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February 16, 2001

Mr. John Matthews

AFCEE/ERC

3207 North Road

Brooks AFB, TX  78235-5363

Subject:
Phase II RPO Evaluation Report for the Building 1325 UST Site, Castle Airport, California

Dear Mr. Matthews:

This letter provides the results of the Phase II Remedial Process Optimization (RPO) evaluation performed by Parsons Engineering Science, Inc. (Parsons ES) at the Building 1325 underground storage tank (UST) site at Castle Airport (formerly Castle Air Force Base), 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, 2000a), and the Work Plan for Additional Subsurface Characterization, Groundwater Monitoring Well Installation, and Soil Vapor Monitoring Point Installation at the Building 1325 UST Site, Castle Airport, California (Parsons ES, 2000c).  The field work performed by Parsons ES during this project provided data required to complete the site characterization, and to formulate a remediation and closeout strategy for the Building 1325 UST site.  This report includes:

· a description of the project objectives and scope of work;

·  a background summary for the Building 1325 UST site, including descriptions of the site and site history, the nature and extent of petroleum hydrocarbon contamination based on data collected prior to the RPO field activities, remediation activities completed to date, and data gaps identified by Parsons ES following the review of existing site data;

· a description of the field activities completed by Parsons ES under the RPO project;

· results of the field activities, and an interpretation of data with conclusions; and

· a strategy for achieving regulatory site closure.

RPO Objectives and Scope of work

The main objectives of the Phase II RPO evaluation at the Building 1325 UST site were to:

· review existing site information;

· perform field work required to address data gaps; and 

· develop a strategy for achieving site closure, including decision criteria to determine when the remedial technology being implemented at the site should be changed, and when site closure can be recommended.

The main objectives of the field work were: 1.) to determine contaminant concentrations in soil vapor and to evaluate the potential for biodegradation in vadose zone soils at the site through baseline soil vapor sampling, 2.) to define the lateral extent of petroleum hydrocarbon contamination in soils at the Building 1325 UST site, and 3.) to determine the groundwater quality upgradient, downgradient, and in the immediate vicinity of the Building 1325 UST site, and to evaluate the potential for natural attenuation of petroleum hydrocarbons in groundwater.

The objectives of this investigation were met in two mobilizations to the site.  In the first mobilization, completed in September 2000, soil vapor samples were collected from existing soil vapor monitoring points (VMPs) and were analyzed for field and laboratory parameters.  In the second mobilization, completed in December 2000, five soil boreholes were advanced at the site; soil samples were collected and submitted for laboratory analysis; two groundwater monitoring wells (MW), two VMPs, and one combination groundwater monitoring well/soil vapor monitoring point (MW/VMP) were installed; and groundwater and soil vapor samples were collected and analyzed for various field and laboratory parameters.

Site description and history

Building 1325 was one of the former maintenance shops for the 93rd Field Maintenance Squadron at Castle AFB (Figure 1), and Building 1323 was a former warehouse.  Although Castle AFB was officially closed in September 1995, Buildings 1325 and 1323 have been leased to a private entity and remain in active use as a shop and warehouse, respectively.  The ground surface south of Buildings 1325 and 1323 is flat and paved with asphalt.

Three steel USTs were installed at the site in 1968 for the storage of diesel fuel, gasoline, and jet fuel.  The locations of the former USTs and pumping island are illustrated in Figure 1.  One UST had a storage capacity of 5,000 gallons, and was used to store motor vehicle gasoline.  The remaining two USTs each had a storage capacity of 10,000 gallons.  One of the 10,000-gallon USTs was for the storage of diesel fuel, and the other was for storage of JP-8 jet fuel.  The UST system was removed by Laguna Construction Company, Inc., in June 1996.  During UST system removal, Laguna noted that contaminant concentrations above cleanup levels were observed in the excavation.

Site Hydrogeology

Soils at the site consist of interbedded silts, clays and sands.  Groundwater at the Building 1325 UST site is at approximately 66 feet below ground surface (bgs) and the groundwater flow direction is to the west, based on water level measurements collected in April 2000 by Jacobs Engineering Group (JEG) as part of their long-term groundwater monitoring program at Castle Airport.  The hydraulic gradient was estimated at approximately 0.001 feet/foot.  In May 2000, JEG began operating three injection wells that inject treated groundwater into the upper subshallow aquifer in the vicinity of the Building 1325 UST site.  The injection well that is the closest to the Building 1325 UST site is designated as IW-33, and is installed approximately 200 feet west of Building 1325.  In July 2000, groundwater level measurements performed by JEG indicated that the groundwater flow in the vicinity of the Building 1325 site was toward the southwest.  It is possible that the injection of treated groundwater into the subsurface at IW-33 has caused the groundwater flow direction to shift to the southwest.  

Nature and Extent of Petroleum Contamination

The site was characterized as reported in the Source Control Operable Unit (SCOU) Remedial Investigation/Feasibility Study (RI/FS) and the SCOU Data Gap Report produced by JEG (1997, 1998).  JEG advanced eleven soil boreholes at the site as part of the RI/FS, and analyzed soil samples for total petroleum hydrocarbons (TPH) and benzene, toluene, ethylbenzene, and xylenes (BTEX).  Soil borehole locations are illustrated in Figure 1, and soil analytical results for TPH and BTEX are provided in Attachment A.  Elevated levels of TPH (more than 1,000 mg/kg) were detected in all boreholes with the exception of B1325SB19.  Elevated BTEX concentrations were detected in boreholes B1325SB10, B1325SB11, B1325SB12, and B1325SB14.  TPH was detected at all sampling depths at B1325SB07 and B1325SB11, indicating that the entire vadose zone thickness may be impacted at these locations and that these locations mark the main source area of the fuel release.  JEG also installed groundwater monitoring well MW852R, and VMPs PMP-1, PMP-2, and PMP-3.  The lateral extent of petroleum hydrocarbon contamination in soils was not defined in any direction except to the southwest by borehole B1325SB19, where there were no detections of TPH. 

Remediation Activities Completed to Date

A soil vapor extraction (SVE) system using catalytic oxidation for vapor treatment was installed at the Building 1325 UST site by GeoResource Consultants, Inc. in September 1999 (GeoResource Consultants, Inc., 2000).  GeoResource Consultants installed two nested SVE wells, designated as E/I-1 and E/I-2, and an additional soil vapor monitoring point (PMP-4) at the Building 1325 UST site (Figure 1). SVE was implemented as a source removal action from October 1999 to March 2000 by drawing soil vapors from the subsurface at E/I-1 and E/I-2.  SVE treatment was discontinued in March 2000 because the catalytic oxidation system consistently failed to achieve a required volatile organic compound (VOC) destruction efficiency of 95 percent.  Montgomery Watson resumed vadose zone treatment using SVE beginning in October 2000.  Montgomery Watson selected an internal combustion engine (ICE) for destruction of VOCs in extracted soil vapor.

DATA GAPS identified

During Parsons ES’ review of existing site information, two significant data gaps were identified at the Building 1325 UST site:

· It was not known if the petroleum hydrocarbon release at the Building 1325 UST site had impacted groundwater beneath the site.  The only groundwater monitoring well installed at the site prior to the RPO effort was MW852R, installed southwest of the former UST locations (Figure 1).  Since the groundwater flow direction was toward the west during the time the UST system was used, any residual-phase “smear zone” or dissolved-phase contaminant plume that may originate from the source area would move toward the west, meaning that MW852R is essentially crossgradient of the source area.  Additionally, the top of the well screen is installed at 72 feet bgs, seven feet below the current water table elevation, meaning that the screen may be too deep to detect any light non aqueous-phase liquid (LNAPL) or dissolved petroleum constituents that may have been present.
· The lateral extent of petroleum hydrocarbon contamination in vadose zone soils had not been defined.  Based on a review of operating data from the catalytic oxidation system (GeoResource Consultants, Inc., 2000), the two SVE wells installed at the site have an adequate radius of influence to provide treatment to the known contaminated soil volume, but the extent of contamination had not yet been defined to the north, east, or south of the former UST system.
To address these data gaps, Parsons ES performed additional subsurface characterization activities as part of this Phase II RPO evaluation in two mobilizations, occurring in September and December 2000.  The activities performed in each mobilization are described in the following section.

RPO Subsurface Characterization Activities

In September 2000, a soil vapor sampling event was performed by Parsons ES using existing VMPs.  In December 2000, Parsons ES completed additional subsurface characterization activities, including drilling, soil sampling, the installation of new groundwater MWs and VMPs at the site, groundwater sampling, and soil vapor sampling.  A detailed description of field activities performed during each mobilization is discussed in the following sections.
September 2000 Soil Vapor Sampling Activities

The soil vapor sampling event was conducted to determine the static soil vapor conditions (e.g., the conditions that exist when the soils are not being treated using SVE, bioventing, or other technologies that draw air through the soil matrix) at the Building 1325 UST site.  Specific objectives included determining the magnitude and extent of petroleum hydrocarbon contamination [BTEX and total volatile hydrocarbons (TVH)] in soil vapor at the Building 1325 UST site, to evaluate the potential for petroleum hydrocarbon biodegradation in soils by measuring concentrations of oxygen and carbon dioxide in soil vapors, and to screening the site to aid in determining appropriate borehole locations in the December 2000 subsurface characterization event.  Static soil vapor sampling provides a quick and inexpensive means of characterizing the subsurface.

Soil vapor samples were collected from each of the VMPs and field-analyzed for oxygen, carbon dioxide, TVH and VOCs using portable GasTech( analyzers and a PID.  Several casing volumes of soil vapor were purged from each screen prior to sample collection to ensure that the vapor sample was representative of conditions in the soil formation.  Based on the results of the field screening analyses, eight locations were selected for laboratory analysis.  Samples for laboratory analysis were collected from the VMPs following the well purge, and were transferred to 1-liter SUMMA canisters.  The canisters were shipped under chain of custody to Air Toxics, Ltd. in Folsom, California, for analysis of BTEX and TVH by United States Environmental Protection Agency (USEPA) Method TO-3.  

December 2000 Subsurface Characterization Activities

In December 2000, Parsons ES performed additional subsurface characterization activities to define the lateral extent of petroleum hydrocarbon contamination in soils, to determine the groundwater quality beneath the contamination source area, and to evaluate the effectiveness of the SVE system (utilizing the ICE) being operated by Montgomery Watson at the site.

The activities included advancing five soil boreholes, installing two groundwater MWs, two VMPs, and one combination MW/VMP, and collecting subsurface soil, groundwater, and soil vapor samples for various field and laboratory parameters.  The locations of the boreholes advanced by Parsons ES are illustrated on Figure 1.  A hydrogeologic cross-section illustrating the screened depths of some of the installed instruments is provided on Figure 2.  A groundwater MW was installed at SB1.  The objectives of SB1 were to determine the groundwater quality beneath the contamination source area (i.e., the former location of the UST system), and to determine the soil contaminant concentrations in the source area.  A groundwater MW was also installed at SB2.  The objectives of installing SB2 were to determine groundwater quality in the historic downgradient direction of the source area, and to define the western extent of soil contamination.  A VMP was installed at SB3. The objective of installing SB3 was to define the northern extent of soil contamination, to verify SVE system influence in this area, and also to provide a location for monitoring potential vapor migration toward Building 1323 during any subsequent air injection bioventing activities.  A combination MW/VMP was installed at SB4.  The objectives of SB4 were to determine groundwater quality upgradient of the source area, to define the eastern extent of soil contamination, and to monitor soil vapor quality and verify system influence in this area.  A VMP was installed at SB5, and its objectives were to define the southern extent of soil contamination and monitor soil vapor quality and system influence in this area.

The following paragraphs describe the borehole advancement; soil sampling procedures; VMP, MW, and MW/VMP installation and development; groundwater sampling and analysis; and disposal of investigation-derived waste (IDW).

Drilling and Soil Sampling

On November 30, 2000, prior to the initiation of drilling activities, digging permits and a water use permit were obtained, and the drilling locations were cleared using geophysical techniques as directed by AFBCA personnel at Castle Airport.  The geophysical survey was performed by Norcal Geophysical Consultants, Inc., of Petaluma, California, under the direction of Ms. Linda McGlochlin, the Parsons ES field task manager.

Drilling, soil sampling, and the installation of MWs, VMPs, and a combination MW/VMP took place at the Building 1325 UST site from December 11 through 19, 2000 under the direction of Ms. Linda McGlochlin and Ms. Cristy Milkey of Parsons ES.  Drilling services were provided by Water Development Corporation of Woodland, California.  Five soil boreholes were advanced using a hollow-stem auger drilling rig for the installation of the MWs, VMPs, and combination MW/VMP.  Soil borehole locations are shown on Figure 1.  The borehole diameter was 8 inches for the MW and VMPs, while the borehole diameter for the combination MW/VMP was 12 inches.  Soil samples were collected with a split-spoon sampler at 5-foot intervals from the ground surface to the total depth or the water table at each drilling location.  Between core samples, the split-spoon sampler was cleaned with Alconox( detergent followed successively by potable water and distilled water rinses.  

Lithologic descriptions of each borehole were recorded in the field based on the samples.  Soil types were classified according to the Unified Soil Classification System (USCS), and described in accordance with standard Parsons ES soil description format.  Geologic boring logs are provided in Attachment B.  A portion of each soil sample was used for field headspace screening using a photoionization detector (PID) and for TVH using a TVH analyzer.  The portion of the sample to be field screened was placed in a clean self-sealing plastic bag and allowed to equilibrate for approximately 10 minutes.  The bag was then pierced with the probe of the PID and TVH analyzer, and the headspace VOC concentration of the sample was determined.  The soil headspace screening results are recorded on the geologic boring logs presented in Attachment B.  

Results of the headspace analyses were used to select samples for submission to the analytical laboratory.  The two samples with the highest PID/TVH headspace readings from each borehole were prepared for laboratory analysis.  Following sample collection, sample containers were labeled, placed in a cooler packed with ice, and transported under chain-of-custody to Agriculture and Priority Pollutants Laboratories, Inc. (APPL), a Cal/EPA certified laboratory located in Fresno, California.

A total of ten soil samples were collected for analysis for BTEX and gasoline-range TPH by USEPA Method SW8021B and for diesel-range TPH by USEPA Modified Method SW8015.  One duplicate sample was also collected for each method for laboratory quality control.  To provide information that may be used in future vadose zone or saturated zone modeling efforts, soil samples were collected from different lithologies at two depths at SB1 and analyzed for falling-head permeability by American Society for Testing and Materials (ASTM) Method D2434.  Soil samples also were collected from differing lithologies at two depths at SB4 and analyzed for total organic carbon (TOC) by USEPA Method SW9060.

Soil Vapor Monitoring Point Installation

Discrete-level, multiple-depth VMPs were installed in soil boreholes SB3 and SB5.  The locations of the VMPs are shown in Figure 1.  Figure 3 illustrates the VMP construction details.  Each VMP was constructed using three casings composed of 3/8-inch diameter high-density polyethylene (HDPE) tubing connected to a 3/8-inch diameter by 6-inch-long stainless steel screens.  Each VMP screen was placed in a 3-foot-thick section of 10-20 silica sand.  The VMP screens were placed at varying depths to allow for discrete-level soil vapor monitoring.  The annular space between the VMP screened intervals was sealed using bentonite to isolate the monitoring intervals and to prevent the downward migration of contaminants through the borehole.  At the top of each VMP casing, a ball valve and a 3/16-inch hosebarb were installed below grade.  The surface completion for each VMP consisted of 12-inch diameter flush-mounted bolt-down well boxes set in concrete collars, and a metal identification tag.
Groundwater Monitoring Well Installation

Groundwater MWs were installed in soil boreholes SB1 and SB2.  The locations of the MWs are shown in Figure 1.  Figure 4 illustrates the MW construction details.  The MWs were constructed of threaded, 10-foot lengths of 2-inch diameter, Schedule 40 polyvinyl chloride (PVC) casing with a fifteen-foot section of 0.020-inch screen.  A threaded PVC bottom plug was placed at the base of each screen, and the well screens were positioned so that approximately ten feet of the well screen extended below the water table.  A filter pack consisting of 10-20 silica sand was placed around the annulus of the well screen, and extended from the bottom of the boring to at least two feet above the top of the well screen.  A two- to three-foot thick seal of bentonite pellets was placed above the filter pack and hydrated.  To prevent any potential for downward migration of contaminants through the annular space between the well casing and the borehole walls, grout was tremmie-placed in the borehole to seal the annular space from the top of the bentonite seal to the ground surface.  Surface completions consisted of airtight, locking casing caps and 12-inch diameter flush-mounted bolt-down well boxes set in concrete collars.

Combination Groundwater Monitoring Well/Soil Vapor Monitoring Point Installation

One combination MW/VMP was installed in soil borehole SB4.  The location of the combination MW/VMP is shown in Figure 1.  Figure 5 illustrates the combination MW/VMP construction details.  The combination MW/VMP consisted of one casing of 2-inch Schedule 40 PVC and three soil vapor probes constructed of 3/8-inch diameter HDPE tubing connected to 3/8-inch diameter by 6-inch-long stainless steel screens.  The annular space between the MW/VMP screened intervals was sealed using bentonite to isolate the monitoring intervals and to prevent the downward migration of contaminants through the borehole.  Each monitoring point screen was placed in a 2-foot-thick section of silica sand.  The surface completion consisted of a flush-mounted, water-tight well box, and a metal identification tag.
Land Surveying

Each of the newly-installed MWs, VMPs, and MW/VMP was surveyed for both horizontal and vertical control.  Land surveying services were provided by Bedesen-Cardoza & Associates, located in Merced, California.  The surveyor’s report, including northings, eastings, and the elevations of the ground surface and top of each rigid well casing, are included as Attachment C.

Well Development and Groundwater Sampling

On December 20, 2000, each MW casing was developed by surging and bailing.  Field measurements of the purged water were taken prior to development and after each submerged annular volume was purged for the following aquifer stability indicator parameters: turbidity, electrical conductivity (EC), pH, and temperature.  Development water was containerized in a temporary storage tank.

Following well development and stabilization, static water levels were measured using a water level indicator.  Groundwater sampling was conducted with disposable bailers.  Prior to collection of groundwater samples, a minimum of three casing volumes were purged from each well.  Electrical conductivity (EC), pH, and the temperature of the purged water were measured during well purging to document the presence of stabilized formation water in the wells.  To prevent cross-contamination, bailers were disposed following sampling of each MW.

Following sample collection, sample containers were labeled, placed in a cooler packed with ice, and transported under chain-of-custody to APPL, a Cal/EPA certified laboratory.  Purged water and decontamination rinseate from the monitoring/sampling event was containerized in a temporary storage tank. 
A total of four groundwater samples (one each from SB1, SB2, SB4, and MW852R) were analyzed for geochemical parameters, BTEX and gasoline-range TPH by USEPA Method SW8021B and diesel-range TPH by USEPA Modified Method SW8015.  The geochemical parameters included ferrous iron, manganese, sulfide, carbon dioxide, dissolved oxygen, oxidation-reduction potential, EC, and pH by field measurement; and sulfate, nitrate, alkalinity, methane, TOC, and ammonia by laboratory analysis.  One duplicate sample was collected for each method for laboratory quality control.

Soil Vapor Sampling

Soil vapor sampling was performed on December 20 and 21, 2000 to determine if the ICE in operation at the site was providing full-scale treatment of fuel-contaminated soils.  Vacuum measurements were made at each VMP using a Magnehelic( gauge.  VMPs were purged prior to sample collection, and soil vapor samples were collected and field-screened for oxygen, carbon dioxide, TVH, and VOCs from each VMP screen during steady-state operation of the ICE.

Management of Investigation-Derived Waste

Soil cuttings from the boreholes were placed into a roll-off container that was temporarily staged at the area near the OU2 groundwater treatment plant.  The soil cuttings were sampled for BTEX and gasoline- and diesel-range TPH for characterization purposes.  Based on the sampling results, it was determined that the soil cuttings could be disposed of at Landfill #4 at Castle Airport.

Decontamination water and purged groundwater were temporarily containerized onsite in a 450-gallon polypropylene tank.  The water was sampled for multiple parameters at the request of the City of Atwater before the City would approve of disposal of the water into the sanitary sewer.  Based on the results of the water sampling, the City of Atwater approved disposal of the water into the sanitary sewer system. 

RPO Subsurface Characterization Results

September 2000 Soil Vapor Sampling Results

Results of the September 2000 soil vapor sampling event are shown in Table 1.  The results indicate that aerobic petroleum hydrocarbon biodegradation is occurring in vadose zone soils at this site.  Initial oxygen concentrations were depleted (less than 5 percent) and carbon dioxide concentrations were elevated in soil vapor collected from petroleum hydrocarbon-contaminated soil zones.  In contrast, soil vapor from less contaminated soils contained higher concentrations of oxygen and lower concentrations of carbon dioxide, demonstrating that oxygen depletion and carbon dioxide accumulation in petroleum contaminated soils was due to the degradation of petroleum hydrocarbons rather than naturally occurring soil organic matter.

Field TVH concentrations were elevated in the vicinity of the former UST location.  The highest TVH concentrations were detected at depths below 40 feet bgs at PMP-1, PMP-2, and PMP-3, and ranged from 13,000 to 36,000 parts per million on a volume per volume basis (ppmv) at these locations.  Laboratory TPH concentrations correlated well with field TVH readings.  BTEX compounds were also detected at significant concentrations, particularly at the deep screened intervals at PMP-2 and PMP-3.  The highest concentration of benzene (1,600 ppmv) was detected at 49 to 59 feet bgs at PMP-3, while the highest concentrations of toluene, ethylbenzene, and xylenes (780, 260, and 1,000 ppmv, respectively) were detected at PMP-2 at 53 to 58 feet bgs.

December 2000 Subsurface Characterization Results

Soil Analytical Results

Soil analytical results are summarized in Table 2.  In general, the highest petroleum hydrocarbon concentrations were detected at SB1, installed at the center of the contamination source area (Figure 1).  Lower levels of petroleum hydrocarbon constituents were detected at SB3 and SB5, installed north and southwest of the former UST system location, respectively.  There were no petroleum hydrocarbon constituents detected at SB2 or SB4, with the exception of one gasoline-range TPH detection at 55 feet bgs at SB2.

BTEX concentrations were detected at the highest concentrations at SB1, near the contamination source area.  BTEX compounds were also detected at SB5, installed southwest of the former UST system, and at trace concentrations at SB3, installed north of the UST system (Figure 1).  There were no BTEX compounds detected at either SB2 or SB4.

The only location where gasoline-range TPH concentrations exceeded 1,000 mg/kg was SB1, where a concentration of 7,700 mg/kg was detected at a depth of 50 feet bgs.  Gasoline-range TPH was detected in the hundreds of mg/kg range at SB5, and was detected at the tens of mg/kg range at SB2 and SB3.  Gasoline-range TVH was not detected at SB4.  

Diesel-range TPH concentrations were detected at concentrations over 100 mg/kg only at SB1.  SB5 and SB3 yielded diesel-range TPH detections in the tens of mg/kg range, while there were no detections at SB2 or SB4.  There were no detections of motor-oil range TPH in this sampling event.

Based on soil analytical data collected during this event and previous sampling events, the lateral extent of petroleum hydrocarbon contamination has been defined at the Building 1325 UST site to a concentration of 100 mg/kg for jet fuel or diesel-range TPH, as shown in Figure 2.   

Groundwater Analytical Results

Groundwater analytical results are summarized in Table 3.  Results demonstrate that the release of fuels at the Building 1325 USTs have had a negligible impact on groundwater quality beneath the site.  There were no detections of benzene, toluene, motor oil-range TPH, or diesel-range TPH during the December 2000 sampling event.  Although ethylbenzene and xylenes were detected in SB1, the groundwater MW installed in the contamination source area (Figure 1), the maximum concentrations were below the USEPA maximum contaminant levels (MCLs), which are the highest allowable concentrations for potable drinking water (USEPA, 1999).  Gasoline-range TPH was also detected in SB1 at a maximum concentration of only 0.37 mg/L.  There were no petroleum hydrocarbon constituents detected at SB2, indicating that groundwater immediately downgradient of the site had not been impacted.

Groundwater Geochemical Results

Groundwater geochemical parameters are summarized in Table 4.  Oxygen was present at all sampling locations at concentration ranging from 4.44 to 8.11 mg/L.  Oxygen concentrations were slightly depressed at SB1, indicating that the trace amounts of TPH were being biodegraded aerobically in groundwater at this location.

Nitrate and sulfate concentrations were depleted and alkalinity concentrations were elevated in SB1, indicating that petroleum hydrocarbon concentrations in the groundwater were probably much higher in the past at this location, but have naturally biodegraded via nitrate and sulfate reduction. 

Soil Vapor Sampling Results

Results of the soil vapor sampling performed in December 2000 during steady-state ICE operation are shown in Table 1, and are compared against the results collected in September 2000, before operation of the ICE had begun.  Soil vapor sampling results from December 2000 clearly demonstrate that the ICE engine is providing full-scale treatment of the contaminated soil volume as defined by the 100 mg/kg isopleth for jet fuel- or diesel range TPH.  Vacuum responses of greater than one inch of water vacuum were measured at all VMPs, indicating that soils are highly permeable and are being influenced at all sampling locations and depths.  Oxygen concentrations have increased and TVH concentrations have decreased significantly at all locations, as compared to the baseline soil vapor sampling results, providing further evidence that the ICE engine is providing full-scale treatment of the contaminated soil volume.

Conclusions

The additional soil sampling and analysis performed by Parsons ES under the RPO project have defined the lateral extent of petroleum hydrocarbon contamination in soils as defined by the 100 mg/kg concentration isopleth for jet-fuel or diesel-range TPH.  Depressed oxygen concentrations measured during the static soil vapor sampling event in September 2000 demonstrate that fuel hydrocarbons are being biodegraded aerobically in vadose zones, and that in situ bioventing is an appropriate technology to apply to enhance the biodegradation of residual petroleum hydrocarbons in soils.  Because TVH and BTEX concentrations were elevated in soil vapor under static conditions, the application of SVE using the ICE has been an appropriate remediation technology to use in the initial stages of site remediation.

The SVE system is currently providing full-scale treatment of the petroleum hydrocarbon-contaminated soils.  Because the field TVH concentrations have dropped by an order of magnitude at some locations due to SVE system operation, it is expected that the SVE system may have reached asymptotic conditions already, and it may be appropriate to switch remedial technologies shortly.

The groundwater beneath the site has not been significantly impacted by the petroleum hydrocarbon release at the Building 1325 UST site.  BTEX concentrations in groundwater are all well below the USEPA MCLs, which define the highest allowable contaminant concentrations in drinking water.  Furthermore, there is a high potential for aerobic hydrocarbon biodegradation at the site, and the trace concentrations of petroleum hydrocarbon constituents that have reached the groundwater at SB1 are being biodegraded under aerobic conditions by natural attenuation processes.  There were no petroleum constituents detected at SB2, indicating that petroleum hydrocarbon constituents were not migrating downgradient of the source area.  Based on these results, no further action should be required for groundwater at the Building 1325 UST site.

Proposed Strategy for Vadose Zone Treatment and Site Closure

The proposed closure strategy for the Building 1325 UST site has been developed with the general idea of converting from SVE and treatment to air injection bioventing as early as possible to significantly reduce the cost of site cleanup, while remaining protective of onsite workers and other receptors.  The strategy also defines when bioventing system operation should be discontinued, based on the results of soil vapor sampling and respiration testing over time.  The proposed closure decision tree is provided in Figure 6.

For fuel-contaminated soils such as those present at the Building 1325 UST site, air injection bioventing is the most cost-effective active treatment technology that can be applied because there is no requirement for costly vapor treatment, and there is no point-source for VOC emissions to atmosphere that could require permitting.  However, in the case of soil contaminated with volatile hydrocarbons (e.g., gasoline), air injection can result in the uncontrolled migration of significant concentrations of VOCs away from the source area, which may pose a health hazard if fuel vapors are driven into breathing spaces.

The application of SVE has been appropriate at the Building 1325 UST site to date due to the high initial concentrations of BTEX and TVH in soil vapor.  The application of the ICE as a vapor treatment technology also has been appropriate, as the ICE is more cost effective than other technologies such as thermal oxidation or activated carbon for the treatment of soil vapor with high VOC concentrations.  However, the VOC mass removal rates from the subsurface will decrease rapidly with time at a small site like the Building 1325 UST site, and SVE using the ICE will no longer be the most cost effective method for treating vadose zone soils once asymptotic levels have been reached.  Treatment costs will increase due to significant increases in the consumption of supplemental fuel required for the ICE.

The ICE system should be operated until asymptotic levels have been reached, and until TVH concentrations have decreased to below 1,000 ppmv in the VMPs.  At this concentration, vapor migration should no longer pose a hazard and air injection bioventing can commence, based on Parsons ES experience at previous sites in the region.

Air injection bioventing should commence immediately after the ICE system is disconnected so the TVH concentrations in soil vapor do not have an opportunity to rebound.  Air injection should be performed continuously at a flow rate of approximately 0.5 scfm per foot of screen.  During the initial two weeks of air injection bioventing, a soil vapor monitoring program will be required at the VMPs to ascertain that TVH is not being driven toward the buildings at significant concentrations.  The monitoring can be performed using field instruments (i.e., a PID or a TVH analyzer).  If vapor migration is detected and it is determined that air injection poses a risk to onsite receptors, then air injection bioventing should be discontinued, and SVE may be implemented using vapor-phase granular activated carbon (GAC).  SVE using GAC treatment is more costly than air injection bioventing, but does not result in vapor migration from the site.

If the soil vapor monitoring program shows that air injection bioventing is acceptable, then bioventing should be implemented continuously to keep oxygen concentrations at 10 percent or greater.

A system monitoring event should be performed annually to track the progress of remediation.  The bioventing system should be turned off, and soil vapor samples should be collected two to three weeks after system shutdown to determine if oxygen is still being consumed in the soils, and to detemine the reductions in BTEX and TVH concentrations that have been achieved.  All VMP screens should be sampled for field parameters (oxygen, carbon dioxide, and TVH), and the 6 to 8 VMP screens with the highest TVH concentrations should be sampled for laboratory parameters (TVH and BTEX by USEPA Method TO-3).  In situ respiration testing should also be performed on an annual basis.  Once static soil vapor BTEX and TVH concentrations have become asymptotic, or dropped to below 95 percent of initial concentrations, and respiration rates have become asymptotic, then bioventing system operation should be discontinued.

A confirmatory soil sampling event may be required to obtain regulatory site closure.  If a soil sampling event is required by the regulatory agencies, the results of the annual soil vapor sampling and respiration testing should be used to determine the most appropriate time for soil sampling.

If you have any questions, please call me at (303) 764-8718.

Sincerely,

PARSONS ENGINEERING SCIENCE, INC.

John Ratz, P.E.

Project Manager
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