	


	April 20, 2001


Mr. Chung Yen


AFCEE/ERC


3207 North Road


Brooks AFB, Texas 78235-5363


Subject:	Phase II RPO Evaluation Report for the Fire Training Area 1 Site, Castle Airport, California (Contract F44650-99-D-0005, Task Order TG04)


Dear Mr. Yen:


This letter provides the results of the Phase II Remedial Process Optimization (RPO) evaluation performed by Parsons Engineering Science, Inc. (Parsons ES) at the Fire Training Area 1 (FTA-1) site at Castle Airport [formerly Castle Air Force Base (AFB)], California.  The evaluation was performed as described in the RPO Scoping Visit Report and Final Work Plan for the Phase II RPO Evaluation at Castle AFB, California (Parsons ES, 2000).  The primary objectives of this evaluation were to review existing information for the FTA-1 site, to provide an independent review of the site for the base to use for validation of a focused feasibility study (FFS) currently being performed by Jacobs Engineering Group (JEG) for FTA-1, and to develop a strategy for site closure.


1.0	INTRODUCTION


It is anticipated that the FTA-1 site will be one of the most challenging vadose zone sites to close at Castle Airport.  This is because the site is in close proximity to vernal pools that have been designated as wetlands, the site geology is complex, there are multiple contaminants at the site [i.e., petroleum hydrocarbons, chlorinated volatile organic compounds (VOCs), metals, and dioxins], and because the property ownership is being transferred to a local prison.  In the RPO project kickoff meeting, the Air Force Base Conversion Agency (AFBCA) requested that Parsons ES perform an independent evaluation of this site to validate the FFS effort currently being performed by JEG, and to develop a remedial strategy for vadose-zone contamination at the site.  The information presented herein is not intended to fully address all regulatory concerns, but can be used by the Air Force to form a strategy for achieving regulatory site closure.


This letter report includes ten sections and six attachments, as follow:


Section 1.0	Introduction


Section 2.0	The RPO Process


Section 3.0	Scope of Work


Section 4.0	Site Description


Section 5.0	Nature and Extent of Contamination


Section 6.0	Remediation Activities Completed to Date


Section 7.0	Environmental Restoration Status and Regulatory Agency Concerns


Section 8.0	Evaluation of Alternatives for Non-VOCs in Surface Soils


Section 9.0	Evaluation of the Soil Vapor Extraction System


Section 10.0	Conclusions and Closeout Strategy


Attachment 1	Lead and Dioxin Concentrations in Soil at FTA-1


Attachment 2	As-Built Drawings for the Cap Installed at FTA-1


Attachment 3	Information on the Botta’s Pocket Gopher


Attachment 4	Surface Soil Remediation Alternatives and Cost Estimates


Attachment 5	Recent Operating Conditions and Purge-Time Calculations


Attachment 6	SVE Treatment System Cost Analysis


2.0	The RPO PROCESS


RPO is a systematic approach for evaluating and improving the effectiveness and efficiency of site remediation so that maximum risk reduction is achieved for each dollar spent.  The overall objective of RPO is to protect human health and the environment using technical and management solutions that represent current “best practice” methods.  Although RPO is frequently associated with the optimization of remediation systems and how the cleanup will be completed, it is also used to review why certain cleanup goals have been established, and updates those decisions based on new regulatory options.  Just as the technical approach to remediation should be reviewed and revised to take advantage of scientific advances and evolving standard practice, changes in regulatory framework such as risked-based cleanup goals and the growing acceptance of monitored natural attenuation should be considered in the optimization process.  An effective RPO program pursues a wide range of optimization opportunities.


3.0	SCOPE OF WORK


The scope of work performed by Parsons ES included reviews of existing site information and of the remedial actions taken to date at FTA-1, including the installation and maintenance of a surface cap and the installation and operation of a soil vapor extraction (SVE) system.  Parsons ES developed conceptual cost estimates for three remedial alternatives to address non-VOC contamination (i.e., dioxins and metals) in surface soils.  Regulatory agencies view these contaminants as potential threats to surrounding vernal (ephemeral) pools areas, which are considered to be exposure points for sensitive ecological receptors.  The regulatory status of the FTA-1 site was reviewed, regulatory agency concerns about the site were reviewed and summarized, and a strategy for site closeout was developed.  This RPO evaluation also identified opportunities for remedial operations and maintenance (O&M) cost savings wherever possible, but the primary objective was to develop a remedial strategy for vadose-zone contamination at the site.


4.0	SITE DESCRIPTION


FTA-1 is located in the eastern portion of Castle Airport, immediately north of Rifle Range Road, as shown on Figure 1 (attached).  The site encompasses a roughly circular area about 600 feet in diameter.  An active Federal Aviation Administration (FAA) radar tower is located in the eastern portion of the site.  A former trap and skeet range is located northeast of the site.  The land south of Rifle Range Road is privately owned, and is used for farming.


Topographic depressions in which hard-pan soils promote the collection of surface runoff from seasonal precipitation (i.e., vernal pools) are present to the east and northwest of FTA-1, as shown on Figure 2.  The vernal pools have been designated as wetlands, and are to be maintained as wetland habitat to offset the recent destruction of vernal pool areas during construction of a new prison located approximately one half mile northwest of FTA-1.  The vernal pools are dry for most of the year, but frequently contain standing water during the rainy season (from January through April).  In addition to providing seasonal habitat for waterfowl and other wildlife, the vernal pools also support populations of the protected-status fairy shrimp.  During a site visit performed in December 2000, Parsons ES observed extensive vehicle tracks across the hard-pan soils of the vernal pools.


The vegetative cover in the upland portions of FTA-1 and in the nearby wetlands consists of grasses and forbs.  This vegetation also is present on the FTA-1 cap that was constructed over the former burn areas in 1996.


FTA-1 was used for fire-training exercises from 1955 to 1975.  Aerial photographs of the site taken in 1957, 1961, 1970, and 1984 show multiple burn pit locations.  The absence of dark stains at FTA-1 in the 1984 photograph suggests that training activities had ceased by that time (JEG, 1998b).  Waste oils, spent solvents, waste aviation gasoline, and jet fuel were accumulated weekly and burned in the pits.  During fire-training exercises at FTA-1, hydrocarbons were discharged directly into the unlined pits, ignited, and then extinguished.  Hydrocarbons were also applied to separate burn areas adjacent to the burn pits.


4.1	Surface Features/Hydrology


Prior to construction of the site cap, which was completed in July 1996, surface runoff at FTA-1 drained in a radial pattern from a low hill centered approximately 200 feet west of the FAA radar tower.  During site operations, provisions were not made for collecting runoff from the pits or burn areas after fire training exercises (JEG, 1998b).  The 1970 aerial photograph shows distinct runoff swales from two of the burn pits.  These swales appear to have discharged into vernal pools located northwest of FTA-1.  


Since completion of the cap, surface drainage at FTA-1 is controlled by the slope and engineered features of the cap.  Drainage from the central and most of the eastern portion of the cap is captured by a system of drainage ditches surrounding the FAA radar tower, as shown on Figure 2.  These ditches conduct runoff southward along the western side of the radar-tower access road, where they connect with another drainage ditch that collects water from the south side of the cap and Rifle Range Road.  The combined flow from these ditches flows east through a culvert beneath the radar-tower access road, and discharges into the vernal pools east of the access road (Figure 2).  Drainage from the northern and western portions of the cap sheet flows toward the vernal pools located northwest of FTA-1.


4.2	Hydrogeology


The subsurface lithology at FTA-1 is presented on cross-sections A-A’ and B-B’ (Figures 3 and 4, respectively).  The traces of the cross-sections are shown on Figure 2.  The soils beneath FTA-1 are predominantly silt, with interbedded silty sands to approximately 20 feet below ground surface (bgs).  A cemented soil layer, known as hardpan, is present from 5 to 10 feet bgs.  Three laterally extensive sand layers were encountered at approximately 20 to 25 feet bgs, 35 to 40 feet bgs, and between 40 and 60 feet bgs during site investigations.  The deepest sand layer extends to at least 70 feet bgs in the northwestern part of the site.


The uppermost water-bearing unit underlying FTA-1 and the surrounding area is the Shallow Hydrostratigraphic Zone (HSZ).  The Shallow HSZ is unconfined, and extends from the water table, located at a depth of approximately 70 feet bgs, to an average depth of about 95 feet bgs.  The Shallow HSZ consists of mixed sands, silts, and gravels, with minor amounts of clay.  The basal unit of the Shallow HSZ appears to consist of sand- and gravel-filled, relic stream channels that trend northwest/southeast.  Groundwater flow in the Shallow HSZ beneath FTA-1 was toward the west during the fourth quarter of 1997 (4Q97) (Figure 1), and toward the west-southwest during 4Q99.  The hydraulic gradient in the zone is relatively low, typically on the order of 0.001 foot per foot.


Four additional HSZs, designated as the Upper Subshallow, Lower Subshallow, Confined, and Deep HSZs, underlie the Shallow HSZ.  Because of the complex alluvial/fluvial stratigraphy that appears dominated by localized stream channel deposits, the HSZs are hydraulically connected.  Each of the identified HSZs is composed of a sequence of sediments in which finer-grained sediments grade with depth to coarser-grained, clean sands and gravels, which generally occur in the lower portion of each zone.  The HSZs provide an overall structure for stratigraphic correlations within a single, heterogeneous aquifer.  Although there is significant vertical hydraulic communication between HSZs, horizontal flow predominates in each zone.


5.0	Nature and extent of contamination


The contaminants of concern (COCs) at the FTA-1 site include petroleum hydrocarbons, chlorinated VOCs, metals, and dioxins.  Metals and dioxins are the primary COCs in surface soils (defined for the purposes of this RPO evaluation as soils from 0 to 3 feet bgs), while the petroleum hydrocarbons and chlorinated VOCs are the primary COCs in the subsurface soils below 3 feet bgs.  These contaminants were released during past fire-fighting activities that took place at the site.  The impact of these activities on groundwater quality beneath the site has been minimal.


5.1	Surface Soils


For the purposes of this RPO evaluation, lead and dioxins were used as indicator contaminants to represent COCs in surface soils because they are the contaminants of principal regulatory concern, based on a review of regulatory agency comments on the draft closure report prepared for the site by JEG (1998b).  Although other metals are mentioned in the regulatory agency comments, lead is considered the “driver” due to the use of leaded fuels in fire-training exercises at FTA-1.


Soil analytical results for lead in samples collected through 1996 are included in Attachment 1.  The background concentration of 7.4 milligrams per kilogram (mg/kg) for lead in silty soils to a depth of 30 feet bgs was established for Castle Airport in the Source Control Operable Unit (SCOU) Record of Decision (ROD) Part 1 (WPI, 2000).  A human health-based protective concentration limit (PCL) for lead of 340 mg/kg was proposed in the Quality Assurance Plan by JEG, and the lowest ecological receptor-specific critical threshold value (CTV) of 3.08 mg/kg for lead was developed in the Phase I ecological risk assessment (JEG, 1995).  Though CTVs may be adopted as ecologically based cleanup goals, the use of the lowest lead CTV for FTA-1 is inappropriate because this value is lower than the background lead concentration for soils at the facility.  The lead concentrations exceeding the human health PCL in surface soils at FTA-1 have been entirely covered by the cap.  Lead concentrations ranging from 7.0 to 74.7 mg/kg have been detected in the upland areas around the perimeter of the cap and extend into the vernal pools.


Available soil analytical results for dioxin are also included in Attachment 1.  Only one surface soil sample collected outside the existing cap had a detectable dioxin concentration:  octachlorodibenzo-p-dioxin (OCDD) was detected at sampling location FTA1HA05 at an estimated concentration of 0.48 micrograms per kilogram ((g/kg).  The toxicity equivalent factor (TEF) for OCDD relative to 2,3,7,8-tetrachlorodibenzodioxin (TCDD) is 0.001 (United States Environmental Protection Agency [USEPA], 2001a), which means that OCDD has 0.1 percent the toxicity of 2,3,7,8-TCDD.  Thus, the 2,3,7,8-TCDD-equivalent concentration of 0.48 (g/kg OCDD is 0.048 (g/kg, which is two orders of magnitude below the USEPA Region 9 (2001b) human health screening level of 0.027 (g/kg for soils at industrial sites, and one order of magnitude below the screening level of 0.0039 (g/kg for soils at residential sites.  The California Department of Toxic Substance Control follows the TEF and toxicity guidelines set by the USEPA and the Agency for Toxic Substances and Disease Registry (ATSDR).  Based on the TEF, the dectected OCDD concentration at FTA-1 is below the human health level of concern in surface soils.  However, per the 1995 Phase I ecological risk assessment, an ecological CTV of 0.022 µg/kg for dioxins was developed (JEG, 1995).  The dioxin CTV was exceeded in site surface soils, and the extent of dioxin concentrations above the CTV in surface soils outside the cap boundaries is unclear.


5.2	Subsurface Soils


Subsurface vadose zone soils at FTA-1 have been divided into three general zones.  Zones 1, 2, and 3 are located in the north, south, and west parts of the site, respectively (Figure 2).  


Prior to initiation of SVE at the site, total extractable petroleum hydrocarbon (TEPH) contamination was detected in all three zones at concentrations up to 26,000 mg/kg.  The extent of TEPH contamination has been fully delineated to 100 mg/kg at the site (JEG, 1997b).  Vertical TEPH distributions are illustrated on Figures 3 and 4.  TEPH concentrations greater than 100 mg/kg have been delineated to maximum depths ranging from 12 to 28 feet bgs.  The distribution of total volatile petroleum hydrocarbon (TVPH) contamination was similar to that of TEPH, and the maximum TVPH concentration prior to SVE startup was 5,400 mg/kg (JEG, 1997b).


Trichloroethene (TCE) and other chlorinated hydrocarbons also were detected in the vadose zone prior to initiation of SVE.  TCE was detected at two locations, one near VMW 12/16 (Figure 2), and the other occurring in Zone 3 (Figure 2).  The maximum pre-remediation TCE concentration in soil was 2.4 mg/kg at VMW12/16.  The distribution of residual TCE contamination appeared to be limited to the upper 40 feet of the soil column (JEG, 1997b).  Based on data collected prior to initiation of SVE at FTA-1, JEG (1997b) estimated the initial masses of contaminants in soils at FTA-1 at 30 pounds; 149,000 pounds; and 851,000 pounds for TCE, TVPH, and TEPH; respectively.


5.3	Groundwater


Nine groundwater monitoring wells (MWs) have been installed near FTA-1 during previous remedial investigation activities at Castle Airport.  The locations of the MWs are shown on Figure 1.  All of the MW screened intervals are completed in the Shallow HSZ.  The monitoring wells initially installed around the site included MW320 (upgradient) and MW321, MW322, MW330, MW335, MW340, and MW345 (downgradient).  More recently, MW836 and MW886 were installed downgradient from FTA-1.  The static water level had dropped below the screened interval at well MW321 during 4Q90, and this well was abandoned during 4Q95.  MW335 and MW345 are also dry and are no longer monitored.  All other site wells are monitored under the long-term groundwater monitoring program being implemented by JEG at Castle Airport.  Depth to groundwater in these wells is currently approximately 70 feet bgs.


During groundwater sampling conducted at FTA-1 from 1993 through 1999, there were only four exceedances of the USEPA (1999) maximum contaminant levels (MCLs) for VOCs and semivolatile organic compounds (SVOCs).  These exceedances are summarized in Table 1.


TCE concentrations have equaled or slightly exceeded the MCL of 5 μg/L in only three sampling events, and there have been no detections of TCE at concentrations exceeding the MCL since February 1998.  Two exceedances occurred at downgradient well MW330, and the 1998 exceedance was reported at upgradient well MW320.  Bis(2-ethylhexyl)phthalate is a common laboratory contaminant, and a 1998 detection above the MCL of 4 μg/L likely was the result of sample contamination in the laboratory.  There have been no other bis(2-ethylhexyl)phthalate MCL exceedances.  Because contaminants were detected intermittently and only slightly above their MCLs in groundwater in the Shallow HSZ, it is unlikely that MCL exceedances would occur in deeper HSZs (JEG, 2000a).


A small-capacity Castle Airport water supply well (PW06) is located approximately 1,500 feet northwest of FTA-1 (see Figure 1).  This well has a maximum pumping yield of about 75 gallons per minute and is completed in the Shallow and Upper Subshallow HSZs.  The well is used only intermittently to supply water to the few operating facilities in the eastern part of Castle Airport.  Two irrigation wells are located south of FTA-1 in an agricultural area.  These wells are all located upgradient or crossgradient from FTA-1, and should not be impacted by site contamination.  Furthermore, groundwater beneath FTA-1 flows toward the west and is eventually captured by the Main Base Plume Remedial System in operation in the western portion of the airport.  Based on Parsons ES’s review of site data, no remedial action should be required for groundwater beneath FTA-1.


6.0	Remediation Activities Completed to Date at FTA-1


Remedial activities that have taken place to date at FTA-1 include the installation and operation of an SVE system and the installation of a cap.  The SVE system was installed for the physical removal of VOCs from the subsurface.  The cap was installed to enhance the radius of influence (ROI) of the SVE system, although it also minimizes the percolation of water through contaminated vadose zone soils, and prevents direct exposure of receptors to contaminants in surface soils.


6.1	Soil Vapor Extraction Systems


Two separate SVE and treatment systems were installed at FTA-1 and began operation in November and December 1996.  The first SVE system treated soil vapor extracted from SVE wells located in Zones 1 and 2 (Figure 2), and consisted of above-grade piping, a vacuum blower, and a thermal-oxidation vapor-treatment unit designed for a maximum flow rate of 1,000 standard cubic feet per minute (scfm).  Zones 1 and 2 contained elevated levels of petroleum hydrocarbon contamination and low concentrations of chlorinated VOCs before system startup, so the treatment system did not require components (e.g., a caustic scrubber) for chlorinated VOC treatment.  Venting wells (VWs) installed in Zone 1 included one triple-nested well, three dual-nested wells, and four individual wells.  VWs in Zone 2 included one triple-nested well, five dual-nested wells, and three individual wells. 


A second SVE system was installed to treat soil vapor extracted from VWs in Zone 3, which contained petroleum hydrocarbons, TCE, and other chlorinated VOCs.  This system consists of an above-grade header, a vacuum blower, and a catalytic oxidation unit with an acid-gas scrubber designed for a maximum flow rate of 250 scfm.  SVE wells installed at Zone 3 included three dual-nested wells and six individual wells.  Since initiation of SVE operation, the concentrations of chlorinated VOCs in soil vapor extracted from Zone 3 have decreased sufficiently to allow shutdown of the Zone 3 SVE system, and manifolding of Zone 3 VWs into the SVE unit treating vapors from Zones 1 and 2.  The capacity of the combined system has been decreased to 300 scfm.  Three additional single-screen VWs were installed by PRAXIS Environmental Technologies, Inc. (PRAXIS, 2000) on the west side of Zone 3 in June 1999.  The SVE system is currently operating in a pulsed mode, allowing rebounding of the vadose-zone VOC concentrations between extraction cycles.  The performance of the SVE wells at FTA-1 recently was evaluated by PRAXIS (2000) using their PneuLog( technology.  In June and July 1999, prior to the PRAXIS site evaluation, SVE was occurring at 12 of the 41 VWs.  After the PRAXIS site evaluation, the SVE system was optimized to extract vapor from 9 of the 44 site wells.  Extraction in Zone 1 was focused on the soil interval from 9 to 19 feet bgs on the northwestern side of the zone.  Extraction in Zone 2 was focused on the interval from 5 to 20 feet bgs on the northern side of the zone.  Extraction in Zone 3 was focused in the interval from 4 to 20 feet bgs in the center of the zone.


The SVE system did not operate for much of 2000 to allow for the completion of a pulsing test by JEG, but Montgomery Watson restarted the system in December 2000.  Extracted vapors currently are treated using a Model 5 Remedy-Cat thermal-oxidation unit from Global Technologies, Inc.  The system is extracting vapors from the three zones at a combined flow rate of approximately 300 scfm.  AFBCA has estimated the 2001 O&M costs for the FTA-1 SVE system at $230,000 (Parsons ES, 2000).


6.2	Cap


The installation of the cap at FTA-1 was completed in July 1996.  The cap was installed to increase the ROI of the SVE system, but it also controls leaching and downward migration of contaminants at FTA-1, and prevents direct exposure of receptors to contaminants in surface soils.  The as-built drawings for the cap are included in Attachment 2.  The cap consists of a foundation layer, a flexible membrane layer (FML), a drainage layer, and a cover layer.  The foundation layer consists of borrow material and investigation-derived waste (IDW) generated during remedial investigations at other Castle Airport sites.  The IDW was sampled and confirmed to be acceptable for onsite disposal prior to its use as foundation layer material.  The foundation layer was constructed to provide a 3-percent grade from the central ridge to the edges of the cap.  The foundation layer is less than 1 foot thick at the edges of the cap, and is approximately 4 feet thick at the center (ridge) of the cap.  The FML consists of textured 40-mil high-density polyethylene (HDPE) liner laid on top of the foundation layer.  The drainage layer was placed on top of the FML, and consists of a 1-foot-thick layer of clean sand.  The cover layer, placed on top of the drainage layer, consists of 6 inches of fill soil and 6 inches of topsoil seeded with low-maintenance grasses that require no irrigation.


Since cap construction, Botta’s pocket gophers have burrowed into the cover and drainage layers of the cap.  A cap-maintenance program has been implemented by JEG from the time the cap was completed (July 1996) through December 2000.  Montgomery Watson assumed responsibility for cap maintenance in December 2000.  The cap-maintenance program implemented by JEG consisted of quarterly site visits to inspect the cap, fill rodent holes, and set out poison to control the gopher population, and reporting.  The cost for the cap-maintenance program has been estimated at $10,000 per year (Lanning, 2001).


7.0	environmental restoration status and regulatory agency concerns


FTA-1 is being managed under the Installation Restoration Program (IRP).  Because final remedies have not yet been selected, a decision document for the site has not yet been prepared.  The final remedy for FTA-1 will be documented in the SCOU ROD Part 2, which is scheduled for completion in 2003.  The FFS currently being developed by JEG is intended to provide recommendations for FTA-1 remediation.  The FFS is essentially an update of the draft FTA-1 Closure Report (JEG, 1998b).  Parsons ES reviewed the draft FTA-1 Closure Report and the regulatory agency comments on this report as part of this RPO evaluation.  Based on this review, the key regulatory agency concerns about FTA-1 can be summarized as follow.


1)  Gophers currently burrow into the upper layers of the cap above the HDPE liner.  USEPA is concerned about exposure of these receptors and their predators to surface soil contaminants beneath the cap.  In its comments on the draft FTA-1 Closure Report (JEG, 1998b), USEPA stated that it has not been demonstrated that burrowing rodents will not be exposed to contaminated soils beneath the cap.  Information on the habitat requirements and behavior of the Botta’s pocket gopher is included in Attachment 3.


2)  Based on the results of supplemental sampling conducted by JEG in 1996 (see Attachment 1), USEPA commented (in April 1998) that metals and dioxins in surface soils have not been fully characterized outside the cap boundaries.  Dioxins and lead are the primary COCs in surface soils.    USEPA further stated that the cap was not initially installed to limit receptor exposure pathways, but rather was designed to enhance performance of the SVE system at FTA-1.


3)  While the regulatory agencies concur that the cap is adequately protective of human receptors, it is currently their opinion that the cap may not be fully protective of ecological receptors.  Two ecological risk assessments (ERAs) have been performed for the upland areas and vernal pools areas near FTA-1.  A Phase I ERA (JEG, 1995), which was conducted prior to the construction of the cap, was the only assessment of risks to upland receptors at FTA-1.  The Phase I ERA concluded that there were potential risks to upland (and wetland) ecological receptors from a series of metals, but concluded that these risks would be mitigated by the cap to be installed.  A Comprehensive Phase II ERA (JEG, 1997a) focused exclusively on the nearby vernal pools, citing placement of the cap at FTA-1 as having eliminated risks to upland receptors.  JEG has noted that no surface contamination above the human-health PCLs has been detected outside the cap boundaries.  A review of receptor-specific CTVs developed in the Phase I risk assessment for upland receptors shows that the lowest CTVs, commonly used as ecologically based cleanup goals, are two orders of magnitude lower than the PCLs.  CTVs for lead and dioxins are 3.08 mg/kg and 0.22 (g/kg (JEG, 1995), respectively, while the PCLs for these constituents are 340 mg/kg and 38 (g/kg.


8.0	Evaluation of remediation Alternatives for non-vocs in surface soils


Final remedies have not yet been selected for FTA-1, and cleanup goals for non-VOC contamination in surface soils have not yet been established for FTA-1.  Pending completion of supplemental site characterization sampling, re-assessment of ecological risks, and concurrence on cleanup goals for lead and dioxins in surface soils (efforts being conducted for the AFBCA by others), Parsons ES evaluated three possible alternatives for non-VOCs in surface soils.  The primary objective of this evaluation was to estimate costs associated with each possible remedial option, and to recommend an interim strategy for site remediation until a final remedy can be selected based on the FFS.  Alternatives evaluated by Parsons ES include:


Alternative 1:	Continued maintenance of the existing cap.


Alternative 2:	Extension of the capped area to within 20 feet of existing roads and vernal pools that surround FTA-1; thereby covering contaminated surface soils in the upland area to the extent practical, eliminating receptor exposure pathways, and minimizing any potential overland transport of contaminants into the vernal pools.  The extended cap would be maintained as described for Alternative 1.


Alternative 3:	Excavation and off-site disposal of surface soils to a depth of approximately 3 feet bgs.


	Alternative 3A:  Excavation of soils beneath the existing cap. 


	Alternative 3B: Excavation of the area described in Alternative 2.


The evaluation of alternatives for non-VOCs in surface soils was based on available lead and dioxin data.  Dioxins have been detected at concentrations up to 68 (g/kg in surface soils within the area covered by the existing cap.  Beyond the cap, OCDD has been detected in only one soil sample at a concentration (in 2,3,7,8-TCDD equivalent) below applicable USEPA Region 9 (2001b) soil human-health action levels, but above the ecological CTV developed during the Phase I ecological risk assessment for FTA-1 (JEG, 1995).  Available lead data indicate one primary soil hotspot, with a maximum concentration of 3,990 mg/kg, in soils beneath the western side of the cap.  In the upland area outside the capped area, the detected highest lead concentration was in a surface sample that had a concentration of 58.8 mg/kg.  Lead contamination above the background concentration of 7.4 mg/kg has been detected in upland area outside the cap and extending into the vernal pools.  It was assumed that capping of the vernal pools is not an option, as they are being preserved as part an exchange program for vernal pools that were destroyed for the construction of a local prison.


Because JEG is conducting supplemental site-characterization and risk-assessment activities at the site pursuant to completing the FFS, Alternative 1 was developed as an interim measure pending the outcome of those ongoing studies.  For Alternative 2, the available lead data were assumed to be generally representative of the distribution and magnitude of metals (and dioxin) contamination in surface soils.  Soil excavations proposed under Alternatives 3A and 3B are based on the areas identified for Alternatives 1 and 2, respectively.  A description of the evaluated alternatives is provided in Table 2, and an evaluation summary is presented as Table 3.  Assumptions and calculations associated with these alternatives are included as Attachment 4.


8.1  Alternative 1 – Continued Cap Maintenance


This alternative involves the continued maintenance of the existing cap and land restrictions, pending the results of other studies underway to select a final remedy for the site.  This alternative can serve as a baseline against which other alternatives can be compared.  Currently, approximately $10,000 is spent annually on the cap maintenance program (see Section 6.2).  Parsons ES recommends optimizing the current maintenance program by decreasing the frequency of site inspections from quarterly to every 6 months; filling in rodent burrows once per year (instead of quarterly) in the fall before the rainy season to prevent erosion of the cover and drainage layers of the cap; and discontinuing the gopher poisoning program.  Based on these recommendations, the annual cost for cap maintenance could be reduced to approximately $5,000.


The species of gophers currently known to burrow into the cap is the Botta’s pocket gopher.  The physiology and burrowing behavior of these rodents suggests that it is unlikely that the cap HPDE liner could be penetrated by their activities at the site.  The front claws of the adults of this species are less than 10 millimeters in length, and burrows are typically constructed within the upper 2 feet of soil (see Attachment 3).  Though there is evidence that gophers have disturbed the cover and drainage layers of the cap, no evidence that the 40-mil textured HDPE liner has been damaged or breached has been observed during cap inspections.    Therefore, Parsons ES believes that the primary threat to cap integrity posed by rodent activity at the site is disturbance of shallow soils and consumption of vegetation on the cap that may enhance erosion of the cap’s soil cover, resulting in increased maintenance costs.  To better control this erosional threat, it is recommended that filling of rodent burrows be scheduled prior to the rainy season each year.


The impermeable cap limits leaching of COCs in soils by reducing infiltration of rainwater.  Impacts on the vernal pools from soil erosion and overland runoff of COCs in surface soils also are controlled by the cap and upland vegetation.  Direct receptor exposures to soil COCs in areas beneath the cap also is controlled.  Land-use controls could prevent future human exposure to site soils.  Capping is not a permanent remedy; however, containment is a proven and reliable approach to long-term risk management.  Typical cap life is 30 to 50 years.  This interim alternative is implementable and carries no short-term construction risks because the cap is already in place.


Pending the results of supplemental characterization and the FFS, Alternative 1 is recommended based on available data and the observed and expected extent of rodent disturbance of the cap.  The present worth of this alternative $82,000 for 30 years of maintenance (Attachment 4), though a final remedy for the site should be selected and implemented within a shorter time frame.


8.2  Alternative 2 – Cap Extension


This alternative is based on the assumption that site lead contamination above the background soil concentration of 7.4 mg/kg must be remediated, and that the distribution of lead contamination in the uplands region of the site exceeds the background concentration of 7.4 mg/kg outside the cap to the border of the vernal pools.  It is further assumed that remediation of this distribution of lead also will result in remediation of other COCs in surface soils at the site.  The cap-expansion alternative involves extending the current 4-acre existing cap to cover an additional 6 acres (10 acres total).  The cap expansion would extend to within 20 feet of existing roads to the east and the south of the current cap, and to within 20 feet of existing wetlands north and west of the site.  The extended cap would be maintained as described in Alternative 1.


Extending the cap would result in a larger land area being covered to inhibit infiltration of precipitation to underlying groundwater.  The vernal pools would be protected from further impact from overland runoff of COCs in site soils.  Receptor exposures and contaminant mobility would also be further controlled.  Again, capping is not a permanent remedy, but a long-term risk management approach with a design life of 30 to 50 years.  This alternative is implementable and short-term risks, particularly dust generated during construction, would be controllable.  The present worth of this alternative is $1,700,000 including construction and maintenance for 30 years (Attachment 4).


Should remediation of the 10-acre area addressed under this alternative be required, the costs of Alternative 2 may outweigh the benefits.  


8.3  Alternative 3 – Excavation and Off-Site Disposal


Two options were considered under this alternative:


Excavation of the 4-acre area under the existing cap (this assumes no significant risk is posed by surface metals and dioxins contamination beyond the current cap boundary), as identified in Alternative 1.


Excavation of the extended 10-acre area (assumes the known distribution of lead concentrations greater than 7.4 mg/kg is representative of the distribution of other COCs requiring remediation in upland surface soils at the site), as identified in Alternative 2.


The excavation alternative would involve removing the existing cap and excavating to a depth of 3 feet bgs (based on available COC data).  Excavated soil would be treated and/or disposed of off site.  Excavation would reduce potential risks to humans and the environment, would eliminate future impacts from surface soils on the vernal pools, and would eliminate the long-term costs associated with cap maintenance required under Alternatives 1 and 2.  Future use of the land would not be restricted.


Excavation is an effective, permanent remedy.  Onsite toxicity, mobility, and volume of contaminants in excavated soils would be eliminated.  Short-term risks could be minimized by implementing controls for worker exposure, storm water runoff, fugitive dust, and potential for spillage.  Excavation is a proven technology, and is easily implemented for shallow soils.  Disposal locations are available within the region.  The costs for this alternative are $1,800,000 for Option A and $5,100,000 for Option B (Attachment 4). 


8.4  Recommendation for Surface Soils


Because the significance of potential risks to ecological receptors from COCs in surface soils has not been determined, soil cleanup goals have not been developed, and an FFS is underway, Parsons ES recommends that the current cap be maintained as described under interim Alternative 1 until a final remedy is selected in the ROD.  Alternative 2, extension of the cap to cover all upland soils affected by COCs at concentrations that may pose an unacceptable risk so site receptors, likely will prove too expensive for the non-permanent risk-reduction to be achieved.  Excavation and disposal of contaminated surface soils under Alternative 3 (Option B) would provide a permanent reduction in non-VOC toxicity and mobility, but is the most expensive of the alternatives considered. 


9.0	EVALUATION OF The SVE SYSTEM


The SVE system installed at FTA-1 has operated (non-continuously) since November 1996.  Currently, the SVE system includes 44 SVE wells; 9 of which were active in December 1999, which was the last period for which operational data were available during this RPO evaluation (JEG, 2000b).  The SVE system includes two main headers: one that extracts vapor from SVE wells located in Zones 1 and 2, and a second that extracts vapors from SVE wells located in Zone 3.  The two headers are currently manifolded together upstream from the vacuum blower, and the combined extracted vapor stream is treated with a single thermal oxidizer to destroy VOCs.


9.1	Review of SVE System Performance Data 


9.1.1	Soil Cleanup Objectives


Preliminary action levels of 1,500 mg/kg of TEPH and 100 mg/kg of TVPH for soils from the ground surface to 20 feet bgs (Montgomery Watson, 1999), and site-specific goals of 6.2 to 16.1 parts per million by volume (ppmv) of TCE (JEG, 1998a) have been established for FTA-1.  The TCE goals were based on vadose-zone transport modeling conducted using VLEACH by JEG (1998a).  The model estimated that static soil gas TCE concentrations below 6.2 ppmv in soil gas, assuming high recharge and no diffusion, or 16.1 ppmv, assuming low recharge with upward diffusion, would not migrate to the water table at concentrations that exceed the MCL of 5 micrograms per liter ((g/L) throughout an 80-year simulation.  These soil and soil vapor action levels are to be used only as preliminary goals for the site remediation; SVE operation will continue until SVE Termination or Optimization Process (STOP) criteria (Castle AFB, 1999) are met.


9.1.2	VOC Mass Removal Rates


The most recent data on VOC mass removal rates and system operation is presented in Project Note #002, FTA-1 Pulsing Assessment (JEG, 2000b).  The last documented period of operation ended on 29 December 1999, at which time the system was removing 11 pounds per day (lbs/day) of VOCs from the subsurface at a flow rate of 277 scfm and a vacuum of 10 inches of mercury (Hg).  The average influent VOC concentration to the SVE treatment unit was 112 ppmv (Attachment 5).  Zones 1 and 2 contributed 10 lbs/day of VOCs (216 scfm with a total VOC concentration of 130 ppmv), and Zone 3 contributed 1 lb/day of VOCs  (61 scfm with a total VOC concentration of 46 ppmv) (Attachment 5).  System operation is believed to have been continuous from August to December 1999, although operating data from this timeframe were not available for review.  The system stopped operating in December 1999 as part of a pulsing assessment being performed by JEG.


9.1.3 	Air Emissions Requirements


The maximum allowable discharge of VOCs to the atmosphere is 2 lbs/day per remediation system at Castle Airport.  This limit applies to point-source emissions. 


9.1.4	VOC Concentrations in Soil Vapor


The draft final data evaluation report for Site FTA-1 (PRAXIS, 2000) is the most recent comprehensive review of site conditions.  Prior to data collection by PRAXIS, the SVE system was turned off for approximately 1 month (May 1999).  After this rebound period, PRAXIS collected initial VOC data from the majority of the VWs at FTA-1, restarted the SVE system, and monitored VOC concentrations during the first 5 days of operation (Table 4).  These data were used by PRAXIS (2000) to generate Figures 5 and 6, which show the extent of residual TCE and petroleum hydrocarbon contamination, respectively, in June 1999.  The June 1999 (post-rebound) data indicated two localized areas of TCE concentrations at wells VMW08 and VW24 (Figure 5).  These sampling locations are not located within former burn pits, but appeared to recover vapors from source areas, based on rising TCE concentrations over the 5-day startup period (Table 4).  Elevated volatile petroleum hydrocarbon vapor concentrations were identified in each of the three zones (Figure 6 and Table 4).  The data suggest that VOC contamination is confined largely to soils above 20 feet bgs, but extends deeper in Zone 2 in the vicinities of VW17 and VW29, screened from 30 to 40 feet bgs.


Soil vapor rebound field screening results over the 7 months following system shutdown on 29 December 1999 are presented in Table 5 (JEG, 2000b).  Total VOCs were measured in the field using a flame ionization detector (FID), and oxygen (O2) concentrations were measured using a direct-reading O2 meter.  Collection of rebound vapor samples from the extraction wells began at the end of the last operating period (29 December 1999).  This data, although collected sporadically during the next 7 months, provides semiquantitative information on static VOC concentrations in soil during this hiatus in SVE system operation.  A regular vapor monitoring schedule and sampling protocol should be developed to provide more reliable soil vapor data in the future.


9.1.5	Evaluation of SVE System Area of Influence


In late 1999, SVE was focused on VOC vapors in the soil intervals from 9 to 19 feet bgs on the northwestern side of Zone 1, from 5 to 20 feet bgs on the north side of Zone 2, and from 4 to 20 feet bgs centrally in Zone 3 (JEG, 2000b).  In 2000, PRAXIS optimized SVE operations to target remaining contaminated soil intervals, as indicated by the reduced number of operating VWs.  Residual VOC contamination at the site is present predominantly above 20 feet bgs (PRAXIS, 2000), and does not appear to be significantly impacting  groundwater quality at the site.


Based on Parsons ES experience at similar sites, the SVE system is believed to be providing full-scale treatment of the contaminated soil volume, though data confirming full-scale influence were not available for this review.  Collection of vacuum-response and soil vapor chemistry data at steady-state SVE operating conditions is recommended to verify this inference.  Comparison of soil vapor chemistry during SVE operations and static soil vapor chemistry during rebound periods is a good measure of system effectiveness.


9.2	Vapor Treatment System Evaluation


The estimated cost of supplemental fuel required to operate the catalytic oxidizer unit to treat VOC vapors extracted from all three zones at FTA-1 is $5,350 per year.  Assuming the system is extracting vapors at 300 scfm, the operating cost for this treatment system is low relative to granular activated carbon (GAC), another commonly used method for treating VOCs in a vapor stream.  A comparative cost evaluation for thermal oxidation and GAC sorption is presented in Attachment 6.


The maximum allowable discharge of VOCs to the atmosphere is 2 lbs/day, or approximately 18 ppmv at 300 scfm.  Therefore, thermal oxidizer should be operated at FTA-1 as long as the influent VOC concentrations are greater than about 15 ppmv at 300 scfm.


If SVE with vapor treatment were to be limited to a single zone (e.g., to extract TCE vapors at Zone 3) (see Section 9.4), treatment costs could be reduced.  Assuming a Zone 3 vapor extraction flow rate of 100 scfm, the 2-lb/day VOC emissions limit would equate to an average VOC concentration of 56 ppmv in the extracted vapors.  Based on this information, vapor treatment could cease when VOC concentrations decrease below 56 ppmv during  SVE at a flow rate of 100 scfm.  SVE at Zone 3 in December 1999 was occurring at an extraction flow rate of 61 scfm with VOC concentrations in the extracted vapor averaging 46 ppmv (Attachment 5).  If these operating conditions remain essentially unchanged during continued SVE at Zone 3, extracted vapors could be discharged directly to the atmosphere without treatment.


If the use of SVE with thermal oxidation treatment continues at all three zones at FTA-1, Parsons ES recommends that a pulsing assessment be performed.  Recent SVE system operation has used pulsing to reduce operating costs and optimize VOC vapor recovery.  While pulsing SVE system operations will not accelerate cleanup times, it can substantially reduce the cost per pound of contaminant recovered.  Use of dormant periods (turning the SVE system off) allows the subsurface VOC vapor concentrations to rebound (i.e., return to equilibrium with sorbed contaminant concentrations) and conserves resources because:


Operating costs are not incurred while the SVE system is off.


Subsurface concentrations rebound and result in higher extracted VOC concentrations, which in turn require less supplemental fuel for contaminant destruction using thermal oxidation.  


Pulsing the system will not result in accelerated cleanup times because the VOC concentration gradient from the sorbed phase to the vapor phase (in air-filled soil pores) will decrease as the subsurface vapor phase concentrations rebound (i.e., the process is diffusion limited).  Diffusion from the source to the mobile phase is exponential with the largest gains in concentration occurring early in the dormant period and eventually becoming asymptotic.  When operating an SVE system in a pulsing mode, it is important to identify a dormancy period that reduces costs without substantially extending the time to site closure.  Recent pulsing data provided to Parsons ES (Table 4) are not sufficient to identify the appropriate dormancy period.  Pulsing data from Project Note No. 031 indicated that asymptotic VOC concentrations in soil gas were reached within 100 hours of SVE system shut down (JEG, 1998c).  With a source mass reduced by 3 years of SVE operation, the time necessary for VOC vapor concentrations to reach equilibrium may be longer than in 1998, and should be re-evaluated.  A pulsing assessment should include monitoring VOC and O2 concentrations at vapor sampling points after SVE system shut down.  Vapor samples should be collected twice a week for the first 2 weeks, weekly for the next 2 weeks, and then every other week until termination of the rebound testing (i.e., when changes in VOC concentrations become asymptotic).  Confirmation vapor samples also should be collected for laboratory analysis using USEPA Method TO-14 to develop correlations between the field readings and actual VOC concentrations.


Similar testing should be performed during system start-up, after the rebound period.  VOC and O2 concentrations should be sampled three times the first week, two the second week and once each additional week until asymptotic levels are achieved with a few samples collected for laboratory analysis by TO-14.  Information from the Draft Final Data Evaluation Report indicates that VOC concentrations in extracted vapors will stabilize within 2 weeks after system shut down (PRAXIS, 2000).  An extraction time of 6 days is necessary to purge approximately two pore volumes (air-filled void) of vapor from contaminated soils under the FTA-1 cap (Attachment 5).  Extraction of two pore volumes provides a reasonable basis for determining the most effective active extraction cycle.  Anther factors to consider when developing a pulsing strategy is the current O&M schedule - the frequency O&M visits to the site should not be substantially reduced because the additional costs incurred could offset savings without a substantial gain in operating efficiency. 


Based on these considerations the recommended active extraction period for continued SVE at Site FTA-1 is approximately 1 to 2 weeks.  The most effective rebound period will probably be from 2 to 4 weeks.  Rebound testing should be performed to refine this estimate.


9.3	Aerobic Hydrocarbon Biodegradation at FTA-1


Based on a review of current site conditions, Parsons ES believes that stimulation of aerobic hydrocarbon biodegradation using air injection bioventing could be a successful low-cost alternative to full-scale SVE at FTA-1.  JEG recently estimated that the VOC biodegradation rate at FTA-1 is 60 lbs/day (JEG, 2000b), providing strong evidence that aerobic biodegradation of TPH is occurring at the site.  This estimated biodegradation rate is approximately six times higher than the VOC mass removal rate of 11 lbs/day (see Section 9.1.2), indicating that, at this stage of remediation, more hydrocarbons are being biodegraded aerobically than are being physically removed and destroyed by the SVE and treatment system.  As remediation progresses to later stages, biodegradation can be expected to account for an even greater percentage of the total hydrocarbon removal.  Table 5 summarizes oxygen concentrations measured at the VWs and vapor monitoring points (VMPs) at FTA-1 from December 1999 through July 2000.  These data show decreasing oxygen concentrations at most monitoring points (i.e., VW01, VMW01, VW02, VW06, VMW12, VMW06, and VW-24 but not VW12 and VMW08) during the pulsing assessment (JEG, 2000b).  Static TVH concentrations, as measured with a flame ionization detector (FID), are as high as 11,450 ppmv (VMW06), indicating that there are still significant concentrations of petroleum hydrocarbons that could be degraded aerobically using bioventing.  The maximum VOC concentration reported by PRAXIS (2000) in vapors during active SVE was 450 ppmv at VMW06 (Table 4).  Because chlorinated compounds such as TCE are recalcitrant to biodegradation under aerobic conditions, Zone 3 soils, which still contain low concentrations of TCE, cannot be addressed using bioventing until TCE has been remediated to acceptable levels using SVE.  


9.4  Recommendations for Subsurface Soils Treatment


Parsons ES recommends that the Air Force pursue an alternative approach to the remediation of hydrocarbons in subsurface soils at FTA-1 that combines air injection bioventing at Zones 1 and 2 with low-flow-rate SVE without offgas treatment at Zone 3.  Bioventing is a proven technology for reducing VOC and total petroleum hydrocarbon (TPH) concentrations in the vadose zone, and is much less expensive than SVE because vapor treatment is not required.  Based on Parsons ES experience, operation of an air-injection bioventing system to address areas of remaining TPH contamination in Zones 1 and 2 operating concurrently with a low-flow-rate SVE system without off-gas treatment at Zone 3 would cost approximately $80,000 per year, including power, annual soil vapor sampling/respiration testing, and reporting.  Routine system maintenance would be provided by the Air Force.  This alternative approach should be as protective of human health and the environment as the current remedy (i.e., SVE in all three zones with thermal oxidation), and could result in an estimated O&M cost savings of approximately $150,000 per year.  The rationale behind the recommended approach is summarized as follows:


1)  At Zone 3, the only zone at FTA-1 where chlorinated VOCs exceed preliminary soil-vapor cleanup goals, the VOC mass-removal rate during SVE has been approximately 1 lb/day, which is below the regulatory limit of 2 lbs/day for VOC emissions the atmosphere.  Reducing the SVE flow rate could further reduce VOC emissions, if necessary.


2)  At Zones 1 and 2, contaminated primarily with petroleum hydrocarbons, there is strong evidence that biodegradation of hydrocarbon residuals is occurring (e.g., depleted O2 concentrations).  In fact, JEG (1998c) has estimated that TPH biodegradation rates may be as high as 60 lbs/day.


3)  Although Zones 1 and 2 still display relatively high total VOC concentrations in soil vapor (up to 18,000 ppmv), surface VOC emissions are not expected to pose a problem because the cap will prevent VOC emissions to the atmosphere in the source area; air-injection flow rates will be low to minimize transport of VOCs in the subsurface; there are no confined subsurface spaces (e.g., basements or utility tunnels) in the vicinity of FTA-1 in which vapors could collect; and there is no residential development in the vicinity of FTA-1.


9.4.1	Implementation Plan


9.4.1.1	Obtain Regulatory Approval 


The first step in implementing this alternative treatment approach would be to obtain regulatory approval for performing SVE without off-gas treatment in Zone 3.  This should be fairly easy to accomplish, as regulators have already approved direct discharge of offgas from the OU1 and Phase II groundwater VOC treatment systems at Castle Airport, and because the 1999 VOC mass-removal rate at Zone 3 at FTA-1 (1 lb/day) was less than the allowable VOC discharge limit of 2 lbs/day.


The VOC removal rate (from the subsurface) achieved by the OU1 treatment system was 5.5 pounds per month in 1999, which translates to 0.18 lb/day (JEG, 2000a).  At the Phase II groundwater treatment system, an air sparging system has been added to the influent equalization tank to extend the life of the GAC, which is the primary treatment process at this plant.  The VOCs stripped from groundwater in the tank are released directly to the atmosphere.  The VOC mass-removal rate achieved by the Phase II groundwater treatment plant was 8 lbs per month during the first 6 months of 1999, which translates to 0.26 lb/day.  Assuming that 90 percent of the VOCs were released to atmosphere due to air sparging in the influent equalization tank, then 0.23 lb/day of VOCs is discharged to the atmosphere.


The VOC mass removal rate from Zone 3 at FTA-1 (1 pound per day) is half of the allowable VOC discharge limit of 2 pounds per day.  If regulatory agencies are concerned that VOC emissions from Zone 3 are too close to the 2 pound limit, then the VOC emissions rate could be reduced by lowering the SVE flow rate from 60 scfm to 20 to 30 scfm.


9.4.1.2	Perform Air-Injection Bioventing Pilot Test


Surface emissions of VOCs typically do not occur or are very low at bioventing sites due to the low air-injection flow rates that are used (USEPA, 1993; Battelle, 1995).  Nonetheless, surface VOC emission rates may need to be quantified to obtain regulatory approval of this alternate remedial approach for VOCs in soils at FTA-1.  This could be accomplished through performance of an air-injection bioventing pilot test.


To conduct a bioventing pilot test at the site, additional, shallow VMPs (3 feet bgs or less) should be installed at the periphery of the cap to monitor soil vapor VOC concentrations near the surface.  Use of shallow VMPs is preferable to the use of surface flux chambers because the VMPs can be resampled, and they will provide more reliable results because vapor leakage will be minimized.  Prior to the pilot test, field measurements of oxygen, carbon dioxide, and TVH should be collected under static conditions at all available VMPs, and laboratory samples for VOCs and TVH using USEPA Method TO-14 should be collected at VMPs near the edge of the cap.  The HDPE liner within the cap was designed to prevent any significant migration of VOCs through the cap.  The pilot test should be performed by injecting air at a low flow rate (less than 0.5 scfm per foot of contaminated vadose zone soil thickness) into Zone 2 VWs, where TVH concentrations are highest.  Pressure-response and field soil vapor sampling should be performed at all VMPs, and laboratory samples should be collected from the shallow VMPs installed at the periphery of the cap to determine if VOC concentrations increase due to initiation of air-injection bioventing.  Results of the pilot test can be used to support the design and operation of full-scale air-injection bioventing at Zones 1 and 2.


9.4.1.3	  Startup Testing of SVE and Bioventing Systems


Once regulatory concurrence has been obtained for the alternative approach to remediation at FTA-1, a startup test should be performed.  Parsons ES recommends operating the SVE system at Zone 3 concurrently with bioventing at Zones 1 and 2.  Because bioventing in the other two zones may drive VOCs into Zone 3, the SVE system at Zone 3 should be monitored to ensure that daily releases of VOCs to the atmosphere remain below 1 lb/day.  Extraction flow rates can be optimized to reduce emissions, if required.  The effects of bioventing in VOC concentrations in Zone 3 and at the edges of the cap cannot be accurately assessed without a pilot test of this remedial configuration.


10.0	conclusions


Based on Parsons ES’s review of available site information, the following conclusions regarding soil remediation at FTA-1 were reached:


No remedial action should be required for groundwater.


Ecological COCs need to be agreed upon for FTA-1, and cleanup goals need to be developed for surface soils at the site.  Cleanup goals for lead and other metals should be negotiated with the regulators.  Assessment of potential ecological risks posed by metals and dioxins in surface soils outside the capped area is the subject of a separate work effort being conducted by the Air Force.  The final remedy for non-VOCs in surface soils at the site will be dependent on the results of the additional site characterization activities, ecological risk assessment, and the ongoing FFS.


Pending the outcome of the ecological risk assessment, regulatory concurrence should be sought for maintenance of the existing cap as an interim remedy for non-VOC contamination in soils under the cap.


Remediation of VOCs in subsurface soils should continue as outlined in the VOC closeout strategy presented in Section 10.2.


Recommendations for Non-VOCs in Surface Soils





The Air Force is currently conducting additional site characterization activities at FTA-1, and an effort is underway to quantify the risk posed by FTA-1 to ecological receptors.  A final remedy for surface soils cannot be selected until the results of these efforts are available.


Maintenance of the current cap should continue under a reduced inspection frequency, as rodents burrowing in the upper layers of the cap are not expected to breach the HDPE liner and complete an exposure pathway.  To further assess an appropriate remedy for non-VOC contamination in surface soils beyond the cap boundaries, cleanup goals for lead and other COCs should be negotiated with the regulatory agencies.  The use of the Phase I ecological risk assessment CTV for lead (JEG, 1995) as a cleanup level for surface soil is not appropriate because it is lower than the background concentration.  Furthermore, it may not be practical to delineate lead concentrations in surface soils to a non-anthropogenic background soil concentration of 7.4 mg/kg.  Lead concentrations in surface soils at FTA-1 may exceed this background concentration because surface soils likely have been impacted by other, non-site-related activities in the area, including the aerial deposition of lead formerly used in leaded fuels and from small-arms discharges at the nearby firing range.


The existing cap at the site can be considered an appropriate interim remedy for metals and dioxins in surface soils within the current cap boundaries, pending results of ongoing studies being conducted by others.  Cap design lifetimes typically range from approximately 30 to 50 years.  


10.2	Recommendations for VOCs in Subsurface Soils


Although VOC contamination in subsurface soils is being addressed by the existing SVE system in a manner that is protective to human health and the environment, Parsons ES recommends that the Air Force explore an alternate remedial approach that includes air injection bioventing in Zones 1 and 2 and low-flow-rate SVE in Zone 3.  This alternate approach should be equally protective of human health and the environment to the current SVE system, and once the system is modified will result in an estimated annual O&M cost savings of approximately $150,000 to the Air Force.


To gain regulatory approval for the proposed alternate remedial approach, a pilot test of the alternate configuration should be performed at FTA-1 following the procedures outlined in Sections 9.3 and 9.4.  An air injection bioventing pilot test should be performed at Zones 1 and 2 to demonstrate that TVH in soil vapor will not be displaced into breathing spaces or clean soils surrounding the burn pits at significant concentrations.  A low-flow rate SVE pilot test is recommended at Zone 3 to demonstrate that the daily VOC mass removal rates are below allowable levels for discharge to the atmosphere, and a combination pilot test, with air injection bioventing being performed at Zones 1 and 2 while SVE is being performed at Zone 3, is also recommended to demonstrate that TCE-impacted soils at Zone 3 will remain under vacuum during actual operating conditions.  If vacuum is maintained in Zone 3 soils under these conditions, then it can be demonstrated that capture is maintained in Zone 3, and the chlorinated VOCs will not be driven offsite. 


If the pilot test is successful, then thermal treatment of extracted vapors should be discontinued, and the alternate approach should be implemented following regulatory review and approval. 


Should significant displacement of TVH in soil vapor be observed, VOC concentrations in soil vapors extracted from Zone 3 increase in response to air injection bioventing in Zones 1 and 2, or if capture cannot be maintained in Zone 3, then pulsed operation of the SVE systems, with vapor treatment as needed to meet regulatory requirement, should continue in all three zones.  Under either scenario, SVE should continue at Zone 3 until static TCE concentrations in the zone decrease below 16 ppmv (JEG, 1998a).  At such time as TCE concentrations fall below the preliminary cleanup goal (see Section 9.1.1), regulatory concurrence should be sought to terminate SVE in this zone, or to convert the SVE system for air-injection bioventing.


During operation of the remediation systems at FTA-1, annual static (rebound) soil vapor monitoring and respiration testing should be conducted.  Results from these tests will allow assessment of remedial system effectiveness, and will facilitate optimization of injection or extraction locations.  During bioventing, oxygen delivery to the site should be monitored to confirm that the entire affected soil volume is receiving sufficient oxygen to stimulate biodegradation of residual petroleum hydrocarbons.  During SVE, VOC concentrations should be monitored on a regular basis at all VWs and VMPs to ensure that vapor extraction is focused at VWs with the highest VOC concentrations.


If you have any questions, please call me at (303) 831-8100.








					Sincerely,


					PARSONS ENGINEERING SCIENCE, INC.











					


					John Ratz, P.E.


					Project Manager
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