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EXECUTIVE SUMMARY

Increasingly, groundwater is being recognized as a potentially significant, although poorly
quantified, source of nutrients and contaminant materials to coastal ecosystems. The Depart-
ment of Defense (DoD) and other government and private entities are in the process of
identifying, assessing, and remediating a large number of terrestrial hazardous waste sites.
Many of these sites are located adjacent to harbors, bays, estuaries, wetlands, and other
coastal environments. It is estimated that approximately one-third of all Navy landfills have
groundwater infiltrating the waste. A general requirement exists to determine if contaminants
from these sites are migrating into marine and surface water systems at levels that could pose
a threat to the environment.

Currently, these problems are evaluated by the use of hydraulic head measurement
in shore-side wells and/or numerical models that provide theoretical predictions of flow and
contaminant migration. However, these measurements and models are of limited utility
in areas adjacent to marine systems where tides, waves, and strong density gradients make
it difficult to establish boundary conditions. In addition, current techniques for verifying
the model predictions are inadequate.

Historically, two major obstacles in studying groundwater exchange have been (1) identi-
fying the spatial location where exchange is likely to take place, and (2) accurately measuring
the groundwater seepage across the sediment-water interface. Following a review of existing
technologies, the Navy’s Pollution Abatement Ashore (0817) program sponsored the devel-
opment of new monitoring methodologies to augment and validate models for groundwater
fate and transport at these sites, and to determine the extent of the waste site’s contribution
to a particular waterway, bay, or estuary.

A series of technologies were investigated for their applicability toward direct quantifica-
tion of coastal contaminant migration via groundwater, and two prototypes were developed.
The technologies include a screening probe for determining where groundwater may be
discharging (the Trident probe), and an integrated seepage meter and water sampling system
(the UltraSeep) for quantifying discharge rates and chemical loading.

The Trident probe is a combined conductivity sensor, porewater sampler, and temperature
sensor probe that utilizes salinity, temperature, and chemical contrasts between groundwater
and surface water to map areas of potential groundwater discharge. The UltraSeep system
is an integrated ultrasonic seepage meter and water sampling system for quantifying
discharge rates and chemical loading from groundwater flow to coastal waters. The goal
of this demonstration was to provide full-scale evaluation of the commercialized versions
of these technologies at relevant DoD sites.

Site selection criteria were developed for the demonstration, providing the basis for
selection of two sites. The Naval Support Activity (NSA) Panama City site was an ideal
candidate for the demonstration of these technologies. The demonstration focused on
evaluation of a VOC plume associated with AOC 1 at NSA Panama City.

The site was adjacent to St. Andrews Bay, and the plume appeared to be migrating toward
the bay. Although groundwater discharge rates were unknown, there was a clearly defined
hydraulic gradient toward St. Andrews Bay from AOC 1. There was also a strong salinity
gradient, with most of the monitoring wells indicating fresh water, and high-salinity water
in St. Andrews Bay. The 1,1-DCE was distinctive from any background contamination
in the bay, thus reducing potential confounding influences of natural/background sources.



The site selected for the second demonstration was Naval Training Center (NTC) Orlando,
Operable Unit 4 (OU 4). The site was selected based on its compliance with the selection
criteria, and its contrast to the NSA Panama City site used for the first demonstration. There
was little or no salinity or conductivity gradient between groundwater wells adjacent to Lake
Druid and surface waters in the lake, but temperatures appeared to contrast enough to detect
possible groundwater seepages using the Trident probe. The NTC Orlando site was signifi-
cantly different from the Panama City site in that it was a freshwater lake environment with
no tidal influence, and had significantly higher CoC levels. The primary target CoC (tetra-
chloroethene [PCE]) was also different than the primary target for NSA Panama City
(1,1-DCE). Thus, the NTC Orlando site helped to test the range of applicability of the
technologies.

At the NSA Panama City site, the Trident probe was used successfully to identify areas
of groundwater discharge from the site to the surface waters of St. Andrews Bay. Thirty off-
shore stations were sampled with the probe sensors and water sampler. The zone of discharge
appeared to limited to a band extending parallel to shore between about 100 to 300 ft off-
shore. All VOC analytes, including DCE at all Trident probe stations, were below the PQL.
No detectable DCE or other VOCs were measured in the sub-surface or surface water in the
groundwater discharge areas identified with the Trident probe sensors. The results from
shallow (2 ft) piezometers installed on Transect T3 validated the results from the Trident
probe.

The UltraSeep was used successfully at the NSA Panama City site to quantify groundwater
discharge rates and VOC discharge concentrations in two discharge zones identified with the
Trident probe. At station T4-4, groundwater discharge was always positive, with rates
ranging from about 2 to 8 cm/d, and a 24-hour mean discharge rate of 5.1 cm/d. At station
T3-3, groundwater discharge was always positive, with rates ranging from about 1 to 5 cm/d
and a 24-hour mean discharge rate of 2.7 cm/d. The positive discharge at these locations was
consistent with the results from the Trident probe survey.

Although groundwater discharge was detected at both stations, all target VOC analytes,
including DCE in all UltraSeep samples, were below the PQL. Results from three shallow
piezometers installed adjacent to each UltraSeep station validated the UltraSeep results.
Overall, the NSA Panama City demonstration was successful in demonstrating the utility of
the Trident probe and UltraSeep in assessing coastal contaminant migration. No DCE
discharge into St. Andrews Bay at levels above the SWCTL of 3.2 pug/L was detected. Thus,
study results support the selection of monitored natural attenuation as a corrective action
alternative for the site.

The second demonstration was performed at the former NTC Orlando, Orlando, Florida.
The primary contaminant of concern at OU 4 NTC Orlando was PCE and its degradation
products, which have been detected at concentrations exceeding the surface water cleanup
target level along the shoreline of Druid Lake. An extraction and treatment system had been
installed; however, it was unclear whether VOCs were continuing to enter the lake and at
what rate.

The Trident probe was used successfully to identify areas of groundwater discharge from
the site to the surface waters of Lake Druid. Thirty-one offshore stations were sampled with
the probe sensors and water sampler. Two zones of potential groundwater discharge were
successfully identified. One near-shore band appeared to be extending parallel to the shore-
line about 50 to 100 ft offshore. Another zone that was previously unknown extends 200 to
300 ft offshore. Detectable levels of PCE, TCE, DCE, vinyl chloride (VC), and/or other
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VOCs were measured in either the sub-surface or surface water in the areas of groundwater
discharge identified with the Trident probe sensors. The results from shallow (2 ft) piezo-
meters validated the Trident probe results.

The UltraSeep successfully quantified groundwater discharge rates and VOC discharge
concentrations in two discharge zones identified with the Trident probe screening. The
strongest discharge was in the near-shore discharge zone at station T3-7. The groundwater
discharge was always positive, with rates ranging from about 12 to 16 cm/day, and a 24-hour
mean discharge rate of 12.7 cm/day. At station T2-5, groundwater discharge was always
positive, with rates ranging from about 2 to 4 cm/day and a 24-hour mean discharge rate
of 2.4 cm/day. The weakest discharge was measured offshore at station T2-3. The ground-
water discharge at this site was always positive, with rates ranging from about 0 to 3 cm/day
and a 24-hour mean discharge of 1.1 cm/day. The positive discharge at these locations was
consistent with the results from the Trident survey.

Discharge concentrations were calculated for the primary VOCs of interest, including PCE,
TCE, cis-DCE, and VC, subject to detection. PCE was not detected in the discharge water
at any of the three target UltraSeep stations. Station T3-7 had the highest discharge concen-
trations for TCE, cis-DCE, and VC. TCE was not detected in the discharge waters at stations
T2-5 and T2-3, while these stations had comparable discharge concentrations for cis-DCE,
and station T2-3 had a slightly higher \VC concentration. Variability among replicate
calculated discharge concentrations from the last three UltraSeep samples at each site
was relatively low, with RSDs ranging from <1% to about 25%.

UltraSeep discharge concentrations were used in conjunction with UltraSeep measured
discharge rates to quantify the mass flux of VOCs from groundwater to surface water at the
three target stations. The combination of strong discharge rate and high discharge concen-
trations at station T3-7 lead to a dominant mass flux for VOCs at that station. VOC mass flux
at stations T2-5 and T2-3 were comparable for cis-DCE and VC, and non-detect (ND) for
TCE.

The UltraSeep sampling validation was based on piezometers installed to a depth of 1 ft
at three replicate locations in a triangular pattern around each UltraSeep station. The results
indicate general agreement between these shallow piezometer samples and the discharge
concentrations determined with the UltraSeep.

At station T2-3, PCE and TCE were both ND, while the mean cis-DCE and VC concentra-
tions were somewhat lower in the UltraSeep discharge, but fell within the range of variability
of the triplicate piezometers. PCE and TCE were ND in the UltraSeep discharge, with an
estimated upper bound of <1.6 ug/L. This upper bound is consistent with the 0.7 ug/L
concentration of PCE detected in the shallow piezometers, but is lower than the TCE concen-
tration detected in the piezometers. Concentrations of cis-DCE and VC were comparable
at this station.

At station T3-7, PCE was ND in the UltraSeep discharge and the piezometers. TCE
and cis-DCE had comparable concentrations (within the range of variability). For VC, the
discharge concentration was higher than for the piezometer, which was ND, with an upper
bound of <10 ug/L. Given that this bias was not observed at other stations, this finding
suggests that VC may be forming as a degradation product from DCE very near the interface
or even in the surface water at this station.

Overall results for the demonstration show how discharge of VOCs to the lake are regulat-
ed by the physical pathway and the chemical attenuation that occurs along these pathways,
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along with the effects of localized mixing in the lake itself. From the demonstration, it is
clear that areas close to shore have the strongest discharge, and the least attenuation of
VOCs, whereas the areas further from shore tend to have lower discharge rates and higher
attenuation. Near the shore, the shallow water and low mixing, coupled with the higher
discharge rates, leads to higher concentrations in the surface water of the lake, whereas
further offshore the lower discharge and better mixing generally lead to undetectable VOC
concentrations in the surface water. Overall, the project successfully demonstrated the utility
of the Trident probe and UltraSeep in assessing coastal contaminant migration.

A cost analysis for the Trident probe and UltraSeep technologies relative to the baseline
technologies was developed on the basis of the demonstration, input from the commercial
partners and typical site parameters. The cost analysis assumed a coastal area of interrogation
measuring 200 ft by 500 ft with 60 Trident probe sensors, 15 Trident porewater, and
5 UltraSeep sampling points. The cost analysis indicated that the cost of an integrated Trident
probe/UltraSeep survey is expected to be on the order of $120K, which represents a cost
savings of about 42% relative to the estimated cost for the baseline technology of about
$210K.

Much of the cost difference stems from the higher labor load associated with installing
enough micro-wells to provide comparable spatial resolution to the Trident probe system.
Additional labor load is also associated with the labor-intensive nature of the Lee meters
when trying to provide time-resolved seepage measurements and discharge samples, which
are critical in tidally influenced coastal environments. In addition, the demonstration at the
NSA Panama City site documented an additional cost avoidance of about $1.25M based on
support for selection of Monitored Natural Attenuation as the corrective action at the site.
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1. INTRODUCTION

1.1 BACKGROUND

Increasingly, groundwater is being recognized as a potentially significant, although poorly
quantified, source of nutrients and contaminant materials to coastal ecosystems. Groundwater
discharge (seepage) into coastal and surface water environments has been studied previously
using a variety of methods (Lee, 1977; Bokuniewicz, 1992; Taniguchi and Fukuo, 1993;
Cable, Burnett, Chanton, and Weatherly, 1996; Moore, 1999; Li, Bary, Stagnitti, and J-Y
Parlange, 1999; Chadwick et al., 1999; Paulsen, Smith, O’Rourke, and Wong, 2001). The
primary driver for seepage in near-shore environments is generally the discharge from land
to surface water induced by the hydraulic gradient in the terrestrial aquifer.

However, significant contribution to seepage may also derive from groundwater circulation
and oscillating flow induced by tidal stage (Simmons, 1992; Li et al., 1999). In coastal areas
with strong tides, tidal mixing zones may form from the movement of seawater into the
aquifer (Figure 1-1). This tidally mixed zone can be important in controlling the exchange
of groundwater due to a process referred to as tidal pumping (Moore, 1996). Tidal pumping
occurs when seawater mixes with groundwater at high tide, and then as the tide recedes, the
mixture of seawater and groundwater is drawn out into the coastal waters. Because this
process repeats every tidal cycle, appreciable volumes of groundwater can be extracted over
time (Moore, 1996; Valiela and D’Elia, 1990). Tidal pumping can also lead to significant
attenuation of contaminant concentrations prior to discharge.

Interest in quantifying the exchange between seepage and overlying surface water has
increased due to potential impacts resulting from anthropogenic land uses. Groundwater
discharge originates inland and carries with it contaminants or nutrients, dissolved or
colloidal, that can impact the chemical budget of surface water ecosystems. For example,
previous investigators concluded that groundwater discharge into Flanders Bay on Long
Island, New York, accounts for up to 37% of the copper distribution in the bay (Montlucon
and Sanudo-Wilhelmy, 2000), and Moore (1996) estimated that seepage accounts for
approximately 40% of the total river inputs in a study area in the South Atlantic Bight.

These studies clearly show that groundwater discharge into surface water environments
can significantly contribute to the water budget. This impact, both chemical and physical,
may be heightened in smaller bodies of water such as embayments or lagoons, due to their
limited volume and restricted fluid exchange with the open ocean.

The Department of Defense (DoD) and other government and private entities are in the
process of identifying, assessing, and remediating a large number of terrestrial hazardous
waste sites. Many of these sites are located adjacent to harbors, bays, estuaries, wetlands,
and other coastal environments. It is estimated that approximately one-third of all Navy
landfills have groundwater infiltrating the waste (Chadwick, Kito, Carlson, and Harre,
2003a). There is a general requirement to determine if contaminants from these sites are
migrating into marine and surface water systems at levels that could pose a threat to the
environment.

Currently, these problems are evaluated by the use of hydraulic head measurement in
shore-side wells and/or numerical models that provide theoretical predictions of flow and
contaminant migration. However, these measurements and models are of limited utility
in areas adjacent to marine systems where tides, waves, and strong density gradients make



it difficult to establish boundary conditions. In addition, current techniques for verifying the
model predictions are inadequate.

Historically, two major obstacles in studying groundwater exchange have been (1) identi-
fying the spatial location where exchange is likely to take place, and (2) accurately measuring
the groundwater seepage across the sediment-water interface. Early progress in the develop-
ment of technology for quantifying seepage into surface waters was made by Lee (1977).

This technology involves a device consisting of a cut-off section of a 55-gallon drum (area
0.255 m?) in which the open end is inserted into the sediment. Attached to the drum via an
outflow port is a 4-L plastic bag that collects the seepage. The volume of the bag and samp-
ling interval are recorded and the specific discharge is obtained by dividing the volume of
collected seepage by the area of the drum.

Although generally quite effective, various errors have been associated with the device that
must be corrected for prior to sampling (Shaw and Prepas, 1989; Belanger and Montgomery,
1992). Another disadvantage to this method is that it is quite labor intensive since the plastic
bags need to be monitored and replaced continuously.

Cherkauer and McBride (1988) overcame some of these shortcomings by designing
a remotely operated seepage meter. Plastic collection bags were used, but separate chambers
were installed so that samples could be collected remotely. In addition, this meter did not
require manual installation, but rather it was heavy enough so that it sank into the bottom
sediment as it was lowered. The major drawback to this seepage meter was that with a weight
of >150 pounds, it was not very portable, could only be used in large water bodies, and might
distort flow paths slightly as it was sealed into the bottom.

Further advancement of the Lee (1977) technique came from Chadwick et al (1999). Their
meter consists of a Lee-type meter with a six-position selector valve that allowed program-
mable, automated measurements of up to six seepage samples over a single deployment
period (Figure 1-2). Attached to each outlet of the selector valve was a plastic collection bag
that collects seepage over a specified time interval. This system provided some of the first
automated quantification of seepage related to tidal forcing.

A major advance in quantifying transient seepage came from Taniguchi and Fukuo (1993).
The flow measurement in this seepage meter was based on a thermal perturbation technique
and has the capability to continuously record specific discharge. Although divers are still
needed, the deployment and measurement of seepage is much less labor intensive than
previous methods. This represented the first meter that did not depend on bags to quantify
seepage, and provided a capability for continuous measurement rather than the discrete
quantification provided by the Lee-type meter and its variations.

More recently, Paulsen et al. (2001) developed an improved continuous-measuring seepage
meter using a time-transient ultrasonic flow-sensing technique. The seepage meter uses two
piezoelectric transducers to continuously measure the travel times of ultrasonic waves. As
water enters the flow tube, it passes through the ultrasonic beam path. The ultrasonic signal
that travels with the flow will have a shorter travel time than the signal traveling against flow.

The perturbation of travel time is directly proportional to the velocity of flow in the tube.
The flow tube is connected to a data logger that records both incremental and cumulative
discharge simultaneously (Figure 1-3). The ultrasonic flow meter can detect reversals of flow
such as a negative groundwater flux in which the overlying surface water is recharging the
seepage zone. An example data set of specific discharge into West Neck Bay, Shelter Island,
New York, using the ultrasonic seepage meter is shown in Figure 1-4.



Following a review of existing technologies (Chadwick et al., 2003a), the Navy’s Pollution
Abatement Ashore (0817) program (Naval Facilities Engineering Command [NFESC])
sponsored the development of new monitoring methodologies to augment and validate
models for groundwater fate and transport at these sites, and to determine the extent of the
waste site’s contribution to a particular waterway, bay, or estuary. A series of technologies
were investigated for their applicability toward direct quantification of coastal contaminant
migration via groundwater, and two prototypes were developed (Chadwick et al., 2003b).

The technologies include a screening probe for determining where groundwater may
be discharging (the Trident probe, Figure 1-5), and an integrated seepage meter and water
sampling system (the UltraSeep, Figure 1-6) for quantifying discharge rates and chemical
loading. The Trident probe is a combined conductivity sensor, porewater sampler, and
temperature sensor probe that utilizes salinity, temperature, and chemical contrasts between
groundwater and surface water to map areas of potential groundwater discharge. The
UltraSeep system is an integrated ultrasonic seepage meter and water sampling system for
quantifying discharge rates and chemical loading from groundwater flow to coastal waters.

The prototype models of the Trident probe and UltraSeep have been successfully field
tested at the Anacostia River (District of Columbia), Eagle Harbor (Washington), North
Island Air Station (California), and Pearl Harbor (Hawaii). Based on the extensive data
gathered in those prototype demonstrations, the technology has been further developed
in a form that can be made commercially available. This project will provide the first
opportunity to field test the newly commercialized instruments.

Waste Site

High Tide

Sea Level

Figure 1-1. Conceptual representation of the coastal contaminant migration process and
associated groundwater-surface water interaction.



Figure 1-2. Seepage meter utilizing automated collection bag measurements
(Chadwick et al., 1999).
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Figure 1-3. Field deployment of ultrasonic seepage meter (not to scale).
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Figure 1-4. Example data set of specific discharge recorded using the ultrasonic seepage
meter collected from West Neck Bay, Shelter Island, NY; sampling interval = 15 minutes.
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Figure 1-6. Photograph and schematic of UltraSeep meter.



1.2 OBJECTIVES OF THE DEMONSTRATION

The overall objective of this project is to field demonstrate and evaluate the effectiveness
of two technologies for characterizing coastal contaminate migration. The technologies
include recently commercialized versions of a screening probe for determining where
groundwater may be discharging, and an integrated seepage meter and water sampling
system for quantifying discharge rates and chemical loading:

o Trident Probe—A combined conductivity sensor, porewater sampler, and temperature
sensor system that utilizes salinity, temperature, and chemical contrasts between
groundwater and surface water to map areas of potential groundwater discharge.

o UltraSeep—An integrated ultrasonic seepage meter and water sampling system for
quantifying discharge rates and chemical loading from groundwater flow to coastal
waters.

The purpose of this demonstration is to perform a full-scale technology evaluation in the
field using the Trident probe and the UltraSeep. The technologies will be demonstrated in
offshore areas adjacent to known historical landfills or hazardous waste sites where there
is documented evidence of potential contaminant migration to the surface water. The demon-
stration will be performed at two locations: Naval Support Activity (NSA) Panama City,
Panama City, Florida, and a second site to be determined. The primary contaminant of
concern at Area of Concern 1 (AOC 1) NSA Panama City is 1,1-DCE, which has been
detected at concentrations exceeding the surface water cleanup target level along the shore-
line of St Andrews Bay at 10 to 30 ft below ground surface (Jordon, 1987; Southern Division
Naval Facilities Engineering Command, 2002; Southern Division Naval Facilities Engineer-
ing Command, 2004). Based on site conditions, it is uncertain whether the 1,1-DCE is
entering the bay. The specific objectives of this field effort are to perform the following:

o Demonstrate that the Trident probe can be used to help delineate areas where ground-
water seepage is occurring and CoC concentrations in those areas

o Demonstrate that the UltraSeep system can be used to quantify the flow of ground-
water and concentration of contaminants that may be impinging on the surface water
system

¢ Demonstrate the technology to end-users to determine the utility of these tools for
making decisions at DoD coastal landfills and hazardous waste sites

¢ Quantify costs associated with the operation of each of the technologies

In order to demonstrate the Trident probe in the field (Objective 1), a grid of stations is
established in the area offshore from the suspected groundwater plume. Because the Trident
probe relies on contrast in temperature and/or salinity to identify groundwater discharge, it
is important to apply the technology in areas where this contrast is present. The Trident probe
is then deployed over the sampling grid, and the temperature and conductivity characteristics
of the study area are mapped. At the same time, the water sampler on the Trident probe is
used to collect water samples for analysis of contaminants. Contaminant analysis may be
carried out on-site, or at a traditional laboratory.

Avreas of groundwater discharge are generally characterized by stronger thermal and/or
saline contrast. These are also the areas where groundwater-borne contaminants are most
likely to be encountered. Thus, demonstration of the Trident probe would be considered
successful if on the one hand, a strong discharge area was isolated, and the contaminant
plume was found in the same region. Alternatively, the groundwater discharge may be highly



dispersed before reaching the surface water. In this case, the Trident probe should indicate
very weak or no contrast, and the contaminant levels should be significantly attenuated
relative to the onshore levels. Detailed criteria for demonstration of the Trident probe are
described in Section 4.

For the UltraSeep demonstration (Objective 2), a minimum of three stations will be identi-
fied for evaluation based on the Trident probe survey. The stations will represent a gradation
in the expected level of groundwater discharge at the site. The UltraSeep will be deployed at
these stations over a complete tidal cycle during which groundwater discharge/recharge rates
will be measured, and discharge samples will be collected. Samples will be characterized for
groundwater-borne contaminants to determine if the contaminants are discharging into the
surface water. If successful, the UltraSeep should provide a quantitative assessment of the
rate of groundwater discharge to the surface water, and if present, the associated contaminant
loading. The system should also be capable of distinguishing between areas of low and high
discharge, and areas where contaminants are present or not present. Detailed criteria for
demonstration of the UltraSeep are described in Section 4.

Another important aspect of the field demonstrations is to provide an opportunity for
end-users to become familiar with the technology so that it can be used with confidence
in regulatory projects (Objective 3). For this reason, the demonstration has been integrated
directly into the Corrective Measures Study for NSA Panama City. The Trident probe and
UltraSeep technologies will be used to assess the viability of Monitored Natural Attenuation
(MNA) as a corrective measure at the site. Thus, the work performed under the demonstra-
tion will be an integral part of the regulatory program and will receive full review and
evaluation for the practical application of the technologies to the site.

By demonstrating the Trident probe and UltraSeep at a site where the results will be
applied to site decisions, the technology will be transferred to this end-user in a way that
is practical. The site results and reports will also help transfer this technology to other end-
users as it will clearly demonstrate the potential value for decision making at many coastal
sites. Regulatory partnering will include site regulators, the California Environmental
Protection Agency (Cal/EPA) Department of Toxic Substances Control, and the Interstate
Technology Regulatory Cooperation (ITRC). Cal/EPA will formally review and comment
on the proposed technical approach, observe field operations, and review the data collected
for the Trident probe and UltraSeep demonstrations through the Cal/EPA Hazardous Waste
Technology Demonstration Program.

Finally, the field demonstrations will provide an opportunity to rigorously document the
costs associated with application of the technology (Objective 4). This aspect of the demon-
stration is important from the standpoint that use of the technology at a given site must be
weighed against other options to determine its cost-effectiveness. A detailed analysis of costs
will provide the site manager with the required data to make informed decisions about assess-
ment and restoration options.

1.3 REGULATORY DRIVERS

Concerns over contaminants moving from groundwater to surface water are found at sites
being regulated under both the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) and the Resource Conservation and Recovery Act (RCRA). State
and federally regulated sites often have to meet levels such as a Maximum Contaminant
Level (MCL) at a point of compliance in order to conservatively protect surface water.



In many cases, groundwater in shoreline wells must meet surface water Applicable or
Relevant and Appropriate Requirements (ARARS) due to a lack of information or uncertainty
regarding modeled dilution and attenuation factors. By making direct measurements at the
point where groundwater enters surface water, decisions can be made based on specific data
rather than on uncertain models or a measurement at a conservative point of compliance.

The first demonstration site at NSA Panama City AOC 1 is an example of this type
of regulatory driver. There is an exceedance of the Surface Water Cleanup Target Level
(SWCTL) at which this RCRA site is regulated for 1,1-DCE. The samples used for this
determination were taken at shoreline wells located between about 30 to 300 ft inland, where
groundwater is 10 to 30 ft below ground surface. Based on the level of contamination and the
hydrogeology of the site, it is possible that with direct measurements in the sediments the
SWCTL for 1,1-DCE may not be exceeded at the groundwater—surface water interface. This
would allow consideration of MNA as a corrective action, which could result in significant
cost savings for the site.

The second demonstration site at NTC Orlando also fell under this type of regulatory
driver. The remedial investigation (RI) and baseline risk assessment for OU 4 identified
no unacceptable human health risks for soil, surface water, or sediment, and no ecological
risks for any media. However, elevated levels of PCE and its degradation products were
found in ground and surface waters. The baseline risk assessment identified an unacceptable
human health risk based on the assumption that a potable water supply would be developed
in the contaminated portion of the surficial aquifer.

Therefore, risk-based remedial action objectives (RAQOs) were developed to protect
humans from possible future risks resulting from potable water exposure to contaminants
currently present in the surficial aquifer groundwater. According to the Draft Record of
Decision (ROD) (Tetra Tech NU.S. [TtNU.S.], 2001), the RAOs for a non-residential future
use of the site are as follows:

¢ RAO 1: Reduce the potential for human ingestion of groundwater containing contami-
nants of concern (CoCs) that exceed drinking water-based regulatory requirements
or risk-based acceptable exposure levels.

¢ RAO 2: Gain control over groundwater migration of volatile organic compounds
(VOCs) concentrations that contribute to exceedances of Florida Department of
Environmental Protection (FDEP) surface water standards to Druid Lake.

1.4 STAKEHOLDERS/END-USER ISSUES

DoD Remedial Project Managers (RPMs) require improved monitoring methodologies
to augment and validate models for groundwater fate and transport at these sites, and
determine the extent of the waste site’s contribution to a particular waterway, bay, river
or estuary. The Trident probe, which carries conductivity and temperature sensors and
a porewater sampler, was developed to screen sites for areas where groundwater discharges
to a bay, river, or estuary. The resulting survey data are used to determine deployment
locations where the UltraSeep meter can be utilized for long-term measuring and sampling.
Using this information, the maximum extent of groundwater contaminant flux into a bay
or estuary can be accurately determined.

In 2003, Naval Facilities Engineering Command (NAVFAC) provided a hypothetical
scenario where this technology could result in significant cost savings: A chlorinated
groundwater plume is migrating towards a surface water body. The site has been
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conservatively modeled and the concentrations exceed the MCL at the point of compliance.
The modelers are not allowed to account for any natural attenuation that may be occurring at
the site. An innovative remedy is selected to remediate the site such as in situ anaerobic
bioremediation.

The approximate average cost per site for the application of this technology is $500K. The
groundwater at this site is entering the surface water body through a humic layer composed
of detritus. Sampling revealed that the concentration entering the surface water body is below
the MCL due to reduction occurring in the humic layer. The total cost of sampling is
$100K,which would save approximately $400K.

The primary stakeholder/end-user for the NTC Orlando demonstration was the Base
Realignment and Closure (BRAC) cleanup team called the Orlando Partnering Team (OPT),
including Southern Division Naval Facilities Engineering Command, the U.S. Environmental
Protection Agency (U.S. EPA), and the FDEP.

Prior to commencement of the demonstration, members of the OPT reviewed the demon-
stration plan, and the PI briefed the OPT on the elements of the plan. OPT concerns were
focused on whether the site could be transitioned from an active pump and treat system,
to monitored natural recovery, depending on risk levels associated with exposure in the
surface waters of Lake Druid.

OPT identified the primary technical design issue, which was a concern to extend the
sampling closer to shore within a shallow vegetated zone, where historical sampling
suggested potential release to surface water and exposure risk to waders might be most likely.
The sampling design was adjusted to accommodate this concern by including an eight
additional Trident probe stations within this zone, along with the original 24 stations,
resulting in a total of 32 stations for the demonstration.
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2. TECHNOLOGY DESCRIPTION

2.1 TECHNOLOGY DEVELOPMENT AND APPLICATION

The technologies to be demonstrated include recently commercialized versions of a screen-
ing probe for determining where groundwater may be discharging (the Trident probe, Figure
2-1), and an integrated seepage meter and water sampling system for quantifying discharge
rates and chemical loading (the UltraSeep). The commercial versions of the technologies
were produced by the Oceanscience Group of Carlsbad, California, in cooperation with
Zebra-Tech Ltd., Nelson, New Zealand. Detailed operational manuals for the commercial
systems are included in Appendix A.

2.1.1 Trident Probe

The Trident probe is a direct-push, integrated temperature sensor, conductivity sensor, and
porewater sampler developed to screen sites for areas where groundwater may be discharging
to a surface water body (Chadwick et al., 2003b). Differences in observed conductivity and
temperature indicate areas where groundwater discharge is occurring. The integral porewater
sampler can be used to rapidly confirm the presence of freshwater or other chemical constitu-
ents.

The temperature sensor consists of a ruggedized digital oceanographic thermometer
embedded near the tip of a 90-cm long stainless steel probe (Figures 2-2 and 2-3). The
sensor has a measurement range of -5 to +45 °C at an accuracy of <0.1 °C, and a resolution
of 0.001 °C. The sensor response time is about 60 s.

The conductivity probe utilizes a small-diameter, stainless steel, alternating current (AC)-
excitation 3-electrode sensor installed at the tip of the same 90-cm probe that houses the
temperature sensor. The conductivity sensor has a range of 0 to 80 mS/cm, an accuracy of
<2% of the calibrated range, and a resolution of 0.01 mS/cm. The conductivity signal varies
primarily as a function of changes in salinity, and secondarily as a function of clay content
and porosity (Figure 2-4).

A reference conductivity and temperature sensor is mounted on the instrument frame to
provide a direct comparison of the overlying surface water conditions with the interstitial
water conditions (contrast). For the temperature sensor, areas of groundwater seepage may
appear either as warm or cold in contrast to the surface water, depending on the seasonal and
site characteristics. For the conductivity sensor, areas of likely groundwater seepage are
generally associated with low conductivity, as a result of low salinity, low clay content (high
permeability), or both.

Both sensors are coupled through an underwater connecter and cable to a deck unit that
integrates the probe and reference temperature and conductivity signals with the signal from
a Global Positioning System (GPS) sensor mounted on the top of the push-pole (Figures 2-1
and 2-4). The GPS is a Garmin® Model 17 with a stated accuracy of <15 m in standard mode,
and <3 m in Wide-Area Augmentation System (WAAS) mode. The integrated data stream
from the deck unit is sent to a laptop via RS-232. The laptop is used to apply calibration and
temperature corrections to the signals, and record and display the results (Figure 2-5).

The water sampling probe allows interstitial waters to be extracted from the sediment at
selected depths up to about 90 cm below the sediment water interface. Porewater is collected
by syringe or vacuum pump extraction through a small-diameter, Teflon®-coated, stainless
steel probe (Figures 2-2 and 2-3). The probes consist of a length of 95-mm-diameter stainless

13



steel tubing fitted with a solid removable point. On the side of the tube near the tip, there is a
sample port consisting of a hole covered by a small mesh size (250 wm) stainless steel screen.
The screen section is easily removable for cleaning or replacement, if required (Figure 2-3).

The two probes are collocated with a spacing of about 20 cm on an aluminum mounting-
base (Figure 2-2). Coupled to the mounting base is a submersible air hammer (not shown)
that can be used to assist in driving the probe into the sediment. On the top of the air hammer
is a coupling for a 2-m aluminum push rod that can be sequentially lengthened in 2-m incre-
ments to a about 10 m. A bundled cable including the temperature and conductivity signals,
Teflon® sampling tube, and pneumatic air-hammer hose runs from the probe to the surface.

A Trident probe survey is conducted by inserting the probe into the seabed (seabed is used
here to mean the bottom of the ocean, estuary, or bay) from a small boat. The Trident probe
has an integral hydraulic hammer to assist in penetrating harder beds. The resulting survey
data are used to develop spatial maps indicating areas where groundwater may be discharg-
ing, and to determine locations for deployment of the UltraSeep meter for longer term
measuring and water sampling.

In operation, the Trident probe can be deployed in several ways, depending primarily on
the depth of the site (Figure 2-6). In very shallow water (0 to 1 m), the operator simply walks
or wades to a sampling station, and manually pushes the probe to the desired depth. This is
the expected method for the NSA Panama City demonstration. Experience has shown that the
probe pushes easily by hand to a depth of about 30 cm. The air hammer, or a slide hammer,
can then be used to complete the push, if necessary. In water of moderate depths (1 to 10 m),
the probe is easily deployed from a small boat using the push rod in combination with the air
hammer (Figure 2-7). It is important that the boat be well anchored to minimize lateral load-
ing on the probe during the insertion. In deeper water (>10 m), the probe can be deployed
by diver (Figure 2-8) or be attached to a landing frame.

Once on station with the probe inserted, data are collected from the conductivity and
temperature sensors using the TridentTalk software (Figure 2-9, Appendix A). The software
displays the probe and reference temperature and conductivity signals, along with the GPS
position. The software also automatically calculates and displays the probe vs. reference
temperature and conductivity contrast. Once the sensor readings have stabilized, the data
are recorded by activating the “Log current data” button on the TridentTalk display. The
data can then be reviewed in numeric format, or displayed spatially using the Advanced
Ground Information Systems (AGIS) graphical information system software (Appendix A).
The spatial AGIS display provides a capability for rapidly evaluating the most likely areas
of groundwater discharge based on temperature and conductivity contrast.

2.1.2 UltraSeep

The UltraSeep system is an integrated seepage meter and water sampling system for
quantifying discharge rates and chemical loading from groundwater flow to coastal waters.
Traditional seepage technology was modified and improved to include automated multiple
sample collection and continuous flow detection with ultrasonic flow meters. The resultant
instrument, the UltraSeep, makes direct measurements of advective flux and contaminant
concentration at a particular location (Chadwick et al., 2003b). The data produced are time
series, over tidal cycles, of groundwater flow, contaminant concentration, and associated
sensor data, which allow an accurate determination of the presence or absence of ground-
water flow and associated contaminant flux from a terrestrial site into a bay or estuary.
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The commercial version of the UltraSeep meter combines the continuous direct measure-
ment of groundwater seepage rates using the time-transient ultrasonic technique described
by Paulsen et al. (2002), with a multi-sample water sampling system (Figure 2-10) The meter
relies on a Teflon®-coated, stainless steel, open-bottomed chamber measuring 50 cm
in diameter to funnel the seepage water to the flow sensor. The flow sensor is connected
to the funnel via 12-mm Teflon® tubing, allowing free flow of water between the funnel
and the outside environment.

Data from the flow meter and a temperature/conductivity sensor housed within the funnel
are monitored by an integrated data logger/controller unit (DLC). Based on the measured
flow conditions, the controller activates a water sampling system that can pump water to up
to 10 sequential sampling bags mounted around the meter’s perimeter. All of these compo-
nents, along with a 12-V submersible battery housing, are mounted within a 72-cm-diameter
by 58-cm high cylindrical stainless steel frame (Figure 2-11).

The ultrasonic flow sensor (Figure 2-12) uses two piezoelectric transducers to continuously
measure the travel times of ultrasonic waves along the flow path of the seepage water
through the flow tube (Figure 1-6). As water enters the flow tube, it passes through the ultra-
sonic beam path. The ultrasonic signal that travels with the flow has a shorter travel time than
the signal traveling against flow. The perturbation of travel time is directly proportional
to the velocity of flow in the tube. The flow sensor sensitivity is about 1.5 cm*/min, which
given the amplification from the funnel, translates to a seepage rate of less than 1 cm/d. This
sensitivity can be further improved by signal averaging.

The DLC (Figure 2-12) provides the primary data logging and control functions for the
UltraSeep meter. The DLC allows programmable logging and control via analog, digital,
and RS-232 signals. For the UltraSeep system, the flow sensor data are recorded as an RS-
232 signal. Typically, the control program evaluates this signal for a 5-minute averaging
time, and based on the laboratory flow calibration, determines the current seepage rate. If
the seepage rate is positive, the DLC activates the water sampler pump, and sets the pumping
rate at the current seepage rate (Figure 2-14).

After a 5-minute sampling period, the flow signal is again evaluated, and the process
is repeated. If necessary, a brief recovery time can also be included in the sequence to allow
the flow to re-establish after pumping. At a user-selected time interval, the DLC activates
the sampling valve and switches to a new sampling bag. The switching can also be activated
based on volume pumped to avoid overfilling the sample bag.

The water sampler consists of a high-accuracy, low-flow rate, peristaltic pump connected
in line with a 10-position selector valve (Figure 2-12). Both units are housed within the same
submersible pressure case as the DLC, although they are separated from the electronics
by a watertight bulkhead. The pump allows sampling at user-specified flow rates ranging
from about 0 to 13 cm*/min at steps of 1 cm*/min. The selector valve has 10 outlet ports and
one inlet port. All water contact parts in the sampling system are constructed from Teflon®,
with the exception of the PharMed® pump tubing.

In operation, the UltraSeep meter is lowered to the bottom directly from a boat or by divers
using a lift-bag. Once the unit is settled on the bottom, the seal is checked by divers. A period
of 2 to 3 hours is generally allowed to ensure that any transient seepage response associated
with the deployment activities has dissipated. The unit is then programmed through the
SeepTalk interface (Figure 2-13), and the DLC unit then initiates logging and control func-
tions.
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At coastal sites, a typical deployment runs over a 12- to 24-hour period to capture an entire
semidiurnal or diurnal tidal cycle, although the system can be run continuously for a period
of up to about 4 days. During this period, the seepage rate is continuously monitored, and up
to 10 water samples are collected for chemical analysis. At the end of the deployment, the
meter is recovered using either a lift line to the recovery boat, or by diver assistance.

2.1.3 Technology Development Chronology

Development of the Trident probe and UltraSeep has been ongoing since 2000. The
following is a brief overview by year of the technology development.

FY 2000

o Evaluated user needs by defining the number and types of sites, and using a broad
team to review available technologies and identify technology gaps

e Published Technology Survey Report
FY 2001

e The technology selection process began by reviewing the technical performance,
development status, reliability, and cost of available technologies

e Published Technology Selection Report

o Started technology development and testing of a direct-push screening probe
to identify areas where groundwater is released and a seepage meter for groundwater
flow and concentration at point of exposure

FY 2002

e Technology development and testing of the Trident probe and UltraSeep continued
¢ Field demonstrations were conducted at the following sites:

0 Anacostia River: Suspected groundwater migration (with EPA)

o Eagle Harbor: Cap integrity (with EPA)

o North Island Naval Air Station: VOC groundwater plume (with Southwest
Division [SWDIV])

0 Published Technology Hardware and Protocols Report
FY 2003

¢ Conducted Pearl Harbor field demonstration in conjunction with a Strategic
Environmental Research and Development Program (SERDP)-funded chemical
mobility assessment

e Completed Technology Demonstration Report along with numerous presentations and
publications as part of technology transfer efforts

o Started commercialization efforts, including hardware development
FY 2004
o Completed initial testing of commercialized technology

¢ Initiated technology demonstrations under Environmental Security Technology
Certification Program (ESTCP)

e Completed initial technology demonstration at NSA Panama City.
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2.1.4 Technology Applications

There are three primary application areas for the Trident probe and UltraSeep technologies.
These areas include (1) assessment of contaminant discharge to surface water associated with
groundwater plumes from terrestrial hazardous waste sites, (2) assessment of contaminant
discharge to surface water associated with groundwater leachate from coastal landfills, and
(3) assessment of remedy effectiveness for treatment of contaminated groundwater at coastal
sites. Other potential applications of the technology include assessment of pore fluid dynam-
ics for contaminated sediments, and evaluation of water budgets for water management appli-
cations.

GPS Unit/

Push POIG\‘ Cables &
Sampling

Line to
Deck Unit

Probes

Figure 2-1. Complete Trident probe showing sensor and water sampling probes, push-pole,
and GPS unit.
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Figure 2-2. Detailed view of Trident probe unit showing mounting of temperature/conductivity
probe, water sampling probe, adjustable stop plate, and reference sensor.
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Figure 2-3. Detailed view of Trident probe tips showing embedded temperature sensor
button, Wenner-type conductivity probe rings, and screened section of the water sampling
probe (above). Bottom image shows disassembled water sampling probe with replaceable
filter screen and removable tip.
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Figure 2-4. Response of Trident probe conductivity probe to changes in salinity
and sediment type.

Figure 2-5. Trident probe deck unit interfaced to a laptop. Small gel-cell battery powers
Trident probe sensors.
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!

Figure 2-6. (Left to right) shallow-water (O to 3 ft) push-pole, mid-range (3 to 30 ft) push-pole,
and deep-water (>30 ft) deployment methods for Trident probe. Diver method not shown.

Figure 2-7. Deployment of Trident probe from small boat using push-pole and air hammer.
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Figure 2-8. Diver using air hammer to deploy Trident probe.

Trident Probe

Sensaor data

Difference betwaen probe
Frobe sensor Change Feference sensor Change and reference sensor
Temperature (Deg C) 18117 0.000 18.163 0.00 -0.05
Conductivity (mSfcm) 38.09 -0.08 3718 +0.010 +0.910
FC time:/dat
GPS position 173.31285E -41.25177 me/aae
Change site |D System tools Wiew datafile W
Site ID Test 16:03:2004
Datapoint nurmber 1
Change datafile Log current data Edit datafile Exit
Current datafile  CA\Prograrm Files\ Tridenttrident.dat

Figure 2-9. Main TridentTalk window.
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Figure 2-10. Oceanscience Group commercial UltraSeep system.
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Figure 2-11. Component view of commercial UltraSeep showing the water sampling and
control unit, battery housing, flow meter, gas trap, funnel, and sensors.
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Figure 2-12. Individual UltraSeep components, including battery (left; shown opened),
sampling system and control unit (upper right), and flow meter (lower left).

25



~ Seep Meter Setup - -Time/Date
Start time and date 85400 2854 Seep Meter Tme Date  10:41:35 2854
Set ime/date
Interval between samples [minutes) 4
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Flows measurement phase [minutes) 10 .
Offload L atafile:
Battery Volts 123
Pumping phase [minutes] 1
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Ehanim Setin Status Flow meter fault o

Figure 2-13. Main SeepTalk window.
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Figure 2-14. Water sampling schematic for UltraSeep system.
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2.2 PREVIOUS TESTING OF THE TECHNOLOGY

The Trident probe and UltraSeep have undergone extensive laboratory testing, and have
been tested at four field sites. The four field tests represent a range of potential conditions
and applications, including assessment of a terrestrial hazardous waste site, remedy
effectiveness for a capping system, and pore fluid dynamics for a contaminated sediment site.

2.2.1 Anacostia River

At the Anacostia River demonstration in 2002, contaminated groundwater exchange of
PAHs was suspected at several areas along the tidally influenced lower reach of the river.
This demonstration was the initial field-testing of the conductivity and porewater probes,
and integrated the side-by-side testing of the ultrasonic seepage meter with a traditional
seepage meter. Measurements of groundwater seepage and chemistry along the Anacostia
River shoreline were made to quantify specific discharge into Anacostia River at six pre-
determined stations using a combination of porewater sampling, multi-sample seepage
meters, and ultrasonic seepage meters.

Seepage rates were successfully quantified at all six sites (Figure 2-15), while porewater
chemistry was obtained at four of the six sites (U.S. EPA 16 Parent PAH Compounds; Figure
2-16). Error! Reference source not found.The sites were ranked based on the potential of
site groundwater to act as a source
or pathway of exposure for PAHSs in the river. Several factors were considered, including
seepage rates, porewater concentrations, and estimated maximum polynuclear aromatic
hydrocarbons (PAH) flux. This demonstration was done in partnership with the U.S. EPA
Region 10 and the Anacostia Watershed Toxics Alliance AWTA. See Chadwick et al.
(2001)".

2.2.2 Eagle Harbor

The Eagle Harbor demonstration in 2002 investigated the suspected leakage of a PAH
plume through the site capping system. The conductivity and porewater probes were again
deployed, and further side-by-side testing of the ultrasonic seepage meter with a traditional
seepage meter was done. The demonstration also integrated temperature and conductivity
sensors with the ultrasonic seepage meter. Results indicated weak tidal forcing through the
capping systemError! Reference source not found. (Figure 2-17), with discharging water
typically characterized by lower conductivity and temperature than the overlying surface
waterError! Reference source not found. (Figures 2-18 and 2-19). This project was
conducted in partnership with the U.S. Environmental Protection Office (U.S. EPA) Office of
Research and Development; Battelle, 2002).

2.2.3 North Island Naval Air Station

The final 2002 demonstration was at North Island Naval Air Station Installation Restora-
tion Site 9. At this site, a known VOC plume was impinging on surface water. The prototype
Trident probe and UltraSeep system were deployed there. Full-scale testing of the Trident
probe was executed in shallow water mode to evaluate mooring and push protocols. Conduc-
tivity and temperature were mapped at approximately a 2-ft depth across a 100-m x 200-m
area. Porewater samples were also collected at all stations for salinity and VOCs. This

* Chadwick, D. B., C. N. Katz, J. G. Groves, A. R. Carlson, C. F. Smith, R. J. Paulsen, D. O’Rourke, and
N. Gahr. 2001. “Anacostia River Seepage and Porewater Survey Report.” Report to the Anacostia Water-
shed Toxics Alliance. Contact the authors of this report for availability.
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mapping revealed areas of VOC seepage into the bay corresponding closely with areas of
higher temperature contrastError! Reference source not found.Error! Reference source
not found. (Figures 2-20 and 2-21).

The UltraSeep was subsequently deployed, allowing determination of the tidal relationship
to seepage, and the quantification of VOCs released during groundwater dischargeError!
Reference source not found. (Figure
2-22). This demonstration was done with the support of the NAVFAC 0817 program and
NAVFAC SWDIV. See Chadwick et al. (1999).

2.2.4 Pearl Harbor

In 2003, the Pearl Harbor field demonstration was conducted in conjunction with an
SERDP-funded chemical mobility assessment. The prototype Trident probe and UltraSeep
system were successfully deployed at this site to gather data on suspected porewater migra-
tion from contaminated sediment. The results were used to compare the rate of transport
by porewater advection with other contaminant transport and fate mechanisms, including
diffusion, particle transport, and biodegradation (Chadwick et al., 2002Db).

2.2.5 Naval Construction Battalion Center Davisville

In 2004, the Trident probe and UltraSeep were used to assess the nature and extent
of VOC discharges to surface water in the area offshore from Site 7, Calf Pasture Point,
Naval Construction Battalion Center (NCBC) Davisville. Based on the Coastal Contaminant
Migration Monitoring assessment, the following conclusions were reached:

1. Aregion of groundwater discharge in the Entrance Channel with significant VOC
concentrations exists along the southern shoreline of Calf Pasture Point in the area
previously identified by the shoreline piezometers (Figure 2-23).

2. A secondary region of potential groundwater discharge exists at the northwestern
extent of the Entrance Channel study area. However, no VOCs were detected in this
area.

3. A large region of groundwater discharge exists in the Inner Harbor to the west of Calf
Pasture Point. However, no significant concentrations of VOCs were detected in
association with this discharge area. The northern and western extents of this
discharge zone were not delineated.

The discharge zones identified are consistent with previous studies and the conceptual
model that suggested groundwater discharge toward the south and west from Calf Pasture
Point. Significant VOC discharge is currently limited to the near shore zone along the
Entrance Channel adjacent to the southern shoreline of Calf Pasture Point. The only action
level exceedances were for VC in porewater at two stations All other porewater samples and
all of the surface water samples were below the action levels.
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Figure 2-15. Results from the ultrasonic meter deployments at six stations along the
Anacostia River. Red dots indicate measured seepage, blue lines are model fit with mean
and tidal constituents, the black dashed line is the model fit mean only, and the green dotted
line is the tidal height (scale on right axis).
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Figure 2-16. Total, low molecular weight (LMW), and high molecular weight (HMW)
summations of PAH at four Anacostia River sites.
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Figure 2-20. Temperature contrast contour map.
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Figure 2-21. 1,1 DCE contour map from porewater samples collected with Trident probe.
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Figure 2-22. PW-02 UltraSeep TCE concentrations.
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2.3 FACTORS AFFECTING COST AND PERFORMANCE

The Trident probe and UltraSeep technologies represent an integrated system, and there are
a number of mechanical and environmental factors that may influence performance. Antici-
pated performance factors addressed during the demonstration include factors that could
affect the ability to perform the following tasks:

Mobilize, operate, and demobilize the equipment: Demonstration includes successful
testing and calibration of the commercial systems, and adequate access and support at
the demonstration site

Obtain field measurements within specified requirements of sensitivity: Demonstration
includes verification of accuracy and precision for Trident probe and UltraSeep
sensors, and documentation of method detection limits for Contaminant of Concern
(CoC)-specific analytical methods

Obtain field and equipment blanks that are free of contamination: Demonstration
includes requirements for equipment blanks, trip blanks, and field duplicates

Produce spatial maps of groundwater tracers at the sites of interest (Trident probe):
Demonstration includes requirements for adequate study design incorporating
sufficient spatial extent and station density to describe the area of interest

Identify areas of potential groundwater/surface water interaction (Trident probe):
Demonstration includes requirements for the presence of a detectable contrast between
groundwater and surface water for temperature and/or conductivity. Also requires that
CoCs are primarily related to groundwater rather than sediment or surface water
sources

Obtain continuous seepage flow records over required time periods (UltraSeep):
Demonstration includes requirements for site conditions within the operating range of
the system, including primarily water depth and discharge rate

Obtain water samples during periods of positive seepage (UltraSeep): Demonstration
includes requirements for proper mechanical function of the water sampling system
and proper selection of deployment location in areas of potential discharge based on
Trident probe data

Quantify rates of seepage and chemical release at the measurement sites (UltraSeep):
Demonstration includes requirements for proper mechanical function of the flow
meter and water sampling system

Cost analysis for the demonstration phase will be based on an assessment of the costs that
are documented during the demonstration, and estimates of expected costs for full-scale
assessment at future sites. The primary cost components include the following:

Equipment Costs, which include capital investment and maintenance and replacement
of equipment

Material Costs, which includes expendables such as cleaning solutions, sampling
containers, sample storage and handling equipment, logbooks, etc.

Mobilization Costs, which includes the costs associated with preparing and shipping
the equipment to the site

Site Operation Costs, which includes costs associated with the deployment, operation,
and retrieval of the site equipment
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o Demobilization Costs, which include costs associated with equipment breakdown and
return shipment to the point of origin.

e Travel Costs, which includes airfare, per diem, car/truck rental, lodging, etc.

o Sample Analysis Costs, which include the analytical laboratory charges for both the
Trident probe and UltraSeep samples for the target CoCs

o Data Analysis and Reporting Costs, which include the costs associated with analysis
of the Trident probe and UltraSeep data (including sensor and water sample data and
production of a study report)

2.4 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY
2.4.1 Advantages of the Technology

Initial results from the new Trident probe and UltraSeep meter show that groundwater
exchange at coastal sites can be an important process in the transport and fate of dissolved
contaminants that emanate from terrestrial waste sites (see Section 2.2). Advantages of the
Trident probe and UltraSeep technologies over traditional technologies include the ability to
perform the following tasks:

¢ Identify the most likely areas of groundwater discharge
e Map these areas rapidly over large spatial areas
o Determine CoC concentrations at the point of exposure

¢ Collect a continuous seepage records to document the dynamics of the groundwater
discharge process

o Collect water samples in proportion to the seepage rate, enabling the direct
quantification of the chemical loading associated with the groundwater discharge

2.4.2 Limitations of the Technology

The Trident probe has undergone a series of laboratory and initial field tests, providing
confidence that the system will perform well during the demonstration phase (Chadwick et
al., 2002a). The potential limitations that we anticipate for the Trident probe based on
experience from the initial testing phase are as follows:

o Potential inability to collect water in fine-grained sediments

o Potential absence of a temperature or conductivity contrast in the impinging
groundwater

o Potential breakage of the probes on rocks or debris

The demonstration site at NSA Panama City was chosen with consideration of these
potential limitations. The sediments are generally of a sandy nature, which should minimize
any problems associated with clogging of the water sampler. The average salinity in St.
Andrew Bay is about 31, while the salinity of groundwater measured in shoreline wells
is near 0, indicating that conductivity contrast should be sufficient enough to identify areas
of groundwater discharge. Finally, site inspection indicated that direct-push operations with
the Trident probe would not be impeded by rock or debris.
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As with the Trident probe, the success of the initial tests for the UltraSeep provide a high
level of confidence for success during the ESTCP demonstration phase. The primary techni-
cal risks that we anticipate for the UltraSeep include the following:

1. Limited chemical detection due to dilution in the seepage funnel

2. Confounding effects of chemical diffusion into the funnel that could be interpreted
as advection

3. Logistical problems associated with site access and leaving equipment deployed on
site for a few days

The UltraSeep water sampler draws samples from the volume of water enclosed by the
seepage funnel. The installed funnel has an average height of 2.67 cm and a volume of 5236
cm®. When the UltraSeep is installed, the water enclosed by the funnel is surface water. As
discharge occurs, the funnel begins to fill with discharge water (groundwater). Thus, at least
initially, the water sampling system my be sampling a mixture of surface water and discharge
water. This dilution effect can be corrected for based on the measured flow rate and measured
surface water concentration. However, the dilution may limit the detectability of the CoC.

For example, if the CoC has a detection limit (DL) of 1 ug/L, but the discharge water
is diluted by a factor of 10 with surface water at 0 pug/L, then the detection of the UltraSeep
will be limited to 10 pg/L. The extent to which this limit will impact the demonstration
depends on site discharge rates and concentrations.

It is also possible for CoCs to release into the seepage funnel by diffusion rather than by
advection associated with groundwater discharge, which could result in overestimating the
release associated with groundwater discharge. At the NSA Panama City demonstration site,
this possibility is not anticipated to be a significant issue because the primary CoCs are
VOCs that are only associated with the groundwater. Thus, any release is likely to be associ-
ated with groundwater migration. Based on the site inspection and discussions with the site
manager, any logistical or equipment security issues at the NSA Panama City site is not
anticipated.

2.4.3 Alternative Technologies

To our knowledge, there is no comparable alternative technology to the Trident probe that
integrates groundwater detection sensors with water sampling in offshore sediments. Direct-
push technologies such as the GeoProbe® offer similar capabilities for terrestrial sites, but are
not well suited to offshore application. Simple water samplers such as the “Henry” sampler
offer an alternative means of collecting water that can then be analyzed using a portable
water quality sensor, but they do not provide in situ sensing of temperature and salinity
contrast.

The most commonly used technology for this application would be the installation of a
network of temporary mini-wells (or piezometers). Piezometers can be installed semi-
permanently or temporarily and are relatively economical from a capital investment perspec-
tive. Water levels are measured with a pressure manometer and samples are recovered using
a peristaltic pump. The main advantage of piezometers over the Trident probe is the ability to
return to the site and easily resample from exactly the same location.

While piezometers are relatively easy to install in shallow, shoreline, or wetland environ-
ments, they can be difficult or infeasible to install and access in deeper water. Another major
disadvantage of the piezometer system is that it must be left in place, which may not be logis-
tically acceptable at many sites. In addition, although the piezometer arrays are relatively
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inexpensive, a significant amount of maintenance is required when used in a high-energy
sampling site.

Piezometers and the “Lee” meter are most commonly used technologies for assessing
seepage. As described above, advantages of piezometers include relatively low costs and the
ability to resample the same location over time. However, piezometers do not provide a direct
measurement of seepage, so the flow rate must be inferred from the measured water level
difference between the piezometer and the surface water. This requires additional knowledge
of the sediment hydraulic conductivity.

Advantages of the Lee meter over the UltraSeep are the simplicity and low cost of the
system. Disadvantages include potential measurement errors associated with the “closed-
system” nature of the meter, inability to resolve tidal/temporal variation in seepage except by
manually switching out the sampling bags, and the absence of any confirmatory sensing
system such as temperature or conductivity.

The most comparable technology to the UltraSeep is the thermal perturbation detection
seepage meter developed by Taniguchi and Fukuo (1993). While the meter provides continu-
ous flow measurement, the flow sensor is only responsive in one direction, and the meter
provides no automated method of collecting water samples for chemical analysis. In addition,
the system is not commonly used or commercially available.
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3. DEMONSTRATION DESIGN

3.1 PERFORMANCE OBJECTIVES

Performance objectives for the Trident probe and UltraSeep technologies provide a basis
for evaluating the systems success during the demonstration. As described in Section 2, the
performance of the Trident probe and UltraSeep technologies can be categorized as follows:

3.1.1 Trident Probe

e Mobilize, operate, and demobilize the equipment

¢ Obtain field measurements within specified measurement quality objectives

e Obtain field and equipment blanks that are contaminant-free

o Collect valid water samples of sufficient volume to characterize CoC distributions
¢ Produce spatial maps of groundwater tracers at the sites of interest

¢ Identify the presence or absence and areas of potential groundwater CoC discharge
to surface water

3.1.2 UltraSeep

¢ Mobilize, operate, and demobilize the equipment

¢ Obtain field measurements within specified measurement quality objectives
o Obtain field and equipment blanks that are contaminant-free

¢ Obtain valid, continuous seepage flow records over required time periods

e Obtain valid discharge water samples of sufficient volume to characterize CoC
concentrations during periods of positive seepage

Baseline measurements for comparison with the Trident probe water sample results
will be developed using piezometers installed at a subset of the Trident probe stations.
Water samples will be collected synoptically from the Trident probe and the adjacent
piezometer. VOC concentrations and water quality characteristics will be compared.

Baseline measurements for comparison with the UltraSeep flow and water sample results
will be developed using piezometers installed adjacent to each of the three UltraSeep stations.
Calculated flow rates based on water level and hydraulic conductivity measurements in the
piezometers will be compared to the direct flow measurements from the UltraSeep. Shallow
piezometer water samples will be compared to dilution-corrected discharge concentrations
measured in the UltraSeep.

3.2 SELECTING TEST SITES

A number of sites were evaluated as candidate demonstration sites. For the Navy, these
include Naval Station San Diego, Pearl Harbor Naval Shipyard, NSA Panama City, NTC
Orlando, Point Magu, and Hunter’s Point. Initial discussions with RPMs and review of site
documents at these sites and elements from a previous survey of Navy sites are included in
Appendix 2. Ira May at the U.S. Army Environmental Center was contacted regarding
potential Army sites, including Aberdeen Proving Ground and many inland freshwater sites.
This contact led to follow-up discussions with Dr. Michelle Lorah and a site visit to the
Aberdeen Proving Ground.
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There are many specific requirements and preferable characteristics for the demonstration
sites. In general, the site should be adjacent to a surface water body and have an identified
contaminated groundwater plume. Surface water regulatory standards should be a potential
driver for the site assessment. Enough spatial delineation should be available from the
terrestrial assessment to indicate that the groundwater plume is approaching the surface water
body. The CoCs at the site should be identified, and the range of concentrations in the
terrestrial wells should be known.

Preferably, good data regarding the geology of the site and potential migration pathways
to surface water should be known. Groundwater modeling results may also help determine
if surface water release is likely, and where areas of release may be most likely to occur.

In addition to the above, preferable site characteristics include the following:

e Easy accessibility to the site
¢ Minimal interference with ongoing operations at the site
e Groundwater discharge rates >1 cm/day

o Significant temperature and/or salinity contrast between groundwater and surface
water (>1 °C or >1 ppt).

e Groundwater CoCs distinctive from background surface water or interstitial water
concentrations

e Site manager and regulatory buy-in
e Appropriate timing relative to status of site assessment

Final selection for the first demonstration site was completed during the first quarter
of Calendar Year (CY) 2004 in consultation with NFESC, Cal/EPA, and the site managers.
On the basis of the factors listed above, the NSA Panama City site was selected. In general,
the site is an ideal candidate for the demonstration of these technologies. The demonstration
will focus on evaluation of a VOC plume associated with AOC 1 at NSA Panama City.

The site is adjacent to St. Andrews Bay, and the plume appears to be migrating toward the
bay. Surface water regulatory standards (Florida Surface Water Cleanup Target Level) are
the primary regulatory driver at the site. The plume on the terrestrial side has been well
delineated using monitoring wells and direct-push technology (DPT). The primary CoC has
been identified as 1,1-DCE (Jordon, 1987; Southern Division Naval Facilities Engineering
Command, 2002; Southern Division Naval Facilities Engineering Command, 2004).

Access to the NSA Panama City site via a shoreline road and beach adjacent to the off-
shore study area. Based on discussions during the site visit, no interference with ongoing
activities at the site was anticipated. Although groundwater discharge rates were unknown,
there was a clearly defined hydraulic gradient toward St. Andrew Bay from AOC 1. There
was also a strong salinity gradient, with most of the monitoring wells indicating freshwater,
and high salinity water in St. Andrew Bay.

The 1,1-DCE was distinctive from any background contamination in the bay, thus reducing
potential confounding influences of natural/background sources. Buy-in from the site and the
regulators was strong, and the technologies were incorporated into the planned Corrective
Measures Study for the site (Southern Division Naval Facilities Engineering Command,
2004). The timing of the demonstration fit well within the site schedule. A detailed descrip-
tion of the site history and characteristics is provided below.
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Final selection for the second demonstration site was completed in December 2004. The
site selected for the second demonstration was NTC Orlando, Operable Unit 4 (OU 4). The
site was selected based on its compliance with the criteria discussed above, and its contrast
to the NSA Panama City site used for the first demonstration.

Access to the Orlando site was good. Although groundwater discharge rates were
unknown, there was a clearly defined hydraulic gradient toward Lake Druid from OU 4.
There was little or no salinity or conductivity gradient between groundwater wells adjacent
to Lake Druid and surface waters in the lake that could be determined from sparse simultane-
ous groundwater and lake data, but temperatures appeared to contrast enough to detect
possible groundwater seepages using the Trident probe.

The NTC Orlando site was significantly different from the NSA Panama City site in that it
was a freshwater lake environment with no tidal influence, and had significantly higher CoC
levels. The primary target CoC (PCE) was also different than the primary target for NSA
Panama City (1,1-DCE). Thus the Orlando site helped to test the range of applicability of the
technologies. A detailed description of the site history and characteristics is provided below.

3.3 TEST SITE HISTORY/CHARACTERISTICS
3.3.1 NSA Panama City

Investigation and remediation of contaminated media at Naval Support Activity (formerly
Coastal Systems Station) Panama City is being performed under the Corrective Action
Program of RCRA and the Hazardous and Solid Waste Amendments (HSWA) (Jordon, 1987;
Southern Division Naval Facilities Engineering Command, 2002; Southern Division Naval
Facilities Engineering Command, 2004). Under this program, the following stages have been
implemented:

RCRA Facility Assessment (RFA) 1987

RCRA Facility Investigation (RFI) 1996

Corrective Measures Study (CMS) 1997

RFI Addendum 2003

Sites maps of AOC 1 at NSA Panama City are shown in Figures 3-1 through 3-7.

Based on recommendations in the original RFI, the original CMS focused on four sites,
Solid Waste Management Units (SWMUSs) 3, 9, and 10, and AOC 1 (Figures 3-1 and 3-2).
Between 1997 and 2002, several corrective actions were implemented at the sites to address
contaminated soils and the presence of free-product. Of the four sites, AOC 1 was the
primary site identified where contaminated groundwater could be discharging to the surface
water of adjacent St. Andrew Bay (Southern Division Naval Facilities Engineering
Command, 2002; Southern Division Naval Facilities Engineering Command, 2004).

For 1,1-DCE at AOC 1, a DPT investigation in 2001 and monitoring well sampling
in 2002 and 2003 showed exceedences near St. Andrews Bay of the Florida Marine
SWCTL of 3.2 pug/L (Figure 3-3 through 3-5). The DPT investigation indicated that
1,1-DCE is completely depleted in the source zone, but has migrated laterally to the
edge of St. Andrews Bay at concentrations slightly above the SWCTLs (Figure 3-6).

However, the 1,1-DCE exceedences occur at depths of 10 to 30 ft below the water table
such that further migration (vertically upward) is required before contamination would
discharge into the surface water of the bay. Since there are no wells or DPT locations
in the bay, it was unknown where the discharge to surface water would occur. Theoretically,
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it was possible that the contaminants would attenuate (through biodegradation, dilution, and
dispersion) prior to reaching surface water, especially since the source had been eliminated,
and the measured concentrations were close to the SWCTL. The Trident probe and UltraSeep
results were used to evaluate this hypothesis.

Because the 2002 and 2003 sampling suggested the potential for groundwater containing
1,1-DCE to discharge to surface water, the following Corrective Action Objective (CAO) for
AOC 1 was developed:

Additional CAO 3: Address potential surface water discharge of
AOC 1 groundwater containing 1,1-DCE concentrations greater
than the Florida SWCTL. Media Protection Standards for AOC
1 groundwater discharging to St. Andrew Bay, the Media
Protection Standard (MPS) would be the state of SWCTL ,
Southern Division Naval Facilities Engineering Command,
2004).

3.3.2 NTC Orlando

Naval Training Center (NTC) Orlando was identified as an installation for closure by the
Base Closure and Realignment Commission. Contaminated media on this installation have
been investigated under the Installation Restoration (RI) program and the BRAC program.
Southern Division Naval Facilities Engineering Command; U.S. EPA, and FDEP coordinated
cleanup activities through the BRAC cleanup team called the Orlando Partnering Team
(OPT).

The OU 4 Study Areas (SA) 12, 13, and 14 (Figure 3-8 and 3-9) were first investigated
during a BRAC Environmental Baseline Survey (EBS) in 1994. Site screening investigations
began in January 1995. This investigation showed PCE and trichloroethene (TCE) were
measured in soil north of Building 1100, a former laundry. Building 1100, located in SA 13,
was constructed in 1943 and used as a laundry and dry cleaning facility until 1994. The PCE
source area is generally beneath the northern portion of former Building 1100, where the dry-
cleaning operations were located.

The PCE was most likely released by leaks in the wastewater collection and conveyance
system (e.g., drainlines and floor drains) inside the building and operational spills in and
around Building 1100. Sub-surface investigations at OU 4 identified groundwater contamina-
tion associated with the former laundry and dry-cleaning operations at Building 1100.
Groundwater samples between Building 1100 and Lake Druid contained PCE, cis-1,2-
dichloroethene (cis-DCE), and TCE. Groundwater well sampling locations are shown
in Figure 3-10.

Water samples collected along the lakeshore contained chlorinated solvents, including
PCE, TCE, cis-DCE, 1,1-dichloroethane, and VVC. Lake sediment samples also contained
PCE and TCE. The highest surface water and sediment VOC concentrations were detected
where a small ditch formed along the eastern shoreline. A focused field investigation (FFI)
was conducted in May 1996 to delineate the VOC contamination in groundwater along the
lake shore.

The CoCs at OU 4 are PCE and its degradation products (TCE, cis-DCE, and VC)
in groundwater and in the surface water and sediments of Lake Druid. Antimony was also
detected in groundwater at SA 14. Initial plumes of VOCs and antimony are shown in Figure
3-11. VOC concentrations are shown in Figure 3-12. Building 1100 was demolished during
January—March 2004.
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A dual recirculation well remediation system was installed in the spring of 1998 as an
interim remedial action (IRA) to prevent migration of contaminated groundwater to Lake
Druid. The effectiveness of the dual recirculation well system was evaluated in May 2000
as a result of ongoing operational difficulties. The evaluation determined that the dual
recirculation well system could not meet the IRA objective of plume containment. As
a result, the existing facilities were dismantled and the system was modified to operate
as a groundwater extraction and treatment system (pump and treat system) with ex situ air
stripping prior to discharge to the City of Orlando sanitary sewer system. The modified
system began operation in January 2001 and has operated continuously since startup,
except for occasional periods of maintenance and power outages.

The general groundwater flow patterns are very similar in the shallow and deep zones
of the surficial aquifer (Figure 3-7). The natural gradient is from east to west towards Lake
Druid. The groundwater extraction system captures contaminated groundwater migrating
towards Lake Druid. When operating, groundwater flow decreases to the lake. A very slight
downward vertical gradient is evident across eastern and central portions of the site. A slight
upward vertical gradient is evident near Lake Druid (Figure 3-8).

A review of existing temperature and conductivity data from groundwater wells (Southern
Division Naval Facilities Engineering Command, 2004) near Lake Druid and corresponding
lake conditions (City of Orlando monitoring data, personal communication) showed a
temperature difference, but not much conductivity difference between ground and surface
waters that the Trident probe could detect (Table 3-1). These data were taken in the early
spring of 2004. Greater temperature differences were expected in the summer months when
lake temperatures rise with atmospheric changes more rapidly than groundwater would be
expected to increase. Bottom lake temperatures ranged from about 16.5° C during winter
months to almost 30° C in the summer. Using temperature alone demonstrated the Trident
probe’s ability to detect a seep area in a freshwater environment.

3.3.3 Current Operations

3.3.3.1 NSA Panama City

To address Additional CAO 3 for AOC 1 groundwater, technologies were identified from
the Federal Remediation Technologies Roundtable treatment technologies screening matrix
(http://www.frtr.gov/matrix2/top_page.html), published literature, and professional
experience. Technology screening was performed to eliminate technologies that may not
perform satisfactorily based on specific site conditions (Southern Division Naval Facilities
Engineering Command, 2004).

A number of technologies were inapplicable for the site, including (1) physical barrier,
(2) permeable reactive barrier, (3) pump and treat, (4) thermal treatment, (5) enhanced
reductive dechlorination, and (6) air sparging/soil vapor extraction. Two technologies were
considered applicable for the site, including biosparging and MNA.

Under the MNA option, it is envisioned that contaminant concentrations will be reduced
to acceptable levels by natural processes such as biodegradation, chemical reactions,
volatilization, dilution, and adsorption. Monitoring would occur to measure contaminant
concentrations, determine degradation processes, estimate degradation rates, and watch for
plume expansion or contraction (Southern Division Naval Facilities Engineering Command,
2004).
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Figure 3-2. Aerial photo extending from AOC 1 near bottom right to the offshore study area
in St. Andrews Bay at top.
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Table 3-1. Temperature and conductivity differences the Trident probe may see between groundwater and lake water.
(Data taken from Southern Division Naval Facilities Engineering Command (2004) and City of Orlando Lake Druid water quality).

Depth to Avg. Av
Well well water | Sampling | Avg. GW | Summer | Avg. Temp. Avg. 9. Avg. Cond.
Well No. Summer
depth [from ground Date Temp. Lake Contrast Cond. Contrast
Lake Cond.
surface Temp.
(ft). (ft). © © © (uS/cm) | (uS/cm) (uS/cm)
old-13-09A | 13.91 3.83 2/26/2004| 21.53 29.64 8.11 99 125 25.42
)]
% old-13-25B | 25.84 4.49 2/27/2004| 23.40 29.64 6.24 91 125 33.67
(0]
X
f old-13-24A 14.2 419 2/27/2004]| 21.98 29.64 7.66 135 125 -9.83
o
% old-13-33A | 14.27 5.61 2/27/2004 19.75 29.64 9.89 327 125 -202.53
=
old-13-34B 28.7 5.73 2/27/2004| 22.88 29.64 6.76 46 125 78.92
(]
0 > E E old-13-22B | 35.65 3.88 2/26/2004| 23.69 29.64 5.95 117 125 7.33
g 5%
D © O
@ %?g old-13-12A | 14.08 4.38 2/27/2004 19.87 29.64 9.77 205 125 -80.67
]
z % 7 old-13-43C | 49.38 4.53 3/3/2004 24.60 29.64 5.04 143 125 -18.33
$o8
1S % — old-13-15A | 15.16 4.95 2/26/2004| 20.90 29.64 8.74 409 125 -284.67
w8 o
T e
= 25 old-13-21B | 35.29 493 2/26/2004| 24.07 29.64 5.57 115 125 9.67
Average 22.27 29.64 7.37 168.77 124.67 -44.10
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The following lines of evidence indicate that natural attenuation is occurring at AOC-1:

1. Monitoring wells show significant and consistent decreases in the concentration
of 1,1-DCE between 1997 and 2003

2. Geochemical parameters at AOC 1 indicate that the aquifer is predominantly aerobic,
which is conducive to biodegradation of 1,1-DCE. Additionally, tidal fluctuations in
St. Andrews Bay can be expected to cause dilution of groundwater near the discharge
point
One potential drawback for MNA at AOC 1 is that 1,1-DCE slightly exceeds the SWCTL
in monitoring wells along the shoreline. However, as described in Section 4.3, 1,1-DCE still
has a distance to travel vertically upward before it reaches St. Andrews Bay. In wells closest
to the bay, the maximum concentration of 1,1-DCE at the shoreline is 5J pug/L, which is only
slightly above the Florida SWCTL of 3.2 ug/L.

Since the concentrations of 1,1-DCE are so low, and given the efficiency of aerobic biode-
gradation combined with dilution caused by tidal fluctuations, it is reasonable to expect that
1,1-DCE would attenuate prior to reaching the bay. To verify this hypothesis, sampling
would occur in St. Andrews Bay to determine the location of groundwater discharge and
measure contaminant concentrations, if any, at the discharge locations. Thus, MNA is a
feasible alternative for AOC 1 (Southern Division Naval Facilities Engineering Command,
2004).

As a first step in the MNA alternative, Coastal Contamination Migration Monitoring
(Trident probe and UltraSeep technologies) would be used to determine whether 1,1-DCE
is actually discharging into St. Andrews Bay at levels above the SWCTL of 3.2 ug/L. A
protocol for coastal monitoring has been developed and described by SPAWAR Systems
Center (SSC San Diego) and the NFESC (NFESC, 2003). The coastal monitoring would be
used as a one-time event to determine the zone of groundwater discharge into St. Andrews
Bay, and the level of contamination, if any, in the discharge. Based on work at other sites,
it is expected that the coastal monitoring would involve the following steps:

1. Screen the site for areas of potential groundwater discharge using a temperature/
conductivity/porewater probe (Trident probe). Conductivity and temperature
measurements can be used to distinguish groundwater and surface water based
on salinity and temperature differences. Water samples would be collected with the
Trident probe during the screening survey. These samples would be analyzed on-site
for standard water quality characteristics, and a sub-sample would be provided for
VOC ana