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executive summary

Parsons Engineering Science, Inc. (Parsons ES) performed a Phase II remedial process optimization (RPO) evaluation for the United States (US) Air Force Center for Environmental Excellence/Consultant Operations Division (AFCEE/ERC) at Site SD-57 at Mather Air Force Base (AFB), California.  The primary objective of this RPO evaluation is to assess the effectiveness and efficiency of remediation systems currently in operation for treatment of hydrocarbon-contaminated soils at Site SD-57, as well as a plume of hydrocarbon-contaminated groundwater originating at Site SD-57.  A secondary objective is to evaluate supplemental or alternative treatment technologies that could potentially be applied at the site, and to determine if cleanup goals can be met more quickly and cost effectively by implementing these technologies.

The US Air Force has initiated the RPO program to provide 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.  RPO strives to optimize remediation systems by evaluating the technical approach for achieving cleanup, and by reviewing regulatory cleanup goals where appropriate.  An effective RPO program pursues a wide range of optimization opportunities.  The Air Force goals for the RPO program are to: 

1) Assess the effectiveness of remedial actions; 

2) Improve the efficiency of remedial systems; and 

3) When possible, identify annual operation, maintenance, and monitoring (OM&M) cost savings in excess of 20 percent for each system evaluated.

The RPO Phase II evaluation at Site SD-57 was conducted based on guidance presented in the Air Force’s draft final RPO handbook (AFCEE and the Air Force Base Conversion Agency [AFBCA], 1999).  The handbook describes a three-phased approach for implementing the RPO program and provides guidelines for reviewing the performance of existing remediation systems, enhancing the performance of existing systems, performing 5-year Record-of-Decision (ROD) reviews, and preparing documentation for “operating properly and successfully” (OPS) certification for sites at Air Force facilities.

Final remedies for addressing contamination at Site SD-57 were established in the Record of Decision (ROD) for Soil OU Sites and Groundwater OU Plumes (International Technology Corporation [IT, 1996a]), which was issued on April 29, 1996.  At Site SD-57, which includes the former Aerospace Ground Equipment (AGE) shop, the remedies include soil vapor extraction (SVE) for the removal of trichloroethene (TCE) from vadose zone soils, and groundwater extraction for the remediation of groundwater contaminated with volatile organic compounds (VOCs).  The cleanup levels in groundwater at Site SD-57 are based primarily on State of California and Federal maximum contaminant levels (MCLs).  For soils, the remedial action objectives (RAOs) are to reduce the concentration of TCE in the vadose zone to mitigate further degradation of the groundwater by TCE contamination remaining in soil and minimize cost of the overall remediation, while protecting human health and the environment.  The ROD lists seven inter-related factors that must be considered before closure of site soils can be achieved.  Because cleanup levels have already been established in the ROD, the scope and purpose of this RPO evaluation have been narrowed to focus on the optimization of the remedial systems in operation at the site, and to determine if alternate or supplemental technologies could provide accelerated remediation of soils and groundwater at Site SD-57.

The objectives of the Phase II RPO evaluation for Site SD-57 include:

· Examining the effectiveness and efficiency of the existing SVE and groundwater extraction systems in relation to the cleanup criteria specified in the ROD;

· Examining the effectiveness of supplemental or alternative remedial technologies for VOC-contaminated soils and groundwater, including dual-phase (i.e., VOC-contaminated soil and groundwater) extraction (DPE), enhanced SVE (ESVE), organic substrate addition, hydrofracturing, and six-phase heating;

· Recommending modifications to the OM&M of the existing remediation systems and/or pilot testing and subsequent implementation of innovative technologies; and

· Providing an implementation plan for appropriate recommendations.

evaluation of current sve system

The SVE system that was installed by Montgomery Watson at Site SD-57 began operation in October 1997, and has been extremely effective for the remediation of TCE-impacted soils at depths ranging from approximately 20 to 75 feet bgs.  Over an operating period of 544 days, approximately 4,600 pounds of VOCs have been removed from the subsurface.  Steady-state TCE concentrations in soil vapor from contaminated soils have been reduced by 98.2 to 99.9 percent due to SVE treatment.  Soil treatment is approaching the point where VOC removal rates have become diffusion limited based on the current system configuration.  The SVE system has been providing full-scale treatment for the entire lateral extent of soil contamination, as defined by the 100 microgram per kilogram ((/kg) concentration isopleth for TCE in soils, using analytical results from SVE system installation.  Because there were no vapor monitoring point (VMP) screens installed in a surficial silt and clay layer extending to a depth of 18 feet bgs and in the depth interval from 75 feet bgs to the groundwater table at approximately 87 feet bgs prior to this RPO evaluation, the effectiveness of the system could not be evaluated for those depth intervals.  Also, because the SVE wells terminate at depths ranging from 70 to 78 feet bgs, the wells may not be optimally designed to induce air flow and provide treatment of vadose zone soils deeper than approximately 75 feet bgs.  One of the objectives of the RPO field effort (DPE and ESVE pilot testing) was to determine the steady-state TCE concentrations in soil vapor from these depth intervals.

evaluation of current groundwater extraction system

The groundwater extraction system at Site SD-57 consists of five extraction wells, installed by Montgomery Watson in two phases.  Wells EW-2A and EW-3A began operation in April 1998, and wells EW-2A/Bu, EW-4A/Bu and EW-5A/Bu began operation in December 1999.  Although the operation of the groundwater extraction system has reduced concentrations of VOCs in groundwater, and has removed approximately 150 pounds of TCE from system startup through September 2000, it is not expected that the cleanup goals for groundwater can be met in a reasonable timeframe using groundwater extraction due to the likely presence of residual dense non-aqueous phase liquid (DNAPL) in saturated soils near well EW-5A/Bu.  The concentration of TCE measured in groundwater at EW-5A/Bu prior to beginning groundwater extraction at the well was 13 milligrams per liter (mg/L).  This concentration is 1.2 percent of the aqueous solubility of the compound, which is high enough to suggest that DNAPL residuals may remain in saturated soils (Pankow and Cherry, 1996).  This concentration is also 2,600 times higher than the cleanup goal of 5 (g/L for TCE, meaning that a removal efficiency of 99.96 percent would be required at EW-5A/Bu to meet cleanup goals specified in the ROD for TCE.  These high removal efficiencies typically cannot be achieved using groundwater extraction.  Although the estimated schedule to complete treatment of the Main Base/SAC Plume (the “hot spot” of VOC contamination in groundwater beneath Site SD-57 is part of this plume) is through the year 2069 (Parsons ES, 2000a), the actual time required to reach the 5 (g/L cleanup goal for TCE may be much longer.  The presence of DNAPL is normally confirmed by the inability of pumping to reduce equilibrium VOC concentrations in source area wells.  A “rebound” test (e.g., shutting the groundwater extraction wells off for 4 to 6 weeks and sampling the wells to determine actual reductions in contaminant concentrations that have been achieved) is recommended to provide further additional information regarding the possible presence of DNAPL at the site.  It is also strongly recommended that alternative treatment technologies be considered.

evaluation of supplemental or alternative technologies for the vadose zone

DPE and ESVE pilot tests were performed at Site SD-57 in August and September 2000 to evaluate the potential of these technologies for application at Site SD-57.  Pilot testing activities included the installation of two new combination soil vapor monitoring point/piezometers (VMPs), designated as MPMP-11 and MPMP-12.  The VMPs were used to monitor vacuum and pressure response, changes in groundwater elevation, and changes in soil gas chemistry at varying depths and distances from groundwater extraction well EW-4A/Bu, which was used for SVE and air injection during the pilot tests because it was optimally screened from 75 to 115 feet bgs and has about 12 feet of screen extending above the water table, into the vadose zone.  The DPE pilot test was performed by extracting groundwater and soil vapor simultaneously from groundwater extraction well EW-4A/Bu.  The ESVE pilot test was performed by injecting air into well EW-4A/Bu and simultaneously extracting soil vapor from well SVE-4 to provide for capture of VOCs driven from deep vadose zone soils.

Following the installation of the VMPs, baseline (e.g., steady-state) soil gas conditions were characterized in the pilot testing area.  TCE was present in the pilot testing area at low concentrations, ranging from 0.054 to 27 parts per million, volume per volume (ppmv).  These TCE concentrations are well below the pre-treatment concentrations, which were as high as 760 ppmv, providing further indication that the SVE system has been effective across the entire thickness of the vadose zone screened by the majority of active SVE wells (40 to 78 feet bgs).  The highest TCE concentrations were observed within approximately 5 to 10 feet from the water table, and they are believed to occur primarily due to volatilization of TCE from the saturated zone. However, soil gas TCE concentrations measured at MPMP-12 exceed the theoretical equilibrium vapor-phase TCE concentration, indicating that there are low levels of residual TCE contamination remaining in soils in the vicinity of MPMP-12 within 5 to 10 feet of the water table.

The DPE pilot test was performed by simultaneously extracting soil vapor and groundwater from well EW-4A/Bu for a 108-hour period.  Soil vapor was extracted at an average flow rate of 63 standard cubic feet per minute (scfm) at a vacuum of 31 inches of water, while groundwater was extracted at 20.2 gallons per minute (gpm).  The vacuum applied at EW-4A/Bu did not significantly affect the groundwater levels in the pilot testing area.  Pilot testing results indicate that the soils are highly permeable and amenable to treatment using SVE, including the deeper soils from 75 to 90 feet bgs.  A radius of vacuum influence (using 0.5 inch of vacuum as the criteria for determining the radius of influence) of 275 feet was estimated at the 75-foot depth interval during the DPE pilot test.  During the DPE pilot test, a total of 0.38 pounds of TCE were removed in the vapor-phase and 0.18 pounds were removed in the aqueous-phase from well EW-4A/Bu.

The ESVE test was performed by extracting soil vapor from well SVE-4, treating the extracted soil vapor using granular activated carbon (GAC), and then reinjecting the treated soil vapor into well EW-4A/Bu for a 106-hour period.  Soil vapor was extracted from SVE-4 at an average flow rate of 63 scfm at a vacuum of 23 inches of water, while treated soil vapor was reinjected into EW-4A/Bu at an average flow rate of 68 scfm at a pressure of 22 inches of water.  The pressure applied at EW-4A/Bu did not significantly affect the groundwater levels in the pilot testing area.  A radius of vacuum influence (using 0.5 inch of vacuum as the criteria for determining the radius of influence) of 116 feet was estimated at the 75-foot depth interval during the ESVE pilot test.  During the ESVE pilot test, a total of 0.08 pounds of TCE were removed in the vapor-phase from well SVE-4.

Mather AFBCA may consider implementing DPE at groundwater extraction wells EW-4A/Bu and EW-5A/Bu to optimize TCE mass removal from the subsurface.  ESVE is not recommended for implementation at Site SD-57.

evaluation of supplemental or alternative technologies for the saturated zone

Parsons ES evaluated three technologies that have the potential to enhance VOC mass removal and/or destruction from the saturated zone: organic substrate addition, hydrofracturing, and six-phase heating.  To evaluate these technologies, Parsons ES performed literature searches and assembled conceptual cost estimates for each technology.  Hydrofracturing and six-phase heating were eliminated from further consideration.  Both of these technologies have the potential to damage existing site features, including wells, utilities, and buildings, and hydrofracturing is not expected to significantly increase the effectiveness or efficiency of the current groundwater extraction system.  Although six-phase heating does have the potential to meet the groundwater cleanup goals set in the ROD, the cost for application at Site SD-57 is quite high, possibly as high as $13 million to achieve cleanup goals in the “hot spot” of contamination, as defined by the 1,000 (g/L TCE isoconcentration contour before groundwater extraction was initiated.  For purposes of comparison, full-scale application of vegetable oil (determined to be the most cost-effective organic substrate that could be applied) could potentially achieve cleanup goals in the “hot spot” for as little as $1.1 million.

Parsons ES recommends that Mather AFBCA investigate organic substrate addition at Site SD-57 to control the contamination source and to enhance reductive dechlorination in saturated soils.  A pilot test using vegetable oil is recommended in the vicinity of EW-5A/Bu, with full-scale implementation being contingent on the successful results of the pilot test and regulatory approval of the modified approach.  Parsons ES estimates that full-scale application of vegetable oil would cost approximately $240,000, with an annual OM&M cost of $50,000 per year.  Based on half-life calculations for the breakdown of chlorinated ethenes, it is expected that cleanup goals may be met within 45 years of full-scale vegetable oil application, amounting to a 24-year decrease in the amount of time required to achieve cleanup when compared with the current schedule to complete using groundwater extraction.

Based on the results of this RPO evaluation, recommendations were identified to improve the performance of the systems and provide ideas for the direction of site remediation in the future.  Recommendations for Site SD-57 are summarized on Table ES.1.  Table ES.1 also provides a summary of the potential cost savings associated with these recommendations.  An RPO implementation plan and schedule is included in Section 5 of this report.

TABLE ES.1
RPO RECOMMENDATIONS SUMMARY 
SITE SD-57
REMEDIAL PROCESS OPTIMIZATION
MATHER AFB, CALIFORNIA
Recommendation
Annual Cost Savings
Cost Savings Over Life Cyclea/
Reduction in Time to Meet Cleanup Goals
Difficulty of Implementation
Cost to Implement

Recommendation No. 1 – Continue to operate the SVE system in a pulsed mode.  Continue to optimize the SVE system for VOC mass removal by focusing vapor extraction at the most productive SVE wells, and turning off unproductive wells.  Continue to perform annual steady-state soil vapor sampling. 
TBDb/
TBD
None
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendation No. 2 – Optimize the SVE system for VOC mass removal by retrofitting groundwater extraction wells EW-4A/Bu and EW-5A/Bu for use as dual-phase extraction wells.
TBD
TBD
TBD
Low – Requires Base O&M contractor implementation.
$30K

Recommendation No. 3 – Discontinue vapor treatment using GAC and begin discharging the SVE effluent directly to the atmosphere.


$10,800
$47,000
None
Moderate – May require regulatory approval.
Low

Recommendation No. 4 – Establish criteria for regulatory closure of vadose zone soils by using a vadose zone model that most accurately reflects actual site conditions.  The SESOIL model allows for separation of the vadose zone into layers, which may be appropriate for Site SD-57 considering that the vadose zone is composed of three primary units (the surficial silts/clays, the terrace gravels, and Unit A soils).  Another model that could be considered is the Jury model.   
$120,600
$482,000
TBD 

(Cost savings are based on the assumption that criteria can be established and regulatory closure can be achieved by December 2001) 
Moderate – Requires regulatory approval.
Low

Recommendation No. 5 – Discontinue groundwater extraction at well EW-3A.
$24,000
$463,000
None
Moderate – May require regulatory approval.
Low

Recommendation No. 6 – Increase the groundwater extraction rates at wells EW-2A, EW-2A/Bu and EW-5A/Bu.  Continue groundwater extraction at EW-4A/Bu.  Maintain high extraction rates until VOC mass removal rates become diffusion limited and approach asymptotic levels (roughly 10 percent of initial removal rates).  Obtain regulatory concurrence to perform a rebound test at these wells after VOC mass removal rates have become asymptotic.   
TBD
TBD
None
Low – Requires Base O&M contractor implementation.
Low

Recommendation No. 7 – Install additional monitoring wells to more fully characterize the “hot spot” of VOC contamination in groundwater near well EW-5A/Bu. 
None
None
None
Low – Requires Base O&M contractor implementation.
$100 K

Recommendation No. 8 – Perform an organic substrate addition pilot test in the vicinity of well EW-5A/Bu to determine if this technology is capable of removing VOC mass in a more cost-effective manner than groundwater extraction.
None
None
None
Moderate – Requires regulatory approval.
$210 K

Recommendation No. 9 – If the results of the organic substrate addition pilot test (Recommendation 8) are successful, implement full-scale organic substrate addition in the “hot spot” of VOC contamination and discontinue groundwater extraction at Site SD-57.
$67,000
$1.2M
24 years
High – Requires regulatory review and approval during 5-year ROD review process.
$1.1 M

a/  Estimated costs given as present value assuming a discount rate of 5%.  Life cycle for SVE system is estimated to be 9 years total (5 years of operation remaining).  Life cycle for groundwater extraction and monitoring is estimated to be 71 years total (69 years of operation remaining). 

b/  TBD = to be determined.
section 1

introduction


This remedial process optimization (RPO) report was prepared by Parsons Engineering Science, Inc. (Parsons ES) for the United States (US) Air Force Center for Environmental Excellence/Consultant Operations Division (AFCEE/ERC), as part of a delivery order under the US Air Force (USAF) Air Combat Command (ACC) contract (F44650‑99‑D0005, TG05) to perform a Phase II RPO evaluation at Site SD-57 at Mather Air Force Base (AFB), California.  The objectives of this project are to:

· evaluate the efficiency and effectiveness of the current remediation systems at Site SD-57;

· evaluate supplemental or alternative treatment technologies that could potentially be applied at the site; and

· develop specific recommendations to reduce operations, maintenance, and monitoring (OM&M) costs and/or cleanup time.

1.1  RPO APPROACH AND OBJECTIVES

The USAF has initiated the RPO program to provide 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.  RPO strives to optimize remediation systems by evaluating the technical approach for achieving cleanup, and by reviewing regulatory cleanup goals where appropriate.  Just as the technical approach to remediation should be upgraded to take advantage of scientific advances, changes in regulatory framework, such as risk‑based cleanup goals and the growing acceptance of monitored natural attenuation (MNA), also should be considered in the optimization process where appropriate.  An effective RPO program pursues a wide range of optimization opportunities. The Air Force goals for the RPO program are to:

· Assess the effectiveness of remedial actions;

· Improve the efficiency of remedial systems; 

· Explore regulatory options to modify remedial action objectives (if appropriate); and

· Identify annual OM&M cost savings for each system evaluated, if appropriate.
The RPO Phase II evaluation at Site SD-57 was conducted based on guidance presented in the Air Force's RPO Handbook (AFCEE and Air Force Base Conversion Agency [AFBCA], 1999).  The handbook describes a three-phased approach for implementing the RPO program and provides guidelines for reviewing the performance of existing remediation systems, enhancing the performance of existing systems, performing 5‑year Record of Decision (ROD) reviews, and preparing documentation for "operating properly and successfully" (OPS) certifications.  The phased approach described in the RPO Handbook is as follows:

· Phase I:  Annual internal data collection and review of site cleanup objectives, remedial systems performance, and progress toward cleanup goals.

· Phase II:  Intensive evaluation to explore system optimization, new technologies, and/or regulatory opportunities.  For sites with RODs or Resource Conservation and Recovery Act (RCRA) corrective action programs in place, Phase II evaluations should occur at least 1 year prior to mandatory 5-year ROD reviews or 10-year permit reapplications.

· Phase III:  Implementation of opportunities developed during Phase I or Phase II evaluations.

1.2  SCOPE AND site-specific rpo OBJECTIVES OF THE MATHER AFB RPO EVALUATION

Mather AFB is a closed military installation located east of Sacramento, California, as shown in Figure 1.1.  The location of Site SD-57, the subject site of this Phase II RPO evaluation, is shown on Figure 1.2.  The assessment of remedial technologies currently in use at Site SD-57 and the evaluation of supplemental or alternative treatment technologies that potentially could be applied at the site were selected as the focus of this RPO Phase II evaluation based on the findings of the RPO scoping visit (RSV) in May 2000 (Parsons ES, 2000a).  The rationale for selecting Site SD-57 (a vadose zone site) and groundwater beneath Site SD-57 for this Phase II RPO evaluation is as follows.

During the RSV, Site SD-57 was identified as one of two primary sources of dissolved chlorinated hydrocarbon compounds in groundwater in the Main Base/Strategic Air Command (SAC) Plume at Mather AFB.  The second primary source contributing hydrocarbon contamination to the Main Base/SAC Plume is Site OT-23 (Figure 1.2).  The lateral extent of the Main Base/SAC plume, as well as the extent of other dissolved-phase VOC plumes in groundwater at Mather AFB, is illustrated in Figure 1.3.  The Main Base/SAC Plume is by far the largest contaminant plume originating at Mather AFB measuring approximately 15,000 feet long by 6,000 feet wide (Figure 1.3), and currently is not entirely contained by groundwater pumping.  Portions of the Main Base/SAC plume have migrated off Base into areas where groundwater from the affected aquifer had been used as a potable water source.  Contaminants of concern (COCs) in the Main Base/SAC Plume are chlorinated volatile organic compounds (VOCs), including tetrachloroethene (PCE), trichloroethene (TCE), 1,1-dichloroethene (DCE), cis-1,2-DCE, 1,2-dichloroethane (DCA), and carbon tetrachloride.

In April 2000, the Air Force began to implement soil vapor extraction (SVE) to remediate vadose zone soils contaminated with VOCs at Site OT-23.  Because vadose 

Figure 1.1  Mather AFB Location 

Figure 1.2  Locations of IRP Sites

Figure 1.3  Locations of Groundwater VOC Plumes

zone soils at Site OT-23 are coarse-grained and fairly uniform, SVE should be an effective treatment technology for the removal of VOCs from the entire vadose zone thickness at that site.  Although SVE and groundwater extraction systems are currently operating at Site SD-57, soil heterogeneities and low soil permeability are expected to limit VOC mass removal rates in parts of the vadose and saturated zones.  TCE concentrations as high as 13 milligrams per liter (mg/L) have been detected in groundwater beneath Site SD-57, indicating that some residual dense non-aqueous phase liquid (DNAPL) may be present in saturated soils.  The remediation of Site SD-57 may therefore control the overall timeframe for achieving the groundwater cleanup goals specified in the ROD for Soil OU Sites and Groundwater OU Plumes (International Technology Corporation [IT Corp, 1996a]) in areas beneath and downgradient from Site SD-57.  The ROD generally establishes California and Federal Maximum Contaminant Levels (MCLs) for drinking water as the groundwater cleanup goals.  Evaluating the effectiveness of the existing remedial systems at Site SD-57, recommending improvements to existing remedial systems, and evaluating additional treatment technologies that could potentially supplement or replace existing remedies at Site SD-57, were determined to provide the greatest potential benefit to the Air Force under the RPO Phase II effort.

The specific objectives of the RPO Phase II evaluation at Site SD-57 were to:

· Review the results of previous site characterization and remediation activities and assess current site conditions;

· Prepare site‑specific work plans (Parsons ES, 2000a and 2000b);

· Perform an initial soil vapor and groundwater sampling event required to fill data gaps, evaluate the performance of the existing SVE and groundwater extraction systems, and provide information for design of the dual-phase extraction (DPE) (i.e., VOC-contaminated soil vapor and groundwater) and enhanced soil vapor extraction (ESVE) pilot tests;

· Install two additional vapor monitoring points (VMPs) required for the DPE and ESVE pilot tests;

· Perform field pilot testing of DPE and ESVE to determine if these technologies could enhance VOC mass removal from vadose zone soils;

· Review and update the conceptual site model (CSM);

· Examine the effectiveness of the existing remediation systems in relation to the performance criteria;

· Examine the effectiveness of supplemental or alternative remedial technologies for VOC-contaminated soils and groundwater, including DPE, ESVE, carbon-substrate addition, hydrofracturing, and six-phase heating; 

· Recommend short‑term modifications to the OM&M of the remediation systems and/or pilot testing of innovative technologies that could result in future cost savings; 

· Identify long‑term opportunities for the direction of remedial decision-making; 

· Provide an implementation plan for appropriate short‑term recommendations and long‑term opportunities, and

· Document the results of the RPO evaluation to the Mather AFBCA in this Phase II RPO evaluation report.

1.3  REPORT ORGANIZATION

This report is organized into six sections, including this introduction, and 10 appendices.  Section 2 provides a review of the CSM.  Section 3 provides an evaluation of the current remedial systems operating at Site SD-57.  Section 4 presents an evaluation of potential supplemental remedial technologies.  Section 5 presents recommendations for short‑ and long‑term RPO opportunities, along with an implementation plan.  Section 6 provides a list of the references cited in this document.  

Appendix A provides geologic boring logs for the VMPs installed by Parsons ES, as well as geologic boring logs from relevant boreholes advanced during previous efforts at Site SD-57.  A complete set of soil vapor analytical data collected as part of this RPO evaluation is included as Appendix B.  Appendix C provides a complete set of groundwater analytical data collected during this RPO evaluation.  A complete set of soil analytical data collected during this RPO evaluation is presented in Appendix D.  A technical review of the bioremediation process in which chlorinated aliphatic hydrocarbons are broken down to innocuous byproducts is presented in Appendix E.  Appendix F provides a complete analytical data set of investigation-derived waste (IDW) samples collected at the conclusion of the RPO field effort.  Appendix G presents the Henry’s Law calculations summarized in Section 4.1.3.1.  A complete set of field data is provided for the DPE and ESVE pilot tests in Appendices H and I, respectively.  Appendix J contains a results briefing for this RPO evaluation.

1.4  SITE LOCATION AND OPERATIONAL HISTORY

Mather AFB is a closed military installation located approximately 10 miles east of downtown Sacramento, California, and directly south of unincorporated Rancho Cordova, California, as shown in Figure 1.1.  The installation is located south of U.S. Highway 50 and north of California Highway 16, and encompassed approximately 5,845 acres at the time of closure in 1993.  Mather AFB was constructed in 1918, and its primary mission was as a combat pilot training school.  The Base was used for flight-training from 1942 until 1993.  A wing of the SAC was also located at Mather AFB from the late 1950’s until 1989.  These Base missions have involved the use of a wide range of toxic and hazardous chemicals, including solvents, aviation fuels, and a variety of oils and lubricants.  The Base was decommissioned and closed under the Base Realignment and Closure (BRAC) Act on September 30, 1993. 

Site SD-57 is located in a former industrial area in the northwestern portion of Mather AFB (Figure 1.2).  Site SD-57 encompasses approximately eight acres, and underlies Buildings 7020, 7022, and 7026 and surrounding areas (Figure 1.4).  Building 7022 was the former Aerospace Ground Equipment (AGE) shop.  Building 7026 was a maintenance shed.  Aviation equipment maintenance and cleaning activities were 
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performed in this area when the Base was active.  Currently, Buildings 7020 and 7022 are being used by the California Department of Forestry and Fire Protection (CDFFP) for the storage of firefighting equipment.  The yard north of Building 7020 is also being used by the CDFFP for equipment storage.

Potential sources of contamination at Site SD-57 include sewer lines, two former oil/water separators (OWSs), associated sumps, a concrete washrack located north of Buildings 7022, and underground storage tanks (USTs) formerly located near Building 7007 (Figure 1.4).  Prior to 1971, wastewater from the AGE Shop (Building 7022) and the AGE washrack located north of Building 7022 (Figure 1.4) was discharged directly to the sanitary sewer system.  The wastewater reportedly contained oils, fuels, PD-680 (a degreasing solvent similar in composition to mineral spirits), hydraulic fluid, antifreeze, and possibly TCE, trichloroethane (TCA), 2-butanone, methylene chloride, and phenols  (IT Corp, 1993).  OWS 7019 was placed in service in 1971 to manage wastewater from the AGE Shop and the AGE washrack.  OWS 7019 was constructed of reinforced concrete and was approximately 20 feet long, 10 feet wide, and 14 feet deep with 10-inch thick sidewalls and a 12-inch thick floor.  OWS 7019 consisted of an oil/water waste influent compartment with a maximum operating capacity of 8,527 gallons, and an oil storage sump capable of storing 823 gallons (Montgomery Watson, 1998). A belt-type skimmer was used to separate free-phase product from AGE washrack wastewater.  After separation, wastewater was discharged to the nearby sanitary sewer system (Montgomery Watson, 1998).  OWS 7019 was removed in 1991.

A second OWS was discovered on the north side of Building 7020 (Montgomery Watson, 1998).  This OWS was also removed in 1991, and is considered a suspected source area.

1.5  status of environmental restoration

1.5.1  Background

Environmental restoration at Mather AFB is administered through the USAF’s Installation Restoration Program (IRP).  The IRP policies are consistent with the guidelines, rules, regulations, and criteria established by the US Environmental Protection Agency (USEPA) under the Comprehensive Environmental Response Compensation and Liability Act (CERCLA), as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA).  IRP activities have been conducted at Mather AFB starting in 1982.  Remedial investigations have confirmed that soils and groundwater at several IRP sites have been contaminated with VOCs and other hydrocarbons as a result of past operations including fuel storage and delivery, equipment maintenance, waste disposal, and other industrial activities.  Based on these findings, a Federal Facilities Agreement was written and signed in 1989 by the USAF, the USEPA, and the State of California under CERCLA Section 120 to ensure that environmental impacts from past and present operations are thoroughly investigated and appropriate remedial actions are implemented to protect human health.  The entire base was proposed for listing on the Superfund National Priorities List (NPL) in July 1989, and was placed on the NPL on November 21, 1989.

For environmental investigation and management purposes, Mather AFB has been subdivided into six Operable Units (OUs) based upon similarities in type of site and/or timing of cleanup decisions.  Table 1.1 provides summary descriptions of each OU.  Final remedies for addressing contamination for OU2 and OU3 were established in the ROD for Soil OU Sites and Groundwater OU Plumes (IT Corp, 1996a), which was issued on April 29, 1996.  These remedies have been implemented, and long-term monitoring programs are in place.  The ROD identifies several IRP sites as sources of soil and groundwater contamination, with the majority of sites located in the Main Base and SAC industrial 

TABLE 1.1
OPERABLE UNIT DESCRIPTIONS
SITE SD-57
REMEDIAL PROCESS OPTIMIZATION
MATHER AFB, CALIFORNIA

Number
Name
Description

OU1
Aircraft Control and Warning (AC&W)
Groundwater contamination plume as well as three sites where fuel underground storage tanks (USTs) were removed.

OU2
Groundwater OU
Three contaminated groundwater plumes beneath and within the immediate vicinity of the base, including the Main Base/SAC plume, the Site 7 plume, and the Northeast Plume.

OU3
Soils OU
Comprised of vadose zone soils contaminated due to activities associated with waste disposal pits, oil/water separators (OWSs), gas stations, USTs, fire training areas, and other miscellaneous sources at Mather AFB.

OU4
Landfill OU
Consists of six sites where municipal waste was buried.

OU5
Basewide OU. 
Addresses remaining sites at Mather AFB.

OU6
Supplemental Basewide OU.
Addresses supplemental remaining sites at Mather AFB.

areas north of the flight line (Figure 1.2).  The commingled groundwater plume emanating from the Soil OU sites in these areas is referred to as the Main Base/SAC Plume (Figure 1.3).  Site SD-57 is located at the source of the SAC portion of the plume.

This Phase II RPO evaluation addresses Site SD-57, which is a component of OU3, and a “hot spot” of groundwater contamination caused by the release of VOCs at Site SD-57 which is located within the Main Base/SAC plume and is a component of OU2.  In the ROD (IT Corp, 1996a), SVE was selected as the remedial alternative for soil at Site SD-57, and TCE was identified as the only contaminant of concern in soil at the site.  In the ROD, the areal extent of soil contamination was estimated at 49,000 square feet and the estimated volume of TCE-impacted soils was 2,600,000 cubic feet.

The remedial alternative selected for the Main Base/SAC plume included groundwater extraction, treatment using air stripping, re-injection of the treated groundwater back into the aquifer, and groundwater monitoring.

section 2

CONCEPTUAL SITE MODEL

2.1 introduction

A CSM provides the basis for understanding the occurrence, fate, and transport of environmental contaminants at a given site.  The CSM incorporates site-specific geologic and hydrogeologic information into a framework that guides site investigation and subsequent remediation activities.  This section discusses the process used to refine the CSM; summarizes site information pertinent to developing the CSM; and describes the characteristics and behavior of VOCs in the subsurface that are crucial to understanding the CSM.  This is followed by the development of two CSMs:

1.) A pre-treatment CSM for Site SD-57 that reflects the understanding of conditions prior to remediation system installation (prior to 1997), and is presumed to represent the basic framework within which the current remediation systems were designed; and

2.) A refined CSM that reflects the understanding of the most up-to-date conditions at the site.  The elements considered in the update of the CSM include the operation of the SVE system and groundwater extraction systems (installed from 1997 to 1999), groundwater and soil vapor data collected by Parsons ES in July 2000, and the results of DPE and ESVE pilot testing performed by Parsons ES at the site in August and September 2000.

The pre-treatment CSM was reconstructed to provide an understanding of the rationale for design and operation of the SVE and groundwater extraction systems currently operating at the site.  The refined CSM provides the technical basis for optimization of these remedial processes, as well as for the evaluation of other remedial alternatives.       

2.2  CONCEPTUAL MODEL DEVELOPMENT

An adequate conceptual understanding of the hydrogeologic framework and the relationships among the components of the hydrologic system is required to allow remedial decision making to be made with confidence.  The CSM should incorporate the following information:

· A description of the general regional and local geology, including lithology, stratigraphy, and structure;

· Identification of principal hydrogeologic units, including specific hydrogeologic intervals and discrete zones or areas of relatively higher or lower permeability; 

· The elevations and configuration of the groundwater potentiometric surfaces for each saturated unit of concern;

· Values for the hydraulic properties of the various hydrogeologic units, including hydraulic conductivity and hydraulic gradient;

· Surface drainage configurations;

· Hydrologic boundaries;

· Source(s) of contaminants;

· Offsite sources contributing contaminants to the surface and/or subsurface beneath the site; and

· Direction(s) and rate(s) of contaminant migration.

In reality, site characterization is an iterative, progressive process, where each phase of investigation and remediation is used to refine the CSM.  During the initial phases of the investigation, a conceptual model of chemical presence, migration, and fate should be formulated based on available site information, and an understanding of the processes that control chemical distribution and movement.  In the second phase, a data collection program is designed based on the initial conceptual model.  Data collection efforts should test and improve the CSM.  Later phases of site activities may involve full- or pilot-scale remediation.  Collection of appropriate data during implementation of a remedy provides an opportunity to monitor and evaluate the effectiveness of the remedy, and also to learn more about conditions in the subsurface.  Therefore, remediation should be considered an extension of site characterization, yielding information that may allow improvements in the remediation effort.

If chlorinated solvents are known or suspected to be potential contaminants at a site, the possible presence of DNAPL should be considered in evaluating the effectiveness of remedial alternatives for that site.

2.3  Site Information

2.3.1  Environmental Setting

2.3.1.1  Physical Setting

Mather AFB is located in the northern half of the Central Valley Physiographic Province.  This portion of the Central Valley is commonly referred to as the Sacramento Valley.  The topography of the Base is nearly flat, sloping gently to the southwest (IT, 1992); elevations range from a maximum of approximately 160 feet above mean sea level (msl) in the southeastern portion of the Base to approximately 75 feet above msl along the western Base boundary (Montgomery Watson, 2000a).

2.3.1.2  Geology

Three geologic units are of interest at Mather AFB, from youngest to oldest, they are the terrace gravels; the Laguna Formation (Units A, B, C, and portions of D); and the Mehrten Formation (Montgomery Watson, 2000a).  A generalized hydrogeologic cross section for Mather AFB is presented on Figure 2.1.  All known groundwater contamination at Site SD-57 is present within the Laguna Formation.  The geologic units present beneath Site SD-57 are described below.

Terrace Gravels.  Mather AFB is situated on a series of stream terraces deposited during the northwestward migration of the ancestral American River.  The terrace gravels include a surficial unit composed predominantly of silt and clay, extending from ground surface to approximately 18 feet below ground surface (bgs) at Site SD-57.  Below approximately 18 feet bgs the terrace gravels become coarser-grained, consisting of coarse sand and fine to coarse gravel. With depth the terrace gravel becomes more coarser-grained, with cobbles increasing in frequency and size to a maximum depth of approximately 32 feet bgs.  The terrace gravels are unsaturated throughout Mather AFB.

Unit A of the Laguna Formation.  The upper portion of the Laguna Formation consists of unconsolidated arkosic fluvial and deltaic sediment in the form of interbedded layers of locally discontinuous lenticular beds of fine to coarse sand, silt, and clay.  At Site SD-57 the upper unit of the Laguna Formation (Unit A) occurs directly beneath the terrace gravels, beginning at approximately 32 feet bgs and extending to a depth of approximately 110 feet bgs.  Beneath Site SD-57, Unit A of the Laguna Formation is saturated below approximately 90 feet bgs. 

Unit B of the Laguna Formation.  The middle unit of the Laguna Formation (Unit B) lies beneath Unit A.  Unit B primarily consists of sand and gravel at Site SD-57.  

Units C and D of the Laguna Formation. Units C and D comprise the lower parts of the Laguna Formation.  Unit C consists of silts and clays, which occur between the Unit B sands and gravels and the uppermost Unit D sands.  Unit D consists of sands and silty sands, and extends from the top of the uppermost sandy layer to the beginning of the Laguna-Mehrten Transition Zone.  Unit D has been defined as a 60- to 100-foot-thick transition between the Laguna and Mehrten Formation (IT, 1996b).

Mehrten Formation.  The late-Tertiary Mehrten Formation is the lowermost geologic unit identified at Mather AFB.  This water-bearing unit is the primary source of potable water in the area, extracted via water supply wells located on and west of the Base.  The Mehrten Formation consists of fluvial, reworked volcanic sediments consisting primarily of black andesitic sand and interbeds of blue to brown clay.  Locally, fluvial channels are filled with andesitic gravels.  The top of the Mehrten Formation is interpreted to be between approximately 245 and 306 feet below msl. 

2.3.1.3  Hydrogeology

As described by Montgomery Watson (2000a), shallow groundwater beneath the western portion of Mather AFB occurs under unconfined (water table) conditions approximately 80 to 90 feet bgs.  Variable amounts of water are produced from coarse and fine sediments of the Laguna Formation.  The coarse sands and gravels of Units Bu 

Figure 2.1  Mather AFB Generalized Hydrogeologic Cross-Section

and B are abundant through the Main Base and SAC industrial areas, and extend west of the Base.  These transmissive, laterally continuous sands and gravels influence the flow of groundwater and the fate and transport of contaminants.  The conductivity of Unit A soils at Site SD-57 ranges from approximately 8.6 to 38 feet per day, and the average linear groundwater flow velocity ranges from approximately 0.17 to 1.9 feet per day (63 to 680 feet per year) assuming an effective porosity of 0.25 percent (Montgomery Watson, 2000b).  Groundwater horizontal gradients at Site SD-57 range from approximately 5.1x10-3 to 1.2x10-2 feet/foot based on water elevations collected during the first quarter of 2000 at extraction wells EW-2A, EW-2A/Bu, EW-3A, EW-4A/Bu, EW-5A/Bu, and local groundwater monitoring wells (Montgomery Watson, 2000b).

The groundwater potentiometric surface beneath Mather AFB tends to dip gently southwest.  Regional groundwater flow is generally southwestward, from upland areas east of Mather AFB toward the Sacramento River (Figure 1.1).  This northeast-to-southwest trend reflects the net flow direction of the ancestral streams that deposited the coarse sediments.  The modern northeast to southwest flow direction reflects surface topography, and the general flow direction toward the Sacramento Valley has not changed appreciably since the sediments were deposited.  The fluvial depositional environment may also have produced preferential flowpaths for groundwater and contaminant transport.  Increased municipal and agricultural pumping across the Sacramento Valley has created three groundwater “cones of depression” to the northwest, southwest, and south of Mather AFB.  The cone of depression located approximately 2,500 feet to the southwest Site SD-57 also influences the groundwater flow direction at the site (Figure 2.2).

In the northern portion of Site SD-57, which is unaffected by groundwater extraction, the potentiometric surface of the Unit B aquifer is approximately the same elevation as the surface of the water table aquifer in Unit A.  In the southern portion of Site SD-57, the potentiometric surface of the Unit B aquifer is above the water table surface for much of the year, indicating an upward gradient from Unit B aquifer to the Unit A aquifer.  However, the gradient is downward during times of recharge (i.e., seasons with relatively high precipitation rates).  Vertical communication is interpreted by Montgomery Watson (1999a) to occur between Units A and B of the Laguna Formation.
2.3.2  Previous Investigations

Environmental investigations at Site SD-57 began in 1990 to investigate potential impacts to subsurface soil and groundwater resulting from maintenance operations at the site.  The first environmental investigation at Site SD-57 consisted of a RCRA Facilities Assessment (RFA) performed by the California Department of Health and Services to identify and evaluate solid waste management units (SWMUs) for potential releases of VOCs and other regulated contaminants.  OWS 7019 was designated an IRP site based on the RFA.

Site SD-57 was originally defined as the area immediately surrounding OWS 7019, which was identified as a suspected source of Site SD-57 contamination during the Group 2 remedial investigation (RI) (IT, 1993a).  A second OWS, located on the north side of Building 7020, was later identified as another suspected source area.  Both OWSs were removed in 1991 during the Group 3 RI.

Figure 2.2  Water Table Elevations Third-Quarter 1999

Following the RFA, IT (1993b) conducted field investigations to inspect the status of OWS 7019, evaluate potential soil impacts, and identify potential contaminant migration pathways.  A total of 20 soil borings were drilled near suspected source areas identified during the RFA and suspected contaminant transport pathways (Montgomery Watson, 1998).  Analytical results indicated that an extensive zone of chlorinated aliphatic hydrocarbon (CAH) contamination was present in soil underlying Site SD-57.  Chemical contaminants detected in the subsurface soils beneath Site SD-57 included PCE, TCE, 1,1-DCE, and 1,2-DCE.  Cleaning and inspection of OWS 7019 revealed deterioration of concrete around plugs in the OWS, indicating that OWS 7019 was a likely source of chemical contamination beneath the site.  A water table plume extending from the vicinity of Site SD-57 to the flight line and off Base to the west also was identified during the RI (IT, 1993b).  The plume subsequently was included within the Main Base/SAC Plume (Montgomery Watson, 1998).

A second field investigation was conducted by IT in 1995 to further characterize the extent of chlorinated VOCs in the subsurface soils and soil vapor beneath Site SD-57 to support remedial design efforts (IT, 1996b).  During this field investigation, five soil borings were advanced in the immediate vicinity of the former OWS 7019, and at cross and downgradient locations.  Chlorinated VOCs were found to be prevalent in soil vapor throughout the subsurface beneath Site SD-57.  Based upon the distribution of soil contamination, it was determined that the former OWS 7019 and/or associated piping were sources of the observed contamination.  In addition, the presence of hydrocarbon contamination in only the deeper soils to the west and southwest indicated that chemical contaminants originating at Site SD-57 had migrated downward and in a south-southwesterly direction parallel to the regional groundwater flow direction (IT, 1996b), and had been spread across the vadose zone as the water table declined.

2.3.3  Nature and Extent of Contamination

Contamination as a result of past equipment maintenance activities at Site SD-57 has been detected in soils and groundwater.  The groundwater VOC plume associated with Site SD-57 is commingled with the larger Main Base/SAC plume.  Contaminants detected at the site are primarily chlorinated VOCs, although fuel hydrocarbons have also been detected in groundwater samples. 

2.3.3.1  Soil Contamination

Chlorinated VOCs are the primary constituents of concern in soils at the site (IT, 1993b; IT, 1996b; Montgomery Watson, 1998) and TCE is the only COC listed in the ROD (IT, 1996a).  CAHs have been detected in unsaturated soil samples collected between depths of 28 and the 81 feet bgs, however, a consistent pattern of contaminant distribution with depth has not been observed.  TCE, PCE, and 1,1-DCE, are the compounds that have been detected at the highest concentrations at Site SD-57, with the maximum detected concentrations of 1,100 micrograms per kilogram ((g/kg), 303 (g/kg, and 608 (g/kg, respectively detected during the installation of the Phase 1 SVE system in March 1997 (Montgomery Watson, 1998).  The highest concentrations of TCE were detected at SVE-4 (1,100 (g/kg) and MPMP-2 (613 (g/kg), both located north of Building 7022.  Soil TCE concentrations decrease radially from SVE-4 (Figure 2.3).  

Figure 2.3  TCE Concentrations in Soil

Montgomery Watson has implemented SVE to remediate vadose zone soil contamination at Site SD-57.  The SVE system installed at Site SD-57 is discussed in detail in Section 3.1.

2.3.3.2  Groundwater Contamination

The contaminants that have been detected at the highest concentrations in groundwater beneath Site SD-57 include TCE, PCE, and 1,1-DCE.  Carbon tetrachloride has also been detected in wells upgradient of the source area at Site SD-57.  In April and May 1996, prior to installation and operation of the Phase I groundwater extraction wells at the site, the highest concentrations of TCE (1,100 micrograms per liter [(g/L]), PCE (150 (g/L), and 1,1-DCE (77 (g/L) were detected in samples collected from well MAFB-203, located west of Building 7022 and downgradient from the concrete AGE washrack source area (Montgomery Watson, 1999b).  In December 1999, during pre-startup baseline groundwater sampling, concentrations of 13,000 (g/L, 2,900 (g/L, 1,670 (g/L, 860 (g/L of TCE, PCE, TPH-gasoline, and 1,1-DCE, respectively, were detected at EW-5A/Bu (Montgomery Watson, 2000a).  Figures 2.4, 2.5, and 2.6 present TCE, PCE, and carbon tetrachloride concentrations in groundwater prior to the start of groundwater remediation activities.  Figures 2.4, 2.5, and 2.6 represent three separate groundwater sampling events.  Concentrations of TCE, PCE, and carbon tetrachloride in the monitoring well locations represent groundwater samples collected in April and May of 1996 prior to the start of phase 1 groundwater extraction at Site SD-57.  Contaminant concentrations in piezometers MAFB-PZ-2 and MAFB-PZ-3 represent groundwater samples collected in December 1998.  TCE, PCE, and carbon tetrachloride concentrations in groundwater extraction wells EW-2A/Bu, EW-3A/Bu, and EW-4A/Bu represent baseline groundwater samples collected in December 1999, prior to the startup of the phase 2 and 3 groundwater extraction wells at Site SD-57.  Review of Figures 2.4, 2.5, and 2.6 indicates that of the three primary contaminants detected in groundwater at Site SD-57, TCE is present at the highest concentrations, and the TCE plume covers the largest areal extent.  Therefore, the TCE concentrations in groundwater and the mass removal rates of TCE will likely control the progress of groundwater remedial efforts at Site SD-57.     

The elevated concentrations of TCE and PCE detected in groundwater samples collected from EW-5A/Bu suggest that CAHs were likely present as DNAPL in the saturated zone in Units A and/or Bu and potentially in the vadose zone immediately above the water table prior to implementation of the current groundwater extraction system.  This residual DNAPL was likely present as isolated stringers and blebs trapped in the pore spaces within the soil matrix and probably continues to act as a source of dissolved-phase contamination in groundwater beneath the site.  Montgomery Watson has implemented groundwater pump and treat to remediate saturated zone contamination at Site SD-57.  The groundwater extraction system installed at Site SD-57 is discussed in detail in Section 3.2.

2.4  volatile organic compounds IN THE ENVIRONMENT

Chlorinated VOCs are the primary COCs in soils and groundwater at Site SD-57.  Consideration of the physical and chemical properties of chlorinated VOCs is critical in evaluating the migration, distribution, and fate of these chemicals in the environment.  

Figure 2.4  Pre-Remediation TCE Concentrations in Groundwater, April and May 1996, Unit A/Bu

Figure 2.5  Pre-Remediation PCE Concentration in Groundwater Unit A/Bu

Figure 2.6  Pre-Remediation Carbon Tetrachloride Concentrations in Groundwater April and May 1996, Unit A/Bu

Comprehension of a contaminant’s properties aid in identifying and delineating source areas and assessing the performance of various remedial alternatives (Nyer and Skladany, 1989). 

Once chlorinated solvents have been introduced into the subsurface, their characterization and removal are problematic.  Where possible, cost-effective remedial strategies should focus on identifying and delineating those parts of the subsurface environment containing the greatest mass of introduced chemicals.  These areas represent potential secondary chemical source areas, from which contaminants can leach into groundwater, migrate to surface-water bodies, or volatilize into soil vapor.  These areas can function as long-term contaminant sources, contributing contaminant mass to the surrounding environment for decades.  Identification and reduction of contaminant source areas is essential, particularly when natural attenuation processes are slow, and the cost of containing groundwater plumes is high.  This section provides an overview of chlorinated solvent fate and transport properties and describes current methods for evaluating source areas.

2.4.1  Fate and Transport of Chlorinated Solvents

In the pure chemical state, most chlorinated solvents are fluids immiscible in water with a density greater than water, or DNAPLs.  At many sites, the potential for long-term contamination of groundwater by DNAPL chemicals is high due to their toxicity, limited solubility, and significant potential for migration in soil vapor and groundwater (Parsons ES, 2000c).

2.4.1.1  Characteristics of Chlorinated Solvents

The physical and chemical properties of DNAPLs in the environment can vary considerably from the properties of pure compounds as a consequence of the presence of complex chemical mixtures, the effects of in situ weathering, and the fact that much DNAPL waste consists of impure off-specification materials, production process residues, and spent materials.  In general, chlorinated solvents used in industrial applications are relatively volatile, have relatively low aqueous solubilities (a few hundred to a few thousand mg/L), and partition ("sorb") to soil to a moderate degree (Pankow and Cherry, 1996).

2.4.1.2  Physical/Chemical Transport and Attenuation Mechanisms Affecting DNAPL

DNAPL migration in the subsurface is influenced by the characteristics of the DNAPL release (volume, area, and duration); the properties of the DNAPL; the properties of the porous medium; and subsurface hydrogeologic conditions.  Under particular conditions, volatile chemicals can exist in the environment in any of four different phases - as pure liquid compound or in a chemical mixture; dissolved in water; sorbed to soil particles; or as a vapor.  When initially released to the subsurface environment, chlorinated VOCs are usually DNAPLs (i.e., pure chemical, chemical mixture, or "free" phase).  Once a chemical has been introduced into the environment, it interacts with the surrounding materials (soil, soil vapor, and water).  Chlorinated solvents in the subsurface may migrate as mobile DNAPL, as volatile gases in soil vapor, or dissolved in groundwater.  The major processes affecting chlorinated solvent compounds in the subsurface include dissolution from the non-aqueous-phase liquid (NAPL) phase, sorption to and desorption from soil, diffusion, chemical and biological degradation, and volatilization (Nyer and Skladany, 1989).

Under uncontaminated conditions, moving from the vadose zone to the saturated zone represents a change from a system in which air and water share the pore space, to a system where water occupies the entire pore space. When DNAPL is introduced to this system, the vadose zone can contain up to three fluids (air, water, and DNAPL); below the water table, two fluids (water and DNAPL) may be present.  The physical and chemical relationships among the different fluids will often cause the DNAPL to migrate in complex ways, producing a secondary (saturated) contaminant source beneath a vadose zone spill area that is difficult to fully characterize.

Factors that govern DNAPL migration differ from those that control the occurrence and movement of dissolved (aqueous-phase) chemicals (Kueper and Frind, 1991a and 1991b).  The characteristics of chemical migration as a DNAPL are largely a result of tensions that exist at the interfaces between immiscible fluids (DNAPL, air, and water).  Interfacial tension between fluids develops because of the difference between the greater, mutual electrochemical attraction of like molecules within each fluid, and the lesser attraction of dissimilar molecules across the immiscible fluid interface (Cohen and Mercer, 1993a and 1993b).  This unbalanced force draws molecules lying along the interface between two immiscible fluids inward, resulting in a tendency for contraction of the fluid/fluid interface to attain a minimum interfacial area. As a result of interfacial tension, non-wetting DNAPLs tend to form globules and irregular ganglia in water and water-saturated media (Cohen and Mercer, 1993b).

Subsurface transport of chemicals as DNAPL, or in the aqueous or vapor phase, is driven by potential gradients: gravitational, hydraulic, or chemical.  In most situations, DNAPLs will migrate downward (under the influence of gravity) as a distinct liquid through the soil in the unsaturated zone.  This vertical migration typically is accompanied by lateral spreading of the DNAPL due to the effects of capillary forces and heterogeneities in the porous medium.  Even small differences in soil moisture content and grain size can provide sufficient capillary resistance to cause lateral DNAPL spreading in the vadose zone.  Downward movement will be enhanced, and lateral spreading limited, by dry conditions or transmissive vertical migration pathways for DNAPL migration (e.g., fractures, coarse-grained material, or boreholes). 

2.4.2  Site Characterization for the Presence of DNAPL

In order to develop rational and cost-effective remediation strategies at sites contaminated with chlorinated solvents, it is necessary to assess whether DNAPL is likely to be present in the subsurface, and if so, to evaluate the nature of DNAPL contamination.  The presence and migration potential of DNAPL at contaminated sites needs to be characterized because: 1) the properties and principles that govern DNAPL and aqueous-phase transport are quite different; 2) DNAPL can persist for decades or centuries as a significant source of groundwater or soil contamination; and 3) without adequate precautions or understanding of DNAPL presence and behavior, site characterization activities may result in expansion of the DNAPL contamination with resulting increases in remediation costs.

DNAPL migration is affected by chemical- and matrix-specific properties, including degree of saturation, interfacial tension, wetability, capillary pressure, relative permeability, solubility, vapor pressure, volatilization, density, and viscosity.  DNAPL migration also is controlled by the interaction of these properties and principles with site-specific hydrogeologic and DNAPL-release conditions.  For sites contaminated with chlorinated solvents, a CSM should incorporate the potential behavior of DNAPL in the subsurface based on information about the types and quantities of VOCs that might be present, together with site-specific hydrogeologic information. 

Many lines of evidence can contribute to the diagnosis of a DNAPL site.  At most sites, only one or two lines of evidence may be available due to limited data or unknown geologic conditions.  The primary lines of evidence that can be used to evaluate the presence of DNAPL include:

· Compilation and evaluation of the history of chemical use, handling, and disposal practices;

· Direct characterization of subsurface conditions; and

· Indirect observations and interpretations of subsurface conditions.

2.4.2.1  Historical Use

Evaluation of the operational history of a particular facility can provide valuable information regarding the types and quantities of chemicals that may have been used, and may even provide clues regarding methods and locations of chemical disposal.  Assessment of the potential for DNAPL contamination based on historical site use involves careful examination of current and past land use; maintenance operations and processes; types and volumes of chemicals used and generated; and the storage, handling, transport, distribution, and disposal practices used for these chemicals and operations residues.

2.4.2.2  Direct Characterization to Determine DNAPL Presence

DNAPL presence can be determined directly by visual examination of samples, inferred by interpretation of chemical analyses of samples, and/or suspected based on interpretation of anomalous chemical distributions and hydrogeologic information.

2.4.2.3  Indirect Evidence of DNAPL 

Indirect methods for assessing the presence of DNAPL in the subsurface rely on comparing measured chemical concentrations with effective solubility limits in groundwater and equilibrium partitioning concentrations in soil vapor and groundwater.  The following indirect evidence can indicate the presence of DNAPLs:

· Organic vapors detected in soil gas samples at concentrations greater than 1,000 parts per million by volume (ppmv) may be regarded as indirect evidence of a DNAPL phase. 

· Where DNAPL is present as a large, contiguous mass, chlorinated VOCs generally are detected at concentrations of approximately 10 percent of their aqueous solubility limit in groundwater due to the effects of non-uniform groundwater flow, variable DNAPL distribution, mixing and chemical dilution during migration.  When residual DNAPL is present as isolated blebs or ganglia in pore spaces, and not as a large contiguous mass, dissolved concentrations greater than about 1 percent of the aqueous solubility suggest that DNAPL residuals may remain in the soil (Pankow and Cherry, 1996).  When multiple compounds are present, the solubility of each individual compound is decreased.

· In soil, VOC concentrations in the range of 10,000 to 20,000 milligrams per kilogram (mg/kg) (1 to 2 percent by weight) are generally indicative of the presence of a mobile nonaqueous-phase liquid (Cohen and Mercer, 1993a).  However, NAPL may also be present at much lower bulk concentrations as a consequence of irregular distribution in soil. 

· The presence of subsurface DNAPL can also be inferred from anomalous contaminant distributions or other unusual conditions.  Such conditions can include:

· Dissolved contaminant concentrations that increase with depth beneath a release area;

· Erratic spatial distribution of dissolved chemicals as a possible consequence of the heterogeneity of DNAPL distribution;

· Dissolved chemical concentrations in extracted groundwater that increase significantly through time during a pump-and-treat operation;

· Dissolved chemical concentrations in extracted groundwater that decrease through time during a pump-and-treat operation, but then increase significantly after the system is shut down (the "rebound effect"); 

· The presence of a stable or growing contaminant plume; and

· Inexplicable deterioration of plastic components of wells or pumps, possibly caused by solvents present as DNAPL.

2.4.3  Remediation of DNAPL Sources

In 1993, the National Research Council (NRC, 1993) published a detailed report describing the difficulties inherent in site remediation and made recommendations to USEPA regarding the general failure of pump-and-treat technology to meet remediation goals and the need for new approaches to groundwater remediation.  In general, the presence of DNAPL and heterogeneous soils were reported to increase the difficulty of site cleanup.

At sites where all DNAPL residuals are situated above the water table, a high percentage of the DNAPL can generally be removed effectively through the use of SVE.  The ultimate goal of most SVE operations at DNAPL sites is to remove sufficient contaminant mass so that water percolating through the vadose zone will no longer dissolve contaminants and carry them to the water table at concentrations above regulatory limits.  SVE is capable of achieving this goal in relatively homogeneous, coarse-grained material where air can rapidly move through the contaminant zone.  However, SVE is not as effective in mobilizing contaminants from the capillary fringe or in fine-grained or very moist strata.  Slow diffusion of contaminants from residual DNAPL entrapped in these zones will limit restoration rates.

At every site where DNAPL has contaminated the local groundwater, there are two principal components to the remediation problem: a subsurface source of residual or mobile DNAPL, and an associated dissolved plume in groundwater.  Most of the contaminant mass is in the source zone, although the plume usually occupies a much larger volume of the subsurface.  DNAPL in the vadose and groundwater zones often contains sufficient chemical mass to cause dissolved plumes to persist for centuries (Pankow and Cherry, 1996).  Unless essentially all of the DNAPL mass (more than 99 percent) is removed from the source zone, permanent restoration of all groundwater to drinking-water quality will not be achievable (Freeze and McWhorter, 1997).  However, any significant reduction of DNAPL mass may reduce the extent and concentrations of constituents in the groundwater plume and lessen long-term plume containment and monitoring costs.

DNAPL source zones below the water table greatly complicate site remediation and reduce the potential for significantly reducing DNAPL mass, and achieving groundwater cleanup.  The task of removing or destroying sufficient contaminant mass to achieve the complete restoration of a DNAPL source zone is formidable.  The petroleum industry has spent billions of dollars on research to enhance the recovery of petroleum (a light NAPL) from oil fields.  Oil companies consider recovery of 40 percent of the formation NAPL to be an exceptional success.  In contrast, if groundwater is to be restored to drinking-water quality, at least 99 percent of the DNAPL source must be removed (Freeze and McWhorter, 1997).  The limitations on identification, removal, or control of a DNAPL source represent immense obstacles for complete restoration of groundwater.

Groundwater restoration is much different from plume containment.  Complete restoration of groundwater requires removal of the source(s) of chemicals from the subsurface, as well as removal of dissolved chemicals to a degree sufficient to allow the original beneficial use of the groundwater.  Due to the difficulties inherent in identifying and remediating residual DNAPL, perpetual hydraulic containment may be necessary to address continued dissolution and migration of chemicals from a residual source.

2.5  PRE-treatMent Conceptual Site Model

The CSM for Site SD-57 is illustrated in Figure 2.7, and is based on the site history, stratigraphy, hydrogeology, and nature and extent of contamination as discussed in Section 2.2.  The vadose zone (extending from ground surface to a depth of approximately 90 feet bgs) and the upper saturated zone consisting of Units A, Bu, and B of the Laguna Formation (extending from the water table to a depth of approximately 100 to 200 feet bgs) are the zones most likely to be impacted by contaminants.  Therefore, the CSM focuses on the vadose zone and the shallow saturated zone.  The pre-treatment CSM for Site SD-57 incorporates the following principal features:

Figure 2.7  Preliminary Conceptual Site Model

· The vadose zone and shallow groundwater zone beneath Site SD-57 consist of a surficial unit of sandy-clayey silt approximately 18 feet thick, underlain by a layer of terrace gravels ranging from 10 to 15 feet in thickness.  The terrace gravels are underlain by Unit A of the Laguna Formation, which consists of silt, clay and fine sand and extends to approximately 110 to 120 feet bgs.  Based on discussions that occurred during the RSV, it was expected that the soil units from 75 feet bgs to the bottom of Unit A were very fine-grained and only slightly permeable, and were limiting the groundwater flow rates that could be achieved from groundwater extraction wells screened exclusively in Unit A soils (discussed further in Section 3.2 and Section 4.1.2).  The middle unit of the Laguna formation (Unit Bu/B) lies beneath Unit A and consists of coarse sand grading to gravel with increasing depth.

· Groundwater occurs under water table conditions in Unit A of the Laguna formation, and under semi-confined to unconfined conditions in Unit B and underlying formations.  Although separate monitoring zones have been identified (Section 2.2.1.3), the groundwater system beneath Site SD-57 generally functions as a single hydrologic unit with the exception of when the Unit B/Bu aquitard is present (Montgomery Watson, 2000a).

· Where hydrogeologic units of different lithologies are juxtaposed in the vadose zone or saturated zone, the contrast in permeability of different units may range across three or four orders of magnitude.  Permeability of sediments to water and/or air is an important constraint on the rate of water percolation (and contaminant leaching) and migration of soil vapors.  Fine-grained strata have relatively low permeability, but may have significant VOC mass sorbed to soil particles, or otherwise retained in pore spaces in the dissolved or DNAPL phases.

· The depth to the water table beneath Site SD-57 ranges between approximately 85 and 100 feet bgs (Montgomery Watson, 1999b).

· The conductivity of Unit A soils at Site SD-57 range from approximately 8.6 to 38 feet per day (ft/day), and the average linear groundwater flow velocity ranges from approximately 0.17 to 1.9 ft/day assuming an effective porosity of 25 percent (Montgomery Watson, 2000b).  The conductivity of Unit Bu and B soils is 100 to 423 feet per day.  Groundwater gradients at Site SD-57 range from approximately 5.1x10-3 to 1.2x10-2 feet/foot (ft/ft) based on water elevations collected during the first quarter of 2000 at extraction wells EW-2A, EW-2A/Bu, EW-3A, EW-4A/Bu, EW-5A/Bu, and local monitoring wells (Montgomery Watson, 2000b).

· The direction of groundwater movement in the saturated zone has varied in the past, but generally persists in a southerly to southwesterly direction (Montgomery Watson, 1999b).  On-Base production wells, groundwater remediation EWs, and regional pumping from large production wells have affected local groundwater gradients and direction(s) of groundwater movement.

· VOCs (including PCE, TCE, 1,1-DCE, cis-1,2-DCE, 1,2-DCA, benzene, carbon tetrachloride, chloromethane, and diesel-range TPH, gasoline-range TPH, and xylenes) are the COCs at Site SD-57.  TCE is the compound present at the highest concentrations and over the greatest lateral extent.  Historic activities and disposal practices at the AGE shop resulted in the release of contaminants to the vadose zone at Site SD-57.  Potential sources of contamination, discussed previously in Section 1.4, include sanitary sewer lines, OWSs, associated sumps, the AGE washrack, and possibly Building 7024 (Figure 2.7).  Contaminants released into the vadose zone have migrated to groundwater, and have resulted in a “hot spot” of chlorinated VOC contamination at high concentrations in the vicinity of well EW-5A/Bu (Figures 2.4 and 2.5).  Low concentrations of dissolved-phase chlorinated VOCs are also migrating beneath Site SD-57 from upgradient sources within the Main Base/SAC plume.

· Although VOCs in soil and soil vapor above the water table at Site SD-57 do not present an immediate health threat to potential human receptors, remediation of VOCs in the vadose zone was deemed necessary to mitigate further migration of VOCs from the vadose zone to the water table, which would prolong groundwater cleanup in the vicinity of Site SD-57.  Removal of contaminant mass from the vadose zone using SVE was identified as the preferred remedial alternative for VOCs in the vadose zone at Site SD-57 in the ROD (IT, 1996a).

· Subsurface contaminant migration pathways include percolation of contaminants in both dissolved and DNAPL phases through the vadose zone to the saturated zone.  After contaminants had impacted the groundwater, lateral and vertical migration of dissolved contaminants occurred by advection and dispersion through the alluvial aquifer in Unit A of the Laguna Formation.  After entering the Unit A alluvial aquifer, contaminants originating at Site SD-57 commingle with the Main Base plume that flows under Site SD-57.

· Based on indirect lines of evidence (i.e., VOC concentrations in soil vapor) it is highly likely that residual-phase DNAPL was present in Site SD-57 soils prior to treatment.  Total VOC concentrations in soil vapor prior to the implementation of SVE (discussed in detail in Section 3.1) exceeded 1,000 ppmv.  According to the criteria presented in Section 2.3.2.3, this observation suggests that residual DNAPL may have been present in vadose zone soil prior to treatment.

· Based on indirect lines of evidence (i.e., dissolved-phase VOC concentrations in groundwater) it is also highly likely that residual-phase DNAPL was present in groundwater beneath Site SD-57 prior to treatment.  The highest TCE concentration observed to date at Site SD-57 was detected at groundwater extraction well EW-5A/Bu in December 1999, prior to the beginning of groundwater extraction at that well (Montgomery Watson, 2000a).  TCE was detected at EW-5A/Bu at a concentration of 13,000 g/L, or 1.2 percent of the aqueous solubility of the compound, which is 1,100,000 g/L (Verschueren, 1983).  According to the criteria presented in Section 2.3.2.3, this observation suggests that TCE was likely present as DNAPL in the saturated zone beneath Site SD-57 prior to treatment.

· Prior to the RPO field efforts, there was very little geochemical data collected to determine the potential for MNA of the groundwater contaminants beneath Site SD-57.  It was not certain whether biological degradation of dissolved contaminants was occurring.

2.6  REFINED Conceptual Site Model

As part of the RPO evaluation, an updated (refined) CSM (illustrated in Figure 2.8) was developed as the basis for optimization of existing remedial systems and remedial alternatives (Sections 3 and 4).  This subsection discusses the refinements made to the CSM based on RPO field activities and evaluation of operational data for the SVE and groundwater extraction systems.

2.6.1  Initial Sampling Event

In July 2000, Parsons ES performed an initial sampling event which consisted of soil vapor and groundwater sampling at Site SD-57 to address previously identified data gaps and to refine the CSM.  One primary data gap involved the lack of geochemical data required to complete a natural attenuation evaluation for groundwater contaminants beneath Site SD-57.  Samples were collected in conjunction with Montgomery Watson's third quarter 2000 groundwater monitoring event, following procedures established in the initial sampling event work plan (Parsons ES, 2000a).  The results of the initial sampling event were used to finalize the scope of work for the Phase II RPO evaluation at Site SD-57.  The main objectives of the initial sampling event were to: 

· Collect additional soil vapor chemistry data to help verify the effectiveness of the SVE system installed by Montgomery Watson in 1997;  and 

· Collect and analyze groundwater samples for selected geochemical parameters to evaluate evidence for biological degradation of dissolved contaminants and determine if site conditions are appropriate for performing an organic-substrate addition (OSA) pilot test to enhance reductive dechlorination of CAHs in groundwater.

During the initial sampling event, two soil gas samples were collected by Parsons ES personnel.  Both of the soil gas samples were collected in Summa( canisters from MPMP-1 (75 feet) and MPMP-2 (75 feet) (Figure 2.3).  Both samples were analyzed by Air Toxics Ltd. for VOCs using USEPA Method TO-14.  In addition, eight soil gas locations were screened in the field for oxygen and carbon dioxide content.  Soil vapor monitoring results from the July 2000 sampling event performed by Parsons ES, as well as results from a sampling event performed by Montgomery Watson in June 2000 are summarized in Table 2.1.

A total of seven groundwater samples were collected from groundwater extraction and monitoring wells located in the immediate vicinity of Site SD-57 by Parsons ES personnel  (Figure 1.4).  All groundwater samples were collected using a flow-through cell to minimize aeration, and were field-screened at the time of collection using direct reading instruments for dissolved oxygen (DO), temperature, oxidation-reduction potential (ORP), turbidity, and pH.  Immediately after sample collection, each groundwater sample was analyzed in the field using Hach( or Chemetrics based field methods for alkalinity, ferrous iron, manganese, hydrogen sulfide, carbon dioxide, and sulfate.  Additional aliquots of groundwater were collected at each sampling location for analysis of chloride, nitrate, TPH-gasoline and TPH-diesel by USEPA Method SW8015M, dissolved total organic carbon (TOC) analysis by USEPA Method SW9060, and methane, ethene, and ethane by USEPA Method RSK-175.  In addition, one sample 

Figure 2.8  Refined Conceptual Site Model

Table 2.1  Summary of June and July 2000 Soil Vapor Chemistry Analytical Results

was collected by Parsons ES from MAFB-203 and analyzed for VOCs by USEPA Method 8260B.  Samples for laboratory analysis by USEPA Methods SW8015M, SW9060, and SW8260B were submitted to Agriculture and Priority Pollutants Laboratories, Inc. (APPL) (Appendix C).  Samples for laboratory analysis by USEPA Method RSK-175 were submitted to Air Toxics, Ltd (Appendix C).

Groundwater VOC results from sampling conducted by both Parsons ES and Montgomery Watson in July 2000 are summarized in Table 2.2, and geochemical parameters collected by Parsons ES are summarized in Table 2.3.  

2.6.2  Analysis of VOC Biodegradation at Site SD-57

Primary mechanisms for natural attenuation of chlorinated VOCs in groundwater include biodegradation, dispersion, dilution from recharge and upgradient flow, sorption, and volatilization.  Of these processes, biodegradation is the only mechanism working to transform contaminants into ultimately innocuous byproducts.  Therefore, the primary objective of this evaluation is to determine whether natural biodegradation is acting to remove significant contaminant mass at Site SD-57.  A secondary objective is to determine whether site conditions are conducive to enhanced bioremediation (Section 4.2).

CAHs may undergo biodegradation through three different pathways: use as an electron acceptor, use as an electron donor, or cometabolism, which is degradation resulting from exposure to a catalytic enzyme fortuitously produced during an unrelated process.  At a given site, one or all of these processes may be operating, although the use of CAHs as electron acceptors (by reductive dehalogenation) appears to be the most likely.  A detailed discussion of biodegradation processes can be found in Appendix E.

Three lines of evidence can be used to evaluate natural attenuation (biodegradation) of CAHs in groundwater (USEPA, 1998):

1) Historical groundwater data that demonstrate a clear trend of decreasing contaminant mass and/or concentration.  This includes the presence of daughter products and relative CAH ratios.

2) Hydrogeologic and geochemical data that can be used to demonstrate indirectly the types of natural attenuation processes active at a site.  For natural attenuation of CAHs, this includes analyses of electron donors, oxidation/reduction potential, electron acceptors, metabolic byproducts, and other geochemical indicators.

3) Data from field or microcosm studies.

The first two lines of evidence are discussed in the following subsections.  Field or microcosm studies have not been performed for this site.   

Table 2.2  Summary of July and August 2000 Groundwater Analytical Results

Table 2.3  Summary of July 2000 Groundwater Geochemical Parameters

2.6.2.1 Presence of Daughter Products and CAH Ratios

The presence of daughter products that were not used in Base operations would provide strong evidence that CAHs are being degraded by reductive dehalogenation at Site SD-57.  For the chlorinated ethenes PCE and TCE, the daughter products expected are cis-1,2-DCE and VC.  Cis-1,2-DCE was detected in numerous samples collected in July 2000 up to a maximum concentration of 8.4 g/L at well MAFB-PZ3, and VC was not detected.  The low concentrations of cis-1,2-DCE relative to TCE (a molar ratio of 67:1 TCE to cis-1,2-DCE at well MAFB-PZ3) and the absence of VC indicate that the degree to which transformation of higher chlorinated ethenes is occurring is severely limited at Site SD-57.  In addition, ethene and ethane were not detected in groundwater samples collected in July 2000 (Table 2.2) above the detection limit of 0.01 mg/L, indicating that a complete transformation of CAHs is not occurring.

Concentrations of 1,1-DCE are elevated at Site SD-57, with a maximum concentration of 250 g/L detected at well MAFB-PZ3 (Table 2.2).  During reductive dehalogenation, all three isomers of DCE theoretically can be produced; however, Bouwer (1994) reports that under the influence of biodegradation, cis-1,2-DCE is a more common intermediate than trans-1,2-DCE or 1,1-DCE, and that 1,1-DCE is the least prevalent intermediate of the three DCE isomers.  1,1-DCE is more commonly encountered under aerobic conditions as an abiotic degradation (hydrolysis) byproduct of 1,1,1-trichloroethane (1,1,1-TCA).  While 1,1,1-TCA was not detected in groundwater at Site SD-57 (Table 2.2), it was detected in soil vapor at a concentration of 84 parts per billion by volume (ppbv) at monitoring location MPMP2-75 (Table 2.1).  This suggests that 1,1,1-TCA has been released at the site, but degrades to 1,1-DCE by the time it migrates to groundwater.

Other CAHs detected in groundwater at Site SD-57 include low levels (less than 10 g/L) of 1,2-DCA, carbon tetrachloride, and chloroform.  Chloroform may be present as a degradation byproduct of carbon tetrachloride by either reductive dehalogenation or, more likely, aerobic cometabolism.

2.6.2.2  Electron Donors

The distribution of potential electron donors (carbon sources) such as native organic carbon, fuel hydrocarbons, landfill leachate, or CAHs themselves is useful for evaluating the feasibility of reductive dehalogenation (either direct or cometabolic) of chlorinated solvents.  Concentrations of dissolved TOC can be measured as a relative indicator of the mass of electron donor available for oxidation/reduction reactions.  TOC concentrations in excess of 20 mg/L are desirable to drive dehalogenation reactions (USEPA, 1998).

TOC concentrations in wells outside of the area containing dissolved contamination can be used as an indicator of the level of native organic carbon compounds in the aquifer (anthropogenic carbon such as CAHs, petroleum hydrocarbons, or landfill leachate also are measured by the TOC analytical method).  TOC concentrations in groundwater at Site SD-57 were measured in samples collected in July 2000 (Table 2.3).  TOC concentrations detected in shallow groundwater at Site SD-57 were all less than 1 mg/L.  Native organic carbon concentrations of this magnitude are insufficient to drive reductive dehalogenation of CAHs.

Anthropogenic organic compounds detected at the site in July 2000 in addition to CAHs includes low levels of gasoline-range TPH (up to 0.57 mg/L at well MAFB-EW5A/Bu) (Table 2.2).  Anthropogenic carbon concentrations of this magnitude also are insufficient to drive reductive dehalogenation of CAHs.  However, low levels of cis-1,2-DCE (Table 2.2) were associated with these elevated TPH concentrations, suggesting that limited reductive dehalogenation of TCE may occur in localized areas.  

It is also important to note that less-chlorinated CAHs (e.g., DCE and vinyl chloride [VC]) can be used as electron donors in microbially mediated redox reactions in aerobic environments such as those encountered at Site SD-57, resulting in biodegradation of lower chlorinated solvents.  Therefore, the potential exists for aerobic oxidation of DCE and VC at the site.

2.6.2.3  Groundwater Oxidation/Reduction Potential

The approximate ranges of ORP that are favorable for various microbially mediated redox processes are discussed in Appendix E.  In general, reactions yielding more energy tend to take precedence over processes that yield less energy (Stumm and Morgan, 1981; Godsey, 1994; Reinhard et al., 1994).  Oxygen reduction would be expected in an aerobic environment with microorganisms capable of aerobic respiration, because oxygen reduction yields significant energy (Bouwer, 1992; Chapelle, 1993).  Once the available DO is depleted and anaerobic conditions dominate the interior regions of a contaminant plume, anaerobic microorganisms can utilize other electron acceptors in the following order of preference: nitrate (denitrification), manganese (manganese reduction), ferric iron (iron reduction), sulfate (sulfate reduction), and carbon dioxide (methanogenesis).  

Each successive redox reaction provides less energy to the system, and each step down in redox energy yield is paralleled by an ecological succession of microorganisms capable of facilitating the pertinent redox reactions. Although anaerobic degradation may occur under nitrate- and iron-reducing conditions (Vogel et al., 1987; Chapelle, 1996), the most rapid biodegradation rates occur under sulfate-reducing and methanogenic conditions (Bouwer, 1994).

ORP was measured at groundwater monitoring wells sampled in July 2000.  ORP potentials for groundwater at the site range from 173.8 millivolts (mV) to 236 mV (Table 2.3) which is outside the optimal range for reductive dehalogenation (although within the possible range of denitrification and manganese reduction).  Therefore, reductive dehalogenation would not be expected to occur at significant rates at Site SD-57.

2.6.2.4  Alternate Electron Acceptors and Metabolic Byproducts

Biodegradation of organic compounds, whether natural or anthropogenic, brings about measurable changes in the chemistry of groundwater in the affected area. Various geochemical parameters are good indicators of whether contaminant plumes can be remediated through biodegradation at a particular site, and what degradation process could be responsible for the reduction of contaminants.   

Concentrations of compounds used as electron acceptors (e.g., DO, nitrate, and sulfate) are depleted, and byproducts of electron acceptor reduction (e.g., iron (II) and methane) are enhanced.  By measuring these parameters, it is possible to evaluate the processes and extent of biodegradation that are occurring at a site.

Results of alternate electron acceptor and metabolic byproduct analyses are presented in Table 2.3.  The following paragraphs discuss those parameters most useful in evaluating site biodegradation processes.

Dissolved Oxygen

DO concentrations in groundwater were measured during the July 2000 sampling event.  DO concentrations ranged from 6.3 mg/L (EW-4A/Bu) to 9.1 mg/L (MAFB-203) (Table 2.3).  DO concentrations within and downgradient from Site SD-57 (wells MAFB-203, MAFB-EW2A/Bu, MAFB-EW4A/Bu, MAFB-EW5A/Bu, and MAFB-PZ3) were relatively consistent, averaging approximately 7.5 mg/L. Average background DO concentrations for wells located outside of the Site SD-57 CAH contaminant plume (MAFB-085 and MAFB-211) are approximately 7.2 mg/L, virtually the same as DO concentrations within and downgradient from Site SD-57.

DO concentrations upgradient, within, and downgradient of Site SD-57 indicate highly aerobic conditions that are not conducive to the anaerobic reductive dehalogenation process.  The distinct lack of depleted DO concentrations within the Site SD-57 contaminant plume relative to background concentrations is an indication of a lack biological activity.

Nitrate/Nitrite

After DO has been depleted, nitrate may be used as an electron acceptor for anaerobic biodegradation of organic carbon via denitrification.  Nitrate concentrations significantly below background in areas with high organic carbon concentrations and low DO are indicative of anaerobic denitrification.  Concentrations of nitrate/nitrite [as nitrogen (N)] were measured in groundwater samples collected in July 2000 (Table 2.3).  Background nitrate/nitrite concentrations ranged from 4.3 mg/L to 5.1 mg/L.  Within Site SD-57, nitrate/nitrite concentrations ranged from 2.5 to 3.4 mg/L, only slightly lower than background conditions.  The relatively uniform distribution of nitrate/nitrite in groundwater indicate that limited denitrification may be occurring, but is not anticipated to be a significant biodegradation process at Site SD-57.

Ferrous Iron

The reduction of ferric iron [iron (III)] has been shown to be a major metabolic pathway for some microorganisms (Lovley and Phillips, 1988; Chapelle, 1993).  The reduction of ferric iron results in the formation of soluble ferrous iron [iron (II)], and elevated concentrations of iron (II) often are found in anaerobic groundwater systems. Recent evidence suggests that the reduction of ferric iron cannot proceed at all without microbial mediation (Lovley and Phillips, 1988; Lovley et al., 1991; Chapelle, 1993). 

Iron (II) concentrations measured in groundwater samples collected in July 2000 are summarized in Table 2.3.  All iron (II) concentrations in Site SD-57 groundwater samples were at or less than the detection limit of 0.01 mg/L, with the exception of a low concentration of 0.03 mg/L measured for well MAFB-203.  These low to non-measurable concentrations of iron (II) indicate that iron reduction is not occurring at a measurable rate at Site SD-57.

Sulfate

Sulfate also may be used as an electron acceptor during microbial degradation of natural or anthropogenic organic carbon under anaerobic conditions (Grbic-Galic, 1990).  This redox reaction is commonly called sulfate reduction and would result in reduced sulfate concentrations with a contaminant plume if biodegradation of contaminants were occurring.  

Sulfate concentrations were measured in groundwater samples collected in July 2000.  Sulfate concentrations in groundwater samples at Site SD-57 ranged from 4.0 mg/L to 11.0 mg/L (Table 2.3).  Concentrations of sulfate in background wells MAFB-085 and MAFB-211 were both 4.0 mg/L, less than or equal to sulfate concentrations within the Site SD-57 contaminant plume.  This distribution of sulfate concentrations does not indicate that sulfate reduction is an ongoing anaerobic biodegradation process at Site SD-57.

Methane

Although anaerobic degradation may occur under nitrate- and iron-reducing conditions (Vogel et al., 1987; Chapelle, 1996), the most rapid biodegradation rates occur under sulfate-reducing and methanogenic conditions (Bouwer, 1994).  Methane, ethane, and ethene concentrations were not detected in groundwater samples collected in July 2000 (Table 2.2) above the detection limit of 0.01 mg/L, indicating methanogenesis is not occurring at Site SD-57.  The aerobic nature of the groundwater system supports this supposition.

Chloride

Chloride ions are removed from chlorinated solvents and enter solution during biodegradation, whether via reductive dehalogenation, aerobic oxidation, or cometabolism.  Therefore, chloride concentrations in groundwater should increase above background levels in areas where active biodegradation of CAHs is occurring.  

Chloride concentrations measured in July 2000 are presented in Table 2.3.  Background chloride concentrations in groundwater at wells located outside of the CAH contaminant plume at Site SD-57 ranged from 10.6 mg/L (MAFB-085) to 13.1 mg/L (MAFB-211).  Concentrations within Site SD-57 ranged from 3.6 mg/L (MAFB-203) to 11.9 mg/L (MAFB-PZ3).  The similarity between background and site chloride data indicates that chloride is not being produced in significant quantity at Site SD-57.

2.6.2.5  Additional Geochemical Indicators

Other geochemical data collected for this evaluation can be used to further interpret and support the contaminant, electron donor, electron acceptor, and byproduct data previously discussed.  These parameters provide additional qualitative indications of what processes may be operating at the site.

Alkalinity and Carbon Dioxide Evolution

Carbon dioxide is produced during the biodegradation of fuel hydrocarbons and native organic carbon compounds.  In aquifers that have carbonate minerals as part of the matrix, carbon dioxide forms carbonic acid, which dissolves these minerals, increasing the alkalinity of the groundwater.  An increase in alkalinity (measured as calcium carbonate [CaCO3]) in an area with fuel hydrocarbons or chlorinated solvent (particularly less-chlorinated solvents) concentrations elevated above background conditions can be used to infer that anthropogenic or native organic carbon have been destroyed through aerobic or anaerobic microbial respiration.  

Total alkalinity (as CaCO3) was measured in groundwater samples collected in July 2000 (Table 2.3).  Alkalinity also is a measure of the ability of groundwater to buffer changes in pH.  Total alkalinity in groundwater within the Site SD-57 CAH plume varied from 56 mg/L (MAFB-203) to 132 mg/L (MAFB-PZ3).  Concentrations in background wells MAFB-085 and MAFB-211 were 44 mg/L and 128 mg/L, respectively.  The similarity in alkalinity concentrations within and outside of the Site SD-57 CAH plume does not indicate any significant microbial activity 
Free carbon dioxide concentrations also were measured in groundwater samples collected in July 2000 (Table 2.3).  Carbon dioxide was not detected in any of the groundwater samples collected above the detection limit of 10 mg/L, also suggesting a lack of microbial activity. 

Temperature and pH

Groundwater temperature was measured at monitoring wells in July 2000 (Table 2.3).  Temperature can affect the types and growth rates of bacteria that can be supported in the groundwater environment, with higher temperatures typically resulting in higher growth rates.  Wiedemeier et al. (1999) report that biochemical processes are accelerated at groundwater temperatures greater than 20°C.  Groundwater temperatures were measured at only two locations at Site SD-57 (EW-2A/Bu and EW-4A/Bu), and ranged from 20.3 oC to 20.9 oC.  These temperatures are within an optimal range for bacterial growth.

Groundwater pH was measured for samples collected from monitoring wells in July 2000 (Table 2.3).  The pH of a solution is the negative logarithm of the hydrogen ion concentration [H+].  Groundwater pH measured at the site ranges from 7.1 to 7.73 standard units. The range of pH is within the optimal range for CAH-degrading microbes of 6 to 8 standard units.

2.6.2.6  Natural Attenuation Evaluation Summary

The CAH groundwater plume at Site SD-57 exhibits Type III behavior as described in Appendix E.  The aerobic and oxidizing groundwater environment at Site SD-57 is not conducive to degradation of more highly chlorinated solvents (i.e., PCE, TCE, and DCE) by reductive dehalogenation.  Aerobic oxidation of less chlorinated solvents (VC and to some extent DCE) is possible under these conditions, although elevated concentrations of 1,1-DCE at the site does not indicate that oxidation of DCE is occurring at a significant rate.   The elevated concentrations of 1,1-DCE relative to cis-1,2-DCE, and the presence of 1,1,1-TCA detected in soil vapor (Table 2.1), indicates that 1,1-DCE is likely present as an abiotic (hydrolysis) breakdown product of 1,1,1-TCA.

As a result, the parent chlorinated solvents PCE and TCE still comprise the majority of the contamination mass present in groundwater throughout most of the plume.  However, evidence does exist that some limited reductive dehalogenation has occurred within the Site SD-57 plume.  Though of relatively low concentration, there were numerous detections of cis-1,2-DCE at concentrations up to 8.4 g/L from the July 2000 sampling data (Table 2.2), which is indicative that some TCE in the dissolved plume has degraded under localized reducing conditions.  This is most likely due to areas with higher levels of organic carbon due to release of fuel hydrocarbons.  For example, the highest concentration of cis-1,2-DCE was detected at well MAFB-PZ3, which corresponds to a detected gasoline-range TPH concentration of 450 g/L at that location.  TPH in groundwater at this location potentially serves as a carbon source to produce a local reducing environment for limited anaerobic reductive dehalogenation of TCE to cis-1,2-DCE.  Geochemical parameters measured at the site indicate that even in the presence of fuel hydrocarbons, the amount of available carbon is not sufficient to induce a sufficiently reducing environment (i.e., sulfate reducing or methanogenic) to induce significant reductive dehalogenation.    

2.6.3
Effects of Current Remedial Systems on the Conceptual Site Model

The current remedial systems in operation at Site SD-57 were reviewed to assess the effects of these systems on the CSM. 

2.6.3.1
Effects of Current Soil Vapor Extraction System

The SVE system installed by Montgomery Watson in 1997 has reduced VOC concentrations in soil vapor by over 98 percent (discussed in greater detail in Section 3.1).  The results from the July 2000 soil gas sampling at Site SD-57 (Table 2.1) indicate a maximum TCE concentration of 5.2 ppmv and a maximum TPH concentration of 80 ppmv in the shallow soils (above 75 feet bgs).  Results also indicate a maximum TCE concentration of 11.1 ppmv and a maximum TPH concentration of 160 ppmv in deeper vadose zone soils (at 75 feet bgs).  Results suggest that any residual DNAPL that may have been present in soils prior to SVE system operation has been effectively removed. Only trace levels of TCE remain in vadose zone soils.  Soils in close proximity to the water table (deeper than 75 feet bgs) may still contain low levels of residual TCE.  The SVE system in operation at Site SD-57 is discussed in detail in Section 3.1. 

2.6.3.2
Effects of the Groundwater Extraction System 

In 1998, Montgomery Watson initiated a multi-phase program designed to remediate the Main Base/SAC plume at Mather AFB.  During this program, five groundwater extraction wells were installed in the vicinity of Site SD-57, and a groundwater treatment plant was constructed.  EW-2A and EW-3A have operated intermittently since their installation and initial startup in the spring of 1998.  Groundwater extraction wells EW-2A/Bu, EW-4A/Bu, and EW-5A/Bu have operated since their installation and initial startup in the fall of 1999.  Since startup of the groundwater extraction system, concentrations of TCE and PCE in groundwater have generally decreased in extraction wells EW-2A, EW-2A/Bu, EW-4A/Bu, and EW-5A/Bu, while concentrations of TCE and PCE in groundwater extracted from EW-3A have remained relatively stable.  However, it is important to note that these concentration decreases were observed under non-equilibrium conditions (i.e., the groundwater system has operated continuously).  If the groundwater system was temporarily shut down, it is expected that contaminant concentrations near source areas would rebound to levels similar to those observed before groundwater extraction began due to the likely presence of DNAPL in groundwater.

The groundwater extraction system has locally affected the water table in the vicinity of Site SD-57.  In the immediate vicinity of each groundwater extraction well the water table has been drawn down as much as 5 feet (EW-4A/Bu).  The groundwater extraction and treatment system in operation at Site SD-57 is discussed in greater detail in Section 3.2.

2.6.4
Summary of Refinements to the Site SD-57 CSM

The Site SD-57 CSM has been refined (Figure 2.8) based on operational results of the existing SVE and groundwater extraction systems, on the sampling event completed in July 2000, drilling and soil sampling completed by Parsons ES during vapor monitoring point (VMP) installation in August 2000, and SVE pilot testing (Section 4).  The Site SD-57 CSM has been updated to depict:

· A remediated vadose zone above approximately 75 feet bgs;

· Continued presence of low concentrations of residual VOCs in deep vadose zone soils (i.e., below 80 feet bgs).

· Although the current groundwater extraction system has removed some VOC mass from the vadose zone, it is possible that residual DNAPL may remain in the shallow saturated zone in Unit A soils.  This residual DNAPL may persist as a long-term source of VOC contamination in shallow groundwater because mass removal from the saturated zone will eventually become diffusion-limited (i.e. the rate of contaminant removal is limited by the rate at which contaminants dissolve out of the DNAPL phase and diffuse to reach relatively more transmissive portions of the aquifer). 

· The groundwater environment at Site SD-57 is not conducive to reductive dehalogenation of chlorinated solvents.  Degradation of the higher chlorinated ethenes (PCE and TCE) is not likely to occur under the observed aerobic/oxidizing conditions.  However, low levels of cis-1,2-DCE associated with areas of slightly elevated TPH suggest that degradation of PCE and TCE may occur in the presence of an adequate organic (carbon) substrate.  Therefore, the potential for biodegradation at Site SD-57 is carbon limited, and the predominant natural attenuation mechanisms at the site are the non-destructive processes of advection, dispersion, and sorption.  It is possible that reductive dechlorination could be enhanced in groundwater beneath Site SD-57 by implementing OSA.  This alternative remedial option is discussed in Section 4.2.

section 3

evaluation of current remedial systems

“Effectiveness” refers to the ability of a remedial system to achieve cleanup goals at a given site.  “Efficiency” refers to the time, energy, and/or costs associated with achieving cleanup goals using a specific remedial technology (AFCEE and AFBCA, 1999).  This RPO evaluation addresses the effectiveness and the efficiency of the SVE system that has been in operation at Site SD-57 since October 1997, and of the portion of the groundwater extraction and treatment system that addresses the “hot spot” of chlorinated hydrocarbon contamination that is present in groundwater beneath Site SD-57.  The RAOs for both systems were established in the ROD (IT, 1996a).  Because the effectiveness and efficiency of a remediation system are directly related to its ability to achieve its RAOs, the attainment of and compliance with these objectives can be used as a measure of system performance.  Included in this evaluation are a summary of the system installation and operations, a definition of system cleanup objectives, and an evaluation of the system effectiveness.  Based on these evaluations, short-term recommendations to reduce OM&M costs are developed, and long-term optimization opportunities are identified in Section 6.  Development of these recommendations is the primary goal of the Phase II RPO evaluation. 

3.1  Soil Vapor Extraction System

Residual TCE in Vadose zone soil at Site SD-57 is a continuing source of TCE contamination to groundwater.  The objective of the SVE remedial action at Site SD-57 is to reduce the concentrations of TCE in the vadose zone to levels where they will no longer cause the groundwater cleanup to take longer or cost more than if left in place.  The following subsections provide a description of the installed SVE system, a summary of the SVE operations that have been completed to date at the site, the cleanup objectives, and an evaluation of the effectiveness and efficiency of the SVE system. 

3.1.1  Summary of SVE System Installation and Operations at Site SD-57

The SVE system installation by Montgomery Watson at Site SD-57 was performed in three phases.  Phase I consisted of drilling, soil sampling, and the installation of three VMPs (MPMP-1, MPMP-2, and MPMP-3) and five SVE wells (SVE-1, SVE-2, SVE-3, SVE-4, and SVE-5), the installation of an SVE system utilizing catalytic oxidation for vapor treatment, and the installation of subsurface piping to connect the SVE wells to the treatment system.  Phase I drilling, soil sampling, and VMP/SVE well installation took place in March 1997.  The SVE system was installed from May through August 1997.  Phase II activities took place in March and April 1998 and included drilling, soil sampling, and the installation of four additional VMPs (MPMP-4, MPMP-5, MPMP-6, and MPMP-7) to define the lateral extent of TCE contamination in soil and to monitor soil vapor quality to the west, east, and south of the contamination source area.  Phase III activities took place in December 1998, and included drilling, soil sampling, and the installation of one additional VMP (MPMP-8) to define the lateral extent of TCE contamination in soil and monitor soil vapor quality to the north of the source area.  Figure 3.1 illustrates the locations of the SVE system components, as well as the extent of TCE contamination identified in vadose zone soils during SVE system installation.  Pertinent construction details for the SVE wells and VMPs installed by Montgomery Watson are presented in Table 3.1.

Two additional SVE wells, designated as SVE-6 and SVE-7, were installed by PRAXIS Environmental Technologies, Inc. (PRAXIS) at Site SD-57 in July 1999 as part of a technology demonstration project to determine vertical VOC vapor concentration and air flow profiles using their Pneulog( technology (PRAXIS, 1999).  Each well is nested, with three casings screened at “a” (shallow), “b” (intermediate) and “c” (deep) depth intervals.  SVE-6 was connected to the SVE system using subsurface piping, and vapor extraction from SVE-6 was initiated in November 1999.  SVE-7 is not in use.  The locations of SVE-6 and SVE-7 are illustrated on Figure 3.1.  Pertinent construction details for the SVE wells installed by PRAXIS are presented in Table 3.1.

SVE system startup and prove-out occurred from August through October 1997.  The SVE system has been running in a pulsed intermittent mode since its initial startup in October 1997.  In October 1999, the catalytic oxidation unit was removed and replaced with granular activated carbon (GAC) vessels for treatment of extracted soil vapors because the VOC mass removal rates had decreased to the point where treatment using the catalytic oxidizer was no longer cost effective.  The SVE system currently consists of a 30 horsepower (hp) positive displacement blower; a vapor/water separator; a GAC treatment unit; temperature, air flow, and pressure/vacuum indicators; and control valves.  Figure 3.2 provides a simplified schematic of the SVE system.  Extracted soil vapors are drawn through the vapor/water separator and the blower, and are then forced through the GAC unit and discharged to the atmosphere.  Liquids from the vapor/water separator are treated to remove VOCs using the same GAC unit, then the treated water is discharged to the sanitary sewer.  The blower has a capacity of 625 standard cubic feet per minute (scfm).  The SVE system operated at a flow rate of approximately 300 scfm from system startup through November 1999, when SVE was also initiated at SVE-6 and the system flow rate was increased to 600 scfm.  The blower system currently extracts a total of approximately 600 scfm from six SVE wells when in operation.

3.1.2  Soil Cleanup Objectives

The RAO for Site SD-57, as established in the ROD, is to reduce the concentration of TCE in the vadose zone to mitigate further degradation of groundwater via the leaching of TCE from contaminated soils.  The only COC identified at this site in the ROD is TCE.  The basis for cleanup is the protection of groundwater quality.

The ROD also lists the following factors that must be considered before site closure can be achieved:

Figure 3.1  SVE System Layout

Table 3.1  SVE Well and Monitoring Point Construction Summary

Figure 3.2  SVE System Schematic

(a) Whether the predicted concentration of the leachate from the vadose zone (using VLEACH or another appropriate vadose zone model that interprets soil gas data) will exceed the groundwater cleanup standard (for TCE, the cleanup standard for groundwater is 5 ppb);

(b) Whether the mass removal rate is approaching asymptotic levels after temporary shutdown periods and appropriate optimization of the SVE system;

(c) The additional cost of continuing to operate the SVE system at concentrations approaching asymptotic mass levels;

(d) The predicted effectiveness and cost of further enhancements to the SVE system (e.g., additional vapor extraction wells);

(e) Whether the cost of groundwater remediation will be significantly higher if the residual vadose zone contamination is not addressed;

(f) Whether residual mass in the vadose zone will significantly prolong the time to attain the groundwater cleanup standard; and

(g) The incremental cost over time of vadose zone remediation compared to the incremental cost over time for groundwater remediation on the basis of a common unit (e.g., cost of pound of TCE removed) provided that the underlying groundwater has not reached aquifer cleanup levels.

The ROD allows the SVE system to be cycled (turned on and off) to optimize the SVE operation or to evaluate the above factors.

3.1.3  Review of SVE System Performance Data

3.1.3.1  Mass Removal Rates Through Time

Figure 3.3 illustrates the mass removal rates for TCE and total reactive organic compounds (ROCs) achieved using SVE at Site SD-57 from the end of the system startup and prove-out period (October 1997) through December 1999.  ROCs are defined as total VOCs minus gasoline-range TVH.  During the first three months of system operation, the total ROC mass removal rate for the SVE system at Site SD-57 averaged approximately 33 pounds per day, and was as high as 53 pounds per day.  TCE accounted for approximately 60 percent of the ROCs in the extracted soil vapor.  Over the first fifteen months of SVE system operation, the total ROC mass removal rate decreased to less than 3 pounds per day, or less than 10 percent of the removal rates achieved in the first three months of operation.  The ROC mass removal rate increased to 7.8 pounds per day in November 1999 due to the initiation of SVE from well SVE-6 and increasing the total flow rate of the system from approximately 300 to approximately 600 cfm.  The SVE system has removed approximately 4,600 pounds of total ROCs through June 2000, as summarized in Table 3.2.  In June 2000, the SVE system was removing total ROCs and TCE at rates of approximately 8 and 0.15 pounds per day, respectively.  As shown on Figure 3.3, ROC mass removal rates are approaching asymptotic levels.

Figure 3.3  Cumulative ROC Mass Removal and Costs through Time for the Soil Vapor Extraction and Treatment System

Table 3.2  Cumulative Mass of ROCs Extracted and Emitted

During SVE system operation, mass removal of hydrocarbons can also be achieved through aerobic biodegradation (this occurs much more frequently at sites with petroleum hydrocarbon contamination than at those contaminated with chlorinated VOCs).  Typically, depressed oxygen concentrations (less than 5 percent, as compared with the atmospheric concentration of 20.8 percent) in contaminated soil zones provide evidence of the occurrence of aerobic hydrocarbon biodegradation.  During SVE pilot testing activities at Site SD-57 in April 1997 and following Phase II installation activities in April 1998, soil vapor samples were collected under static conditions and analyzed for oxygen using field meters.  Oxygen concentrations ranged from 16.4 to 20.9 percent, indicating that there was very little potential for aerobic biodegradation of hydrocarbons at the site and that biodegradation would not contribute significantly to VOC mass removal in vadose zone soils.

3.1.3.2  Soil Vapor VOC Concentrations Through Time

Laboratory soil vapor samples were collected and analyzed by Montgomery Watson following drilling and VMP/SVE well installation activities to establish baseline contaminant concentrations prior to SVE system operation.  Sampling occurred following Phase I activities in April and September 1997, and following Phase II activities in May 1998.  Soil vapor analytical results for TCE and total VOCs from these events are provided on Table 3.3 and compared against results obtained by Montgomery Watson in a subsequent sampling event performed in June 2000 under steady-state conditions.

Baseline soil vapor analytical data correlated well with the soil analytical data collected during SVE system installation (Figure 3.1).  Maximum soil vapor TCE concentrations observed at MPMP-5, MPMP-6, and MPMP-7 were 13 ppmv or lower, indicating that these locations were at the periphery of the TCE-contaminated soils.  Soil vapor TCE concentrations observed at the SVE wells and the VMPs installed within the 100 ug/kg contour for TCE concentrations in soil (Figure 3.1) exceeded 100 ppmv.

TCE contamination in the vadose zone soils has been significantly reduced by SVE system operation.  Compared with the baseline soil vapor TCE and total VOC concentrations from contaminated soils (within the 100 ug/kg TCE isopleth), concentrations measured in June 2000 show reductions ranging from 98.2 to 99.9 percent, respectively.  TCE and total VOC concentrations measured in soil vapors extracted from the SVE wells in June 2000 have been reduced over 99 percent compared with baseline concentrations.

TCE concentrations in soil vapors at perimeter monitoring points (MPMP-4, MPMP-5, and MPMP-6) remain at similar concentrations to those measured in 1998.

3.1.3.3  Effectiveness of Emission Controls

The ROC removal efficiency of the GAC treatment units has averaged about 57 percent from November 1999 to June 2000, meaning that 43 percent of the ROCs extracted from the subsurface passed through the GAC and were emitted to the atmosphere.  These removal efficiencies are fairly low due to the high humidity of the extracted soil vapor, which interferes with the sorption capability of the carbon.  ROC emissions to the atmosphere have averaged 2.25 pounds per day from November 1999 through June 2000, which are well below the allowable emissions limit of 10 pounds of 

Table 3.3  Changes in Soil Vapor VOC Concentrations

ROCs per day established by Sacramento Metropolitan Air Quality Management District (SMAQMD).

Because the ROC mass removal rates have been below 10 pounds per day since April 1998, GAC treatment of extracted soil vapor may not be required.
3.1.3.4  Evaluation of Source Area Definition and SVE System Area of Influence

The lateral extent of TCE contamination in soils has been well defined at Site SD-57.   The zone of soil containing TCE contamination in excess of 100 (g/kg was defined during drilling and SVE system installation (Figure 3.1).  Soil borings have been advanced at appropriate locations to define the lateral extent of contamination.

The entire lateral extent of soil contaminated in excess of 100 (g/kg between 18 and 75 feet bgs is being influenced by the SVE system (Figure 3.1).  The radius of influence is at least 230 feet in the shallow gravel zones (Terrace Gravels) and greater than 300 feet in the deep zone soils (Unit A).  It is uncertain, however, whether the entire thickness of vadose zone soils has been characterized, and if the entire thickness is being influenced by the SVE system.  Soil vapor TCE concentrations in the silt/clay interval extending from the ground surface to 18 feet bgs, and from 75 feet bgs to the water table at approximately 87 feet bgs, could not be evaluated because no VMP screens were installed at these depth intervals.  It is likely that “hot spots” of TCE contamination exist in the shallow silt/clay soil unit near the source areas.  One “hot spot” was identified by Parsons ES at the OWS north of Building 7020 during activities performed on another project at Site SD-57 in August 2000 (Parsons ES, 2000e).  The effectiveness of the current SVE system (prior to making the modifications for the RPO pilot testing) for the treatment of deep vadose zone soils is uncertain because 1) the SVE wells in use at Site SD-57 terminate at depths ranging from 70 to 78 feet bgs, meaning that they are not optimally designed for inducing vapor flow through deep vadose zone soils for the removal of VOCs, and 2) the permeability of deep vadose zone soils was expected to be low relative to shallow vadose zone soils, based on discussions during the RSV. 

3.1.3.5  Evaluation of Operating Costs  

The cost to design the SVE system at Site SD-57, including permitting and some procurement costs, was $60,000 (Condie, 2000).  The estimated capital cost for system installation was $500,000, including the installation of the SVE wells, VMPs, blower and vapor treatment system, system prove-out, preparing as-built drawings, and laboratory analytical costs.  Project management costs for the design, system installation, and system prove-out are estimated to be $120,000.  Estimated average annual costs for operating the Site SD-57 SVE system have been about $120,600 per year from the beginning of the project through June 2000 (Condie, 2000).  These annual costs include the following items:

· O&M Cost: $56,400.  Assumes costs for both catalytic oxidation and GAC vapor treatment averaged over the entire length of the project;
· GAC Cost: $10,800.  The cost will eventually decrease with time because the VOC concentrations and removal rates will decrease over the long term.
· Reporting Cost: $10,200.  Reports are produced quarterly.  The cost is the average reporting cost for each SVE site at Mather AFB and assumes an equal amount of  reporting work is required for each SVE site.
·  Laboratory Analytical Cost: $19,200.  The cost includes soil vapor sample analysis and data validation.  The cost is the average annual cost calculated for the entire duration of the project.
· Utility Cost: $24,000.  Includes electrical cost required for the positive displacement blower system.
The cumulative costs expended through June 2000 for design, installation, and operation of the SVE system at Site SD-57 are illustrated in Figure 3.3, along with the cumulative mass of ROCs removed and the estimated total cost per pound of ROCs removed.  Based on estimated capital and OM&M costs for the SVE system at Site SD-57 and the total mass of ROCs removed for the period from October 1997 through June 2000 (4,600 pounds), the average cost per pound of ROCs removed from soil was approximately $210 per pound as of June 2000.

A projection for total ROC mass removal and project costs over an additional 5 years of system operation is illustrated in Figure 3.4.  Costs were estimated assuming that OM&M costs remain constant at $120,600 per year. ROC mass removal rates were projected using two different assumptions: 1) that rates remain constant at approximately 6 lb/day, which was the average rate observed between November 1999 and June 2000; and 2) that rates decrease at one-half the rate of decrease observed for the period from October 1997 (system startup) to September 1999 (after which SVE-6 had been added to the system and flow rates and mass removal rates were increased).  Under the first assumption, approximately 15,500 pounds of total ROCs may be removed from the subsurface by July 2005.  Based on this ROC mass removal estimate and projections for expenditures (projected at about $1.6 million in the year 2005), the average cost per pound of VOCs removed may drop to $100.  Under the assumption of decreasing removal rates, approximately 7,800 pounds of total VOCs may be removed during the same time.  Based on this VOC mass removal estimate and projections for expenditures (projected at about $1.6 million in the year 2005), the average cost per pound of VOCs removed may drop slightly to $200.  In reality, the rate of VOC removal will probably decline through time; therefore, the second assumption is more likely to represent future conditions.

3.1.3.6  Conclusions

The SVE system at Site SD-57 has been extremely effective for the removal of VOCs, including TCE, from vadose zone soils at depths ranging from 18 to approximately 75 feet bgs.  Concentrations of TCE in this depth interval have been reduced by 98.2 to 99.9 percent as a result of SVE system operation from October 1997 to June 2000.  The SVE system has also been extremely efficient, since it is likely that vadose zone modeling would demonstrate that the soils in this depth interval have been remediated to levels where they no longer pose a threat to groundwater quality.  However, the SVE system performance monitoring data collected prior to RPO pilot testing is insufficient to determine system effectiveness at depths above and below this interval.  Addressing this data gap was one of the objectives of the RPO field work (Section 4.1).

Figure 3.4  Projected Costs and ROC Mass Removal Rates Over Time

The efficiency of the GAC unit was only 57 percent from November 1999 to June 2000, and it is possible that the GAC may not be required to meet the 10 pound per day allowable emissions limit for ROCs.

3.2  GROUNDWATER EXTRACTION AND TREATMENT SYSTEM

The scope of this portion of the RPO evaluation is to evaluate the effectiveness and the efficiency of the portion of the groundwater extraction system that addresses the Main Base/SAC plume in the vicinity of Site SD-57.  The selected remedy in the ROD (IT, 1996a) for the Main Base/SAC Plume included the extraction of contaminated groundwater for treatment by air stripping, and injection of the treated groundwater into the aquifer.  This alternative was classified as the “best alternative” for long-term effectiveness; toxicity reduction, mobility, volume; implementability; and a “good alternative” for short-term effectiveness (IT, 1996a).  The following subsections provide a description of the installed groundwater extraction system, a summary of system operations that have been completed to date at Site SD-57, the cleanup objectives, and an evaluation of the effectiveness and efficiency of the portion of the system in operation at Site SD-57.

3.2.1  Summary of Groundwater Extraction System Installation and Operations to Date at Site SD-57

The first three phases of the Main Base/SAC groundwater remediation system have been implemented.  The objective of Phase I was mass removal from “hot spots” of VOC contamination, emphasizing on-Base source areas such as the one occurring beneath Site SD-57.  The groundwater extraction and treatment system (often referred to as the Phase I system) was implemented during Spring 1998.  The goals of the Phase II and Phase III groundwater remediation were to address mass removal from hot spots that extend off the Base to the west, and enhancement/augmentation of Phase I mass removal from on-Base source areas.  The Phase II and Phase III efforts were conducted in 1999 (Montgomery Watson 2000a).

Phase I of groundwater remediation included drilling, installing, and developing nine groundwater extraction wells and three groundwater injection wells, and modifying three aquifer test wells for groundwater extraction.  Of these, two extraction wells (EW-3A and EW-2A) are located in the vicinity of Site SD-57, as shown in Figure 3.5.  The screened intervals of extraction wells EW-2A and EW-3A were installed in hydrostratigraphic Unit A.  Details of well construction are given in Table 3.4.  Continuous operation of the Phase I system at Site SD-57 began on May 11, 1998.  Contaminated groundwater is discharged to an influent wet-well, treated by air stripping at the central groundwater treatment plant, and later disposed of into injection wells.  The groundwater treatment plant was built during Phase I, with an ultimate capacity of 2,000 gallons per minute (gpm) so that the phased implementation could be accomplished through incremental phases of groundwater extraction without additional capital costs for treatment.

Phase II and Phase III of groundwater remediation included drilling, installing, and developing 13 groundwater extraction wells, 1 groundwater injection well, 12 groundwater monitoring wells, and 35 piezometers.  No extraction wells were installed at Site SD-57 during Phase II.  During Phase III, three extraction wells (EW-2A/Bu, EW-

Figure 3.5  Groundwater Extraction System Layout

Table 3.4  Summary of Well Construction Details for Groundwater Extraction Wells

4A/Bu, and EW-5A/Bu) were installed at Site SD-57 in July and August 1999 (Figure 3.5).  The screened intervals of these wells were installed in hydrostratigraphic Unit A, but the boreholes were drilled into Unit Bu and the sandpack were installed into Unit Bu to increase the groundwater extraction flow rates that could be achieved (Table 3.4).  Groundwater extraction, treatment and disposal for Phase III Site SD-57 wells followed guidelines outlined for Phase I.

Operation of the Phase I groundwater extraction wells at Site SD-57 started in April 1998, and began continuous operation on May 11, 1998.  During Phase I operations (April 1998 to September 1999), wells EW-2A and EW-3A were pumped at average flow rates of 9.46 and 2.71 gpm, respectively (Table 3.5).  The average operating range for these extraction wells are also given in Table 3.5.  Phase I operations ended the third week of September 1999 when both wells were shut down to install new extraction wells as part of the Phase II/III expansion system. From April 1998 to September 1999, well EW-2A pumped a groundwater volume of 5,543,000 gallons, while well EW-3A pumped a total of 1,728,000 gallons.

Wells EW-2A/Bu, EW-4A/Bu and EW-5A/Bu were brought on-line on December 27, 1999.  Well EW-2A/Bu was pumped continuously at approximately 20 gpm from December 27, 1999 to March 25, 2000; and then again from July 17 to the present date (October 11, 2000).  Well EW-4A/Bu was pumped from December 27, 1999 to the present date with the exception of one month (June 15 to July 17, 2000).  This well was pumped at 15 gpm during the first pumping period and on September 15, 2000 the pumping rate was increased to 20 gpm.  Well EW-5A/Bu was pumped continuously at 15 gpm from December 27, 1999 to the present date, with the exception of a downtime period from August 28 to September 24, 2000.  The flow rate for this well has been constant at 15 gpm.  

Well EW-3A was briefly operated at 2 gpm from January 1 to May 13, 2000 and then shut down.  Well EW-2A was operated continuously from December 22, 1999 to May 23, 2000 and then briefly from June 27 to July 3, 2000 at an average flow rate of 10 gpm.  Well EW-2A was shut down on July 4, 2000.  A summary of flow rates and their operating ranges are shown in Table 3.5.

3.2.2  Groundwater Cleanup Objectives and System Performance Criteria

The preferred remedial alternative for groundwater identified in the ROD (IT, 1996a) for the Main Base/SAC Plume will “reduce risk to human health and the environment and to comply with Applicable or Relevant and Appropriate Requirements (ARARs) based on the beneficial use of the groundwater and the specific conditions of the site” (IT, 1996a). The major system components of this remedial alternative include:

· A phased implementation program (Three phases have been implemented as of 2000, as described in Section 3.2.1);

· Extraction of contaminated groundwater; 

· Treatment of extracted groundwater through air stripping with off-gas treatment to achieve removal of dissolved-phase VOCs and compliance with aquifer cleanup standards (Table 3.6);

Table 3.5  Production Rates of Groundwater Extraction Wells

Table 3.6  Groundwater Cleanup Levels Groundwater Extraction and Treatment System for the Main Base/SAC Plume

· Groundwater reinjection into the deeper aquifer of the Tertiary Mehrten Formation;

· Land-use restrictions on site to preclude installation of groundwater wells that would not be compatible with protection of public health and the environment; and

· Monitoring of groundwater.

The ROD specifies a groundwater monitoring program to evaluate the effectiveness of the remedial alternative and to ensure that discharge standards of treated groundwater are met.  The groundwater monitoring program includes evaluation of capture zones, a sampling program for groundwater quality (aquifer and treated groundwater), migration of contaminated plumes and changes in aquifer concentrations. The major objective for this system at Site SD-57 was geared toward VOC mass removal of “hot spots” and not hydraulic control of plume migration.

The evaluation of the effectiveness of the remedial alternative is framed in terms of achieving the specific RAOs identified in the ROD and summarized in Table 3.7. 

Performance criteria for any system should be viewed as measurable milestones on the road to achieving site cleanup objectives and site closure.  These criteria are developed using the results of modeling, calculations, estimates, or extrapolations made during the initial design stages, and are used to estimate remediation timelines and anticipated progress.  Performance criteria should be selected and stated so that they can be evaluated using data routinely collected at a site, and should be reviewed at least annually to assess system effectiveness and efficiency.

As part of this RPO evaluation, measurable performance criteria for the groundwater extraction system at Site SD-57 were developed to access system progress towards achieving the RAOs.  The performance criteria, and the rationale for their selection, are provided in Table 3.7 for each of the RAOs.

Performance criteria 2 and 4, associated with cleanup and containment, are the standards that were used to evaluate system effectiveness at Site SD-57.  However, performance criteria 2 was modified to use estimated rates of mass removal as a surrogate for the rate of concentration reduction.  The rate of concentration reduction (i.e., attaining the Federal MCLs) at every point beneath Site SD-57, cannot be adequately measured due to a lack of detailed knowledge of the distribution of VOC mass and concentrations beneath the site.

After evaluations are completed, and the performance criteria are evaluated, the following options should be considered for groundwater remediation at Site SD-57 (IT, 1996a):

TABLE 3.7
MEASURABLE PERFORMANCE CRITERIA
SITE SD-57
REMEDIAL PROCESS OPTIMIZATION
MATHER AIR FORCE BASE, CALIFORNIA

Remedial Action Objective
Action/Corresponding Performance Criterion

Rationale

1. Prevent exposure to contaminated water that poses a risk of greater than 1x10-4 associated with the highest concentration detected in the groundwater plume (Risk Objective).
None.
Groundwater pump-and-treat alone cannot prevent exposure to TCE already in groundwater.  Institutional controls, currently in place, prevent exposure to contaminated groundwater.

2. Reduce TCE contamination in groundwater beneath the SD-57 site to below the federal MCL of 5 µg/L (Cleanup Objective: Mass Removal).
Monitoring of Aquifer and Extracted/Treated Groundwater Quality: Remove sufficient TCE mass from the aquifer so that the maximum TCE concentration in groundwater at any point beneath SD-57 does not exceed 5 µg/L.
Groundwater is assumed to be a current source of drinking water.  In the absence of adoption of site-specific risk-based cleanup goals, the federal MCL for TCE is presumed to be protective of human health.

3. Reduce the TCE in treated groundwater effluent to meet the enforceable level of 0.5 µg/L TCE on a 30-day median basis with a maximum discharge level of 2.3 µg/L.  The concentrations of TCE in the injection wells are not to exceed 0.5 µg/L (Discharge Objective).
Monitoring of Treated Groundwater Quality: Sampling of treated groundwater effluent before aquifer re-injection.
Applicable only to effluent from the treatment system.  Current discharge limitations were established on the basis of California’s “non-degradation” policy for groundwater.  The limitations presume that all effluent from the treatment system will be injected directly into the groundwater.  

4. Eliminate or reduce the potential for further migration of the existing TCE plume in groundwater (Containment Objective).
Monitoring of Plume Capture: Remove all TCE from groundwater beneath SD-57; or, failing that, continue pumping to control plume migration
If TCE remains in groundwater, it will migrate with the natural hydraulic gradient toward the offsite areas increasing the risk to potential receptors (offsite wells).  Hydraulic control of the plume will limit plume migration and reduce the resulting risk to potential receptors.

5. Specify an extraction and treatment system that can be modified to address a larger area/volume, if needed (Design Objective).
None. 
This RAO is not applicable to evaluation of effectiveness/efficiency of current system.

· Discontinue remedial operations;

· Upgrade or replace the remedial action to achieve the original remedial action objectives or modified the RAOs; and

· Modify the remedial action objectives and continue remediation (if appropriate).

3.2.3  Review of Groundwater Extraction System Performance

The current groundwater extraction system at Site SD-57 includes five extraction wells completed in the hydrostratigraphic Units A and Bu (Figure 3.5).  All five wells are intended for VOC mass removal and to some extent contain plume migration (IT, 1996a and Montgomery Watson, 2000a).  The design production rates for these five individual wells in the current extraction system range from 5 gpm to 20 gpm (Table 3.5); the actual production rates of wells completed in the hydrostratigraphic Unit A (5 to about 10 gpm) are generally much lower than the production rates of wells completed in the Bu unit (15 to 20 gpm). 

The effectiveness of a remediation system is judged by evaluating how well it achieves its objectives.  A system is optimized if it is effectively achieving its objectives at the lowest total cost, in the shortest period of time, or both.  The effectiveness of the groundwater extraction and treatment system at Site SD-57, and of the individual wells in the system, were evaluated in terms of the two complementary objectives of Performance: Criteria 2 and 4 – mass removal and plume containment  (Table 3.7).  Although incremental improvements in the effectiveness and efficiency of a groundwater extraction system may be achieved through changes in well placement or depth intervals of extraction, the opportunities to optimize the currently operating groundwater extraction and treatment system are restricted by the physics of the system and the nature and distribution of TCE in groundwater.

3.2.3.1  Mass Removal Rates Through Time

The estimated mass removal of aqueous-phase TCE over time from the Site SD-57 wells is illustrated in Figure 3.6.  At wells EW-2A and EW-3A, approximately 32 and 2.6 lbs of TCE were removed, respectively, during Phase I operation from May 1998 through July 1999 for a total of about 34.6 lbs (Figure 3.6).  Mass removal of aqueous-phase PCE during the same time period was 6.2 lbs from well EW-2A and 0.42 lbs from well EW-3A, for a total of 6.6 lbs.  The mass of dissolved-phase CCl4 removed from May 1998 through July 1999 at these extraction wells was 0.25 lbs (EW-2A) and 0.07 lbs (EW-3A).

     Phase II/III analytical results for VOCs from extracted groundwater have been published by Montgomery Watson for December 1999 and January 2000 (Montgomery Watson, 2000a).  Parsons ES and Montgomery Watson also collected groundwater samples from the above-mentioned wells in July 2000.  Analytical results for VOCs are shown in Table 3.8.  Mass removal rates were calculated for each extraction well from December 27, 1999 to July 12, 2000.  Aqueous-phase TCE mass removal from wells EW-2A/Bu, EW-4A/Bu, EW-5A/Bu, EW-2A and EW-3A during this time period were 11.2, 13.7, 73.29, 10.9 and 0.7 pounds, respectively.  A total TCE mass of 109.5 pounds 

Figure 3.6  Groundwater Pump and Treat Cumulative Mass Removal

Table 3.8  Analytical Results Summary for Groundwater Extraction Wells

was removed during 197 days of pumping as shown in Figure 3.6.  This is equivalent to about 0.56 lbs per day. For the third quarter of year 2000 (July-September) this removal rate will drop since wells EW-2A and EW-3A have been off-line since July and May, respectively. As of July 2000, the groundwater extraction wells at Site SD-57 have removed 148 pounds of TCE since the system began operations (Figure 3.6).

Parsons ES is not aware that any estimates of the VOC mass originally present in groundwater at Site SD-57 and the Main Base/SAC plume have been made.  Several VOCs had been dissolved in groundwater and sorbed to soil at Site SD-57 as shown in plume maps before the pump and treat system was installed (Figures 2.7, 2.8, and 2.9).  A quantification of VOC mass present in groundwater at Site SD-57 would be complex because of the difficulty estimating the non-aqueous phase VOC mass in the saturated zone.  Adding to the complexity is the constant mass influx coming from upgradient areas of the Main Base/SAC plume as well as mass influx from the downgradient areas being pulled back by the extraction wells.

3.2.3.2  Estimate of Time Required to Reach Cleanup Goals

For scheduling and cost estimating purposes, the time required to complete groundwater cleanup and achieve RAOs has been estimated by the Mather AFBCA to be 71 years for the Main/SAC plume, as discussed in the RPO scoping visit (Parsons, 2000a).  Since the system has been in operation for approximately two years, an estimated 69 additional years is required to meet action levels.

A typical method of predicting the time required for a groundwater extraction system to achieve cleanup goals is to plot the contaminant concentrations in extracted groundwater (on the y-axis) versus time (on the x-axis), and then to fit a decay curve to this data and determine when the curve intersects the cleanup goal.  This exercise was not performed for Site SD-57 because the system has been in operation for just 2 ½ years, and there is not yet enough operating data available to provide for a meaningful curve fit.  Mass removal rates at Site SD-57 have continued to decrease, but over time it is expected that the rates of VOC mass removal will stabilize at low, diffusion-limited rates. Flow and transport modeling can also be used to predict the time required to achieve cleanup goals.  However, this modeling has not been undertaken because of the uncertainty of future expansion or modifications to the groundwater extraction system at Site SD-57.

To provide an approximation of how VOC mass removal may behave over time at Site SD-57, data from the groundwater extraction system in operation at Operable Unit D (OUD) at McClellan AFB, California has been provided in Figure 3.7.  OUD provides a good approximation of how contaminant concentrations in extracted groundwater may behave over time at Site SD-57.  The system at OUD has been in operation for over thirteen years, and it is located only approximately 12 miles from Mather AFB.  Site conditions at OUD are very similar to those observed at Site SD-57, including depth to groundwater, aquifer conditions, and lithology. Contaminant nature, distribution, and concentrations are also comparable.  The temporal trends and concentrations for TCE and 1,1-DCE in extraction wells at McClellan AFB OUD show concentrations are decreasing roughly following a first order decay trend (Figure 3.7).  The temporal concentration data for these wells were fitted with a first-order equation, and the first order curves were projected through time until they intersect the threshold value for cleanup goals showed in Table 3.6.  Therefore, extrapolating the data presented on Figure 3.7 using the first order 

Figure 3.7  Example of Temporal Trends and Cleanup Times for TCE and 1,1-DCE

equation indicates that it will take approximately 13 to 17 years to reduce TCE concentrations in extracted groundwater to the 5 (/L MCL.  It also must be noted that some rebound of concentrations may be expected after groundwater extraction ceases.  Therefore, additional treatment time will be required even after the action levels have been met in the extracted groundwater.

The likely presence of a DNAPL in a liquid or residual phase in groundwater, as explained in Section 2.2.3, makes cleanup time predictions even more difficult, if not impossible, to calculate with the present data.  DNAPL will probably persist as a continuing source of dissolved CAHs in groundwater beneath Site SD-57 for an extended period of time, possibly ranging from decades to centuries.

There have been numerous attempts throughout North America to restore DNAPL source zones using groundwater extraction technology (Pankow and Cherry, 1996).  Groundwater restoration using extraction systems is simple in concept, but in practice there are several factors that commonly extend the time period needed to attain cleanup goals throughout the plume, particularly if the goals specified are in the g/L ranges typical of MCLs.  These factors include slow desorption of contaminants from the soil matrix, and slow release of contaminants by diffusion from low-permeability strata or from a residual DNAPL located in pore throats, “dead-end” pore spaces, and from the solid matrix.  In a situation where much of the contaminant mass is located in the lower-permeability parts of a water-bearing unit, slow diffusion of contaminants out of these zones causes contaminant concentrations in the plume to approach the required restoration levels only very slowly.

Furthermore, the amount of DNAPL mass in the source zone at these sites is often many times greater than the amount of dissolved CAH mass removed annually by groundwater extraction, indicating that a period of many years may be required for successful restoration of groundwater by removing contaminant mass.  The rate of mass removal at some sites can be increased by adding more wells in or near the source zone, but the increase in the rate of mass removal will not be proportional to the increase in groundwater extraction, as a consequence of limitations imposed by DNAPL dissolution kinetics, and because contaminated water may be diluted with clean water drawn from water-bearing units outside of the source zone (Pankow and Cherry, 1996).

The estimated schedule to complete remediation for the Main Base/SAC plume, using the current extraction and treatment system, is 71 years (Parsons ES, 2000a).  Because of the reasons discussed previously, high VOC concentrations, and the presence of a free phase or residual DNAPL at Site SD-57, Parsons ES concurs that VOCs removal in groundwater to MCL levels will take at least 71 years.

3.2.3.3  Mass Removal at Individual Wells

It may be possible to improve the effectiveness of the complete extraction system by evaluating the effectiveness of individual wells.  The operational history of all operating extraction wells, VOC concentrations, and mass removal, is shown graphically in Figure 3.8.

Well concentrations of TCE, PCE, CCl4 and 1,1-DCE detected in the discharge effluent of individual wells are shown in this figure with its corresponding cumulative 

Figure 3.8  Cumulative VOCs Removed from Water Table Extraction Wells

mass removed.  Effluent VOCs concentrations at Site SD-57 were most recently measured (Table 3.8) in July 1999 (wells EW-2A and EW-3A) and July 2000 (Wells EW-2A/Bu, EW-4A/Bu, EW-5A/Bu).

The most effective mass removal at site SD-57 is obtained from well EW-5A/Bu. This is accomplished at moderate flow rates (15 gpm) in an area where TCE concentrations are the highest (1000 µg/l). Moderate mass removal rates are obtained from wells EW-2A (10 gpm), EW-2A/Bu (20 gpm) and EW-4A/Bu (15 gpm) and TCE at moderate concentrations (580 µg/L to 200 µg/L). By contrast, well EW-3A accomplish low mass removal by extracting TCE at relatively moderate concentrations (190 µg/L), while extracting groundwater at relatively low flow rates (2 gpm).  
Examination of July 2000 rates of TCE removal for individual wells indicates that approximately 52 percent of the TCE mass removed from groundwater on an annual basis by the Site SD-57 extraction wells is being extracted by well EW-5A/Bu. Wells EW-2A and EW-2A/Bu removed together about 36 percent of TCE mass while wells EW-3A and EW-4A/Bu remove the remaining 11 percent. Well EW-3A only removes approximately 1 percent of the TCE mass.  The estimated yearly removal rates for TCE using representative average flow rates during Phase II/III pumping (December 1999 to July 2000) totaled 125.5 lbs/year as shown in Figure 3.8.  The graph presented in Figure 3.9 shows that the most effective well for mass removal is EW-5A/Bu followed by EW-2A, EW-2A/Bu, and EW-4A/Bu.  Well EW-3A is recovering less than 2 lbs/year due to low rates of groundwater withdrawal and concentrations. Well EW-3 is therefore regarded as ineffective at achieving removal of TCE mass from groundwater at Site SD-57.

3.2.3.4  Plume Containment

The characteristics of plume containment may be evaluated by examining changes in the areal distribution of VOCs through time, or by examining changes in VOCs concentrations through time at individual extraction and monitoring well or piezometer locations located within, upgradient or downgradient from Site SD-57 (Figure 3.5).  For comparison purposes, pre-remediation base maps were used for this evaluation. Concentration isopleths in groundwater for TCE, PCE and CCl4 under pre-groundwater remediation conditions for Unit A/Bu are shown in Figures 2.7, 2.8, and 2.9, respectively.
During the first year of system operations at Site SD-57, COC concentrations remained relatively stable in extraction wells EW-1A/Bu, EW-2A, and EW-3A, with the exception of PCE in EW-2A, which declined approximately 35 percent (Montgomery Watson 1999b).  Figure 3.10  Post-Phase I and II Groundwater Remediation TCE Concentrations July 1999 Unit A/Bu presents TCE concentration isopleths in groundwater approximately 1 year after startup of the groundwater extraction system at Site SD-57. Groundwater COC concentrations presented in Figure 3.10 in the immediate vicinity of wells EW-1A/Bu, EW-2A, and EW-3A, represent dynamic conditions due to groundwater extraction at the Phase 1 and Phase 2 (offsite) extraction wells.

As a result of the dynamic groundwater conditions in the vicinity of the Phase 1 and 2 extraction wells, COC isopleths in these areas are not directly comparable to COC isopleths presented Figure 2.7.  TCE concentrations presented in Figure 3.10 in extraction 

Figure 3.9  VOC Mass Removal Rates During 1999 and 2000

Figure 3.10  Post-Phase I and II Groundwater Remediation TCE Concentrations July 1999 Unit A/Bu

wells EW-2A/Bu, EW-4A/Bu, and EW-5A/Bu also represent baseline samples collected during the pre-startup baseline sampling in December 1999 before Phase III remediation wells were set online (Montgomery Watson, 2000a).

Figure 3.11 presents TCE concentration isopleths in groundwater as of July 2000, approximately 7 months after Phase III extraction well startup.  TCE concentrations presented in Figure 3.11 are extraction well concentrations collected during active pumping.  As a result these concentrations may be artificially low due to dilution, and may not accurately represent static geochemical conditions in Site SD-57.  However, the isopleths presented in this figure give some indication of present TCE concentrations in groundwater at Site SD-57.

In general, higher VOC concentrations have been detected in samples collected from the Site SD-57 groundwater extraction wells than from monitoring wells in the area.  Installation and operation of the Site SD-57 groundwater extraction wells began in 1998.  In January 2000, TCE, PCE, and 1,1-DCE were detected at maximum concentrations of 1,500 (g/L (well EW-5A/Bu), 900 (/L (EW5A/Bu), and 39 (g/L (EW2A/Bu), respectively (Montgomery Watson, 2000c).

Possible changes in areal extent of the TCE plume through time cannot be reliably evaluated at Site SD-57 due to the subjectivity involved in creating isopleth maps as well as dynamic site conditions.  Therefore, the effectiveness of the system in containing the plume can be better evaluated by looking for evidence of increases or decreases in VOCs concentrations through time in monitoring wells. TCE, PCE and CCl4 concentrations were used in this evaluation for Site SD-57.

3.2.3.5  Evaluation of Individual Wells

An individual extraction well is regarded as effective in limiting TCE migration if all of the following conditions are fulfilled at the well:

· The well is located on a groundwater flow path downgradient from areas within which TCE is present in groundwater at concentrations that are higher than in areas downgradient from the well.

· The “capture zone” of the well (the area within which TCE will move toward the well, rather than past the well with groundwater movement) is adequate to intercept migrating TCE.

· TCE concentrations in groundwater downgradient from the well decrease or do not change through time.

The location, hydraulic influence, and trends in concentrations within, upgradient and downgradient of Site SD-57 were qualitatively evaluated for the 5 extraction wells.  The location of an extraction well was judged to be “good” if the well was located in a zone of relatively elevated TCE concentrations, or was on a flow path originating at such a zone. Wells EW-5A/Bu, EW-2A/Bu and EW-2A are classified as “good”. Well EW-4A/Bu is classified as marginal and well 3A is ineffective since it is located at the edge of the TCE, PCE and CCl4 pre-remediation plumes (Figures 2.7, 2.8 and 2.9).

Figure 3.11  Post-Phase III Groundwater Remediation TCE Concentations in July 2000 Unit A/Bu

The hydraulic influence for the extraction wells EW-2A and EW-3A extends about 450 feet (Montgomery Watson, 1999). The other 3 extraction wells are being pumped at higher flow rates (Table 3.5) since they penetrate Unit Bu with higher aquifer transmissivities (Montgomery Watson, 2000a). This implies that their hydraulic influence is larger than 450 feet. As a whole, the system may have a hydraulic influence as far as 1000 feet if we consider the principle of superposition (McWhorther and Sunada, 1981) when all wells are pumping.  Well drawdown in extraction wells due to average pumping rates during system operations are in average about 3.5, 6.5, 3.5, 3, and 7.5 feet for wells EW-2A, EW-2A/Bu, EW-3A, EW-4A/Bu and EW-5A/Bu, respectively.  The presence of additional extraction wells in the A, Bu and B Units influence flow patterns in the area as well as plume pathways and migration.

TCE, PCE, CCl4 and 1,1-DCE concentration trends were evaluated using information provided by Montgomery Watson (1999b). A decreasing trend of VOC concentrations have been measured in groundwater from all extraction wells at Site SD-57 (Table 3.8). This is supported by measurements taken at monitoring well MAFB-203 (located between extraction wells EW-2A and EW-4A/Bu) where concentrations have decreased. Upgradient monitoring wells located about 400 feet from extraction wells do not show any trend (decreasing or increasing) in concentrations.  Concentrations in these wells, which are screened in Unit A, are fairly constant indicating that a constant mass influx from upgradient areas (Main Base plume) flows into the Site SD-57 area. 

The radii of influence of wells EW-3A, EW-4A/Bu and EW-2A reach piezometers PZ-47 and PZ3.  Both piezometers, located upgradient (PZ-3) and crossgradient (PZ-47) of EW-4A/Bu, show an increasing trend in concentrations. This implies that the capture zone of well EW-4A/Bu is mainly pulling contaminated groundwater with higher concentrations originating from the Site SD-57 area.  VOC concentrations are one order of magnitude higher in PZ-3 compared to PZ-47.  Both piezometers are screened in Unit A. This is expected since the “hot spot area” is mainly east of the line of extraction wells EW-2A/Bu, EW-2A and EW-4A/Bu where PZ-3 is located. 

A review of concentrations in all downgradient monitoring wells [MAFB-201 (Unit A/Bu), MAFB 202 (Unit A), EW-2Bu (Unit Bu), and PZ-44 (Unit Bu)], located within 1000 feet of Site SD-57, show an increasing trend of VOCs. Only monitoring well MAFB-200 (Unit A), located about 1250 feet from Site SD-57, shows a decreasing trend in concentrations. These conclusions were drawn from the limited information presented in Table 3.8, which include some data for year 2000. 

Based upon the increasing VOC concentrations downgradient of Site SD-57, it can be concluded that at this time the system is not containing the “hot spot” and is not lowering the concentrations in downgradient monitoring wells.  However, after only 2 years of operation, the groundwater extraction system has been somewhat effective for mass removal of TCE, PCE, and other VOCs within the immediate Site SD-57 area.

3.2.3.6  Cost Evaluation

The present worth cost for the Main/SAC industrial remedial alternative, which includes the Site SD-57 site, was estimated to be at $20.31 million (IT, 1996a). Capital cost estimates were projected to be approximately $5.88 million and O&M costs were estimated to be $62.72 million for the entire Main Base/SAC system. The present worth cost estimate assumed zero equipment salvage value, zero percent inflation, and a 5 percent discount factor (IT, 1996a).

The current Site SD-57 cost was estimated to be 22 percent of estimated capital and O&M costs incurred in the Main Base/SAC system (Montgomery Watson, 2000d).  To estimate these costs, Montgomery Watson assumed an appropriate ratio by comparing the number of extraction wells remediating Site SD-57 versus the total number of wells in the Main Base/SAC Plume system. An adjustment was performed for the increase in the number of extraction wells during the phase II/III expansion.  Therefore, the capital cost for the Site SD-57 system in Phase I, was $1.3 million and the annual 1999 O&M cost was estimated to be about $120,000.  The O&M costs include all costs incurred to inspect and maintain the system ($2,950/month), utilities ($2,200/month), sampling and analytical analyses ($ 3,650/month) and reporting ($ 950/month).

Section 4

evaluation of supplemental or alternative remedial technologies

This section presents an evaluation of supplemental or alternative remedial technologies that have the potential to enhance the mass removal and/or destruction rates of VOCs present in soils and groundwater at Site SD-57.  Remedial technologies selected for evaluation include DPE and ESVE for the potential enhancement of vadose zone remediation; and carbon substrate addition, six-phase heating, and hydrofracturing for enhanced remediation of the saturated zone.  To evaluate the DPE and ESVE technologies, Parsons ES performed pilot testing at Site SD-57 in August and September 2000.  A description of the DPE and ESVE pilot testing and results are presented in Section 4.1.  To evaluate the carbon substrate addition, six-phase heating, and hydrofracturing technologies, Parsons ES performed literature searches and assembled conceptual cost estimates for each technology.  These technologies are described and discussed in detail with respect to their potential applicability to Site SD-57 in Section 4.2.

4.1 supplemental soil vapor extraction technologies

4.1.1 Introduction

DPE and ESVE have the potential to enhance the removal of residual VOCs from deep vadose zone soils at Site SD-57.  As discussed in Section 3.1, the current SVE system at Site SD-57 has been extremely effective for the removal of VOCs from vadose zone soils at depths ranging from 18 to approximately 75 feet bgs.  However, the effectiveness of the current SVE system for the treatment of soils deeper than 75 feet bgs could not be evaluated because no VMP screens have been installed at these depth intervals.  The effectiveness of the current SVE system for the treatment of deep vadose zone soils is uncertain because the SVE wells in use at Site SD-57 terminate at depths ranging from 70 to 78 feet bgs, meaning that they are not optimally designed for inducing vapor flow through deep vadose zone soils for the removal of VOCs.  In addition, because of the relatively fine-grained, high moisture content of the deep vadose zone soils, the permeability of these deep vadose zone soils is expected to be low relative to shallow vadose zone soils, further reducing SVE effectiveness.  General discussions of DPE and ESVE technologies and the pilot test design and objectives at Site SD-57 are presented in the following subsections.

4.1.1.1  Dual-Phase Extraction

For the purposes of this RPO evaluation, DPE has been defined as the extraction of groundwater and soil vapor from the same well.  Combining SVE with groundwater extraction at a single well can result in synergistic effects that increase the vapor-phase VOC mass removal rates and, to a lesser degree, the aqueous-phase VOC mass removal rates.

At a location where groundwater extraction is being implemented, the water table is locally drawn down.  This water table drawdown can remove the residual contamination in dewatered soils from contact with the groundwater, and decrease the rate at which contaminants dissolve in the groundwater.  In addition, the thickness of the unsaturated zone is increased and a greater volume of soil is made accessible for treatment using SVE.  VOC mass removal can typically be accomplished in a much more cost-effective fashion by using SVE rather than groundwater extraction.

DPE may also increase the aqueous-phase VOC mass removal rates (i.e., the removal of VOCs dissolved in extracted groundwater) by drawing the water table up, resulting in increased saturated screen length, and allowing an increase the groundwater extraction rate.

4.1.1.2  Enhanced Soil Vapor Extraction

For the purposes of this RPO evaluation, ESVE has been defined as the injection of air into wells screened in deep vadose zone soils (between 75 bgs and the water table at approximately 90 feet bgs) to enhance the volatilization of contaminants from those soils.  During air injection, SVE is implemented concurrently in intermediate-depth vadose zone soils to provide for containment of VOC vapors driven from deep vadose zone soils.  The primary benefit of ESVE is that it has the potential to enhance airflow through deep vadose zone soils and provide treatment to soil intervals that may not receive treatment using the current SVE system configuration.  A secondary benefit of ESVE is that injection of air into deep vadose zone soils may locally depress the water table, exposing more of the contaminated soil column to treatment via SVE.  The distance that the groundwater is depressed is a function of the wellhead pressure, which in turn is dependent on the air injection rate and the permeability of the soil formation to air flow.  In coarse-grained soils, the groundwater may not be depressed at all by implementing ESVE, whereas the water table can be depressed by several feet in fine-grained soils.  Finally, because injected air has a much lower humidity than that of soil vapor, ESVE may also cause desiccation in soils near the water table, resulting in increased volatilization rates and faster and more efficient removal of VOCs from deep vadose zone soils.

4.1.1.3
 Pilot Test Design and Objectives

DPE and ESVE pilot tests were designed and performed at Site SD-57 to determine if these technologies have the potential to enhance the removal of residual VOCs from deep vadose zone soils at Site SD-57.

Parsons ES selected the area in the vicinity of wells SVE-4 and EW-4A/Bu for the pilot testing.  Figure 4.1 illustrates the locations of the pilot testing components at Site SD-57.  This area was selected for the following reasons:

1. Wells SVE-4 and EW-4A/Bu were optimally placed and screened for the pilot tests.  SVE-4 is screened from 44 to 74 feet bgs (Table 3.1) and EW-4A/Bu is screened from 75 to 115 feet bgs.

Figure 4.1  DPE and ESVE Pilot Testing Layout

2. Wells SVE-4 and EW-4A/Bu were located in a low-traffic area, so the pilot test could be performed with minimal disturbance to routine site activities;

3. SVE-4 and EW-4A/Bu are located in close proximity to the AGE washrack, which is one of the main suspected source areas at Site SD-57, and is in the center of the contaminated soil zone as defined by Montgomery Watson during installation of the SVE system (Figure 4.1).

4. Existing soil vapor monitoring points MPMP-2, MPMP-7, and MPMP-8 are in relatively close proximity to SVE-4 and EW-4A/Bu and could be used during the pilot tests to monitor pressure/vacuum response and changes in soil vapor chemistry.  The suitability of these VMPs for the pilot tests meant that only two additional VMPs needed to be installed for the pilot tests.  The installation of only two additional soil vapor monitoring points (MPMP-11 and MPMP-12) minimized the drilling costs associated with the pilot testing program.

The objectives of the pilot tests were as follows:

· Determine the permeability of deep vadose zone soils immediately above the water table;

· Determine steady-state VOC concentrations in soil vapor from previously uncharacterized depth intervals, including the silt and clay layer that extends to a depth of 18 feet bgs and vadose zone soils occurring at depths greater than 75 feet bgs;

· Assess the feasibility of using DPE or ESVE to enhance the VOC mass removal rates and the treatment area achieved by the current SVE system; and

· If DPE or ESVE are found to be feasible, make short term recommendations for future implementation of DPE or ESVE at Site SD-57.

4.1.2
Drilling and Piezometer/Soil Vapor Monitoring Point Installation
Prior to initiating the DPE and ESVE pilot tests, drilling and soil vapor monitoring point installation activities were performed.  Field activities associated with the RPO program are described on the following sections.

4.1.2.1
Drilling, Sampling, and Piezometer/Soil Vapor Monitoring Point Installation

Drilling, soil sampling, and the installation of two VMPs were performed at Site SD-57 from August 29 through September 1, 2000.  Two Parsons ES personnel, Mr. John Hall and Mr. Dan Griffiths, were on site to oversee all drilling and well installation activities.  Drilling services were provided by Water Development Corporation of Woodland, California.  Two multi-depth VMPs with groundwater piezometers, designated as MPMP-11 and MPMP-12, were installed in the immediate vicinity of SVE-4 and EW-4A/Bu at Site SD-57.  The locations of the VMPs and other features present in the pilot testing area are shown in Figure 4.1.

Prior to the start of drilling operations, both VMP locations were identified and marked in the field, and utility clearances were obtained with the help of Montgomery Watson through Underground Service Alert, the local utility location service.  Boreholes were advanced using an air rotary casing hammer (ARCH) drilling rig equipped with an 8-inch inside diameter steel casing, which produced a 10-inch diameter borehole.  As each borehole was advanced, soil samples were collected from the drill cuttings at approximately 2- to 3-foot intervals for stratigraphic classification and headspace screening.  Each soil sample was classified according to the Unified Soil Classification System (USCS), with descriptive text.  Each sampling interval was field-screened for VOCs using a photoionization detector (PID) with an 11.7 electron volt (eV) lamp, and total volatile hydrocarbons (TVH) with a TVH analyzer.  Field observations such as soil color, odor, organic material content, USCS classifications, PID headspace readings, casing advancement rate, and moisture content were recorded during drilling on a geologic boring log.  Geologic boring logs for both VMPs are presented in Appendix A.  The groundwater table was encountered at approximately 87 feet bgs during drilling, and both boreholes were advanced to a total depth of approximately 100 feet bgs.

VMPs were built in each borehole as shown in the construction detail on Figure 4.2.  Five VMP probes and one piezometer were installed at each location.  Each VMP probe consisted of a 6-inch-long, 0.375-inch-diameter stainless steel screen, connected to 0.375-inch-diameter high-density polyethylene (HDPE) tubing.  The VMP screens at MPMP-11 and MPMP-12 were installed at depths of 11, 40, 56, 75, and 80.5 feet bgs to characterize soil vapor conditions and monitor changes in subsurface conditions during pilot testing activities (Figure 4.2).  Piezometers were also installed at each VMP to monitor the elevation of the groundwater surface and to characterize soil vapor conditions in the capillary fringe.  The piezometers were constructed of 2-inch diameter, Schedule 80, flush-threaded polyvinyl chloride (PVC) casing with a 10-foot section of Schedule 80 PVC factory-slotted screen with 0.020-inch slots (Figure 4.2).  Piezometer screens at both VMPs were installed across the water table from 84 to 94 feet bgs.  No solvents or adhesives were used during VMP installation.

Sand packs consisting of number 10-20 silica sand were installed in the annular space around the piezometer screen and all VMP screens.  Bentonite seals with a minimum thickness of two feet consisting of granular Benseal( were installed between the piezometer and the deepest VMP screened interval, and each successive VMP screened interval.  The granular bentonite seals were hydrated with potable water every four to six inches as they were installed to avoid potential future settling problems and to ensure that each VMP interval is well sealed.  A seal consisting of concrete/bentonite grout was installed above the uppermost VMP screen to ground surface to prevent infiltration of surface water into the VMP annular space.

After installation was complete, each vapor probe was labeled with a permanent metal tag, and a ball valve was installed at the top of each section of HDPE tubing.  A locking compression cap was installed at the top of each piezometer riser.  The last step in the installation process at each VMP location was the installation of a flush-mounted 12-inch diameter cast iron wellhead protector installed in concrete and set slightly above the existing pavement surface.

Figure 4.2  Soil Vapor Monitoring Point Construction Detail

4.1.2.2 Hydrogeology and Field Screening Results

A hydrogeologic cross-section for the pilot testing area is presented in Figure 4.3.  The trace of the cross-section is shown on Figure 4.1.  The lithology at the pilot testing area conformed with the general lithology presented previously by Montgomery Watson (Figure 2.1).  Soils immediately below ground surface to approximately 2 feet bgs consisted of fill material comprised of well compacted sand and gravel with minor amounts of asphalt and concrete chips.  Underlying the fill material are undisturbed fluvial silt and clay deposits extending to a depth of approximately 18 feet bgs.  Terrace gravel deposits consisting of sand, gravel, and cobbles were encountered immediately beneath the fluvial deposits and extended to a depth of approximately 32 feet.  The frequency and size of the cobbles encountered in the Terrace Gravels increased with depth to the bottom of the formation.  Randomly distributed interbeds of silty clays, silty sands, and fine- to medium-grained sands of the Unit A Laguna Formation were encountered in both boreholes from the base of the Terrace Gravel unit to total depth.  The prevalence of fine- to medium-grained sand lenses of limited vertical extent tended to increase with depth below approximately 50 feet bgs.  Generally throughout the Unit A soils, above approximately 82 feet bgs, moisture content depended on the grain size of the surrounding soils.  Soil moisture content tended to increase when the soil matrix consisted of silts and clays, and decreased with increasing sand content.  Below approximately 82 feet bgs soil moisture content increased steadily until the water table was reached at a depth of approximately 87 feet bgs.  Boring logs compiled during the installation of MPMP-11 and MPMP-12 by Parsons ES, as well as boring logs for EW-4A/Bu, SVE-4, and MPMP-2 compiled by Montgomery Watson are presented in Appendix A.  Based on a physical observation of soils from 75 to 90 feet bgs, soils appeared to be permeable and are likely amenable to treatment using SVE.

During drilling activities, cuttings were periodically inspected for visual or olfactory evidence of contamination and field-screened using a PID and TVH meter.  Field headspace screening results are presented on the geologic boring logs in Appendix A.  Results indicate that VOC concentrations in soil vapor were extremely low.  However, because the ARCH drilling technique strips a significant portion of VOCs from soil ahead of the drill bit and the drill cuttings, field screening results are biased low.  VOC concentrations did not exceed 20 ppmv using the TVH meter and did not exceed 0.1 ppmv using the PID in screening samples collected above 80 feet bgs.  These concentrations are within the background ranges for both instruments.  The maximum TVH concentration was 30 ppmv, detected in a screening sample from 80 feet bgs at MPMP-12, indicating that some VOCs may be present in soil vapor immediately above the water table. 

4.1.2.3
Equipment Decontamination

All drilling casing, sampling rod, and other large drilling tools were steam decontaminated immediately before the equipment arrived onsite; after drilling the first borehole; and again when drilling activities were complete and before the drilling equipment left the base.  All equipment was decontaminated using a steam cleaner at the existing wash rack located on Eknes Street, south of Armstrong Avenue.  

Figure 4.3  Hydrogeologic Cross Section A-A’

4.1.2.4
Management of Investigation Derived Waste (IDW)

During drilling and VMP installation activities at Site SD-57, all soil cuttings and decontamination steam condensate were containerized for characterization and later disposal.

Soil cuttings were containerized at Site SD-57 in a 12 cubic yard lined rolloff bin.  The lined and covered roll-off bin was provided by Delta Oil Field Services, Inc., through the drilling contractor (Water Development Corporation).  After drilling activities were completed, the soil cuttings were characterized to determine if they could be disposed of by ground spreading at the former Mather AFB evaporation ponds.  Cuttings were characterized by collecting one composite sample, designated as SD57-IDW-S-1, and submitting the sample to APPL for analysis of VOCs by USEPA Method SW8260B, and gasoline- and diesel-range TPH by USEPA Method SW8015M.  The results of the soil waste characterization sampling are summarized in Table 4.1.  No VOCs or gasoline-range TPH were detected in sample SD57-IDW-S-1, but the TPH-diesel concentration was 280,000 g/kg.  Due to this detection, the soil cuttings could not be ground-spread at the former evaporation ponds as originally planned.  Parsons ES was directed by Mather AFB to dispose of the soil cuttings at the Forward Landfill in Stockton, California, operated by Allied Waste Company (Allied).  The Forward Landfill has been approved by the USEPA for disposal of waste from CERCLA sites.

Allied requested that Parsons ES collect and analyze additional composite samples before they would accept the soil cuttings.  A second composite soil sample, designated as SD57-IDW-S-2, was collected on September 19, 2000, and submitted to APPL for analysis of cadmium, chromium, lead, nickel, and zinc by USEPA Method SW6010B, and total recoverable petroleum hydrocarbons (TRPH) by USEPA Method 418.1M as requested by Allied.  Analytical results for sample SD57-IDW-S-2 are included in Table 4.1.  TRPH was detected at 47 mg/kg, and there were no metals detected at elevated concentrations.  After these results were submitted to Allied, the landfill requested that the soil be sampled a third time for semivolatile organic compounds (SVOCs).  A third composite soil sample, designated as SD57-IDW-S-3, was collected by Parsons ES on October 27, 2000 and submitted to APPL for analysis of SVOCs by USEPA Method SW8270B.  As shown on Table 4.1, no SVOCs were detected.  The investigation derived waste analytical results are provided in Appendix F.  Once all soil characterization results were reviewed by Allied, they agreed to accept the cuttings. The soil cuttings were shipped offsite by Delta Oil Field Services Inc. and disposed of at the Forward Landfill.

All steam condensate from decontamination activities was containerized in a Baker tank provided through Water Development Corporation until the waste could be characterized.  The Baker tank was staged at the decontamination pad in a location specified by Montgomery Watson.  After drilling and decontamination activities were completed, one sample of the condensate was collected, designated as SD57-IDW-W1, and submitted to APPL for analysis of VOCs by USEPA Method SW8260B, gasoline- and diesel-range TPH by USEPA Method SW8015M, total dissolved solids (TDS) by Method 160.1, and total suspended solids (TSS) by Method 160.2.  Sampling results are provided in Table 4.2.  Based on these results, Mather AFBCA personnel determined that the condensate could be discharged to the base sanitary sewer.  The steam condensate 

Table 4.1  Summary of Soil Investigation Derived Waste Analytical Results

Table 4.2  Summary of Liquid Investigation Derived Waste Analytical Results

was discharged to the sanitary sewer system at a manhole adjacent to the Montgomery Watson's Warehouse (Building G) per Montgomery Watson's direction.

4.1.3
Dual-Phase Extraction Pilot Test

DPE pilot testing activities were conducted by Parsons ES at Site SD-57 between September 16 and September 20, 2000.  Except where noted, the DPE pilot test was completed per the VMP Installation and Pilot Testing Event Work Plan, Remedial Process Optimization (RPO) Phase II Evaluation at Site SD-57 (Parsons ES, 2000b).

DPE pilot testing was performed at Site SD-57 to:

· Determine steady-state (baseline 1) VOC concentrations in soil vapor across the entire thickness of the vadose zone, including previously uncharacterized depth intervals (the silt and clay layer that extends to a depth of 18 feet bgs and vadose zone soils occurring at depths greater than 75 feet bgs);

· Determine the vapor-phase VOC mass removal rates that could be achieved from deep vadose zone soils by implementing SVE at groundwater extraction well EW-4A/Bu (i.e., implementing DPE);

· Determine the radius of influence that could be achieved in deep vadose zone soils by implementing DPE at EW-4A/Bu;

· Determine how implementing DPE at EW-4A/Bu affects the groundwater extraction flow rates, aqueous-phase VOC mass removal rates, and the cone of depression resulting from groundwater extraction at EW-4A/Bu; and

· Determine optimum groundwater extraction flow rates and SVE vacuums and flow rates for potential full-scale DPE system design.

The newly installed VMPs were used along with previously installed VMPs to monitor vacuum and pressure response, changes in groundwater elevation, and changes in soil vapor chemistry at varying depths and distances from EW-4A/Bu throughout the pilot testing activities.

4.1.3.1
Baseline Soil Vapor and Groundwater Sampling

On September 12, 2000, following the installation of MPMP-11 and MPMP-12 and prior to the start of the DPE pilot test, soil vapor samples were collected under steady- state conditions to determine the baseline contaminant concentrations in the subsurface at Site SD-57.  Baseline soil vapor samples were collected in SUMMA( canisters from all screened intervals of MPMP-11 and MPMP-12, including the piezometers, and from EW-4A/Bu.  Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.  The baseline soil vapor samples were submitted to Air Toxics, Ltd. and analyzed for VOCs and TPH-gasoline by USEPA Method TO-14.  Groundwater elevations were also measured at MPMP-11, MPMP-12, and EW-4A/Bu, and one groundwater sample was collected from EW-4A/Bu and submitted to APPL for VOC analysis by USEPA Method SW8260B.  The groundwater sample collected from EW-4A/Bu was sampled from the discharge line using the groundwater extraction pump.

4.1.3.2
Baseline Sampling Results

Soil vapor and groundwater analytical results from the first baseline sampling event are summarized in Table 4.3.  TCE concentrations from the first baseline sampling event also have been illustrated on the hydrogeologic cross-section in Figure 4.3.  The soil vapor and groundwater analytical results are provided in Appendices B and C, respectively.

Soil vapor contaminant concentrations were much higher at MPMP-12 than at MPMP-11, indicating that MPMP-12 is much closer to the contamination source area than MPMP-11.  Contaminant concentrations at MPPMP-11 at the 11-foot depth interval were not significantly higher than those observed at the 40-, 56-, and 75 –foot depth intervals, indicating that no significant “hot spot” of contamination was present in the silt and clay soil unit that occurs from 2 to 18 feet bgs (Figure 4.3).  However, at MPMP-12 contaminant concentrations at the 11-foot depth interval were significantly higher than those observed in the deeper intervals.  Furthermore, contaminant concentrations were elevated at MPMP-12 in deeper intervals, but decreased with depth between the 40-, 56- and 75- foot intervals indicating that there is a “hot spot” of contamination present in the shallow soils in the vicinity of MPMP-12.  This shallow hot spot is likely related to potential surface spills or near surface spills resulting from historic operations at the AGE washrack located immediately south of MPMP-12 (Figure 4.1).

In general, the highest contaminant concentrations were observed within 10 feet of the water table at MPMP-11 and MPMP-12 (Table 4.3).  The highest contaminant concentrations in the baseline sampling event were observed at the piezometer at MPMP-12, where TCE, PCE, 1,1-DCE, and TPH-gasoline were detected at concentrations of 27,000; 3,100; 7,500; and 6,300 ppbv; respectively.  Relatively high concentrations of VOCs were also detected in the soil vapor samples collected from the 80.5-foot screened interval of MPMP-12, the MPMP-11 piezometer and 80.5-foot screened interval, and EW-4A/Bu (Table 4.3).

The elevated TCE concentrations near the water table are partly due to the volatilization of TCE from the saturated zone, based on Henry’s Law.  Partitioning of a VOC between aqueous- and vapor-phases depends on the value of the Henry’s Law constant for that compound at the ambient temperature (Lyman et al., 1990).  To help determine whether the elevated concentrations of TCE were from residual soil contamination or due to volatilization across the groundwater surface, partitioning of TCE between the aqueous- and vapor-phase was evaluated.  Using the average ambient temperature of site groundwater (20 degrees centigrade at EW-4A/Bu) and the TCE concentration of 170 g/L detected in the baseline groundwater sample collected from well EW-4A/Bu (Table 4.3), the equilibrium vapor-phase TCE concentration was determined to be 11,500 ppbv.  Henry’s Law calculations are presented in Appendix G.  Because the baseline soil vapor TCE concentrations measured at EW-4A/Bu (3,200 ppbv) and the piezometer at MPMP-11 (9,200 ppbv) are less than the theoretical equilibrium soil vapor TCE concentration of 11,500 ppbv, TCE concentrations in this vicinity may be primarily due to volatilization across the groundwater surface.  However, the baseline soil vapor TCE concentration at the MPMP-12 piezometer was 27,000 ppbv (Table 4.3), and TCE concentrations as high as 60,000 ppbv were measured during the 

Table 4.3  Baseline Soil Vapor and Groundwater Analytical Results

ESVE pilot test (Section 4.1.4.8).  These concentrations exceed the theoretical equilibrium vapor-phase TCE concentration of 11,500 ppbv, indicating that there are low levels of residual TCE contamination remaining in soils in the vicinity of MPMP-12 within 5 to 10 feet of the water table.

4.1.3.3
DPE Pilot Test Performance at EW-4A/Bu

Vacuum Blower, Piping, and Instrumentation

A skid-mounted Roots( Model 22URAI 7.5-horsepower positive displacement blower system was installed onsite near the north corner of Building 7022 for the pilot testing activities.  The blower was rated for a flow rate of approximately 115 actual cubic feet per minute at a vacuum of 110 inches of water.  Figure 4.4 presents a diagram of the portable blower system that was used to extract soil vapor from EW-4A/Bu during the DPE pilot test.  Two 55-gallon drums containing GAC for soil vapor treatment were temporarily staged onsite.  Two-inch diameter schedule 40 PVC piping was temporarily installed to extract soil vapor from EW-4A/Bu using the blower system and to force the extracted soil vapor through the carbon drums for vapor treatment.  

The blower system was energized using a temporary electrical service from the existing electrical panel for the full-scale SVE system located on the north side of Building 7026.  The temporary electrical service was installed, and removed after pilot testing activities were complete by Meyer Control Corporation of Vacaville, California.

Prior to the initiation of the DPE pilot test, the steel outer protective well casing at EW-4A/Bu was tapped into using a PVC saddle clamp to allow soil vapor and groundwater to be extracted from EW-4A/Bu concurrently.  Soil vapors were extracted from EW-4A/Bu during the pilot test using the portable skid-mounted blower system.  Soil vapor extracted from EW-4A/Bu was piped through the temporarily installed PVC conveyance piping to the drums of activated carbon for treatment prior to release.  

During the pilot test the existing dedicated groundwater extraction pump was used to extract groundwater from EW-4A/Bu.  All groundwater extracted during the DPE pilot test was discharged to the existing onsite groundwater treatment system.  Groundwater extraction rates were carefully monitored throughout the DPE pilot test.

The DPE pilot test was conducted in two phases.  The first phase consisted of a preliminary system check to ensure proper operation of mechanical equipment and vacuum and temperature gauges, to measure initial vacuum responses, and to check airflow rates.  After system adjustments were completed, the DPE pilot test was performed over the course of several days to measure time and distance responses to the vacuum applied to EW-4A/Bu and to monitor changes in soil vapor chemistry induced by DPE pilot test.  The DPE pilot test was conducted for a total of 108 hours.  

Soil vapor quality and vacuum response was monitored throughout the test in accordance with the following schedule:

During the DPE pilot test, vapor samples were field-screened for total VOCs and TVH on an hourly basis for the first 4 hours from all screened intervals, including the piezometers, at MPMP-2, MPMP-11, MPMP-12, and EW-4A/Bu.  Sampling 

Figure 4.4  DPE Pilot Test Vapor Extraction System



frequencies decreased to once every 2 hours for the next 4 hours, then approximately once every 12 hours for the remainder of the test. 

· Vapor samples for laboratory analysis of VOCs were collected in SUMMA( canisters at EW-4A/Bu, and at the 75- and 80.5-foot intervals in MPMP-11 and MPMP-12 after 4 hours, 12 hours, 36 hours, 72 hours, and 108 hours into the DPE pilot test.  Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.  These samples were submitted to Air Toxics, Ltd. for analysis of VOCs and TPH-gasoline using USEPA Method TO-14.  Groundwater samples were collected from EW-4A/Bu at the same frequency as the soil vapor samples.  The groundwater samples were submitted to APPL for VOC analysis using USEPA Method SW8260B.  

· During the DPE pilot test, all vapor probes were monitored for vacuum response hourly for the first 4 hours, then at the frequencies specified above for VOC and TVH field-screening at all screened intervals, including the piezometers, at MPMP-2, MPMP-4, MPMP-7, MPMP-8, MPMP-11, MPMP-12, and EW-4A/Bu.

· During the test, one duplicate vapor sample, one ambient air blank, and one equipment blank were collected in SUMMA( canisters and analyzed by Air Toxics Ltd. for VOCs and TPH-gasoline using USEPA Method TO-14.

· In addition, the groundwater levels in the piezometers at MPMP-11 and MPMP-12 and in wells PZ-3 and EW-4A/Bu were monitored during the test.  
Groundwater elevation data collected during the first baseline sampling event and the DPE pilot test is summarized on Table 4.4. 
4.1.3.4
Extraction Flow Rates and Pressures

The DPE pilot test was conducted by extracting soil vapor from EW-4A/Bu at an average flow rate of approximately 60 scfm and an average vacuum of 31 inches of water.  

Soil vapor extraction rates ranged from 55 to 68 scfm at vacuums ranging from 23 to 34 inches of water.  The average was 60 scfm at a vacuum of 31 inches of water.  Higher soil vapor extraction rates could not be maintained due to the limitations of the portable blower system used for the DPE pilot test.  A total of approximately 389,000 standard cubic feet of soil vapor were extracted from the vadose zone at Site SD-57 and treated using the portable GAC treatment system prior to discharge to the atmosphere.  

4.1.3.5
Radius of Influence

The steady state vacuum response data collected during the long term DPE pilot test (Table 4.5) were used to estimate the radius of influence of the vapor extraction at EW-4A/Bu.  Because of the relatively large changes in subsurface pressure due to diurnal barometric pressure changes, the pressure response data at each site location (MPMP-11, 

Table 4.4  Changes in Water Levels During the Dual Phase Extraction Pilot Test

Table 4.5  Summary of Vacuum Response at Monitoring Points During the Dual-Phase Extraction Pilot Test

MPMP-12, MPMP-2, MPMP-8, and EW-4A/Bu) were corrected for atmospheric effects by subtracting pressure data collected from the background monitoring point MPMP-7.  The maximum ranges in subsurface pressures resulting from barometric pressure changes measured in MPMP-4 and background VMP MPMP-7 during pilot testing were +1.4 to –1.5 and +0.36 to –1.8 inches of water, respectively.  Background subsurface pressures were consistently negative in the morning and positive in the late afternoon. 

Figure 4.5 presents a vertical cross section through Site SD-57 in the vicinity of EW-4A/Bu with equilibrium pressures plotted at each screened interval and lines of equal pressure (isobars).  In general, at all site locations vacuum response increased with depth.  At MPMP-11 and MPMP-12 maximum vacuum responses were 7.11 and 4.27 inches of water, respectively, in the piezometer at each location.  The furthest VMP from EW-4A/Bu that showed a significant vacuum response was MPMP-2.  At this VMP, vacuum response reached steady-state conditions, with data indicating that all screened intervals were influenced by the vacuum applied to EW-4A/Bu.  The average steady state vacuum responses at 28.5, 47, 62, and 75 feet bgs at MPMP-2 were 0.48, 0.01, 2.15, and 2.21 inches of water, respectively.  These average steady state vacuum response measurements indicate that the vacuum applied to EW-4A/Bu had a minor affect on the 28.5 foot interval, minimal to no affect on the 47 foot interval, and substantial affect on the 62 and 75 foot intervals at MPMP-2.  The strong vacuum response at the deeper intervals at MPMP-2 indicated that the radius of influence for the DPE pilot test is a minimum of 88 feet (the distance between EW-4A/Bu and MPMP-2). 

Plotting the log of the distance from EW-4A/Bu to MPMP-11, MPMP-12, and MPMP-2 versus the corresponding vacuum response in each VMP at the 75-foot interval yields a maximum pressure response radius of approximately 275 feet (Figure 4.6).  Pressure response was defined for this calculation as a minimum equilibrium pressure response of 0.5 inches of water.  

4.1.3.6
Water Levels

Water levels were measured at EW-4A/Bu, MPMP-11, and MPMP-12 before, during, and after the DPE pilot test to determine how the induced vacuum on the vadose zone affected the cone of depression resulting from groundwater extraction at EW-4A/Bu (Table 4.4).  Analysis of the water level data collected during the DPE pilot test indicates that the vacuum applied to EW-4A/Bu did not significantly affect the water table or the associated cone of depression at EW-4A/Bu.  However, the vacuum applied at EW-4A/Bu did affect the cone of depression at MPMP-11 (12.5 feet away from EW-4A/Bu) and MPMP-12 (44.65 feet away from EW-4A/Bu).  The static water levels at MPMP-11 and MPMP-12 were approximately 85.02 feet and 84.87 feet below the top of the well casing (TOC), respectively, with the groundwater extraction pump at EW-4A/Bu shut down.  At MPMP-11 and MPMP-12 the water levels with the groundwater extraction system running, and before the start of the DPE pilot test, were 87.18 and 85.81 feet below TOC, respectively.  Three days into the DPE pilot test, the water table at MPMP-11 rose slowly to 86.67 feet below TOC, a decrease in water table depth of 0.51 feet.  At MPMP-12 the water table rose to 85.30 feet below TOC, a decrease in water table depth of 0.51 feet.  The water table at both MPMP-11 and MPMP-12 decreased in depth by approximately 25 percent due to the application of vacuum to EW-4A/Bu during the DPE pilot test.  The decrease in water table drawdown at MPMP-11 and MPMP-12 indicates 

Figure 4.5  DPE Pilot Test Vacuum Response Cross Section B-B’

Figure 4.6  Radius of Influence Achieved During the DPE Pilot Test

that the water table cone of depression associated with groundwater extraction at EW-4A/Bu became steeper and decreased in areal extent and depth due to the vacuum applied to EW-4A/Bu as part of the DPE pilot test.  
4.1.3.7  Soil Vapor Analytical Results

Concentrations of VOCs in soil vapor samples collected from the MPMP-11 and MPMP-12, at the 75- and 80.5-foot depth intervals were measured throughout both phases of the DPE pilot test to monitor changes in soil vapor chemistry during the test.  Soil vapor analytical results are provided in Appendix B and summarized on Table 4.6.   With the exception of the 80.5 foot interval at MPMP-12, VOC concentrations generally increased throughout the DPE pilot test.  TCE, 1,1-DCE, and TPH-gasoline were detected at significant concentrations at all locations during the DPE pilot test.  The maximum concentration of 6,100 ppbv of TCE was detected at MPMP-12 in the 80.5 foot interval early in the test.  The maximum concentrations of TPH-gasoline (3,300 ppbv) and 1,1-DCE (1,400 ppbv) were detected at MPMP-11 in the 80.5 foot interval and EW-4A/Bu respectively.  Relatively low concentrations of PCE and cis-1,2-DCE were also detected in all locations throughout the DPE pilot test.  The maximum concentration (540 ppbv) of PCE was detected in EW-4A/Bu and the maximum concentration (150 ppbv) of cis-1,2-DCE was detected in MPMP-12 in the 80.5 foot interval.  Relatively low concentrations of benzene were also detected throughout the DPE pilot test at EW-4A/Bu, with a maximum detected concentration of 210 ppbv.

An ambient air sample, and an equipment blank sample were collected during the DPE pilot test as quality control samples.  There were no VOCs detected above detection limits in the ambient air sample or the equipment blank sample with the exception of benzene, which was detected at a concentration of 7.3 ppbv in the equipment blank sample.  

4.1.3.8
  Soil Vapor VOC Mass Removal

Concentrations of VOCs in the soil vapor extracted from EW-4A/Bu and SVE flow rates were measured throughout the DPE pilot test to determine changes in VOC concentrations through time, VOC mass removal rates with time, and the total mass of VOCs removed during the pilot test.  Soil vapor samples were collected and field screened using a PID and a TVH meter, and additional soil vapor samples were collected for laboratory analysis to quantify VOC removal rates.  A summary of analytical results are presented in Table 4.6, while a full set of field and analytical results is provided in Appendix H and B, respectively.  Table 4.7 summarizes the concentrations and the cumulative mass of TCE, TPH-gasoline, and total VOCs removed from EW4-A/Bu over time.  The cumulative mass of TCE, TPH-gasoline, and total VOCs removed from the subsurface versus time are also plotted on Figures 4.7, 4.8, and 4.9 respectively.  The mass removal was calculated using the following equation:  

Table 4.6  Summary of DPE Pilot Testing Soil Vapor Chemistry Analytical Results

Table 4.7  Summary of Contaminant Mass Removal Achieved at EW-4A/Bu

Figure 4.7  Vapor-Phase TCE Concentration and Cumulative Mass Removed from EW-4A/Bu

Figure 4.8  Vapor-Phase TPH-Gasoline Concentration and Cumulative Mass Removed from EW-4A/Bu

Figure 4.9  Vapor-Phase Total VOC Concentration and Cumulative Mass Removed from EW-4A/Bu

Total Mass Removed = 

C [ppmv] * MW [g/mole] * Q [L/min] * 60 min/hr * 1lb/454 grams * Time [hrs]

R [L-atm/mol-K] * T [K]

where


C 
= Average concentration over time


MW 
= Molecular weight of compound (1)


Q 
= Standard flow rate(2)

Time 
= Elapsed time between sampling events


R 
= Ideal gas constant


T 
= Inlet temperature of SVE system

(1)  A weighted average based on concentrations was used for the MW of total VOCs.

(2)  Standard Flow Rate =  Actual Flow Rate ( Pressureactual  (   Temperaturestandard





Pressurestandard   Temperatureactual

Based on soil vapor analytical results and measured SVE flow rates, a total of 0.72 pound of VOCs were removed from EW-4A/Bu during the 4.5 days of the DPE pilot test.  Of this total, 0.38 pound consisted of TCE, and 0.16 pound consisted of TPH-gasoline. 

TCE concentrations in soil vapor extracted from EW-4A/Bu initially decreased from the baseline concentration on 3.2 ppmv to 0.94 ppmv during the first four hours of testing, then gradually increased during the remainder of the test to a maximum concentration of 3.9 ppmv (Figure 4.7).  TPH-gasoline concentrations increased rapidly, from the baseline concentration of 0.67 ppmv to 2.4 ppmv the first four hours of the test, decreased to 1.2 ppmv after 35 hours of testing, then increased for the remainder of the test to a maximum concentration of 2.7 ppmv (Figure 4.8).  Concentrations of total VOCs decreased from 5.4 ppmv to 3.7 ppmv after about 12 hours of testing, then increased steadily to the maximum concentration of 8.8 ppmv at the end of the DPE test (Figure 4.9).    

4.1.3.9  Groundwater VOC Mass Removal

Concentrations of VOCs in the groundwater extracted from well EW-4A/Bu were measured throughout the DPE pilot test to track changes in VOC concentrations through time, to estimate VOC mass removal rates, and to calculate the total mass of VOCs removed during the pilot test.  A summary of analytical results is presented in Table 4.8 while a full set of field and analytical results is provided in Appendix C.

Table 4.8  Summary of DPE Pilot Testing Groundwater Analytical Results

Table 4.9 summarizes the concentrations and the cumulative mass removed verses time for TCE, PCE, and total VOCs in EW-4A/Bu through groundwater extraction.  The cumulative masses of TCE, PCE, and total VOCs removed from the subsurface verses time are also plotted on Figures 4.10, 4.11, and 4.12, respectively.    

Based on laboratory VOC results and measured groundwater extraction flow rates, a total of 0.27 pound of VOCs were removed from SVE-4 during the 4.5 days of the DPE pilot test.  Of this total, 0.18 pound consisted of TCE, and 0.039 pound consisted of PCE.  

VOC concentrations in groundwater extracted from EW-4A/Bu were relatively constant throughout the DPE pilot test.  The TCE concentration remained at 180 g/L throughout the test and PCE concentrations remained relatively steady at concentrations between 36 and 40 g/L.  Total VOC concentrations remained stable, ranging between 261 g/L and 263 g/L during the DPE pilot test.  TPH-gasoline was not detected in groundwater extracted from EW-4A/BU during the DPE pilot test.  

4.1.3.10  Management of Extracted Soil Vapor

As discussed in the workplan (Parsons ES, 2000b), all soil vapor extracted as part of the DPE pilot test was treated before release.  Soil vapor was treated via two 55 gallon activated carbon drums brought onsite temporarily for the duration of the DPE and ESVE pilot tests.  One effluent soil vapor sample was collected during the ESVE pilot test to quantify contaminant concentrations in soil vapor that was released to the atmosphere.  The results of the soil vapor effluent sampling are discussed in Section 4.1.4.10.

4.1.4  Enhanced Soil Vapor Extraction Pilot Test

ESVE pilot testing activities were conducted by Parsons ES personnel at Site SD-57 between the 24 and 28 of September 2000.  Except where noted, the ESVE pilot test was completed per the Draft VMP Installation and Pilot Testing Event Work Plan, Remedial Process Optimization (RPO) Phase II Evaluation at Site SD-57 (Parsons ES, 2000b).

ESVE pilot testing was performed at Site SD-57 to:

· Assess the effectiveness of ESVE for enhancing mass removal rates for vapor-phase contaminants from the vadose zone soils; particularly from the capillary fringe;

· Assess how air injection affects the drawdown and cone of depression resulting from groundwater extraction at EW-4A/Bu;

· Determine the vertical and horizontal area of influence of the pilot-scale ESVE system as a basis for full-scale ESVE system design; and

· Determine optimum air-injection and SVE rates for full-scale ESVE system design.

4.1.4.1  Exception to the Work Plan

Following the preliminary system check, pilot testing was performed for one day with air injection into EW-4A/Bu to determine the radius of pressure influence and effects on 

Table 4.9  Summary of Groundwater Contaminant Mass Removal Achieved at EW-4A/Bu

Figure 4.10  Aqueous-Phase TCE Concentration and Cumulative Mass Removed from EW-4A/Bu

Figure 4.11  Aqueous-Phase PCE Concentration and Cumulative Mass Removed from EW-4A/Bu

Figure 4.12  Aqueous-Phase Total VOC Concentration and Cumulative Mass Removed from EW-4A/Bu During the Dual-Phase Extraction Pilot Test

groundwater elevations in the absence of air extraction at SVE-4.  The remainder of the ESVE test was performed as described in the work plan (Parsons ES, 2000b).

4.1.4.2
 Baseline Soil Vapor and Groundwater Sampling

On September 23, 2000, following completion of the DPE pilot test and a two-day re-equilibration period, and prior to the start of the ESVE pilot test, soil vapor samples were collected to establish baseline conditions in the subsurface beneath Site SD-57.  Baseline vacuum response measurements were collected using Magnehelic( gauges at MPMP-2, MPMP-4, MPMP-7, MPMP-8, MPMP-11, MPMP-12, and EW-4A/Bu.  Groundwater elevations were measured at MPMP-11, MPMP-12, EW-4A/Bu, and background location MAFB-PZ3.  Total VOC and TVPH field screening measurements were collected at all monitoring intervals in MPMP-2, MPMP-4, MPMP-7, MPMP-8, MPMP-11, MPMP-12, and SVE-4.  A total of 11 baseline soil vapor samples were collected in SUMMA( canisters from SVE-4 and all intervals (excluding the piezometers) from MPMP-11 and MPMP-12.  Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.  The baseline soil vapor samples were submitted to Air Toxics Ltd. and analyzed for VOCs and TVH-gasoline by USEPA Method TO-14.  Figure 4.1 presents the layout of Site SD-57 with all soil vapor and groundwater locations monitored during the ESVE pilot test.

4.1.4.3  Baseline Sampling Results

Following the DPE pilot test, the blower system was shut down for two days to allow subsurface conditions to re-equilibrate.  Baseline soil vapor analytical results based on conditions following the DPE pilot test, but before the ESVE pilot test, are summarized in Table 4.10.  TCE and total VOCs were detected at maximum concentrations of 2,700 and 3,226 ppbv respectively in the 80.5-foot depth at MPMP-12 (MPMP-12-80.5’).  Maximum concentrations of PCE (290 ppmv), 1,1-DCE (430 ppmv), and TPH-gasoline (760 ppmv) were detected at 56 feet bgs at MPMP-12, 75 feet bgs at MPMP-11, and 56 feet bgs at MPMP-12, respectively.  Concentrations of these compounds measured in the baseline soil vapor sample from SVE-4 were one to two orders of magnitude less than the maximum concentrations detected in samples from MPMP-11 and MPMP-12.  The soil vapor analytical results for the second baseline sampling event are provided in Appendix B.

Baseline water level measurements were used to determine changes in water levels resulting from pressure applied to EW-4A/Bu and vacuum applied to SVE-4.  Baseline water levels and changes in water levels observed during pilot testing are summarized in Table 4.11 and discussed in Section 4.1.4.7.
4.1.4.4  ESVE Pilot Test Performance at SVE-4 and EW-4A/Bu

Vacuum Blower, Piping, and Instrumentation

After the baseline measurements and sampling were completed, the ESVE pilot test was started.  The ESVE pilot test was conducted in two phases.  The first phase was conducted for a period of approximately 23 hours to measure pressure response, changes in groundwater levels, and changes in soil vapor contaminant concentrations resulting 

Table 4.10  Summary of Second Baseline Soil Vapor Analytical Results

Table 4.11  Changes in Water Levels During the Enhanced SVE Pilot Test

from air injection into EW-4A/Bu.  The second phase was performed over the course of approximately 106 hours to determine the combined effects of simultaneously injecting air into EW-4A/Bu and extracting soil vapor from SVE-4 on soil vapor chemistry, pressure/vacuum response, changes in groundwater levels and VOC mass removal rates.  

During the pilot test the existing dedicated groundwater extraction pump was used to extract groundwater from EW-4A/Bu.  All groundwater extracted during the ESVE pilot test was discharged to the existing onsite groundwater treatment system.  Groundwater extraction rates were carefully monitored throughout the ESVE pilot test.  Figure 4.13 presents a schematic of the temporary blower system used during the ESVE pilot test.

Soil vapor quality and vacuum response were monitored throughout the test in accordance with the following schedule:

During the pilot test, vapor samples for total VOC and TVH field-screening were collected hourly for the first 4 hours and again after 8 hours from SVE-4, all screened intervals in MPMP-2, MPMP-11, MPMP-12, and the piezometers in MPMP-11 and MPMP-12.  The sampling frequency then decreased to once every 12 hours for the remainder of the test.  All of the field screening samples were analyzed using field calibrated portable PID and TVH meters.  

· A total of 25 vapor samples for laboratory analysis of VOCs were collected in SUMMA( canisters at SVE-4, and at the 75 and 80.5 foot intervals in MPMP-11 and MPMP-12 after 4 hours, 8 hours, 32 hours, 70 hours, and 106 hours into the ESVE pilot test.  Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.  These samples were submitted to Air Toxics Ltd. for VOC and TPH-gasoline analysis by USEPA Method TO-14.   

· During the pilot test, all vapor probes were monitored for pressure/vacuum response hourly for the first 4 hours, then at the frequencies specified above for VOC and TVH field-screening at all screened intervals in MPMP-2, MPMP-4, MPMP-7, MPMP-8, MPMP-11, MPMP-12, and SVE-4.

· During the test, one duplicate vapor sample was collected in a SUMMA( canister and analyzed by Air Toxics Ltd. for VOCs and TPH-gasoline by USEPA Method TO-14.

· During the test, one vapor sample from the air injected into EW4A/Bu was collected in a SUMMA( canister and analyzed by Air Toxics Ltd. for VOCs and TPH-gasoline using USEPA Method TO-14.

· In addition, groundwater levels in the piezometers at MPMP-11 and MPMP-12 and in wells PZ3 and EW4A/Bu were monitored during the test.  
4.1.4.5  Extraction/Injection Flow Rates and Pressures

Extraction and injection flow rates and pressures were measured during both phases of the ESVE pilot test.  Test results are described below.

Figure 4.13  ESVE Pilot Test Vapor Extraction System

Phase 1.  During the first phase of testing (air injection only), air injection rates ranged from 77 to 85 scfm at pressures ranging from 37 to 40 inches of water.  The average injection rate was approximately 80 scfm at a vacuum of 37 inches of water.  A total of approximately 110,000 standard cubic feet of air was injected into the vadose zone during the first phase of the ESVE test.  Phase 1 ESVE pilot test physical parameters and results are summarized in Table 4.12.

Phase 2  During the second phase of testing (combined extraction from SVE-4 and injection into EW-4A/Bu) air injection rates ranged from 63 to 72 scfm at pressures ranging from 20 to 28 inches of water.  The average injection rate was approximately 68 scfm at a vacuum of 22 inches of water.  Soil vapor extraction rates ranged from 62 to 68 scfm at vacuums between 20 and 26 inches of water.  The average extraction rate was approximately 63 scfm at a vacuum of 23 inches of water.  Higher flow rates could not be maintained due to the limitations of the portable blower system used for the ESVE pilot test.  A total of approximately 431,000 standard cubic feet of air was injected into the vadose zone and approximately 404,000 standard cubic feet of soil vapors were extracted from the vadose zone during the second phase of the ESVE test.  The system used to extract, treat, and re-inject soil vapor was a completely closed system.  Therefore, the positive discrepancy between the volume of air injected and the volume of soil vapor extracted is probably due to instrumentation fluctuation resulting from the large temperature variations observed in the field (Appendix I).  Phase 2 ESVE pilot test physical parameters and results are summarized in Table 4.13.

4.1.4.6  Radius of Influence

The steady state vacuum response data collected during both phases of the ESVE pilot test (Tables 4.12 and 4.13) were used to estimate the radius of influence of the air injected at EW-4A/Bu and soil vapors extracted from SVE-4, as described below.

Phase 1.  The maximum pressure measured at all locations monitored during Phase 1 of the ESVE pilot test are presented in Table 4.12.  Because of the short duration of this phase, steady state conditions were not achieved.  The pressure response data at each location (MPMP-11, MPMP12, MPMP-2, MPMP-8, and SVE-4) were corrected for atmospheric effects as described in Section 4.1.3.5 by subtracting pressure data collected from the background monitoring point MPMP-7.  Uncorrected and corrected pressure data are provided in Appendix I.  In general, pressure response increased with depth. Figure 4.14 is a cross section depicting the pressure measured at EW-4A/Bu, and pressure responses measured at MPMP-11, MPMP-12, MPMP-2, and SVE-4 during the first phase of the ESVE pilot test.  At MPMP-11 and MPMP-12, maximum pressure responses were 15.4 and 7.5 inches of water respectively, in the piezometer at each location.  The furthest VMP from EW-4A/Bu (88 feet away) with deep intervals close to the water table was MPMP-2.  At this VMP, pressure response was observed at all intervals indicating that all intervals were impacted by air injected into EW-4A/Bu to variable extents.  The maximum pressure responses at 28.5, 47, 62, and 75 feet bgs at MPMP-2 were 0.7, 0.2, 2.9, and 2.9 inches of water, respectively.  These pressure response measurements indicate that the pressure applied to EW-4A/Bu had minimal effect on the 28.5- and 47-foot intervals and substantial effect on the 62 and 75 foot intervals at MPMP-2.  The strong pressure response at the deeper intervals at MPMP-2 indicates that the radius of pressure influence resulting from air injection into EW-4A/Bu 

Table 4.12  Vacuum Response at Monitoring Points Enhanced SVE Pilot Test Phase I

Table 4.13  Vacuum Response at Monitoring Points Enhanced SVE Pilot Test Phase 2

Figure 4.14  ESVA Phase 1, Pilot Test Pressure Response Cross Section B-B’

exceeds 88 feet (the distance between EW-4A/Bu and MPMP-2).  Plotting the log of the distance to MPMP-11, MPMP-12, and MPMP-2 verses the corresponding pressure response at the 75-foot depth intervals yields a theoretical maximum pressure response radius of 240 feet (Figure 4.15).

Phase 2.  The steady state pressure and vacuum response (corrected for atmospheric effects) measured at all locations monitored during Phase 2 of the ESVE pilot test are presented in Table 4.13.  Uncorrected and corrected pressure data is provided in Appendix I.  As would be expected, the pattern of the pressure response in the subsurface was more complex than during the first phase of ESVE testing, when air was not being simultaneously extracted from SVE-4.  Figure 4.16 is a cross section showing measured pressures at EW4A/Bu and SVE-4, and pressure response measured at MPMP-11, MPMP-12, and MPMP-2.  Positive pressures were measured at the piezometers at both MPMP-11 and MPMP-12, and the 80.5-foot interval of MPMP-11.  The steady state pressures measured at these three locations were 7.9, 4.3, and 0.4 inches of water, respectively. 

The pressure response and estimated radius of pressure influence were also less during Phase 2 of the ESVE test.  Steady-state positive pressures were observed at only the piezometers in MPMP-11 and MPMP-12.  Maximum pressures measured at these piezometers after the first day of the Phase 2 test were 7.7 and 4.4 inches of water respectively compared to 15.4 and 8.0 inches of water, respectively, during Phase 1.  The radius of pressure influence observed during Phase 2 testing exceeded 44 feet, the distance from EW4A/Bu to MPMP-12. 

Vacuum was measured at the screened intervals of MPMP-11, MPMP-12, and MPMP-2.  Due to the effects of injecting air into EW4A/Bu, the magnitude of the vacuums measured at MPMP-2, MPMP-11, and MPMP-12 were significantly lower than those measured during the DPE pilot test.  Specifically, the steady state vacuum measured at the 62- and 75-foot intervals at MPMP-2 averaged approximately 2.2 inches of water during the DPE test and averaged approximately 1.0 inch of water during Phase 2 of the ESVE test.  The radius of vacuum influence was also less during the ESVE test as compared to the DPE test and Phase 1 of the ESVE pilot test.  The radius of vacuum influence extrapolated from the Phase 2 ESVE test data was approximately 116 feet as compared to the 240 foot radius of pressure influence observed during Phase 1 of the ESVE pilot test.  Because of the interaction of simultaneous air injection and vapor extraction, the plot of vacuum vs. log of distance was not linear during Phase 2 of the ESVE test.  Therefore, the estimate for the radius of vacuum influence for Phase 2 of the ESVE test was calculated by fitting a polynomial regression to the data and extrapolating to 0.5 inches of pressure (Figure 4.17).  

The preference for horizontal flow relative to vertical flow is indicated by the rapid change from positive pressures in the piezometers at MPMP-11 and MPMP-12 to negative pressures at the respective 75-foot intervals.  Additional evidence for preferential horizontal flow is the observation that the zone of positive pressure, while extended only a few feet above the water table, extended to a radius exceeding 44 feet from EW4A/Bu (the distance from EW4A/Bu to MPMP-12).  

Figure 4.15  Radius of Influence Achieved During Phas 1 of the ESVE Pilot Test

Figure 4.16  ESVE Phase 2, Pilot Test Vacuum Resopnse Cross Section B-B’

Figure 4.17  Radius of Influence Achieved During Phase 2 of the ESVE Pilot Test

4.1.4.7  Water Levels

Water levels were measured at EW-4A/Bu, MPMP-11, MPMP-12, and PZ-3 before, during, and after the ESVE pilot test to determine how the induced vacuum and pressure on the vadose zone affected the cone of depression resulting from groundwater extraction at EW-4A/Bu (Table 4.11).  Analysis of the water level data collected during the ESVE pilot test indicates that the pressure applied to EW-4A/Bu and vacuum applied to SVE-4 had the overall effect of slightly lowering the water table and the cone of depression at EW-4A/Bu.  The greatest changes in water levels were measured in EW4A/Bu where the water level rose 0.33 feet during Phase 1 and dropped 0.31 feet during Phase 2 compared to the baseline water levels measured prior to Phase 1 testing.  Water levels measured at EW-4A/Bu, MPMP-11, and MPMP-12 reacted opposite what was expected based on pressure response measurements, i.e., water levels generally rose slightly or remained relatively constant during Phase 1 then decreased during Phase 2 (Table 4.11).  The water level measured in background well PZ-3 generaly dropped during the ESVE test, but the magnitude of change was less than that measured at EW-4A/Bu, MPMP-11, and MPMP-12.  

4.1.4.8  Soil Vapor Analytical Results

Concentrations of VOCs in soil vapor samples collected from the MPMP-11 and MPMP-12 75- and 80.5-foot depth intervals were measured throughout both phases of the ESVE pilot test to determine changes in soil vapor chemistry during the test.  Soil vapor analytical results are provided in Appendix B and summarized on Table 4.14.  In general, VOC concentrations increased slightly during Phase 1, decreased slightly at MPMP-11 during Phase 2, and increased significantly at MPMP-12 during Phase 2.  Soil vapor VOC results are discussed below.

Phase 1.  Total VOCs, 1,1-DCE, PCE, TCE, and TPH-gasoline were detected at maximum concentrations of 8,597, 3,200, 270, 4,400, and 850 ppbv respectively (Table 4.14).  With the exception of TPH-gasoline, these maximum concentrations were detected at the 80.5-foot interval at MPMP-12.  VOC concentrations generally increased only slightly during Phase 1 testing.  The exception was for the 80.5-foot interval at MPMP-12, where concentrations of total VOCs and most individual compounds increased significantly.  The overall increase in VOC concentrations is likely the result of volatilization of VOCs sorbed to soil in the capillary fringe.  

Phase 2.  Total VOCs, 1,1-DCE, PCE, TCE, and TPH-gasoline were detected at maximum concentrations of 95,830, 30,000, 4,600, 60,000, and 4,600 ppbv respectively (Table 4.14).  With the exception of PCE and TPH-gasoline, these maximum concentrations were detected at the 80.5-foot interval at MPMP-12.  At most sampling locations, VOC concentrations increased significantly within one day of starting air extraction at SVE-4.  Throughout the remainder of Phase 2 testing, VOC concentrations generally decreased at MPMP-11 and increased at MPMP-12 as shown in (Table 4.14).    

At MPMP-12 during Phase 2 testing, concentrations of total VOC and most individual compounds continued to increase significantly at the 75-foot depth and increased dramatically at the 80.5-foot interval. At the 80.5-foot depth at MPMP-12, total VOCs increased from 8,597 ppbv during the Phase 1 test to 95,830 ppbv at the end of the Phase 

Table 4.14  Summary of ESVE Pilot Testing Soil Vapor Analytical Results

2 test.  With the exception of TPH-gasoline, the maximum concentrations listed at the beginning of this subsection were detected in samples collected at the 80.5-foot interval of MPMP-12 at the end of the ESVE test.  

The maximum VOC concentrations listed in this section are generally much higher than any previous concentrations detected in soil vapors at Site SD-57.  These high VOC concentrations may be the result of the slight drop in groundwater levels measured at the MPMP-12 piezometer during the ESVE pilot test exposing residual contamination in previously saturated soils.

4.1.4.9  VOC Mass Removal

Concentrations of VOCs in the extracted soil vapor were measured throughout the ESVE pilot test to estimate changes in VOC concentrations though time, VOC mass removal rates with time, and the total mass of VOCs removed during the pilot test.  Soil vapor samples were collected and field screened using a PID and a TVH meter, and additional soil vapor samples were collected for laboratory analysis to quantify VOC removal rates.  Analytical results are summarized in Table 4.14 while a full set of analytical results are provided in Appendix B.

Table 4.15 summarizes the concentrations and the cumulative mass removed verses time for TCE, PCE, TPH-gasoline, and total VOCs from EW-4A/Bu.  The cumulative masses of TCE, TPH-gasoline and total VOCs removed from the subsurface verses time are also plotted on Figures 4.18, 4.19, and 4.20 respectively.  The general method for calculating mass removal was described in Section 4.1.3.8.  

Determining estimates for VOC mass removal during the ESVE pilot test was complicated by the low effective VOC removal efficiency of the GAC air treatment units, resulting in some VOCs being injected along with air into EW4A/Bu.  As a result, some of the VOC concentrations measured in the soil vapor extracted from SVE-4 may have been related to VOC mass injected into EW-4A/Bu.  To account for this possibility, VOC mass removal was calculated twice.  In the first calculation, it was assumed that VOCs were not recycled through the soils.  In the second calculation, the VOC mass removed from SVE-4 was reduced by the VOC mass injected into EW-4A/Bu based on the removal efficiency of each individual compound evaluated (PCE, TCE, TPH-gasoline, and total VOCs).  The actual VOC mass removed during the ESVE pilot test likely lies somewhere between the corrected and uncorrected values.  In the following discussion, the reduced mass values are referred to as “corrected.”  The performance of the GAC air treatment is discussed further Section 4.1.4.10.  

Based on laboratory VOC results and measured soil vapor extraction flow rates, a total of 0.32 lb (0.14 lbs corrected) of VOCs was removed from SVE-4 during the 3.5 days of the Phase 2 ESVE test.  Of this total, 0.037 pound (0.032 pound corrected) consisted of PCE, 0.18 pound (0.080 pound corrected) consisted of TCE, and 0.012 pound consisted of TPH-gasoline.  

Table 4.15 summarizes the concentrations and the cumulative mass removed versus time for TCE, PCE, TPH-gasoline, and total VOCs.  Both corrected and uncorrected cumulative masses of TCE, TPH-gasoline, and total VOCs removed from the subsurface are plotted on Figures 4.18, 4.19, 4.20, respectively.  TCE concentrations in the extracted 

Table 4.15  SVE Pilot Test Contaminant Mass Removal Summary

Figure 4.18  Vapor-Phase TCE Concentration and Cumulative Mass Removed From SVE-4 During the Enhanced SVE Pilot Test

Figure 4.19  Vapor-Phase TPH-Gasoline Concentration and Cumulative Mass Removed from SVE-4 During the Enhanced SVE Pilot Test

Figure 4.20  Vapor-Phase Total VOC Concentration and Cumulative Mass Removed from SVE-4 During the Enhanced SVE Pilot Test

soil vapor increased rapidly from 1,000 to 2,000 (435 to 828 corrected) ppbv during the first day of Phase 2 testing, then dropped to between 1,600 and 1,700 (600 and 704 corrected) ppbv for the remainder of the test (Figure 4.18).  TPH-gasoline concentrations decreased throughout the test, from an initial concentration of 460 ppbv to a non-detectable level at the end of the test (Figure 4.19).  Total VOC concentrations followed a trend similar to that exhibited by TCE concentrations, increasing from 2,294 (928 corrected) ppbv to 3,766 (1,394 corrected) ppbv during the first day, then dropped to between 3,041 and 3,042 (1,054 and 1,195 corrected) ppbv for the remainder of the test.   (Figure 4.20).  Relatively low concentrations of PCE were also detected at SVE-4 throughout the ESVE pilot test.  PCE concentrations increased rapidly, from 90 to 230 (79 to 195 corrected) ppbv, the first day of the test, then continued to rise at a slower rate to a maximum concentration of 340 (288 corrected) ppbv at the end of the test.

4.1.4.10  Management of Extracted Soil Vapor and GAC Efficiency

No soil vapors were emitted to the atmosphere during the ESVE pilot test.  Soil vapors extracted from SVE-4 during Phase 2 of the ESVE test were treated with activated carbon and re-injected into EW4A/Bu.  As noted in Section 4.1.4.9, the pilot test GAC soil vapor treatment system was determined to have had a low overall VOC removal efficiency.  Based on laboratory VOC results for influent (air extracted from SVE-4) and effluent (air injected into EW4A/Bu) samples collected on 26 September 2000, the overall total VOC removal efficiency was 39.3 percent.  Removal efficiencies for various compounds ranged from 6.6 percent for 1,1-DCE to 84.4 percent for PCE.  The relatively low VOC removal efficiencies observed for the pilot test GAC system is attributable to the high relative humidity of the extracted soil vapor.  For comparison, the total VOC removal efficiency for the GAC treatment system of the existing full-scale SVE system at Site SD-57 averaged 67.5 percent for the period from 2 November 1999 to 9 June 2000.

4.1.5  Summary of Test Results

A summary of the DPE and ESVE testing results is as follows:

DPE Pilot Test

· Based on vacuum response and soil vapor chemistry measured at the VMPs, the effective treatment radius for one DPE well exceeds 88 feet at an average extraction flow rate of approximately 60 scfm and vacuum of 31 inches of water.  Plotting the log of the distance to MPMP-11, MPMP-12, and MPMP-2 versus the corresponding pressure response in each VMP interval yields a theoretical maximum pressure response radius of 275 feet.

· Vapor-phase VOC removal rates achieved during the DPE pilot test significantly exceeded the aqueous-phase VOC removal rates during the DPE pilot test and removal rates achieved by the existing groundwater extraction and treatment system (for well EW4A/Bu only).

· The vapor-phase contaminant mass removal rate from EW4A/Bu achieved during the DPE pilot test averaged 0.16 pound per day for total VOCs, 0.085 pound per day for TCE, and 0.035 pound per day for TPH-gasoline.  A total of 0.72 pound of VOCs, which included 0.38 pound of TCE and 0.16 pound of TPH-gasoline, was removed during the 4.5-day DPE  pilot test.

· With the exception of TPH-gasoline, VOC concentrations measured in soil vapors extracted from EW4A/Bu during the DPE pilot test far exceeded July 2000 concentrations in soil vapors extracted from SVE-4 with the existing SVE system.  Average TCE and total ROC measured in extracted soil vapors from EW4A/Bu during the DPE test were 2,468 and 5,730 ppbv respectively, as compared with respective concentrations of 427 and 616 ppbv measured at SVE-4 in July 2000 (Table 3.1).  TPH-gasoline concentration measured during the DPE test averaged 1,820 ppbv and was detected at the concentration of 6,100 ppbv at SVE-4 in July 2000.  

· Vapor-phase VOC mass removal rates calculated for EW4A/Bu during the DPE pilot test exceeded July 2000 equilibrium mass removal rates calculated for SVE-4 with the existing SVE system.  The mass removal rates for TCE and total ROC for the DPE test were about three times the rates for SVE-4, even though the soil vapor extraction flow rate for SVE-4 was approximately twice the flow rate from EW4A/Bu during the DPE pilot test (Table 4.5).  Average TCE and total ROC mass removal rates for EW4A/Bu during the DPE pilot test were 0.085 pound per day (lb/day) and 0.16 lb/day respectively, as compared with respective rates of 0.027 and 0.045 lb/day for SVE-4 during normal operation.  On an equal flow rate basis, mass removal rates for TCE and VOCs during the DPE pilot test were approximately six times that of SVE-4 during operation of the full scale SVE system.  Vapor-phase TPH-gasoline removal rates for EW4A/Bu (0.035 lb/day) were significantly less than the rate of 0.30 lb/day for SVE-4 during normal operation.  

· Application of a vacuum to EW-4A/Bu resulted in a 33 percent increase in the groundwater extraction rate at EW-4A/Bu without significantly increasing the groundwater drawdown.  This effect resulted in increased aqueous-phase VOC mass removal rates.

· The aqueous-phase mass removal rate for EW-4A/Bu during the DPE pilot test averaged 0.060 lb/day of total ROC, 0.041 lb/day of TCE, and 0.0087 lb/day of PCE.  By comparison, under normal groundwater extraction system operation, the aqueous-phase mass removal rate for EW4A/Bu was 0.052  lb/day of total ROC, 0.036 lb/day of TCE, and 0.0070 lb/day of PCE.  Most of the increase in mass removal rates observed during the DPE pilot test is attributable to the increased groundwater pumping rate.

ESVE Pilot Test – Phase 1, Air Injection Only

· Based on pressure response measured at the VMPs, the effective treatment radius for one air injection well exceeds 88 feet at an average extraction flow rate of 80 scfm and air injection pressure of 37 inches of water.  Plotting the log of the distance to MPMP-11, MPMP-12, and MPMP-2 verses the corresponding pressure response in each VMP interval yields a theoretical maximum pressure response radius of 240 feet.  A greater radius of influence is likely achievable with higher air injection rates.  

· Analysis of the water level data collected during Phase 1 of the ESVE pilot test indicates that the pressure applied to EW-4A/Bu did not significantly affect the water table or the cone of depression at EW-4A/Bu.

ESVE Pilot Test – Phase 2, Simultaneous Air Injection into EW4A/Bu and Vapor Extraction from SVE-4

· The radius of both pressure and vacuum influence measured during Phase 2 of the ESVE pilot test were less than the radius of influence observed during the DPE pilot test and Phase 1 of the ESVE pilot test.

· Based on pressure response measured at the VMPs, air injected into EW-4A/Bu flowed laterally outward for a distance of at least 44 feet at a flow rate of 68 scfm and injection pressure of 22 inches of water.  The effective treatment radius for SVE-4 well exceeded 88 feet at an average extraction flow rate of 63 scfm and air extraction vacuum of 23 inches of water.  Plotting the log of the distance to MPMP-11, MPMP-12, and MPMP-2 verses the corresponding vacuum response in each VMP 75 foot interval yields a theoretical maximum pressure response radius of 116 feet.  A greater radius of influence is likely achievable with higher air injection and extraction rates.

· Based on pressure and vacuum measurements at the VMPs, air injected into EW-4A/Bu preferentially followed horizontal flow paths.

· Analysis of the water level data collected during the ESVE pilot test indicates that the pressure applied to EW-4A/Bu and vacuum applied to SVE-4 only slightly affected the water table and the cone of depression at EW-4A/Bu.  During the Phase 2 ESVE pilot test the water table declined at EW4A/Bu and the piezometers at MPMP-11 and MPMP-12 less than 0.5 feet.  The water table at MPMP-11 declined approximately 0.6 feet during the second phase of the ESVE pilot test.

· No measurable quantity of water accumulated in the moisture separator during the ESVE pilot test, suggesting that accumulation of condensate would not be a significant problem with a full-scale system.  However, during cold weather condensate may accumulate due to the rapid drop in temperature (and resulting increase in relative humidity) of the extracted soil vapor.  
· With the exception of TPH-gasoline, VOC concentrations measured in soil vapors extracted from SVE-4 during the ESVE pilot test exceeded July 2000 concentrations in soil vapors extracted from SVE-4 with the existing SVE system.  Average TCE and total ROC concentrations measured in extracted soil vapors from SVE-4 during the ESVE test were 1575 and 3036 ppbv respectively (Table 4.14), as compared with respective concentrations of 427 and 616 ppbv measured at SVE-4 in July 2000 (Table 3.1).  TPH-gasoline concentration measured during the ESVE test averaged 260 ppbv and was detected at the concentration of 6100 ppbv at SVE-4 in July 2000 (Table 3.1).  

· VOC concentrations in soil vapors collected during the ESVE pilot test from the two deepest screened intervals at MPMP-11 generally decreased while the concentrations increased dramatically at MPMP-12, especially at the 80.5-foot interval.

· Vapor-phase TCE and total ROC removal rates realized during the ESVE pilot test were less than the aqueous-phase ROC removal rates during both the DPE pilot test and those being achieved by the existing groundwater extraction and treatment system (for well EW-4A/Bu only).

· The vapor-phase contaminant mass removal rate from SVE-4 during the ESVE pilot test averaged 0.041 lb/day for total VOCs, 0.023 lb/day for TCE, and 0.0034 lb/day for TPH-gasoline.  A total of 0.14 pound of VOCs, which included 0.080 pound of TCE and 0.012 pound of TPH-gasoline, was removed during the 3.5-day phase 2 ESVE pilot test.

· Vapor-phase ROC mass removal rates calculated for SVE-4 during the DPE pilot test exceeded July 2000 equilibrium mass removal rates calculated for SVE-4 with the existing SVE system when corrected for equal vapor extraction flow rates.  The mass removal rates for each standard cubic foot of extracted soil vapor for TCE and total ROC for the DPE test were about 50 percent greater than the rates for SVE-4 calculated using July 2000 performance data.  (Table 4.7).  On an equal flow rate basis, average TCE and total ROC mass removal rates for SVE-4 during the ESVE test were 0.00036 lb/day per scfm (lb/day/scfm) and 0.00064 lb/day respectively, as compared with respective rates of 0.00020 and 0.000047 lb/day/scfm for SVE-4 with the existing SVE system.  Vapor-phase TPH-gasoline removal rates for EW4A/Bu (0.035 lb/day) during the DPE pilot test were significantly less than the rate of 0.30 lb/day for SVE-4 during normal full system operation.  

· GAC was found to have relatively low VOC removal efficiency, presumably as the result of the high relative humidity of the extracted soil vapors.  The overall VOC efficiency determined during the ESVE pilot test was about 39 percent, and ranged from 6.6 percent for 1,1-DCE to 84.4 percent for PCE.  Even with the low VOC removal efficiency, the total VOC emissions for both DPE and ESVE pilot tests were significantly less than the de minimus level of 10 lbs/day.

4.2  supplemental treatment technologies for the saturated zone

4.2.1  Organic Substrate Addition

This section focuses on the evaluation of enhanced in situ bioremediation through organic substrate addition to achieve both source control and mitigation of the CAH plume at Site SD-57.  The objective of this evaluation is to determine the feasibility of enhanced in situ bioremediation (i.e., stimulating biodegradation) to provide an effective solution that also is cost-effective, will reduce the overall cleanup time, and will minimize the risk of contaminant rebound in the dissolved plume.  The enhanced bioremediation technologies discussed in this section are intended to be used in conjunction with MNA.

4.2.1.1  Technology Description

Reductive dehalogenation is a known mechanism for the biodegradation of many chlorinated solvents.  Previously developed laboratory and field data have shown that reductive dehalogenation occurs under reducing conditions, where an electron donor is utilized as the main energy source for microbial metabolism.  Because CAH compounds are used as electron acceptors, there must be an appropriate source of carbon for microbial growth in order for reductive dehalogenation of CAHs to occur.  Hydrocarbon fuels, landfill leachate, and natural carbon sources are examples of electron donors or organic substrates.  Substrates utilized for enhanced bioremediation include both solid and liquid forms and range from readily soluble (e.g., lactate, acetate, methanol, or glucose) to fairly insoluble (e.g. vegetable oils, sawdust, bark mulch, polymers, hydrogen release compound [HRC®]) forms. 

Relative to pump-and-treat methods, in situ groundwater cleanup methods may be less costly, limit infrastructure disruption, and minimize waste streams requiring treatment and disposal.  However, experience has proven that an obstacle to successful competitive development of bioremediation processes for chlorinated solvents is often the cost effectiveness of nutrient or substrate addition methods.  For example, although oxidative cometabolism has been shown to be an effective means of bioremediation, limitations on the cost of nutrient or substrate addition have severely limited its commercial acceptance.  Reductive dehalogenation appears to require less substrate mass and should therefore be more cost effective.

The most common approach utilized to date has been addition of a carbon source dissolved in groundwater.  These soluble sources are transported with bulk groundwater movement and move as a solute front.  Movement of the carbon source away from the contaminant source area does not provide long-term (e.g., 5 or more years) control of mass flux from the contaminant source area.  Soluble carbon sources create anaerobic zones soon after their introduction into the saturated zone, but are quickly degraded.  Therefore, soluble sources generally require costly continuous or frequent replacement because their effect is short-lived. 

Slow release carbon sources include HRC® and food-grade vegetable oil.  Although HRC® is a slow release source, it also moves as a solute front and does not provide long-term control of mass flux from a contaminant source area.  In addition, the cost of HRC® per unit of carbon mass is generally two orders of magnitude higher than vegetable oils. Other approaches involving the placement of solid materials that release carbon (e.g., bark mulch) are promising, but the cost of carbon placement is high.

4.2.1.2  Vegetable Oil Injection

Vegetable oil injection (the VegOil process) is an innovative, cost-effective method of carbon addition that promotes the reduction/oxidation (redox) and electron donor conditions necessary to promote in situ microbial dehalogenation of solvents in groundwater.

Advantages

· Vegetable oil is an inexpensive, innocuous, food-grade carbon source that is not regulated as a contaminant by the USEPA.  

· Vegetable oil can be injected directly into an affected aquifer via conventional wells in sufficient volume to ensue wide distribution throughout a limited plume or, in the case of an extended plume, throughout the source area and more highly contaminated portions of the plume.  

· Vegetable oil has a solubility that ranges from approximately 100 to 1,000 mg/L and does not quickly dissolve into groundwater, thus serving as a slow release carbon source.  

· Vegetable oil tends to adsorb to soil particles and therefore, is less mobile and does not move as a solute front.

· A single, low-cost injection can provide sufficient carbon to drive reductive dehalogenation for many years.  This significantly lowers operation and maintenance costs compared to aqueous-phase carbon injection, and allows injection if a much greater quantity of carbon than does solid-phase carbon emplacement.

· These properties allow a single installation of a long-term carbon source located near the contaminant source area that will stay in the zone in which it was originally placed.

· The octanol-water partition coefficient for TCE is approximately 300, indicating that TCE has a much stronger affinity for entering an organic phase than to dissolve into groundwater.  Dissolved chlorinated solvents will thus partition into the vegetable oil, thereby immobilizing the source and further reducing the aqueous phase contaminant concentrations until steady-state conditions are reached.  Therefore, the process is effective both for accelerating biodegradation in a contaminant source zone, and for limiting downgradient contaminant migration. 
Disadvantages

While creation of an anaerobic zone to allow reductive dehalogenation has great potential to control the flux of TCE and overall remediation of the dissolved plume, there is also the potential for some deleterious side effects of any carbon addition technique.  These side effects may include:

1) Generation of vinyl chloride (VC) at a rate greater than the rate of its anaerobic reduction or aerobic oxidation, thus potentially leading to accumulation of (VC); 

2) Generation of soluble inorganic compounds (e.g., arsenic) at a rate greater than can be oxidized and precipitated, thus creating an inorganics plume; and 

3) Generation of methane by methanogenic bacteria degrading vegetable oil under anaerobic conditions.

These side effects have not been studied in detail as this technology has only recently been applied.  However, evaluation of the properties of VC, arsenic and methane can allay most concerns regarding their potential effects. These properties include:

· VC is readily degraded both aerobically and anaerobically.  Reductive dehalogenation can completely dehalogenate the VC.  VC is also readily oxidized and would quickly be degraded in an aerobic environment such as exists in groundwater beneath Site SD-57.  Also, VC can easily be stripped from aqueous waste streams.

· Arsenic (or other inorganic compounds) released from an anaerobic zone will quickly oxidize and precipitate in an aerobic zone.  Although little data concerning inorganics in groundwater was available for this evaluation, concentrations of arsenic compounds at Site SD-57 are generally low, which would minimize the potential for an arsenic problem.

· Methane produced in the reaction zone will be in the dissolved state, which does not present a concern.  If methane concentrations reach a solubility limit, it could potentially be transported to the vadose zone where it could become problematic.  However, based on evaluation of Type I chlorinated solvent sites where reductive dehalogenation is known to occur, it is reasonable to assume that the methane concentrations would be low enough to not cause a hazard concern, and that methane could also be stripped from groundwater by the extraction system.

Regulatory Acceptance

The VegOil approach has been applied by Parsons ES at sites across the United States including Travis AFB, California; at two Army sites at Defense Depot Hill, Utah; Naval Support Activity Mid-South in Memphis, Tennessee; and Cape Canaveral Air Station in Florida.  Additional applications by AFCEE in conjunction with other contractors have been implemented at Edwards AFB, California and Dover AFB, Delaware.  Vegetable oil injection and creation of a reactive zone has been accepted by the USEPA (Travis AFB, California; DDHU, Utah; Naval Support Activity Mid-South, Tennessee) and the State of California Regional Water Quality Control Boards (Travis AFB [San Francisco Region] and Edwards AFB [Lahontan Region], California).  Other state regulatory agencies approving application of oil injection include the Utah Department of Environmental Quality, the Tennessee Department of Environment and Conservation, and the Florida Department of Environmental Protection.

4.2.1.3  Applicability of Vegetable Oil Injection at Site SD-57

Source and plume control of TCE through vegetable oil injection could readily be implemented at Site SD-57.  Evaluation of available data collected at Site SD-57 indicate that the plume is a classic Type III Plume, one that has a soluble mass of TCE but does not contain either a naturally occurring or man-made introduced (anthropogenic) carbon source.  Basically, the plume is carbon limited and incapable of degrading TCE, and has resulted in a fairly extensive dissolved-phase TCE plume downgradient of the source area.

Carbon addition is implemented in a manner that produces a permeable reactive zone in which the groundwater becomes anaerobic and reductive dehalogenation can occur.  For effective reductive dehalogenation of TCE to occur, the environmental conditions must be altered from the general aerobic conditions of the aquifer at Site SD-57 to an anaerobic condition.  Once anaerobic, reductive dehalogenation of TCE to cis-1,2 DCE to VC to ethene and innocuous byproducts can occur. 

While the rate of reductive dehalogenation of VC may be slow relative to TCE and DCE under anaerobic conditions; VC degrades rapidly under aerobic conditions.  To completely degrade VC to carbon dioxide, water and chloride; it is beneficial that an aerobic zone exist downgradient of the reductive zone.  The important consideration is that TCE does not degrade under aerobic conditions such as those found at Site SD-57.  Once TCE is converted to DCE and VC under induced anaerobic conditions, the complete degradation of TCE to carbon dioxide, water and chloride can be achieved under a combination of anaerobic (reductive dehalogenation of TCE, DCE, and VC) and aerobic (oxidation of DCE and VC).

Evidence does exist that some limited reductive dehalogenation has occurred within the Site SD-57 plume and that carbon addition, if implemented, would be successful. Groundwater monitoring conducted in July 2000 included analysis for PCE, TCE, cis-1,2 DCE and VC.  Though of relatively low concentration, there were numerous detections of cis-1,2-DCE at concentrations up to 8.4 g/L, which is indicative that some TCE in the dissolved-phase plume has degraded under localized conditions.  This is most likely due to areas of soil with higher levels of organic carbon due to the release of fuel hydrocarbons.  For example, the highest concentration of cis-1,2-DCE was detected at well MAFB-PZ3, which corresponds to a detected gasoline-range TPH concentration of 450 g/L at that location (Table 3.2).  TPH in groundwater at this location potentially served as a carbon source to produce a localized reducing environment necessary for limited anaerobic reductive dehalogenation of TCE to cis-1,2-DCE.

Geochemical parameters measured at the site indicate that even in the presence of fuel hydrocarbons, the amount of available carbon is not sufficient to induce a sufficiently reducing environment (i.e., sulfate reducing or methanogenic) to induce significant reductive dehalogenation.  The addition of vegetable oil is designed to overcome this deficiency in an organic substrate and induce the reducing environment required for significant reductive dehalogenation of chlorinated solvents.

4.2.1.4  Performance Evaluation of Vegetable Oil Addition at Site SD-57

Performance of enhanced in situ bioremediation via vegetable oil injection can be measured by determination of enhanced biodegradation rates, and the corresponding decrease in contaminant mass and persistence of the CAH plume (i.e., time to reach remedial objectives).  The cost to implement carbon substrate addition at Site SD-57 can then be compared to the cost of continued O&M of existing groundwater pump and treat systems, potential future remedial alternatives, and long-term monitoring (LTM).

To estimate the duration of remediation by enhanced in situ bioremediation, an estimate of the mass of contaminant removed by natural biodegradation versus enhanced bioremediation was compared.  Biodegradation rates for chlorinated ethenes under Type III conditions (aerobic environment with low organic carbon) were estimated from conservative literature values (Parsons ES, 1999 and Wiedemeier, et al., 1999).  To estimate biodegradation rates achieved under enhanced bioremediation, average rates of biodegradation for historical sites where reductive dehalogenation is known to occur under Type I conditions (anaerobic environment with high anthropogenic carbon) were used.  The biodegradation rates used for the comparison are summarized in Table 4.16. Rates for chlorinated ethenes to degrade under Type III conditions were conservatively estimated at a half-life of 20 years (i.e., the lower bound for reported half-lives under Type III conditions).  However, to account for the rapid degradation of VC typically observed under aerobic conditions, a half-life of 3 years was used for VC.  Similarly for Type 1 conditions, an estimate of a half-life of 3 years (an average value for six sites from Parsons ES, 1999) was used for chlorinated ethenes.  These rates are intended for comparison purposes only.  In the event that enhanced bioremediation is implemented at Site SD-57, site-specific rates should be calculated. 

A comparison of the effect on the biodegradation rates expected with enhanced bioremediation was calculated using the relative decrease in parent compounds and increase/decrease in daughter compounds (i.e., sequential decay from PCE to TCE to DCE to VC) for the chlorinated ethenes.  This simplified evaluation considers a dimensionless volume of contaminated aquifer with chlorinated ethene concentrations equal to the maximum concentrations observed in July 2000 (PCE = 240 g/L TCE = 1,000 g/L, total DCE = 260 g/L, and VC = 0 g/L).   The time for contaminant concentrations to degrade to regulatory action levels due to the effects of biodegradation only were then calculated for natural biodegradation alone versus enhanced bioremediation.  The non-destructive effects of advection, dispersion, and adsorption are not considered with this evaluation, but would be assumed to be equal for both natural biodegradation and enhanced bioremediation.  A continuing contaminant source and removal of contaminant mass by groundwater extraction also were not considered for this comparison.

Given the effects of biodegradation only, the changes in chlorinated ethene concentrations for natural biodegradation are plotted on Figure 4.21.  With mass reduction due solely to biodegradation, it would take approximately 276 years for all parent and daughter chlorinated ethenes to degrade to below California MCLs, with the limiting factor being the final degradation of VC to 0.5 g/L.  In comparison, rates of degradation expected to be achieved with enhanced bioremediation would lower contaminant concentrations to below California MCLs in less than 45 years (Figure 4.22).  

This amounts to a five-fold decrease in the time to reach regulatory goals, regardless of the actual time that the plume degrades to such levels.  

Under enhanced bioremediation, total mass of molar CAHs is reduced by 50 percent within 16 years, and by 90 percent within 28 years.  It is important to note that all the CAH mass within the aquifer matrix, both dissolved and sorbed, is subject to biodegradation.  Therefore, this process is not desorption limited, as is ultimately the case with groundwater extraction.  The actual time to reach regulatory goals may vary significantly depending on the efficiency of source reduction and residual source mass, and on the effects of contaminant transport (primarily advection and dispersion). 

Table 4.16  Summary of First Order Decay Rates

Figure 4.21  Natural Biodegradation of Chlorinated Ethenes

Figure 4.22  Enhanced Biodegradation of Chlorinated Ethenes

4.2.2  Hydraulic Fracturing

As one of the goals of this RPO project, Parsons ES was asked to review hydraulic fracturing as a potential alternative to improve the efficiency and VOC mass removal rates of the existing groundwater extraction system at Site SD-57.

4.2.2.1  Technology Description

More than 50 years ago, the petroleum industry recognized that inducing new fractures or propagating existing fractures in petroleum-bearing strata could increase the productivity of oil wells by increasing the permeability of the strata.  Within the past several years, research conducted primarily by the USEPA has shown that techniques similar to those applied by the petroleum industry for oil wells can also be applied to environmental wells to enhance groundwater remediation efforts (USEPA, 1993a).

Hydraulic fracturing (the injection of water into the subsurface to induce fracturing) is a method that has been researched for use in the environmental industry to increase the production of groundwater extraction wells through the induction or propagation of fractures in a formation.  Fractures are induced in a formation by applying fluid pressure to one or more boreholes installed in that formation.  Horizontal fractures begin to propagate when fluid injection pressures exceed a critical value and continue to grow until injection stops, the fracture intersects a barrier, or the injection fluid leaks out through the fracture walls.  The maximum thickness of the induced fractures are dependent on the injection pressure, subsurface conditions, the tendency of the fracture to extend upward and intersect the ground surface, and the loss of injection fluid through the fracture walls.  At shallow depths in over consolidated silty clay, the typical maximum fracture propagation distance is approximately three times the fracture depth from ground surface.  After injection is complete, fractures are typically held open by natural propping or through the injection of a permeable artificial propping agent.  The result is the installation of a propping agent layer that is significantly more permeable than the adjacent formation.  

Although the primary objective of hydraulic fracturing is to increase well productivity, another objective of hydraulic fracturing is to deliver solid matter to the subsurface over a wide area, typically for the promotion of bioremediation.  This application uses hydraulic fracturing to propagate a fracture, then fills the fracture with a granular compound such as graphite, solid nutrients, or slow-release hydrogen or oxygen sources that are intended to promote bioremediation.

The hydraulic fracturing process begins by drilling a borehole through the strata to be fractured.  After the boring is complete, the drill casing is retracted from the strata.  The strata to be fractured must be consolidated sufficiently to keep the borehole open after the drill casing has been retracted.  Water is then injected at high pressure into the bottom of the borehole to cut a disk shaped notch into the sides of the borehole to serve as a nucleation point for the fracture.  A slurry of water, sand, and a thick guar gum gel is then pumped into the borehole at high pressure to propagate the fracture.  The injected sand acts as a propping agent to hold open the fracture after injection is complete.  The guar gum gel biodegrades after injection, resulting in a highly permeable sand lens that fills the fracture.  Following the fracturing process, the borehole can be completed as a groundwater extraction well.

Field demonstrations conducted by the USEPA or USEPA contractors in rock or clay have shown that inducing fractures in the formation can increase well discharge rates from 10 to 50 times.  In addition, inducing fractures can result in a 10-fold increase in the maximum distance from the well to where the influence of groundwater extraction can be detected.  (USEPA, 1994). Although the well production can be increased considerably in some formation using hydrofracturing, the removal of VOCs from soil formations still relies upon diffusion of contaminants from the soils into groundwater.  Therefore, the VOC mass removal rates from the groundwater may increase sharply immediately after fractures are induced, but long-term contaminant removal rates will still be controlled by the rate at which contaminants diffuse from soils.  Hydraulic fracturing is typically used in conjunction with groundwater extraction and treatment.

Hydraulic fracturing is most effective in lithified bedrock or in well consolidated clay-rich strata with little or no coarse-grained material (USEPA, 1993b).  The radius of influence will be much larger than in coarse-grained soils, and fractures propagated in well consolidated clay rich strata will generally stay open longer, yielding higher extraction rates over longer periods of time, before the sand filled fractures are refilled with finer-grained material.

4.2.2.2
 Applicability of Hydraulic Fracturing at Site SD-57

Parsons ES evaluated the applicability of hydraulic fracturing at Site SD-57.  Parsons ES does not recommend that hydraulic fracturing be implemented at Site SD-57 for the following reasons. 

The targeted soil unit (the saturated portion of Unit A from approximately 85 to 115 feet bgs) is too permeable for the application of hydraulic fracturing.  Stratigraphy within Unit A predominantly consists of interbedded layers of silt, fine sand, and clay.  Hydraulic fracturing is most effective in rock or in clay-rich sediment.  In soils containing silt, sands, or gravels, the soils becomes fluid during hydraulic fracturing, increasing the probability that any induced fractures would quickly close or heal soon after injection.  The result would likely be that fractures induced by hydraulic fracturing would quickly collapse of "slough in" (Motsko, 2000).  The targeted soil zone is also too deep for the induced fractures to stay open.  The targeted soil depth is 85 to 115 feet bgs, meaning that induced fractures would likely collapse due to pressure from overlying material.

There is a significant potential to damage existing wells and the possibility of damage to other structures including underground utilities and buildings.  Damage may be caused by ground upheaval resulting from fracture dilation and fracture propagation.

There is also a potential to mobilize dissolved-phase contaminants in the saturated zone (USEPA, 1994) by implementing hydraulic fracturing.  Due to the silt and fine sand content in Unit A soils, the injection of water would requires higher injection flow rates due to increasing leakage of injection fluid into the walls of the fracture.  Workers in the oil industry dubbed this leaking process "leakoff" (USEPA, 1994).  The potential to mobilize contaminants in the subsurface during the injection process is significant.

Finally, even if hydraulic fracturing were successful at Site SD-57, only a marginal improvement in the efficiency of the pump and treat system would likely be achieved.  Successful hydrofracturing could potentially increase system efficiency by decreasing the distance of VOC diffusion and increasing the advective influence of extraction wells associated with the fractures.  However, the removal of VOCs from the soil matrix will still ultimately be controlled by the rate at which the contaminants diffuse from the soil matrix.  VOC removal rates may increase significantly immediately after fractures are induced, but long-term VOC mass removal rates will still be controlled by diffusion.

4.2.3
Six-Phase Heating

4.2.3.1  Technology Description

Over the past decade, the application of heat to the subsurface has risen as a potential tool to be used in source area remediation.  At increased temperatures, the density of VOC contaminants is reduced, vapor pressures are increased, adsorption onto solids (soils or organic matter) is reduced, and diffusion rates increase.  All of these physical changes lead to higher VOC mass removal rates.

Electrical energy can be used in the low frequency range (household electrical power) or in the radio frequency range to generate heat in the subsurface.  Low frequency range heating uses poly-phase electrical power (e.g., standard three-phase power or Six-Phase Heating() to heat the subsurface.  The subsurface soils act as a giant resistor to the passing of current between electrodes.  The resistance of the soils produces heat that is absorbed by the water moisture, producing steam and volatilizing contaminants.  Because of this, the boiling point of water (100oC, or slightly higher as the boiling point increases with increasing hydraulic head) is the maximum temperature that can be achieved by this method.  This type of approach requires ample moisture in the subsurface to carry the current.  Once the moisture is gone, the heating is done.  Electrical heating has been proven effective in both sandy media and in less permeable formations (USEPA, 1997).  Radio frequency energy actually is absorbed by the soil itself, which allows temperatures of 300 to 400oC to be reached.  However, this method is limited to the unsaturated zone.

The commercial availability of these techniques limits their application.  Six-Phase Heating( is a proprietary technology of the Battelle Memorial Institute and utilizes the electrical resistance concept.  In general, thermal enhancement applications performed to date have been on the bench/pilot-scale size.  Because of this, there is not a large database from which to pull information on these technologies capabilities of bringing a site to closure.

4.2.3.2  Applicability of Six-Phase Heating at Site SD-57

Parsons ES does not recommend six-phase heating for application at Site SD-57 due to the potential to damage subsurface features and due to the projected cost.

Subsurface features could be damaged due to the temperature increases.  Six-phase heating has the potential for increasing the subsurface temperature to 100 degrees C.  Although this temperature is not high enough to cause melting, it is high enough to soften PVC.  PVC well casings could soften and collapse shut.

A cost estimate was developed by Thermal Remediation Systems, Inc., a vendor of the six-phase heating technology, for Parsons ES for the application of six-phase heating at Site SD-57.  The cost estimate was based on achieving the desired cleanup goal (5 ppb for TCE) in the area contained by the 1,000 ppb isopleth of the pre-remediation TCE concentrations (Figure 2.7).  The depth range identified as the source area includes Unit A Laguna below the water table (88 to 115 ft bgs) and Unit Bu Laguna Layer (115 to 125 ft). The total volume addressed by these remediation systems is approximately 137,000 yd3.

The cost estimate assumed that the source area will be treated sequentially in four sections.  The treatment of each section is estimated at three months, which means that a total of one year will be required to treat the entire source area.  The capital cost was estimated at $6,855,780, with one year of O&M costs totaling $4,613,000.  Because six-phase heating is an energy-intensive treatment technology, costs are sensitive to changes in electrical rates. This cost does not include monitoring which will be an additional $44,420.  This cost is much higher than the estimated costs for carbon substrate addition, which are presented in Section 5.

section 5

RECOMMENDATIONS

Section 3 presented an evaluation of SVE and groundwater extraction system performance to date, and Section 4 presented an evaluation of supplemental or alternative treatment technologies that could be implemented at Site SD-57.  Based on these reviews, recommendations have been made to improve system performance and to provide ideas for the direction of site remediation activities in the future.  This section presents the recommendations for enhancing remedial system cost-effectiveness and efficiency at Site SD-57 at Mather AFB.

5.1  vadose zone Optimization opportunities

The following opportunities for optimization of vadose zone treatment are recommended for implementation.  Table 5.1 summarizes the projected cost savings, reduction in time to meet cleanup goals, difficulty of implementation, and cost to implement each of the recommendations.  Actions are listed in the chronological order recommended for implementation. 

Recommendation No. 1: 

Continue to operate the SVE system in a pulsed mode. Continue to optimize the SVE system for VOC mass removal by focusing vapor extraction at the most productive SVE wells, and turning off unproductive wells.  Continue to collect steady-state soil vapor samples on an annual basis.

Rationale: 

The pulsed operation being used by Montgomery Watson at the site allows residual VOCs, including TCE, to desorb from the soil into the vapor phase during down time, thereby increasing the average VOC influent concentrations to the SVE system during system operation.  This also will reduce power costs associated with running the SVE system.

Recommendation No. 2: 

Optimize the SVE system for VOC mass removal by retrofitting groundwater extraction wells EW-4A/Bu and EW-5A/Bu for use as dual-phase wells (soil vapor and groundwater extraction).

TABLE 5.1
RPO RECOMMENDATIONS SUMMARY
SITE SD-57
REMEDIAL PROCESS OPTIMIZATION
MATHER AFB, CALIFORNIA
Recommendation
Annual Cost Savings
Cost Savings Over Life Cyclea/
Reduction in Time to Meet Cleanup Goals
Difficulty of Implementation
Cost to Implement

Recommendation No. 1 – Continue to operate the SVE system in a pulsed mode.  Continue to optimize the SVE system for VOC mass removal by focusing vapor extraction at the most productive SVE wells, and turning off unproductive wells.  Continue to perform annual steady-state soil vapor sampling. 
TBDb/
TBD
None
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendation No. 2 – Optimize the SVE system for VOC mass removal by retrofitting groundwater extraction wells EW-4A/Bu and EW-5A/Bu for use as dual-phase extraction wells.
TBD
TBD
TBD
Low – Requires Base O&M contractor implementation.
$30K

Recommendation No. 3 – Discontinue vapor treatment using GAC and begin discharging the SVE effluent directly to the atmosphere.
$10,800
$47,000
None
Moderate – May require regulatory approval.
Low

Recommendation No. 4 – Establish criteria for regulatory closure of vadose zone soils by using a vadose zone model that most accurately reflects actual site conditions.  The SESOIL model allows for separation of the vadose zone into layers, which may be appropriate for Site SD-57 considering that the vadose zone is composed of three primary units (the surficial silts/clays, the terrace gravels, and Unit A soils).  Another model that could be considered is the Jury model.   
$120,600
$482,000
TBD 

(Cost savings are based on the assumption that criteria can be established and regulatory closure can be achieved by December 2001) 
Moderate – Requires regulatory approval.
Low

Recommendation No. 5 – Discontinue groundwater extraction at well EW-3A.
$24,000
$463,000
None
Moderate – May require regulatory approval.
Low

Recommendation No. 6 – Increase the groundwater extraction rates at wells EW-2A, EW-2A/Bu and EW-5A/Bu.  Continue groundwater extraction at EW-4A/Bu.  Maintain high extraction rates until VOC mass removal rates become diffusion limited and approach asymptotic levels (roughly 10 percent of initial removal rates).  Obtain regulatory concurrence to perform a rebound test at these wells after VOC mass removal rates have become diffusion limited.   
TBD
TBD
None
Low – Requires Base O&M contractor implementation.
Low

Recommendation No. 7 – Install additional monitoring wells to more fully characterize the “hot spot” of VOC contamination in groundwater near well EW-5A/Bu. 
None
None
None
Low – Requires Base O&M contractor implementation.
$100 K

Recommendation No. 8 – Perform an organic substrate addition pilot test in the vicinity of well EW-5A/Bu to determine if this technology is capable of removing VOC mass in a more cost-effective manner than groundwater extraction.
None
None
None
Moderate – Requires regulatory approval.
$210 K

Recommendation No. 9 – If the results of the organic substrate addition pilot test (Recommendation 8) are successful, implement full-scale organic substrate addition in the “hot spot” of VOC contamination and discontinue groundwater extraction at Site SD-57.
$67,000
$1.2 M
24 years
High – Requires regulatory review and approval during 5-year ROD review process.
$1.1 M

a/  Estimated costs given as present value assuming a discount rate of 5%.  Life cycle for SVE system is estimated to be 9 years total (5 years of operation remaining).  Life cycle for groundwater extraction and monitoring is estimated to be 71 years total (69 years of operation remaining). 

b/  TBD = to be determined.
Rationale: 

VOC mass removal rates from the array of SVE wells currently being used at Site SD-57 have apparently become diffusion-limited and are approaching asymptotic levels.  The screened intervals of the SVE wells terminate at depths ranging from 70 to 78 feet bgs, and the groundwater table was measured at a depth of approximately 87 feet bgs in September 2000, meaning that the SVE wells are not optimally designed for treating deeper vadose zone soils.  Results of soil vapor sampling performed in September 2000 (Section 5.1) indicate that the highest remaining TCE concentrations in soil vapor occur at depths ranging from depths of 75 to 87 feet bgs.  The tops of the screened intervals at EW-4A/Bu and EW-5A/Bu are located at 75 feet bgs, meaning that their screened intervals are at an optimal depth to provide treatment to the soil interval from 75 feet bgs to the groundwater table.  The radius of influence observed at EW-4A/Bu during DPE pilot testing (Section 5.1.3.5) was 275 feet, meaning that implementing SVE at EW-4A/Bu and EW-5A/Bu should provide full-scale treatment of the targeted soil zone.  Although increased VOC mass removal rates were also observed during the enhanced SVE pilot testing (Section 5.1.4.10), DPE should be a more cost effective option since subsurface manifold piping extending from the SVE system to wells SVE-3 and SVE-4 can be utilized.  Implementing ESVE at Site SD-57 would require the installation of additional subsurface piping, which would be costly.  

Recommendation No. 3:  

Discontinue vapor treatment using GAC and begin discharging the SVE effluent directly to the atmosphere.

Rationale:


Allowable ROC emissions to the atmosphere at Mather AFB are 10 pounds per day for each remedial system.  Although ROC mass removal rates exceeded 10 pounds per day during the first six months of SVE system operation at Site SD-57, they have not exceeded this level since April 1998, even when SVE-6 was brought online and the SVE flow rate was increased from approximately 350 cfm to approximately 615 cfm.

Recommendation No. 4:  

Establish criteria for regulatory closure of vadose zone soils by using a vadose zone model that most accurately reflects actual site conditions. The SESOIL model allows for separation of the vadose zone into layers, which may be appropriate for Site SD-57 considering that the vadose zone is comprised of three primary units (the surficial silts/clays, the terrace gravels, and Unit A soils). Another model that could be considered is the Jury model.

Rationale:  

The ROD states that the VLEACH model or an approved alternate will be used to determine vadose zone cleanup levels.  The VLEACH model is very conservative because it accepts limited lithology and other relevant information.  Montgomery Watson has proposed to evaluate more comprehensive models to determine if less conservative model results (e.g., those that more accurately reflect actual site conditions) will have a significant impact on site closure.  It is Parsons ES’ opinion that the TCE concentrations in soil vapor at Site SD-57 have been reduced through SVE treatment to the level where the selection of the model to be used will indeed have a significant impact on the time required to reach site closure.  Parsons ES commends the efforts by Montgomery Watson to define appropriate closure criteria. Two models that may warrant consideration include the SESOIL model and the Jury Model.  The SESOIL model allows for separation of the vadose zone into layers, which is appropriate for Site SD-57 considering that the vadose zone is comprised of three primary units (the surficial silts/clays, the terrace gravels, and Unit A soils).  The Jury model is a one-dimensional unsaturated soil transport model that has been used previously by Parsons ES.

5.2  saturated zone Optimization opportunities

The following opportunities for optimization of the saturated zone treatment are recommended for implementation.  Table 6.1 summarizes the projected cost savings, reduction in time to meet cleanup goals, difficulty of implementation, and cost to implement each of the recommendations.  Actions are listed in the chronological order recommended for implementation. 
Recommendation No. 5: 

Discontinue groundwater extraction from well EW-3A.

Rationale:  

Little VOC mass removal is occurring at well EW-3A. Continued operation of this well is not necessary since it is only recovering 1.3 percent (approximately 2 lbs/year) of the TCE mass being removed at Site SD-57.  Also, continued operation for well EW-3A is not necessary for controlling plume migration since it is not the primary objective of the system.   Cessation of pumping at this well would allow the following to occur:

· Observe if there are temporal increases in VOC concentrations in groundwater after well EW-3A is shut down.  Such increases (known as a “rebound effect”) commonly occur after pumping ceases.

· Reduce the volume of water requiring treatment or disposal.

· Reduce service time required for EW-3A. 

· Reduce the overall system OM&M cost by lowering labor, utility, and analytical expenses.

· Current costs associated with operation of the Site SD-57 portion of the groundwater extraction system are estimated to total approximately $10,000 dollars per month – an average cost per well of about $2,000 at Site SD-57.  Removal of well EW-3A from the groundwater extraction system could therefore produce cost savings of approximately $2,000 per month, or nearly $24,000 per year.  Then, in terms of O&M costs, the cost to remove one pound of TCE from this well is about $10,000.  This is very expensive when compared to the average cost of $460 per pound of TCE removed from well EW-5A/Bu.  Therefore, it can be easily concluded that well EW-3A is inefficient and should be turned off.   If this well continues to be operated for over the remaining life cycle of remediation system (69 years), then the total savings will be $ 1.70 million (present value).

Recommendation No. 6:  

Increase the groundwater extraction rates at wells EW-2A, EW-2A/Bu, and EW-5A/Bu.  Continue groundwater extraction at EW-4A/Bu.  Maintain high extraction flow rates until VOC mass removal rates become diffusion limited and approach asymptotic levels (roughly 10 percent of initial removal rates).  Obtain regulatory concurrence to perform a rebound test at these wells after VOC mass removal rates have become diffusion limited.

Rationale:  

To achieve higher aqueous-phase VOC mass removal rates for the next one to two years, flow rates for wells EW-2A, EW-2A/Bu, and EW-5A/Bu should be increased and pumped continuously.  DPE may allow increased pumping rates at EW-2A, and significantly increasing pumping rates at EW-2A/Bu and EW-5A/Bu would require the installation of higher capacity pumps. These three wells are located within the “hot spot” of VOC contamination in groundwater beneath Site SD-57. Flow rates at well EW-4A/Bu have already been increased from 15 gpm to 20 gpm on September 16, 2000.  VOC mass removal rates from these wells have not yet become diffusion limited.  It is important to mention that due to the likely presence of chlorinated solvents in free or residual phase at Site SD-57, the flow rates will need to be adjusted according to the rate of chemical dissolution from the DNAPL phase. Flow rates should maximize mass removal while minimizing the volume of groundwater pumped out of the aquifer. Although previous modeling results indicate that a significant increase in pumping rates at EW-2A/Bu and EW-5A/Bu may result in a disproportionate increase in production from the less-contaminated Bu Unit, and consequently little increase in contaminant mass removal rates, these results should be tested.  When VOC mass removal rates from these wells become diffusion limited, it is recommended that a rebound test be performed (e.g., terminating groundwater extraction, allowing the subsurface to reach equilibrium conditions, and performing groundwater sampling to determine the reductions in VOC concentrations that have been achieved to date).  This test will provide important information regarding the effectiveness of groundwater extraction at Site SD-57.

Recommendation No. 7:  

Install additional monitoring wells to more fully characterize the “hot spot” of VOC contamination in groundwater near well EW-5A/Bu.

Rationale:  

To more fully characterize the nature and extent of the “hot spot” of groundwater contamination in the vicinity of well EW-5A/Bu, up to three additional monitoring wells may be beneficial.  Because most of the existing monitoring wells at and downgradient of the site are screened in Unit Bu, the proposed monitoring wells should be screened preferably in hydrostratigraphic Unit A.  This recommendation is based upon the lack of monitoring wells downgradient of Site SD-57 necessary to make a thorough evaluation of concentration trends as well as to evaluate hydraulic plume control and capture.  Also, additional VOC analytical data in this area would be useful to provide further indirect evidence regarding the presence of DNAPL.

Recommendation No. 8:  

Perform an organic substrate addition pilot test in the vicinity of well EW-5A/Bu to determine if this technology will remove VOC mass in a more cost-effective fashion that groundwater extraction.

Rationale:  

As discussed in Section 3, chlorinated solvents appear to be present as a residual DNAPL near or below the water table at Site SD-57.  Consequently, mass removal from the “hot spot” at Site SD-57 using pump and treat becomes less effective because VOC mass removal will eventually become diffusion-limited.  Therefore, restoration of groundwater via mass removal through pump and treat is unlikely to be an effective remediation strategy at Site SD-57.  

A pilot-scale organic substrate addition pilot test using vegetable oil is recommended at Site SD-57.  Implementation of a pilot-scale test for carbon addition at the Site SD-57 source area would most likely be accomplished using two oil injection wells located slightly downgradient of extraction wells EW-5A/Bu and EW-2A.  A series of five to six monitoring wells located immediately downgradient of the injection wells (within 10 to 100 feet, and including well EW2A/Bu) would be utilized to monitor changes in groundwater contaminant concentration and geochemistry.  For costing purposes, it is assumed that two injection wells and five monitoring wells would be installed to a maximum depth of 125 feet.  The design of the pilot test is intended to remediate an area defined by historical groundwater concentrations of TCE detected in excess of 1,000 (g/L in groundwater samples collected prior to implementing groundwater extraction.  

Results of a pilot-scale test would provide defensible conclusions regarding, but not limited to: contributions or effects of the vegetable oil added to the groundwater system; the efficiency of electron donor utilization for reductive dehalogenation; extent and uniformity of vegetable oil distribution; loss of electron donor and tracer compounds; effective radii of influence; apparent electron donor requirements; observed changes in the site’s geochemistry; actual/significant changes in contaminant concentrations and mass (considering volatilization, dilution, degradation, and daughter product formation and persistence); reaction kinetics and contact time; and feasibility and relative cost-effectiveness of expanded-scale implementation.  Based upon the results of the field application, continued monitoring and further injection of vegetable oil would be evaluated.  The cost to conduct a pilot-scale enhanced in situ bioremediation test via vegetable oil injection as described above is estimated to be $210,000 including one year of process monitoring (three events including baseline sampling and sampling at six and twelve months following vegetable oil injection).

Recommendation No. 9: 

If the results of the organic substrate addition pilot test (Recommendation 8) are successful, Parsons ES recommends that the technology be implemented full-scale at the Site SD-57 hot spot.  

Rationale:  

Expanding the pilot-scale system to full scale may include a design capable of remediating groundwater concentrations of TCE in excess of 100 to 500 g/L.  This would require an additional five to ten injection wells, and five to ten monitoring wells.  The cost of installing this design (assuming eight additional injection wells and eight additional monitoring wells) and injecting vegetable oil is estimated to be approximately $240,000.  Annual O&M of the system would include biannual process monitoring and an annual report, at an estimated cost of $50,000 per year.  It is estimated that groundwater cleanup goals could potentially be achieved within 45 years of full-scale application, meaning that the present value of capital and OM&M costs is about $1.1 million assuming a 5% discount rate.  In comparison, the portion of the groundwater extraction system in operation at Site SD-57 costs approximately $117,000 per year, and an additional 69 years of system operation are required to achieve cleanup goals for a present value of $2.3 million. Therefore, cost savings associated with replacing groundwater extraction with organic substrate addition could potentially be as much as $1.2 million.

5.3  Implementation Plan 

Implementation of the preceding recommendations should be considered and carried out, as appropriate, by the Base and their contractors.  Based on a review of the data collection and reporting efforts to date, it appears that Recommendations No. 1 (Continued operation of the SVE system in a pulsed mode, continued system optimization, and continued steady-state soil vapor monitoring) and No. 6 (Increasing the groundwater extraction rates at wells EW-2A, EW-2A/Bu, and EW-5A/Bu until diffusion limited mass removal levels have been reached) made in Section 6 can be implemented by the Base contractor with minimal effort, and there is no need for regulatory concurrence.

Recommendations No. 2 (Retrofit wells EW-4A/Bu and EW-5A/Bu for use as DPE wells) and No. 7 (Installation of additional groundwater monitoring wells to more fully characterize the “hot spot” of VOC contamination in groundwater) also need no regulatory concurrence, but the implementation of these recommendations would required funding beyond the standard OM&M budget.

Recommendations No. 3 (Discontinue vapor treatment using GAC and begin discharging effluent directly to the atmosphere), No. 4 (Establish criteria for closure of vadose zone soils), No. 5 (Discontinue groundwater extraction at well EW-3A), and No. 8 (Perform an organic substrate addition pilot test using vegetable oil in the vicinity of well EW-5A/Bu) should be pursued, but will require regulatory concurrence. 

Recommendation No. 9 (Implement full-scale organic substrate addition and discontinue groundwater extraction at Site SD-57) is contingent upon the successful completion of the organic substrate addition pilot test in Recommendation 8, and may need to be approved in a formal ROD revision process since it represents a fundamental change in the way VOC mass is removed in the subsurface.
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Item
Page No.
Par. / Sentence 
Comments
Responses

Comments received from Mr. Dean Thomas, Montgomery Watson, on 2 February, 2001.

1
---
---
General:  The report is well written and represents a tremendous effort.
No response required.

2
x
Acronyms
definition of USCS is missing- Universal Soil Classification System.
The correction will be made as noted.

3
ES-1
1
What does SD stand for?
SD-57 is the site designation in the Record of Decision for Soil OU Sites and Groundwater OU Plumes (IT Corp., 1996) and 5-Year ROD Review documents for the OWS at Facility 7019.  In other documents, this Site is also referred to as “Site 57” or “SS-57”.

4
ES-1
1/1
The phase II remedial process optimization is discussed without describing what a phase I RPO is.  It leaves the reader wondering.
The various phases of the RPO project are discussed in Section 1 of the report.

5
ES-5
1/3
EW-4A/Bu is screened through the water table to a depth of 115 feet below ground surface.
This sentence will be amended to state that well EW4-A/Bu is screened from 75 to 115 feet bgs and has 12 feet of screen extending above the water table, into the vadose zone.

6
ES-9
Table ES.1

Rec. No. 6
It is recommended that extraction rates at EW-2A/Bu, EW-5A/Bu and EW-2A be increased.  Wells EW-2A/Bu and EW-5A/Bu penetrate the Bu unit very slightly.  This unit has significantly higher hydraulic conductivities but lower VOC concentrations (based on grab samples during drilling) than Unit A.  Modeling indicates that if these wells are pumped at significantly higher rates, then dilution will occur from Unit Bu.  However, the results of modeling should be verified.  In order to achieve higher production rates, the pumps in these wells would need to be replaced with higher capacity pumps.  As for EW-2A, the capacity of this well is limited by available drawdown.  However, if DPE is incorporated, the capacity of this well could be increased by reducing the drawdown for a given flow rate.
The factors pointed out in this comment were not fully considered while developing Recommendation No. 6.  These considerations will be discussed in Section 6 (Recommendations) and Tables ES.1 and 6.1 will be amended accordingly.

7
1-3
[2/1] 3/1
The Site OT-23 SVE system went on-line April 2000.
The last sentence in this paragraph will be corrected.   

8
1-7
1/2
It is stated that a “hot spot” does not exist at Site OT-23.  Since monitoring/extraction wells at the site are typically 300 feet apart, it may be that a “hot spot” has not been found because of lack of data.  It is probably better to state that a “hot spot” has not been identified at Site OT-23 to date.  Incidentally, the definition of a “hot spot” in the ROD is an area of the plume where VOCs are greater than 10 times the MCL.  By this definition, the plume beneath Site OT-23 is a “hot spot.”
This sentence will be changed to: “Additionally, a ‘hot spot’ of chlorinated hydrocarbon contamination has been identified in groundwater beneath Site SD-57.”

9
1-7
1/ 4
It is probably better to state that remediation of Site 57 is critical for controlling the timeframe for groundwater cleanup of the Main Base/SAC plume in areas downgradient of Site 57.
This sentence will be changed to:  “The remediation of Site SD-57 is critical for controlling the timeframe for achieving the groundwater cleanup goals specified in the ROD (International Technology Corporation [IT Corp., 1996a]) for the Main Base/SAC plume beneath, and in areas downgradient from, Site SD-57.”

10
2-3
2/
It is stated that potential contamination includes sewer lines, but there is no mention of investigation along those lines.  Were the lines investigated for potential leaks?
Based on Parsons ES’ document review, there have been no specific investigations of the sanitary sewer lines in the immediate vicinity of Site SD-57.  However, they are listed as potential sources of contamination because the effluent from OWSs were historically discharged to the sewers, and subsequently may have leaked from the sewers into the soil.

11
2/3
3/
Change 1988 to 1998.
The correction will be made as noted.

12
2-11
1/last
“Groundwater vertical gradients at Site SD-57… at extraction wells EW-2A, EW-2A/Bu, EW-3A, EW-4A/Bu, and EW-5A/Bu” should be changed to “Groundwater horizontal gradients…..… at extraction wells EW-2A, EW-2A/Bu, EW-3A, EW-4A/Bu, EW-5A/Bu, and local monitoring wells.”
The correction will be made as noted.

13
3-8
1st bullet
It probably should be mentioned that contaminant mixtures act to depress the solubility of individual compounds within the mixture.
Although it is generally true that chemical mixtures act to depress solubility of individual chemicals in water, this effect is not significant when discussing generalities such as in the subject bullet item.

14
3-8
last bullet
It seems that the presence of a subsurface DNAPL either in the saturated zone or the vadose zone can also be inferred by the presence of a relatively old plume that is either stable or growing.
This condition could also indicate the presence of DNAPL in the subsurface, assuming that the primary source of contamination no longer exists.  An additional sub-bullet will be added to the text.

15
3-9
2/
Can something be said about the effectiveness of using SVE to remediate VOCs from the water table as compared to groundwater pump and treat?  In terms of mass removal rates, it may be more effective at Site 57.
Typically, volatilization is an insignificant mechanism for removal of VOCs from groundwater.  A number of studies have indicated that little, if any VOC mass in groundwater is lost to volatilization (with the possible exception of vinyl chloride) under normal conditions.  SVE would likely increase volatilization of VOCs from groundwater somewhat, but would probably still be insignificant compared to mass removal by the groundwater extraction wells.  Volatilization from groundwater is discussed (with references) in the Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (Parsons ES, 1996)  

16
3-10
2/
This paragraph that discusses the difficulty in removing DNAPLs is the crux to the overall RPO and one that all involved in groundwater remediation need to have a thorough understanding of.  It is suggested that it be added to the Executive Summary. 
This topic will be added to the Executive summary as suggested.

17
3-13
1st bullet/last
Please add that groundwater gradients are based on local monitoring wells in addition to the extraction wells.  Also, the first sentence is correct only for the conductivity of the Unit A soils.  Units Bu/B have hydraulic conductivities of 100-423 ft/day, according to pumping tests and flow modeling. 
The recommended addition and correction will be made as noted.

18
3-17
2/2
Were the direct readings collected using a flow-through cell in order to minimize DO contamination from the atmosphere? 
Yes. This information will be added to the text.

19
3-17
2/5
Table 3.2 indicates that several other wells had samples collected for VOCs besides MAFB-203.
Table 3.2 includes results for the one well (MAFB-203) sampled for VOCs by Parsons ES, and also selected wells sampled by Montgomery Watson during the same timeframe.

20
3-22
1/
cis-1,2-DCE is the only isomer of 1,2-DCE that is routinely detected at Site 57.  The fact that no trans-1,2-DCE is detected also leads to the conclusion that the source of DCE is from degradation and is not from a parent solvent mixture because the manufacturing process does not bias between the two isomers. One should see an equal proportion of both isomers if they are not degradation products.
Trans-1,2-DCE is a possible breakdown product of TCE dehalogenation under certain conditions.  During reductive dehalogenation, all three isomers of DCE can theoretically be produced: however, Bower (1994) reports that under the influence of biodegradation, cis-1,2-DCE is a more common intermediate than trans-1,2-DCE, and that 1,1-DCE is the least prevalent of the three DCE isomers. 

Bower, E.J., 1994, Bioremediation of chlorinated solvents using alternate electron acceptors, In Norris, et. al., editors, Handbook of Bioremediation:  Lewis Publishers, p. 149-175.

21
4-8
1/last
Please check the ROC/TCE numbers of 8/0.15 pounds per day.  It was stated in a previous sentence that TCE comprised 60% of the ROC.
The numbers were re-checked and found to be correct. The large difference in the percentage of TCE relative to total VOC removed between system startup (October 1997) and June 2000 is the result of a large decrease in TCE concentrations and a corresponding large increase in TPH-g concentrations in the extracted soil vapors.  Also, additional SVE wells have come on-line since 1997.

22
4-21
1/1
4A/Bu and 5A/Bu were installed in August of 1999, instead of 1998. 
The correction will be made as noted.

23
4-38
2/
Extraction well EW-1A is in the Main Base area near Site 23 and should not be in this discussion.
The incorrect groundwater extraction well (EW1A) was referenced in the text in two places.  The correct well should be “EW1A/Bu”.  The correction will be made as noted.

24
5-22
2/
If possible, please comment on realistic vacuums that could be applied to the water table at Site 57 and efficiencies that could obtained.  In other words, what kind of actual lift in the water table could be realized by using DPE.
This is a difficult question to answer because of the variables involved and limited data available.  Unfortunately, the data from DPE pilot test are insufficient to accurately estimate achievable increases soil vapor extraction rates and vacuums. Due to the limitations of the pilot test blower, Parsons ES was not able to investigate system response to higher vacuums and flow rates.  Based on data from existing SVE wells and site lithology, we anticipated that the flow rate during the DPE pilot test would require a much higher vacuum than what was actually required.  However, based on the theoretical relationship between vacuum and flow rates (for a given well, and assuming the water level in the well remained constant), doubling the vacuum would roughly double soil vapor flow rate – to a point. As the flows and vacuums increase, it requires a proportionately higher vacuum to achieve each incremental increase in vapor flow.  The affects of a higher vacuum on water levels and achievable groundwater pumping rates would have to be determined experimentally, probably for each individual well.  Recent studies have shown that it is possible to increase the pumping with the assistance of an applied vacuum, which tends to increase the hydraulic gradient toward the extraction well.  

25
6-5
Rec. No. 2
It might benefit to retrofit EW-2A for dual phase extraction because the production rate of this well is limited by available drawdown.  For instance, if the water table could be lifted by 4 feet, the production rate at EW-2A could be increased by about 5.5 gpm because the specific capacity of this well is estimated to be 1.4 gpm/ft of drawdown. 
It would probably be worthwhile to perform a pilot test to determine whether or not groundwater pumping rates could be significantly increased at EW-2A using dual-phase extraction. 

Comments on Figures:

1
3-11
Figure 3.1
It is unclear whether the contamination is in the form of a leachate or DNAPL.
Figure 3.1 (and the associated text on page 3-14) will be amended to indicate that the contamination was likely a mix of VOCs dissolved in water and DNAPL.

2
4-3
Figure 4.1
Please provide the date that the samples were collected.
Figure 4.1 will be amended to include the sampling date for the data presented. 

Item
Page No.
Par. / Line No. 
Comments
Responses

Comments received from Mr. Anthony C. Wong, Mather BRAC Environmental Coordinator, on 21 February, 2001.

1
viii

APPL = Agriculture and Priority Pollutants Laboratories
The correction will be made as noted.

2
viii

"xylene" [in the definition of BTEX] should be plural, "xylenes"
The correction will be made as noted.

3
viii

Bu = B upper (hydrogeologic unit)
The correction will be made as noted.

4
viii

Please use "IT Corp" rather than "IT"
The correction will be made as noted.

5
ix

PCA = perchloroethane, which has six chlorine atoms, not tetrachlroethane, which has four.  It is not relevant to Mather AFB, so it is recommended that it be deleted from the list of acronyms.
The deletion will be made as noted.

6
viii

USCS = universal soil classification system
The correction will be made as noted.

7
ES-2
2/
The remedial action objectives for VOC contamination in soils at Mather are not concise.  They consist of considerations representing several   agency positions, not all of which are complimentary.  The Air Force objective is to minimize cost of the overall remediation, while protecting human health and the environment.  With respect to VOCs in soil, this means reducing contamination in soils to the point where further vadose zone cleanup will not further reduce the cost of groundwater cleanup. This will not require reducing calculated leachate predicted by a model to the aquifer cleanup standard, as before that point the impact to groundwater cleanup will be negligible.
The remedial action objectives will be more accurately defined as stated in the comment.

8
ES-3
Last/6-7
Strictly speaking, a system won't 'reach' asymptotic rates.  Suggest stating that the system will be diffusion limited.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

9
ES-3
Last/10
Spell out "VMP" the first time it is used.
The correction will be made as noted.

10
ES-4
1/7
The term "reasonable timeframe" should be defined or the basis for this conclusion explained in the text that this executive summary synopsizes.
The basis for the estimated cleanup timeframe for the groundwater treatment system is presented in the text as part of the evaluation of the existing treatment system and supplemental or alternative remedial technologies.

11
ES-4
1/16
Suggest changing "cannot be achieved" to "cannot be quickly achieved".
Parsons ES believes that the subject sentence is accurate and descriptive as written.  Groundwater pump and treat systems rarely, if ever achieve contaminant efficiencies in the order of 99.96 percent.

12
ES-4
1/19
The 70-year estimated costing of cleanup is more closely related to present value calculations than modeled durations.  However, the selection of 70 years was not based upon any detailed model, nor on present value concepts.  After about 70 years, present values of future costs are negligible at the typical range of discount factors (i.e. close to 5%) when compared to the uncertainty in the cost estimates.
Parsons ES agrees. 

13
ES-5
1/1
Please spell out DPE and ESVE the first time these are used in text (preferably the first time in each chapter).
“DPE” and “ESVE” were spelled out previously in this section.  Because of the large number of acronyms used in this report, acronyms will be spelled out only the first time they are used.  All acronyms used in the text will be included in the acronym list for reference.

14
ES-5
1/5
It is unclear how the VMPs were used to monitor changes in groundwater elevation.  Suggest changing the name to “dual-phase monitoring points”.
The proceeding sentence will be rewritten to read “Pilot testing activities included the installation of two new combination vapor monitoring point/piezometers (VMPs), designated as MPMP-11 and MPMP-12.”

15
ES-7
2/last
The basis for the estimates should be mentioned (i.e. general calculations, detailed models, bench-scale studies, pilot tests, etc.)  Also, the estimate of groundwater cleanup duration should be based upon modeled predictions in the vicinity of Site 57, rather than the MIS.
The text will be revised to indicate that the estimate of 45 years to achieve cleanup goals by biodegradation of chlorinated ethenes was calculated using the relative decrease in parent compounds and increase/decrease in daughter  compounds (i.e. sequential decay from PCE to TCE to DCE to VC). 

16
ES-9

Recommendation No. 6:  See previous comment on "reaching" an asymptote.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

17
ES-9

Recommendation No. 8:  The cost estimate of $210K is at odds with the $240 stated earlier in the executive summary.
The cost estimate for the recommended vegetable oil addition pilot test is $210,000 while the estimated value of $240,000 is for the full scale application of vegetable oil addition. 

18
1-3, 2-1
1/1,

2/1
Mather is more accurately "closed" as opposed to merely "inactive".
The corrections will be made as noted.

19
1-3
3/1
Change "The Mather AFBCA plans" to "The Air Force began in 2000".
The corrections will be made as noted.

20
1-7
1/ 3
The statement that there is not a "hot spot" of contamination beneath site OT-23 is not true.  Site OT-23 contains the second largest source of chlorinated hydrocarbon groundwater contamination at Mather.
This sentence will be changed to: “Additionally, a ‘hot spot’ of chlorinated hydrocarbon contamination has been identified in groundwater beneath Site SD-57.”

21
1-7
1/lines 9, 10
The terms "Soil OU" and "Groundwater OU" should be treated as proper nouns.  Insert "generally" before "establishes" - the MCLs are the cleanup goals for the major chlorinated groundwater contaminants but not for all the contaminants of concern.
The corrections will be made as noted.

22
1-8
3rd bullet
Suggest stating "could" instead of "will" as it is not always certain that technologies recommended for pilot testing will save money.
The recommended change will be made as noted.

23
1-9
1/1
The table of contents lists 9 appendices, not 6.
The text will be changed to read “and 9 appendices”.

24
2-1
2/line 4
Change "encompasses" to "encompassed" and add "at the time of closure in 1993."
The correction will be made as noted.

25
2-1
3/line 2
Change "includes" to "underlies."
The correction will be made as noted.

26
2-3
3/line 2
The reference should probably be to a 1998 report, rather than 1988.
The correction will be made as noted.

27
2-4
1/line 7
Replace "since" with "starting in."
The correction will be made as noted.

28
2-4
1/line 11
Insert "in 1989" after "was signed."
The correction will be made as noted.

29
2-5
1/1
Change "soil OUs" to "Soil OU sites."
The correction will be made as noted.

30
2-5
1/2
Reword to state, "Site SD-57 is located at the source of the SAC portion of the plume."
The correction will be made as noted.

31
2-6
1/1
Change "area" to "areal extent."
The correction will be made as noted.

32
2-6
2/last
Insert after "the aquifer" a parenthetical statement, "(or other agreed-upon discharge)".
The correction will be made as noted.

33
2-6
2nd bullet
The ROD does not dictate 1300 gpm; please change "of" to "estimated at about".
The correction will be made as noted.

34
2-8
2/1
Change "have been identified" to "are of interest."
The correction will be made as noted.

35
2-10
2/ 3
Change "lensatic" to "lenticular."
The correction will be made as noted.

36
2-10
3/all
The paragraph describes Unit Bu but provides no information about the rest of Unit B.
A brief lithologic description of the remainder of the Unit B of the Laguna Formation will be added.

37
2-10
last/last
Please provide a reference to a borehole where the Mehrten Formation was encountered as shallow as 60 feet below sea level.
The text will be re-written to state that the top of the Laguna-Mehrten Transition is interpreted to be between approximately 245 and 306 feet below msl.

38
2-11
1/ 9
Please clarify whether "groundwater flow velocity" means seepage velocity.
The “groundwater flow velocity” refers to the groundwater average linear velocity.  This clarification will be added to the text.

39
2-11
1/last
Please clarify how these measurements were made - unless the extraction wells were not being pumped, well effects make the determination of aquifer potentiometric levels potentially inaccurate.  There is plenty of data from monitoring wells from which to deduce vertical gradients.
The text will be revised to explain that the horizontal gradient was determined using measurements made at extraction wells and local groundwater monitoring wells.

40
2-11
2/lines 3-5
This sentence implies that the reason groundwater flow is southwestward is because of the flow direction of the ancestral streams.  It would be more accurate to state that the flow direction "reflects surface geography" or to state that the general direction of flow toward the valley axis has not changed since the sediments were deposited.
The sentence will be re-written to state that modern northeast-to-southwest groundwater flow direction reflects surface topography and the general flow toward the Sacramento valley axis has not changed appreciably since the sediments were deposited. 

41
2-11
2/line 8
It would be helpful to give an idea of distances to the cones of depression.
There are several cones of depression in the vicinity of Mather AFB, therefore individual cones of depression are summarized on figure 2.3. The reader is referred to this figure for distances to each individual cone of depression.  

42
2-11
3/lines 1, 3
The term "site" should be treated as a proper noun when it refers to a specific named site (i.e. Site SD-57).
The correction will be made as noted.

43
2-13
1/1
The temporal (seasonal) nature of this interpretation should be clarified.
See following response.

44
2-13
1/last
The communication is never in question; what is important is degree of hydraulic communication.
The subject of communication between Unit Bu and Unit A of the Laguna Formation will be expanded to include discussion of the seasonal affects (downward migration of groundwater form Unit A to Unit Bu during times of recharge, i.e. seasons with relatively high precipitation  rates); the discontinuous nature of a fine-grained, overbank deposits between the two Units; and local affects of groundwater extraction wells.  

45
2-13
2/4
Change "and Safety" to "Services."
The correction will be made as noted.

46
2-13
3/3
The Group 2 RI Report was issued in April 1993.  This reference (see also Section 8) is to the Draft Final revision of the report, and should be corrected.  The reference in the next paragraph is to the Group 3 Technical Memorandum, which was also issued in 1993.
The correction will be made as noted.

47
2-13
4/5
Please spell out "CAH" the first time it is used.
The correction will be made as noted.

48
2-13
4/10
The terminology (A-1 Plume) referenced here is not in use and has not generally been used.  Suggest deleting it.
The correction will be made as noted.

49
2-14
1/1
See previous comment.
The correction will be made as noted.

50
2-14
2/last
The pattern may be related to migration in the saturated zone as the water table has fallen over the last 40 years.
This possibility will be included in the discussion.

51
2-14
3/3
The terminology (A-1 Plume) referenced here is not in use and has not generally been used.  Suggest deleting it.
The correction will be made as noted.

52
2-14
4/2
The reference to IT, 1993 is not unique (see comment on Page 2-13, third paragraph, line 3.
The correction will be made as noted.

53
2-15
2/5, 6
These data are not correct - they were reported from a database of samples collected by Montgomery Watson only.  There were higher detections of some constituents (i.e. TCE at 1500 (g/l) from earlier sampling by IT Corporation.
The correction will be made as noted.

54
2-15
2/lower half
It is not clear why three different sampling events are selected to draw the conclusion here. It detracts from the clarity of the text because it is not clearly explained, leaving the reader to guess at the intent. In addition, one other factor enters into this conclusion - the cleanup standard.  For instance, carbon tetrachloride has a cleanup standard one tenth that of TCE, so if carbon tetrachloride were present at concentrations greater than about one tenth of TCE, it might be the "long pole in the tent".  In fact, this conclusion appears well founded based upon any one of these figures.
Three sampling events were used because there were not sufficient data from any one sampling event to depict pre-remediation concentrations of TCE, PCE, and carbon tetrachloride.

Although the cleanup level for carbon tetrachloride is one tenth that of TCE, initial concentrations of TCE were more than ten times those of carbon tetrachloride.  THEREFORE, TCE is the most likely “long pole in the tent”.

55
2-20
2/3
The phrase "immediately below the water table" would be more accurately restated as "in units A and /or Bu".   
Reference to Units A and/or Bu will be added to the discussion to provide a clearer picture of the location of possible residual DNAPL.

56
3-1
1/Item 2
Suggest inserting "understanding of" before "conditions".
The recommended insertion will be made as noted.

57
3-1
2/1
The phrases "is described" or "was reconstructed" might be better than "was developed" as the latter implies that there was no conceptual site model used for the design.
The sentence will be reworded to state that the pre-treatment CSM was refined (not developed) to provide an understanding of the rationale for the design and existing operation of the SVE and groundwater extraction systems.  Similar wording will be used in place of “developed” used in the first paragraph on this page.

58
3-2
1/bullet 3
Suggest replacing  "(s)" with "for each saturated unit of concern".
The recommended replacement will be made as noted.

59
3-2
1/bullet 8
Insert "surface and/or" before "subsurface".
The correction will be made as noted.

60
3-2
2/1
Suggest replacing "continuous" with "progressive" as characterization tends to happen in an episodic fashion rather than a truly 'continuous' manner.
The recommended insertion will be made as noted.

61
3-3
4/7
Suggest adding "surrounding" after "mass to the".
The recommended insertion will be made as noted.

62
3-4
1/1
Replace "immiscible fluids" with "fluids immiscible in water".
The correction will be made as noted.

63
3-4
3/4
Insert  "liquid" after "as pure".
The correction will be made as noted.

64
3-4
3/7
Change "a DNAPL" to "DNAPLs" to match the plural subject "chlorinated VOCs".
The correction will be made as noted.

65
3-5
1/1
Suggest adding "and desorption from" after "sorption to".
The recommended insertion will be made as noted.

66
3-5
2/7
Suggest inserting "(saturated)" after "secondary" and "vadose zone" after "beneath a".
The recommended insertion will be made as noted.

67
3-5
3/4
Delete "interfacial" as it is redundant with "at the interfaces".
The correction will be made as noted.

68
3-8
1st bullet
DNAPL whether in isolated blebs or a massive body, is a separate liquid phase.  Suggest replacing “separate" with "massive" or "contiguous" or some other word or phrase to better convey the intended meaning.
The sentence will be changed to:  “When DNAPL is present as isolated blebs or ganglia in pore spaces, and not as a contiguous mass, dissolved concentrations greater than about 1 percent of the aqueous solubility suggest that DNAPL residuals may remain in the soil (Pankow and Cherry, 1996).”

69
3-8
2nd bullet/2
Change "1 percent" to "1 to 2 percent".
The correction will be made as noted.

70
3-8
3rd bullet/ 3rd sub-bullet
It is not clear why this condition is different from the second bullet - why would an increase in concentration be significant and an indication of the presence of DNAPL if the concentration were much below the solubility levels? Is a steep chemical gradient what is indicative?
The second and third sub-bullets differ in that they present two different situations demonstrating the erratic distribution of dissolved chemicals.  In the case of the second sub-bullet, the presence of DNAPL is inferred by erratic distribution of dissolved chemicals in a relatively closely-spaced network of monitoring wells; and in the case of the third bullet, significant changes at one location over time. 

71
3-9
1st bullet
Presumably this bullet refers to plastic components of wells and pumps.
The text will be amended to include reference to deterioration of plastic components of wells and pumps. 

72
3-9
1/3rd line
It would be helpful if it were clarified what failure is being discussed - failure to meet cleanup standards, failure to control plumes, failure to reduce contaminant mass, etc. The measure of failure depends on what expectations are placed upon the technology, or what goals its performance is being measured against.
The text will be amended to clarify that “failure” refers to failure to meet remediation goals.

73
3-9, 3-10
3/7-9, 

2/7-9
The value (99%) is arbitrary - the significance of DNAPL depends on the proportion of contaminant in the DNAPL phase, the geometry of the plume, and the rates of transport.
The value of 99% is a generalization and assumes that the DNAPL is a pure COC or combination of  more than one COC.  Although this is a generalization, and may not be exactly represent Site SD-57 conditions, it is used to demonstrate the importance of and deleterious effects of residual DNAPL on groundwater quality.   

74
3-10
3/last
It might further be added that it makes sense to implement containment close to the source area to limit migration of high concentrations of contaminants from these areas.
This sentence was intended to state the usefulness of hydraulic containment in addressing migration of contaminants from both the source area itself, and adjacent areas with high levels of contaminants.   The text will be amended to clarify this point.

75
3-12
3rd bullet/line 4
Suggest replacing "control" with "constraint".
The recommended replacement will be made as noted.

76
3-12
4th bullet
This is not true.  The water table is very stable in the finer grained units, such as Unit A at Site 57.  There are however seasonal fluctuations in the elevations of the potentiometric surfaces associated with deeper hydrologic units.
The text will be changed correctly describe groundwater and potentiometric levels as noted.  

77
3-13
1st bullet/line 2
The text should clearly indicate whether the flow velocity is pore velocity or average flux.
The flow velocities referenced in the text are average linear velocities.  The values were calculated by Montgomery Watson using site-specific hydraulic conductivity values (from step-drawdown tests), groundwater gradient, and an assumed effective porosity of 0.25.  The text will be amended to clarify this issue.

78
3-13
3rd bullet
The additional source across the street to the east from Building 7022 should be mentioned also.
The additional, potential source (Bldg. 7024) will be added to the discussion.

79
3-13
4th bullet/2
Delete "-based".
The recommended correction will be made as noted.

80
3-13
4th bullet/3
Replace "prevent" with "mitigate".
The recommended replacement will be made as noted.

81
3-13
4th bullet/4
Replace "further degrade groundwater quality beneath Site SD-57" with "prolong groundwater cleanup in the vicinity of Site SD-57".
The recommended replacement will be made as noted.

82
3-14
1st bullet/ last line
Delete "/SAC" as Site 57 is the primary source of the SAC part of the plume.  Most other contaminants upgradient of SD-57 are from the Main Base plume, with the exception of carbon tetrachloride.
The recommended correction will be made as noted.

83
3-14
Last bullet/1
Change "required" to "collected" and spell out "MNA".
The recommended corrections will be made as noted.

84
3-18
Table 3.1
In the ROCs column, please check to be sure the value for the MPMP-2 sample collected by Parsons on 6/7 is correct.
The value in question will be checked and corrected if necessary.

85
3-22
1st/2
Delete "been" or replace "were not been" with "have not been".
The words “were not been” will be replaced by “have not been.”

86
3-23
1st full/2
Change "are" to "is".
The recommended correction will be made as noted.

87
3-23
4th/last line
Past concentrations of DCE may have been higher.  Although laboratory results may not be fully reliable, early results (i.e. early 1908's) from off-base private wells to the west of Mather reported detection of up to 70 (g/l of DCE.
It would be interesting to compare the early DCE results to BTEX results for the same locations and times (if available) to determine past evidence of dehalogenation.   However, this report focuses on current and future conditions at Site SD57, and the evidence presented in the text provides evidence for possible dehalogenation occurring locally at, and in the immediate vicinity of, the Site. 

88
3-24
1/2
It is noteworthy that no vinyl chloride has been detected near Site SD-57.
No response necessary.

89
3-29
3rd/3
Replace "higher" with "more highly".
The recommended correction will be made as noted.

90
3-29
3rd/4
Replace "lower" with "less".
The recommended correction will be made as noted.

91
3-30
3rd/8
Change "have been effectively …" to "has been effectively…"
The recommended correction will be made as noted.

92
3-31
1/1
Change "three phase" with "multi-phase".
The recommended correction will be made as noted.

93
3-31
1/penultimate line
Insert "near source areas" after "concentrations".
The recommended insertion will be made as noted.

94
3-32
2nd bullet/ last line
Replace "diffuse out of the soil matrix and into the groundwater" with "dissolve out of the DNAPL phase and diffuse to reach relatively more transmissive portions of the aquifer."
The recommended replacement will be made as noted.

95
4-1
1/2
Recommend changing "and costs" to "and/or costs".  Optimization is often interpreted as minimizing time, energy, and costs, but in fact, reducing time is often done at increased cost.
The recommended change will be made as noted.

96
4-1
1/10
Change "attainment and compliance of" to attainment of and compliance with".
The recommended change will be made as noted.

97
4-1
2/1
The objective of the remedial action at Site SD-57 is to reduce the concentration of TCE to the point where they will no longer cause the groundwater cleanup to take longer or cost more if left in place.
The recommended clarification will be made as noted.

98
4-3
Figure 4.1
The contours do not exactly reflect the data, yet there are irregularities in the contours, suggesting detail that is not justified.  The contours should be drawn to represent the data or drawn as a general interpretation rather than drawn in conflict with the data depicted.
The contours will be redrawn to be consistent with the data posted on the figure. 

99
4-5
3/2
Change "minimize" to "mitigate" (see comment on page 4-1, second paragraph.
The recommended change will be made as noted.

100
4-7
Last/1
The ROD does not state this.  The ROD lists seven factors to be considered.
The text will be amended to agree with the ROD regarding terminating SVE operation.

101
4-10
Table 4.2
This may be a more appropriate question for Montgomery Watson, but there is a large increase in TOC emission rate in early 2000 that should be explained with a footnote.  In fact, the ROC emission rate for the 3/21/00 entry exceeds the ROC extraction rate, which could be due to the burning of natural gas, but should also be checked for accuracy.
  Parsons ES is not aware of any specific conditions that would account for the increase in ROC emissions in early 2000.  However, the increase in extraction flow rate from 615 to 670 cfm between March and April 2000 indicates that system adjustments were made during this time which may account for the increase in the ROC removal rate. 

102
4-11
Last/last
Change "as measured" to "to those measured".
The recommended change will be made as noted.

103
4-13
3/4
Suggest replacing "proper" with "appropriate".
The recommended change will be made as noted.

104
4-14
1/1
Spell out "oil water separator" the first time the acronym "OWS" is used.
“Oil water separator (OWS)” is first used in Section 2 and was spelled-out at that location.

105
4-14
1/2
Please better describe the SVE configuration referred to as "current" as the configuration was modified as a result of the RPO project.
The text will be amended to eliminate possible confusion by referring to the SVE system configuration prior to making modifications for the RPO pilot testing.  

106
4-15
1/6
Change "has been" to "was".
The recommended change will be made as noted.

107
4-17 
1/7
Please describe the data set more precisely - it seems that the pre-RPO data set is meant, but the present tense is used, and to the reader, the current data set includes RPO data.
The last sentence in this paragraph will be changed to:  “However, the SVE system performance monitoring data collected prior to RPO pilot testing is insufficient to determine system effectiveness at depths above and below the depth interval from approximately 18 to 75 feet bgs.”

108
4-18
1/1
Please rewrite this sentence so it does not give the false impression that the remedial action is fully built out.  It is suggested the sentence start, "The first three phases…"
The first sentence in this paragraph will be rewritten to read:  “The first three phases of the Main Base/SAC groundwater remediation system have been implemented.”

109
4-18
2/1
Phase I also made use of three aquifer test wells as extraction wells.
The 3 aquifer test wells modified for use as extraction wells will be added to the list of Phase I system components.

110
4-18
2/6
Please change "Phase I system operation…" to "Continuous operation of the Phase I system…"
The recommended change will be made as noted.

111
4-21
1/1
Please correct the date to 1999.
The recommended correction will be made as noted.

112
4-21
2/6
Please change "shutdown" to "shut down".
The recommended correction will be made as noted.

113
4-21
1/
Please change "online" to "on line".
The word “online” will be changed to “on-line”, as entered in the Webster’s New World Dictionary.

114
4-23
1/
This reference to Table 4.5 follows the placement of the table in the report.  If this is the first reference to the table, then the table should follow this page.
Table 4.5 is first referenced on page 4-21, 2nd paragraph.

115
4/23
2/1st bullet
Please add "as of 2000" after "implemented".
The recommended change will be made as noted.

116
4-23
2/5th bullet
Please change "onsite" to "on site".
The recommended change will be made as noted.

117
4-25
1/3
The phrase, "hydraulic control of the plume capture" should be reworded.
The last sentence in this paragraph will be changed to:  “The major objective of this system at Site SD-57 was geared toward VOC mass removal of “hot spots” and not hydraulic control of plume migration.”

118
4-25, 4-26
Table 4.7, item 3
The last sentence under "Rationale" does not make sense, as the injection of treated water is a discharge directly to groundwater - there is no "migration" necessary!
The last sentence under “Rationale” in item 3 will be deleted and the remaining text will be modified to read:  “Applicable only to effluent from the treatment system.  Current discharge limitations were established on the basis of California’s “non-degradation” policy for groundwater.  The limitations presume that all effluent from the treatment system will be injected directly into the groundwater.  

119
4-26
Table 4.7, item 4
It is unclear how this RAO was identified - it is not a separate objective of Mather's program beyond the first two items listed in this table.  In the text under "Rationale" please change "risk of" to "risk to" and complete or delete the last sentence.
This RAO addresses the general requirement implied by the remedial alternative evaluation criteria for “Reduction of Toxicity, Mobility, and Volume” listed in the ROD.   Additionally, migration of the plume to off-base supply wells is the primary trigger mechanism for implementing the “Off-Base Water Supply Contingency Plan” presented in the 5-Year ROD Review.

120
4-28
2/5
Suggest deleting "only".
The recommended change will be made as noted.

121
4-28
3/last
Change "offline" to "off line".
The recommended change will be made as noted.

122
4-31
2/last
The flux entering the Site 57 area from upgradient areas is relatively insignificant, as is the amount being  "pulled back" (although this may be a matter of site definition).  This statement suggesting that a mass estimate is complex for these reasons does not ring true.  The true complexities lie in estimating the amount of mass in non-aqueous states.
The last sentence in this paragraph will be changed to:  “A quantification of VOC mass present in groundwater at Site SD-57 would be complex because of the difficulty estimating the non-aqueous phase VOC mass in the saturated zone.  Adding to the complexity is the constant mass influx from upgradient areas of the Main Base/SAC plume as well as mass influx from the downgradient areas being pulled back by the extraction wells.” 

123
4-31
3/
The 71-year figure should be justified, and not used so dogmatically.
The value of 71 years has been used as a rough order of magnitude estimate for cleanup of the Main Base/SAC Plume for cost estimating purposes and for making comparisons with alternative technologies.  

124
4-31
4/
This exercise has not been undertaken for two reasons - first, the model predictions from the flow and transport modeling are used for this purpose, and second, there has been no determination or expectation that the extraction system in the vicinity of Site 57 is completed, nor that it will necessarily operate at constant rates for the lifetime of the cleanup.
The reasons noted in this comment will be added to the paragraph for clarification.

125
4-31
4/last
Phrases such as "reached asymptotic levels" should be avoided, as the definition of an asymptote is a value or set of values that is approached but never reached.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

126
4-33
1/11
The statement "as it can be seen" is a stretch - the scale does not allow this to be seen at all clearly, and the uncertainty in the curve fit renders such an estimate very approximate indeed.
The estimated cleanup times discussed in this paragraph are presented only as examples of how contaminant concentrations may decrease with time at Site SD-57 with continued groundwater treatment.   The sentence containing “as it can be seen” will be changed to:  Therefore, extrapolating the data presented on Figure 4.7 using the first order equation, it will take approximately 13 to 17 years to reduce TCE concentrations in extracted groundwater to the 5 (/L MCL.”

127
4-34
1/
Mass in lower-permeability parts of an aquifer may take a long time to remediate, but is also takes a long time to diffuse or otherwise migrate to more transmissive zones.
Parsons ES agrees.

128
4-34
2/8
Suggest changing "will be diluted" to "may be diluted" as this is not a matter of how many wells, but of pumping rates and geometries.  If the number of wells is increased by infilling, and the pumping rates adjusted to maintain the same discharge from a given area, dilution will generally not be increased significantly.
The recommended change will be made as noted.

129
4-34
3/2
Change "will be" to "is", and please also qualify this estimate as to its source.
The recommended change will be made as noted.

130
4-35
Figure 4.8, well EW-5A/Bu
The plot of 'Cumulative TCE Mass Removed' does not make sense, as it decreases from January to July 2000.
The plot for cumulative TCE mass removed for well EW-5A/Bu will be corrected.  This curve should have a positive slope.

131
4-36
2/
This paragraph doesn't seem to match the graphs in Figure 4.8 for well EW-5A/Bu; in addition, the second sentence does not make sense.  Judging from the graphs, well EW2A appears to be most effective, but this is due to the apparent misplotting of TCE for well EW-5A/Bu.
Some of the graphs in Figure 4.8 are incorrect.  The figure will be corrected and the text changed as necessary.

132
4-36
3/last
Insert "relatively" before "ineffective" or propose an absolute criterion for effectiveness.  Moreover, it doesn’t seem appropriate to make an unqualified comparison (see Figure 4.9) of these wells if no concentration data for wells EW2A and EW3A are available for 2000.
Figure 4.9 compares the contaminant mass removed from each well during the most recent month of operation for each well. This comparison illustrates the relative effectiveness of each well with respect to the other extraction wells in the system. This exercise is valid because the comparison considers the contaminant concentration in each well and the groundwater extraction rate at each well with respect to the remainder of the system.

133
4-38
4/4
Change "are" to "may be". The concentrations could also be higher than the local concentrations would otherwise be in a static situation, if the extraction well were not extracting from the locations of the highest concentrations at the site.
The recommended change will be made as noted.

134
4-42
2/1
Replace "is about" with "extends about".
The recommended change will be made as noted.

135
4-43
2/last
Table 4.8 does not contain data for the wells discussed in this paragraph.  The conclusions discussed in this paragraph should be qualified by a discussion of the historic variability of the data from these monitoring wells.
Table 4.8 will be amended to include the data for the subject wells.  The historic variability of the data will be included in the discussion.

136
4-43
3/2
Change "lower" to "lowering".
The recommended change will be made as noted.

137
4-43
3/last
This sentence seems to say the same thing twice - was there something more intended?
The last sentence in this paragraph will be changed to:  “However, after only 2 years of operation, the groundwater extraction system has been somewhat effective for mass removal of TCE, PCE, and other VOCs within the immediate Site SD-57 area.”

138
5-1
1/4
DPE and ESVE should be spelled out the first time the acronyms are used.
DPE and ESVE were spelled out previously in the report.  Because of the large number of acronyms used in this report, acronyms will be spelled out only the first time they are used.  

139
5-2
1/1
It would be helpful to elaborate on why 'the permeability of deep vadose-zone soils is expected to be low compared to shallow vadose-zone soils."
The text will be amended to explain that the expected lower permeability of deep vadose-zone soils is the result of generally fine-grained soils and higher moisture content, especially in the capillary fringe.

140
5-2
3/2
Change "draw down" with "drawdown" and in line 6 change  "cost effective" to "cost-effective".
The recommended changes will be made as noted.

141
5-2
4/last
Please elaborate that the increased groundwater extraction rate expected when vacuum is applied is due to water table rise resulting in a greater saturated portion of a water table well screen.
This paragraph will be expanded to include a brief explanation why an applied vacuum may allow an increase in pumping rate.

142
5-5
2/3
Please change "onsite" to "on site".
The recommended change will be made as noted.

143
5-7
Last/last
Was the 'flush mounted' utility vault actually set level with the surrounding ground, or slightly raised above it to decrease the chance of rain water entering the wellhead?  Figure 5.2 depicts the latter, but the description in this text is not clear.
The utility vaults were installed slightly above the existing pavement surface so water will drain away from the well vault.  The text will be changed to correctly describe the wellhead installation. 

144
5-11
2/last
Please describe this location using street names; "the Montgomery Watson office building" is not a recognized landmark, as it was demolished in mid-2000.
The location of the washrack will be referenced using street names.

145
5-13
1/last
Please indicate that the Forward Landfill is approved by U.S. EPA for disposal of waste from CERCLA sites.
The requested information will be added to the text.

146
5-16
1/1
Perhaps monitoring wells that include both vapor points and a piezometer should be termed 'dual-phase monitoring points' or DPMPs.
The designation “MPMP” for the dual-phase monitoring points will not be changed.  The designation “MPMP” was applied to the dual-phase monitoring points as instructed by Montgomery-Watson.

147
5-16
2/6
The text should state the minimum number of casing volumes purged prior to sample collection.  The term 'several' does not provide confidence that an explicit procedure was used.  A phrase such as, "at least three" is preferable.
The last sentence in this paragraph will be changed to:  “Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.”

148
5-18
3/4
Does the partitioning not also depend on the partial pressure of the constituent in the vapor?
When multiple compounds are partitioning between the aqueous and vapor phases, partial pressures of each individual compound do affect the total vapor-phase concentration.  However, to simplify the evaluation presented in the text, it was assumed that TCE (which is the dominant contaminant) was the only compound partitioning between the aqueous and vapor phases.

149
5-19
4/4
Change "skid mounted" to "skid-mounted".
The recommended change will be made as noted.

150
5-25
2/7
It seems that the word "at" is missing between "conditions" and "all intervals".  However, the sentence might read better if it were reworded to state, "conditions with data indicating that all monitored intervals…"
This sentence will be reworded as recommended to read “At this VMP, vacuum response reached steady state conditions with data indicating that all monitored intervals were influenced by vacuum applied to EW-4A/Bu.” 

151
5-26
Figure 5.5
The water table depression is depicted as curiously offset from well EW-4A/Bu.  This is not realistic and presumably was not intended in the figure.  This is also true of the other figures using the same feature (Figure 5.14, Figure 5.16).
Figures 5.5, 5.14, and 5.15 will be modified so that the depression in the water table representing the cone of depression is centered on well EW-4A/Bu.

152
5-28
1/
Was it expected that the cone of depression would become steeper?  Intuitively it would seem that the effect of the vacuum would be greatest where the vacuum is greatest, at the extraction well, and that consequently, the cone of depression would become less steep.  Is it possible that the cone was actually less steep, but that the water level in the extraction well is lower than in the surrounding aquifer because of the well effect?
Prior to the start of the DPE pilot test it was expected that the water table would rise significantly in the immediate vicinity of EW-4A/Bu due to the vacuum applied to that location and to a lesser extent with increasing distance from EW-4A/Bu.  In effect it was expected that the cone of depression would become less steep after the vacuum was applied.  However, it was found that as the vacuum was applied to EW-4A/Bu the cone of depression became more steep as the water table in EW-4A/Bu did not change appreciably while the water table in MPMP-11 and MPMP-12 rose approximately 0.5 feet.  This effect was likely caused by a combination of the vacuum applied to EW-4A/Bu and the groundwater extraction at EW-4A/Bu. 

153
5-42
2/3
Was the work plan implemented while in draft form?
Yes.  However, comments were received by and responded to by Parsons ES prior to conducting the field work.

154
5-42
2/2nd bullet
Change "effects" to "affects".
The recommended change will be made as noted.

155
5-43
1/
Was background barometric pressure also recorded?
Baseline background barometric pressure was not measured.  However, during DPE and ESVE pilot testing, the background differential pressure (between the atmosphere and 4 depths in the vadose zone) were measured during each pressure response measurement event.  Background differential pressure measurement is discussed in Sections 5.1.3.5 and 5.1.4.6 of the report.  

156
5-43
1/8
The text should state the minimum number of casing volumes purged prior to sample collection.  The term 'several' does not provide confidence that an explicit procedure was used.  A phrase such as, "at least three" is preferable.
This sentence will be changed to:  “Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.”

157
5-45
1/
Were background water table elevation measurements made throughout the test period from areas outside the influence of the test well?
Water levels at PZ-3 were measured during the ESVE test and are included in Table 5.11.  PZ-3 was within the radius of pressure influence resulting from air injection into EW-4A/Bu (Phase 1), but was outside the radius of vacuum influence during Phase 2 (air injection into EW-4A/Bu and air extraction from SVE-4).  

158
5-48
1st bullet/4
The text should state the minimum number of casing volumes purged prior to sample collection.  The term 'several' does not provide confidence that an explicit procedure was used.  A phrase such as, "at least three" is preferable.
This sentence will be changed to:  “Before each soil vapor sample was collected, a minimum of three casing volumes were purged to ensure that a representative soil vapor sample was collected.”

159
5-48
Last/4
Change "were" to "was".
The recommended change will be made as noted.

160
5-49
2/
Please refer in this paragraph to the wells used for injection and extraction.
The text will be amended to state that air was injected into EW-4A/Bu and air extracted from SVE-4 during Phase 2 of the ESVE test.

161
5-49
2/8
Change "were" to "was".
The recommended change will be made as noted.

162
5-49
3/2
Change "were" to "was".  Although 'data' technically is plural, it is used throughout the document as singular, so this instance should be changed for consistency.
In some instances, “data” is incorrectly used as a singular noun in the report.  This will be corrected globally in the report by changing the associated intransitive verb to the plural form. 

163
5-52
1/3
Change "response was" to "responses were".
The recommended change will be made as noted.

164
5-52
2/5
The phrase 'air injection only testing' is awkward.  Suggest rephrasing this.
This sentence will be reworded as follows: “As would be expected, the pattern of the pressure response in the subsurface was more complex than during the first phase of ESVE testing when air was not being simultaneously extracted from SVE-4.”

165
5-53
Figure 5.14
The vapor flow direction arrows are drawn incorrectly with respect to the interpreted isobar contour lines.  The flow will be perpendicular to each isobar surface (or in this two-dimensional approximation, isobar curves).
Flow lines and isobar curves will be adjusted where necessary so that they intersect at right angles. 

166
5-55
Figure 5.16
The vapor flow direction arrows are drawn incorrectly with respect to the interpreted isobar contour lines.
Flow lines and isobar curves will be adjusted where necessary so that they intersect at right angles. 

167
5-58
1/last
Were there background water table measurements to indicate whether there were regional fluctuations occurring during the testing?
Background water table measurements were taken at piezometer PZ-3. The water level measured in background well PZ-3 generally dropped during the ESVE test, but the magnitude of change was less than that measured at EW-4A/Bu, MPMP-11, and MPMP-12.  This information will be added to the text.

168
5-58
Last/
This paragraph discusses increases in concentration, and then concludes with a statement about 'the overall decrease' in VOC concentrations.  The reader has not been informed that there has been an overall decrease in VOC concentrations. It would be easier to understand if the text explained that an overall decrease was observed.
The conclusion stated in the last sentence of this paragraph is incorrect.  This sentence will be changed to:  “The overall increase in VOC concentrations is likely the result volatilization of VOCs sorbed to soil in the capillary fringe.”

169
5-61
3/6&7
It is not clear what is meant by "it was assumed that the VOCs were recycled through the soils."  From context, it appears that the second calculation assumes that the VOCs removed include some that were reinjected and therefore may have been 'recycled' through the soil, while the first calculation assumes the entire concentration measured in the extracted vapor was removed from the soil.
The word “not” was inadvertently left out of this sentence.  This sentence will be amended to:  “In the first calculation, it was assumed that VOCs were not recycled through the soils.”

170
5-67
Last bullet/6
Please use the same units (ppbv) for ease of comparison.
The concentrations of TCE and total ROCs will be converted from ppmv to ppbv.

171
5-68
1st bullet
This paragraph compares removal rates from a zone not before extracted from, with a zone at which extraction has occurred for some time.  It would be worthwhile also comparing the DPE vapor extraction rate with that of SVE-4 when SVE-4 first came on line.
Parsons ES considered comparing DPE extraction rates to initial extraction rates for SVE-4 however, data were not available to perform the required calculations.   Data presented in the Draft Final ITIR for Site SD-57 (Montgomery Watson, 1998) do not include laboratory analytical results for individual SVE wells.

172
5-69
3rd bullet/3
Elsewhere 'phase 1' is treated as a proper noun.  Please be consistent.
The recommended correction will be made as noted.

173
5-71
1st bullet/2, 3
The wording of this sentence is awkward - either delete "both" or replace "removal rates" on line 3 with "those".
This sentence will amended by replacing “removal rates” with “those.”

174
5-71
2nd bullet
The TCE figures don't seem correct, and there is an extraneous "1" on line 2.  The average daily mass removal rate for TCE should, when multiplied times the number of days of removal, equal the total mass removed.
The extraneous “1” will be removed.  The value for the average TCE mass removal rate (0.021 lb/day) equals the total pounds removed (0.073 lb) divided by the duration of the test (83.5 hours) multiplied by 24 hours/day.

175
5-72
1/5
Change "clean up" to "cleanup".
The recommended change will be made as noted.

176
5-72
2/last
Add "HRC" to the acronym list.
The recommended addition will be made as noted.

177
5-73
1/
The first sentence states that in situ groundwater cleanup is less costly than pump-and-treat cleanup. The ensuing statements seem to contradict this statement.  Suggest stating that in situ groundwater cleanup may be less costly - the rest of the paragraph will then read clearly.
The recommended change will be made as noted.

178
5-74
2nd bullet
This bullet is an overstatement.  In order to achieve 'wide distribution throughout a contaminant plume' the plume must be penetrated by many injection wells, or relatively small.  In the case of Mather's plumes, for instance, wide distribution throughout the plume would be quite an undertaking.  Perhaps it should be instead stated that vegetable oil can be injected to achieve wide distribution throughout the source area(s) of a contaminant plume.
This bullet will be changed to ” Vegetable oil can be injected directly into an affected aquifer via conventional wells in sufficient volume to ensue wide distribution throughout a limited plume or, in the case of an extended plume, throughout the source area and more highly contaminated portions of the plume.”

179
5-75
1st bullet
Please spell out 'vinyl chloride' the first time it is used.
The recommended change will be made as noted.

180
5-75
3,1st bullet/3
Please change "exist" to "exists".
The recommended change will be made as noted.

181
5-75
3/last
Please clarify what is meant by "aqueous streams" - is it surface water, or aqueous waste streams?
Reference to “aqueous streams” was intended to describe an aqueous waste stream.  This sentence will be changed to:  “Also, VC can easily be stripped from aqueous waste streams.

182
5-76
“Regulatory Acceptance”/ 7, 8
There is not one State Regional Water Quality Control Board.  There is one State water Resources Control Board, to which the regional boards report.  Travis AFB and Edwards AFB are not in the same regions.
This sentence will be changed to include the specific Regional Water Quality Control Boards for Travis AFB and Edwards AFB.

183
5-77
Last/7
Change "due release" to "due to the release".
The recommended change will be made as noted.

184
5-80
Last/
It should be clarified that federal MCLs were used for this generic example to be broadly presented across the United States, while the cleanup standards at Mather reflect some more stringent California MCLs, such as vinyl chloride at 0.5 (g/l.
This section (including associated figures) will be amended by re-calculating remediation times using the cleanup standard of 0.5 (g/L for vinyl chloride.

185
5-84
1/6-8
Please add another "P" to the middle of "proping" (sic), and it is suggested that the phrase "propping agent" be used instead of the term "propant" (see also third paragraph).
The recommended changes will be made as noted. 

186
5-86
top
The likelihood of collapse in this case has more to do with the strength of the formation than the depth.
The sentence will be changed to:  “The targeted soil depth is 85 to 115 feet bgs, meaning that induced fractures would likely collapse due to the combined affect of pressure of overlying material and the weak, unconsolidated nature of the formation.”

187
5-86
2/
The fracturing of well seals and well casings seems to the most real damage likely from hydrofracturing near or below the water table; it is unlikely that utilities or buildings would be harmed by the process.
This paragraph will be changed to:  “There is a significant potential to damage existing wells.  Additionally, damage to existing structures and underground utilities is a possibility.”

188
5-86
4/
Were hydraulic fracturing successful, it would increase the efficiency of pump and treat by decreasing the distance of diffusion and increasing the advective influence of extraction wells associated with fractures.
Mention of these potential advantages of hydrofracturing will be added to the text.

189
5-87
1/4
Change "adsorbed" to "absorbed".5-87
The recommended change will be made as noted.

190
5-87
1/5
In saturated soil with a hydraulic head greater than one atmosphere, the boiling point of water is greater than 100 degrees Celsius.
Because this technology targets vadose zone soil, pressures will be near atmospheric pressure.

191
5-88
Last/
It might be appropriate given recent changes in the electric power market in California, to mention the vulnerability of these cost estimates to electric rate changes.
A sentence will be added to this paragraph stating the cost per kilowatt used for the calculation, and that the remediation cost could increase or decrease significantly with changes in the electricity rate.

192
6-3
1st row/last
The model is called "Jerry" here, and "Jury" on page 6-6.  Please correct the one that is in error.
“Jury” is the correct name for the model.  The text will be corrected to indicate this correction.

193
6-3
Rec. No. 6
Asymptotic levels are never reached - suggest using a term such as diffusion limited.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

194
6-4
footnotes
How was the estimated duration of SVE arrive at?
The estimate of 9 years for the SVE system operation is from the ROD (IT, 1996a).

195
6-5
Rec. No 2/2
Asymptotic levels are never reached - suggest using a term such as diffusion limited.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

196
6-7
Last bullet
It should be clarified that this cost estimate is for the extraction system at Site SD-57, not the entire groundwater extraction system.
This sentence will be amended to the recommended clarification.

197
6-8
Rec. No. 6/4, 7&8
Asymptotic levels are never reached - suggest using a term such as diffusion limited.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

198
6-8, 6-9
Last/7, top/2&3
Asymptotic levels are never reached - suggest using a term such as diffusion limited.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

199
6-9
Last/3
Please insert a hyphen between "cost" and "benefit".
The recommended change will be made as noted.

200
6-10
27
The reference to well EW260 is not recognized.
The reference to well “EW260” will be changed to “E2A/Bu”.

201
6-10
2/last
Groundwater extraction has already been implemented.  Suggest changing “prior to implementing” to “prior to resuming”.
This sentence will be changed to:  “The design of the pilot test is intended to remediate an area defined by historical groundwater concentrations of TCE detected in excess of 1,000 (g/L in groundwater samples collected prior to implementing groundwater extraction.”

202
6-10
3/6
Change “site-geochemistry” to “the site’s geochemistry”.
The recommended change will be made as noted.

203
6-11
3/1
Remove the hyphen from “full-scale”.
The recommended change will be made as noted.

204
6-11
3/last 2 sentences
It is not appropriate to compare present value with total cost; the estimated cost savings are thereby exaggerated.  Please calculate the present value of the assumed 69 years of ‘ex situ’ groundwater remedial system operation in order that the estimate is on comparable terms with the estimate for substrate addition.
The present values of both alternatives will be calculated and stated in the text.

205
7-1
1/6&7
Asymptotic levels are never reached - suggest using a term such as diffusion limited.
The use of  “asymptotic” and “asymptote” throughout the report will be reviewed.  As appropriate, terms such as “approaching asymptotic rates” or “diffusion limited rates” will be used.

206
7-1
3/
It is an unfounded conclusion that obtaining regulatory concurrence represents a significantly greater level of effort than other recommended activities which do not require regulatory concurrence.  In this case the concurrence is sought for a very straightforward proposal, with very simple facts supporting the proposal.  Regulatory coordination is a part of all project planning, and this coordination does not appear to represent more than a normal level of effort.
The reference to the level of effort for regulatory concurrence will be deleted.

207
7-2
1/2
Change “pilto” to “pilot”.
The recommended change will be made as noted.

208
7-2
1/2
The pilot testing can be conducted without modification to the ROD, but a fundamental change in remedy will require a ROD amendment.  Please change “ROD review” to “ROD revision”.
The recommended change will be made as noted.

209
8-1
5th reference
The final Group 2 RI was dated April 1993.  Please correct the date, and amend the reference below it to 1993b.
The recommended changes will be made as noted.

Blake, S., Hockman, B., and Monroe, M., 1990. Applications of Vacuum Dewatering Techniques to Hydrocarbon Remediation: Proceeding of Petroleum Hydrocarbons and Organic Chemicals in Groundwater: Prevention, Detection, and Restoration, A Conference and Exposition. P. 211-226. Houston, TX. October 31.
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