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1.0 INTRODUCTION

Drilling in source areas, especially dense non-aqueous phase liquid (DNAPL) source
areas, produces risks of cross contamination, potentially spreading source material to previously
uncontaminated depths and hydrogeologic units. Even when the locations of DNAPL areas and
the geology at a site are relatively well known, the installation of wells in DNAPL areas using
the best available technology has its risks (EPA, 1992). EPA (1992) further indicates that in
order to circumvent these risks, it may be appropriate to avoid drilling directly within areas of
known or suspected DNAPL contamination and focus on characterizing dissolved contaminant
plumes migrating from source areas. Regulatory pressures to attempt mass reduction in DNAPL
source areas however, may require DNAPL source area characterization. It is important,
therefore, to understand the investigative risks associated with DNAPL source zone
investigations.

Even if proper precautions are taken, there are two possible mechanisms that can lead to
cross contamination: (1) A short-term loss of drilling fluids, including drilling mud, and (2) A
long-term continuous leakage of impacted groundwater via preferential pathways due to
incomplete seals in the annular cement grout. The first mechanism is commonly referred to as
“dragdown.” It is important to prevent downward migration of mobile, perched DNAPL (EPA,
1992). EPA (1992) continues by indicating that soil contaminated with residual DNAPL can be
carried to greater depths during drilling and is a common source for cross-contamination of
hydrogeologic units. EPA (1992) further states that given the difficulty in predicting the
presence and distribution of subsurface DNAPL, the risks involved with drilling generally
increase with proximity to the disposal site or release location. That is, the risks of causing cross
contamination are greatest in DNAPL source zones.

The second cross-contamination mechanism identified above concerns the mechanical
integrity of monitoring-well components. If the mechanical integrity of a well is compromised,
then there is the potential for significant fluid movement over time through vertical channels
within the well seal (EPA, 1987). These vertical channels can occur in the cement or grout
outside the casing. For example, bentonite pellets used to form annular seals during well
installation do not swell in the presence of some DNAPLs (EPA, 1992). In addition, structural
incompatibility (i.e., deterioration resulting in hydraulic failure) may result between bentonite
seals and DNAPLs, including creosote (McCaulou and Huling, 1999). Consequently, an
effective annular seal may not be achieved. Compromised borehole seals can act as conduits that
transmit contaminants between aquifers separated by otherwise continuous and relatively
impervious confining layers. This transmission of contaminants between aquifers can occur
throughout the existence of the monitoring well.

In the following discussion, cross-contamination issues are reviewed via the literature and
a case study is presented. The case study involves drilling in known source areas at the Cabot
Carbon/Koppers Superfund Site (Site), a wood-treating facility that formerly used creosote. The



Site is underlain by aquifers and confining layers. There is a large hydraulic head drop across
the lowest confining layer. As will be seen, multiple lines of evidence are used to interpret cross
contamination issues at this site including elevated pH and concentration trends in monitoring
wells.

2.0 LITERATURE REVIEW

In the following review, both drilling methods and methods to evaluate cross
contamination are reviewed.

2.1  Dirilling Methods

According to EPA (1994), the risk of causing DNAPL migration generally increases
where there are fractured media, heterogeneous strata, multiple release locations, large DNAPL
release volumes, and confining layers that are subtle (e.g., a thin silt layer beneath sand) rather
than obvious (e.g., a thick soft clay layer beneath sand). According to Warner (1996), from an
engineering perspective, wells are the weakest link in a natural barrier system. Wells may be
designed and constructed to minimize the potential for cross contamination, but the risk can not
be totally eliminated. According to the U.S. Army Corps of Engineers (1998, p. 3-14), drilling
through DNAPL zones into deeper stratigraphic units should be avoided. Similar concerns are
expressed by Kueper et al. (2003, p. 21). Cherry (1990, p. 5) concludes that in hydrogeologic
setting where no major aquitard exists into which casing can be keyed at the bottom of a DNAPL
pool, there is no proven technology for drilling through DNAPL zones without draining liquid
DNAPL deeper.

Conventional drilling methods have a high potential for promoting downward DNAPL
migration (EPA, 1992). Specific conditions that may result in downward DNAPL migration
include (EPA, 1994):

1. An open borehole during drilling and prior to well installation;

2. Anunsealed or inadequately sealed borehole;

3. A well screen that spans a confining layer and connects an overlying zone with
perched DNAPL to a lower transmissive zone;

4. An inadequately sealed well annulus that allows DNAPL to migrate through the
well-grout interface, the grout, the grout-formation interface, or vertically-
connected fractures in the disturbed zone adjacent to the well; and,

5. Structural degradation of bentonite or grout sealant, or well casing, due to
chemical effects of DNAPL or the groundwater environment.

To minimize the risk of inducing DNAPL migration as a result of drilling, site
investigators should (EPA, 1994): (1) avoid unnecessary drilling within the DNAPL zone; (2)
minimize the time during which a boring is open; (3) minimize the length of hole which is open
at any time; (4) use telescoped casing drilling techniques to isolate shallow contaminated zones
from deeper zones; (5) use high-quality continuous sampling procedures (e.g., coring or split-
spoon sampling) in a potential DNAPL zone and carefully examine subsurface materials brought
to the surface as drilling progresses to avoid drilling through a confining layer beneath DNAPL



(i.e., stop drilling at the top of the confining layer); (6) consider using a dense drilling mud (i.e.,
with barium sulfate additives, also known as barite) or maintaining a high hydrostatic head with
water to prevent DNAPL from sinking down the borehole during drilling; (7) use less-invasive
direct-push sampling methods where appropriate; (8) select optimum well materials and grouting
methods based on consideration of site-specific chemical compatibility; and (9) if the long-term
integrity of a particular grout sealant is questionable, consider placing alternating layer of
different grout types and sealing the entire distance between the well screen and surface to
minimize the potential for vertical migration of DNAPL.

2.2 Borehole Backfill Methods

Borehole backfill methods typically consist of the following: (1) solid bentonite seals,
(2) bentonite grouts, and (3) cement-based grouts. Solid bentonite seals involve the installation
of bentonite balls, pellets or chips as seals above a screened interval. Installation is usually time
consuming, particularly on deeper boreholes or when caving occurs. These seals, when
successful, have a very low permeability. Establishment of proper procedures for placement of
such materials has been important not only because sealing is important, but also because the
installation conditions are often difficult and the procedures cumbersome, involving the material
being tremied to the desired location in the boring. Over the last decade, experience has shown
that bentonite chips (as opposed to balls and pellets) are the easiest to place (Mikkelsen, 2002).
These chips look like crushed gravel and hydrate very slowly. However, the fine clay-dust
unavoidably mixed in with the chips can make conditions increasingly sticky as filling proceeds,
leading to bridging and blockage higher in the borehole.

Bentonite grouts are the least desirable for sealing or backfilling (Mikkelsen, 2002).
They are made from water and powdered bentonite mixed into slurry-like drilling mud, but to a
higher density with the aid of additives and specialized grout mixing units. The higher the
bentonite solids-content, the lower the permeability will be. The water-content of such slurry is
high and it never really sets up to anything more than thick paste, not a solid like the chip-seals
(Mikkelsen, 2002). A bentonite grout backfill consisting of just bentonite and water may not be
volumetrically stable and introduces uncertainty about locally introduced pore water pressures
caused by the hydration process.

A cement-based grout has the widest regulatory acceptance and is the most commonly
used to backfill well annular space as detailed in ASTM D-5092. The ASTM specification
defines the correct grout mixture as containing from 0 to 10 percent bentonite powder with 6 to 7
gallons of water per 94 pounds of cement. The specified mixture is intended to provide
structural and volumetric stability, while maintaining a consistency that will invade formation
voids to form an effective seal while maintaining pumpability. Various regulatory communities
have adopted this standard, often with minor variations in grout mixture specifications. For
example, the St. Johns River Water Management District (SJRWMD, 2003) specifies a mixture
consisting of 5.5 to 6.0 gallons of water per 94 pounds of Portland Cement or a mixture of 6.5
gallons of water per sack of Portland Cement with 3 to 5 pounds of bentonite. The cement-based
grout is usually injected from near the bottom of the annular space via a tremie pipe to provide a
positive displacement of liquids and solids from the borehole.



2.3 Methods to Evaluate Cross Contamination

Santi et al. (2006) indicate that shallow aquifers can cross-contaminate deeper aquifers
through penetration of an intervening aquitard via: (1) sandy intervals in the aquitard, (2) along
well casings, (3) within long well screens, or (4) around aquitard pinchouts. They examine
various tools to try to distinguish one pathway from another including: (1) Groundwater gradient
and aquitard penetration calculations, (2) Aquifer-pumping test interpretation techniques,

(3) Chemical-concentration plots and statistical methods, (4) Hydraulic conductivity based
travel-time calculations, (5) Pumping-concentration tests, (6) Methods for evaluating leaky
wells, and (7) Methods for evaluating aquitard continuity. Santi et al. apply these methods to
several case studies and generally conclude that no unique pathway could be identified and that
none of the potential pathways could be eliminated. This study demonstrates the difficulty
associated with interpretation of data from sites where cross contamination is likely and on

going.

Lacombe et al. (1995) performed a quantitative study on leaky boreholes drilled through
an unconfined shallow aquifer, underlain by a confining bed, which is underlain by a confined
aquifer. Their results show that a contaminant can rapidly migrate downward along a leaky
borehole and create an extensive plume in a lower aquifer, even if the borehole was backfilled
with native aquifer sediments. Their study confirms that cross-contamination impacts are more
significant for hydrologic systems with large vertical hydraulic gradients and where leaky wells
are in closer proximity to source areas in the overlying aquifer.

This theoretical study was previously confirmed in the field by Meiri (1989) who
introduced a sodium-bromide tracer in shallow groundwater adjacent to a monitoring well that
penetrated two unconsolidated sedimentary aquifer systems isolated by over 10 feet of clay.
There was about a 0.5 ft/ft downward vertical hydraulic gradient across the clay. Bromide
concentrations increased in the underlying aquifer within 3 days after introduction into the
overlying aquifer system. The study documented that the bromide contamination in the
underlying aquifer had occurred via preferential pathways in the well bore seal.

Chesnaux et al. (2006) present a similar approach to detect, characterize, and quantify
short-circuits in boreholes with faulty seals. The methodology, applicable to an aquifer-aquitard-
aquifer system, involves a series of successive, constant-rate pumping tests in the lower aquifer
while determining the leakage rate with a simultaneous non-reactive tracer test. During each
pumping step, a tracer is injected under constant concentration and constant hydraulic head from
a piezometer in the upper aquifer. The tracer is semi-continuously monitored in the pumped
water and travel-time calculations are performed. Conduction of these types of tracer tests is a
complicated and potentially costly process, especially for deep wells where groundwater
treatment is required.

Alternately, there are down-hole geophysical tools that are used to evaluate the cement
bond (EPA, 1987). These tools, however, have limitations. Using these tools, the bonding of
cement to casing can be measured quantitatively, but the bonding, or rather the coupling, of
cement to the formation is only a qualitative estimate. In down-hole testing in a well with
constructed channels in the cement (EPA, 1987), the cement-bond tools were unable to locate



channels smaller than 30 degrees adjacent to the well (the well being 360 degrees). One way
these limitations are minimized in deep-well injection applications is to survey injection wells
annually.

Edil et al. (1992) examined the sealing characteristics for selected grouts using a large-
scale laboratory model. They conclude that neat cement and bentonite-cement grouts form a
rigid seal that has low permeability and high durability; however, some leakage can occur at the
seal-casing interface, but only for a limited distance. Based on their results, a bentonite-cement
grout should provide adequate protection from leakage. Lapham et al. (1995), however, indicate
that the effectiveness of a bentonite seal is difficult to assess, that complete bonding to the casing
is not assured, and that it sets up with a pH between 8.5 and 10.5, which can affect the chemistry
of the surrounding groundwater. Other references on grout indicate that its pH is closer to 8.0
(PDSCo PLUG Technical Data Sheet; Volclay Grout Technical Data Sheet). For cement,
Lapham et al. (1995) indicate that a seal may not form due to premature and/or partial setting of
the cement, insufficient grout volume length, voids and/or gaps in the grout column, or excessive
shrinkage of the cement. Cement also may cause unusually high values of pH (>8.0 pH units) in
ground-water quality samples.

3.0 CASE STUDY
3.1 Introduction

The Koppers portion of the Cabot Carbon/Koppers Superfund Site is located in
Gainesville, FL (“Site”) (see Figure 1). The Site has been an active wood-treating plant since
1916 and has been used primarily to preserve utility poles and timbers. Use of creosote
decreased in the late 1960s and was totally phased out in 1992. Currently, copper chromated
arsenate (CCA) is used at the Site. For this study, emphasis is on creosote. Based on historical
evidence, four source areas were identified: (1) Former South Lagoon, (2) Former North Lagoon,
(3) Former Cooling Pond Area (Process Area), and (4) Former Drip Track Area. The Cabot
Carbon/Koppers Site was added to the National Priorities List (NPL) in August 1983, and the
Site has been studied since 1980. As discussed below, monitoring wells were drilled to evaluate
the depth-extent of contamination. Interpretation of the resulting data was difficult due to
potential cross contamination issues. Resolution of these issues was attempted by using temporal
trends in concentrations, performing calculations and using other approaches, where appropriate.
An important consideration in resolving the cross-contamination issue is the Site hydrogeology.

3.2  Site Hydrogeology

The underlying hydrogeologic units at the Site include the Surficial Aquifer, the
Hawthorn Group (HG), and the Upper Floridan (UF) Aquifer (Figure 2). The Surficial Aquifer
consists of approximately 20-30 ft of fine- to medium-grained sand with trace amounts of silt
and clay interbedded with laterally discontinuous zones of clayey sands and sandy clays. The
depth to water ranges seasonally from 3 to 15 ft below ground surface (bgs). The groundwater
flow direction is toward the northeast and is controlled by land surface topography and localized
discharge points, such as wetlands, creeks, drainage ditches, and the Surficial Aquifer pump-and-



treat system. The Surficial Aquifer has low yields and is not a major source of potable
groundwater.

Underlying the Surficial Aquifer, the HG ranges from approximately 115 to 125 ft in
thickness. It is comprised of interbedded and intermixed clays, silty-clayey sand, sandy clay, and
occasional carbonate beds. Clay thickness ranges denoted in Figure 2 are typical of subsurface
conditions at the Site and do not include outliers due to interpretation. The upper surface of the
HG is a green-gray clay layer that is undulating and dips generally toward the northeast at the
Site. This layer (HG upper clay unit) ranges from 1 to 5 ft in thickness. The average, laboratory-
determined hydraulic conductivity of this clay layer is 6.7 x 10® cm/s (TRC, 2002). Below this
clay is a clayey-sand zone (30 to 40 ft thick), which is referred to as the Upper Hawthorn (UH).
The UH hydraulic heads are approximately 1-2 ft lower than hydraulic heads in the Surficial
Aquifer. Below the UH is a second clay layer (HG middle clay unit), which is 5 to 20 ft thick.
Below the HG middle clay unit is another clayey-sand layer referred to as the Lower Hawthorn
(LH). The second clay layer appears to be a more effective confining bed, as hydraulic heads in
the LH are nearly 30 ft lower than the heads in the Surficial Aquifer. A third clay layer (HG
lower clay unit), which is 25 to 40 ft thick, is found below the LH. This layer contains 2-3
discernable clay layers (1-9 ft thick) separated by clayey sand/sandy clay. Below the HG lower
clay unit is the UF Aquifer. The hydraulic-head difference across the HG lower clay is
approximately 90 ft (downward hydraulic gradient), suggesting that it is an effective confining
bed.

The UF Aquifer, a source for drinking water, underlies the HG. The UF Aquifer at the
Site consists of the Ocala Limestone and the underlying Avon Park Formation (comprised of
limestone and dolomitic limestone). The Upper Transmissive Zone (UTZ) is a secondary water-
producing interval for the UF Aquifer and is located in the uppermost portion of the Ocala
Limestone. The thickness of the UTZ is variable, ranging from 40- to 100-ft. The Lower
Transmissive Zone (LTZ) is the major water-producing interval for the Murphree Wellfield. The
Murphree Wellfield (municipal water supply) is located approximately 2 miles northeast of the
Site. The LTZ straddles the contact of the Ocala Limestone and Avon Park Formation and is
variable in thickness ranging from 20 to 100 ft. Approximately 85% of the Murphree Wellfield
production is obtained from the LTZ and 15% is obtained from the UTZ (GeoTrans, 2004b).
The UTZ and LTZ are separated by approximately 100 ft of dense, lower-permeability carbonate
deposits that produce limited quantities of water and are referred to as the Semi-Confining Unit.
The historical regional groundwater flow direction in the UF Aquifer (east to west) has been
impacted by withdrawals from the Murphree Wellfield, such that the UF Aquifer groundwater
flow direction at the Site is now to the north-northeast towards the wellfield.

In summary, the hydrogeology consists of a shallow aquifer underlain by a confining bed,
which is underlain by a bedrock aquifer. Across the confining bed is a hydraulic-head difference
of 120 ft. The focus of the remainder of this case study is on cross-contamination issues
associated with drilling and well construction at a DNAPL site while penetrating a confining bed
that has approximately 120-ft hydraulic-head difference across it.



3.3  Dirilling and Construction of Upper Floridan Aquifer Wells
3.3.1 Boundary Wells

Monitoring wells FW-2, -3, -4, and -5 were drilled using sonic drilling in 2003 near the
western and eastern Site boundaries (see Figure 3 for location) in order to avoid potential
DNAPL source areas (TRC, 2003). The wells were constructed with a sand pack extending from
approximately the middle of the HG lower clay unit into about 20 feet of the UF Aquifer. A
bentonite seal was placed above the sand pack; the seal was at least 3 feet thick and was allowed
to hydrate for a minimum of 8 hours (TRC, 2003). Subsequently, cement/bentonite grout was
pumped into the remaining annulus. A well construction diagram is shown in Figure 4.

In constructing these monitoring wells, an attempt was made to limit the potential for
cross-contamination; however, it is difficult to ensure long-term integrity of the annulus grout
seals, which seat the isolation casings. The approximately 120-ft hydraulic-head difference from
the Surficial Aquifer to the UF Aquifer can induce flow along small pathways adjacent to a well
casing. This flow could eventually result in transmission of detectable quantities of impacted
groundwater over periods of months and years.

Use of pH to Evaluate Cross Contamination. Direct evidence documenting the
presence of preferential pathways outside of well casings is difficult to obtain because natural
tracers are not available to identify mixing of groundwater in the UF Aquifer with groundwater
from the HG deposits and Surficial Aquifer. The well construction designs for monitoring wells
FW-2 through FW-5 provide data that appear to indicate vertical leakage is occurring in some of
the wells at the Site. As shown in Figure 4, monitoring wells FW-2 through FW-5 were
constructed with cement and bentonite grout from land surface to bentonite chips that are above
and in contact with the sand screen surrounding the screen interval in the Ocala Limestone (UF
Aquifer). Immediately above the bentonite chips, only bentonite grout was used, from 6 ft below
the top of the HG lower clay unit to the bentonite chips. Groundwater coming in contact with
the cement grout will tend to have elevated pH values (>8.0 pH units) (Lapham et al., 1995) and
groundwater in contact with the bentonite grout will tend to have a pH of about 8.0 pH units.
The pH of the UF Aquifer should be approximately neutral (7.0 to 7.5 pH units). Hence,
groundwater in UF Aquifer monitoring wells FW-2 through FW-5 with significant elevated pH
values (> 8.0) is an indication of potential vertical leakage from the overlying HG deposits
(GeoTrans, 2006).

Temporal plots of pH trends for monitoring wells FW-2 through FW-5 indicate elevated
pH values (Figure 5). Monitoring wells FW-3 and FW-5 have some of the highest pH values for
wells at the Site. Monitoring well FW-3 shows a significant increase in pH staring in 2004 and
continuing to present day. There were six sampling events for well FW-3 from 2004 to 2005
which documented pH values of greater than 10 pH units, with the highest pH value of 12.5 pH
units measured in June 2005. These high pH values are not typical for the UF Aquifer or the
overlying HG deposits, where the pH should be approximately neutral at around 7.0 to 7.5 pH
units.



The most plausible technical explanation for these elevated pH levels in monitoring well
FW-3 is cement-grout contamination. The well construction as-built for this well indicate that
cement grout was only used to seal the borehole from land surface to 6 ft below the top of the
HG lower clay unit. Approximately 23 ft of bentonite grout was then used to seal the borehole in
the annulus from the HG lower clay unit to the UF Aquifer and 4 ft of bentonite chips was placed
below the bentonite grout and above the screen filter pack. The Technical Data Sheet for a
bentonite grout indicate that the pH is approximately 8.0 pH units and therefore, would not result
in the elevated groundwater pH values measured in this well. Cement grout is the only plausible
material that could account for the elevated pH values in this well. The fact that the cement
grout is only present above the HG lower clay unit is an indication that vertical migration likely
has and is occurring outside of the well casing. The pH values in monitoring well FW-3 have
declined since June 2005 and currently the pH value is approximately 9.0. This decline would be
expected with the curing of the cement grout over time; however, the preferential pathway(s) that
allowed for high pH groundwater to infiltrate into the UF Aquifer would still be present.

Monitoring well FW-5 shows similar pH trends to those observed in FW-3; however; the
pH values in this well were not as high. The maximum pH observed in monitoring well FW-5
was 10.3. Monitoring wells FW-2 and FW-4 show similar trends to those observed for FW-3
and FW-5; however, pH values for these wells are lower than those for FW-3 and FW-5,
indicating that vertical leakage may not be as extensive in these wells.

Calculated Potential Cross-Contamination Flow. An estimate of the volume of water
that could flow through a gap outside of the annular cement grout can be calculated from Darcy’s
equation for groundwater flow:

dh
Q=KA al
where
K is the hydraulic conductivity of the material, L/T;
A is the cross-sectional area perpendicular to flow, L?; and

dh/dl is the hydraulic gradient, dimensionless.

For a fracture, K can be approximated by the “cubic law” equation:

3
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N is the number of fractures per unit distance along a rock face, L™';
b is the fracture aperture width, L;

g is the acceleration of gravity, L/T%; and
y is the kinematic viscosity of fluid, L*/T

where

Based on these equations, a fracture gap of 1/32-inch surrounding an 8-inch diameter
borehole can transmit approximately 18,000 gpd of water. It is unlikely that a continuous 1/32
inch gap exists around the entire borehole circumference and that this continuous gap would



extend through the HG lower clay unit; however, it would not be unrealistic to have a gap that
represents 1 to 10 percent (0.25 to 2.5 inch wide fracture) of the borehole circumference. A
1/32-inch gap over 1 to 10 percent of the borehole circumference is feasible and would transmit
approximately 180 to 1,800 gpd, respectively of water. The reason that the transmitted
groundwater volumes are so large is because of the approximately 90-foot head differential
across the 30-ft thick HG lower clay unit. This hydraulic gradient represents a significant
driving force and can transmit large quantities of water through relatively small and continuous
openings. These calculations demonstrate that a large volume (from the perspective of an
individual monitoring well) of impacted groundwater can be introduced into the UF Aquifer
through relatively small and continuous gaps on the outside of the well casing due to incomplete
grout seals. Hence, large volumes of groundwater can be introduced into the UF Aquifer over
relatively short time periods because of imperfections in the annular grout seal.

3.3.2 Monitoring well FW-6

Monitoring well FW-6 was installed into the UF Aquifer using mud-rotary drilling
methods in July 2004 (GeoTrans, 2004a) as part of a source area investigation. Because of the
concern of potential cross-contamination, FW-6 was completed with telescoping isolation
casings (see Figure 6 for a construction diagram for FW-6). As may be seen, FW-6 was
quadruple-cased with three concentric isolation casings anchored in each of the three HG clay
layers, and a 4-inch diameter well casing extending into the upper 20 feet of the UF Aquifer.
FW-6 was installed with 16-in diameter black steel conductor casing into the HG upper clay unit;
10-in diameter black steel conductor casing into the HG middle clay unit; and 6-in diameter
black steel conductor casing into the HG lower clay unit. The lowermost isolation casing was
installed approximately 4 ft into the HG lower clay unit. Approximately 2 ft below this
lowermost isolation casing, a thin sand unit with residual DNAPL was encountered (Beazer,
2006a).

Hard bedrock was first encountered from 142.0 to 144.5 ft bgs. From 144.5 to final depth
of 160.5 ft, very soft rock was encountered with average drilling rates of 6 ft/min with minimal
down force. The driller inferred that the 144.5-160.5-ft bgs zone was soft bedrock rather than a
bedrock cavity based on professional judgment (GeoTrans, 2004a). During the final 6-in of
drilling through bedrock, drilling mud (mixed with soil cuttings and groundwater) was lost to the
UF Aquifer.

The FW-6 monitoring well was installed immediately after removing the drill string from
the borehole (GeoTrans, 2004a). The sand pack and bentonite pellets were installed, with twice
the expected grout volume needed to achieve the desired construction. The tremmie grout set
overnight and grouting to the surface occurred the next morning. During grouting, 400 gals of
tremmie grout were installed, displacing approximately 100 gals of drilling mud into the mud tub
without achieving any grout returns. This was approximately 210 gals more grout than required
for construction, indicating grout was being lost to the formation. The well was left uncompleted
overnight for the injected grout to set up. The next day, 250 gals of additional grout was
installed via tremmie tube lowered to refusal at 139 ft bgs. Grout returns were noted as
expected, indicating that the location(s) of the grout loss into the formation was adequately
sealed overnight. Based on the well geometry and materials balance calculations, approximately



430 gals of drilling mud were lost to the bedrock formation within the well screened zone; and
210 gals of grout were lost to the bedrock formation immediately above the well screen.

An attempt was made to remove this drilling mud and grout (GeoTrans, 2004a) during
well development activities. During the initial development of FW-6 using reverse air lift
pumping, only 9 gals of water were purged. Subsequent development of FW-6 also utilized low
pumping rates relative to what might be required to remove the mud from the formation. After
these initial attempts at well development, additional development was required because the
turbidity of discharge water was too high. Once additional development was completed,
groundwater sampling could be conducted. Low-flow groundwater sampling methods were used
to the collect the sample.

Use of Concentration-Time Trends to Evaluate Cross Contamination. Sample
results indicated the presence of naphthalene (2,560 pg/l) and other Site-related constituents. It
was unclear whether these detections resulted from difficulties during well installation (e.g.,
dragdown) or if the detections represented contamination that resulted from natural migration.
Consequently, FW-6 was further developed and re-sampled (GeoTrans, 2004a). The well was
redeveloped by pumping from July 20 to 24, 2004. The well was pumped for between 8 and 16
hr/d at flow rates of between 1.5 and 2.5 gpm, and a total of approximately 5,350 gallons were
pumped from the well. The well was re-sampled on July 26, 2004. The results of resampling
following redevelopment were approximately 50% lower than the initial sampling
concentrations. Biweekly gauging and quarterly monitoring of this well has never indicated the
presence of DNAPL.

Four potential conceptual models for the presence of these organic constituents are: (1)
residual NAPL, mixed with drilling fluid, was dragged-down during well installation, (2) on-
going dissolved-phase transport of constituents through the HG lower clay unit, (3) vertical
leakage from HG deposits along the well casing, (4) NAPL migration through the HG lower clay
unit into the UF Aquifer, acting as an on-going source to a dissolved-phase plume, and (5) a
combination of (1) through (4). Existing and additional water quality data collected since July
2004 may help resolve which conceptual model best fits the new data.

If historical DNAPL migration into the UF Aquifer occurred, it would have left a trail of
residual creosote, and dissolved impacts from this residual creosote should be observed in down-
gradient UF Aquifer wells. As discussed in the next section, in 2004, a sample from the down-
gradient UF well, FW-7 (installed in November 2004), contained only low estimated
concentrations for naphthalene (i.e., 3.7 J/4.6 J pg/L on 11/16/2004 and 3.7 J/2.9 J pg/L on
12/28/2004). Since the initial sampling events in 2004 this well has been nondetect for organic
constituents. These concentrations are not consistent with DNAPL in the UF Aquifer, unless
biodegradation is occurring at an extremely high rate and/or the permeability of this portion of
the UF Aquifer is very low (Beazer, 2005). As these conditions are unlikely, this leads to the
conclusion that DNAPL is not present in the UF Aquifer.

The naphthalene concentrations for monitoring well FW-6 have steadily declined from a

maximum initial concentration of 2,560 pg/L (July 2004) to a concentration of 350 pg/L in
March 2007 (FTS, May 2007). A time-series plot of naphthalene concentrations from FW-6 is
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provided in Figure 7. In addition, the majority of other organic constituents for this well show a
similar trend in declining concentrations. The following organic constituents have shown
significant declines since the initial sample collected in July 2004: (1) acenaphthene, (2)
fluorene, (3) carbazole, (4) dibenzofuran, (5) 3 & 4 methylphenol, and (6) 2,4 dimethylphenol.
Benzene concentration increased in this well during 2004 to 14 pg/L; however, benzene
concentration has steadily declined since the end of 2004 to 2007. These temporal trends support
the conceptual model of dragdown of drilling fluids during well installation.

3.3.3 Additional UF Aquifer Wells

Subsequently, starting in 2006, additional monitoring wells were drilled into the UF
Aquifer beneath and downgradient of source areas. All previous boreholes advanced into the UF
Aquifer have lost circulation and drilling fluids within the upper 10 ft of penetrating this aquifer.
Because of the issue with loss of drilling fluids when boreholes are advanced into the UF
Aquifer, the next group of monitoring wells completed into the UTZ after FW-6 was drilled with
the rotasonic method (Beazer, 2006). After that, wells were drilled into the LTZ near the north
Site boundary, where the lowermost isolation casing for the LTZ wells was installed with dual-
string reverse circulation method to a depth of 250 ft. The rotasonic method minimizes the use
of drilling fluids; however, it does not totally eliminate the use, and potential loss, of some
drilling fluids. New procedures also were established for the drilling of UF Aquifer wells where
any borehole that encountered residual DNAPL below the lowermost isolation casing would be
abandoned and not advanced into the UF Aquifer. In addition, clean drilling fluid was
recirculated in all boreholes prior to drilling into the UF Aquifer in an attempt to reduce the
volume of potentially impacted drilling fluid within the rotasonic drill casing being introduced
into the UF Aquifer. Hence, as a result of these new procedures for the installation of wells into
the UF Aquifer, a further attempt has been made to minimize the potential of introducing
impacted fluids into the UF Aquifer.

In summary, these multiple cased wells involve multiple types of drilling equipment for a
single well completion. For example, a cable tool rig is used to set the large diameter surface
casings, a barber rig is used to install the next casings, and a possible third rig is used for the
final coring and well installation, requiring increased logistical and equipment time. In addition,
considerable investigation-derived waste (IDW) is generated (water, mud and cuttings). The
installation is slow due to welding and cutting of steel. Each well costs about $250,000 to
$300,000 per installation, not including sampling devices, oversight and IDW management.
Even with this effort and expense, elimination of cross contamination can not be guaranteed.

Monitoring well FW-20B was installed in 2006 approximately 100 ft down gradient of
FW-6, which was completed in the upper 20 ft of the Ocala Limestone. Monitoring well
FW-20B is a multi-port well monitoring four zones within the upper 100 ft of the UF Aquifer.
The naphthalene concentration in FW-6 in March 2006 was 960 pg/L, decreasing to 350 ug/L in
March 2007. The March 2006 naphthalene concentration in the uppermost monitoring zone
(Zone 1) for FW-20B was non-detect. Zone 2 in FW-20B is located approximately 30-40 ft
below the Ocala Limestone contact and contained a slightly elevated naphthalene concentration
of 53 pg/L. In March 2007, naphthalene in zone 1 for FW-20B was 550 pg/L and for zone 2,
naphthalene was 140 pg/L. This was the highest PAH concentration measured in this well. The
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relatively low naphthalene concentrations detected in this well, in relation to those historically
detected in FW-6, is an indication that wide-spread impacts are not present beneath the former
North Lagoon and that the declining concentrations in FW-6 are consistent with the drilling-
induced impacts. None of these concentrations are indicative of the presence of DNAPL
creosote in the UF Aquifer. Thus, the time-series concentrations support the hypothesis of a
drilling-induced, short-term impact at FW-6 as opposed to a continuing DNAPL-related impact
to the UF Aquifer.

The potential for vertical leakage into the UF Aquifer from preferential pathways
resulting from well construction of more recent wells is possible. Earlier discussions
concentrated on pH data obtained from monitoring wells FW-2 through FW-5, because the well
construction for these wells consisted of cement grout above the HG lower clay unit, with no
cement grout below this unit. Hence, these were the only wells at the Site where it was possible
to identify the source of this high pH groundwater as possibly originating from above the HG
lower clay unit. With the quadruple-cased wells, cement grout was installed to the top of the UF
Aquifer; therefore, it is not possible to correlate high pH groundwater with vertical leakage from
above the HG lower clay unit. Hence, pH can not be used to evaluate the potential vertical
leakage for monitoring wells FW-6 and FW-10B through FW-23B.

4.0 CONCLUSIONS

There are risks of causing cross contamination when drilling into DNAPL source zones.
Even if proper precautions are taken, there are two possible mechanisms that can lead to cross
contamination: (1) A short-term loss of drilling fluids, including drilling mud, and (2) A long-
term continuous leakage of impacted groundwater via preferential pathway due to incomplete
seals in the annular cement grout. Wells may be designed and constructed to minimize the
potential for cross contamination, but the risk can not be totally eliminated.

Whether or not cross contamination has occurred at a given site is often difficult to
assess. A number of approaches are discussed in the literature, but none were able to allow
unambiguous differentiation between cross contamination versus contamination via natural
pathways.

At the Cabot Carbon/Koppers Superfund Site, the best evidence that cross contamination
has occurred is interpretation of monitoring data over time and space. Concentrations at suspect
wells have trended downward over time and additional monitoring wells drilled down gradient of
suspect wells display limited impacts. This is consistent with cross contamination. The time-
series concentrations support the hypothesis of a drilling-induced, short-term impact at FW-6 as
opposed to a continuing DNAPL-related impact to the UF Aquifer.
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