS ASSOCIATED WITH THE USE OF FIELD
ANALYTICAL METHODS?

Site characterization, monitoring, and cleanup projects that may utilize field analytical instrumentation
will necessarily have a number of associated constraints. They will likely include the some or all of
following:

Budget

Schedule

Regulatory requirements for a specific method

Availability of field analytical measurement equipment

Cost of rental or procurement of field analytical equipment

Requirement to interface with other scheduled events at the site

Contractual obligations (e.g. lab services may be designated in the overall site cleanup contract)
Regulatory acceptance of innovative or alternative methods

Availability of performance attributes (e.g. accuracy and precision) of the candidate field analytical
methods
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5. WHAT ISKNOWN ABOUT THE CONTAMINANTSAT THE SITE?

Prior to the initiation of work at a site, it isimportant to ascertain as much as possible about the site prior
to any measurement campaigns. This information can be used to build a conceptual site model and assist
in the development of atechnically sound overall project strategy. Sources of information may include the
following:

1 Legal records
I Other archived corporate site historical data
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' Previous environmental measurements
 Experience from similar site operations at other |ocations
I Other sources of information (e.g. personal interviews)

6. WHAT GENERAL MEASUREMENT APPROACHES ARE AVAILABLE FOR USE?

In the development of a site measurement plan, careful consideration should be given to al of the
available options for measurement options. The optimum solution might include a blend of various
approaches. Cost tradeoffs between the various options may not be clearly obvious. In many cases the use
of the field analytical methods may be nearly equivalent to the off-site laboratory approach in terms of
direct costs. Cost savings through field analytical approaches are often seen in indirect ways such as. a
reduced overall deployment time on site; areduction in the need for multiple deployments of sampling
crews at a site; or expedited site characterization/remediation by virtue of near real-time measurements
onsite combined with a dynamic workplan. The general measurement approaches that can be applied are
listed below:

Fixed off-site laboratory

On-site mobile laboratory

Field-portable instrumentation with ex-situ samples

Field-portable instrumentation with in-situ samples

Conventional sampling (e.g. drilling)

Innovative sampling and analysis (e.g. direct push + in-situ probes)
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7.WHAT ARE THE ADVANTAGESAND LIMITATIONSOF FIELD PORTABLE METHODS?

The selection of afield analytical approach brings with it both advantages and disadvantages. |n most
instances, the advantages outweigh and disadvantages such that the overall field analytical approach is
desirable and will expedite site characterization and project completion. Important advantages and
limitations are listed below:

Advantages

f Quick-turnaround, timely information

1 Detection limits generally below risk-based action levels

Sample preservation and shipping issues can be minimized

f  Compatible with the dynamic planning process (e.g. the ability to change the overall investigation

plan based on new, timely information)

I Lower per sample cost and analysis speed may enable a higher sample density at the site thereby
resulting in a more thorough site characterization

f  Technology can be targeted at specific analytes for increased speed

May be ableto operate field analytical methods with existing field crews thereby avoiding the need
for a separate analysis crew

Disadvantages

Potential for additional training of field crews

Field-portable systems may not be readily accessible

Regulator distrust or outright rejection of innovative field analytical methods may occur
Some field analytical methods may have reduced precision and accuracy when compared to
conventional laboratory methods

. Somelevel of confirmatory off-site laboratory analysis may be advisable
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' Unknown contaminants may be encountered which are outside the analytical scope of the field
analytical method

f  Performance attributes (e.g. precision and accuracy) of some of the newer field analytical
technologies may not be known

8. WHAT ARE SOME OF THE FIELD-PORTABLE TECHNOLOGIESAVAILABLE FOR USE
(SORTED BY CHEMICAL CLASS)?

Geophysical Technologies

Ground Penetrating Radar
Electromagnetometry Survey
Magnetometer Survey
Seismic Survey

Borehole Geophysical Survey
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Metals

Field portable x-ray fluorescence

Field-portable electrochemical methods (Anodic stripping voltametry, ion specific electrodes)
Hand-held mercury analyzers

Colorimetric tests
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Inorganics (nitrate, sulfates, etc.)

f Electrochemical in-situ analyzers for water applications
1 Colorimetric test kits

Semi-volatile Organics

Fluorescence analyzers for BTEX or other aromatic hydrocarbons in soil
Immunoassay kits for PCBs, pesticides, and explosive residues
Field-portable reagent kits

Field portable GC and GC/MS (with temperature programming)

CPT with LIF for aromatic hydrocarbons

E R

Volatile Organics

Photoacoustic spectrometers

Handheld photoionization and flame ionization detectors
Field portable GC and GC/MS

Field-portable reagent kits

Field portable FTIR spectrometers

Direct push sampling and analysis with MIP
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9. WHERE CAN | FIND MORE INFORMATION ON FIELD ANALYTICAL METHODS?

1 USEPA Technology Innovation Office
www.epa.gov/tio

USEPA Superfund Field Analytical Technologies
www.epa.gov/superfund/programs/df a/fldmeth.htm
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1 USEPA, Field Analytical Technologies Encyclopedia
http://fate.clu-in.org/

 USEPA REACHIT Technologies and Applications Database
http://www.epareachit.org/index.html

1 The Triad approach to Site Characterization and Remediation:
http://www.epa.gov/swertiol/pubichar.htm

I Case Studies Involving Field Analytical Methods
http://www.epa.gov/tio/chartext _edu.htm#case

1 USEPA Environmental Technology Verification Program (ETV)
www.epa.gov/etv

T U.S. Department of Defense Environmental Science Technology Certification Program (ESTCP)
http://www.estcp.org/index.cfm

For More Information Contact:

Wayne Einfeld, Sandia National Laboratories
Phone: 505/845-8314 E-mail: weinfel @sandia.gov

Eric Koglin, US EPA Office of Research and Development
Phone: 702/798-2432 E-mail: koglin.eric@epamail .epa.gov
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CURRENT PERSPECTIVESIN SITE REMEDIATION AND MONITORING:
USING THE TRIAD APPROACH TO IMPROVE THE COST-EFFECTIVENESS OF
HAZARDOUSWASTE SITE CLEANUPS

Deana M. Crumbling*
1. EXECUTIVE SUMMARY

U.S. EPA’s Office of Solid Waste and Emergency Response is promoting more effective strategies for
characterizing, monitoring, and cleaning up hazardous waste sites. In particular, the adoption of a new
paradigm holds the promise for better decision-making at waste sites. This paradigm is based on using an
integrated triad of systematic planning, dynamic work plans, and real-time measurement technologies to
plan and implement data collection and technical decision-making at hazardous waste sites. A central
theme of the triad approach is a clear focus on overall decision quality as the overarching goal of project
quality assurance, requiring careful identification and management of potential causesfor errorsin
decision-making (i.e., sources of uncertainty).

2. PERSPECTIVE

EPA’s Office of Solid Waste and Emergency Response (OSWER) manages the Superfund, RCRA
Corrective Action, Federal Facilities, Underground Storage Tank, and Brownfields programs. “ Smarter
solutions’ for the technical evaluation and cleanup of such contaminated sites can take two major forms.
One is through the adoption of new technologies and tools; the other is to modernize the strategy by
which tools are deployed. Both are connected in a feedback loop, since strategy shifts are both fueled by
and fuel the evolution of innovative technology. In the area of hazardous waste site monitoring and
measurement, new technol ogies have become available with documented performance showing them
capable of substantially improving the cost-effectiveness of site characterization.

The current traditional phased engineering approach to site investigation (mobilize staff and equipment to
asite, take samples to send off to alab, wait for results to come back and be interpreted, then re-mobilize
to collect additional samples, and repeat one or more times) can be incrementally improved by the
occasional use of on-site analysis to screen samples so that expensive off-site analysis is reserved for
more critical samples. Y et, as discussed elsewhere, integration of new tools into site cleanup practices
faces an array of obstacles[1]. If the cost savings promised by new technologiesisto be realized, a funda-
mental change in thinking is needed. Faster acceptance of cost-effective characterization and monitoring
tools among practitionersis even more important now that Brownfields and Voluntary Cleanup Programs
are gaining in importance. For these programs that focus on site redevelopment and reuse, factors such as
time, cost, and quality are of prime concern. Modernization of the fundamental precepts underlying
characterization and cleanup practices offers cost savings of about 50% while simultaneously improving
the quality of site decision-making.

The idealized model for an innovation-friendly system that produces defensible site decisions at an
affordable cost would have the following characteristics:

f it would be driven by achieving performance, rather than by complying with checklists that do not
add value;

f it would use transparent, logical reasoning to articulate project goals, state assumptions, plan site
activities, derive conclusions, and make defensible decisions;

f it would value the need for ateam of technical expertsin the scientific, mathematical, and
engineering disciplines required to competently manage the complex issues of hazardous waste sites;

f itwould require regular continuing education of its practitioners, especialy in rapidly evolving areas
of practice;

! U.S. Environmental Protection Agency, Technology Innovation Office, Washington, DC
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f itspractitioners would be able to logically evaluate the appropriateness of an innovative technology
with respect to project-specific conditions and prior technology performance, with residual areas of
uncertainty being identified and addressed; and

f itwould reward responsible risk-taking by practitioners who would not fear to ask, “why don’t we
look into...?" or “what if wetried...?’

What form might such an idealized model take? A major step toward this goal would involve
ingtitutionalizing the triad of systematic planning, dynamic work plans, and real-time analysis as the
foundation upon which cost-effective, defensible site decisions and actions are built. None of the concepts
in the triad are new, but the boost given by computerization to technology advancement in recent yearsis
now providing strategy options that did not exist before. Pockets of forward-thinking practitioners are
already successfully using this triad; the concept is proven.

3. THE TRIAD'SFIRST COMPONENT: SYSTEMATIC PLANNING

Most organizational mission statements pledge a commitment to quality. EPA is no different. EPA Order
5360.1 CHG 2 requires that work performed by, or on behalf of, EPA be governed by a mandatory quality
system to ensure the technical validity of products or services[2]. A fundamental aspect of the mandatory
quality system is thoughtful, advance planning. The EPA Quality Manual for Environmental Programs
explains that “environmental data operations shall be planned using a systematic planning process that is
based on the scientific method. The planning process shall be based on 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’ [3].

Systematic planning is the scaffold around which defensible site decisions are constructed. The essence of
systematic planning is asking the right questions and coming up with a strategy to best to answer them. It
requires that for every planned action the responsible individual can clearly answer the question, “Why
am | doing this?" First and foremost, planning requires that key decision-makers collaborate with
stakeholders to resolve clear goals for a project. A team of multi-disciplinary, experienced technical staff
then works to tranglate those goal s into realistic technical objectives. The need for appropriately educated,
knowledgeabl e practitioners from all disciplines relevant to the site’ s needs is vital to cost-effective
project success.

A. Multi-disciplinary Technical Team

During the planning phase, the most resource-effective characterization tools for collecting data are
identified by technically qualified staff that is familiar with both the established and innovative
technology tools of their discipline. For example, the hydrogeologist will be conversant not only with the
performance and cost issues of well drilling techniques, but also with the more innovative and (generally)
less costly direct push technologies entering common use. The sampling design expert will understand
how uncertainties due to sampling considerations (where, when, and how samples are collected) impact
the representativeness of data generated from those samples, and thus the ability of those samplesto
provide accurate site information [4]. The team’ s analytical chemist will not only know the relative merits
of various traditional sample preservation, preparation, and analysis methods, but al so the strengths and
limitations of innovative techniques, including on-site analytical options. The chemist’s responsibilities
include designing the quality control (QC) protocols that reconcile project-specific data needs with the
abilities of the selected analytical tools. When risk assessment is part of a project, involvement of the risk
assessor at the beginning of project planning is vital to ensure that a meaningful data will be available for
risk assessment purposes. Other technical experts might include (depending on the nature of the project)
regulatory experts, soil scientists, geochemists, statisticians, wildlife biologists, ecologists, and others.
When project planners wish to express the desired decision confidence objectively and rigoroudly in terms
of adtatistical certainty level, statistical expertiseisrequired to tranglate that overall decision goal into
data generation strategies. Demonstrating overall statistical confidence in decisions based on
environmental data sets will require the cost-effective blending of the:
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e number of samples,

» expected variability in the matrix (i.e., matrix heterogeneity),

e analytical dataquality (e.g., precision, quantitation limits, and other attributes of analytical quality)
[5].

e expected contaminant concentrations (i.e., how close are they expected to be to regulatory limits),

» sampling strategy (e.g., grab samples vs. composites; a random sampling design vs. a systematic
design), and

s costs.

Since sampling design and analytical strategy interact to influence the statistical confidence in final
decisions, collaboration between an analytical chemist, a sampling expert, and a statistician iskey to
selecting afinal strategy that can achieve project goals accurately, yet cost-effectively. Software tools are
also available now to assist technical expertsto develop sampling and analysis designs. Although they
can be powerful tools, neither statistics nor software programs can be used as “black boxes.” A
knowledgeable user must be able to verify that key assumptions hold true in order to draw sound conclu-
sions from statistical analyses and software outputs.

The statistician is concerned with controlling the overall (or summed) variability (i.e., uncertainty) in the
final data set, and with the interpretability of that fina data set with respect to the decisions to be made.
The statistician does this during project planning by addressing issues related to “sample support” (a
concept that involves ensuring that the physical dimensions of samples are representative of the original
matrix in the context of theinvestigation), by selecting a statistically valid sampling design, and by
estimating how analytical variability could impact the overall variability. The field sampling expert is
responsible for implementing the sampling design while controlling contributions to the sampling
variability as actual sample locations are selected and as specimens are actually collected, preserved, and
transported to the analyst. The analytical chemist is responsible for controlling components of variability
and uncertainty that stem from the analytical side (such as analyte extraction, concentration, and
instrumental determinative analysis), but also for overseeing aspects of sample preservation, storage,
homogenization, and possibly subsampling (if done by the analyst). The analytical chemist should select
analytical methods that can meet the analytical variability (precision) limits estimated by the statistician.
The chemist must be able to evaluate the relative merits of methods for their detection capacity (detection
or quantitation limits), specificity (freedom from interferences), and selectivity (uniqueness of the
analytes detected), and match those properties to the data type and quality needed by all the data users
involved with the project. Finally, the chemist is responsible for designing an analytical QC program that
will establish that the analytical data sets are of known and documented quality.

Controlling the various sources of analytical and sampling uncertainties (assuming no clerical or data
management errors) ensures that data of known overall quality are generated. Since the single largest
source of uncertainty in contaminated site decisions generally stems from matrix heterogeneity,
increasing the sampling density is critical to improving decision confidence.

B. Managing Uncertainty asa Central Theme

Project planning documents should be organized around the theme of managing the overall decision
uncertainty. The purpose of systematic planning, such as EPA’s Data Quality Objectives (DQO) process
used for the systematic planning of environmental data collection, isto first articulate clear goas for the
anticipated project, and then to devise cost-effective strategies that can achieve those goals. Project
planning documents [such as work management plans, quality assurance project plans (QAPPS), sampling
and analysis plans (SAPs), etc.] should be written so that the reader can explicitly identify what those
decisions are and what sources of uncertainty could potentially cause those decisions to be made in error.
The balance of project planning documents should discuss the rationale and procedures for managing
each major source of uncertainty to the degree necessary to achieve the overall decision quality (i.e.,
decision confidence and defensibility) desired by project managers and stakehol ders.
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After completion of the project, summary reports should clearly discuss the project goals that were
actually achieved, the decisions that were made, the uncertainties that actually impacted project decision-
making, the strategies used to manage these uncertainties, and the overall confidence in the project
outcome (which isafunction of what uncertainties remain).

C. Conceptual Site Model

Using all available information, the technical team develops a conceptua site model (CSM) that
crystallizeswhat is already known about the site and identifies what more must be known in order to
achieve the project’ s goals. A single project may have more than one CSM. Different CSM formulations
are used to depict exposure pathways for risk assessment, the site’ s geology or hydrogeology,
contaminant concentrations in surface or subsurface soils, or other conceptual models of contaminant
deposition, transport, and fate. Depending on the specifics of the project, CSMs may take the form of
graphical representations, cross-sectional maps, plan-view maps, complex representations of contaminant
source terms, migration pathways, and receptors, or simple diagrams or verbal descriptions. The team
uses the CSM(s) to direct field work that gathers the necessary information to close the information gaps
that stand in the way of making site decisions. Data not needed to inform site decisions will not be
collected. (Although this sounds elementary, the one-size-fits-all approach used by many practitioners
routinely leads to the collection of costly data which are ultimately irrelevant to the project’s outcome.)
The CSM will evolve as site work progresses and data gaps are filled. The CSM thus serves severa
purposes: as a planning and organizing instrument, as a modeling and data interpretation tool, and as a
communication device among the team, the decision-makers, the stakeholders, and the field personnel.

Systematic planning provides the structure through which foresight and multi-disciplinary technical
expertise improves the scientific quality of the work and avoids blunders that sacrifice time, money, and
the public trust. It guides careful, precise communication among participants and compels them to move
beyond the ambiguities of vague, error-prone generalizations [5]. Systematic planning requires unspoken
assumptions to be openly acknowledged and tested in the context of site-specific constraints and goals,
anticipating problems and preparing contingencies. It should be required for all projects requiring the
generation or use of environmental data [6].

4. THE SECOND COMPONENT OF THE TRIAD: DYNAMIC WORK PLANS

When experienced practitioners use systematic planning combined with informed understanding about the
likely fate of pollutantsin the subsurface and advanced technology, an extremely powerful strategy
emerges for the effective execution of field activities. Terms associated with this strategy include
expedited, accelerated, rapid, adaptive, or streamlined site characterization. Its cornerstone is the use of
dynamic work plans. Formulated as a decision tree during the planning phase, the dynamic work plan
adapts site activities to track the maturing conceptual site model, usually on adaily basis. Contingency
plans are devel oped to accommodate eventualities that are considered reasonably likely to occur during
the course of site work, such as equipment malfunction, the unanticipated (but possible) discovery of
additional contamination, etc. Dynamic work plans have been championed and successfully demonstrated
for over 10 years by a number of parties [7, 8]. Success hinges on the presence of experienced
practitionersin the field to “ call the shots’ based on the decision logic developed during the planning
stage and to cope with any unanticipated issues. For small uncomplicated sites, or for discrete tasks
within complex sites, project management can be streamlined so smoothly that characterization activities
blend seamlessly into cleanup activities.

Just as the design of a dynamic work plan requires the first component of the triad (systematic planning)
to choreograph activities and build contingencies, implementation of a dynamic work plan generally
requires the third member of the triad (real-time generation and interpretation of site data) so that data
results are available fast enough to support the rapidly evolving on-site decision-making inherent to
dynamic work plans.
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5. THE THIRD COMPONENT: REAL-TIME ANALYSIS

Real-time decision-making requires real-time information. There are avariety of ways real-time data can
be generated, ranging from very short turnaround from a conventional |aboratory (off-site analysis) to on-
site mobile laboratories using conventional analytical instrumentation to *“hand-held” instrumentation set
up in the back of avan or under atent in the field. For many projects, on-site analysisin some manner
will be the most cost-effective option, although this will always depend on many factors, including the
target analyte list and the nature of the decisionsto be made at a particular project. On-site analysis can be
performed within the standard phased engineering approach; however, it does not achieve its full potential
for cost- and time-savings except in the context of dynamic work plans. All sampling and analysis designs
should be designed with thoughtful technical input from systematic planning, but the nature of field
analytical methods and the critical role they play in the context of dynamic work plans makes systematic
planning vital so that the most appropriate sampling and measurement tools are selected and suitably
operated.

Data collection is not an end in itself: its purposeis to supply information. There has been a counter-
productive tendency to fixate solely upon the quality of data points, without asking whether the
information quality and representativeness of the data set was either sufficient or matched to the planned
uses of the data. On-site analysis can never eliminate the need for traditional laboratory services; but the
judicious blending of intelligent sampling design, dynamic work plans, and on-site analysis,
supplemented by traditional laboratory testing as necessary, can assemble information-rich data sets much
more effectively than total reliance on fixed lab analyses. The lower costs and real-time information value
of field analysis permits much greater confidence in the representativeness of data sets due to greater
sampling density and the ability to delineate a hot spot or “chase aplume” in real-time [4]. When the
gathering of reliable information to guide defensible site decisionsis a clear priority, field analytical
technologies offer a much more valuable contribution than isimplied when the concept is downplayed as
“field screening.” The cost advantages of on-site analysis extend well beyond possible “ per sample”
savings, since the use of the integrated triad approach maximizes the chances that the project will be done
right the first time over the shortest possible time frame.

Informative data sets that accurately represent true site conditions across the project’ s lifetime (from
assessment to characterization through remediation and close-out) never happen by accident. No matter
whether the on-site generated data are expected to be used for “screening” purposes or for “ definitive”
decision-making, good analytical chemistry practice must be followed and QC protocols must be
designed carefully. Analytical chemists are the trained professional s best able to construct valid QC
protocols that will integrate: 1) the site-specific data needs and uses; 2) any site-specific matrix issues
and; 3) the strengths and limitations of a particular analytical technology. Ignoring these considerations
risks achain of errors that waste effort and money: faulty data sets lead to erroneous conclusions, which,
in turn, lead to flawed site decisions and/or ineffectual remedial actions. Good decisions rely on
representative data sets that are of known quality. Therefore, the expertise of an analytical chemist must
go along when analytical methods are taken to the field, whether in absentia as a written site-specific
Standard Operating Procedure (SOP) that atechnician will follow, or in person as an instrument operator
or supervising field chemist.

Field analytical chemistry has made significant advances in scientific rigor and credibility.
Computerization, miniaturization, photonics (e.g., lasers and fiber optics), materials research,
immunochemistry, microwave technologies and a host of other chemical, biological, and physical science
disciplines are contributing to a multiplicity of technology improvements and innovations for analytical
chemistry in general, and for the specialized practice of on-site analytical chemistry in particular. When
compared to the convenience and control offered by fixed laboratory analysis, field analysis offers unique
challenges to its practitioners, leading to the blossoming of arecognized subdiscipline. Field analysis now
has its own dedicated international conferences, a peer-reviewed journal (Field Analytical Chemistry and
Technology, published by Wiley InterScience), and university-based research centers. Thereisasmall but
growing number of companies offering specialized on-site analytical services and consulting expertise to
the environmental community, and their professional standards and practices will be addressed by the
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newly formalized Field Activities Committee within the National Environmental Laboratory Accredita-
tion Council (NELAC).

Environmental chemists are not alone in recognizing the potential of field analysis. Even the
pharmaceutical industry istaking their analytical methods to the field to screen for new drugsin marine
and terrestrial ecosystems. “Who would have thought we could do this much in situ now? When we first
started, people said we were crazy,” marveled a University of Illinois chemistry professor. While
acknowledging that “on-site analysis may seem the stuff of sciencefiction,” he predicted that the pace of
technologica advances will make it commonplace for the pharmaceutical industry within five years[9].
Will the same be true for the environmental remediation industry?

On-siteinterpretation of datais greatly facilitated by decisions support software tools using classical
statistical analysis and geostatistical mapping algorithms. Laptop PCs may be used to manage data and
produce 2- or 3-dimensional images representing contaminant distributions, including an assessment of
the statistical reliability of the projections. Cost-benefit and risk-management analyses produced within
minutes can allow decision-makers to weigh options at branch points of the dynamic work plan, or to
select optimum sampling locations that can give the “most bang for the characterization buck” by
minimizing decision uncertainty. The graphical output of the software greatly facilitates meaningful
communication of site issues and decisions with regulators and the public. Aswith al tools, users need to
understand possible pitfalls and consult with experts as necessary to avoid misapplications that could lead
to faulty outputs.

6. EXPERIENCE WITH THE TRIAD APPROACH

In the early 1990s, the Department of Energy (DOE) articulated the concepts of the triad approach as
Expedited Site Characterization (ESC) [10]. In addition, DOE linked dynamic work plans with systematic
planning with the intent of speeding up Superfund site investigations and feasibility studies at DOE sites
in an approach called SAFER (Streamlined Approach for Environmental Restoration). Showing the
acceptance of this paradigm among remediation experts, ASTM has issued three guides describing
various applications of expedited or accelerated approaches[11, 12, 13].

In 1996-1997, EPA Region 1 and Tufts University coordinated with the U.S Air Force to conduct a
demonstration of a dynamic site investigation using real-time results generated by a mobile laboratory to
delineate residua soil contamination at Hanscom Air Force Base. The project showed that innovative
technol ogies combined with an adaptive sampling and analysis program could drastically reduce the time
and cost, while increasing the confidence, of site decisions [14].

Argonne National Laboratory’s Environmental Assessment Division (EAD) uses Adaptive Sampling and
Analysis Programs (ASAP) to expedite data collection in support of hazardous waste site characterization
and remediation. ASAPs rely on "real-time" data collection and field-based decision-making, using
dynamic work plans to specify the way sampling decisions are to be made, instead of determining the
exact number and location of samples before field work begins. EAD focuses on the decision support
aspects of ASAP data collection, including the management and visualization of datato answer questions
such as: What's the current extent of contamination? What's the uncertainty associated with this extent?
Where should sampling take place next? When can sampling stop? A variety of software tools are used to
facilitate real-time data collection and interpretation, including commercial databases, standard
geographical information system (GIS) packages, customized data visualization and decision support
software based on Bayesian statistics, and Internet applications to foster real-time communication and
data dissemination. The EAD is documenting that ASAP-style programs consistently yield cost savings of
more than 50% as compared to more traditional sampling programs[15].

The U.S. Army Corps of Engineers (USACE) began institutionalizing an integrated approach to
systematic planning under the name “Technical Project Planning (TPP) Process.” Although it does not
address dynamic work plans and on-site analysis directly, the TPP engineering manual stresses the
importance of a multi-disciplinary team that performs “comprehensive and systematic planning that will
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accelerate progress to site closeout within al project constraints’ [16]. A 1997 review of 11 initial
projects performed under the TPP approach demonstrated the following successes:

Met all schedules (and “train-wreck” and “ break-neck” milestones);

Improved project focus and communications,

Improved defensibility and implementability of technical plans;

Eliminated “ excessive” data needs and identified “basic” data needs;

Increased satisfaction of USACE’ s Customers,

Improved relations and communication with regulators; and

Documented cost savings of at least $4,430,000 (total savings for al 11 projects) [17].

= A —a —_a _a _a 2

In addition, awell-documented USACE project using the triad approach in combination with
Performance-Based Measurement System (PBMS) principles (for both the field analytical and fixed
laboratory methods) achieved site closure while demonstrated an overall project savings of 50% ($589K
actual project cost vs. $1.2M projected cost) [18].

The Florida Department of Environmental Protection created the Drycleaning Solvent Cleanup Program
(DSCP) to address contamination from small dry cleaner shops. Under the DSCP, rapid site
characterizations are performed using on-site mobile laboratories and direct push technologiesto
characterize soil and ground water contamination, assess cleanup options, and install permanent
monitoring wells, all in an average of 10 days per site. Site characterization costs have been lowered by
an estimated 30 to 50 percent when compared to conventional assessments[19].

Whether the focus of a site investigation is ground water, surface water, sediment, soil, or waste
characterization, or a combination thereof, the triad approach has been shown to achieve site closeout
faster and cheaper than traditional phased approaches. The question becomes: What are the barriers that
hinder wider utilization of this approach? Past reasons no doubt included the limited selection of rapid
turnaround field analytical and software tools so vital for implementing dynamic work plans efficiently.
As described earlier however, recent years have seen agrowing array of analytical options able to meet
many types of data quality needs. Technology advancement would be even more brisk if a paradigm of
logical evaluation, acceptance, and use by practitioners and regulators were the norm. To benefit from the
tools we currently have and boost our available options, we must modernize habits that were established
during the infancy of the environmental remediation industry. Other papers in this series address the
limitations of prescriptive requirements for analytical methods and analytical data quality [4, 20].
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cluin.org
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Case Study: Site Cleanup of the
Wenatchee Tree Fruit Test Plot Site
Using a Dynamic Work Plan
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EPA-542-R-00-009
August 2000

Innovations in Site Characterization
Case Study: Site Cleanup of the Wenatchee Tree Fruit Test Plot
Site Using a Dynamic Work Plan

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Technology Innovation Office
Washington, DC 20480

i August 2000
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Notice

This material has been funded wholly by the United States Environmental Protection Agency under
Contract Number 68-W6-0068. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.

Copies of this report are available free of charge from the National Service Center for Environmental
Publications (NSCEP), P.O. Box 42419, Cincimnati, OH 45242-2419; telephone (800) 490-9198 or (513)
489-8190 (voice) or (513) 489-8695 (facsimile). Refer to document EPA-542-R-00-009, Innovations in
Site Characterization Case Study: Site Cleanup of the Wenatchee Tree Fruit Test Plot Site Using a
Dynamic Work Plan. This document can also be obtained electronically through EPA’s Clean Up
Information (CLU-IN) System on the World Wide Web at hitp: /cluin. org or by modem at (301) 589-
8366. For assistance, call (301) 589-8368.

Comments oT questions about this report may be directed to the United States Environmental Protection
Agency, Technology Inmovation Office (5102G), 401 M Street, SW, Washington, DC 20460, telephone
(703) 603-9910.

i Auguat 2000
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Foreword

This case study is one in a series designed to provide cost and performance information for inmovative
tools that support less costly and mote representative site characterization. These case studies will
include reports on new technologies as well as novel applications of familiar tools or processes. They are
prepared to offer operational experience and to further disseminate information about ways to improve
the efficiency of data collection at hazardous waste sites. The ultimate goal is enhancing the cost-
effectiveness and defensibility of decisions regarding the disposition of hazardous waste sites.
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CASE STUDY ABSTRACT

Wenatchee Tree Fruit Research and Extension Center (WTFREC) Test Plot
Wenatchee, Washington

Site Name and Location:

Wenatchee Tree Fruit Research and
Extengion Center (WIFREC) Teat
Flot

Wenatchee, Washington

Period of Operation:
1966-early 1980z
Operable Unit:

A 2,100-gquars foot test plot area
used for pesticide disposal testing

Sampling & Analytical Technologies:

1. Systematic planning process

2. Dynamic workplan

3. Direct push soil sampling

4. Fleld measurement immunoassay
analysis (TA) technologics combined
with limited fixed laboratory analyaes

CERCLIS #:

None

Current Site Activities:

Washington State University test and
laboratory Tacilities; local residential
development,

Point of Contaect:

Greg Gervals

Quality Assurance Representative
U.5. Army Corps of Enginesrs-
Zeattle District

Media and Contaminants:

Soil contaminated with organochlorine
pesticides, organophosphorus
pesticides, carbamate pesticides, and
paraquat

Technology Demonstrator:

Garry Struthers Assoclates, Inc.
3150 Richards Road, Suite 100
Bellevue, WA 98005-4446
{425) 519-0300

4735 Bagt Marginal Way South
Seattle, WA 08134

Number of Samples Analyzed during Investigation:

A total of 271 samples were analyzed for the focuged removal, characterization, final confirmation, waste profile, and
wastewaler analysis phases of this project. Roughly two-thirds of analysss were performed in the fisld by IA kits. Field and
laboratory QC samples were also analyzed during this project.

Cost Bavings:

The site characterization and slsanup approach uzsd in this project resulted in savings of about 50% (over $500,000) over
traditional sits charasterization and remediation msthods, which rely on fixed-base laboratory analysis with multipls rounds
of mobilization/demobilization to accomplish site cleanup.

Results:

Project was completed sucoessfully and cost-effectively. The WTFREC teat plot area was remediated, and shown to a high
degres of certainty that regulatory clsanup standards were achieved. The regulator, the client, and local stakeholders were
very gatiefisd with the project’s outcome.

Description:

Thig case study describes an approach to site cleanup that includes the uge of systematic planning, on-site measurement
technologies combined with limited fixed laboratory analyses, and rapid decision-making {using a dynamic work plan) to
facilitate quick clsanup. Site characterization information, obtained in the field through the use of IA kits, was used to guide
remeval activitiss by means of an adaptive sampling strategy. Thiz approach permitted a sost-effsctive cleanup of the
contaminated sits,
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TECHNOLOGY QUICK REFERENCE SHEET
Envirelard® DT Immunoassay Test Kit

Cazse Study:  Site Cleanup of the Wenatchee Tree Fruit Test Plot Site Using
a Ivnamic Work Flan

Technology ¥amee EnviesGard® DT Dmmsnoassey Test Kid
Summary of Case Sindy's Ferfarmance Infermation

Projed Raole: Anslvivcal Infermaiien Provided:

Suppearting in-freld Semiqouritative concentration dats For DD and cther argancchloine
deisiorne regar ding further | pestioides in soil with sere vty down to 0.2 me'fks ippm . The resulis @e
charscterization, removal, | reported as the concentration of DDT, bt pepresent the san of e respoomes
e stgregaion, aed fram fhe 2, and 4,4 isomers of DDT, DD, ond DDE. Damieg the case saady,

dispmzal of wils the test kit mesalts woepe oo paned to fived labaratary analyses For individl
aniban aded wids [T presticlde componreds and sie-apeeifie actlon levels were develoged Tar da:
el oty pestichies. varios devisions 1o be made ie.g., charsberizanon, removal, waske segregation,

il dispicail veaiigg the bt Kilnesilis.
Tetal Centract Cast: 15080 fa JAF pamples Total Cost Per Sample l.|||uu:-\..$ﬁ7|u': aginpe
(inc badirs project samples, FE smples, and blind fisld i ludes (0 caxin)
dhop i abws )

Praject Cos Breakdsom

Spectromsder Cesd: Cenznmables (e Labar Cosl: Woasde DHarasal e -
S0 far prochase, or S515 for a Di-test kit mpproe, 20 per Methara] extras oaste-
serkals aailalde o wanple finchabes CH7 | 5470 par 1ab pack (ealk)
175 ey 1o SRR manih coin) disposal
Site-Specific AoourasyTreasen Achieved: Threnghpet A& chirved:
The: tesi ki is inlentionalby biased 1002 bagh by dhe manufscomer in soder to A bwch of 12 field samples

Teduge the oocumence of false negalive resulrs. Based onoapilod stody af dee dest | conld be extrated and

Keies wiel Thaed kabaiaboiy ata for the audivibiua] argan schlonge pesticides in sl aniadhyved in & half day by ane
sam ples from the site, the project eam determined that o DOT est kit resaht of 5 FRrRL

wicg g (pepam | could mdiete Bl the stessper B cheautp level for o mdeyvidned
compeisial (g DIVT, DU, s DD0Y hed Teen esceeded. An i porant sspeect
of this peaject was that thix iniiol delermmnation was evigwed el revised as
wieedind S e Luter plosaes of (e projecl. Far axampli, b he deepar soils
from e area of fe sile whers bage of conconirated pesticides wore bariad, e
wotiom bevel for DT tesd kit resalis wras caised do 19 mgkg.

The precision achieved by the best kil was assessed by the anabysis of a pair of
dhoplio st samples with esch of 16 baiches of e ld samples. The melave peroenl
difference of the duplicales rasgesd from % o 115 for these 16 batches, with a
st BPLF value: of 30 aul a medein BKPLY &f 2B,
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TECHNOLOGY QUICK REFERENCE SHEET
EnvireGard® DINT Immunoassay Test Kit {continued)

Geweral Cemmerdanl [ofermation (Informotien valid s of Angust D000y

Vemlar Conisect: Vaendar Infarmabion:

Mol meailable Sirabepic Disgmosics, Ime,
111 Fancader Demaw
Mawak, DE | 9707
1-800-544-828

ey sdpLcem

Limniatiens sn Perlormance:

This sest kil is nod specific for jus DOT, [ ales
rzapetiads 1o e THYT daglier producis DTHE al
DA, as wepll g somes ather cogaeechilaring
pesicides.

Principle of Amalvticsl Operation:

This test i based on @ competitive enzyme-linksd
b b it e sy’ § L IAA) e it o Dot een THUOTT
and relaied compaunds expracied dom the samp e with
il aad et ibady codsd anoa et uls
cotairag Tha adr acl,

Thae andilyedies Bovmal do ihe Leget sl ves canned Faeed
io an encyme congagase sdded (o the lube, When a

oo or-developing reagen is sdded, the ereyvme
canjugate foms a oolored preduct, The color density is
read with a speciromeier and is propaticnal io dhe
amom of cenjugile reagenl present. Darker colac
ity D ] W Vst canuadytes s present. The DN
ymealla e ke 151 B-prsinl

2 all el 1k

1y o

Availabeiliny Fates

Teat kits are commencisly avail able as off-te-sheld
predhieta, Ao baled kest egqupiment, s lodeg haeed-
Tl spctrometar, is avaslabbe G puechose or vental
fram manufaciurer,

Fower Heqgmremends

1140 o 200k yalt poowr i= needed io chacge the hard-
el speciremeiar, which may than be vsed m the finld
wihoat addEioral poeeer.

Tastrument Weght and'sr Faatprm:

Approsmalely 5 square Seet of gpoice is requsid foe
sample processing and anabysis

Creneral Perlormance [ofermatien

Known ar Fetential Isterferences: Ocher organochlonee pestiobdes comn peact with the auibadies 1o vy ing
i, The meanulactime provides crosv-pesctnviy data wiel Be kst kil

Applicalde Analvies Mescuralils TH her Grensral Accnrucy Preciges Inlarmatsam:
PMledhin Ml airices: willh Experciod
ketectiom Limiis: Hipa T-F46 Muthed 4047
Soil and Waser
"Wastes Generafed LLT k2 mpkg Haie af Threnghpmi-
Hequimng Special
[Hapead: LD 0005 m' kg U b 17 samples can be assneed o one time, with
resuliz wvailable i 50 m imaes,
Small volunes af LDE b6 mphkg
mzthareil nsed For samiphe
entraction, plus the used
wum ple vokane.

¥in
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TECHNOLOGY QUICK REFERENCE SHEET
RaPliy MM}"" Cyclodienes Immunoassay Test Kit

Cazse Study:  Site Cleanup of the Wenatchee Tree Fruit Test Plot Site Using
a Ivnamic Work Flan

|'Ih.'h.llh-|3 Name RaF D Assay® Cyelodienss Immamsay Tes Kit I

Summiary of Case Sindy's Performance [ofermistion

Projed Raole: Anslvivcal Infermaiien Provided:

Suppearting in-freld Sem kot ilat e conceniraiion data for cyeladiere pesticades in seal with
decisire regar ding further | senstireity down o005 mgdke (ppm. Gremer sensiivity was achieved in this
charsterizarion, removal, | project theeugh metbod meddications. The reauls are repanied & the

e seEregalion, ared cancerinEion of dieldrin, bt other ovolediene pesiscides can b used 1o calbroe

dispmzal of wils ihe assay as will.
ol wnnsded wils
cycladion pesticides, Drawing fee cow alinly, the tedd kil resulie were compurad 1o Toeed bilsgagory

sinalyaes Tor Indivadind pestheile compouads wul slle-apeeibe wrian levels weie
dhevalopid For the virions decirisnie 1a be made {e g chousclaizaion, wmsval,
wasty mopregaeion, and deposal) uzing the teel kit resuliz

Tedal Cemtract Casd: $11036 for 210 samples Taotal Cost Per Sample- appros, £57 per sample
{1 badies projecd samples, PE samples, and blind ficld i ludes R cass)
dhgplic ates)

Frajec Cest Breakdews
Spectromeier st Cemsnmables Cost: Labar Cosi: W onte Dispasal et
SN} Far prochase, or S50 for a Mi-dest ki appros, $20 per Meiharal extracs wasie-
rerd als wvailabde @ samnple fing hedes (00 | S4T0 per lab pasck dalk)y
1730 ey 10 RN manih st dispral
Site-Specfic AcenracyPredaisn Achieved: Thrsughpst Aclieved:
The: sest kit 1s lieintsanal by biased 1R kgl by the manifsenmen im sidei to A bapch of 12 fleld sammples
s e docimencs of Bl regalive pelin. Hassl on apilol stody of e te colil bur exliaeted wul
Koies wnd Theed kbt abory Jata for the madividua] organechlonee pesticides in sl anadvzed in o helf day by ane
i plew Frons the sine, the paoject e detee bwed that o cyelodieses st Kitrenib | peisen

of 0086 mpkg fprm b coald indicage that e sile-specilc charmp level for o
indrvidual compoand ie g dieldrin or eredrind had been exceeded. An importani
st of This project was that thi= indéial detennmat ion was reviewsd sl ravised
ax nensded during the labler phases of the projecd.

The: prevision achieved by the test kit was assessed by the analysis of a pair of
dhaplio st samples with esch of 14 baiches of e ld samples. The melave peroenl
difference of the duplicales rasgesd from % o LIS for these 14 batches, with a
wz it PUPL valus: of 359 anl ameeduan KPLY of T
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TECHNOLOGY QUICK REFERENCE SHEET
RaPliy MM}"" Cyclodienes Immunoassay Test Kit {continued)

Geweral Cemmerdanl [ofermation (Informotien valid s of Angust D000y

Vemlar Conisect: Vaendar Infarmabion: Limniatiens sn Perlormance:

Mol meailable Sirabepic Disgmosics, Ime, This test kil is nod specific for pad a singhe
111 Fancader Demaw eyl peadide. |8 vl to;
Newark, OE 1972 dialdrin, aldrm, endrin, beptachlar, hepachlor
1-#00-544-8881 epaxide, chlardane, emdasulfan {1 and [T, 2-BHC,
weww sdcam w=BHT (lidane ), &BHC, and several oiher

orgaioclben ne pestildes
FPrinciple ol Analvicsl Operation: Acvailabailing Hases-

Tk D 3 e o v e Lk enEynelinked
mmanasorkbent assay (ELIS&) seaction beiween
aicladiene compoids eiracied rem dw gl wilh
maiharsl sl an astibady beand 2 a0 moagnetic paticle
and sdded 1o tube containing the axiract

The aniibodies bamid do dhe brget anal vies o
separsed from the exiractk using by relaining the
gt pareles with @ magnetic feld and decanting
off the exiracd. When a caolar-deve loping reagent is
wddaid, the eneymne conjugale forms a cobored produe.
M coloe denstly is read with @ specamensr and @
propetisna b2 the amound of conjug e reagent
present. Dagker color means ks of the targel analve: is
ewsand, The cyelodisi meiille doe dedaim ined Ty

comparisom b 3-pemi calibration,

Lenl Kite e commercidly availaol as g specia ordes
pradiscts. Assoziated test equipment, meloding hasd
Teeld specireiniter, woavalable Foe poechass o pental
o manulschrar,

FPrwer Hegesremesds:

1140 o 210 vl poowr 1= meded i0 chacge tha hared-
el spectremeser, which may then be used n the field
withoat additioral porsr

Instrument Weight and'sr Faarprin :

Approsinately 3 squae feet of space |v requed foe
wanple piocesng el asalyais,

e ral Perlormanee Lnferinalien

Enowm ar Pafential Iderferences: Celer argancchlanms pesticides com mact with the anlibadies 1o varving
degrees. The muanlac e provides cross-pesctndy data wirh e koot kil

Applicalde
Meledhin Ml rices:

Soil mnd Waear

Wastes Generated
Hegquiring Special
[Hagpaiad:

Staad] volumess af
meihamal used for sample
catraction, plus the used
wadd ple Yo hane.

Ansyies Messuralils
vl Exprcied
Deepectiom Limiis:

From mamafschrer
Cycladivmme, as dialdrin:
.15 mgkg m eaill and
0.5 palke inowaler

As emploved for the
cose @iy
1€ g

i gl

TH her Ceensral Aconricy Preciden Inlormalam:

Hm F-H46 Mulled 414

Hstw af Threnghpmn-

Ll b 50 samples can be asepped ai one fime, with
resulis wvailabde im 50 mimaes,
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Wenatchee Tree Fruit Test Plot
I e
HE EXECUTIVE SUMMARY I

This case study describes an approach to site cleanup that includes systematic planning, on-site
measurement technologies combined with limited fixed laboratory analyses, and rapid decision-making
using a dynamic wotk plan to facilitate quick cleanup. The integration of site characterization, on-site
measurements, on-site remedial decision-making, and remedial action resulted in the expedited and cost-
effective cleanup of a site contaminated with pesticides.

The test plot area of the Wenatchee Tree Fruit Research and Extension Center (WITFREC) contained
soils contaminated with organochlorine pesticides, organophosphorus pesticides, and other pesticides due
to agriculture-related research activities conducted from 1966 until the mid-1980s. In 1997, the U.S.
Army Corps of Engineers (USACE) implemented an integrated site characterization and remediation
project at the site. This approach permitted characterization, excavation, and segregation of soil based on
the results of rapid on-site analyses employing commercially-available immunoassay testing products.

Key to the project’s success was a pilot test that assessed the suitability of the on-site analytical methods.
Site-specific contaminated soil was analyzed by both immunoassay (IA) methods and by traditional fixed
laboratory methods. The results of the pilot test demonstrated the applicability of the DDT and
cyclodiene pesticide IA methods and provided comparability data that the project team used to develop
site-specific action levels that would guide on-site decision-making using the IA results. The IA action
levels were refined during the course of project implementation as additional comparability data sets
(composed of matched IA and fixed laboratory results) became available.

A s0il excavation profile was developed in the field using the analytical results according to a decision
matrix developed by the USACE. Several phases of field activities were conducted under a dynamic
work plan framework using an adaptive sampling strategy. Characterization and cleanup were
accomplished within a single 4-month field mobilization, and the entire project cost was about half the
cost estimated according to a more traditional site characterization and remediation scenario relying on
multiple rounds of field mobilization, sampling, sample shipment, laboratory analysis, and data
assessment. The costs of waste disposal were significantly reduced by using field analyses to
characterize and segregate wastes that required costly incineration from other wastes that were suitable
for less expensive disposal methods. The “surgical” removal of contaminated materials ensured that
closure testing would demonstrate regulatory compliance to a high degree of certainty, while making
field activities such as sample collection, sample analysis, soil removal, soil segregation, and final
disposal of soil and wastewater highly efficient and effective.

The key features of the project that contributed to its success included:

C Systematic planning accomplished by a team representing the USACE, EPA, the site owners, and
state regulators with the appropriate mix of skills and decision-making authority.

e A conceptual site model based on a review of historical records from the site.

C A dynamic work plan that permitted the field team to make real-time decisions on the basis of
data generated in the field.

C The pilot study that demonstrated the utility of the field analyses and provided data that were
used to establish site-specific action levels.

C An adaptive sampling and remediation strategy that relied on the combination of the field

analyses and fixed laboratory data.

1 Angust 2000
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Wenaiches Tree Frabi Test Flat
B 1T INFORMATION

beniifying Informstion

Sile MWame: Wemntchee Tree Frail Research and Extmision Cemler {WTFREC | Test ol
Laovcation: Wemnbtches, Washington

Techaol gy Snte Cleamip Uang a Dyraime Wotk Plam and Immincassy Fiell K
Chperablo Ume: None

CERCLIS = iy

Ry Deani: Mg

Hackpround

Fhysical Descriplion: The Wenalchee Tree Froul Research and Extension Conter ['WTFREC), an
pgnctltral research feclity, = lecated in southeast Wenalchee, Washington [zee Figure 1].

Flpure 1. Topogmphic map showing the location of the WTFREC relative 1o the sown of Wematchee and
thix State of Wastangzion
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Wenalches Tree Frmil Tesi Flol
B 5ITE INFORMATION continued

In (he past, the LIS, Fablic Health Seraoe (PFHE], and
the 1L5. Emvitommental Protecton Agency (EPA)
maed 8 2, 100 square-fool sest plot area located inthe
naribeast comar as a pesticide dspozal researchares.
[Paring die initial stage of ke s e renedinion gudy,
the location and dimensions of that test plos were
dedenmined hased on the location of existing barbed
wire fencing. Based on the fence locatiom, the
approximale dimensions of the tes plal were 70 feet
oy 30 feet, and the ares was |ocated approsamately T3
fesl =outh of the WTFREC faality’s nomthemn
property lime. Hewsewer, sfier evaluation of samgding
resalis from myvestgetions conducted by Washinglon
State University (WSLTp and EPA, the M8, Army
Coaps of Engineers {(L'SACE) comcluded that lxieral
comtemimation  exiended beyond (he  previoushy
identified edge of the test plot area.  The new
dhiversiods o1 e conmammnaled ares were then
dhetermineed in he 83 Feet by I3 feet. The test ploc s
aipacerdt o o praduare enadent mobile bome, &n
mnpaved sccess oad, amd a pearby mamufscoured  Figure 2, Site Flan for e WTFRED Test Ploi
o develoqment (see Figure Jh

Sie Ueer The WTFREC was histonically weed as an agricalural research facility. The sest plol apea was
mitialky used by the PHS, and lxter by the EPA, a5 5 test facility fo determine the effectiveness of vanous
land dbsposal methods for pestiades.

Pesticide $spocal testing reponiedly hegan in 1966 and contimmed until the esrdy §580s. The dispozal
experiments focused on organochlore (00 apd organoplesphones | OF) pesticides, but could possibly
have incleded the testimz of other pesticides, Pesticide burml was conducted ai the site using the
folllowing three methods:

(1} Pesgicides were diluted with solvest and poured theowgh the openirgzs of
cinder hlocks {eee Figure 173, -

(25 Mzmcides waeee difuted wiil golvesd and poured ditecily ando e groend
wurface; and

31 Pesticides were mixed with lime, Iyve, or
Purex®, placed in pager bags and buried

two Lo three feet bedow the grownd Flgure ¥, Thsposad on
murface see Figure d) the groand.

Figare 4. Burial of
comcemiated pesticide producn

3 Angsi 1020
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Wenatchee Tree Fruit Test Plot
I e
H SITE INFORMATION continued I

In the mid-1980s, the property was transferred from EPA to the Washington State University (WSU).
WSU currently operates test and laboratory facilities at the WTFREC and uses the orchards shown in
Figure 2 as their primary research areas. Nearby residential development is changing the land use
pattern, increasing the concern that the test plot be remediated.

Release/Investigation History: Between 1985 and 1987, WSU performed limited sampling and
analysis of soil in and near the test plot in Tesponse to concerns about pesticide contamination. Afier this
initial sampling, WSU contacted EPA and asked for assistance in characterizing and remediating the test
plot site. EPA and its contractors performed site investigations, which included sampling and analysis, in
1990, 1991, and 1994. Sampling activities included the collection of four background samples from an
area approximately 1,200 feet west of the test plot.

EPA’s Office of Research and Development (ORD) obtained assistance from the USACE for the purpose
of remediating the test plot site. USACE used sample results from the W5SU and EPA sampling events to
determine the primary areas of OC and OP pesticide contamination at the site. Prior to writing
specifications for the test plot remediation, the USACE reviewed records and publications from the
mesearch facility and contacted several WTFREC researchers for additional information regarding
experiments at the site. Based on this research, the USACE identified the three reported methods of
pesticide disposal used during pesticide research activities at the WTFREC.

Given the history of pesticide disposal at the site, there were significant concerns regarding the vertical
migration of pesticides in the test plot area. Research articles written by EP A researchers in the 1970s
indicated that no significant pesticide contamination was expected at depths greater than 8 inches below
any of the initial disposal depths in the test plot area. Sampling performed by WSU and EPA in the
1980s and 1990s at the test plot area confirmed this expectation. USACE used the article findings and
sampling data from EPA’s and WSU’s investigations to develop initial plans for characterization and
excavation at the test plot area.

Regulatory Context: The Wenatchee Tree Fruit Test Plot cleanup was performed under the regulatory
oversight of the State of Washington Department of Ecology's Voluntary Cleanup Program.

4 Angust 2000
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Wenatchee Tree Fruit Test Plot

— I
HE SITE INFORMATION continued

Site Logistics/Contacts

"Customer” or Responsible Party:

Howard Wilson

U.S. Environmental Protection Agency (USEPA)
Office of Research and Development (ORD)
USEPA Headquarters/Ariel Rios Building

1200 Pennsylvania Avenue, NW

Washington, DC 20460

(202) 564-1646

Regulatory and Oversight Agency:
Washington State Department of Ecology
Thomas L. Mackie

Central Regional Office

15 West Yakima Ave -- Suite 200
Yakima, WA 98902-3401

(509) 454-7834

Project Manager:

Ralph Totorica

U.S. Ammy Corp of Engineers - Seattle District
4735 East Marginal Way South

Secattle, WA 98134

(206) T64-6837
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Wenatchee Tree Fruit Test Plot
I I
HEEE MEDIA AND CONTAMINANTS I

Matrix Identification

Type of Matrix Sampled and Analyzed: Soil

Site Geology/Stratigraphy

The WTFREC is situated at approximately 800 feet above sea level and 194 feet above the normal
elevation of the Columbia River. The WTFREC is located approximately two miles ¢ast of the Columbia
River. The eastern foothills of the Cascade Mountains, which begin approximately one-half mile to the
west of WTFREC, tise to about 2,000 feet above sealevel. The site lies on an alluvial fan deposited
along a steep drainage that flows eastward from the Cascade Mountains to the Columbia River. The
alluvial soils are composed of poo1ly sorted boulder gravel and gravelly sand with some clay layers. The
surface gradient in the area is approximately 200 feet per mile. The gradient portion becomes less steep
as the alluvial fan merges with the Columbia River flood plan.

Contaminant Characterization

Primary Contaminant Group: Table 1 contains a list of the established contaminants of concern and
action (cleanup) levels used for the WTFREC Test Plot remediation. The primary contaminant groups
include organochlorine pesticides, organophosphorus pesticides, carbamate pesticides, and paraquat. The
action levels in Table 1 were based on the specifications of the Washington State Model Toxics Control
Act (MTCA) and range over five orders of magnitude. See the "Site Characterization and Remediation
Process” section for more information on establishing cleanup levels during this study.

The on-site and fixed laboratory analyses performed for this project focused on two groups of
organochlorine pesticides: the cyclodienes and the DDT series. The cyclodiene group is characterized
by a six-membered ring with an endomethylene bridge structure (a double bond between two carbons at
one end of the ring). The specific cyclodienes of interest at the WTFREC site included: aldrin,
chlordane, dieldrin, endrin, endrin aldehyde, endrin ketone, endosulfan I and I1, endosulfan sulfate,
heptachlor, heptachlor epoxide, and toxaphene.

The DDT series consists of the various isomers (2,4'- and 4,4'-) of DDT, as well as the isomers of the
related compounds DDE and DDD. The compounds of greatest toxicological concern are the 4,4'-
isomers, which are also typically the most prevalent compounds contained in commercial DDT
formulations. The toxicological data for the 2,4'-isomers are mote limited, and 2,4'-DDT was generally
present in lesser amounts in commercial formulations than 4,4'-DDT (often a 20/80 percent mixture of
the 2.4'- and 4,4'- isomers), although the exactratio varies with formulation and manufacturer. Asa
result of the scarcity of toxicity data for the 2,4'-isomers alone and the desire to have protective action
levels, the action levels used for the WTFREC test plot remediation were based on the sum of both
isomers (2,4'- and 4,4'-) for all three compounds in the DDT series.

On-site analyses for DDT and cyclodienes were used to guide the decisions of the dynamic work plan.
Fixed laboratory analyses for the primary contaminant group in Table 1 were used to establish a closure
confirmation data set for regulatory compliance.
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Wenatchee Tree Fruit Test Plot
I I
HE MEDIA AND CONTAMINANTS continued I

Site Characteristics Affecting Characterization Cost or Performance

The design of the study and the implementation of field and laboratory activities were influenced by
several site-specific characteristics. These included:

*  Above-ground objects and vegetation that required removal prior to field sampling
*  The presence of concentrated pesticide products buried at the site
»  The need to segregate the excavated materials for cost-effective disposal

Removal of Above-Ground Objects and Vegetation: A number of objects that were in and
immediately adjacent to the test plot at the commencement of the work were removed and disposed of
according to the Remedial Action Management Plan (RAMP). These included the barbed wire fence and
fence posts, the chemical storage shed, and the trash cans. Additionally, all of the vegetation within the
boundaries of the test plot was cleared to a level of approximately two-inches above the ground surface
or less (GSA, Inc. 1998, p. 15).

Excavation and Removal of Concentrated Pesticide Products: Concentrated pesticide products had
been buried at two locations on the site. Prior to characterizing the entire site, these buried products were
removed during "focused removal” activities. These activities consisted of excavation of materials based
upon visual indicators, followed by closure confirmation sampling of the areas to ensure that all of the
contaminated materials had been removed.

Figure 5 is a site plan showing the orientation of the rows and columns established for the cleanup
activities as well as the locations of the various types of samples that were collected. The rows in Figure
5 were established based on historical data from the site regarding the pesticide disposal experiments that
were conducted there. As noted earlier, in addition to burying bags of concentrated pesticide products
mixed with lime, lye, or other chemicals on the site to monitor their breakdown, pesticides were diluted
with solvents and poured through concrete blocks on the site, and mixed with soil and placed directly
onto the surface. FEach row includes areas used for similar disposal experiments. For example, during
the site characterization phase, samples collected from columns 1 and 9 were only analyzed for OC
pesticides, and samples collected from colummns 2 through 8 were analyzed for both OP and OC
pesticides. The columns were drawn perpendicular to the rows to provide a grid spacing that was
statistically determined to allow detection of a hypothetical 5 foot by 10 foot elliptical hot spot.

The two focused removal areas were each approximately 10 feet wide (east-west direction) by
approximately 24 feet long. One area was identified as Focused Removal Atea 2/3 (FR2/3) because it
spanmed adjacent portions of columns 2 and 3 on the site; while the other area was identified as Focused
Removal Area 4/5 (FR 4/5), because it spanned portions of columns 4 and 5 (see Figure 5). Basedupon
the USACE review of the research records, the materials removed from FR2/3 were expected to contain
elevated levels of OP pesticides and the FR4/5 materials were expected to contain elevated levels of OC
pesticides.

Bags of concentrated pesticide materials were encountered within each of the two areas, at approximately
18" below ground surface (bgs). Excavation continued downwards until approximately 6" of soil was
removed below the last visually-observed bag remmnant. Final excavation depths were approximately 27"
bgs for FR2/3 and approximately 33" bgs for FR4/5. Excavated materials were segregated according to
expected contaminant and concentration during excavation and placed directly into designated roll-off
bins. A total of45.74 tons of material was excavated during the focused removal activity, 22.32 tons
from FR2/3 and 23 42 tons from FR4/5.
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Wenatchee Tree Fruit Test Plot
I I
HE MEDIA AND CONTAMINANTS continued I

Segregation of Excavated Materials for Disposal: With over 45 tons of material excavated from the
focuses removal activities, the potential costs to dispose of those materials were significant. Of the
contaminants of concern shown in Table 1, endrin and lindane were significant disposal concerns
because of their presence on the list of constituents for the RCRA hazardous waste toxicity characteristic.
All wastes generated during the remediation activities were to be recycled, salvaged, incinerated, or
disposed of'in a RCRA Subtitle C permitted landfill. The following three different "disposal”
classifications were anticipated, based on RCRA and the Washington State waste regulations:

C Dangerous waste
O Non-dangerous waste
e All other solid waste (including demolition debris, personal protective equipment, etc.)

The "dangerous waste" included soil containing pesticides and contaminated with endrin and lindane at
levels in excess of the RCRA toxicity characteristic limits. The "non-dangerous waste,” a State of
Washington designation, consisted of soils that passed the toxicity characteristic, but contained
contaminants in excess of the State of Washington limits.

The IA testing product for the cyclodienes responds more strongly to endrin than to any other cyclodiene
other than chlordane. Therefore, after correlating the IA results with gas chromatographic analyses
conducted off-site during the pilot study, the on-site A results for the cyclodienes were used to identify
those excavated materials that were high in endrin and therefore designated for the most costly disposal
option, incineration. The IA testing product for DDT responded to DDT, DDE, and DDD, and the on-
site Tesults were similarly correlated with gas chromatographic analyses conducted off-site during the
pilot study.

The wastes in the roll-off bins were profiled in this fashion, based upon analytical data and generator
knowledge. In addition, TCLP leaching was conducted off-site, based on the TA results, and used for
final classification of the endrin-containing wastes.
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Wenatchee Tree Fruit Test Plot
I I
I SITE CHARACTERIZATION AND REMEDIATION PROCESS I

Systematic Planning and Sampling Work Plan

Prior to implementing the remedial action at the WIFREC Test Plot, the USACE and their contractor
(GSA, Inc.) planned the project by preparing narrative and quantitative acceptance and performance
criteria for data collection, a field sampling plan (FSP), and a quality assurance project plan (QAPP).
Project planning was based on the specifications set forth in the Remedial Action Management Plan
(RAMP). Current EPA guidance suggests that acceptance and performance criteria be developed for data
collection, evaluation, using the Data Quality Objectives (DQO) process. The DQO process is part of an
overall systematic data collection planning process and ensures that the right type, quality, and quantity
of data are collected to support overall project-level decision making (e.g., see Data Quality Objectives
Jor Superfund. Interim Final Guidance (USEPA 1993) and other guidances for the Data Quality
Objectives Process (USEPA 1994, 1999, and 2000). The use of systematic planning, and subsequently,
the use of a dynamic work plan, optimizes all site activities (not just data eollection) and achieves the
most effective Tesults.

Planning and Field Teams: Planning and field teams were created to include the appropriate mix of
skills and regulatory authorities needed to plan and implement cleanup of the WTFREC test plot. In
particular, the regulatory authority (Washington State Department of Ecology) was involved in the
planning process and approved the use of the dynamic work plan and the decision logic to be used during
the cleanup.

The Planning Team was comprised of representatives from EPA ORD (as the USACE's customer), the
regulator (Washington State Department of Ecology), stakeholders (Washington State University, as
property owner, represented by the Environmental Manager, the Facility Manager, and an Environmental
Scientist in charge of cleanup issues), the USACE Project Manager/Team Leader, and the USACE
Project Chemist/Scientist, Project Engineer, Health & Safety Industrial Hygienist, and a Construction
Engineer.

The Field Team was comprised of representatives from the USACE (Project Manager/Team Leader,
Project Chemist/Scientist, Construction/Project Engineer, Field Quality Assurance Officer, and Health &
Safety); the prime contractor (Project Manager, Field Engineer, Project Chemist’QC Officer); and
subcontractors to perform excavation, 1A, operate the Geoprobe, and manage soil disposal activities.

Conceptual Site Model: The initial conceptual site model (CSM) was developed by the USACE after
review of records and publications available at the research facility and based on contacts with WITFREC
mesearchers. The information indicated that vertical migration of pesticides to a depth greater than eight
inches below the disposal point was not expected at the test plot area. In addition, the information
indicated that there would be negligible horizontal migration of pesticides at the site.

The initial remediation boundary of the investigation was established based on the location of an existing
barbed wire fence around the site. The approximate dimensions of the test plot were determined to be 70
feet by 30 feet. For additional information on delineation of the test plot area, see the discussion below
in DQO process Step 4, "Define the Boundaries.”

Dynamic Work Plan: Based on a pilot study, the USACE determined that site decisions could be made
in the field, aided by the use of semiquantitative data (i.e., data used to make a decision about whether
concentrations were above or below a certain action level) generated using on-site measurement
technologies. The use of data generated on-site would allow relatively quick decision-making regarding
subsequent steps. This approach would efficiently guide the characterization and removal efforts by
means of an adaptive dynamic sampling strategy. Using adaptive sampling and analysis strategies, field-
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Wenatchee Tree Fruit Test Plot
I I
I SITE CHARACTERIZATION AND REMEDIATION PROCESS continuned I

Application of the Data Quality Objectives Process: The initial planning steps, stated in terms of
EPA’s DQO process, are described below:

Step 1: State the Problem — In this step of the DQO process, it is necessary to define the problem,
identify the planning team, and establish a budget and schedule. For the purpose of the remedial action,
the problem was to identify those soils and wastes which were contaminated.

The specific goals of the WTFREC Test Plot Remediation included:

* Focused removal of concentrated pesticide product

*  Gross removal of pesticide-contaminated soil

* Restoration of the site to achieve the MTCA Method B Cleanup Levels
+  Characterization, classification, and disposal of contaminated materials.

As described previously, planning and field teams were assembled with the appropriate mix of skills
needed to plan and implement the cleanup project. The planning team specified an expedited schedule
for completion of the remedial action.

Step 2: Identify the Decision — Three decisions were identified during this step of the DQO process. The
first decision was to determine whether the soil within each "exposure unit” (described below) was
contaminated above the action levels established under the MTCA for each contaminant of concern
(COC). Any soils contaminated above the action levels had to be removed. Any soil that was not
contaminated at or above those levels could remain in place.

After removal, a second decision was required to determine if the remaining soil attained the cleanup
standard.

Once they were removed from their original locations, soil and other wastes required appropriate
disposal, based upon RCRA and the Washington State Dangerous Waste Regulations (WAC 173-303).
Therefore, the third decision was to determine the appropriate classification of the remediation waste for
disposal purposes. Three different waste classifications were used: dangerous waste, non-dangerous
waste, and solid waste (including demolition debris, personal protective equipment, etc.). Each
classification involves different disposal methods, including incineration for the dangerous wastes, the
most costly approach. Therefore, it was critical that wastes from the site be segregated on the basis of
their waste classification in order to control disposal costs.

Step 3: Identify Inputs to the Decision — This step of the DQO process required a list of the information
inputs needed to resolve all parts of the decision statement. For example, to make remedial decisions
(i.e., to Temove or not Temove the soil), the necessary inputs included, at a minimum, a list of
contaminants of concern and action (cleanup) levels (see Table 1), the units of measure (e.g., mg/kg or
mg/L), target quantitation limits, candidate analytical methods capable of achieving the quantitation
limits, and measurement performance criteria.

A list of constituents of concern were identified based on previous investigations conducted by WSU and
the USEPA. The Washington State Model Toxics Control Act (MTCA) establishes three basic methods
for establishing cleanup levels: Methods A, B, and C. The MTCA Maethod B is the standard method for
determining cleamp levels for ground water, surface water, soil, and air. Cleanup levels are established
using applicable state and federal laws or by using the risk equations and criteria specified in the MTCA
regulations. The planning team determined that the Method B was an appropriate method for setting the
cleanup levels for those COCs with caleulated MTCA Method B levels.
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Wenatchee Tree Fruit Test Plot
I I
I SITE CHARACTERIZATION AND REMEDIATION PROCESS continuned I

For COCs that do not have calculated MTCA Method B levels, the USACE, EPA, Washington State
Department of Ecology, and WSU agreed to use the MTCA Method B cleanup levels for their parent
compounds (e.g., endrin ketone and endrin aldehyde had the action level of endrin and endosul fan sulfate
had the action level of endosulfan I).

Table 1 contains the list of the contaminants of concern and the MTCA Method B cleanup levels
established for this project. The quantitation limits for the field and fixed laboratory analyses were
established as described in Step 7.

It was determined that commercially-available immunoassay field test kits could measure two of the most
importtant classes of pesticides, DDT and two cyclodienes, dieldrin and endrin. The availability of the
test kits proved to be a critical element in optimizing the study design (see DQO Step 7), implementing a
dynamic work plan, and using real-time decision-making to streamline the cleanup process.

Step 4: Define the Boundaries — In this step, the planning team developed a detailed description of the
spatial and temporal boundaries of the cleanup problem.

Initially, the surface location and dimensions of the test plot area were established based upon the
location of the barbed wire fencing. The barbed wire fencing secured a rectangular area with
approximate dimensions of 69 feet-9 inches (from east to west) by 29 feet-9 inches (north to south).
From the previous investigations, however, the USACE concluded the horizontal extent of
contamination, as defined by the MTCA Method B action levels, was not necessarily confined to the
fenced test plot. For the initial conceptual site model (CSM), the USACE decided to extend the
boundary of the area of potential contamination as follows:

*  Another three feet beyond the northern edge of the test plot
*  Anadditional 5.5 feet beyond the eastern edge of the test plot
+  Another 10 feet beyond the western edge of the test plot.

Other locations within and near the test plot were identified by the USACE as having minimal to no data
indicating the presence of contaminants. However, during the site characterization, as the CSM matured,
the boundaries were extended slightly beyond the original boundary established for the remedial action
(see Figure 5). Samples collected by EPA from the non-orchard area indicated that the background
pesticide levels in the area did not exceed the MTCA Method B cleanup levels (GSA, Inc. 1998).

The test plot was divided into nine columns (1 through 9) and three rows (A, B, and C), making 9
removal colurmns and 27 sampling grids. Each column was a separate “exposure unit” and was
established by the USACE to correspond with a discrete potential removal location, based on histotic
data on disposal locations, as well as past sampling and analysis actions. The final determination of
attainment of the cleanup standards was made based upon evaluation of the entire footprint of the test
plot site (i.e., all nine columns).

Depth of contamination was another spatial boundary of concern for site remediation. Within the site
boundary, two areas or were identified within which bags of concentrated pesticide product were buried.
Based on historical information, it was determined that pesticide product may have been buried to depths
up to 4 feet (48 inches) below ground surface (bgs). Historical data and research indicated that migration
of pesticide contamination beyond this depth was expected to be minimal (i.e., an additional 8 to 12
inches). These two areas were designated as FR2/3 and FR3/4 and were excavated as part of the focused
removal excavation (see previous discussion of "Excavation and Removal of Concentrated Pesticide
Product” on page 8) followed by closure confirmation sampling of the areas.
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I SITE CHARACTERIZATION AND REMEDIATION PROCESS continuned I

The temporal boundary (i.e., time frame for project completion) was established based on the desire to
complete on-site activities prior to the onset of winter. The winter climate at Wenatchee often includes
cold temperatures and snow. Therefore, completion of the site activities before winter was important to
ensure worker safety and to avoid weather-related delays of excavation and sampling. In addition, EPA
requested an expedited cleanup schedule in order to show good faith to the stakeholders.

Step 5: Develop a Decision Rule — In this step, the planning team specified the parameters of'interest,
action levels, and developed a decision rule.

As noted previously in "Media and Contaminants” (see page 6), the DDT series consists of the various
isomers (2,4'- and 4,4'-) of DDT, as well as the isomers of the related compounds DDE and DDD. Asa
result of the scarcity of toxicity data for the 2,4'-isomers alone and the desire to have protective action
levels, the USACE, EPA, Washington State Department of Ecology, and WSU agreed thatit was
appropriate to add up the soil concentrations of the 4,4'- and 2,4"-isomers of DDT and to compare this
value with an action level based on the sum of both isomers (2,4'- and 4,4"-) for all three compounds in
the DDT series.

A s0il removal decision matrix was established for both the "shallow burial columns" and the "deep
burial columns” to guide the field sampling and establish a basis for removal and confirmation sampling,
or no further action. For example, if the immunoassay field kits found contamination in the interval 0 to
12" bgs at concentrations exceeding the action level established for the kit, then additional analyses were
performed on samples representing the interval 12" to 24" bgs. If no contamination was found above the
action level, then the 0 to 12" interval was removed and the removed soil was subjected to confirmation
sampling and analysis.

Based on the IA tesults and the decision matrix, more samples were actually collected than were
analyzed. This type of decision tule was applied to depths no greater than 72" bgs. Sampling was
limited to depths of 72 inches because the USACE believe that all pesticide contamination would
effectively be found within that depth interval. This was based on the assumption that no pesticide
product was disposed below 4 feet (48 inches) bgs and that migration of pesticides would be minimal
(less that one foot) beyond that depth.

Finally, for the closure confirmation data to demonstrate attainment of the cleanup standards, the data
must pass three statistical tests. These tests are:

+  The analyte concentration for no more than 10 percent of the samples can exceed the cleanup
standard for that analyte;

*  No sample concentration can exceed a level more than two times the cleanup standard for
any particular analyte; and

*  The upper confidence limit (UCL) of the data for each analyte must be statistically shown to
be less than the cleanup criteria for that analyte.

The procedure to be used to calculate UCLs depends on the distributional assumptions that are made
about the data (e.g., normal, log normal, or other distribution) and the size of the sample population. For
the WTFREC test plot cleanup, UCLs were calculated using guidance published by the State of
Washington Department of Ecology (see Ecology 1992 and 1995). For most of the data sets, an
assumption of a log normal distribution was appropriate, and in these cases the UCL was calculated using
Land’s method as described in the Washington State Department of Ecology guidance. For data sets that
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I SITE CHARACTERIZATION AND REMEDIATION PROCESS continuned I

contained a large percentage (>50%) of nondetects, the largest value in the data set was used as the UCL
in accordance with the Washington State Department of Ecology guidance.

Step 6: Specify Limits on Decision Errors — A decision error occurs when sampling data mislead the
decision maker into choosing a course of action that is different from ot less desirable than the course of
action that would have been chosen with perfect information (i.e., with no constraints on sample size and
no measurement error). Data obtained from sampling and analysis are never perfectly representative and
accurate, and the costs of trying to achieve near-perfect results can outweigh the benefits. Uncertainty in
data must be tolerated to some degree. The DQO process controls the degree to which uncertainty in
data affects the outcomes of decisions that are based on those data. This step of the DQO process allows
the decision maker to set limits on the probabilities of making an incorrect decision.

When the data lead you to decide that the baseline condition (or "null hypothesis") is false when in fact it
is true, a "false rejection” decision error occurs (i.e., the null hypothesis is falsely rejected — also known
as a false positive decision error or Type I error). In the teverse case, a "false acceptance” decision
occurs when the data lead you to decide that the baseline condition is true when it is really false (i.e., the
null hypothesis is falsely accepted — also known as a false negative decision ertor or Type II error).

For the final calculation of upper confidence limits on the mean using the closure confirmation sampling
data, the Type [ error Tate (&) was set at 0.05 as specified by the requirements of the MTCA. Setting the
erTor Tate at this level ensures there is only a 5% chance of falsely rejecting the null hypothesis. In other
words, when the MTCA standard has not truly been met, the chances are only 1 in 20 that the statistical
test will erroneously conclude it has been met.

Step 7: Optimize the Design for Obtaining the Data — The objective of this step is to use the outputs of
the first six steps of the DQO process to develop a sampling and analysis plan that obtains the requisite
information from the samples for the lowest cost and still satisfies the project objectives.

For this project, the overall DQOs were as follows:

*  Provide field analytical results for DDT and eyclodienes (especially dieldrin and endrin)
with quantitation limits that are less than the field/operational action levels in order to guide
the removal of contaminated soil from each defined "column” of soil at the site such that
final cleanup goals will be met within a single field mobilization.

*  Ensure that the turnaround time for the field-generated data supports the real-time decision-
making needs of the dynamic work plan.

+  Collect sufficient soil data to confirm that the soil left in place meets the MTCA cleanup
standards such that:

- nomore than 10 percent of samples exceed the cleanup standard,

- no sample can exceed two times the cleanup standard, and

- the true mean concentration must be below the cleanup standard as measured by a 95%
upper confidence limit on the mean.

*  Provide analytical results that can be used to segregate and classify excavated soil and other
remediation wastes for management as solid, hazardous, or dangerous waste according to
RCRA and the Washington State Dangerous Waste Regulations.
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Fillot Test

[ an effort o develop ihe analytical plan and sdentify @ cost-effectve analytical stmiegy, a pilot test of
thae 14 metheds wae conducted uzing contaminated surfece sl from the site. The pilot sindy wae crifical
1o the swccess of this project in that i allowed the investigators b demonstrate the usefulness of the 1A
methads for on-aite snayes ol soila for DT and eyclodbene ai their resjpective aoil chearp levela,
thereby providing an imgonant ool for on-site decsion making arc implementation of the dynanmc work
plan approach.

By their parore, the commeraalby-available La testing prodects relesant 1o this stedy are not specific o x
single target compoand. Rather, the antibodies used i the kits bind e 2 vanety of strucremally-similar
cantaminants. Therefore, slthough the test kit may be calibmated using one specific pesticide, the
response generated during the test is due to all of the polential rexotants present in the sample, each of
which elicits a response 1o a different degree. Since the cleanup levels for thi= and most other projects
ate based on spedi Bo conlaminants, the LA test reselts carmot be wsed to make cleanup decisions without
canssdenng the site-specific nabere of this limitation

The pilar anedy was desigred 1o evaleate the whilsry of the 124 s ks by companmg their el o a maore
walitioral fxed-laberatory, contamimint-apecific analytical appreach. Samples of aodl fiom the seat plol
were collected and aplit inte oo gortions, one for L& analyes and one for the tadinonal agpooech, The
tesules of both types of amlyses were evaluated by the project team e detemmire the unlity of the L
Tesules For site-specific decison making,

Apalyibeal Methest Selection

Analytice] methods for the pilosd study were selected that conld achieve the method performance
tequirements established by the project team and docememed in the QAFF (G4, Ino. 195Th). A listof
the analytical methads is presented in Takle 2.

Tahkle 2. Anabytical Methods

Aalyie il

Cwclodieme 14 field best SWBd4 4041

DOT 14 field st SW-B46 402
Cimganophos phomis pesticides SWCRAS R4, modifiedT
Crrganochlorine pesticides SR G RORL
Carbamraies SW-HA6E14 1, meslificd®
Parzquat A B

* GUAE wis used i Method 8100 for dhe OF pesticides. The carbamase analyses used GOMNPD.

*= This is & spectraphotomeiric mellod bosed on procedires develeped By Chanveos £31
Modifeation of Methods under FEMS

A ol in Table 2, some of te meforerss methods were modilied v soconmmodats e speabc
conbammnantz o oo al T aite, These misklication seee designed by the progect eam hat imcluded
an analyal chemis and were corklucied in dccordires with de perlomance-based mesunrenl
ayetenn (PEM S approasch sdoepted by EIA i recent years, e mehiBctions ame decnbed i greker
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detail in “Analytical Techmologies and Method Modificatiors.” In additon io the modifications 1o the
fixed labomtory reference methads, the LA methods were modified in order to allow 2 single sample
extracd b be anzlyzed using both the DD and oyclodienes test kits.

E=labli=hing Fite-Specific Action Levels for the Field Test Kits

The pilor apedy resul s confirmed that the [ test kits are intendionally bigied 100% high by the

e lachurer in order e reduce the occarrence of fhlse pegative resulis. Combined with the fa0d that he
test kits respond 1o more than ope of the consaumirants of concem at the site, the project team determaned
that 2 DT besd kie resuld of 3 mg'ke (ppmi could indicste that the @ite-specific cleanup level for an
indnddual compourd (eg., DDT, DDE, or DD hed been excesded. Simalarly, they determined that a
cyclodienes test kit resule of UES mz'kg (ppm) could indicate that the sie-spea fic cleanup level for an
individual compourd (e.g., deldrin or endrin} had been exceeded These values (5 ppm and 0086 ppm
hecame the ste-spacific field sction levels associated with the DT LA test kit and the oycladiens L dest
kit respectively, at the start of Geld wori.

Fimall Method Selection

The analytical methods used For cleapup plases of the proqect were based o the methests modi Bed for
the palod srudy (see Takle 21, The seraitivities of the analyvtical methods sebeced for the fleld 14 resting
aml fimed labogatory confirmeaion amlyses were evaluaned relamve no the MTOA Method B cleanup
levels establsshed for this project. The goal was o employ & ethod that was sensitive enoagh to make
measutenents at no meore than onedalf the MTCA Method B cleanup level, Table 3 illustrates the
senstivimes for the major cortaminants of concern relative to the MTCA Method B cheanup levels.

Tahle X Senzitivities of Field and Fixed Labsratory Methads Helatbve o Cleamnnp Levels

MTCA Meihod B Fizld Mlwibud Fized Labuoratsry Meibod
Contaminant | Cleannp Livel (mg/kg) Semsitiviny* (mgkg) Bensitivig** (mg/kg) |
Daeldrin 0,25 0018 000007
Endrin 24 - QO E
4.4-00T 20 M5 Q000
d4-D0E 2| = 00034
i 4 =00 417 = Q0T

*The LA st kil sensitivities wete st dhlished by the comentration of the lewed of M callaton seliiiore aealymed
g tha beed kil The cypclodiam kil vsed For diskdrin s snadrin wow calvaed ueirg chlordane anl @ DT e
knl was calbrated usmg DHOT, Theas, the values sbove represent quarkEaton lim ks for the specific compsarsds nsed

far calibration

**The fixed labaraiory meshod sensstiviies were based on the methed detection Fmit (DL} vabses reparied by dhe
laboratony. Thios, the valoes abave represent detection Bmits, and nof quantication limirs, bat they ae specific o the
indivedial anadvees leted The MDD valies weie pepaited by die labaiatory @ inits of @i, el liave beeis

ot b mghg mothis bk T eiess om compariaon will the cleasap levels,
Fiell Anabetical Quality Control

Fedlowing the pilod esd, the chamist and the project team designed a fielkl analyical gquality contral {00
program fhat wae wied o manitor and eremee e geakity of the Geld rezulie. Thal program isddoded e
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use of such traditional QC operations such as calibrations and laboratory control samples, as well as
continuing to submit some split samples for fixed laboratory analyses in order to detect potential
interferences and to monitor the comparability of the field and fixed laboratory results over time and
across different areas of the site.

Monitoring and Refining the Action Levels

As aresult of the continued generation of fixed laboratory results for a subset of all the samples collected
for field kit analyses, the field kit action levels were further refined after the characterization phase.
Comparison of the TA and fixed 1aboratory data sets generated during the characterization phase
determined that the 5 ppm field action level being used for the DDT IA kit was overly conservative.
With the approval of the regulator, the DDT IA field action level was taised to 10 ppm for the remowval
phase of the project.

Site Cleanup Phases

Using information from previous site investigations and the results of the pilot study, the cleanup project
was designed to take place in seven phases.

Phase 1: Mobilization
Phase 2: Focused removal of pesticide product

This phase employed field test kit IA analyses with fixed laboratory confirmation of a
subset of those results.

Phase 3: Characterization of the remediation area
This phase employed field test kit analyses for DDT and cyclodienes, fixed laboratory
analyses for the organophosphorus and carbamates pesticides and Paraquat, as well as
fixed laboratory confirmation of a subset of the field test kit results, leading to the
revision of the action levels for the test kits in some areas of the site.

Phase 4: Gross removal of contaminated soil
This phase employed field test kit TA analyses

Phase 5: Final confirmation sampling for site closure
This phase employed fixed laboratory analyses.

Phase 6: Backfilling, grading, and restoration

Phase 7: Characterization and disposal of contaminated materials.

The final phase employed fixed laboratory analyses of soil samples as well as the
production and analysis of TCLP leachates to characterize RCRA-tegulated wastes.
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Optimizing the Sampling and Remediation Program

The optimization strategy focused on Phases 3, 4, 5, and 7 of the site cleanup. One of the key elements
of the optimization of the sampling and remediation program was the use of field methods to make
remedial decisions in the field (primarily during Phases 3 and 4).

In Phases 2 and 3, the sampling strategy for the site characterization was optimized by the use of a
"focused” sampling design in which sampling was conducted in areas where potential or suspected soil
contamination could reliably be expected to be found. Another example of the optimization was the use
of direct push soil sampling technology (i.e., Geoprobe) in licu of traditional and more costly drill rig and
split-barrel samplers. Using homogenization and sample splitting techniques, the team was able to
provide sample volumes for IA analysis, fixed laboratory analysis (if needed), and archiving from a
single collection event (see additional discussion under "Sampling Design and Methodology” onpage 21
of this report).

In addition, the team employed field analyses using LA and suppotted by limited fixed laboratory
analyses to increase the density of sample locations compared to that possible under traditional sampling
and analysis programs. This facilitated the “surgical” removal of contaminated materials and ensured
that closure confirmation testing would demonstrate compliance to a high degree of certainty. The
combined benefits of the optimized approach produced both time savings and significant reductions in
the overall project costs by making field activities such as sample collection, sample analysis, soil
removal, soil segregation, and final disposal of soil and wastewater highly efficient.

On-site activities in all phases were facilitated by the use of a mobile office trailer and a mobile
laboratory trailer. The cost of trailer rental was more than offset by savings realized from the on-site
analyses (see also "Cost Comparison” in this repott).

Note that the advantages of using field methods include the ability to match the rate of sample processing
with the rate of sample collection providing efficient sample handling (¢.g., minimal sample tracking,

transport, and storage) and rapid turnaround time of field results in relation to the desired on-site
decision-making abilities.
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Sampling Design and Methodology

Sampling was performed at the site during various stages of the investigation including the following:

C After focused removal of pesticide products

e During the site characterization (using a direct push sampling method combined with
IA analyses) prior to excavation

C After gross soil removal to evaluate attainment of the cleanup standards (closure
confirmation sampling) and to guide further soil removal activities, and

e Sampling of waste soil and decontamination water prior to waste characterization for

waste classification and disposal.
The text to follow discusses the sampling design and methodology for each of these sampling events.

Focused Removal Sampling Design: Focused Removal Area 2/3 (FR 2/3) and Focused Removal Area
4/5 (FR 4/5) (see Figure 5) were excavated until all visible evidence of pesticide disposal was removed.
Upon completion of excavation activities, confirmatory samples were collected. The sampling grids for
this effort were established by the row divisions of the test plot across the excavated areas. This resulted
in six sampling areas or grids. A single random sample was then taken from within each sampling grid,
except for one grid in which the sample location was biased towards a location with a piece of white
particulate matter. The particulate matter may have come from one of the bags of concentrated pesticide
products buried at the site.

Site Characterization Sampling Design: Site characterization sampling was initiated following
completion of the focused remowval activities. The site characterization included collection of soil
samples throughout the test plot area. The samples were collected for the purpose of characterizing the
site 50 that an excavation plan and preliminary waste disposal plan could be developed. Samples were
collected using direct-push sampling equipment.

The sample collection approach was described as "focused sampling.” Focused sampling is defined as
the selective sampling of areas where potential or suspected soil contamination can reliably be expected
to be found if present. One sample was collected from within each grid. The number and size of each
grid were determined in advance using a statistical analysis of the site and an estimate of potential hot
spot size. For sampling within each grid, biased locations were selected in the field based on visual
observations of surface conditions. If there was not sufficient information to select a biased location,
then a random sample was obtained instead.

At each sample location, a soil core was taken from the ground surface down to 72 inches. Samples were
taken from each core to represent each one-foot interval within the bore hole. Each sample representing
each one-foot interval was then homogenized and split into three subsamples — one for field analysis, one
for possible fixed laboratory analysis, and one to be archived for possible future analysis.

Gross soil tTemoval was aided by the use of a decision matrix to guide the analysis of samples, develop a
removal profile, and select samples for fixed lab analysis. This approach was part of the adaptation of
the sampling design under the dynamic work plan. Table 4 is an example of the decision matrix used at
the WTFREC site for shallow soils. For example, ifthe field kits found contamination in the interval 0
to 12" bgs at concentrations exceeding the action level established for the kit, then the next interval (12"
to 24" bgs) was analyzed by the field kits. If no contamination was found above the action level, then the
0 to 12" interval would be slated for removal, and a split of the 12" to 24" interval was sent for fixed
laboratory analysis. (The fixed laboratory data helped ensure the accuracy of the removal profile, as well
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as add to the data set establishing the comparability of the field results to fixed laboratory analyses with
tespect to the actionlevel.) This type of decision rule was applied to depths no greater than 72" bgs.
Sampling was limited to depths of 72" because the USACE believed that all pesticide contamination
would effectively be found within that interval. This was based on the assumption that no pesticide
product was disposed below 4 feet (48 inches) bgs and that migration of pesticides would be minimal
(less that one foot) beyond that depth.

Confirmation Sampling Design: At the conclusion of the gross removal excavation, closure
confirmation sampling was conducted of the bottom and side walls of all 27 grids using IA analyses.
Each grid to be sampled was laid out into nine equal sub-grids, a random selection of the sub-grid to be
sampled was made, and the sampling point was marked with a wooden stake. Shallow soil samples were
collected from within a 12-inch diameter area around the sampling point, placed directly into the
sampling jar, and analyzed using the field IA method. Concentrations found above the IA action levels
resulted in further excavation. The modified action level of 10 ppm for the DDT test was used to direct
this excavation. The comparability data set had established that DDT IA results below 10 ppm correlated
well with the mix of individual DDT, DDE, and DDD concentrations that did not exceed their respective
MTCA standards.

When [A analyses indicated that no further excavation was needed, closure confirmation sampling for
fixed laboratory analysis was performed. This sampling consisted of ten samples, one for each column,
plus a sample for the second elevation in columm 4. To ensure conservatism, the grid with the highest [A
result in a given column was the grid sampled for the fixed laboratory analysis. The ten final closure
confirmation samples for fixed laboratory analysis were discrete surface samples taken from the same
location as the previous [A sample (refer to Figure 5 on page 10 where the triangle symbol represents this
[A/fixed laboratory sampling location). The final ¢losure confirmation samples submitted to the fixed
laboratory were analyzed for the OP and OC pesticides, paraquat, and carbamate pesticides listed in
Table L.

Waste Characterization Sampling Design: Upon removal of the material from the ground, it becomes
a waste govemed by the Washington State Dangerous Waste Regulations (WAC 173-303) and not by the
MTCA action levels. The waste was segregated into roll-off bins. See "Segregation of Excavated
Materials for Disposal” in the "Media and Contaminants” section of this report (page 9) for more
information on waste segregation. Waste stream characterization sampling was conducted at the
conclusion of the focused removal excavation and again as significant segments of the initial gross
removal excavation were completed.

During the focused removal, samples were collected from each of the segregated waste streams. Each
sample was collected as a composite sample from at least five different locations within either a single
wll-off bin or a grouping of toll-off bins. The proportion of sample collected from within any roll-off
bin was representative of the proportion of waste soil within the bin as compared to the collective
grouping of bins.

Some of the roll-off bins were not specifically sampled, particularly towards the end of the gross remowval
activities. Based upon the information known about the contents of these bins, the judgement was made
that the relative contaminant concentrations within these bins were either at or lower than other bins,
which were already known to be in the non-Resource Conservation and Recovery Act (RCRA) regulated
waste category. All waste characterization samples were analyzed by fixed laboratory methods.
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A lvikeal Teehmnlesies and Methesd ¥Yaodilications

The project team used @ aclisctive mix of virsile analvae and fixed laboratony analyses e evaluaig the
contamnant: of concem.  For he owsed removal, ale chatictenzamm, sl grog emoval and Gl
comBbnahom aamplifg phaices af this progest, imminddseay ekl analvas (1A ) ke were sl 41 e sile
it emgamochlorine pesticides, and pesulis were sapplenented by limited Eara from fised laborstory
analyses. Waste characterizanon samples were analyped i OF and OO peaticides, TCLP O pesncides,
arl TCLE weeraka at a fimed laborarory, Thee texi s folbow discusses the perfomnances of these analyses
Al related O panes, The ance pgation of such saaes and related cormective achons waa pan of the
project planining pmcess. Analviical chemmiats were involved in developing plans for nsimg koth 1A amd
fixed labomtory analyses.

Immuomeassay Fleld Amslysis: For onesite soil sampling and analysis durimg the focused removal and
site charscienzation phases, two on-sile immunochemical amalyses, one for DDT ard one §or
oyclodenes, were perfommed by G54, The performance criteria for the imemunoessay tesis are outlined

in Takde 5.
Table 8. Immuonsassay Test Kit Ferformanee Crideria
Carrelation with Acearaey Pricisben
Mairis Deffinktive Analvals (LCE (D plicate
Cammponnd Type (RFD and ¥} Recovery, %) | % RFD)
DT - Betbend 2042 Soll =50 fill- 140 <Al
BRI
Cyelodhenes - Method 402 Soil 5 Sl filk-140rF %1}
= 10,0

Werification of mahtical acomracy was based on & mixed pesticide standard and a comgeated vl basad on the
sl e Tor @ meactivily grops graen alsos, T8 mean LOE gecoveiy' woas nol veae 100, hailer evabsdion
was perfommed b assees the acemacy

The trmamoeassiy eais were perfommed i Bagches of approximately 12 aamples, ata mane of

approsi mately one batch per test kit per day. Each batch consisted of 2 setof project samples and quality
contrel {QC] samples; such as, calibmton samples, field duplicates, lab duplicates and laboratory control
samples. Some of the calibration samples were condwcted in duplicate. The calibratiom data were fit into
a siraight line with linear regression and the resultng calibration line was used 10 compute the project
sample conoen rations.

Durimg the commes of the feld analyss, project chemasts investigaied guality combnd problems and
implemsenled corvedive actions pror L eeleasng data for use, Blost of the labomlory contrel sample
(LS reabts Gl widlin an accuracy wirkhow Trom 100 1 300 percent, wilh a mean near 200 percand.
This s o stenl waly Do Knaown 100 pereenil calibmbon biss desapred inlo tha Kils by the
manmacnrer, However, fior the fivs Bve smple Barches, the concenimation of the Tabotaiory conmol
aamiple { LS wae above the calibranion rangs of ihe waik ard the LUS meovery was high.  1Tis problem
wi pvereng by diluting the LO% aclation stavting with Barch 6, Afser cilition of e LOS mie the
mange of calibration, the mean LCE recovery was closer to the expected 200 percent. Other cases of LCS
Tecovery enceeding the accumcy goals were determined to be caused by dluton emors. These cases
wete evaluated on a case-by-case basis and did mot resultin daia rejection. The data in these instances
were still deemed usahle for the imended purpose.
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[n some balches, ciber LOS none-confommances were sdentifed that indicated calibrabon deficeendes. In
these cases, the LCE did mal meet the acceplance enteria for LCS recovery. Sach calibmton deficiencies
merulted in these batches bring repected amd remn.

Drepite the sample homegenization process used, e homogeneity of a sample was questionable m a fey
caree, Howwwer, the ovenll conrd usion wae thal sarmple mhemogensity Bad nol sigmficantly allected the
site decaions

Fivedl Labsratory Amalysiz: A decimented indusioy-developed meileed [Clevran, 1978) and 5W-546
e tFeds weire el for all delimbve condirmaton aampling and wasie Chamacenzaton, Soshilel
et e thesd 3540 or $54 1) amd approphiale cheanip melisada, & tequimed by e inlerfosies
enniered, were ised for all sl aamiplea s e gnilyzed {ink eipaAnescilonne peatadie and
orgamophosphomie peanoades, AT pesticide laed on the quanistation lman akle o the LA ks were
teporied by the laboratory, Modifeations and eguivalency of methods are described helow

Method Modifieatlone: Some aspects of the fined lboraory methods were madified for the purpose of
ackieving the analvtical perfommnce required o support progect goals, These mod@fications to reference
methads were evaluated and dooumented through the QO procedures, in order do provide data qualicy
indicators (e g, precision and bizs) apprognate o che intended data wse. A list of the method
mactificatons appliad o the EPA reference methads along wath justificaton for these madifications is
presented in Table &,

For the mnalysis of OF pesticides by Metbod 814 1, gas cheomategmphn/mass spectroscopy (G0N S)
s atan Wit el insieed of The g chironmtograph w90k nitragin phesplar Jetsctar (ML
apeeilicd i e meledd, As g el amproved sclectivty ard oo quanilation lirme weng adhieved. Foy
the analyaie of OO peiade by Method 8081, a GO wath an eleetmon capiure derecton (BTN wae wed 1o
allew the smalvaie of both the primary compoands of mreresr and noald-component peaneadis (echnel
eyclodens, Teporied w3 Beldrin and endein, and toxaphens), The carbamates were amalyzed by Methesd
B140 instesd of Merhod 5521, The use of the bew sepsnve it more selective GONPD mstead of the
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Method 8000, Chapters Three and Four of 3W =846 descnbe specific sample handling requirements for
maetls and orgamics, respectively.

Tablke 6. Modifeations io Reference Methods

Parameier Peletbind Maodilication' Justifica tion

Cyelodiens 1A dest dod | Extracton Muids were pure methano] rather than
walermethanol mix. This made the test compatible with the
DT test, allonang for a single sample extraction for bodh
tests. The extraction volume was doubled 1o 20 mL to better
brackel the acton kevels for these tests based on the pikol stucy
o s s i v 1y results.

DOT 1A sesd did2 The extracison volume was denbled o 20 ml o better bracket
the action bevels for these ests based on the pilot smdy crosss
sensitivity resulis.

OF pesticides El41 GOAS rather than GOSPD was wsed. The surtogares and
calibration requirements appropriate for this method were
ualized from the source method (31411 The medification
improved selectivity and maintsined low enosgh quambixtion
limils to meet the project DS,

Carbairates by GO | 5141, meodilied | GOMNPD was ised @@ Erected m EPA Metbesd 632, mditied
for @ sobl matrix according to the SW-Bdt methods. The
mecderate project detection limit requirements and restricted
snalyie list allowed the less sensitive bat more selective
GNP technigue to be used instesd of HFLC {EPA Method
Bi1X1i. The benefits were primanily in improved performance
due to reduction of interference. The sumogate selected was
holstar, This pesticide was chozen a5 a serrogste since the
compoursl is rarely wsed for agricullwml applications in this
peogmphacal area.

Parsquat [ B This spectrophodomeinc method accommodates paraquat ina
soil matrix accordimg o procedures developed by Chevron Oil
[Thevrom, 1978,

Correlation of Tnmmannoassay Tests with Fived Laboratory Resoles: Dunmg the pilol smdy and prsor
1o thie develogment of e RARP, the [ISACE ressedd the 1A koits agaimss fived laboratory resulis nath
surfice soils from the site. For the compound distribations found in these soils, it was apgarent from the
pilot sudy tata DOT kit resuld of & ppm oo @ eychodiene kit result of 0.1 ppmomight indicate that a
clean-ap starelard for an individual compeand was exceeded. The L teses are most socamate at the
midpoint concendration level; therefore, the sample preparation procedures aere customized 1o the
decision=making reeds of the project by setting the calibration midpcint concentration at 5 ppm and
0086 ppm for ODT and cyclodienss, respectively.

Thee partiailan Tean ki tissad Tor e progect wene mbeibonally baaaed agh By ke maiiitaenieer by 100
et i atcker w0 reduce e ocaimenees oF Falke regatiag decgom smor Thug, when ARt vely

comgariig e [ resalis graman the fixed-labormiory dags and O aamples, the LA el aie expected e
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respectively contribute the most to the response for the DDT and cyclodiens immunoassay kits.
However, because the project samples all contained a mixture of compounds, the immunoassay results
were expected to correlate better with the sum of the compounds (after taking into account their
respective Teactivities toward the immunoassay test) than with any single component.

As expected, a plot of the correlation between the field and fixed laboratory results during the focused
removal and characterization phase of the remediation was not quantitatively consistent. A number of [A
results were higher than predicted by the regression line, particularly for the cyclodiene test. In some
cases, cross-reacting pesticides or other compounds were present to cause additional response. Most of
the samples were gither well above or well below the [A action limit, so at few locations was the
proposed excavation profile uncertain based on the IA results alone.

For the most part, the proposed excavation profile based on IA results alone was confirmed to be correct
when compared to the excavation profile based on the fixed laboratory results. The excavation decisions
that were based on IA results below the action level (i.e., results indicating a "no further action required”
decision for that sampling location) were entirel y confirmed by the fixed laboratory results. Therefore,
the IA tests produced no false negative decision errors with respect to the action level. Due to the
presence of cross-reacting compounds (i.e., interferences), a few cases of false positive decision errors
with respect to the action level were encountered. In particular, endosulfan compounds present in the
analyzed soils were found to respond strongly in the cyclodiene test, yet these compounds have a
relatively high clean-up standard. When endosulfans were present, even a high IA result(e.g., 2 ppm
cyclodienes, reported as dieldrin and endrin) did not necessarily indicate that a clean-up standard was
exceeded.

During the characterization phase (Phase 3), ongoing comparison between the IA results and fixed lab
results revealed that IA results below 10 ppm correlated well with the mix of individual DDT, DDE and
DDD concentrations that did not exceed their respective MTCA standards. As a result, the action level
for DDT was further refined to 10 ppm (i.e., raised from the 5 ppm field action level used at the start of
the project). The modified DDT action level was used during the gross soil removal phase (Phase 4) to
determine the need for further excavation.

Quality Assurance/Quality Control (QA/QC) Measures

A number of different QA/QC measures were implemented during sample collection and field and fixed
laboratory analyses. Table 7 provides a summary of field QC samples prepared and analyzed. The table
also provides the total number of field samples associated with the analyses. In addition, laboratory
control samples and blanks were analyzed for each parameter at a frequency of 1 per batch (up to 20
samples) for all analyses, both ficld and fixed laboratory analyses. Matrix spike and matrix spike
duplicates were also analyzed at a frequency of 1 per batch (up to 20 samples) for all parameters, with
the exception of cyclodienss, DDT and TSS. For those analyses, matrix spikes were not used and matrix
duplicates were analyzed at a frequency of 1 duplicate per batch. In addition, four performance
evaluation (PE) samples were analyzed by the fixed laboratory during the various sampling and analysis
phases of the project. The various QA/QC measures are described below.
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Field Quality Control Samples: Field quality control samples were collected during field work to
monitor the performance of sample collection and measure the effects of sampling bias or variability.
Field QC samples included the following;

Equipment (rinsate) blank: An equipment blank is a rinse sample of the decontaminated
sampling equipment to evaluate the effectiveness of equipment decontamination or to detect
cross contamination. Equipment blanks were prepared during the focused removal, site
characterization, and final confirmation study phases. Equipment blanks were not prepared for
analysis by [A.

Field duplicate: Field duplicates are taken to evaluate the reproducibility of field sampling
procedures. Field duplicates were prepared during all phases of the cleanup project including
focused removal, site characterization, final confirmation, waste profiling, and wastewater
characterization. Field duplicates were collected for IA field analysis and fixed laboratory
analysis.

Field Analysis (IA) QA/QC Measures: Quality control checks employed during field analysis included
the following:

Calibration samples: High-purity materials provided by the kit manufacturer were used as
calibration samples to determine kit range, detection or quantitation limits, precision, and
instrument drift. For the TA tests, a set of three calibration standards were used. Calibration
verification was performed with each batch of 12 samples.

Negative control: An unspiked blank was used along with calibration samples during kit
calibration.

Matrix duplicates: An intralaboratory split sample was used to document the precision of the
method in a given sample matrix.

Laboratory control samples: A laboratory control sample was prepared from a solid matrix
performance evaluation (PE) sample containing known concentrations of target anal vtes.

Fixed Laboratory QA/QC Measures: Inaddition to periodic five-point calibrations, the following
laboratory internal analytical quality control measures were employed by the fixed laboratory to ensure
the quality of the analytical data:

Continuing calibration verification (CCV) compounds: CCV compounds were used daily to
verify calibration.

Internal standards: Internal standards were used for GC/MS analysis to monitor the
consistency of response factors, relative retention times, injection efficiency, instrument drift,
etc., for many organic anal ysis.

Surrogates: Swirogates are compounds which are similar to the target analytes in chemical
composition and behavior in the analytical process, but are not normally found in real-world
samples. They are added to each sample, blank and matrix spike prior to extraction or
processing. They were used to monitor the performance of the extraction, cleanup (when used),
and analytical system.
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Peledbisd hRamb: A methead Blank is used o assess contamiramen levels i the laberatory. [is
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analytical procedhre
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Performance Objectives

The goal of the project was to identify, characterize, remove, and dispose of all pesticide-contaminated
s0il and debris from the test plot area of the WTFREC. Action levels for soil removal on the project
were determined to be the MTCA Method B Cleanup Levels (see Table 1).

The final determination of whether the remedial action attained the cleanup standards was based ona
statistical analysis of the sample data representative of the final conditions at the entire footprint of the
site at the maximum extent of excavation. The statistical requirements to demonstrate cleanup were:

1. The analyte concentration for no more than 10 percent of the samples can exceed the cleanup
standard for that analyte;

2. No sample concentration can exceed a level more than two times the cleanup standard for
any particular analyte; and

3. The upper confidence limit of the data for each analyte must be statistically shown to be less
than the cleanup criteria for that analyte.

Approximately 230 soil samples were analyzed by 1A to support focused removal, site characterization,
closure confirmation, waste characterization, and QA (including field and laboratory duplicates)
activities. Approximately 100 soil samples were analyzed in a fixed laboratory to support focused
removal, site characterization, closure confirmation, waste characterization (including wastewater
analysis, TCLP organics and inorganics, PCBs, total metals and total pesticides in preparation for waste
disposal) and QA (including equipment blanks and performance evaluation samples) activities.

Strategy and Technologies Used to Attain the Performance Goals

The strategy and technologies used to attained the project goals included:
*  Systematic planning
+  Use of an adaptive (dynamic) sampling plan

*  Om-site analysis and "immediate” availability of tesults using immunoassay analysis (IA)
technologies combined with limited fixed laboratory analyses, and

*  Rapid on-site decision-making guided by a decision matrix (a dynamic work plan) that used
field analytical results to characterize, excavate, and segregate pesticide-contaminated soil.

Performance of the dynamic work plan approach was highly superior to a traditional scenario, had that
occurred at this site. Because of the ability to sample and test the sides of the excavated areas, it was
discovered that pesticide contamination exceeding the regulatory standard existed outside of the original
boundaries of the site (as determined from historical information). Since this was discovered
immediately, it was simple and convenient to continue excavating until compliant soil was reached. This
resulted in the removal of an additional 60 tons of soil by extending the sides of the original boundaries
(see Figure 5).

Under a traditional scenario, however, this discovery would not have been made until fixed laboratory
results for samples collected for cleanup attainment confirmation were received. Likely those sample
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The approach to site cleanup employed in the WTFREC Test Plot resulted in considerable savings
compared to traditional site characterization and remediation approaches. The use of systematic
plamning, a dynamic workplan, and on-site measurement technologies combined with limited fixed
laboratory analyses allowed for the cost-effective cleanup of the contaminated site with savings of
toughly 50% over traditional methods. Althoughitis extremely difficult to project a likely cost scenario
if a project were to be performed using a different work strategy, extrapolations are sometimes possible if
enough cost detail is available from the actual project. The USACE made detailed unit and activity costs
available for preparing this case study. A cost comparison is projected based on the following
information and assumptions:

Assume that a more traditional approach would also use direct push sampling to produce a similar site
characterization profile in order to roughly delineate the boundaries of contaminated soil requiring
removal. Then a similar mumber of samples sent for traditional fixed laboratory analysis might be
assumed. Based on knowledge obtained during the actual cleanup, remediation of this area without the
use of a dynamic work plan could have possibly produced at least 391 tons of contaminated soil (see
Notes 4 and 7 of Table 9) requiring incineration, since segregation of less contaminated materials from
more contaminated materials during excavation would have been difficult without the immediate
feedback of real-time results. The excavation, transportation, and disposal cost alone for this volume of
contaminated soil would have exceeded $360,000 (see Table 9). The use of fixed laboratory methods
and/or more rapid turn-around times for fixed lab results would have resulted in a substantial increase in
analytical costs.

Furthermore, the dynamic work plan allowed the site team to discover immediately that unexpected
contamination existed outside of the original project boundaries and then to seamlessly extend sampling
and excavation until clean soil was reached. Under a traditional scenario, this discovery would likely not
have occurred until after the fixed 1ab results for anticipated closure confirmation had been returned,
examined, and reported to project decision-makers. In all likelihood, the discovery that the initial
removal did not attain regulatory cleanup standards would have incurred additional costs to prepare new
plamming documents, remobilize to the size, and conduct yet another round of characterization sampling
and analysis, excavation, and closure confirmation sampling. In all, the estimated cost of cleanup
without the use of a dynamic work plan and field analytical methods may be projected as totaling nearly
$1.2 million. A simple analysis of cost repercussions also does not factor in the frustration of regulators,
clients, and stakeholders when “surprises” delay site closeout.

In contrast, the actual total cost for site characterization, remediation and closeout at WITFREC was
approximately $589,000. Of this total, $100,000 were expended by the USACE for planning, design,
contracting and project management. (The cost for project oversight was assumed to be the same under a
traditional scenario.) A moderately detailed breakdown of actual and projected costs and assumptions is
shownin Table 9.

In addition, the USACE had prepared a different cost comparison estimate for remediating the site that
assumed excavating and incinerating the entire 70-foot long by 30-foot wide by 7-foot deep original plot
(estimated as 708 tons of soil} without performing any site characterization. The estimate for this was
$1,122,049. Although this estimate included closure testing, it did not include the cost of remobilization
to extend the excavation after sidewall contamination was discovered. Itis notable that the cost of
traditional site characterization could have been approximately equivalent to the cost of the most
conservative treatment option for this site.
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The involvement of the regulator and stakeholders during project planning allowed the team to develop a
decision-making strategy that all parties would follow during the removal action. This reduced the
amount of risk and cost associated with clean closure disagreements that can cause schedule delays,
especially during contractor mobilization on site. However, it relied on a planning team with the
appropriate mix of both skills and regulatory authorities.

The conceptual model of the site was based on a thorough review of historical records of site activities.
However, the project team still encountered contaminants in areas that were not originally anticipated.
Without the ability to generate analytical data on site and in near real time, the costs to remediate the test
plot and the time required would have increased greatly.

Substantial cost-savings were tealized through the use of IA and an adaptive sampling plan. Cost savings
were Tealized through reduced analytical costs (compared to traditional fixed based laboratory analysis)
and reduced mobilization/demobilization costs that would be incurred if multiple mobilizations were
requited.

The on-site analysis was designed to support in-field decisions regarding further characterization,
removal, waste segregation, and waste disposal. By conducting the pilot study and using additional
fixed-laboratory results to correlate with the immunoassay results, the action levels for the field analyses
were continually updated and adapted to changing site conditions. This approach reserved resources
(both time and dollars) that could then be applied to the relatively expensive fixed-laboratory analyses, or
used to increase the number of samples that were collected and analyzed by immunoassay.

The ability to increase the number and density of samples that were collected also helped to minimize the
amount of soil that was removed, as well as reducing the amount of soil sent for incineration, the most
expensive possible disposal option.

The length of the project from mobilization to site restoration of the site was relatively quick compared
to traditional methods.

The adaptive sampling strategy allowed several different sampling strategies to be employed throughout
the cleanup, based on the intended use of the data and the need to optimize the overall design. For
example, during the focused removal phase, random sampling was conducted within grid blocks, except
where there was a need to bias a sample location towards an observed stain in the soil. During site
characterization, soil cores were purposefilly located near visual indicators of contamination within grid
blocks. In the absence of visual indicators of contamination, sample locations were randomly selected.
Finally, samples collected for confirmation of cleanup were discrete samples randomly located within
grid blocks. The assumptions of random samples is required for application of the statistical tests to
determine attainment of the cleanup standards.

The combined benefits of this optimized approach facilitated the “surgical” remowval of contaminated
materials and ensured that closure confimmation testing would demonstrate compliance to a high degree
of certainty. Significant time and cost savings over the life of the project were possible by making field
activities such as sample collection, sample analysis, soil removal, soil segregation, and final disposal of
so0il and wastewater as efficient and effective as possible.
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PRESENTATION VISUALS ~ presented by Eric Koglin, Wayne Einfeld, Deana Crumbling, and Kira Lynch

Tree Fruit Case Study: A Removal
Action Using a Dynamic Work Plan
Site Cleanup of the Wenatchee
Tree Fruit Test Plot Site

Case Study
Tree Fruit Project

& Praflem, Peslicide conlamnalicn ol sol i tha

WIHTIr= frel |
Riilaro Cemsr

Triad Approach

Chirira!
- i - o Ling-tarm
Maomilaiing
1
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Systematic Planning
Coordinatae/Assemble Teams

# Who's WWho!. Coordinate with chenl, reguialors
wning Team: clent. State, stakehotder, and
USACE stalf

TechnicallField Team
contractor safl, and su

Systematic Planning
Project’s Initial Conceptual Site Model

Working Through the DQOD Process

Systematic Planning
Review Existing Information/CSM

& Evaluale site mstary

o IRTarm

Site Grid with Probable Locations of
Buried Bags

DQO Step 1:
State the Probleam
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DQD Step 2:
Identify Decisions

& Problem Pesticids cortaminsticon of wadass ol
& I':'c:'.lr.l.'..'u'. o b miada
» Lotate and remove contamination
= Remaining soll mest Wa state cleanup
standards
= Manage excavated matenal for disposal
& INCINErA B

# |andhliing

DGO Step 4:
Define Boundaries/Constraints

Jelerrmung
& Spatial boundanes
& [ime boundanes

# "ol constraints

DQO Step 6:
Limits on Decision Error

Hemove contaminaton o that remaning sl
meats stringent Washington state regulatony
cleanup standards

=for 33 individual pesticide analytes

=10 @ 95% statistical confidence

January 2003

DQO Step 3:
Ildentify Inputs to the Decision

# List of constituents of concern (COC
the site

# Determine which clean up level a Ppiles

DQO Step 5:
Develop Decision Rule{s)

& Focus only on the Decision Rule for o ean
closure

& If the final clesure confirmatian data &t mess
Washington State MTCA requirerments then
clean closure s achieved, othemwiso remove
additional soil and rep=at closure confirmaticn
testing
Decsion rule daveloped with input from the
stakenoloers and the regulators

DQO Step T:

Dptimize the Data Collection Design

Use & Dynamic Work Plan

On-aile anakysis using immuncassay (1A} field kils bo
guisde Dhy'remmed VWark Faan

Ferform pre-field work piol =ty 1o

& ABBEES 1A kil sullability

¢ Evakigte Gaoprobae parfarmanda

# Propare S0OPs and contingency plans

Use Exad fab anakyses bo generale closure conrmalicn
dala sals
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Immunoassay Kit
Dptimize On-Site Methods

re=Reld work pilat study
# Compared 1A o anadte-specific analyses
+ Undaretand cr 5 bl

+ Establish initmal field deci achon |

BT =5 ppm; eyclodicnes = 0036 ppm

Decision Goals and Analytical
Methods

Certain fixed-<4aborat # Frovide resulls of suflicent analybcal qualsty to

A irra2ad ualmg P
s i =guide 501l removal

#segregate and classify wastes for final disposal

ipliance with the required

=& blend o = Method G332 (GLGINEL ) and S-St
Melhod B141 was used & Proyide lufina
support real-bime decisicn-making

Paregual in sl by spoclraphcbarmeln

&+ An indusiry developed methed was used

Site Grid Showing DP Core Sampling
Locations

137



NATO/CCMS Pilot Project on Contaminated Land and Groundwater (Phase lll)

January 2003

Triad Approach

Field Work Plan using DWP

Approach
Work Phase 1: Mobilization

# Setup field office and field lab trailer

Field Work Plan using DWP Approach
Work Phase 2: Focused Removal

# backhoe o uncover and remove pure

2 501l and maten
contaminant

il confirma

Focused Removal Depth
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Site Characterization Sampling with
Fleld Wark Plan using DWP Approach

Work Phase 3: Site Characterization

Dividing Direct Push Core into 1-ft
Interval Samples

Field Work Plan using DWP Approach

Triad Approach Work Phase 4: Gross Remaoval

& S0 was
oint

H‘1.r_ue -m i " .':.E LII. ..
Plasmi ;
: # Floor of excavation analyzed by 14

than LA results = field acton level a

confirmation sampe wes collectad
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Placing Gross Removal Soll inte a8 Roll-off Bin

Field Work Plan using DWP Approach
Work Phase 5: Closure Testing

noed dalineation

g confirma

Callecting Final Confirmation Sampls

CEM: Planned & Actual Excavation Depths
:"____..__..._.d._.-.u_.—_ln@ g by C:I
L Y .' :

| O
| i
B I
I [
L. . | ]

¥ - 1 [ .
var B v e v s e

Final CEM: Lateral and Vertical Removals

:.l | ] it 3
[ | | L I | | | [} [ | |

‘ 'H..__..
[ Ve e e el e P —— —
A— - s e o g e e Ry R

Field Work Plan using DWP Approach
Work Phase 6: Site Restoration
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Field Work Plan using DWP Approach
Work Phase T: Waste Disposal

+ Composiling was used to representaiively sample
R bR

# ‘Wastes wara analyzed by fixed laboratory analysis 1o
characterize waste 1o meet disposal reguiremenis.

Anghysag

Wenatchee Tree Fruit Project:
Successes and Lessons Learnad

SR

& Lol Sile wnd remcdisied ¢ hivse
i | pmne
ol bold work s

r'arakeh

WP approach

DEF AP SNTchl Eo olve
lernried ooy

# Syvstematie plonmng focused ellors on end-use of daia

& A regulniory Ioous on project owlcomee perlormunce

Summary: Applications of Field-Based
Analytical Technologies

- :'..l-lll;|. ARG ESsRlmnl pr o gses
& Mlanastoming home -term compluanoe
e onltrmming cloanup

- rl.l.' HIEFITE R mp s dhpRc]] s

Cost Comparison [per USACE)

Traditional OWF

1. Review Existing Data 5r. 150 511,000
2 Desgn Sile Characierization Lo 517,640
3. Implament Ste Charactenzation 0 94,134
i Reyview Char. data =0 £10,000

36500  R26,450
3168 094 3271118
810000 ¥33.500
20300 B20,305
51.122,040 5504228

5 Desgn Rernedy
& Implement Remeady (- Disposal)
T Waste Disposal

B. Clagure repar

TOTAL

Thes tradibonal cost eshmate assumes no chamctenzation,
only removal and incineraton of the antie plot voluma

Wenatchee Tree Fruit Project:
Successes and Lessons Learned (cont.)

& Umsile anslysis
ol sample
& e =% wa

s sdlecied 10

PG CE- S e SO aind 10

Resources

# USACE Cost and Pedformanoe Report

# EPA Case Shudy

# TPP Manusl dovwn icadabde Tnom:
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CASE STUDY 2 -
GROUNDWATER RISK ASSESSMENT AT A GASWORKSSITEINA HIGHLY
HETEROGENEOUS SAND & GRAVEL AQUIFER ENVIRONMENT

George Teutsch' and Peter Merkel
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COUNTRY REPRESENTATIVES

Directors

Stephen C. James (Co-Director)

National Risk Management Research Laboratory
U.S. Environmental Protection Agency

26 Martin Luther King Dr.

Cincinnati, OH 45268

United States

tel: 513-569-7877

fax: 513-569-7680

e-mail: james.steve@epa.gov

Walter W. Kovalick, Jr. (Co-Director)
Technology Innovation Office

U.S. Environmental Protection Agency
1200 Pennsylvania Ave, NW (5102G)
Washington, DC 20460

United States

tel: 703-603-9910

fax: 703-603-9135

e-mail: kovalick.walter@epa.gov

Co-Pilot Directors

Volker Franzius
Umweltbundesamt
Bismarckplatz 1

D-14193 Berlin

Germany

tel: 49/30-8903-2496

fax: 49/30-8903-2285 or -2103
e-mail: volker.franzius@uba.de

H. Johan van Veen

TNO/MEP

P.O. Box 342

7800 AN Apeldoorn

The Netherlands

tel: 31/555-49-3922

fax: 31/555-49-3231

e-mail: h.j.vanveen@mep.tno.nl

Country Representatives

Anahit Aleksandryan
Ministry of Nature Protection
35, Moskovyan Strasse
375002 Y erevan

Armenia

tel: +37/42-538-838

fax: +37/42-151-938

e-mail: goga@arminco.com

Harald Kasamas

Federal Ministry of Agriculture, Forestry,
Environment

and Water Management (BMLFUW)
Division V1/3 - Contaminated Sites Programme
Stubenbastei 5

A-1010 Vienna

Austria

tel: +43-1-51522-3449

fax: +43-1-51522-7432

e-mail: harald.kasamas@bmlfuw.gv.at
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Jacqueline Miller
Brussels University
Avenue Jeanne 44

1050 Brussels

Belgium

tel: 32/2-650-3183

fax: 32/2-650-3189
e-mail: jmiller@ulb.ac.be

LisaKeller

Environmental Technology Advancement
Directorate

Environment Canda— EPS

12" Floor, Place Vincent Massey

Hull, Quebec K1A OH3

Canada

tel: 819-953-9370

fax: 819-953-0509

e-mail: LisaKeller@ec.gc.ca




NATO/CCMS Pilot Project on Contaminated Land and Groundwater (Phase lll)

January 2003

Jan Krhovsky

Ministry of the Environment
Department of Environmental Damages
Vrsovicka 65

100 10 Prague

Czech Republic

tel: +420/2-6712-2729

fax: +420/2-6731-0305

e-mail: krhov@env.cz

Ari Seppanen

Ministry of Environment

Ministry of Environment

P.O. Box 35

00093 Government

Finland

tel: 358/9-160-397-15

fax: 358/9-160-397-16

e-mail: Ari.Seppanen@ymparisto.fi

Christian Militon

Environmental Impact and Contaminated Sites
Department

French Agency for Environment and Energy
Management (ADEME)

2, square La Fayette

BP 406

49004 ANGERS cedex 01

France

tel: (33)-2-41-91-40-51

fax: (33)-2-41-91-40-03

e-mail: christian.militon@ademe.fr

Andreas Bieber

Federal Ministry for the Environment
Bernkasteler Str. 8

53175 Bonn

Germany

tel: +49/01888-305-3431

fax: +49/018888-305-2396

e-mail: bieber.andreas@bmu.de

Anthimos Xenidis

National Technical University Athens
52 Themidos Street

15124 Athens

Greece

tel: 30/1-0772-2043

fax: 30/1-0772-2168

e-mail: axen@central .ntua.gr
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Francesca Quercia

ANPA - Agenzia Nazionale per la Protezione
dell’Ambiente

ViaV. Brancati 48

| - 00144 Rome

Italy

tel. 39/6-5007-2510

fax 39/6-5007-2531

e-mail: quercia@anpa.it

Masaaki Hosomi

Tokyo University of Agriculture and
Technology

2-24-16 Nakamachi, Koganei

Tokyo 184

Japan

tel: +81-423-887-070

fax: +81-423-814-201

e-mail: hosomi @cc.tuat.ac.jp

I1gonis Strauss

Ministry of Environmental Protection and
Regional Devel opment

Peldu Str. 25

Riga, LV-1494

Latvia

tel: +371/7-026-405

fax: +371/7-026-558

e-mail: strauss@varam.gov.lv

Kestutis Kadunas

Hydrogeological Division, Geological Survey
Konarskio 35

2600 Vilnius

Lithuania

tel 370/2-236-272

fax: 370/2-336-156

e-mail: kestutis.kadunas@lgt.It

Bjern Bjernstad

Norwegian Pollution Control Authority
P.O. Box 8100 Dep

N-0032 Oslo

Norway

tel: 47/22-257-3664

fax: 47/22-267-6706

e-mail: bjorn.bjornstad@sft.telemax.no
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Marco Antonio Medina Estrela

ISQ - Instituto de Soldadura e Qualidade
Centro de Tecnologias Ambientais
Tagus Park

EN 249-Km 3, Cabanas- Leiao (Tagus Park)
Apartado 119

2781 Oeiras — Codex

Portugal

tel: +351/1-422-8100

fax: +351/1-422-8129

e-mail: maestrel a@isg.pt

loan Gherhes

Mayor’ s Office

Municipality of BaiaMare

37, Gh. Sincai Street

4800 BaiaMare

Romania

tel: 40/94-206-500

fax: 40/62-212-961

e-mail: igherhes@baiamarecity.ro

Branko Druzina

Institute of Public Health
Trubarjeva 2-Post Box 260
6100 Ljubljana

Slovenia

tel: 386/1-244-1486

fax: 386/1-244-1447

e-mail: branko.druzina@ivz-rs.s

Bernard Hammer

BUWAL

Federal Department of the Interior

3003 Bern

Switzerland

tel: 41/31-322-9307

fax: 41/31-382-1546

e-mail: bernard.nammer@buwal .admin.ch

Kahraman Unlii

Department of Environmental Engineering
Middle East Technical University

In6nl Bulvari

06531 Ankara

Turkey

tel: 90-312-210-5869

fax: 90-312-210-1260

e-mail: kunlu@metu.edu.tr
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Theresa Kearney

Environment Agency

National Groundwater and Contaminated Land
Centre

Olton Court 10 Warwick Road, Olton
Solihul, West Midlands B92 7HX
United Kingdom

tel: +44/121-711-2324

fax: +44/121-711-5925

e-mail: theresa.kearney @environment-
agency.gov.uk
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ATTENDEESLIST

Anahit Aleksandryan (c.r.)
Ministry of Nature Protection
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PILOT STUDY MISSION
October 1997
PHASE |1l C Continuation of NATO/CCM S Pilot Study:
Evaluation of Demonstrated and Emerging Technologiesfor the Treatment
of Contaminated Land and Groundwater

1. BACKGROUND TO PROPOSED STUDY

The problems of contamination resulting from inappropriate handling of wastes, including accidental
releases, are faced to some extent by all countries. The need for cost-effective technologies to apply to
these problems has resulted in the application of new/innovative technol ogies and/or new applications of
existing technologies. In many countries, there isincreasingly a need to justify specific projects and
explain their broad benefits given the priorities for limited environmental budgets. Thus, the
environmental merit and associated cost-effectiveness of the proposed solution will be important in the
technology selection decision.

Building a knowledge base so that innovative and emerging technologies are identified is the impetus for
the NATO/CCMS Pilot Study on “Evaluation of Demonstrated and Emerging Technologies for the
Treatment of Contaminated Land and Groundwater (Phase I1).” Under this current study, new
technologies being devel oped, demonstrated, and evaluated in the field are discussed. This allows each of
the participating countries to have access to an inventory of applications of individual technologies, which
allows each country to target scarce internal resources at unmet needs for technology development. The
technologies include biological, chemical, physical, containment, solidification/stabilization, and thermal
technologies for both soil and groundwater. This current (Phase I1) pilot study draws from an extremely
broad representation and the follow up would work to expand this.

The current study has examined over fifty environmental projects. There were nine fellowships awarded
to the study. A team of pilot study country representatives and fellows is currently preparing an extensive
report of the pilot study activities. Numerous presentations and publications reported about the pilot study
activities over the five-year period. In addition to participation from NATO countries, NACC and other
European and Asian-Pacific countries participated. This diverse group promoted an excellent atmosphere
for technology exchange. An extension of the pilot study will provide a platform for continued
discussionsin this environmentally challenging arena.

2. PURPOSE AND OBJECTIVES

The United States proposes a follow-up (Phase I11) study to the existing NATO/CCMS study titled
“Evaluation of Demonstrated and Emerging Technologies for the Treatment of Contaminated Land and
Groundwater.” The focus of Phase |11 would be the technical approaches for addressing the treatment of
contaminated land and groundwater. This phase would draw on the information presented under the prior
studies and the expertise of the participants from al countries. The output would be summary documents
addressing cleanup problems and the array of currently available and newly emerging technical solutions.
The Phase |11 study would be technologically orientated and would continue to address technologies.
Issues of sustainability, environmental merit, and cost-effectiveness would be enthusiastically addressed.
Principles of sustainability address the use of our natural resources. Site remediation addresses the
management of our land and water resources. Sustainable devel opment addresses the re-use of
contaminated land instead of the utilization of new land. This appeals to awide range of interests because
it combines economic development and environmental protection into a single system. The objectives of
the study are to critically evaluate technologies, promote the appropriate use of technologies, use
information technology systems to disseminate the products, and to foster innovative thinking in the area
of contaminated land. International technology verification is another issue that will enable technology
users to be assured of minimal technology performance. Thisis another important issue concerning use of
innovative technologies. This Phase |11 study would have the following goals:
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a) In-depth discussions about specific types of contaminated land problems (successes and failures)
and the suggested technical solutions from each country=s perspective,

b) Examination of selection criteriafor treatment and cleanup technologies for individual projects,

c) Expand mechanisms and channels for technology information transfer, such asthe NATO/CCMS
Environmental Clearinghouse System,

d) Examination/identification of innovative technologies,

€) Examining the sustainable use of remedial technologiesClooking at the broad environmental
significance of the project, thus the environmental merit and appropriateness of the individual
project.

3. ESTIMATED DURATION

November 1997 to November 2002 for meetings.
Completion of final report: June 2003.

4. SCOPE OF WORK

First, the Phase |11 study would enable participating countries to continue to present and exchange
technical information on demonstrated technologies for the cleanup of contaminated land and
groundwater. During the Phase |1 study, these technical information exchanges benefited both the
countries themselves and technology devel opers from various countries. This technology information
exchange and assi stance to technology developers would therefore continue. Emphasis would be on
making the pilot study information available. Use of existing environmental data systems such asthe
NATO/CCMS Environmental Clearinghouse System will be pursued. The study would also pursue the
development of linkagesto other international initiatives on contaminated land remediation.

Asinthe Phase Il study, projects would be presented for consideration and, if accepted by other countries,
they would be discussed at the meetings and later documented. Currently, various countries support
development of hazardous waste treatment/cleanup technologies by governmental assistance and private
funds. This part of the study would report on and exchange information of ongoing work in the
development of new technologiesin this area. Aswith the current study, projects would be presented for
consideration and if accepted, fully discussed at the meetings. Individual countries can bring expertsto
report on projects that they are conducting. A fina report would be prepared on each project or category
of projects (such as thermal, biological, containment, etc.) and compiled as the final study report.

Third, the Phase |11 study would identify specific contaminated land problems and examine these
problemsin depth. The pilot study members would put forth specific problems, which would be
addressed in depth by the pilot study members at the meetings. Thus, a country could present a specific
problem such as contamination at an electronics manufacturing facility, agricultural production, organic
chemical facility, manufactured gas plant, etc. Solutions and technology selection criteria to address these
problems would be devel oped based on the collaboration of international experts. These discussions
would be extremely beneficia for the newly industrializing countries facing cleanup issues related to
privatization as well as developing countries. Discussions should also focus on the implementation of
incorrect solutions for specific projects. The documentation of these failures and the technical
understanding of why the project failed will be beneficial for those with similar problems. Sustainability,
environmental merit, and cost-benefit aspects would equally be addressed.

Finally, specific area themes for each meeting could be developed. These topics could be addressed in
one-day workshops as part of the CCM S meeting. These topic areas would be selected and devel oped by
the pilot study participants prior to the meetings. These areas would be excellent venues for expert
speakers and would encourage excellent interchange of ideas.
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5. NON-NATO PARTICIPATION

It is proposed that non-NATO countries be invited to participate or be observers at thisNATO/CCMS
Pilot Study. Proposed countries may be Brazil, Japan, and those from Central and Eastern Europe. It is
proposed that the non-NATO countries (Austria, Australia, Sweden, Switzerland, New Zealand, Hungary,
Slovenia, Russian Federation, etc.) participating in Phase |1 be extended for participation in Phase 111 of
the pilot study. Continued involvement of Cooperation Partner countries will be pursued.

6. REQUEST FOR PILOT STUDY ESTABLISHMENT
It is requested of the Committee on the Challenges of Modern Society that they approve the establishment

of the Phase |11 Continuation of the Pilot Study on the Demonstration of Remedial Action Technologies
for Contaminated Land and Groundwater.

Pilot Country: United States of America

Lead Organization: U.S. Environmental Protection Agency

U.S. Directors:
Stephen C. James Walter W. Kovalick, Jr., Ph.D.
U.S. Environmental Protection Agency U.S. Environmental Protection Agency
Office of Research and Devel opment Technology Innovation Office (5102G)
26 W. Martin Luther King Dr. 1200 Pennsylvania Ave, NW
Cincinnati, OH 45268 Washington, DC 20460
tel: 513-569-7877 tel: 703-603-9910
fax: 513-569-7680 fax: 703-603-9135
e-mail: james.steve@epa.gov e-mail: kovalick.walter@epa.gov

Co-Partner Countries: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Ireland, Japan, New Zealand, Norway,
Poland, Portugal, Slovenia, Sweden, Switzerland, The Netherlands, Turkey,
United Kingdom, United States

Addenda

Phase |1l Meetings Held: February 23-27, 1998, in Vienna, Austria
May 9-14, 1999, in Angers, France
June 26-30, 2000, in Wiesbaden, Germany
September 9-14, 2001, in Liege, Belgium
May 5-10, 2002, Rome, Italy
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