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1  Introduction 


In the Fall of 2011, a groundwater investigation was conducted on the former Cabot property portion of 
the Cabot Carbon/Koppers Superfund Site (Site) in Gainesville, Florida (Gradient and Weston, 2012).  
Contaminants of concern, including BTEX, ketones, and phenols, were found in monitoring wells 
installed in the Hawthorn Group deposits downgradient of the former pine-processing related Cabot 
Lagoons.  Higher concentrations were detected in samples from wells screened in the Upper Hawthorn 
Group formation and concentrations were observed to diminish by one to two orders of magnitude in the 
Lower Hawthorn Group wells.  In addition, groundwater pH in the vicinity of the former Cabot lagoons 
was found to be relatively low (i.e., acidic) in the Upper Hawthorn Group formation and this is believed 
to be caused by the historical presence of pyroligneous acid managed in the former Cabot Lagoons and/or 
from microbial activity such as iron and sulfate reduction.  The reducing environment is believed to have 
caused dissolution of natural occurring metals (e.g., iron and manganese) also found at elevated 
concentrations in Upper Hawthorn Group groundwater downgradient of the former lagoon area, and thus, 
the observed discoloration of soil and groundwater when exposed to air.   
 
The presence of groundwater contaminants and low pH conditions in monitoring wells screened in the 
Hawthorn Group formation, especially the Upper Hawthorn Group formation, indicated that additional 
characterization work was needed to better assess the source and extent of these impacts in the 
subsurface, and refine the conceptual model for the Site.  In addition, since remedial actions are likely to 
be needed to address the contamination detected in the Hawthorn Group formation at the Site, the 
potential applicability of certain in-situ remedial technologies (e.g., in-situ chemical oxidation (ISCO) and 
enhanced bioremediation) needs to be assessed in order to get a head start on remedial planning.  
Accordingly, a conceptual level work plan discussing supplemental data collection steps and a remedial 
technology evaluation bench scale study was developed and submitted to the United States Environmental 
Protection Agency (US EPA) in July 2012.  This document presents a more detailed work plan, which 
was developed upon receiving feedback on the conceptual level work plan from US EPA and other 
stakeholders.  
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2  Scope of Work 


2.1  Investigation Objectives 


The overall objective of the proposed scope of work is to further understand the source area architecture, 
to better define the horizontal and vertical extent of the source below the water table, and to update the 
conceptual site model at the former Cabot property.  Source zone characterization and delineation are key 
components needed to develop an effective remedial approach to address pine tar related contamination 
on the Cabot portion of the Site.   
 
The proposed activities and their associated objectives include:  
 
 Source Characterization:  Define subsurface conditions (i.e., soil stratigraphy) and soil/ 


groundwater quality within and in the vicinity of the former Cabot lagoons, and evaluate the 
potential presence and extent of dense non-aqueous phase liquid (DNAPL) source zones.  
Geological and chemical data will be collected and used to refine the conceptual site model, 
including understanding potential contaminant sources and migration mechanisms within and in 
the vicinity of the former Cabot lagoons.  For example, the thickness and competence of the 
upper clay layer underlying the surficial deposits in the former lagoon area will be further 
characterized to determine if and how contaminants may have migrated into the Hawthorn Group 
deposits.  As noted previously, these data are critical for developing a successful remedial 
strategy for addressing Hawthorn Group contamination associated with historical Cabot 
operations. 


 Plume Delineation:  Define the lateral and vertical extent of the groundwater plume in the 
Hawthorn Group formation.  Preliminary soil and groundwater quality data collected 
downgradient of the source area will be used to select appropriate locations for installing 
permanent monitoring wells, with the overall objective of adequately defining the extent of 
Cabot-related contamination at the Site and supporting remedial decisions. 


 Preliminary Remedial Technology Evaluation:  Evaluate the effectiveness of ISCO (e.g., assess 
the relative treatability efficiency of select chemical oxidants) with post-treatment enhanced in-
situ bioremediation.  These data, together with source characterization results, would be used to 
formulate a pilot study for the most viable remedial approach. 


 
The above activities are discussed in further detail in the sections below.  In general, the work will be 
conducted in a manner that allows for flexibility and real time decision-making in the field.  These 
general principles follow the US EPA's Triad approach and are critical to efficiently achieving the overall 
project/data quality objectives (US EPA, 2004).  
 


2.2  Pre‐Investigation Activities 


Once approval of the work plan has been received from US EPA, pre-investigation activities will be 
initiated at the Site.  These activities include securing Site access, clearing utilities, and establishing a 
work staging area. 
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2.2.1  Site Access 


Access to a total of 15 different parcels (owned by 7 property owners) will be needed for the proposed 
source characterization and plume delineation work.  Negotiation of site access agreements is currently 
underway. 
 
2.2.2  Utility Clearance 


Prior to the investigation efforts at the Site, utilities in the vicinity of the proposed sampling locations will 
be identified and marked.  Utilities will be identified by using the Florida Sunshine One Call system, as 
well as contacting personnel familiar with utilities at the Site.  Additionally, local utility agencies not 
covered by the Florida One Call system will be contacted separately, as needed.  A private subsurface 
utility location contractor may also be used for locations where there is uncertainty regarding the location 
of the subsurface utilities.  Prior to drilling, a hand boring will be advanced to a depth of 4 feet below 
ground surface (bgs) as an added safety measure to avoid damaging underground utilities. 
 
2.2.3  Work Staging Area 


A work staging area will be established to allow for the staging of work materials.  Discussion with 
adjacent property owners will be arranged to designate a suitable work staging area.  
 
2.2.4  Storm Water Pond Access 


Some of the source area investigation borings may be located within the footprint of the storm water pond 
located in the northwestern portion of the former Cabot property.  Access to these borings will be 
accomplished by using an excavator or equivalent heavy equipment to place prefabricated mats (e.g., 
Mabey® Mats or equivalent) on the ground in a linear pattern to create a path from the edge of the storm 
water pond to the sample location.  Mats will be turned perpendicular at the end of the access path to 
create working space for personnel to safely move about at the sampling location.  The mats will remain 
in place at a given location until the sample collection and borehole grouting are completed and the 
sampling equipment has departed from the work location. The mats will then be removed from the sample 
location and placed at the next location.  The mats will be stored at the work staging area or adjacent to 
the sampling area when not in use, and will then be removed from the Site when this portion of the work 
is completed. 
 


2.3  Health and Safety 


The investigation activities will be conducted in accordance with relevant Occupational Safety and Health 
Administration (OSHA) requirements.  A site-specific health and safety plan (HASP) is maintained for 
the eastern portion of the Site.  The HASP will be updated as needed and then reviewed and signed by 
personnel working on the Site prior to commencement of any work activities.  Personnel directly involved 
in the subsurface investigation activities will maintain current OSHA 40-hour HAZWOPER training.  
The work will be conducted under the supervision of a trained site health and safety coordinator.  As 
prescribed in the site-specific HASP, daily health and safety briefings will be held prior to 
commencement of work.  The briefings will review potential hazards to be encountered during the work 
day and emergency procedures.  
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Air monitoring will be conducted during drilling and sampling activities using a combination portable 
photo ionizing detector (PID) and flame ionizing detector (FID).  Air monitoring readings will be 
recorded in the field log book.  Based on past work experience at the Site, it is believed that the proposed 
work activities can be completed in Level D protection.  
 


2.4  Source Characterization 


Subsurface conditions, including soil stratigraphy and soil/groundwater quality, within the footprint and 
in the vicinity of the former Cabot lagoons will be characterized by undertaking an electrical resistivity 
(ER) survey and collecting soil and groundwater samples, as discussed in further detail in the sections 
below.  
 
2.4.1  Electrical Resistivity Survey  


Electrical resistivity imaging (ERI) subsurface mapping is an established technology that has been 
historically used to map changes in lithology and groundwater quality in the subsurface.  Recent (circa 
2002) proprietary improvements of ERI technology geared towards the environmental industry have also 
enabled it to identify bodies of non-aqueous phase liquids (NAPL), and in some instances, dissolved-
phase contamination. 
 
The technology relies on the principle that different materials (soil and rock in geologic applications) and 
liquids have varying electrical resistivity (or conductivity as the inverse of resistivity).  By measuring 
changes in voltage between an electrical current source and receiving electrodes embedded in the ground, 
and comparing the voltage drop to the known resistivity of geologic materials and liquids, ER mapping 
can be used to detect changes in lithology, discontinuities in a stratigraphic unit and/or variations in fluid 
conductivity.  The technology also has the advantages of being non-intrusive, relatively quick to 
implement, able to collect continuous data (as opposed to borings that yield point data) over a relatively 
large distance in a two-dimensional vertically oriented plane, and low risk for contaminated sites. 
 
 Aestus GeoTrax™ Technology (Proprietary ERI) 
 
ERI mapping will be performed by Aestus, LLC (Aestus) headquartered in Loveland, Colorado 
(www.aestusllc.com).  Aestus is a firm specializing in ERI mapping for environmental projects and 
facilitates a "scan first and then drill" approach, which has been very successful and is now the standard 
approach in the oil/gas industry.  This scanning approach yields high data density for site characterization, 
and allows follow up invasive investigation and remediation programs to be more focused, and hence, 
more efficient. 
 
Aestus' proprietary ERI technology is superior to other conventional ERI vendors due to use of 
proprietary data collection and processing algorithms/software that allow more comprehensive data 
collection, higher data quality, and ultimately increased resolution of anomalous zones (Halihan and 
Fenstemaker, 2004).  Aestus' GeoTrax Survey™ technology has been successfully used for a number of 
applications, including but not limited to tracking brine plumes and locating residual pockets of 
LNAPLs/DNAPLs and extent of dissolved phase contamination at environmentally impacted sites.  
Aestus is able to successfully image subsurface anomalies at sites where competing technologies such as 
ground penetrating radar, conventional ERI techniques, and electromagnetic surveys either fail to perform 
or simply do not have capabilities to achieve the project objective (Halihan et al., 2009; Comfort et al., 
2009).    
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Additionally, Aestus employs a robust data integration process for each project to effectively integrate 
historical and/or follow up confirmation drilling data with its proprietary ERI data.  This process is 
performed in two or three-dimensions to effectively calibrate or convert the electrical properties detected 
back to the chemical, physical, and biological properties of the subsurface that are of interest to its clients 
(i.e., contaminant concentrations, geology/preferential pathways, and presence/absence of bioactivity).  
Independent third party testing of the results of Aestus' technology by the US EPA's Ada, Oklahoma 
Laboratory, state environmental cleanup programs and numerous environmental consultants, have 
demonstrated the effectiveness of this technology.    
 
The purpose of performing an ERI survey at the Site is to map the subsurface beneath and near the former 
Cabot lagoons, with the following specific objectives: 
 
 Improve the site conceptual model by observing lithology and potential contaminant distribution 


along laterally-continuous sections beneath and downgradient of the lagoons, and  


 Use the ERI survey to identify anomalies in the subsurface that can then become the focus of 
subsequent invasive investigations (i.e., strategically select drilling locations).   


 
 Implementation 
 
Implementation of an ERI survey involves installation of an array of electrodes (typically 56 electrodes) 
along a straight transect.  Electrodes are pushed into the ground by hand or with a sledge hammer to 
create a sound connection to the earth.  A small electrical current is imparted to the ground at a constant 
rate using two electrodes in the array while the voltage is measured at one or more other electrodes in the 
array.  Modern ERI technology facilitate hundreds or thousands of resistivity measurements in a short 
timeframe by using computer-controlled switching to cycle through numerous combinations of signal and 
response electrodes in a given array.  These measurements are made along the survey alignment and are 
subsequently used to produce a two-dimensional vertically oriented electrical image (analogous to a 
CAT-scan in the medical industry) of the subsurface that graphically illustrates the electrical properties of 
the subsurface and the presence of subsurface anomalies below the transect line.  
 
The implementation of ERI mapping at the Site will be performed by Aestus as follows: 
 
 Subsurface utilities in the area of the proposed survey will be marked. 


 Aestus will mobilize its crew and equipment to the Site. 


 The project team will perform a site walk to understand logistics of performing the survey 
including ground cover, obstructions, traffic considerations, property access, etc.  Site 
reconnaissance will also include a discussion of the health and safety policies for the Site. 


 ERI mapping will be first conducted along four transects selected by the project team.1 Specific 
of the transects are as follows: 


 ERI arrays will be approximately 300 feet long. 


 This spacing of the electrodes will be selected to obtain an image depth of approximately 60 
feet, which is the base of the Upper Hawthorn Group formation.  


                                                      
1 Depending on the time required to perform each transect, logistical challenges encountered and desire to perform work in full-day increments, 
the initial ERI event may include as few as three and as many as six transects. 
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 Electrodes will be pushed/hammered up to 12 inches into the subsurface at each location.  
Electrodes that are in cross flooded areas or ponds may be suspended on floats. 


 Data acquisition will be performed as discussed above. 


 The location and elevation of each transect will be land surveyed, and photographs of 
transects taken. 


 
 After data are collected from the initial set of transects, Aestus will process the data using their 


proprietary analysis algorithms and will provide on-site personnel draft ERI maps of the 
subsurface.  Typically 12 to 24 hours is required for data processing.  The project team will 
evaluate these images relative to our understanding of Site lithology based on geologic logging 
performed at locations, such as HG-26, HG-30 and HG-29. 


 If images from the initial transects are judged to be helpful in understanding site lithology 
and/or contaminant distribution, then ERI mapping of four to six additional transects will be 
performed.   


 If the images from the initial transects are judged not to be helpful in understanding site 
lithology and/or contaminant distribution, then the ER surveying approach may be modified 
(e.g., electrode spacing reduced to increase resolution) in consultation with Aestus or the 
technique may be abandoned (i.e., Aestus demobilizes from the Site). 


 If conducted, ERI surveys at the four to six additional transects will be performed using similar 
means and methods as the initial ERI surveys.  As with most field investigations, it is possible 
that the approach for ERI surveying will be modified throughout the work to yield results that 
better accomplish project objectives and/or accommodate constraints imposed by field conditions.  
Examples of potential modifications include realignment of transects, adjusting electrode spacing 
or resurveying areas of interest. 


 Once all data are collected, Aestus will demobilize personnel and equipment from the Site. 


 
Data collected during the ERI mapping will be processed by Aestus off-site using the algorithms and data 
integration process described above.  Aestus will provide their analysis in a report that includes two-
dimensional cross-sections of subsurface electrical resistivity, three-dimensional visualization, a limited 
number of screen captures from the three-dimensional visualization model, and interpretation of the 
results.  
  
2.4.2  Soil Sampling 


A total of 12 soil borings will be advanced in the area of the three former Cabot lagoons with the 
objective of understanding the soil stratigraphy and contaminant concentrations in the surficial aquifer 
and underlying Upper Hawthorn Group formation.  Generally, we will advance the first borings in the 
center of each historical lagoon and work our way outward towards the southern edge of the lagoons and 
existing storm water basin to the north (Figure 1).  The final number and locations of the borings will be 
determined based on the ER survey results and field observations.   
 
Soil boring and sampling will be conducted using direct-push techniques with a traditional Geoprobe rig 
or roto-sonic drilling methods with a Geoprobe mini sonic rig.  The borings will first be advanced to the 
bottom of the surficial aquifer (about 25 feet below ground surface, bgs).  At selected locations, the soil 
borings will proceed into the Upper Hawthorn Group formation to assess the thickness of the upper clay 
unit and evaluate soil quality and physical properties (i.e., contaminant concentrations and grain size 
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distribution) within the Hawthorn Group formation.  We anticipate that these borings will be advanced to 
the upper portion of the middle clay unit or refusal, whichever comes first.  To limit the potential for 
contamination drag down, borings where evidence of DNAPL, including DNAPL-saturated soils, 
globules, seeps, and ganglia, is found at the bottom of the surficial aquifer will not be advanced into the 
Hawthorn Group formation and will be immediately grouted.  The decision to continue or suspend 
drilling at those locations will be made upon examining the soil cores for evidence of DNAPL presence, 
and discussion between the field crew and project management team.  If DNAPL is encountered at the 
bottom of the surficial aquifer, an attempt will be made to advance the soil boring at a nearby location, 
with the overall objective of advancing at least six of the proposed borings into the Upper Hawthorn 
Group formation. 
 
At the proposed soil sampling locations, we anticipate that the borings will be advanced using a telescopic 
approach to limit the potential for contamination drag down into the Upper Hawthorn Group formation 
(Exhibit 1).  Dual-tube (direct-push) or dual-casing (sonic) soil coring will be initially used to advance the 
boring to the bottom of the surficial aquifer.  An outer casing will be set in the upper clay unit at the base 
of the surficial aquifer.  The soil boring will then proceed into the Upper Hawthorn Group formation 
using a second, smaller, dual-tube/casing soil sampling tool, which will be telescoped through the larger 
casing.  This approach eliminates the potential for dragging down contamination, which may occur when 
the outer casing elements are advanced (i.e., pushed downward) from the surficial aquifer into the Upper 
Hawthorn Group formation.  The site conditions will dictate the drilling method and exact tooling 
selected for these sampling activities.  If sonic drilling is used to collect soil samples, concerted effort will 
be made to minimize the amount of water used during drilling activities to avoid dilution of soil samples 
and potential flushing of contamination away from the tip of the drill string. 
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Exhibit 1   Soil Sampling Approach  (not to scale).   The dimensions and 
specifications in the figure are approximate and subject to change based 
on field conditions and logistical considerations. 
 


During advancement of the borings, continuous, 5-foot-long soil cores will be collected for geological 
characterization, headspace screening with a PID/FID, and visual/olfactory evidence of contamination.  
Immediately following retrieval of the core, composite soil samples from each boring will be collected in 
appropriate containers for potential laboratory analysis. 
 
Based on screening results and observations, composite soil samples from the 3 to 4 most potentially 
contaminated soil cores will be selected from each boring and submitted for laboratory analysis of volatile 
organic compounds (VOCs) and semi-volatile organic compounds (SVOCs), including phenolic 
compounds.  Based on core observations and screening results, selected soil samples may also be 
collected from silt/clay units (i.e., upper clay unit or silty/clayey lenses within the Upper Hawthorn Group 
formation) and submitted for laboratory analysis of VOCs and SVOCs to better understand matrix 
diffusion potential and contamination concentration attenuation across transition zones.  In order to ensure 
that the quality of the data is not compromised, the composite soil samples from each soil core will be 
collected following appropriate soil sampling and handling protocols, and will be preserved and 
refrigerated until they are sent to the laboratory.  As previously mentioned, an attempt will be made to 
collect soil samples from the Hawthorn Group formation from at least half of the soil borings within the 
former Cabot lagoons.  For one or two borings, we also anticipate that soil samples will be collected from 
each geologic stratum (i.e., surficial aquifer, upper clay unit, Hawthorn Group formation, etc.) and 
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submitted for grain size characterization (i.e., sieve and hydrometer analyses).  This information will be 
used to better understand soil texture, assess clay content, and qualitatively evaluate hydraulic 
conductivity properties of the different subsurface units.  Finally, soil samples will also be collected for 
the bench-scale study to be conducted as part of the preliminary remedial technology evaluation (see 
Section 3).  The soil sampling and analysis plan is presented in Table 1.   
 


Table 1  Soil Sampling and Analysis Plan 


Soil Boring 
Number of Samples 


Per Boring 
Parameters 


Analytical 
Method 


Source Area Borings 1‐12 
 
 
 


3 to 4 VOCs
 
SVOCs 
 
Phenol 
2,4‐Dimethyphenol 
2‐Methylphenol 
3&4‐Methylphenol 
 
Bench Scale Study 


8260B
 


8270C 
 


8270C 
 
 
 
 


NA 
2 Source Area Borings  4 Grain Size Distribution  ASTM  Method 


D4222 


Plume Delineation Borings 13‐23  0 NA NA 


 
 
Upon reaching termination, each boring will be abandoned by grouting from the bottom up.   
 
Overall, the data collected from the 12 proposed soil borings will be used to identify subsurface areas 
where most contamination is believed to be present, to infer geological conditions that are most favorable 
to the presence and migration of contamination, and to delineate specific zones requiring remedial 
actions.  
 
2.4.3  Groundwater Sampling 


Discrete depth groundwater sampling will be conducted at the 12 soil boring locations within the footprint 
of the former Cabot lagoons (Figure 1), with the objective of evaluating groundwater quality below the 
former Cabot lagoon area.  Similar to the soil boring and sampling activities, the groundwater sampling 
results will be used to delineate zones within the former Cabot lagoon areas where the groundwater 
quality is most affected.  The magnitude of contaminant concentration relative to their solubility in 
groundwater will also be evaluated to assess the potential presence of DNAPL in the vicinity of the 
targeted sampling areas.  Overall, groundwater data will be used to support the preparation of an updated 
conceptual model of the source area and to decide where remedial activities should take place. 
 
Groundwater sampling will be conducted at a location adjacent to each soil boring following completion 
of soil boring and sampling activities.  The groundwater sample intervals at each location will be selected 
so as to intercept the most likely contaminated and/or most transmissive horizons, as determined from the 
geological characterization, PID/FID screening results, and visual observations for the soil boring. 
Groundwater samples will be collected from up to three different depth intervals within the Upper 
Hawthorn Group formation at each groundwater sampling location.  If suggested by field observations 
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(e.g., evidence of pine tar presence), a groundwater sample may also be collected from the bottom of the 
surficial aquifer.   
 
As described in Section 2.4.2, dual-tube (direct-push) or dual-casing (sonic) soil coring will be initially 
used to advance casing to the bottom of the surficial aquifer.  A large diameter outer casing will then be 
set in the upper clay unit at the base of the surficial aquifer.  A smaller/inner casing will be telescoped 
through the large diameter casing to the desired depth in the Upper Hawthorn Group formation.  Discrete 
depth groundwater sampling will then be performed using a 3 to 5-foot-long Geoprobe® direct-push or 
sonic groundwater sampler lowered through the smaller casing into the Upper Hawthorn Group formation  
(Exhibit 2).  The smaller casing will then be pulled back to expose the groundwater sampler or well 
screen to the formation (Exhibit 2).  The site conditions will dictate the drilling method and exact tooling 
selected for these sampling activities.   
 
If sonic drilling is used to collect groundwater samples, concerted effort will be made to minimize the 
amount of water used during drilling activities to avoid potential impact  to the groundwater samples and 
the formation.  In addition, if water is used during drilling activities, an effort will be made to keep the 
potable water segment of the drilling string separated from the targeted sampling interval.  These steps 
would minimize loss of drilling water to the formation at the sampling interval, and thus, minimize the 
dilution of groundwater sampled from the formation. 
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Exhibit 2  Groundwater Sampling Approach (not to scale).  The dimensions and specifications 
in  the  figure are approximate and subject  to change based on  field conditions and  logistical 
considerations. 


 
After the groundwater sampler is set at the target depth, samples will be collected after purging the 
formation using either a peristaltic pump or an inertial pump, depending on the yield of the formation.  If 
the yield of the formation permits, an attempt will be made to purge the formation until any fluids 
introduced during the drilling process have been recovered, the purge water is relatively clear and 
sediment free, and geochemical parameters (e.g., pH, specific conductance, temperature, dissolved 
oxygen, turbidity) have stabilized.  The groundwater samples collected from each depth interval will be 
submitted for laboratory analysis of VOCs (including ketones and BTEX) and SVOCs (including 
phenolic compounds).  Additional groundwater samples may also be collected for the bench-scale study 
(see Section 3).  The groundwater sampling and analysis plan is presented in Table 2. 
 
  


Separate Soil and 
Groundwater Sampling 
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Table 2  Groundwater Sampling and Analysis Plan 


Soil Boring 
 Number of 
Samples Per 


Boring 
Parameters  Analytical Method 


Source Area Borings 1‐12 
 
 
 


3 to 4  VOCs (including BTEX and ketones)
 
SVOCs 
 
Phenol 
2,4‐Dimethyphenol 
2‐Methylphenol 
3&4‐Methylphenol 
 
Bench scale study 


8260B
 
 


8270C 
 


8270C 
 
 
 
 


NA 
 


Plume Delineation Borings 
13‐23 


3 to 4  VOCs (including BTEX and ketones)
 
SVOCs 
 
Phenol 
2,4‐Dimethyphenol 
2‐Methylphenol 
3&4‐Methylphenol 


8260B
 
 


8270C 
 


8270C 


 
 
Once the final soil/groundwater sampling depth is reached, each boring will be abandoned by grouting 
from the bottom up.  
 
2.5  Hawthorn Group Preliminary Plume Delineation 


Additional groundwater sampling will be conducted at the Site in order to delineate the lateral and vertical 
extents of the plume in the Upper Hawthorn Group formation to determine the most appropriate locations 
for the permanent Hawthorn Group monitoring well pairs.  Overall, a step out approach will be used to 
conduct the plume delineation (i.e., starting near the source area or the former Cabot lagoons and moving 
outward from there).  The proposed investigation area for preliminary plume delineation in the Upper 
Hawthorn Group formation was selected based on the results of the Hawthorn Group investigation 
recently conducted at the former Cabot property (Figure 1).  Groundwater samples will be collected from 
approximately eleven sampling points located cross-gradient and downgradient of wells HG-28, HG-29 
and HG-30, where elevated levels of phenols were detected (Gradient and Weston, 2012).    
 
Discrete depth groundwater samples for plume delineation will be collected using the methods described 
in Section 2.4.3.  Limited geological characterization of the soils will be performed to identify the depth 
and thickness of the upper clay unit and other transition zones.  Three to four groundwater samples will 
be collected from pre-selected discrete depth intervals (top, middle, and bottom of the Upper Hawthorn 
Group formation, and the base of the surficial aquifer, if observed to be impacted) at the eleven boring 
locations within the proposed investigation area (Figure 1).  The proposed locations of borings, number of 
borings, and number of groundwater samples per location are tentative and may be adjusted based on 
field conditions and productivity considerations.  
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The methods for groundwater purging and sampling during this work task will also be the same as that 
described for the source characterization program.  The groundwater samples will be collected and 
submitted for laboratory analysis of VOCs (including ketones and BTEX) and SVOCs (including 
phenolic compounds).  The groundwater sampling plan for plume delineation is presented in Table 2.   
 
Upon reaching the final groundwater sampling depth, each boring will be abandoned by grouting from the 
bottom up.  


 
 


 
Figure 1  Proposed Soil and Groundwater Sampling Locations 
 
 


2.6  Equipment Decontamination 


Equipment used in drilling and sample collection will be decontaminated prior to each use.  A discussion 
of decontamination procedures is provided below. 
 


HG‐28S 


HG‐29S 


HG‐30S 


        Existing Monitoring Well 


        Proposed Source Area Boring 


        Proposed Plume Delineation Boring 


500 feet 
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Stormwater Basin 


22 


17 


16 
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2.6.1  Drilling Equipment 


Down hole drilling equipment will be decontaminated by steam cleaning prior to drilling activities at each 
location.  A decontamination pad will be constructed to contain the decontamination fluids and to control 
overspray. Fluids will be periodically removed from the decontamination pad as needed and placed into 
suitable storage containers. 
 
2.6.2  Groundwater Sampling Equipment 


Groundwater sampling equipment (e.g., water level meters, soil core samplers, water samplers, 
submersible pumps, and bailers) will be decontaminated before each use as described below. 
 
 Wash with solution of potable water and phosphate free detergent; 


 Rinse with potable water; 


 Rinse with Isopropanol; 


 Rinse with distilled water; 


 Allow to air dry as long as practical; and 


 Wrap if stored for later use. 


 
Decontamination fluids will be containerized for appropriate disposal as discussed below. 
 


2.7  Investigative Derived Waste 


Investigative derived waste (IDW) includes drill cuttings, development and purge water, decontamination 
fluids and solid waste (e.g., surgical gloves, paper towels, etc.).  This section describes the handling and 
disposal of the IDW.  
 
2.7.1  Drill Cuttings 


Drill cuttings will be containerized in either drums or bulk storage containers (e.g., roll-off box).  The 
containers will be appropriately labeled with the Site name, boring designation, date of collection, and 
contents.  The containers will remain covered to prevent rainwater from entering the containers.  
Representative samples of the drill cuttings will be collected to characterize the material for disposal in 
accordance with the disposal facility's requirements.  Upon receipt of analytical data, a waste profile will 
be completed and transportation and disposal will be arranged.  Appropriate manifests will be completed 
for the material prior to transportation to the disposal facility. 
 
2.7.2  Drilling Fluids 


Liquids generated during the drilling/sampling process will be containerized in drums or bulk storage 
containers.  The containers will be appropriately labeled with the Site name, boring designation, date, and 
contents.  The containers will remain covered to prevent rainwater from entering the containers.  
Representative samples of the fluids will be collected to characterize the material for disposal in 
accordance with the disposal facility's requirements.  Upon receipt of analytical data, a waste profile will 
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be completed and transportation and disposal will be arranged.  Appropriate manifests will be completed 
for the material prior to transportation to the disposal facility. 
 
2.7.3  Decontamination Fluids 


Decontamination fluids will be containerized in drums or bulk storage container (e.g., poly-tank) and 
transported to the on-site lift station for discharge.  A submersible pump will be used to transfer the 
liquids from the storage containers directly into the lift station sump.   
 
2.7.4  Solid Non‐Hazardous Waste 


Solid non-hazardous waste generated during the drilling and sampling activities will be placed in plastic 
garbage bags.  This material will be transported to an appropriate solid waste disposal facility or transfer 
station. 
 


2.8  House Keeping and Site Restoration 


As each phase of work is completed, equipment that is no longer needed will be removed from the Site.  
At the end of each work day, equipment and material will be stored either in the work vehicles or at the 
work staging area.  Additionally, IDW generated that day will be containerized and stored in approved 
containers.  IDW will be removed from the Site following receipt of the laboratory analytical data and 
receipt of approval for disposal.  All other work materials will be removed from the Site upon completion 
of the sampling efforts.  Care will be taken to organize the work site to minimize traffic and parking 
disruption.  Work sites will be restored to pre-work conditions to the extent possible.  A Site walk will be 
conducted at the end of the field effort to confirm that the restoration activities are satisfactory.  Results of 
the Site walk will be documented in the field log book.  Items of concern identified during the Site walk 
will be documented and addressed as needed. 
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3  Preliminary  Remedial  Technology  Evaluation  – 
Bench Scale Testing 


A laboratory-scale treatability test (bench test) will be performed using Site soil and groundwater 
collected during source characterization programs.  The purpose of this testing will be to evaluate the 
potential for ISCO and enhanced aerobic bioremediation to treat residual site-related contaminants present 
in the suspected source area.  The source characterization program described in the prior section will 
advance our understanding of the nature and extent of contamination within the source area, while the 
bench test will support the selection of an effective remedy to treat impacted zones within the source 
area.   
  
The bench test will be designed to achieve the following objectives: 


 
 Determine if ISCO is a viable treatment alternative for pine tar and other site-related 


contaminants in the suspected source area; 


 Evaluate the range of oxidant consumption rates and demands in the presence of site soil and 
groundwater;  


 Evaluate the potential for ISCO to influence metals mobility in the source area; 


 Select the most favorable oxidation technology for further evaluation at field-scale; and 


 Evaluate the need and effectiveness of enhanced aerobic bioremediation as a post treatment step 
for site-related contaminants in the source area. 


 
Prior to the start of the bench test, soil and groundwater samples will be collected during source 
characterization activities both for pre-test analyses by the treatability testing laboratory and use in the 
bench test. 
  
Soil borings will be advanced using the methods described above in Section 2.4.  During the soil 
sampling activities, additional composite samples will be collected for submission to the treatability 
testing laboratory for analysis of VOCs, SVOCs, and/or total organic carbon (TOC) to support the bench 
test.   After the collection of both composite soil samples for laboratory analysis and PID/FID headspace 
screening samples, the soil remaining from each core will be sealed in airtight plastic bags and 
immediately refrigerated.   After the completion of all source area soil borings, PID/FID screening results 
and visual observations will be used to select soil samples representative of areas with the most 
significant contaminant impacts for the bench test.  A sufficient number of soil samples will be selected 
such that the total mass of soil is at least 10 kg; this soil will be shipped to the treatability testing 
laboratory on ice.   
  
Groundwater samples will be collected using the methods describe above in Section 2.4.  During the 
groundwater sampling activities, additional samples will be collected for submission to the treatability 
testing laboratory for analysis of VOCs, SVOCs, and/or TOC to support the bench test.  A total of 20 
liters of groundwater will be collected in 1 to 5 liter vessels from a number of sampling locations selected 
based on visual observations, PID/FID headspace screening, and geological characterization of soil cores.  
These groundwater samples will be shipped to the treatability testing laboratory on ice. 
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Field observations from the source area characterization activities will be considered during the design of 
the bench test.  In particular, the nature and extent of NAPL in the source area will inform both the 
selection of oxidants to be tested and the testing methodology.  In addition, the analytical results for the 
soil and groundwater samples analyzed by the treatability lab prior to the start of the bench test will be 
used to determine if and how much the soil and groundwater used in the bench test should be spiked with 
contaminants targeted for treatment.  Given that the design of the bench test will largely depend on the 
field observations, and to some extent, analytical data collected during the source characterization study, 
the work plan for the bench test will be developed following completion of the field work.  We anticipate 
that a detailed bench test work plan, developed with input from Neil Thomson (GRU technical 
consultant), will be submitted to the stakeholders three weeks after the completion of the source 
characterization field work.  Bulk soil and groundwater samples will be refrigerated and stored at the 
treatability lab until the start of the bench test.  
  
The initial phase of the bench test will consist of a high-dose screening study designed to evaluate several 
oxidation technologies.  The oxidation technologies selected for this initial phase of testing will depend 
upon the findings of the source characterization activities described above and may include:  ozone, ozone 
with peroxide, catalyzed hydrogen peroxide (CHP), and/or peroxide activated persulfate.   
  
The results of the high-dose screening study will be used to select one to three treatment methods for 
further bench testing (i.e., detailed testing).  The purpose of detailed testing is to evaluate a range of 
oxidant concentrations and assess multiple treatment durations (e.g., 5, 10, 20 days) for viable oxidants.  
The detailed study is intended to evaluate the effectiveness of the selected oxidant technologies at treating 
site-related contamination, and provide the data required to select oxidant doses and injection frequencies 
for future field-scale treatment efforts.  Additionally, the results of oxidant consumption and metals 
precipitation testing will inform injection well spacing and help to foresee potential well fouling issues, 
respectively.  In addition to testing preferred oxidation technologies, the detailed treatability study will 
also include a test to evaluate the effectiveness of aerobic bioremediation to treat soils following 
application of ISCO.   
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4  Follow‐up Steps 


The results of the above investigations, sampling, and testing will be used to design the next phase of our 
study.  Possible next steps will include:   
 
 TarGOST Survey:  Evaluate the feasibility of performing TarGOST survey if data review 


indicates need for further delineation of pine tar in the former lagoon area. 


 Hawthorn Group Well Installation:  Based on an evaluation of the source characterization and 
preliminary plume delineation results, the number, location, and screen depth interval of 
additional Hawthorn Group monitoring well(s) will be determined.  The permanent Hawthorn 
Group monitoring wells will be strategically placed such that groundwater data from the wells 
can be used to monitor the downgradient and lateral edges of the contaminant plume in the 
Hawthorn Group formation.   


 Floridan Aquifer Well Installation:  Similar to the approach with the Hawthorn Group wells, the 
source characterization and plume delineation results will determine the need for and location of 
Floridan wells to be installed at the former Cabot property.   


 Expanded Groundwater Sampling:  During the next routine groundwater sampling event, 
supplemental groundwater samples will be collected from select existing monitoring wells for 
analysis of metals (aluminum, antimony, arsenic, beryllium, cadmium, calcium, chromium, iron, 
lead, magnesium, manganese, potassium, sodium) and other inorganic constituents or parameters 
(e.g., total and dissolved iron and manganese, nitrate, sulfate, sulfide, alkalinity, COD, BOD, 
dissolved oxygen, ORP).  This program is proposed to better understand the subsurface 
geochemistry and collect data needed for evaluation of remedial alternatives.  We anticipate 
collecting and analyzing groundwater samples from both surficial aquifer and Hawthorn Group 
monitoring wells.   
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5  Schedule 


Upon receiving approval of the proposed scope of work from US EPA, we anticipate that approximately 
four weeks will be needed to schedule the source characterization and plume delineation program.  The 
start date of the investigation is contingent on the availability of the drill rig and the ER vendor.  The 
investigation program should take approximately three to four weeks to complete.  The results would be 
received within three weeks of completing the field program and the preparation of an interim report of 
findings would follow.   
 
As discussed above, a separate work plan for the bench scale study will be submitted three weeks 
following completion of the field work.  The bench scale study will be initiated within two weeks of 
receiving approval of the work plan from US EPA.  Other follow-up tasks, such as the TarGOST survey 
(if needed), and the installation of Hawthorn Group and Floridan Aquifer monitoring wells at the Site are 
expected to be scheduled for the first and second quarters of 2013.   
 
 
  







Draft  
  
 


Gradient 20


 
G:\Projects\204079\GradientDeliverables\HawthornGroupWell\SourceCharacterization\DetailedWorkPlan\DetailedWorkPlan.docx 
 


6  References 


Comfort, S; Halihan, T; Zlotnik, V. 2009. "Using Electrical Resistivity Imaging to Evaluate 
Permanganate Performance during an In Situ Treatment of an RDX-Contaminated Aquifer." US Dept. of 
Defense. ESTCP Report, 129p. 


 


Gradient; Weston Solutions. 2012. "Hawthorn Group Investigation, Cabot Carbon/Koppers, Superfund 
Site, Gainesville, Florida. Draft." March.   


 


Halihan, T; Fenstemaker, T. 2004. "Proprietary Electrical Resitivity Imaging Method. 2.0 ed." Oklahoma 
State University Office of Intellectual Property, Stillwater, OK. 


 


Halihan, T; Puckette, J; Sample, M; Riley, M. 2009 "Electrical Resistivity Imaging of the Arbuckle-
Simpson Aquifer." Submitted to the Oklahoma Water Resources Board, Oklahoma State University 
School of Geology, 92 p. 


 


US EPA. 2004. "Summary of the Triad Approach." http://www.triadcentral.org/ref/doc/
triadsummary.pdf, March. 


 


  


  


  


  


  


  


  


 
 
 
 
 
 
 
 
 
 
 
 
 






