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1. Introduction

ARCADIS U.S., Inc. (ARCADIS) has been contracted by the U.S. Army Environmental 
Command (USAEC) and Fort Stewart Military Reservation (Fort Stewart)/ Hunter Army 
Airfield (HAAF) to perform environmental services at Fort Stewart and the HAAF. This 
Corrective Action Plan (CAP) Progress Report / Addendum has been prepared to 
detail previously completed investigations, data analysis, and reporting activities 
conducted at the Former Fire Training Area (FTA) at the Wright Army Airfield, 
otherwise identified as Solid Waste Management Unit (SWMU) 13.  The intent of this 
report is to document additional data collected since the submittal of the Corrective 
Action Plan Progress Report for the Calendar Year 2007 for the Former Fire Training 
Area at Wright Army Airfield (SAIC 2008), to provide a response to Georgia 
Environmental Protection Division (GA EPD) comments dated November 17, 2008 on 
the 2007 CAP Progress Report (GAEPD 2008), and to provide recommendations for 
additional remedial actions based on the results of previous investigations completed 
at SWMU 13.
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2. Site Background and Operational History

SWMU 13 is located in the northwest portion of the Wright Army Airfield, which is 
located in the southern portion of the Fort Stewart Military Reservation (See Figure 2-1 
Site Location Map).  SWMU 13 was previously utilized as a training area for the 
airfield’s firefighters between the years of 1982 and 1992.  The Former FTA consisted 
of a 5,000 square foot concrete pad with an integral berm, an oil/water separator 
(OWS) sump, underground piping, and an aboveground storage tank (AST) containing 
water contaminated jet propellant (JP)-4 fuel, diesel fuel, or waste oil (See Figure 2-2).  
As part of training exercises, fuel was pumped from the AST onto the surface of a 
simulated aircraft structure and ignited.  The fires were then extinguished with water 
and foam.  The Former FTA was designed to promote drainage of excess water, foam, 
and fuel to the OWS.  The effluent waters were then discharged to the western 
drainage swale while the separated portion (fuel, oils) was removed by vacuum truck 
and disposed of at the Fort Stewart Industrial Wastewater Treatment Plant.  All 
components of the Former FTA were removed during Interim Removal Actions (IRA) in 
1997 by CAPE Environmental Management, Inc. (CAPE).  For additional details on the 
IRA, see the Final Interim Measures Report Fort Stewart Fire Training Pit Site SWMU 
FST-013 (CAPE 1998).

2.1 Summary of Previous Investigations

Several investigations have been completed at the Former FTA including a Resource 
Conservation and Recovery Act (RCRA) Facility Investigation (RFI), three 
supplemental investigations, two IRAs and annual groundwater monitoring activities.

RCRA Facility Investigation 

RFI activities were conducted at SWMU 13 in 1999 (SAIC 2000).  Activities conducted 
included the collection of 12 soils samples that were analyzed for volatile organic 
compounds (VOCs), semi-volatile organic compounds (SVOCs), and RCRA Metals.  
Direct push groundwater screening samples were collected at 23 locations and 
analyzed for VOCs and SVOCs.  Six permanent groundwater monitor wells (MW8-
MW-13) were installed at SWMU 13 as part of the RCRA Investigation.  One soil 
sample was also collected at each of these monitor well locations and analyzed for 
VOCs, SVOCs, and RCRA metals.  Surface soil samples were also collected at 3 
locations and analyzed for VOCs, SVOCs, and RCRA metals.  A summary of historical 
subsurface soil samples can be seen on Figure 2-3.
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Laboratory analysis of samples collected during the RFI phase identified surface soils 
containing polynuclear aromatic hydrocarbons (PAHs) and RCRA metals, subsurface 
soils containing benzene, toluene, ethylbenzene, and xylene (BTEX), PAHs, and 
RCRA metals, and groundwater containing BTEX compounds.  The extent of the 
BTEX plume in groundwater was estimated to be approximately 150 feet wide and 300 
feet long.  It was also determined that Peacock Creek, the nearest surface water body 
located 2,500 feet from the leading edge of the plume, was not impacted by this 
groundwater plume.  The RFI concluded that adequate information was available for 
the preparation of a CAP.  

Supplemental Investigations

In December 2000, groundwater samples were collected from eight on-site monitor 
wells (MW-3, MW-4, MW-8 through MW-13) and analyzed for BTEX and PAHs.  
Laboratory analytical results for these samples showed benzene and ethylbenzene 
present at concentrations exceeding their respective maximum contaminant levels 
(MCLs) in the shallow aquifer near the source area.  Results of the December 2000 
sampling event were consistent with previous groundwater monitoring activities, with 
the estimated area of impacted groundwater slightly reduced in size compared to the 
1998 monitoring.  In April 2001, six additional groundwater monitor wells (MW-14 
through MW-19) were installed and sampled for VOCs and SVOCs.  Subsurface soil 
samples were collected from each of the monitor well borings Additional groundwater 
monitoring activities were completed in June 2002.  Five (5) monitor wells (MW-13, 
MW-15, MW-16, MW-18, and MW-19) were sampled and analyzed for BTEX 
compounds.  

Interim Removal Actions

In 1997, an IRA was completed to remove all components of the Former FTA.  
Components removed included the AST, mock aircraft, foundations, piping, concrete 
fire training pad, concrete OWS sump and appurtenances, sump sediment and soils 
that exceeded the preliminary cleanup targets established in the project specifications 
(CAPE 1998).  Approximately 2,450 tons of contaminated soils (to a depth of 
approximately 4 ft below grade) were excavated as part of the IRA.  

In December 2001, a second IRA was initiated.  The intent of the IRA was to remove 
an 8-inch thick concrete pad that extended over a 20-foot by 8-foot area.  In addition to 
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the concrete pad, 337 tons of contaminated soil was removed and disposed of during 
the IRA.  

Corrective Action Plan

Per the recommendations of the RFI, a Corrective Action Plan (CAP) was prepared for 
SWMU 13 (SAIC 2006).  The CAP developed remedial levels (RLs) for detected 
constituents and evaluated potential remedial alternatives for Human Health 
Constituents of Concern (COCs) in surface soils and groundwater and for Contaminant 
Migration COCs in subsurface soils.  The CAP recommended that no remedial 
measures be taken to address arsenic, chromium and benzene in surface soil or for 2-
methylnaphthalene in groundwater.

Remedial response objectives identified in the CAP included the reduction in 
concentration of COCs in groundwater (benzene, ethylbenzene, 2-methylnaphthalene, 
and naphthalene) to the established RLs.  Five remedial alternatives were identified 
and evaluated in the CAP.  Based on the evaluations completed, monitored natural 
attenuation (MNA) was selected as the remedy.  MNA was selected because it would 
effectively achieve RLs in a reasonable time period in a cost efficient manner, based 
on fate and transport modeling completed.  It was anticipated that RLs would be 
achieved within a period of 5 or 6 years from 2002.

Land use restrictions, including groundwater use restrictions, were included as part of 
the MNA remedy.  An annual groundwater monitoring program of seven monitor wells 
(MW-3, MW-9, MW-10, MW15, MW-16, MW18, and MW-19) was also included.  The 
MNA alternative was implemented by Fort Stewart in 2003, prior to GA EPD approval 
to ensure the protectiveness of human health in anticipation of GA EPD concurrence.

GA EPD issued comments on the CAP in February 2004.  The GA EPD concurred with 
the MNA recommendation presented in the CAP with the exception of the exclusion of 
chromium as a CMCOC.  In order to respond to this comment, additional soil sampling 
activities were conducted in July 2005.  The results of the soil sampling were presented 
in the Revised Final CAP that was submitted to the GA EPD in February 2006 and 
approved in correspondence dated February 27, 2006.

2.2 Summary of CAP Progress Reports

Groundwater has been monitored at the site on an annual basis for calendar years 
2003, 2004, 2005, 2006, and 2007.  The results of these monitoring events have been 
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published in annual monitoring reports (See Figure 2-4 for a summary of historical 
groundwater monitoring results).  Details of the 2008 groundwater monitoring are
included in this report.

2.3 Report Organization

The report organization presented in this section provides an outline of the information 
provided in this report.  The report is organized as follows:

§ Section 1.0: Introduction
§ Section 2.0: Site Background, operational history, and summary of previous 

investigations and annual monitoring
§ Section 3.0 2008 Investigation, remedial activity, and monitoring summary and 

evaluation
§ Section 4.0 Conclusions
§ Section 5.0 Recommendations
§ Section 6.0 References
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3. 2008 Investigations and Groundwater Sampling Evaluation

3.1 2008 Interim Remedial Action

In April 2006, subsurface soil samples were collected along the abandoned pipeline at 
SWMU 13 to determine the extent of potential remaining subsurface soil contamination 
that may potentially be influencing groundwater contamination.  Groundwater samples 
were also collected in August 2006.  The analytical results of these soil and 
groundwater samples and the resulting conclusions and recommendations are found in 
the report, Final Corrective Action Plan Progress Report for Calendar Year 2006 for the 
Former Fire Training Area at Wright Army Airfield (SAIC 2007).  In March 2008 the 
Final Work Plan for Interim Remedial Action and Corrective Action Progress Report at 
Wright Army Airfield Fire Training Area (SES 2008) was prepared and submitted to the 
GA EPD.  Details of the proposed IRA are provided below.  

Monitor Well Abandonment

In March 2008, SES, mobilized to SWMU 13 and began IRA activities.  Groundwater 
monitor well MW-18, a one-inch diameter monitor well (total depth of 13 ft) was 
abandoned by overdrilling the well to a depth of 13 ft.  The well materials were 
removed and a tremie pipe was used to backfill the boring by pumping a 
cement/bentonite grout mixture from the bottom of the boring to ground surface.  See 
Appendix A for a copy of the monitoring well abandonment form.

Soil Excavation and ORC® Placement

As detailed in the CAP Report, residual contaminated soils were identified in the 
vicinity of soil boring SB-15.  An IRA targeting these soils was implemented in 2008.  
The area of excavation covered an approximate 20 foot by 20 foot area.  Soils 
encountered from 0 to 6 ft below grade interval (overburden material) were deemed 
potentially clean and placed in a stockpile for later use as backfill.  Subsequent 
laboratory analysis of these stockpiled soils verified their suitability as clean backfill 
material.  Soils encountered from 6 ft to 12 ft below grade exhibited a petroleum odor 
which was verified using a photo-ionization detector (PID).  These soils were stockpiled 
on plastic sheeting separate from overburden material.  The depth of the excavation
was stopped at 12 ft below grade where groundwater was encountered.
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Upon completion of the excavation, ORC® was applied to the bottom and sidewalls of 
the excavation.  In accordance with the approved Work Plan, 350 pounds of ORC®

were applied uniformly over the sidewalls and bottom of the excavation.  

Soils generated from the 6 to 12 foot interval were placed in six, lined roll off type 
containers for disposal.  Laboratory analytical data (Toxicity Characteristic Leaching 
Procedure [TCLP] analysis) was utilized to develop a waste profile which was 
submitted to Waste Management for approval.  Upon approval, the waste containers 
were manifested by the Directorate of Public Works and transported to Superior 
Landfill in Savannah, Georgia for disposal.  Waste Characterization forms and 
Manifests have been included in Appendix B.

Potentially clean stockpiled soils were sampled and analyzed for BTEX, PAHs and 
total petroleum hydrocarbons (TPH) gasoline range organics (GRO) and diesel range 
organics (DRO).  Samples were sent to Empirical Laboratory in Nashville, Tennessee 
for analysis.  Laboratory analytical data confirmed that no constituents were present at 
concentrations above the laboratory reporting limit.  Based on this, stockpiled clean 
soils were placed in the excavation as backfill material.  The remainder of the 
excavation was backfilled with soils imported from an off-site borrow area.  Results of 
compaction testing of the backfill material has been included as Appendix C

Monitor Well Installation

Upon completion of excavation activities, SES installed 3 monitor wells at SWMU 13.  
Monitor wells MW-18R (a replacement well for MW-18), MW-20 and MW-21 were 
installed at locations shown on Figure 3-1.  Monitor wells were 2-inch diameter with 
flush surface completions installed by Boart Longyear drilling company under the 
direction of a SES Registered Georgia Professional Geologist.  Copies of the boring 
logs and well installation diagrams has been included as Appendix D.

ORC® Advanced Injections

ORC® Advanced is a formula of calcium oxyhydroxide that is utilized to produce a 
controlled release of oxygen for a period of up to 12 months.  In May 2008, direct push 
technology was utilized to apply ORC® Advanced to nine injection points at SWMU 13.  
Injections were completed by injecting a slurry (14 gallons water/ 50 lbs ORC) at each 
location.  Injections were started at 20 ft below grade with 5 lbs of ORC® Advanced 
injected every vertical foot (10 vertical feet total) for a total of 50 lbs per injection point.  
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Upon completion of injections, each location was filled with bentonite and the 
surrounding area restored to its original condition.

3.2 2008 Groundwater Monitoring 

On December 18 and 19, 2008, SAIC completed groundwater monitoring activities at 
SWMU 13.  Activities included the sampling of monitor wells MW-3, MW-4, MW-10, 
MW-15, MW-16, MW-18R, MW-19, MW-20, and MW-21.  One deviation from the 
approved monitoring program was that monitor well MW-4 was sampled in place of 
MW-9,which was destroyed in 2001 or 2002.  Monitor well MW-4 was selected to 
monitor groundwater conditions cross gradient / lateral to the former FTA. Samples 
were collected and sent to Empirical Laboratory for analysis by EPA Method 8260 
(VOCs) and EPA Method 8270 (SVOCs).  A summary of the laboratory analytical data 
can be seen in Table 3-1.  The complete laboratory analytical data package can be 
seen in Appendix E.  A summary of the historical groundwater monitoring data can be 
seen on Table 3-2.  Contaminant plume maps for benzene, ethylbenzene, 2-
methylnaphthalene, and naphthalene have been prepared and are included as Figure 
3-2 through Figure 3-5, respectively.
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4. Conclusions

An IRA was completed at SWMU 13 in June 2008.  The IRA was successful in 
removing 337 tons of contaminated soils.  The IRA was also successful in introducing 
ORC into both the subsurface of the former excavation area and into the groundwater 
downgradient of the excavation area.

A groundwater monitoring event completed in December 2008 showed that 
concentrations of benzene either remained non-detect in monitor wells or decreased 
from concentrations previously detected in December 2007.  In particular, 
concentrations of benzene detected in monitor well MW-18R decreased from 48.1 ug/L 
to 5.8 ug/L.  Based on this, it can be concluded that natural attenuation is occurring.  It 
can also be concluded that placement of ORC in the excavation as well as injections to 
the subsurface have had a positive impact on the natural attenuation of contaminants 
in the groundwater.
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5. Recommendations

Based on the completion of IRA activities in 2008, as well as the trends exhibited by 
annual groundwater monitoring activities, several modifications to the selected remedy 
documented in the CAP are recommended.

Additional Soil Investigation

Based on the results of historical investigations, and GA EPD comments received in 
December 2008 on the Final Work Plan for Interim Remedial Action and Corrective 
Action Progress Report at Wright Army Airfield Fire Training Area (SES 2008) and the 
Corrective Action Plan Progress Report for the Former Fire Training Area  at Wright 
Army Airfield (SAIC 2008), additional investigation regarding soils is warranted.  

Additional soil investigations shall be completed at several locations in the vicinity of 
SWMU 13.  Investigations will be completed in order to delineate VOC and SVOC 
contaminants to background (non-detect) levels.  Target areas and depths include 
southwest of MW-09 (6-8 ft below ground surface [bgs]), southeast of MW-16 (6-8 ft 
bgs), northeast of the former aboveground fuel tank (0-4 ft bgs), and northwest of soil 
sample S-2 (8 ft bgs).   Refer to Figure 5-1 for the location of proposed soil 
investigation activities.

Soil investigations will be completed using direct push technology (DPT).  DPT uses a 
combination of hydraulic pressure and percussion to drive steel rods into subsurface 
soil for sample collection.  At each boring location, a continuous soil core sample will 
be collected using a macro-core sampler from ground surface to the target depth.  The 
lithology will be logged at each location using the Unified Soil Classification System 
(USCS) and the core will be field screened with a PID to determine if volatile organic 
vapors are present.  Field screening will be utilized to determine if collection of a 
confirmation soil sample is warranted.  Should field screening show definitive evidence 
of contamination, the area of investigation will be expanded in order to complete 
delineation of soils in the area.  Where field screening results indicate a potential 
absence of organic vapors, samples will be collected and submitted for laboratory 
analysis. 

Upon completion of the DPT borings, the boring locations will be abandoned by 
allowing the saturated portion of the formation (i.e., unconsolidated sands and gravel) to 
collapse back into the 2-inch diameter borehole as the Geoprobe® rods are retracted.  
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The upper 10 ft of the borehole will be plugged with granular bentonite and hydrated 
with potable water to make an impermeable seal.

Between each boring all drilling equipment (all downhole equipment and any tools 
used at the surface) will be properly decontaminated in accordance with the 
procedures outlined in ARCADIS’ Sampling and Analysis Plan (ARCADIS, 2008).  

Samples collected will be sent to Shealy Laboratory in West Columbia, South Carolina 
(National Environmental Laboratory Accreditation Conference [NELAC] No. E87653) 
under appropriate preservation and chain-of-custody procedures.  The samples will be 
analyzed for VOCs using EPA Method 8260B and SVOCs using EPA Method 8270B.  
Based on the results of laboratory analytical, additional soil borings will be installed in 
order to complete delineation of VOCs and SVOCs in soils.

Additional Groundwater Investigation

Historical groundwater monitoring activities show that only benzene is present at 
concentrations exceeding remedial levels in MW-18R.  While concentrations have 
decreased since completion of the IRA and application of ORC to both the excavation 
and subsurface in 2008, additional delineation is necessary to determine the extent of 
the contamination.  Based on this, and in accordance with GA EPD comments 
received in December 2008 on the Final Work Plan for Interim Remedial Action and 
Corrective Action Progress Report at Wright Army Airfield Fire Training Area (SES 
2008) and the Corrective Action Plan Progress Report CY 2007 for the Former Fire 
Training Area  at Wright Army Airfield (SAIC 2008), two additional monitor wells
(sentinel wells) are proposed.

New monitor wells will be installed downgradient and sidegradient of existing monitor 
well MW-18R.  Proposed monitor well locations can be seen on Figure 5-2.  Monitor 
wells are proposed in areas sidegradient and downgradient of MW-18R based on 
groundwater elevations collected in December 2008. Monitor wells will be installed so 
that the screened portion is set to bracket the groundwater table (See Figure 5-3 for a 
proposed well construction diagram).  The estimated total depth for each well is 
approximately 18 ft bgs with a screened interval estimated from 8 to 18 ft bgs.  All well 
installation and well development activities will be performed in accordance with the 
Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan (QAPP), 
(ARCADIS 2008).
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Per the CAP, MNA activities were proposed to be conducted on seven (7) monitor 
wells (MW-3, MW-9, MW-10, MW-15, MW-16, MW-18, and MW-19).  Due to monitor 
well MW-9 being destroyed in 2001, MW-4 will be substituted into the MNA program.  
In addition , it is recommended new monitor wells MW-20 and MW-21 (installed during 
IRA in 2008) and MW-22 and MW-23 (to be installed upon GA EPD approval) be 
added to the annual groundwater monitoring program.  In addition, at the request of the 
GA EPD, monitor well MW-13 will also be added to the groundwater monitoring 
program in order to confirm the presence or absence of benzene, last detected during 
the 2002 annual monitoring event.  Should the initial monitoring event at the site reveal 
that monitor wells MW-22 and MW-23 do not adequately delineate the benzene 
impacts in groundwater in the area northeast of MW-18R, additional monitor wells will 
be installed.

Each well will be sampled annually and analyzed by EPA Method 8260 for VOCs, EPA 
Method 8270 for SVOCs, and for Natural Attenuation Parameters (nitrate/nitrite, 
sulfate/sulfite, total iron, total phosphorous, carbon dioxide, and methane).  In addition, 
field parameters (dissolved oxygen, temperature, Redox, conductivity, and pH) will be 
collected from each well during the monitoring events.  Results of groundwater 
monitoring activities will continue to be reported in annual CAP Progress Reports.
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Appendix A

Monitor Well MW-18 Abandonment 
Form
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Waste Characterization and Waste 
Manifest Forms

















































Appendix C

Soil Compaction Test Report













Appendix D

Soil Boring Logs and Well Installation 
Diagrams















Appendix E

2008 Groundwater Laboratory 
Analytical Data




















































































































